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sus ceprrbinelrtdjseais dakhaprscproiie diseovert WaklcatBNfsshaye hedt dsseci#ed KB sk esence
of t h& nédnyl Basd covmBoredilbeak&s. or hapl otype is Increased susceptibility. The

I nvention al so provides a nethod of determining a susceptibility to urinary
bl adder. cancer, (UBC), . in_a human individual, the nmethod conprising obtaining
nucl ei% 43819 %gg’é{’ﬂglﬁ%%e%ﬁ?cﬁr about a hunan I ndividual identifying both
alleles of at |east two pol ynorphic markers associated with [JBC, determ ne
t he iThergenetjc elyragrphiems in HREMPRIPT Hiefiheliparpamepand pbesegeRReE RESD L0Undnd

det er 48 thi Aghd@latdts 6RPEddel baricyr k. Tthd Bististaid preyrhaphiety pecotiadation with cert ai n
SO ERILE San APHELAIL BB B RnsTr JUREER! Lohld I UHERTALIRES GRBRRI W1 ¢ he
nucl ei C" acl equence dat 0 a dat abase contalning corfelation data
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It has been suggested that some of the NAT varlants modify individual susceptibility to cancer,
Slow NAT2 acetylation capacity has been suggested as conferring an increased risk of bladder,
breast, liver and lung cancers, and a decreased risk of colon cancer, whereas a prominent
Ehange in the NAT1 gene, putatively assoclated with Iincreased 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
i’ndividual bladder cancer risk by Interacting with environmental factors and Interacting with the
NAT2 gene (Cascorbl I, et al. Cancer Res 61:5051-6).



a plurality of, particular polynorphisns. The database nmay al so contain
data that indicates the susceptibility for a particul ar hapl otype that
conprises at |east two pol ynorphic Markers, In sone enbodi nents of the
met hod, pmesmnee4sso allele T in rs9642880, allele A inPCIAIDE2WN007 ele G in
rs12982672, allele A ln rs12584999, &lele A In rs233716,i allele Tin
rs233722, allele A in rs10240737, allele Gin rsl17418689 and allele Tin
rs4733677 I's indicative of increased susceptibility to uri nary bl adder

cer. As described In nore detail herein ?rthe rﬁre%enq % at | east
one FIVtathens SR SESR5ECPS) FREiSHR MAH P A L2y AgH LAt ' 88 (fcFeased
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of at hF??avsa%'a?)tﬁgﬁﬁeﬁc@%?aﬂ SE%r ker I'n the genone of the individual, wherein
the at |east one Pol ynor phl c marker is selected fromth rou consi sting

of r s@@hmwspiﬁ%ﬂ‘f@ﬁéﬁt of may ggpey eroupd tesworih ghe 9@2@@?&8@ 29322,
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and a eas enz viterein.t robe
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| D NOndibtadals tedt hI@é)la @er%t(c%&@ebtﬁbnw@to 35290, thandorehi Ris§ivd Steechiigaetli on

| d I d
el FuSRBh Sy RER R BEPELRRR A FelcAa) ARG A eRimd S nchcblhaLS, S0, 2
fr om BerB8May ridogrevaatisey innler@rgrathveanel thas eyl EarpIed (¢-8- asl%eaﬂaors egment

of t hergmﬁbreané e ﬁemeé)ceﬁ\dtnr@/tneao&o%oré efrattivéreatmérliereghidpiso ek eaidedle
probe; suc %ncrlrdeotlde is located 3' ti-elative to

t he d@?@%WFﬂha ?“E@ﬁfﬁrﬁﬂi ﬁgtg? 8 when both ol i gonucl eoticles are
hybri di zed to the budeic acid; wherein a single base gap exists between the
first.segnment and the second Segrnent, such that when the olicionucleotide
probe.and the enhancer oil gonucl eoti de probe are both hybridized to the
nucl etc acid, a single base gap exists between the ol | gonucl eotides; and
Wherein treating the nucleic add with the endonucl ease wll cleave the
detectabl e | abel fromthe



term nus of the detection probe to release free detectable |abel when the
detection probe is hybridized to the nucleic acid. Dbtalnino nucleic acid
sequence data can in certain ernbodi nen conprise obtaining a biological
Sampl e frappbéigobdsen i ndi vidual and anal yzi ng sequence@fisidigod@bos €ast one
pol ymor phic marker In nucleic add In §he sanple. Analyzing sequence can
conpri se determ ni ngthe presence or absence of at |east one allele of the
at | east one poiynorphlc nmarker, Determi nation O the presence of a
particul ar susceptibility allele (e.g., an at-risk allele) Is indicative of
Susceptibility to the condition in the human Individual. Determ nation of
the absence of a particular susceptibility allele is indicative that the
partiﬂNHﬂRé’l%P[bgF'BVWTEpﬂs not present in the 10 In some enbodi nents,

obt ai.ni ng nucl ei ¢ add sequence data conprises obtaining nucleic acid
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absent8-8,cvh e s pdssheRS tsRe1 @l kR399 s iddg0RE7, keaa i sarnBot4BBE Phiaad Mar ker
is indicativ [_.cance at | east
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alle ecific 1 fi nuc cin ease
di gesfr\ g‘% %feé‘ﬂﬂp;i gg 1%%%%2‘@ SeF esgrr?uhcfhzﬁ?&% Colns'gnqg Ofﬁﬁa@%g(% si ze
anal y#sted ingFattlesd (SGRADING: aﬁri‘d@%) ébﬁﬂ@fh?fe&f’i‘wm&?{ﬁl V‘§|a§'eaftr9”§d’ﬁl¥”@ﬁ'ﬁ%| ment s
the gaiety R e trRatthe YRP ®ASisting of rs4733677 and markers in linkage disequilibrium

gherewlth.

;I'n certaln embodiments, markers assoclated with risk of urinary bladder cancer are located

i/vlthln a linkage disequilibrium (LD) block. In certaln embodiments, markers predictive of risk of

\prlnary bladder cancer on chromosome 8q24 (e.g., rs9642880, and markers in linkage

'i;jisequllibrium therewlth) are located within LD block C08, as set forth in SEQ ID NO:54. In

g‘:ertaln other embodiments, markers predictive of risk of urinary bladder cancer on chromosome
I
:




11 .7 contacting copies of the nucleic acid with a detection

ol i gonucl eoti de probe and an enhancer Qi gonucl eoticie probe under
conditions for specific hybridization of the oil gonucl eotide probe with the
nucl ei ¢ awmiahoinessmi n - the detection oligonucl eotide promsosszobooom 5- 100
nucl eotides in length and specificalldy hybridizes to a first segnent of a
nucl ei ¢ aci d whose nucl eoti de sequence Is conprised In any of SEQ ID NG 1,
SEQ ID NO 2, or SEQ ID; 11-52; t he detection oligonucl eotkle probe
conprises a detectable |label at its 3" termnus and a guenchi ng noiety at
I'ts 5928 &3¢ FYS952L, arbmarkseie dnkastel drsAwbrast fheewid) prey %ﬁdmbh'ﬁb& eot i des
I n | engk kcoansh desfoe@NPEEQEDNA: Y3 harela. Ssecond segnment of the nucl eoti de
sequence that is 5 relative to the oligonucl eotide probe, such that the

enhancer oligonucleotide is |qgcated, 3 l.ati. i
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enhancer, ol.i gonuc icie pr cleic acid, a
si nglP8'® t§§£r°§1at6e§>r<°|%§tccs)'%;s6sgltn§é)g%gt6 %ieé:sg[ %z?)%%%:il faéétg ?8?32?' r?%%%?’?%w' the nucleic
acl d 1833 1&TsETRd8RUe 24883 % Felt/ 4180 anf sed/83¢ He 2B MeEtEbINd"ked5el from the 3

1, tengghmmMsiuh tHehavimleveatinanfrereaieles of Bk etkestfane @olyetoemti@ibrket asel when
the detectipn.pr. el t ' indr Skgiang free
det etk aeeﬂ"va%*ﬁﬂ'f*gr%a%%s?%“P'Hééﬁﬁge%zfe*ﬁ%fd@'t’%g@%fﬁgi‘%ﬂ?%%ﬁﬂﬁ?%’“fﬁ'abéf‘

i ndi GHswEstkitto tRirery Bldearicancep froREthe REER!F PELFRIHEASATA R zes to the first
segnent of the nucleic acid, and I ndicates the sequence of the pol ynorphic

Si te 1A% ddn6raf QuvBl, QaRAc Rirkbdgeddabatbingie LEGHRes dtthaneddescarpectif ok t he
I nventl 0

s on rengides i
or ooPUHE B T ey 45E AL OR 2 8P Vo @%%F%F%%‘W%%?@E%{°na§{dwﬁ%h‘?f“ﬁia”?mt nods
arry

descrdiser Wiliraisp el alrnas SRAUENEDANE AAINY dsiddeneb P B8 saerdes ROPERESRp of

i ndi v'(bgw%;pmdemeeg)n i ndi vidual s who are determ ned to have increased
susceptibility to urinary bl adder cancer are selected as candidates for a

screeni ng pr o%r am for ur ifnar E}:raﬂ%er tcaPcer. Sai ( I_sq;leeniclnlgg aFIrd%gr am can
pr ef gIABTYNEHE SEFNEIT YO T %c” PRt PV ERPY e LE PG " RIS E LTS, cyt oscopy
and urartiaiiae ptlgboarypolypeptide markers comprises whether particular alleles are present at a

%‘:ertaln position in the sequence. Sequence data identifying a particular allele at a marker

comprises sufficlent sequence to detect the particular allele, For single nucleotide

i

polymorphisms (SNPs) or amino acld polymorphisms described herein, sequence data can

E:omprlse sequence at a single position, I.e. the ldentlty of a nucleotide or amino acid at a single

position wilthin a sequence.

in certaln embodiments, It may be useful to determine the nuclelc acid sequence for at least two
Eolymorphic markers. In other embodiments, the nucleic acid sequence for at least three, at
ifeast four or at least five or more polymorphic markers is determined. Haplotype Information
’;an be derived from an analysis of two or more polymorphic markers. Thus, in certain
{ambodiments, a further step Is performed, whereby haplotype informatlon Is derived based on
sequence data for at least two polymorphic markers, In some embodiments, the susceptibility
determined by the method which Is conferred by the presence of the at least one allele or
haplotype is increased susceptibllity.

v

;I'he invention also provides a method of determining a susceptibility to urinary bladder cancer
T(UBC) in a human Indlvidual, the method comprising obtalning nucleic acid sequence data about
E&z human Individual Identifying both alleles of at least two polymorphic markers assoclated with
.[JBC, determine the identity of at least one haplotype based on the sequence data, and
determlning a susceptibility to UBC from the haplotype data.
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A further aspect of the Invention provides a nethod of assessing an
i ndi vidual for probability of response to a urinary bl adder cancer
t herapeutic agent, conprising determ ning the presence or absence of at

| east one gbheloRohe at | east one pol ynorphic marker in £do6 cid
sanple # Oobtained fromthe Individual g wherein the at Ilgjggtg Sr{lé‘ﬁ“ﬁ@ ynor phi c

marker |s selected fromthe up consisting of rs9642880, rs710521,
rs12982672, rs12534999, rs233716, rs233722, |:s10240737, rsl17418689 and
rs4733677, and markers In |inkage disequilibrlumtherewith, Werein the
pres emcertoh ehitediddent astierroingtionl df @l sesabtitig canplisasbmpathgrthe kecleit scid
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I's sefiEcPetiPHFRYRY 2B gFRPobEIfsR T g %’96‘2@886 so FA3I 9t thals 12982672,
r 12584184265 thesR8@pality fe233:r2@)ar he AlOB40 TIZE tompriséd 18B8Y tanaolysw8B8677, and
mar k%§ k@@ | i nkage dlsequilibriumtherewi th, Werein the presence of the at
| east, one allele Is indicative of a worse prognosis of the urinary bl adder
cancer in the individual, Mther aspect of the Invention provides a nethod

of o soove ampoginpteeishemethodapraeance of aligle T WAFPa4383): aliPladriy 574854, eat ment
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rs9642880, rs710521, rs12982672, rs12584999, nP33716, rs233722, rs10240737,
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susceﬂ{eleo‘?rlhaﬂ?t%pﬁ '?J?‘?CH%?F?F PIscRREBYYeancer tn a human individual, wherein the
probe hybri di zes to a segnment of a nucleic acid whose tilucl eotide seqguence

i s sef vxﬂlDbé BpprBcitEdxHaPtHCnethod &frCn IsBnbIGmboifnebsQuith2rNempdse- imd)yzinpewed n
ot SaePefiRBuBE i maRO i ML AL 3aldls, SHEHbihastNf viaNADLIATSRROY] 982 | 0

yet a er as uter ecut abl e
instr ElRﬂ'QQJ’WE’C ‘VFQJ’f"aHE'T! Berinsiudg buiis deb¥mised forope 0 Mers ?feﬂg@ Qﬂ”&ﬁrdé!‘ Mcer in
an I n‘shcwb.ehhahwic $th@s Cirepolisadisea eadiadroeis@diittnhzeorp bf SibRgt, fatatyahlstodi @at i ve of

fi’l’?&ar& BEd&’e‘?'cXHé%F prmtgrwaa&%[)atloqlgpexposure to chemicals, blochemical
measurements, and clinical measurements. As discussed further herein, information concerning
tobacco smoking habits and/or tobacco smoking history of said individual may be particularly
USeful in connection with the genetic assessment of the Invention.

in a further aspect, a kit Is provided for assessing susceptibility to urinary bladder cancer in a
human individual. The kit may comprise reagents for selectively detecting at least one allele of at
jeast one polymorphic marker in the genome of the individual, wherein the at least one
'i)olymorphic marker is selected from the group consisting of rs9642880, rs710521, rs12982672,
i‘512584999 rs233716, rs233722, rs10240737, rs17418689 and rs4733677, and markers In
Iinkage disequllibrlum therewith, and collection of data comprising correlation data between the
at least one polymorphism and susceptibility to urinary bladder cancer.

't

Preferably, the at least one polymorphic marker Is one or more of the above mentioned,
!Jncludlng but not limited to rs9642880 (SEQ ID NO:1) or rs710521 (SEQ ID NO:2).
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17 a routine stored on the conputer readabl e nedi um and adapted to be
executed by a processor determ ne risk of devel oping urinary bl adder
cancer for the |east one pol ynorphic marker, wherein the at | east one

pol ynor phiwo 1va/éoas90i s sel ected fromthe group consi sti mgTa$20090642380,

| s710521, rs12982672, rs12584999, rs233716, rs233722, rsl10240737,
rsl7418689 and r54733677, and markers in |linkage disequliibriumtherewth.
13 Said data representing at |east one pol ynorphic marker can In sone
enbodi ments conprise paraneters indicative of susce tibil Q l.EII‘I nary
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Status of sal d at: least one allelic nmarker in said individua
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execut ed t n [ f ion
For ain cusgergramarag ik of BET4ilorh i el ShobuslARGIHPE compRETTLL OF: ¢
mar ke reperesTta t6 thergenhee gf thegndvAglst i ng of rs9642880, rs710521,
rsl12982672, rs12584999, rs233716, rs233722, rs10240737, rs17418689 f and

r S473360 8, maAPF é%ﬁ{e@ﬁb%dln%rﬁté wﬁ?&@e da é&gwohldngw%amr&mé that :awéng&ner ate an

out put based he mar ker or L‘% g V\]/E) | e out put

conpr }@eicigotigesin 1ipgd P8 cgFanhe B "Lfc Eg € B l’:tl?aartks °"8r5 ?6\”8??/[5) §°d8 a
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segment, such that when the oligonucleotide probe and the enhancer oligonucleotide probe are
poth hybridized to the nucleic acld, a single base gap exists between the oligonucleotides; and
Whereln treating the nuclelc acid with the endonuclease will cleave the detectable label from the
5 terminus of the detection probe to release free detectable label when the detection probe Is
hybridized to the nuclelc acid.

‘1

bbtalnlng nucleic acid sequence data can In certain embodiments comprise obtaining a biologlcal
sample from the human indlvidual and analyzing sequence of the at least one polymorphic
rnarker In nuclelc acld in the sample. Analyzing sequence can comprise determining the
presence or absence of at least one allele of the at least one polymorphlc marker. Determination
fc;f the presence of a particular susceptibliity allele (e.g., an at-risk allele) Is Indicative of
éusceptlblllty to the condition in the human Individual. Determination of the absence of a
particular susceptibllity allele is Indicative that the particular susceptlbllity Is not present In the
!ndlvldual.
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I n one enbodi nent, the conputer readable nenory further conprises data
Inclicatlve_ of the frequency of at |east one allele of at |east one

pol ymor phic marker or at |east one haplotype In a plurality of individuals
di agnosed \X)\btz&ofoFlﬁ gondition, and data indicative of thg.ft ﬁﬁlb’/ﬁdﬁﬁ% of at

t he | east one al fe of at Ieast one ggol ynor phi ¢ marker or "at least one ha
plotype in a plurality of freference Individuals, and wherein the risk
nmeasur e of devel oping the condition is based on a conparison of the
frequency of the at |east one allele or haplotype in Individuals diagnosed
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R T el

i nven ha@nomprises the at Ieast one polymorphlc marker by Polymerase Chain Reactlon (PCR), using
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D

,a nucleotide primer pair flanking the at least one polymorphic marker.

1

| i

The genotyping can be performed but Is not limited to using a process such as allele-specific
iSrobe hybridizatlon, allele-specific primer extenslon, allele-specific amplification, nucleic acid
sequencing, 5"-exonuclease digestion, molecular beacon assay, oligonucleotide ligation assay,
%ize analysis, and single-stranded conformation analysls,

in some embodiments the genotyping method comprises:

§
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A) The pair-wi se correlation structure In an 800 kb Interval (128.1 - 1283
Mo, NCB]: B35) on chronosone 8qg24. The upper plot shows pair-wise D for
959 common SNPs (with MAP > 59 Fromthe HapMap (v21) CEU dataset. The

| oner pl otvoshowmstdoe corresponding ra val ues, B) Esti nmetedszoeoondrnati on
rates (saRR) in cMI M fromthe HapMap (v21l) Phase Il data. C) Location of
known genes in the region. ) Schematic view of the association with

bl adder cancer for all SN PE tested In the region for the Initial scan
(Iceland and the Netherlands). Al so Indicated éred )
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br eastigaranieetde(fBoKaa)ndancbndiions B¢ spdciferhyb@i@alpn oFtie @igorSistetids rebe/vEiv of an

exegg%wa\fp%}wtﬁ oraystem for inplenenting the invention, DETAILED

‘inftions Unl ess otherw se indicated, nucleic acid sequences
are witten left toright in a5 to 3 orlentatlon Nunerjc r
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defined ran}%(gf %&g Eﬁﬁa dg&gqs%d)ﬁ h&_ré/gqil% 11’:\%%:, technical and scientific:
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terms used" ave Same meani hg as o manly understood by the
ordinary person skilled in the art to which the invention g;ﬂirtai ns. khe
f ol | owi ng -ttle detectivaloligoniudestive Rypkeseamprisesa dstectalialabel atdtsRb ks 284 @

i ndi gat ed: uenchpﬁlrﬁél&?@mt??r@ﬁklﬂﬂs,, sonetime referred to as a "marker", as
descri bed herein ers to a beriornlc pol ynorphi c site. Each pol ynorphic

mar ker has at | east two seq%qence vari ati ons ﬁ:heﬁ z Eqr q{l c ofl %rtl cul ar
al | el'es at thdenhsorsfRlppWFieotder s mommyd 00 gedrat!fes 'BSYEE] 9 BA°TB A P8y nor phi ¢
mar ker | Meb ia@scdnb atgrhére o tHeshuaesidd senivevetioatag 5'relative tortbe gpﬂmwle@ldal l el e of

that ;. par %lfeuL@crh tRA HEBERALS di&érlﬁ%reou@i@ |d¥Bleki e r&aﬁwe@@ﬂﬁrde‘a@tla@y allele of
any \ﬁarl ant ty foun

mi cr osat eI°I"9?’é’§'e°"Jdred?{§ eo‘ﬁ'&ﬁﬂ“%ﬂﬁ'g°'§?&“§8°ﬁ@gigﬁ?ﬁgﬁr@é‘? |f§ttlm?) P]léc'eic ?%de‘ Fons,

del et'i ons, duplications). Polynorphic markers can be of any neasurable
frequency ~f$slﬁd1@bmmdb%ﬂist@rbetv@éh thapet Bgynadnt didtasecgesesmempbychtnghi c

mar ker ,S \|I-M|o;[,{£ nRRE olg%ﬁbc?&tld%ﬁ%'ﬂg %ﬁﬁ e SREhcet %ﬁﬁbnﬁcl&&%b%?@oe‘ die ggmer al nost

usef U ver, ave | ower t i on

fr equenC| éslbl‘@mtoetbe nudisle W‘b(j‘&é’?ﬂ’ﬁ/bas&ga%\?é‘ﬁtsl%W"F'P%?ﬂ?@ﬁ%@e Fiparticul ar
copy ‘number variations (CNVs). The termshall, In the present context, be
t akefl frOstin thd B AOLYTREP Bh EndFRLKEIsS thdttvil BN enAP LRt DB 1Heefany 3'

termlnus of the detectlon probe to release free detectable label when the detection probe Is
hybrldlzed to the nucleic acid; and

iﬂ measuring free detectable label, wherein the presence of the free detectable label indicates
that the detection praobe specifically hybridizes to the first segment of the nucleic acid, and
Endicates the sequence of the polymorphic site as the complement of the detection probe.

rIn another aspect of the Inventlon a method Is provided for selecting candidates for screening
Iprograms for urinary bladder cancer, comprising: assessing with the methods described herein
éusceptlblllty to urinary bladder cancer in a group of indlviduals, wherein individuals who are
;jetermlned to have increased susceptibility to urinary bladder cancer are selected as candidates
for a screening program for urinary bladder cancer. Said screening program can preferably be
selected from a urine dipstick test for hematurla, cytoscopy and urine cytology.

EAfurther 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 polymorphlc marker In a nuclelc acld sample
obtained from the indlvidual, whereln the at least one polymorphic marker is selected from the
group consisting of rs9642880, rs710521, rs12982672, rs12584999, rs233716, rs233722,
ijs10240737, rs17418689 and rs4733677, and markers in linkage disequllibrium therewlth,
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"allele" refers to the nucl eotide sequence of a given |ocus (position) on a
chronnsone. A '"polynorphic marker allele thus refers to the conposition
(i.e., sequence) of the marker on a Chronosone. Genornic DNA from an
Ind|V|duakV59&%%mB§)tmo alleles (e.g., allele- speC|f|c}§ﬁ?§§B93 for any
gi ven pol ynorphic nmarker, representatj,ve of each copy of %r on each
chronosone. Sequence codes for nucleotides used herein are: A=1 C=2, G
=3, T=4. For mcrosateillte alleles, the CEPH sanple (Centre ci'Etudes
du Poliynmor phl srne Fl umain, genornics repository, CEPH sanple 1347-02) Is
used adeeinBEerence, oftheatshot ber alkld dltee of legdiohe marker gaitditdtiveef bn t hi s

sanpl @rdbab,ﬁ@tofaqgoaumsawse@stmerth@fga,e%k.eggm other sanples are numbered In
telatton to this reference. Thus, e.g., allele 1 Is | bp longer than the
shorter allele In the CEPH Sanp Ie allele 2 I's 2 hp longer than the shorter
all el M ?WV?W@nW%\WF@nOﬁPr #pect® Methgd gppiegisted Prosrasistdhan inshaduaal | el e | n
t he CdRbhsadplite,uriebry.bladandcaatdrethe methddscondrRing etdr@mirighaa pidsenchor t er a/ W
Int h%b&ﬁ?&!’bfsé%n&'s@oneaélllg@&at RadtSné ppIQ?’l%léb%ctdﬁgrkgpiﬂr} &u}aﬁlcsala%ds% i@l lele In

t he CEPH s equence cort r| bed hereln
|0 s SRESRR 0B 155 T4 SR ASES H Sog S PoBie BRI o IRFER T oo
used lgsoupmenmh of GOABEABRK, rsanab2E] R12kH2ab25e5258A990)ciB0Yigjesyp33p2,i on at

whi chrmﬁwsbamQamﬁggu@&q%se%paﬁ%m&s lﬁ'li&aﬁ@%k@llbﬂpm(tﬁéﬂnuﬂﬁ a ilatural

popu r asnt etic heti c
mol ect) sef " P PespisE r%&hﬁﬁ'gﬁfan%a'% 'a‘ndlfaf'xﬁmrap\ﬁ?ree giopgosls K teg Wejnasy
Nucl e(btaddhr cPadey imothphindividuabr " SNP' |s a DNA sequence variation occurring
when a ' si ngl e nucleotide at a specific location In the genone differs

bet t h

et v Qe R SBEd of bylnSAEGh By e B IS b A SRR TRkt .y s in
this i"ﬁie'ﬂdéﬂﬁb@d@rqomrtrw@ﬁw;f@’du@aw&'ac@ﬁéC%ncpreltlée mthpd sorppylsjendeserimsmng | .

bot h Bheciresunos onatse @ if @5 le@dt ochb @lldig ol atilchsabnd@argméPRic Saker Mg heaticde at t he

S S0 o 0 P UBRN Sy 2 S

nonmen¢tEPlrse'esed Feb e dioweoasising of 9642880 Fid 1853 £512PB20ER S ATHOBRP (T s)
17 D L«t8BYid roaBiIm ré1ag4er87ass 74rsedo tod eacksarm| guemSNErshy litkage Nadonal

Cent eélsé&ﬁllbﬁhmtﬁ%%h %ﬁéreﬂ’&ief%r%k&ﬁr %Q‘gﬁge}ast die, faﬁé\é 'is"’\ﬁ&lcatl ?%f ggscri bed

hereln refers rence DNA,
Conseﬁfﬁéqu9°“t5°m?rﬁfr‘it'§ ndiigual ThsAtYASE P l?P'YFﬁ‘?" REJE markes cerebe sRierterbinei n, 1's
t he | perttin embofimants frear tsasr2880\($Ee msmbha,t rsdidskenskqg mmolfue; ahafresrkereen ar e

ref ermg;glI L QisBSuiibYRh @Btewitpt! €l es. A "microsatellite" is a polynorphic
mar ket t at sﬁ%’s H‘?‘m g smal | repeats of bases that are 2-S nucleotides in

| engt h such as CA repeats) at a particular site, in which the nunber of
r epeaﬁt” IRheTSsHask PEeiifveniien ryevidesdbr ihepat af 2roellgomurientidelpiobe irsthe conmon
form nmtmmfmesganemrdiagﬁmqgaer@yalalssésaﬁgeagc@ﬂiunrty febflahoRaddatandsr
typic A Mur%“ Md@ld[lgl H&%lnet% b\%%g hylg'poglzes to a segment of a nuclelc acld whose

i)ucleotide sequence is set forth in SEQ ID NO:1, SEQ ID NO:2 or SEQ ID NO:11-52, whereln

$ald probe can be 15-500 nucleotides in length.
{

{

il'he invention provides In yet a further aspect a computer-readable medium having computer
fexecutable instructions, for determining susceptibility to urinary bladder cancer in an Individual,
!;he computer readable medium comprising:

- data Indicative of at least one polymorphic marker; and

.- 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,
i/vhereln the at least one polymorphic marker is selected from the group conslsting of rs9642880,
rs710521, rs12982672, rs12584999, rs233716, rs233722, rs10240737, rs17418689 and
'{?54733677, and markers In linkage disequilibrlum therewith.
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A "hapl otype," as described herein, refers to a segnent of genom c DNA t hat
is characterized by a specific conbination of alleles arranged al ong the
segnent. For diploid organi sms such as humans, a hapi otype conpri ses one
menber of wohwip@kssoof all el es for each pol ynorphi ¢ mar RET/I$2009/0000% al ong
the segnent, In a certain enbodi nent 13the hapi otype can conprise two or
nore . alleles, three or nore alleles, four or nore alleles, or five or nore
al l el es. Hapl otypes are described herein In the cont ext of t he marker nane
and the allele of the marker In that hapl otype "4 rs9642880" refers
to tI$aidslasy tepreseBinorpiisast onesirbvREREC B@ﬂﬁg Ctm'“t%@erfﬁm°8t“fﬁ&$ COHRH®S s

equi bataeittert dica8@H4208Epabiliglte udhary Bladtdreinker @, saal dtdédst omeombésndrphic

hapl of S r ofsaf@ and 4 =
T, Th gﬂt?gr m"{eﬁa% "ﬁ%rdbrn% ¥é]98§\]a r@s‘%ﬁ Ese aatg}ngfcﬁrvefbgfagsltg Stga(;mtghe proneness
of aritieaeiapedlialic ”t‘%f\‘ﬂ&rr'aﬁ'ﬂ "B‘ﬂ\é' lt‘j’éfvel opnent of a certain state (e.g., a
certain trait, phenotype or disease), or towards being less able to resist

a parstaidqghme Shat e%rﬁftanbtdm\gatg%&aatémdi MEanlil)tTclhh hercaﬂh\erwaquﬂassesl bot h
Incre ed su ibility, an r ceptibility. Thus, particular
al | el® Usa?”ﬁ%la\gﬁﬁ?%?ﬂe a' rﬁ'g'fkegi' gﬁﬁwﬁgbﬁ?otypes of the Invention as
descri bed herein may be characteristic of increased susceptibility (I.

i ncr gasedbe biskyciabd maldrgash brpigymaralnic erer{euBQ)refegaphcriackedifen %ed by p

r Slr ?;[rfgéljr %:IE 'déé%rlggﬁ)hergirn Plglqgltné Ahdse Ilét%;nn'ghfblegf e@?rgrloﬁr@a'-f"@m (6@ 1D
In)apl d‘t@déslzdfangﬁ@bl? ﬁv(éﬁﬁ IBn\%grlé @:1( gd'f'aé' 8¢ 'EE”‘%’?G e uﬁ@&@ %R%é@%%t Iblilty

(1.e',, decreased risk) of UBC, as characterized by a relative risk of |ess
t han iﬁﬁ&elaf@d%sb@i@‘t dgpb realisyis bhﬂ/diéerforccamrmrmnglmrmndirtdmnmmr uciamiger are

syno h&nd.erm "and/or" shall In the present

cont y@%@%ﬁ%@'ﬁgtﬁgo m(ﬁ ch{ng Réat either or both of the Itens

connec RECHIOI t are | nvoI ved In other words, the termherein shall be

t aken 4 EnipRedt r@mﬁbmrmémayotahieg canpliert dxecutaldl irstrotticas apdnderbtoyhseexeruted ai t .

For %ﬁﬁ?g% ceddot 'R)Oé?\ ygrmh% e aﬁé’;’% ﬁ%{loesiﬁfoﬁn%nrf%,' alitanohehwean elic data

for & st one cmar %E Friju ar trait or p nat ype,
such {&@V'Q‘Ja' p"étf'tr?%FtatP aﬁl'e?éta%’@ Rﬂyé"?fﬁ%? E’ar ﬁﬁ'e%i TR ¢aur C‘WRS S ¥pri ses
t he pagddzesd,as71@sbe) is29Ba622, irsl ASBHASIOy reRB3 Tibs (2857220 rs UOBAATS7 ersk THERF t o

di spl e r&%?dﬁ%h&'n%l@éé inmaéi@dl%hmﬁ@urm'tﬁ&@wltlh%n@@ér‘iérﬁﬂé'aﬂrouﬁiut Bdde@ dat a.

Look-up tables can nmensi o ontain mat i on
about O miIF f3HFSE C5PFIPBS f"@?”“’?t‘ﬂ‘bl‘@eﬁeé? H‘@r%'tps‘tt ﬁﬂ??éﬁ?@gdgﬁ caar e P tttgﬁ%(%an

cont aeastioné ovarkat bohaAdpRE asalbenept endicatr hém@ar\abﬂéddehéwqﬁmﬁpf Hiesye6npri se

ot her]ng@gtjgrs such as particul ars about di seases di agnoses, racial

i nforimati on, bl omarkers, biochem cal neasurenents, therapeutic nethods or
dr ugsthe&bthpuddr r&oaﬂuhﬁarmmadalnd eppaetlisucvimprisss iarsoing feobrdiieots dstaor age nedi um
t hat sﬁé‘tgatg@ of fIPRBddordr @th%t%ne@af e GATBRRY b BhitYaAehiol abeas:or

cust é)er re ia |Incl uq rmry
(o o tnerbapiotient = PIUSy FRAV I EOT SO i B S TR S oGl (D
magnelits, whatyageldaecknaer| endjdata dreiativeesf thafrdgwbnrcwefsat tifd bpﬁgtymehaﬂﬂt%of Eét C. )
punch psqroqg pglglrn V\@%Q%a&gmtq 5?4 oné RAYREpR M 9 pﬂr‘?ﬂityaof Hefgré?fc@%l\mﬂlaﬁﬁy be

trans erre I nt er est ggﬁ lme* i U:H_l a\é\@gn conputers,

or bet"\ﬁé@?ﬁf%‘ﬁﬁﬁlﬂ‘@?%as‘é{ﬁds based OB AFaTRRISPB QHHS & SPEW TSP XYY age or access

of st mpaﬁypem‘tausmirltmmhurﬁnrcindtvrdaaistatlssdammino&atl\taeoféhe&equeoat of thyr atgasdt her

aval | 4l 8! D5 hadlbblbedtrolrhlchMiine WuFAheStn G ABMRLLIEGSed FkiPurinary NUCT €i C

acid saég? hereln refers to a sanple obtained from an

i ndi vPd FC?‘WS'E cont al ns nucl eic acid (DNA or RNA), In certain enbodinents,

i.e. the detection of specific polynorphic markers and/or hapl otypes, the

nucl etﬁor@%tﬁamne 16 GHhbRESreg eapPainembiKurtieradormprisasclaed iadiagtive of tvepl e can be

obt a| ed fro sour DINA di-pgtRe M 9od
eq%ﬁ {F'a% %St i & glfle °?$ Iegﬁ%gggrgllng%gr@ée@%br 0s I%aﬁﬁ%r{é aB cﬁ or tissue

sanpl eluuranlltymfsmdl\ﬁduaﬂﬁﬁw@se%\u% gle copdigesh Pt eeterdicativie stréi‘e frﬁﬂ‘é@éﬁt’f gt
gast r gienéRsbid@leld df%@tea@tror@tdWmdBﬂstgﬁmarkeﬂ'hreattlesrsthndmIdthmrlapeuu.traltty afent "

;gfsgg e&%rgr&ceaﬁncﬁﬂguatls 3 tv\lh(éi:Jl Th 9\% rHE ﬁ%a&tﬂe BBV frPLonBItBY Rass P4 OB
comparison of the frequency of the at Ieast one allele or haplotype in indlviduals dlagnosed with

the condition and reference individuals.
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The term "UBC-associ ated nucleic acid", as described herein, refers to a
nucl eic acid that has been found to be associated to urinary bl adder
cancer, This Includes, but is not limted to, the markers and hapl ot ypes
descri bedv{a@ hRbMo@6 markers and hapi otypes in strong IgR%80/000007

al sequill brium (LD) therewith The tergp "nucl eic acid sequence dat e in the
context of this application refers to generally any data Indicating the
sequence of a nucleic acid containing one or nore nucl eotide. The data may
al so conmprise Information about the |ocation of said sequence within the
genomestandhdion o thai plesangesresbsgen ef segmmaentmmjeS tichietanimgetidebf thegrdsecat i on of
a Secq+ Bidhce 809 téuwe, SHUGR A8 mﬁlpleﬁe?ers to%té?mar)suenefmu%@semede e.g.

t he iCc st a us o nown case
woul &rjéF%F%PT Waaa%‘UIaﬁa el plea E’a%@lnﬁr'fﬁ'i (f"éf"’@fcbﬁ'&%eBFe ?ﬂY\B’Y° ?“?ﬁ‘nl t | on of
t he moetisle] indieeclly beovidis ifenatiac abows elgrueremce at sbseore diehe aiprestentae i n any

f Or rr%r e§é+ﬁ[.ne G5r ; €fr Wrﬁo?ﬁls%egéteminétwn'&?% aHsan@'cﬁ'at@ELt tRE Sﬂﬁnpé f or mat

as re%/esent ati ons A $ GEH & s &I%)CI ation
ot ud.@gﬂw j §enamsdlatle ot %\%&enefae&%me*a g opiss &f ﬂ}t&maé%? Eorinsh24,
200- mlelek.prheowlnaﬂﬂn df dhe @628 80ormnabpy ofine,C dleMiikewise triviatasithe kreosutegene
cl 0S€&yloRe E@%%I‘?@lerr@% T%IIQée%Pﬂcﬁ’ﬁn&ﬁtﬂﬁns ﬁ'@@ﬂ%ﬁ%oreltﬁar@{vﬁppdsﬁbﬁehe same

o orkaify S RS oS el bRy PO T aNIR B CE TRkt THPE 6 BN itSst i ons i n
t he chdvipoovijlerty & FSTde $F6ATRIGO aboud tIN? BeSdncs 46 415@6&) offaparalleles efgbeci at i on

Wt QRCreNe I@Eéhaﬂi Qﬁﬁ&nﬁé&%@ tRE ?déhwsdf)éarfu@&!&dam%ME% ﬁérfo%qé’dl I%ltﬂeo be strongly
associ aggd W th canc&g | g R Lﬁatedﬁg &ﬁ?%ng ch ?f%

S 0TS TR GhTEgBRICUST TR St 1= G e bR B RITS PIIBOR . Eel es.

R A. ,diect iabicatMatof GermeresePCO8: BBy B bertiedla( #@B8) ; Arnundadottil 1-.T., et aI

Nat Genet 77 (2006); Thomas, G, Nat Genet 2008;40(3)i 310-5 (2008))
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Genet Nuzeericalyalugs phibe Hykags sipegullipsiupy mepsuzes ntceggin dts'zre"(Szom) ) and
nost Irrﬁa@mdhl;e;qumsrmﬁéﬁibﬁn wehdtichileeasits @ancearkerskasdefingd 63 F > @l (eflgredtat ur e

B ek9§§ 1931 GR0 Ndrus, FBESEhefc KRNy 3L LbRRASftle e lor GreaP ki rng: e

ve f o%erwnalegrse PapF ShiniasndssifeNe. n smegmaﬁ%lmeee liwasﬁe SEHMTHEY st udy
groups déflradalae r73) 0.2Vbother enbodvaedite uardinnodastbecidhitons bigtnkegn r s9642880 and

prostiat uuubﬁﬁﬂsgucwss pal 9]52%CP34 032PCEh, 3lsnrzl>cel4andJ 6.46288 6@“Pr9b s§appl es
(Tabl’e 8 ASSOCI I Qn r|d surrogate

rs on,
mar ke? 9-& et O 1 t?)OIZI'BI%Mss IgLZIE\%BBI ﬂe?norsﬁr éd> oﬁe%h%ﬂsgsof d8t93r hi*hi ng
S uscet{z)E)V,tn2 i 0.98, too 't 9es eliage Plsesdivtiuinmae i cataimperobidiesntaelsh od defifed

det ergd i ng 03, %H&Cm@twd l|bsf 3 9.4d|9£3%%5,118|3 @@rrﬁm ASESBIBNY, sf m. gar ker s

and 1gl LVesE. Ty g oLt OFdkt Ha feﬂ%‘ﬂsnﬁgﬁm%ﬁ%aw SR
var i ajtefined ys féstine o icririe pﬁtf@lnd |Bti, swehys o 814 avslDi > Pige Other

g_:omblnatlons of values for r2and |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,
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregolng and other objects, features and advantages of the invention wlll be apparent from
the following more particular description of preferred embodiments of the invention.
H

H
FIG 1: A schematic view of the structure and assoclation results In the cancer-associated reglon
Y

on chromosome 8q24.21
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20 genone. Such variations in sequence are comonly referred to as

pol ynor phi snms, and there are many such sites within each genone For

exanpl e, the human genorne exhi bits sequence variations which occur on

aver age eweyxid&d@sdpase pairs. The npst comon sequence peansaioodd®onsi st s of
base variations at a single base position In the genorne, and such sequence
variants, or poI ynor phI sns, are comonly called Single Nucleotide

Pol yhor phl sns ("SNIPs"). These SNPs are believed to have occurred in a
single nmutational event, and therefore there are usuall ' possi bl e

al | ehpShepisivisesorelatacrusiure 1 3reB00 eintsrya (12811 'all?%Pé"baﬁ'EB{ R&)iftt at ed

al | elgordaséint QqnAtrHE @bpe@%@Ehd&vscbauﬁﬁMsaDdfopessstcbhryiorasmes gethadal ¥ &%)r essur e,

e Dol Bp s BB g LE S Bl ocuBOL WD RRUSRGR 3 Al zed by 2

part n ‘any gl ven popul ati on. Many ot her

types of sequence variants are found in the human qﬁgrpn ?‘j%}gdl ng

hi cr 8% Bsténated secompligiden fasgsaRfa| & Y 4R i s 3rp51he 1% E‘Siﬁ/ﬂ i

vari at| ons. A polynorphic Mcrosatellite has nmultiple small repeats of
baseg) (satihn aski@nrgepesinshe ®Goon t he conplinmentary strand) at a particul ar
sitei«in which the nunber of repeat |engths varies in the general
PopulbgtsicRématldvi@e Betha bssopetioHmIkp bia8ddi £a6@n fok QIMINPS Esayin hentegion 6dr thpeci fi ¢

al | el: W _t hj heP u |8 as two

a1 1 ot Sy A Ny Pl £l sd AR TR ok P MBI I el .
Thus previasly iderisifed assatia SEm@roﬁ‘i@%?ﬁ“%’rﬁprqah'ebrﬁ%ﬁtﬁﬁf?b%r gnd co °é%a@t er:zed
by tlaghdap(s@cgm e of two or nore alleles In any given popul ation. In another
enbodi nent, e polynmorphismls characterized by the presence of three or
ITor € ¢4 %Izels%ﬁ d%%tm%%?@#’éna&e tary Ebrﬁﬂﬁéﬁgﬂygteﬁmapmpr@ﬂént.ngfﬂ& ROLNERY Phi sm i s
characterize resen e of three br nore alleles. In other

enmbodi ment s, the pol ynorphism|Is characterized by four or nore alleles,
fivelor nore alleles, slx or nore alleles, seven or nore alleles, nine or
mor e pETALEED DESCRIPTION e alieles. Al such pol ynorphlsns can be
utiliyzed I'n the nethods and kits of the present Invention, and are thus

w t hi,n the scope of the invention. |Ir abundance, SNPs account for a
majority of sequence var Over 6 mllion human SNPs have been validated to
date! .ncbi, nilrmi ttgov/ projects/ SNP/ sno_s. unmary. cgl). However, CNVs (copy
nunbdrefimdionant s O copy nunber pol ynor phi sns) are receiving Increased
attention, These | arge-scal e pol ynorphisns (typically Ikb or |arger)

ac CoUHlack QthdpRIsY At cnuchsid td @xuaddeeatd wagten Isftlbstighttin als’ fr Bpor ti on of the

ass enb!gg'% lréllgj.?ﬁnﬂgrlc PaerrSes %}E’i?%lg‘i\q/ ﬁ]_cs%gg{lcagoﬁ)gl%rln&@%eocff tﬁ@ﬁurﬁ&ﬁ?@ﬂef&ﬂﬁor ne

sequgh tics (X ﬁré 07);

http: th¢ parmp@@ﬂénqwaga@"dntﬁaﬁr %rtqndmor IntpgRrirasHon Wik t Wﬁﬁ e s "Er%
hOV\BV&FmM@Bﬂﬁefvﬁéee all ed&dmewl ady efl@gEicaéfreatsedhdrginanale dretsaome roéanirtgeasgenor ni ¢
sequence. oy GARh: fg%/ omgﬁuéagem 3Pl 8Fthe IRRALEX Prasmal on,
phencft yprc LN IN | on tion i srupting gene dosage, and are al so
known to cause di sease (m cr odeI etlon and m croduplicetion disorders) and
conf eFherfolickving teposaitall, indhp Peekerdicopexe Have hglmadning aMAcrtadaf ect i on and

gl on€r ul onephritis (Redon R, et at Nature 23:444-454 (2006)). It Is thus
pOSSIé) y;r{?/ hl@ 'njfapl&rr" li(rﬁé' ?éf%({rgc?ws' p@ﬁ’ar@e{r" Lé@‘ﬁ@E’dNBe@hM%lnr efEeset

causative i sequ urn t he nark escri bed
her ei WW@'%@'H@@BE’F é'@e‘edEW IpP'N”'I?f@ﬁ? mﬁfé‘faﬁé?fs tf'?ﬁs %56989?%5 szon?ncl ude
conpathatdcyeisge bopargculty hiidlel ahé polymp@Bid)sitandhee wenarisiags@latipméd aidi ng use of
?288%§P¢rﬂ%ﬁﬁ{c@§%‘ ;.fa\'ﬁue@%ﬁ&rth%regs Qééoga{JnQB a( NabtWne spedsicmartdr et 39: 516- 521
ht t o: va/rw%?rm\gnw%“e%eoawea@%ﬁr ya"c@mpcffﬁmnyu?}‘&ﬁ%&w PR30t ¢ he
| ocat thermenbyipandadingsirs, oﬁnldesomrdsealII@SNV@nslmh@ort;teandl@ae\enlmmfe'ﬁmtw&ont ai ns
dat a ilr(?Je 'r d%étloggodug\géﬁfn F% rb I'ﬂéH%ﬂfe@sgeanr&f&raﬁ@%aélﬁatﬂ@ﬂ@qﬁe@cy

di ff hic site wit @ choosliqzrl foerence all el e.
Al t er Rdbe Péﬂ’%}at"’& ref @P%Q\'&Fe°f§jé?$6é?1€%neé'a??l‘6’e°rP t BPFREE V6 ?ﬁuaa parti cul ar
poI ynrpécplmey Bighe.thare- 10@f ee engeneed| Inglseusesul s bnwevamesolyredrehic athrtass B3Yt he

‘Wi | dEIEy R&/e IGW%:%O ?ﬂ?n t*n%qugﬁéi'@é Isbch > Pb@osf@éhuéﬁcy?btt QRA 188 rfdqu&icy Sequenced

allele or as non i ndi vi dual
i ndi vPYHsYat ¢eRY “H'ES'B%" ReetgE SEN%S)- Th?? &Sﬁqalthe %@%e’gﬁ%?mte ) bg a’ker‘?ﬂa
%nclude polymorphic markers with any population frequency.



Alleles for SNP markers as referred to herein refer to the bases A, C, G or
T as they occur at the lao,lynorphic site, The allele codes for SNPs used
herein are as follows: 1= A 2.--C, 3=G 4=T. Since hunman DNA is

doubl e-str person skilled in the art will re

assayi ng dgagggﬂlﬁggthe opposite DNA gtrand, the conplghtﬁﬁﬁ(§PQPP | e can
in each case be neasured. Thus, for a pol ynorphic site (pol ynorphic marker)
characterized by an A/ G ponnDrphisn1 t he Met hodol ogy enpl oyed to detect
the marker may be designed to specifically detect the presence of one or

bot h oh “éllke" reerstasesn RS EDERUedce®f a@i\,@ﬁﬂ’ocﬁ; (L8R 4 ¥@bosdie. ARSI gni ng
an a5yl SRLATEH h: ARLPR kB ATRH TENL 8L, LARY B e PN

presence can’be
rreas uF'@‘Gm°5‘@Pan§?'T°&T'F PEF)WO(TTQSY'“@X‘&%IC@“'CE‘WH tww'&péesdﬁ g elllgleispecifi¢ sk)
| dent bekndee 5ok by youh fdolpeombic ataned, fepatitensdfRaENtopdfof e1etrh@rn<erDNA strand

- SEEAN P osomeat rs%ﬁggn'celc %F oc?qllul:l}éothﬁs {J%ﬂe%]ﬁ eseﬂuep(‘ce_ fzér g'ehefred to

fOI’ a: partl Cul ar sequence thé Te ence are
sonet fnE8r MiEFespiedige F'Ba'eés the\CEPH gATPledFered Etuﬂ\esv‘?i’r ?OAYWW%’&'GEN(E'@""'%S used
her ei gendnicsarepesiiugn CEPH bahpleil B4720E) i uon dsherefepére £ihe hSestutiBie f Badh | S

ot her Wié&a&!ﬂhéﬁ%ﬁé é'%HpYe IE @eé o V%I Jll%tﬁe?‘ a"ﬂ&leé meotlpé?‘(fgmg{?gg"e nl.gﬁltﬂeg%d l?\ mar ker s

descri bed herein are variants. can In affect a
pol ypé%‘?tf°ﬂé° thi FRRrRRGS: dinuf e englisle i {ﬁ/rilel?P '66%5?%“?6“%?’@8@? &hee GEPlicl eot | de
sequepa@eple calnlel s 2ugbdotdee tHan ke shodter elfeldlial thé COPH Sdmple, dllBigl3as BURl Ieajet de, or
of rm&?anttn@rwanalerwﬁltﬁ@tcb sanif, itk W, L4 i iBled1 hd ﬁgﬁﬁme rthan e skdppge of at

| east . ?ne nucl eoti de, resu ? % encoded am no acid; the
changal&g Ingpe FE%I@F"‘"B‘N%' Hgler-& b %Shqr@&haf‘lt %S'T%tef REelgytae SEPId feBRlen
prenagwr e stop codon; the deletion of several nucleotides, resulting In a
del etion of one or nore amino acids encoded by the nucl eoti des; the

i nser tianof co%nae&rdesa%wb aQuchﬁeéa Igeﬁ:?m .ééé;,{lo&%eg’;y s 5. FGODiat | on

or gene conver |ng seguence of a
r eadi A PFRAESIE WEHIthe srdes Hsasf Ya?l“? EUP'—@%@&FWK gnd Blps@cﬁi@ﬁ%% transposition;

; Ora pearrangenent of a nucl eotide sequence, Such sequence changes can
alter th pol MRERsdLe encoded by THgafiHgl € ¢ _add—For exanple, If the
change In the nuclei c add SsequeNCederatiRS a 1ranme shift, the franme shift
can resullt in a €hange in the encodedtigen no aci ds, |and/or can result In the
generatidqn of a @rematute stap cod@naw ation of a truncated
poi yp?pti de—Al-ternatively —a pol \Th’Wﬂ’l Sm-can-be_a synonynous change In
one of e I%Gtides H—e— a*hr‘% A that—dees—hot result in a change in
the am n cid—sgquence).—Such—a p QDSF”I" phtsm—can,| 22 for exanple, after
splice siffes, afject the¢ stabi ity Qkr&ransport of | "(RNA, or ot herw se
affect the transtriptiofn or translatbpag of an encofled pol ypeptide. It can
also altgr DNA tW increase the posshbi¥Tity that stfuctural changes, such as
anpl i fications—dt deletions, occurCdiothe somatic The pol ypept| de encoded

by the referencenucheoli-de- sequenfeSPSsIthetreference” pol ypeptide Wth a
. . _H | K CorT .

parti cul gr—refergnce—amno—acid ach@gpg—aﬁd—pd—y-aeptl des encoded by

variant grteresare ref rrea A0CA8 or Y3hhyhHse) PO yp-‘pti des with variant

am no:acid ue e refers to tranded segnent of

B B B R IR B v By i e g e A For P eas B  oec

al ong| nauueal segpiasion or Beynttietd lmpdlamrga?m saibrerycdf sarethétinraoisculas) sapfentey pe

conpr h@,@ﬁ, B pBEMREshidiet he pair of alleles for each pol ynorphic marker or

Iocus In a certain enbodl ment, the hapl otype can conprise two or nore

alleles, three or nore alleles, four or nore alleles, or five or nore

al | el BsSinglgdyvclepiidg RolpprPIER oA ENG” 66 '%[“'“s%é?’fqeé’aﬂiﬂ%'ﬁr%ﬂﬁﬁﬂ%wﬁﬁ'h? ker al ong

t he SélggiemUcledﬁRiplao'a)spersﬁdJadaticmmfthe senaneadifférs batween nidmbedd dfelspepiod yimor phi c
AT KGEiSioo® plres HNosBs 1K ATIARALEN] dck Sp BBVIIRHARISIHAGU WAL aftldsclsy at the

pol yrr[)%jp C, Sltes. H’E allTeles at
vario V@é‘ﬁ@? |'rbth|‘?df‘¥5é'?c§ e'%%&@&qzwué 5‘&9"\9 iatelp 8f YimPPIYACEP e ﬂ@r' §°fé'nd/ or
hapl otlypessarea chigesaafaberpldiviinaichaby theetahedsiclenitest ithe Sk lcastion)), asr thet ect i ng

Sequeﬂﬁ%u@F is ﬂ@!eﬁd@%&ﬁ' (Ee.Shd grftx sISEQY ch‘?&ﬁﬂtgg&hl%s oﬁfh@rl]rqjo‘” ﬂia{l e&hh %ﬁé?errtor

genot K&ﬁfﬁ %ér resence ﬁ m crosatelllte markers can
used, 8% fThg M é‘B@ﬁE%atW&saédeW&? MEERIRErRe igthe offfiah Refrrenge SHP (1) Genorre
Res. 9(5): 492-98 (1999); rutyaYln et at., Nucleic Acid Res, 34: e128
(2006)), utilizing PCR, LCR, Nested PCR and ot her Eechni gues for nucleic
acid anplification. Specific commercial nethodol ogi es available for SNP
genotyplng I nclude, but are not limted to, TagMan genctyplng assays and
SNPl ex platforns 'cApplled Biosysterns), gel electrophoresis (Applied

Bl osystens), nass spectronetry (e.g., 14assARRAY system from Sequenon),



Pol ynorphic site identifies the alleles of the individual for the
particul ar site. The sequence information can be obtained froma sanple
fromthe individual, In certain enbodinents, the ?anple Is a nucleic acid
sanpl e. | wonid/@sspoot her enbodi ments, the sanple is a pcoaom/osenpl e,
Yarious nethods for obtaining nucleia7add sequence are known to the skilled
person, and all such nmethods are useful for practicing the Invention.
Sanger sequencing is a well-known Method for generating nucleic acid
sequence I nformation, Recent nethods for obtai nlgg:gl ar ge ?rmlﬁntls Iof
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Increased susceptibillty and decreased susceptibllity. Thus, particular alleles at polymorphlc
_markers and/or haplotypes of the invention as described hereln may be characteristic of
increased susceptibility (i.e., increased risk) of urinary bladder cancer (UBC), as characterized by
a relatlve risk (RR) or odds ratio (OR) of greater than one for the partlcular allele or haplotype.
Alternatively, the markers and/or haplotypes of the Invention are characteristic of decreased
susceptlbillty (i.et, decreased risk) of UBC, as characterized by a relative risk of less than one.

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

The term “and/or” shall in the present context be understood to indicate that either or both of
i the items connected by it are involved. In other words, the term hereln shall be taken to mean

f}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,

}
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24 Controls in a case-control association study are not independent and
appl ying the case-control Method to related cases and controls is an

anal ogous approxination. The net hod of genomic ceontrol (Devlin, B. et al.
Nat Genet 0; author reply 1131 (2004)) has pr oy @ﬁ
Successfunﬁét aé %ing case-control fest statistics fo '$§?£?@ ¥ss
therefore apply the nmet hod of genom c control to account for the dependence
between the ternms In our Pseudolikelihood and produce a valid test
statistic. Fisher's information can be used to estimate the effective
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|nven | @E%s&&@%ﬁ%ithﬂrﬁx%rfﬂgéo%p@rﬁ&ﬁd and those are also within scope of

t he pres I'nven certal n enbodi nents, a significant Increase in
ris.kjis characterized by a p-value, such as a p- 25 value of |ess than
0,05, ;1 ess than 0 01, less than 0.001, |ess than 0, 0001, |ess than 0, 00001,
| ess {han 0, 000001, |ess than 0.0000001, |ess than 0, 00000001, or |ess than

0. 000999&941'“UBC-associated nucleic acid”, as described herein, refers to a nuclelc acid that has
Eeen found to be assoclated to urinary bladder cancer. This Includes, but is not limited to, the
markers and haplotypes described herein and markers and haplotypes in strong linkage

disequllibrium (LD) therewith

o, v,

The term “nuclelc acld sequence data” In the context of this application refers to generally any
data indlcating the sequence of a nucleic acld contalning one or more nucleotide. The data may
also comprise information about the location of sald sequence within the genome and/or within a
gene, gene segment or otherwlse defined location of a sequence. Consequently, such data can
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An at-risk pol ynorphi c marker or hapiotype of the present invention is one
where at |east one '"allele of at | east one marker or haplotype Is nore
frequently present in an Individual at risk for the disease or trait
(af f ect edyyo Riogudgnosed with the disease or trait, coppaifohfdohe
frequency bf Its presence in a conpaid son group (control), such that the
presence of the marker or haplotype is indicative of susceptibility to the
di sease or trait, which in this case is urinary bl adder cancer (UBC) The
control group may In one enbodi nent be a popul ation sanple, i.e. a 'random
sanpl&ef toamit re: geretidd, epopul Aitlicomatus nf @ kotvwrepolwndrobir AEhtn whise cessrit® ol

grou t £ a8} Seriiiien aF thedisrRas®: diteee. Such
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enbodiuptelstacidisrausiics dai3 629 PREPESRETEIM o 1's érsé%rteé‘anf 5t he absence
of 0R’gINGE, INAIgRalbrsRPsEroaR N ias rapredenfationosfgelsSndehipe skc.f act ors are In one
enbodi ment at feast one environnmental risk factor. Representative
environmental factors are natural products, Mnerals or other chem cals
whi ch are known to affect, or contenplated to affect, the risk of

devel.opi ng the specific d| sease or trait. Other envi mental rj S%i factors
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hapl oi@ﬁ@ﬁa&gq’oéﬁew?sr%{% 'g%nﬁlﬁ%ars p significant decreased risk (or
susceptibility) of the disease or trait. In one enbodi ment, 26 significant
decreased risk is neasured as a relative risk (or odds ratio) of less than
0S, ihcluding but not Onked to less than 0.9, less than 0,8, less than
0.7, less than 0,6, less than 0.5, less than 0,4, less than 0.3, |ess than
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| ess ifﬁaﬁr‘% Gl AR Hek ROl ing Shssukpaent dasenss
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at least 30% at least 35% at least 40% at least 45% at |east 50% at
feastp55% at least 60% at /east 65% at |least 70% at |east 75% at |east
80% atsekgastt f@50sBersend herletypr®0% at | east 95% and at | east 98% In one
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the art to characterize the Invention are however also contenplated, and
those.are also within scope of the present Invention. fk genetic variant
associated with a disease or trait (e.g. urinary bladder cancer) can be
used alone to predict the risk of the disease for a given genotype. For a
biallellc marker, such as a $NP, there are 3 possible genotypes: honpzygote



The nmultiplicative nodel Is a parsinonious nodel that usually fits the data
of conplex traits reasonably well, Deviations fromnmultiplicity have been
rarely described In the context of common variants for commobn di seases, and
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!east 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
particular embodiment, a risk (relative risk and/or odds ratlo) of at least 1.10 Is significant. In

nother particular embodiment, a risk of at least 1.20 Is signlificant. In yet another embodiment,
a risk of at least 1.21 is significant. In a further embodiment, a relatlve risk of at least 1.40 is
§Ign|flcant. In another further embodiment, a significant increase in risk is at least 1.45 is
i.signiflcant. However, other cutoffs are also contemplated, including any numerical values
Eridging 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
j:o about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about
p.8°/o, about 19%, about 20%, about 21%, about 25%, about 30%, about 35%, about 40%, and
about 45%. In one particular embodiment, a significant increase in risk is at least 20%. Other
cutoffs or ranges as deemed sultable by the person sklilled In the art to characterize the invention
are however also contemplated, and those are also within scope of the present invention. In
certaln embodiments, a significant increase In risk Is characterized by a p-value, such as a p-
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general popul ation. However, under certain assunption, we can estimate the
risk Fromthe odds ratio. It is well known that under the rare disease
assunption, the relative risk of a disease can be approxi mated by the odds

ratio. Thizx® RsGEe0ARpI on may however not hold for many ceomeno@is@ases.
Still, It turns out that the risk of 20ne genotype variant relative to
anot her can be estimated fromthe odds ratio expressed above. The
calculation is particularly si rrpl e under the assunption of random
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As an example of a simple test for correlation would be a Fisher-exact test on a two-hy-two table.
§5iven a cohort of chromosomes, the two-by-two table Is constructed out of the number of
?':hromosomes that Include both of the markers or haplotypes, one of the markers or haplotypes but
ij\ot the other and neither of the markers or haplotypes. Other statistical tests of assoclation known
f;o the skilled person are also contemplated and are also within scope of the invention. The person
ékilled in the art will appreciate that for markers with two alleles present in the population being
gtudled (such as SNPs), and wherein one allele Is found in increased frequency in a group of
[ndividuals with a tralt or disease In the population, compared with controls, the other allele of the
marker will be found In decreased frequency in the group of individuals with the trait or disease,
compared with controls. In such a case, one allele of the marker (the one found in Increased
frequency in Individuals with the tralt 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 susceptibllity

(i e., at a decreased risk) for a disease or trait Is an Indlvidual In whom at least one specific allele
at one or more polymorphic marker or haplotype conferring decreased susceptibility for the

i dlsease or trait Is Identified. The marker alleles and/or haplotypes conferring decreased risk are
alSO sald to be protective. In one aspect, the protective marker or haplotype is one that confers
a signlificant decreased risk (or susceptibility) of the disease or trait. In one embodiment,



Here "p" and "q" are the allele frequencies of "a" and "b"eespectively.
Li kewi se, we get that RR(ab) = r/P, and RR(bb) = 1/R The allele frequency
estimates may be obtained fromthe publications that report the odds ratl 0s

and fromt dat abase, Note that in the case Were know
the genot \B@ghlo?b&ﬁ?l ndi vi dual, the relative genetic H%‘F(T/?S&(t”/t’?t’ﬁw test or
marker |s sinply equal to one. By way of an exanple, for UBCrisk, allele T
of the di sease associ ated mnarker rs9642860 in has pn allelic OR of 1.21 and
a frequency (p) around 0,48 In white popul ati ons. The genotype Fel ative
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are however also contemplated, and those are also within scope of the present Invention.

A genetic variant associated with a disease or tralt (e.g. urinary bladder cancer) can be used
alone to predict the risk of the disease for a given genotype. For a biallelic marker, such as a
$NP, there are 3 possible genotypes: homozygote for the at-risk varlant, heterozygote, and non
;tf:arrier of the at-risk variant. Risk associated with variants at multiple loci can be used to
iastlmate overall risk. For multiple SNP varlants, there are k possible genotypes k = 3" x 2°;
yvhere n is the number autosomal loci and p the number of gonosomal (sex chromosomal) loci.
Pverall risk assessment calculations usually assume that the relatlve risks of different genetic
;larlants multiply, /.e. the overall risk (e.g., RR or OR) assoclated with a particular genntype
'Fombination is the product of the risk values for the genotype at each locus. If the risk
Presented Is the relative risk for a person, or a specific genotype for a person, compared to a
reference population with matched gender and ethnicity, then the combined risk - is the product
of the locus specific risk values - and which also corresponds to an overall rsk estimate
:t_:ompared with the population. If the risk for a person is based on a comparison to non-carriers
of the at risk allele, then the combined risk corresponds to an estimate that compares the person
iNith a given combination of genotypes at all loci to a group of Individuals who do not carry risk
t/arlants at any of those loci. The group of non-carriers of any at risk variant has the lowest
estimated risk and has a comblined 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,
!;ts relevance is correspondingly small,

EI'he multiplicative model Is a parsimonlous model that usually fits the data of complex traits
}easonably well. Deviations from multiplicity have been rarely described in the context of
common varlants for common diseases, and If reported are usually only suggestive since very
|arge sample sizes are usually required to be able to demonstrate statistical interactions between
lodl.
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RR(g1,92) RR(gl) RR(g2) The underlying assunption is that the risk factors
occur and behave independently, Le. that the joint conditional
probabilities can be represented as products:

Pr(A g1, gRbPo{oNogdop Pr (Al g2) / Pr(A) and Pr(gl, g2) = Pr(gi¢Fiseg@jpo@bri ous

violations to this assunption are matkers that are closely spaced on the

genorne, lie. In linkage disequilibrium such that the concurrence of two
nore risk alleles Is correlated. In Such cases, we can use so called

or

hapl ot ype nodeli ng where the odds-ratios are defined
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very rare, but are still possible, and should be considered for overall risk assessment.

:It is likely that the multiplicative model applied in the case of multiple genetfc variant will also be
Valid in conjugation with non-genetic risk variants assuming that the genetlc variant does not
clearlv correlate with the “environmental” factor. In other words, genetic and non-genetic at-
I‘ISk variants can be assessed under the multiplicative model to estimate combined risk,
__assumlng that the non-genetic and genetic risk factors do not Interact.

Uslng the same quantitative approach, the combined or overall risk associated with any plurality
Pf vartants associated with urinary bladder cancer may be assessed.
i

:'_'Linkage Disequllibrium

fl'he natural phenomenon of recombination, which occurs on average once for each chromosomal
bair during each meiotic event, represents one way in which nature provides variations in
sequence (and blological function by consequence). It has been discovered that recombination
does not occur randomly In the genome; rather, there are large variations in the frequency of
!'ecombination rates, resulting in small regions of high recombination frequency (also called
'Tl“ecomblnatlon hotspots) and larger reglons of low recombination frequency, which are cornmonly
referred to as Linkage Disequliilbrium (LD) blocks (Myers, S. et al., Blochem Soc Trans 34:526-
530 (2006); Jeffreys, A.J., et al.,Nature Genet 29:217-222 (2001); May, C.A., et al., Nature
Genet 31:272-275(2002)).

4

Linkage Diseguillbrium (LD) refers'to a non-random assortment of two genetic elements. For
example, If a particular genetic element (e.g., an allele of a polymorphic marker, or a haplotype)
Pccurs In a population at a frequency of 0.50 (50%) and another element occurs at a frequency
6f 0.50 (50%), then the predicted occurrance of a person’s having both elements Is 0.25 (25%),
assuming a random distribution of the elements. However, if it is discovered that the two
elements occur together at a frequency higher than 0.25, then the elements are said to be in
linkage disequiiibrium, since they tend to be Inherited together at a higher rate than what their
independent frequencies of occurrence (e.g., allele or haplotype frequencles) would predict.
iRougth speaking, LD Is generally correlated with the frequency of recombination events
jbetween the two elements. Allele or haplotype frequencles can be determined in a population by
{

“
<A



Adjusted life-tinme risk The lifetime risk of an individual Is derived by
mul tiplying the overall genetic risk relative to the population with the
average life-time rlsk of the disease In the general population of the sane

ethnicity gpdegspsdey and In the region of the Indivi du(aj\!,%@s?@%é@ghr cal

origin. As there are usual ly several gpidenmiologic stu se from

when defining the general population risk, we 111 pick studies that are

wel | - powered for the disease definition that has been used for the genetic
variants. 37 For exanple, for a particular disease, if the overall genetic
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the methods descrlbed herein, a significant r? value between markers indicative of the markers
pein In linkage disequllibrlum can be at least 0.1, such as at least 0.15, 0.20, 0.25, 0.30, 0.35,
9.40, 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
?t least 0.2, Alternatively, markers In linkage disequilibrium are characterized by values of |D)
éof 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
9.99. 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
."_ID’| measures. In one such embodiment, a significant linkage disequilibrium Is defined as r®>
9.1 and |D’| >0.8, and markers fulfilling these criteria are said to be In linkage disequillbrium.
gn another embodiment, a significant linkage disequillbrium Is defined as r> > 0.2 and |D’| >0.9.



38 'smaller values of 4-2 than 1 can also be surrogates for the at-risk
variant, or alternatively represent variants with relative risk values as
hi gh as or possibly even higher than the at-risk variant. In certain

pr ef er r edweyoogldonmot s, markers with val ues of r2 to thecwis2odmbooanchor
variant are useful surrogate markers29 The at-risk variant identified may
not be the functional t itself, but I's in this Instance in |inkage
cilsegulilbriumwith the true functional variant. The functl onal vari ant
may be a SNP, but nqer%/ al so for exanpleg be a tandem rﬁ&ﬁ such as a
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Af f yrﬁ?{’?% Fﬁ?gﬂ? 535“'t%ﬁ8m5*‘e%\%9&? PGy srbeRin AbyigHE kA Sigralsi frendad Pdisn@aee and
| nfl M'GW%Q@M)sththmdues leprobisi tliecdheervatnditutegdd §.el andra\éRnird&ity own

genorRe A 5R5HEGr EWuelt_bEnétﬁ fag:, Thd }ép%tl?wﬁsao%ltwgltd&ﬁcﬁ@ﬂ§ Y ne%gssarllgat ively

I|ttlf§ cog{aisg 'ﬁl‘!f‘a %no?ﬁ/ygeln ormat | on

avai l'a B YREPT T vl ERHYh BowRyRh 98 !stvithy %Y%P?Féf‘?tcﬁﬁe B8t di sease

or t rthan this thesheld oy alsecheviue o w e gaseticfect. The sample size In the first study
‘may not have been sufficiently large to provide an observed P-value that meets the conservative
:'threshold for genome-wide significance, or the first study may not have reached genome-wide
significance due to Inherent fluctuations due to sampling. Since the correction factor depends on
the number of statistical tests performed, If one signal (one SNP) from an initlal study is
i‘epllcated In a second case-control cohort, the appropriate statistical test for significance is that
for a single statistical test, /.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
{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/

)



SNPs, Including information frompublic literature and scientific
publications, The di agnostic application of disease-associated alleles as
descri bed herein, can thus for exanple be perfornmed by the |ndividual,

t hrough a@g) $i/604s8 descri bed herein of his/her genotypergai@/oobiy7a heal th
prof essi onal based on results of a cb3nical test, or by a third party,

i ncl udi ng the genotype service provider. The third party may al so be
service provider who interprets genotype information fromthe customer to
provi de service related to specific genetic risk factors, including the
geneChreeNEsk 82919148 $+97900 Therrapde! Isideslgnasiio drar it theslu#ioagHss: s or

det feéﬁgoaaﬁldrﬂ*%stﬂffs feonsUiFe@pt pdhuldtibys, @ﬂthgaeaepcbseubryl tekingand erenmmhulayiorheal t h
pr of essi ona u t ng

Pr Of 831 AR e AENEL Vo VB SR MIREbABRpa ! fhd ofAthi, gﬁesg{hwgghtegs WY o

on I nfor matl on about
t he thersfestsfiike ‘éﬁtrﬁ‘fm%" B\P o Ffmdﬁeaﬁﬁala @?ﬁduwﬁmtaﬂaé %ABButs thherms Bk
conf an peshidipngarie end fasqugedyedfitbe varklkt fnag tiges béteeen thepmptibgarsar SNPS) . | n
the %%ﬁnﬂ\tg tﬁé)FetsGﬁgﬁ'orhggvé‘ﬁrp%})ulgﬂid?gﬁgﬂr{e%dd?d Q&v%ﬂfb%é‘%ha% tl%’@\%‘?ﬂﬁﬁc@e“ ty" and

nmne-a sus to re avail e dlagnostlc
Met h&ddetﬁqﬁ@l raehlwae S?r%‘?’fﬂ”c?f?é’a' I3 Bi5irasedy Hue&m.'wré%s%a‘iaﬂﬁwﬁ‘sm W& sanpl e
cont ardvideq by emodonibmeBNAhdrt0 nfuathetnmae varguficierssiesoh ingotied! stBlieh fganpl e can
for %gﬁ%%ﬁupﬁes e?&’eﬁ?\%&c ’cagessa"ﬁlj'cMﬂrcﬁ@Mo%ulaﬁorbL@&ﬁchl@ten@rto ot her

suita ont al ni en The
GenoPRPETARNE (4G BRI GRIHY SHh PP VLEIA IS SOS FIETE® o ¢ he
ski | betheparesoderydngcdenatc Bifgh- t hr oughput ray technol ogies. Results from
such genotyping are stored In a convenient data storage unit, uch as a data
carrier, including conputer databases, data storage disks, or by other

conv @nkeBiesslndm o5t OIagestreans. I n certain enbodi nents, the conputer

dat abase |'s an object database, a relational database or a post-relational
dat abase. F enotype data is subsequently analyzed for the presence of
certﬂsﬁ‘@éf 5( s known to be susceptibility variants for particular hunman
tonditions, such as the genetic variants described herein. Genotype data
can bree e@&OsrESEiMbIDED dbcutias thesdveratigendtitirtsk irsiolvgs awystepnvemineatiodat a query
et hod, de- %"?llog H %ts\n'a% d;énsﬁc FRARLEREE LRV, ﬁslpﬁ{cfﬂ)%ln%fna?&'nﬁ rYsRQrof'rPﬁnuftlB%

i ndiy genotype o I ndi vidual to

pr eV|V6'ij§’It§/'”oqéftf9é?rfﬁgt‘?B%F'°r'P‘§R”t?égg"ﬂé?§§gav%§s'%vﬁ"@ ative risk (RR) or and odds
ratio (OR), for 'xanple) for the genotype, for exanple for an heterozygous
car r irkiveh reprah-odbisketwari ant for a particul ar disease or trait The
calculated risk for the individual can be the relative risk for a person,

or for a specific ge e of erso ar ed th rage popul ati on
wi t h Mgt %‘?{@cﬂ'sﬁ%ﬁﬁ‘é% gi tcﬁ'ﬁ‘P@?‘ldt}eas?ﬁgiaésa\g%e "[5)8B|Lﬁh5? fo ﬁ\{? i'sk can be

expr esgedtaise puweigiitve enplayedgeasf-cantrel desigh beefuselof fheir eeirosgedie jpfes, usi ng
r esulhged Jt@&@@sahﬁfﬁr%%o@eauls@%t@@ setdNdadeb @pRBRNARY hak @hLeBilbAL | ONS t O

calculate th S r rel tlveto ulat| n can then
be. pelPEraas R A AR Y ST iRe ThedhiBreet = 2h oS R Srirtics e BaLed on
conpdreagsenty of cases dridashbplsgiffesigpsantfyor exanpl e het er ozygous carrl ers of an

at-ri-sk allele of a marker conpared with non-carriers of the at-risk

al | elg, b h@gre tgac y%ﬁo@@edgnoaafs%aeems@vs thEr Rl rabadiqmnt s be nore

convenr en es a neaSure is easy to Int er ret for the
user (PTObéb‘"td) W’E‘éﬂ'l?rr@kt"ﬁﬁ?”tdﬁ)’é'grsi lﬁ%’s‘ﬁt@R"P’bf'ﬂf H@"’al"'ﬁﬂ%/o\?l FGuErs) BE%ed on

hi s/ f‘gﬁéu@&aﬂ@ﬁf@bﬁhﬂ veequeaias ehtiols) he.tdxpredseainiatems nf plupaipiEsicandidonal dhee

cal cujeat.ed s‘iétﬁé( estimated can be nmade available to the customer : el aa
vvebsite, pre erably a secure website. In certain enbodinents, a service
provi.der will include in the provided service all of the steps of isolating
genor@ﬁle(WAi/Pdmlé))s/a@?rﬂCtC)b?fWi@ed by the customer, perform ng genotyping
of the isolated DNA, calculating genetic risk based on the genotype dat a,

and r%g%&%e%, h:q? H&vfé%gF H‘\etalB@ 1GYSHR B the hl@ea%@@ﬁatmé irReRadh rFBnteStahet he service

pr ovi: e service terpretatlon ot.ype data
f or tﬁ%”?'h?fW?ﬁfd%ﬂ""dﬂ'a'%ca"ryt"igs%eéé‘f ?’?F{a?f‘eg’h? 8& ‘ﬁafﬂts%ﬁ?l%? &Igﬁ @?rg J'gerl ants
bas eobrolmbtlih;eofmttﬂtgytpedide&sa frols nuhwber ceohineti febuditect!y megomed iotchga-caabobdi nent s,
the SeiHiLe ﬁrrp%!eéé‘éée R 448 \%%uwcsrecr&mttydnmw WaEmHeBENELY Blaith §@r Vi ce
and Inter pretation of the genotype data, starting froma sanple of isolated
DNA fromthe i ndi vidual (the custoner). Overall risk for nmultiple risk
variants can be performed using standard met hodol ogy. For exanple, assum ng
a multiplicative nodel, ta assunming that the risk of Individual risk
variants rnetiply to establish the overal | effect, allows for a
straight-forvvard cal cul ation of the overall risk for nmultiple markers. In
addition, in certain other enbodi nents, the present Invention pertains to



46 I n these enbodi nents, determi nation of the presence of the at |east one
mar ker allele or hapiotype is Indicative of a susceptibility to UBC These
di agnosti c methods invol ve detecting the presence or absence of at | east
one markeryal,l el hapi otype that |Is associated with et ection
of the par‘{vlaczh /0§4536enet| c marker allejes that make up : ({?f’@?“gWapl ot ypes
can be perfornmed by a variety of nethods described herel n and/ or known in
the art, For exanple, genetic nmarkers can be detected at the nucleic acid

| evel, (e.g., by direct nucleotide sequencing O by other neans known to the
ski | | ededahporwatiant Jovaverunddreedam nesuaqitidn | veyv edn dstimbleechgemletro thabl&r

af f eckgo.t he codi ng sequence of a protein encoded by a uBC associ at ed
nucleic acid (e.g., by protein sequencing or by imunoassays using

anti bodi es that recogni ze such a protein), The Marker alleles or haplotypes
cor r &5 [Sokdl kngwp rt'aﬁr#‘ﬁg?rsth%far&d@é@féraﬁ%nm e deletinedisk 9§ o clisapssccawiben  UBC,

Such dppagirestts be teanpassiot h@.smmmue:mo@fevérh@t ﬁahymw donirRdrker or

hapf qfispged! rstmueasrhpaut é{tthgﬂ¥kﬁlo?@ rﬁ&}, @hﬁeﬁa%%m 4%%& gng 1D

(l'i nkage dl sequilibriu fbodi nent ,
such ?Eaﬁﬁt Eo HifAdrs B0 SXByivaser SPPYE- L'ﬂ)e\ﬁ{ch'ai'%‘elsﬁﬁﬂ@\é‘?"‘bﬁ'"ﬁéﬁdﬂr@@yﬁ@ as

det erassuregtidoyof aandaimumpolbtisr2cogtre@iveerd tharoftrdls sRdasdom &n&)les from tHe
eﬂbodﬁam%%puu%&%%é %as%%, R Qﬁetctéaéeb%lg rd erLéFg;) ﬁﬂ{?ge &%W%}:ﬂeéhed usi ng

hybri d zatl on , see oco ogy,
Ausuljaqfividgals. eT° '&Ffeasee%@i’ e Sj%ﬂﬁﬁ'dwowey n@NBehEhe 'Frﬁelgemmﬁgwmelaswm&tpeﬁeﬁt s) .
The p‘ﬁl&il@eﬂl@“&stodllesauspacﬂrcﬁls thatravekeateithbd ®jeemataiiedo@tt thdicesdspaoryere they
SeqUQ:@Fe‘?ulﬁlps%R}tIHsz Wnﬁfsbr@'tﬁﬁ:tthémdle o@hﬁv@%fblgeagggt &%Q@% SRS Etfubgr for the

parti:cul ar ‘"ﬁ resence o an one spe I Cc mar allele or
a spetifycY 55‘95?’8?6@' ('S'é‘?’( PrEniBRRCIFAEY2 FRNIR) %‘?Q“P’s?efm Hhe sepgirb peslavac fi ¢
nucl &t s reteddthpt thisessunerioh Ibeireg egpeet fto be Sarsfied paictly, tut te rakleeti@atekn pne
embodi-areaily fotiian Hhouaees Adlifnd REHH g%gsmt@ singl e nucl eic add probe that
is specific for he specific haplotype Rybrldlzes specifically to a
DNA strand conprising the specific marker alleles characteristic of the
hap! §HEflonsshewdhidifeicthe gemirenicanst b aecesaiveyaods, abewave baveybriskdiaziant o
genorcarrlEr,DR% anBRNAonaarrBNAC”, fue' dtde Ir&ioCof atdivildRIsOB the, sae d43R6 ribef@bn, can be

Ri&Qhe {RNA probe that hybridizes to a conplementary sequence.
One ofe s%a Pégleﬁé? Be-art woul d know how to desi gn such a probe so that

sequénce specific hybridization will occur only if a particular allele Is
pr esdit = IA(AdC)stidnalicr sequence froma test sanple. The invention can also
be reduced to practice using any conveni ent genotyplng nethod, Including

comm\rnanmlewlxe R¥ @Hé rﬂpl't@ictaﬁ%]rﬂ&]jé?%ﬁ‘e?e el sst Eﬂ.g%f c{uf:’{ ?fQﬁ%g%XPASQﬁ hC“' ar

pol yrrE B’é ga term ne susceg 4 zat i on
sanplf alls ‘i"BPﬁ'éhe BSP"EBWSJEF'? REFATEcrEsfackiinpl e, such as a genor ni c DNA
sanpl’e, with at |least one nucleic acid probe. A non-limting exanple of a

pr ob@R‘emr@%aemamp@)m@b)/g@mmbmeq DNA Is a | abel ed nucl eic acid probe
that /i s Capabl e of hybridizing to mRNA or genor nI e DNA sequences descri bed

her ei C g for exa woA full-length nucleic
acid "EB? Lﬁ’lee&e%&'ea{'SES eﬁe g?ﬁof%é'?ee?ﬁ“ Tk AlRleadhg Cfﬂr i bdﬁmfe‘%f?"edee of at |east
15, 3ZgatiByriskigoyecp3te aleles@fesaucl eotides In length that Is sufficient to
specifically hybridize under stringent conditions to appropriate mRNA or
geno I ucl eatide is fr bout 15
o anorrenhe b8 Bk ALRSRE ATLERRL fu LHE, Rep ARG R FRh B8 S tetne

ol | gdﬂwcqowiwéseﬁge% tihsm%%'&%t'vzomd@l 'é?édl‘i@“ anﬁm@war@@sthe affedt7 | ength, For
exanpkeguatdie amumbstiotten @ratideraoiiao ¢igd29 BjpetiSiCtoaliterrtivempBedis Ewh 8fthd he

nucl the sequences of SEQ ID NO 1-52, In particular
al | ??Hb%‘rﬁ% ?ﬁ%o%ggE%{Od%QKIC) 1 or SEQ ID N2, as described herein,
optionally conprising at |east one allele of a marker described her ein, or
at ieast one hapiotype described herein, or the probe can be the

conpl:ement ary sequence of such a sequence. Qther suitable probes for use In

the dhagBRaddtheds FRY:VeRbe bBSuAdY;eRKI on are described herein. Hybridization
can be perforned by net o s wel | known to the person skilled in the art
(see, e.g., Current Protocols in Mlecular Biology, Ausubel, F, et al.

John INFITesst enegment tp rrarerenhijedisk o ppnesauaan) relativedn sheeamscatiernontlation

hybr isthica atrhakes ltebaesiotcomaneatei the ixbink disk fdrid@elopindthe AAEdctioAdbiaan Wi th no
m smat ches (exact hybridization). In one 'enbodinment, the hybridization
condi,tions for specific hybridization are high strlngency Specific
hybri di zation, if present, is detected using standard nethods. If 'specific
hybri di zati on occurs between the nucleic acid probe and the nucleic add in
the test sanple, then the sanple contains the allele that is conplenentary



fluorescent noiety or group at its 3 term nus and a quencher at Its 5
term nus, and an enhancer pligonucleotider is enployed, as described by
Kutyavin et al. (Nucleic Acid Res, 34e128 (2005)). The fluorescent noiety
can be G gidHaibausse een or Yaki ma Yel l ow, or other sui pabiodloomoescent
noi eties. The detection probe |Is dessgned to hybridize to a short

nucl eoti de sequence that |Includes the SNP pol ynor phismto be detected.
Preferably, the SNP is anywhere fromthe term nal residue to -5 resi dues
fromthe 3" end of the detection probe. The enhancer is a sh

bl i gWlitEhedes!the APEBEON e HFoRSEMRA JbterBHIHpiEa AN dshyyP aﬁfécaiﬁ“#aé? H& ve to
t he ekpdtwe bbpnatpinose.fort eelaprebess: ar e desi gned such that a single nucleotide
gap exi sts between the detection probe iind the enhancer nucl eoti de probe

when C re 2 abasi c
el PO G o BT RB Re LR R TP GIEPERSE TV e
enzy R&bB) éa“v/éB "[HeZRﬂyfe“'G ¥=tHe fully conpl enentary detection probe, but
cannot cl eave a detection probe containing a m smatch; Thus, by measuring

the fibtigs W‘%\ngﬁ’e ok dbe fFeGué?x@l%?gf U QR 8LeBipetiietl YikeRE2ERE @Eﬂ'ﬂha@f t he

pres r flned b cI eotld of t he

det eggfgh %B'gdagéé@%geajﬁé h eq)fgncl-"re(%@a o8 A %6&?8”%1%&%“ des in
I engpmlicatfms thrat serstrhide Odﬁmrﬁﬂlpmm from e Peritse qaéabﬁﬁ%nﬁ‘%zi'?@'mhhélcé%ﬁl des in
| engbvhere@éw ndt&ABH ige Gdnotyipes B PDAdIALEal POE SéIbIe @RetiaviskiTomnthacepeorof t he

skill ﬁ 595 ver a%(re!i §er son skilled in the art. a preferred enbodi nent,
t he h nSE'T'B 90t A% ng the SNP pol ynorphismls anplified by
"polyrrierase Chain Reaction (PCR) prior to detection, In such an

enmbody menbf an benaiglfof mmlnm,\léll@ee'ru’é’@ea@ea#aeassmethmerldeorwﬁ%wetl B¥t i on

pr Obgn afuﬁcbﬁ%quﬁl%%r erHL@P@‘w (ppgrrohﬁ& B 4@'7:’991?“@36&%%55 t'h% gtabgpe i on probe,

nhancer , pri g g gé 'tﬂﬁ Ll cathn of the
tenp %\‘Et@eﬂ?kp‘ﬁfﬁp?rﬁﬂf%ﬁe@°ﬁﬁ8 Gl?s%r SFt”Tﬁ)taTj g Bl THPHA N aM8g% rodi fi ed A and
inpaled G The use of nodified bases can be useful for adjusting the
mel t Fegrt ie rper 8t We £ =af 4d)dorME it @t plg tpbdr clieafdioolsa ialad/®by gefiniten) to the
terrplﬁate DNA, for exarrple for Increasing he nelting tenperature In regions

cont a lowp entage of G e 'c with the
capa @"GBFV ?foﬁ”ﬁ{Q ST &e hydr 084% 'b@%g ﬁ?pmﬁtom'le ng*é%céﬁl%f/ can be

Li semree)poa‘swte greotyees birif)istrhrskerds$:t i ng tenperature In regions containing a

hi gh percentage of G or C bases, for exanple by using nodified G bases that
form wQ r %d.s Lggentary C base in a double
strarqg%dthA dq?(éejclﬁ In a 8?52 iﬁg&gﬁnﬁg& ment, nodified bases are used
In the design of the detection nucl eotide probe. Any nodified base known to
the Jhe PYasedepeapylstion dek ttati@ FeeanelyPe G lmfmago heysd 1kef 88%)det i on of
suitabl e bases is well within the scope of the skilled person based on the
t eachi DgSshereinoandkaonwg pases; avail abl e from commercial sources as known
to the skilled person. Itern.ativeiy, a peptide nucleic acid (PNA) probe
can be used in addition to, or jnstead a nucleic acjd probe In the

hybr iTHErZEre.Ghe ASt Frdye detedepaa rrariation ('3&‘) BRANGAURIDNGe RvgioReRatieng h

pept ifelewingkgenotypes gahis endbleckdrone, such as N-(2-anl noet hyl ) gl yci ne units,

W th;an organi c base G C 1* or U attached to the gl yci ne nitrogen

3 SolED O SRR AT0 be ST AR B IO S LSS gt o

speciifically hybridize to a nDIecuIe In a sanple suspected of contai ning
one or nore of the inarker alleles or haplotypes that are associated with
UBC. In one enbodi nent of the Invention, a test sanple containing genornic
DNA ed Fro t coll ected and the pol ynerase Chain

r eact |° '"?75(53? r’isg]fuse gﬂez'ﬁaplfér y a fragnent. conprising one or nore

mar kers or hapl otypes of the present invention, As described herein,

| dentWHencmhotypesodf reany s vadbies arrauske to estinfagé thegiskiensAndogipéuadsoci ated with
UBC, rﬁaﬁbﬁa‘&w%%ww#dr$a@@9a+b%ne&n@by§§sluﬁreu &ﬁfsrmahg)qfat (R &mbm%agu@éme

anal ysi s, ana esti spe ic.h di z j.on, single
str arTﬁEde'%"r?ftBX%P‘?pé‘?‘/Ft‘ﬁBI'Wlﬂ"ﬁfﬁ%s% "&‘22@9%‘: (Oég’élffrre%qoaiglP%/Sﬂh%ﬁIﬁ °t anal ysi s,
et c. )indididuznatitees, ecy.riodiomearkers dl aghesdi s |s acconpl i shed by expression

anal ysis, for exanple by using quantitative PCR (kinetic thermal cycling),
This techni que can, for exanple, utilize conmercially avail able
technol ogi es, such as TagMan(r) (Applied Blosystens, Foster City, CA), The
t echni que Can assess the presence of an alteration in the expression or
conposition of a pol ypeptide or 49



Splicing varlant(s) that is encoded by a nucteic acid associated with UBC
Further, the expreé&sloi of the variant(s) can be quantified as physically
or functionally different, In another enbodi ment of the nethods of the

i nvention, by restriction di gestion can be used to detect

parti cul arwg{}ﬁioﬁkﬁ the allele resul{s in the creation or" é?OP/H?OHQ&. on of a
restriction site relative to a reference sequence. Restriction fragnent

| engt h pol ynor phi sm (RFLP) anal ysis Can be conducted, e,g, as described in
Current Protocols In Ml ecular Biology, supra. The 'digestion pattern of

t he rrRH(evant= BRG1IRRAGRENt | ndi cates the presence or absence of the
parti.cular allele In the sanple equence analysis can al so be used to

dete a es assQci ted Wi

conb ST Rask smionn Bas SRS TP BE) BUGPe HebPur Rt B droRitpker s 1
| i nkaget %ﬂ“é@afdﬁ'IWQ?@P‘UW?%%érbéwmrﬁﬁe”teﬁr?érpéwﬂc’é | n one enbodi nent,

deter:m nati on of the presence or absence of a particular marker alleles or
hapl qd QYPFARESPrEAGYHBRE) MuPridigD) of preyit z)anpl e of DNA or RNA

obt ai nypgel??%m a(s‘t?%?eg/tqgog ’?ﬁ)dl Vi 5??31982) PCR@gor)ﬂg% her appropriate methods an
be used to anPllf portion of a nucleic acid associated with UBC, and the
pr esdifyBUpYIoR @!ﬁ?etelt\"'ﬁés%inl'%i% apeaRe KRB Berel slpasdy erpced prethelspnepedégifenci ng

t he pmkggmq@humbmmt asutiothantiet doptereped §ftan Phindrés Hilesleled iacoh@plat, yjpe) of the
genersﬂhf? grl:amﬁ %gél@g?ieg’haﬂ)lgtggg%togf]fn mgegﬂh@‘%%ef retlo Eg‘%sdeﬂf.ed for all .

gonucl eot'i fent arget nuclelc acid
sequéHE@cg'BB'ﬁétr‘ﬂné of FGrReH e&tas; B, can be used to |dent| fy pol yrnor ph| sns in
a nucleic acid associated with UBC (e.g. the polynorphic markers of Table 1

and mehKeIHost a.taauakﬂ@aerdlassem&ubal BdaBIng hh%@%& h)odelFa%n@qaﬁed Spe@Bd to

ol I gano t tICI rast ically
compitase SR EReidl sBPhsBF of 3F o bR PR B Gr oB Bei a0
surfdﬁ‘étiléi'lcatg’ éﬂﬂf@i F%t-’é’ fehbefntfpwnddafit Hﬁcﬂﬁ#ﬁ Nﬁ@la\‘?‘ieb!nge rPHRgséicartr ays can
genercamlayorbear&’aaecttu@&d nbEHy GmMTRE Rk £:8 oSy @S h S ridkBlaRests heve bdeght di rect ed
synt h:‘? thods that incorporate a conbination of photolithographic

nmet hq s ‘sol id phase oligonucl eotide synthesis methods, or by other

net hods knovvn to the person skilled In the art (see, e.g., Bier, F.F., et

at Ad\s aBieyemhelenarbnglvBlust winhitestthd Yo wiB3 98B (RO B8} hvmh@icaleharké',sD Nat Rev
GenetasZoc%@Ql with 4 gAl0B)Iar &idddse bBng wﬁltl e sk Ve BoS RO By SuRbn %@Qaé%grﬁer( 2006)
Raci qussis, 3, ftt Elvlidge, O, Expert Rev Mor D|agn 6: 145-52 (2006)

MockLer C' _at _al Cenornios 85:1-15 (2005), and 'ref erences C|ted

t her|dfaskert iReneips [ EaledaleAinilys of each of which are | ncorporated by

ref grnence [foer ei n) | 1Bny add| tional descriptions of the preparation and use
of dat chn“.ué eoti-de f-ays foff Cletectlon of pelynorphisnms can be found, for
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for e=xam]bl e, direct manual sequencing (Church and Gl bert, Proc. Natl.
Acad.! Sc!. USA, 81 1991-1995 (1988); Sanger, F., at al., Proc. Watt Acad.
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In a further aspect of the present invention, a pharnmaceutical pack (kit)
is provided, the pack conprising a therapeutic agent and a set of
Instructions for admi nistration of the therapeutic agent to humans
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anti body, a peptide, anti sense or RNAI nol ecul e, or other therapeutic
noi ecul es. I n one enbodi ment, an individual identified as a carder of at

| east one variant of the present invention |Is instructed to take a

pr es EFPHEENRBRSS BT ORe P8 MA5ERITI N 4 SHeIed| T BRETSERT BRBTRIrRete N

| ndi wi-dsiedileied @ntertdie dolpsophiconmizerg shusvndar tie praséntabveneas to oressadatednt of t he
Presgaf, tﬂé‘&'?éysé OR &mb&%mg%%@ ahihl@ls take ni?arpérea%%y Qggclslea Jﬂfthé mgease

therapeut nent, an 1 ndivid entif as a
non- Edp¢ ?aé'?’e sgthgtinq'\ggga[l ffaﬁ\ew'v%ﬂ‘ihﬁﬁf’taé?t I$ ey 'VﬁPé%%tH?cr?W%ﬁ‘Eﬁcfﬁ‘f bf"%" i nst ruct ed
to t dkeezsepriekcofiupenl dose of the therapeutic agent. in enbodiments, the kit
further conprises a set of instructions for using the reagents thrrpri sl ng

t _he Frl'.ose C?ilri]égl‘ﬁ@o% r?ts %951 tir?\/e;lu-p& \é g@%‘&li%&éf}é&oﬁglg{ebrto U%E:bgi[ ypes )

di sc erern o con |ncfe e use In the
| dent§feRR@Rg eaTobiPefiAior fh@é}oymeh‘%mﬁ'éfﬁga%dqté?asmch BoHP I0kaRIPRe genes
Cont &iaBictrgprises corhelbidnk agas Gesequibt kbdtionsnauld bf, the aolyanthispnardkess mnd/ or

hapl ‘25&498@%@3@9@ f?nteec%h]e\lgérﬂpr*s!@%a c%el%tn)g fbr mel%'i%jio?phl?rﬁ eg‘?héheras genes or

theig are or Interact
with GE“E@;@@G‘&% fngiieblg eprerisse atcﬂré?'F“%‘rfS'aﬁE‘L“‘éa”%%frP°b’é“’E%h‘ﬁ'@t t he
devebcqnamaat bptefeteaciageud look-agentisthbbgiveeat IndBEjonar agpewetidin Imtwetml ay onset
of Swspiépgﬁd 8B8EOL hi;:ﬁ & u\éfctﬁa%%&e mﬁt‘gqe%t:' EarPARABE R B ﬁgmmoﬁsu one or

nor e or exa i n and non-nuclelc acid nolecul es,

pr ot pmavh %Blelsé@e?'e 'BFS'F‘(aﬁdn Ip SRHEMPIMARFE| HF COFRIPYRD 15 FRIRTERRRF , PNA

( pepttatsicaunkasuce. athedsytistioal nidagire ndgrbevaparieesasarrisiimasstriecswhwhiech can
modulghfietag (kknGh BEIABTRTAR) @) 8h Sairalibfokar get genes or their gene
products. The nucl el ¢ aci ds and/or variants of the invention, or nucleic
aci ds corrprl sing their pl ementary sequence, may be used as antl sense
consﬂ’*!slﬁéﬁaiket"%"@Mr?@r‘@ﬁfub@hé's‘ie@@ﬁ?ség‘ﬁﬂ'tﬂﬂdl%%‘é?‘?‘%ﬁ’“rﬁqsgﬁﬁﬁercﬂ'or@r"@é[hs- The
net heslabiagiona Feedisadrenscvdd MikapidsSRaR ®ateICHting ueskdrs dydetbedkieosin croalshe

ski 'ng?rﬁE.Bé@f)l%h th%dfoJ &hgﬁ%ﬁipﬂﬁ%ké‘.@%r HEW #a%%?fg'r ﬂ-néotggéﬁf/aég%ﬂ%e-re(:hnm ogy;

Prin I nc,
New Yb‘?"R" ('%G'Msr eV?\" t‘j‘eqiéﬁ*sd’l’her‘?a&\el"?fé‘??éé iR nglyidval searsess 5 TEGHYRIE | eot | des)
are coapstj 8.6dorothesirtg of 16813084) disdaspbddigion uad yetaive cigesic{riRMApl@atidobliyhet hat ar e
Capa*ébrﬁbiﬂéd \Qltﬁgéh’ég riEPmﬁr@Whh@%@WL%ﬁﬁtﬁﬁWk Bﬁﬁbﬁcﬂt”d' ng the

propri at ex |Is
F OF meenHen 3A Eh (e Kok (BOMAEPB AT RESDT REK S BMe ALFTEIIPB Of Feebnse o
codi fgn b4 useddo défirge gremss, of liidividuabiisg bpsesisirbihe comblhed rislaofithe plagkeltels at, wher e
the @@L.héﬁ@%@memﬂay&l FObibgIRy enfleade dupl ex DNA. 55 Several classes of
anti sense ol 1 gonucl eotl e are known to those skilled in the art, including
Cl eavers and hiockers. The fornmer bind to target RNA sites, activate
|ntr§b@q/ frupngr emRslinaens @6 thednypntigth 2suuraiity of Vadrase(geneticrpaskers] e ke t ar get
RNA, aRl/E ke &ypdsh b Gsed Farogetll RNAasséS’th‘leht t THysOU/@idnts are in b drtsbdinyert eri c

hi ndt’ (fgd H‘Em tne vér‘ié%??é”&]? osaa:?ﬁuc Qﬁhé}f n@og%%gssln% H&% fﬁg%s@ﬁﬁhg' ¢ acids,

rnorp I no conp ounds ﬁ oC ei ¢ aci ates

( Thorvpréams ofm\a@rqu@*davﬁ@ﬁlyn orgapinatiergwiph gther (L) lsnownﬁ? Pg éﬂaé'é for

ol i ganRyadsaRtd slese@mbaitumaisd. ®istecérhyodaerdthahapenttype mesnbfsa planadtyarre al so
“Sef lr“arket% aﬁﬁkﬁﬁéﬂnﬁkﬁg néaﬁeMéﬂﬁ%h%IM? /gnH@r?éétQt'as of Bl R e by gene

i'sense y |I's further
deschP'BEQIe‘i‘ Witllé%P%PU&t'Omfre@ﬁ“Fy ofqtaﬁ AgFoEPtRg VerigEeor %véquemef ‘%6“1& 569 ( 2003)
St ephemtein cﬁhlcalﬁ}tﬂemthmbyectsl\/aich“ébege-51a1&&d bAR 630M3)ched<subietd , Mdthsds .

Bi ochy 5 (2602)
Chen R AT FRpft e g ARk FoRscE B st A Ralv e Rth afBioss dectifed? |

Tar gdgreim on vrhegme(fma KyowRiRdhBERIfdRerSORNTAY éﬁ*l%séqmtiv be EseAdtp deforaige Dev

12I zi@o\éréu?r&%bnfeh’ae b?s%ﬂb&_ﬁh@gdﬁ&@élsi‘mnh freche imultpanioal s\esebsnufﬁedriilor t heI

sel e n,.and. n or particul ar
var i %%%e% onlfé' ﬁﬁ%o nﬁf%%%ﬁaﬁ& L%@g'\?g%relsnaﬁétﬂgésdggscn E%gg h*et(rﬁ& n, antlsense
ol i gdivgeiwoes é@%?"'b‘?d earAler anti sense nol ecul es that specifically target mRNA
nol ecul es
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Utllity of Genetic Testing

The person skilled in the art will appreciate and understand that the varlants described herein in
general do not, by themselves, provide an absolute identification of individuals who wlll develop
Llrlnary bladder cancer. The variants described herein do however indicate Increased and/or
tecreased likelihood that individuals carrying the at-risk or protective variants of the invention
fwlll develop UBC, or symptoms associated with UBC. This information is however extremely
Valuable In itself, as outlined In more detall In the below, as It can be used to, for example,
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Conmponents of conputer 110 may include, but are not limted to, a
processing unit 120, a System nenory 130, and a system bus 121 that coupl es
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e, trackball or touch pad. O her input devices (not shown) may I|Include a
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In general terms, conputer-readable nmedia has capabilities of storing (1)
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Fluplex is formed. The antlsense oligonucleotides are complementary to the sense or coding
§trand of a gene. It s also possible to form a triple helix, where the antisense oligonucleotide
binds to duplex DNA.
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The phenomenon of RNA Interference (RNAI) has been actively studied for the last decade, since

[ts original discovery In C. elegans (Fire et al.,Nature 391:806-11 (1998)), and in recent years its

botentlal use in treatment of human disease has been actively pursued (reviewed in Kim & Rossl,

Nature Rev. Genet. 8:173-204 (2007)). RNA interference (RNAI), also called gene silencing, Is

Lased on using double-stranded RNA molecules (dsRNA) to turn off specific genes. In the cell,

é:ytoplasmlc double-stranded RNA molecules (dsRNA) are processed by cellular complexes into

small Interfering RNA (sIRNA). The sIRNA guide the targeting of a protein-RNA complex to

;peclﬂc sltes on a target mRNA, leading to cleavage of the mRNA (Thompson, Drug Discovery
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of the present invention), while not recognizing nuclelc acid molecules comprising other alleles or
haplotypes. These RNAI reagents can thus recognize and destroy the target nuclelc acld
}"'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 varlants), but may also be
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useful for characterizing and validating gene function (e.g., by gene knock-out or gene knock-
down experiments).

Pellvery of RNAI may be performed by a range of methodologies known to those skilled in the
art. Methods utliizing non-viral dellvery Include cholesterol, stable nucleic acid-lipid particle
(SNALP), heavy-chain antibody fragment (Fab), aptamers and nanoparticles. Vlral delivery
methods Include use of lentivirus, adenovirus and adeno-associated virus. The sIRNA molecules
are in some embadiments chemically modified to increase their stability. This can Include
modiflcatlons at the 2’ position of the ribose, Including 2'-0O-methylpurines and 2'-
fluoropyrimidines, which provide resistance to Rnase actlvity. Other chemical modifications are
possible and known to those skilled In the art.

'll'he following references provide a further summary of RNAI, and possibilities for targeting
peclflc genes using RNAl: Kim & Rossi, Nat. Rev. Genet. 8:173-184 (2007), Chen & Rajewsky,
Nat Rev Genet. 8: 93-103 (2007), Reynolds, et al., Nat. Biotechnol, 22:326-330 (2004), Chi et
al Proc. Natl. Acad. Sci. USA 100:6343-6346 (2003), Vickers et al., J. Biol. Chem. 278:7108-
'7118 (2003), Agami, Curr. Opin. Chem. Blol. 6:829-834 (2002), Lavery, et al,, Curr. Opin. Drug
Pisaov Devel. 6:561-569 (2003), Shl, Trends Genet, 19:9-12 (2003), Shuey et al.,, Drug Discov.
Today 7:1040~-46 (2002), McManus et al., Nat. Rev. Genet, 3:737-747 (2002), Xla et al., Nat.
;Biotechnol. 20:1006-10 (2002), Plasterk et al., Curr Opin Genet Dev 10:562-7 (2000), Bosher
;:';'t al., Nat. Cell Blol, 2:E31-6 (2000}, and Hunter, Curr. Biol. 9:R440-442 (1999).
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A genetic defect leading to increased predisposition or risk for development of a disease,
fncludlng UBC, or a defect causing the disease, may be corrected permanently by administering
to a subject carrylng the defect a nuclelc acid fragment that Incorporates a repalr sequence that
;upplles the normal/wlld-type nucleotide(s) at the site of the genetic defect. Such slte-speclfic
repalr sequence may encompass an RNA/DNA oligonucleotide that operates to promote
endogenous repalr of a subject’s genomlc DNA. The administration of the repalr sequence may
pe performed by an appropriate vehicle, such as a complex with polyethelenimine, encapsulated
i’n anionic liposomes, a viral vector such as an adenovirus vector, or other pharmaceutical
icomposltlons sultable for promoting Intraceliular uptake of the adminstered nuclelc acld. The
genetic defect may then be overcome, since the chimeric ollgonucieotides Induce the
incorporatlon of the normal sequence Into the genome of the subject, leading to expression of
Ehe normal/wild-type gene product. The replacement Is propagated thus rendering a permanent
repair and alleviation of the symptoms assoclated with the disease or condition, '

{

The present invention provides methods for Identifying compounds or agents that can be used to
treat UBC. Thus, the varlants of the inventlon are useful as targets for the Identification and/or
gevelopment of therapeutic agents. In certain embodiments, such methods include assaying the
abillty of an agent or compound to modulate the activity and/or expression of a nuclelc acld that
t
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includes at least one of the varlants (markers and/or haplotypes) of the present invention, or the
encoded product of the nucleic acid sequences comprlsing the variants or located in the vicinity
of the varlants. This in turn can be used to identify agents or compounds that Inhibit or alter the
undesired activity or expression of the encoded nucleic acld product. Assays for performing such
experlments can be performed in cell-based systems or in cell-free systems, as known to the
skllled person, Cell-based systams Include cells naturally expressing the nuclelc acld molecules
of Interest, or recombinant cells that have been genetlcally modified so as to express a certain
:tljesired nucleic acid molecule.

yarlant gene expression in a patlent can be assessed by expression of a varlant-containing
})uclelc acld sequence (for example, a gene containing at least one variant of the present
invention, which can be transcribed into RNA containing the at least one variant, and in turn
translated into protein), or by altered expresslon of a normal/wild-type nucleic acld sequence
;lue to variants affecting the level or pattern of expression of the normal transcripts, for example
varlants in the regulatory or control region of the gene. Assays for gene expression inciude
:gllrect nucleic acld assays (mRNA), assays for expressed proteln levels, or assays of collateral
compounds involved in a pathway, for example a signal pathway. Furthermore, the expression
of genes that are up- or down-regulated In response to the signal pathway can also be assayed.
;One embodiment Includes operably linking a reporter gene, such as luclferase, to the regulatory
[eglon of the gene(s) of interest.

Modu|ators of gene expression can In one embodiment be Identlfied when a cell Is contacted with
? candidate compound or agent, and the expression of mRNA is determined. The expression
gevel of mMRNA in the presence of the candidate compound or agent is compared to the
éxpresslon level In the absence of the compound or agent. Based on this comparison, candidate
’{:ompounds or agents for treating UBC can be identified as those modulating the gene expression
of the variant gene. When expression of mRNA or the encoded protein Is statistically
%lgnlflcantly 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 proteln level is statistically significantly less
In the presence of the candidate compound or agent than in its absence, then the candidate

é:ompound Is identified as an inhibitor or down-regulator of the nucleic acld expression.

';rhe Invention further provides methods of treatment using a compound Identified through drug
:(compound and/or agent) screening as a gene modulator (l.e. stimulator and/or Inhlbitor of gene
EeXpresslon).
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Methods of assessing probability of response to therapeutic agents, methods of monitoring
progress of treatment and methods of treatment

As is known in the art, Indlviduals can have differential responses to a particular therapy (e.g., a
i:herapeutlc agent or therapeutic method). Pharmacogenomics addresses the issue of how
éenetlc variations (e.g., the variants (markers and/or haplotypes) of the present invention)
%ffect drug response, due to altered drug disposition and/or abnormal or altered action of the
{jrug. Thus, the basis of the differential response may be genetically determined in part. Clinical
outcomes due to genetic variations affecting drug response may result In toxicity of the drug in
E:ertaln individuals (e.g., carriers or non-carriers of the genetic varlants of the present invention),
or therapeutic fallure of the drug. Therefore, the variants of the present invention may
determine the manner in which a therapeutic agent and/or method acts on the body, ar the way
l.n which the body metabolizes the therapeutic agent.

fAccordingly, in one embodiment, the presence of a particular allele at a polymorphic site or
haplotype is indicative of a different response, e.g. a different response rate, to a particular
ﬁreatment modality. This means that a patlent diagnosed with UBC, and carrying a certaln allele
%t a polymorphic or haplotype of the present invention (e.g., the at-risk and protective alleles
and/or haplotypes of the inventlon) would respond better to, or worse to, a speclfic therapeutic,
?rug and/or other therapy used to treat the disease. Therefore, the presence or absence of the
ﬁ\arker allele or haplotype could ald In deciding what treatment should be used for a patient. For
example, for a newly diagnosed patient, the preserice of a marker or haplotype of the present
!.nvention may be assessed (e.g., through testing DNA derived from a blood sample, as described
E1ereln). If the patlent is positlve for a marker allele or haplotype (that Is, at least one specific
;gallele of the marker, or haplotype, Is present), then the physiclan recommends one particular
f:herapy, while If the patient is negative for the at least one allele of a marker, or a haplotype,
éhen a different course of therapy may be recommended (which may include recommending that
f-no immediate therapy, other than serial monitoring for progresslon 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 lles within the possibilitles of
being able to dlagnose the disease at an early stage, to select the most appropriate treatment,
and provide Informatlon to the cliniclan about prognosis/aggressiveness of the disease In order
i:o 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
"i:esponded favourably or not favourably to specific treatment, and to analyse the statistical
distribution/allellc status of the markers of the Invention within these groups. Thereby,
i“ndivlduals can be classified with greater certainty to such pre-defined groups.

ﬁs described above, current clinical treatment options for UBC include dlfferent surgical
procedures, depending on the severity of the cases, e.g. whether the cancer Is Invaslve Into the

!
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muscle wall of the bladder. Treatment options also include radiation therapy, for which a
proportion of patients experlence adverse symptoms. The markers of the invention, as
described herein, may be used to assess response to these therapeutic options, or to predict the
progress of therapy using any one of these treatment options. Thus, genetic profillng can be
used to select the appropriate treatment strategy based on the genetlc status of the Individual,
or it may be used to predict the outcome of the particular treatment option, and thus be useful in
the strategic selectlon of treatment options or a combination of available treatment options.
:Again, such profiling and classification of Individuals Is supported further by flrst analysing known
groups of patlents for marker and/or haplotype status, as described further herein.

‘;rhe present Invention also relates to methods of monltoring progress or effectlveness of a
't,.reatment for a UBC, which Is extremely valuable in general for all types of cancer treatment.
';l'his can be done based on the genotype and/or haplotype status of the markers and haplotypes
§f the present inventlon, I.e., by assessing the absence or presence of at least one allele of at
least one polymorphic marker as disclosed hereln, or by monitoring expression of genes that are
associated with the variants (markers and haplotypes) of the present Invention. The risk gene
mRNA or the encoded polypeptide can be measured In a tissue sample (e.g., a peripheral blood
sample, or a biopsy sample). Expression levels and/or mRNA levels can thus be determined
pefore and during treatment to monitor Its effectiveness. Alternatively, or concomitantly, the
genotype and/or haplotype status of at least one risk variant for UBC as presented herein is
"gletermlned before and during treatment to monitor Its effectiveness.

Alternatlvely, blological networks or metabolic pathways related to the markers and haplotypes
?f the present Invention can be monitored by determining mRNA and/or polypeptide levels. This
can be done for example, by monltoring expression levels or polypeptides for several genes
belonglng to the network and/or pathway, In samples taken before and during treatment.
Alternatlvely, metabolites belonging to the biological network or metabolic pathway can be
gletermlned before and during treatment. Effectiveness of the treatment is determined by
'Icomparlng observed changes in expression levels/metabolite levels during treatment to
gorresponding data from healthy subjects.

i
I

In a further aspect, the markers of the present Invention can be used to increase power and
effectlveness of clinical trlals. Thus, Individuals who are carriers of at least one at-risk variant of
the present inventlon, i.e. Individuals who are carriers of at least one allele of at least one
Polymorphlc 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
molecule drug) Is targeting, are more likely to be responders to the treatment. In another
embodiment, Indlviduals who carry at-risk variants for a gene, which expression and/or function
i's altered by the at-risk varlant, are more likely to be responders to a treatment modality
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ﬁargetlng that gene, its expression or its gene product. This application can improve the safety
of clinical trials, but can also enhance the chance that a clinical trial will demonstrate statistically
slgmficant efficacy, which may be limited to a certain sub-group of the population. Thus, one
poss(ble outcome of such a trlal Is that carriers of certain genetic variants, e.g., the markers and
hap|otypes of the present inventlon, are statistically significantly likely to show positive response
fco the therapeutic agent, i.e. experience alleviation of symptoms associated with UBC when
taklng the therapeutic agent or drug as prescribed.

in a further aspect, the markers and haplotypes of the present invention can be used for
'Eargeting the selectlon of pharmaceutical agents for specific Individuals. Personalized selection of
treatment modalities, lifestyle changes or comblnation of the two, can be realized by the
Ltllizatlon of the at-risk varlants of the present Invention. Thus, the knowledge of an Individual’s
status for particular markers of the present Invention, can be useful for selection of treatment
options that target genes or gene products affected by the at-risk varlants of the invention,
Certain comblnations of varlants may be suitable for one selection of treatment options, while
other gene varlant combinations may target other treatment options. This becomes readlly
apparent upon analysls of known groups, who have undergone sald treatments and been
glasslfied according to the results. Such combination of variant may include one variant, two
:yarlants, three varlants, or four or more variants, as needed to determine with clinically reliable
%ccuracy the selection of treatment module.

]

f

?:omputer—implemented aspects

i‘

As understood by those of ordinary sklili In the art, the methods and Information described herein
may be Implemented, In all or In part, as computer executable instructions on known computer
readable medla. For example, the methods described hereln may be implemented in hardware,
,Alternatlvely, the method may be implemented In software stored In, for example, one or more
fnemories or other computer readable medlum and Implemented on one or rmore processors. As
ls known, the processors may be assoclated with one or more controllers, calculatlon 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 dellvered to a computing device via any known delivery method
fncluding, for example, over a communication channel such as a telephone line, the Internet, a
i/vlreless connectlon, etc., or via a transportable medium, such as a computer readable disk, flash
drive, etc.

|

j:llore generally, and as understood by those of ordinary skilf in the art, the various steps
'@jescribed above may be Implemented as varlous blocks, operations, tools, modules and
'techniques which, In turn, may be Implemented in hardware, flrmware, software, or any

Kl
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|
combination of hardware, firmware, and/or software. When implemented in hardware, some or
all of the blocks, operations, technlques, etc. may be implemented [n, for example, a custom

integrated circuit (IC), an application specific integrated circuit (ASIC), a fleld programmable
Jogic array (FPGA), a programmable logic array (PLA), etc,

When implemented in software, the software may be stored in any known computer readable
medium such as on a magnetic disk, an optical disk, or other storage medium, in a RAM or ROM
or flash memory of a computer, processor, hard disk drive, optical disk drive, tape drive, etc.
f.Ikew1se the software may be dellvered to a user or a computing system via any known delivery
[nethod including, for example, on a computer readable disk or other transportable computer
storage mechanism.

ﬁg 2 jllustrates an example of a sultable computing system environment 100 on which a system
for the steps of the claimed method and apparatus may be implemented, The computing system
envlronment 100 is only one example of a suitable computing environment and is not intended
to suggest any limitation as to the scope of use or functionality of the method or apparatus of
the claims. Nelther should the computing environment 100 be interpreted as having any
dependency or requirement relating to any one or combination of components illustrated in the
exemplary operating environment 100.

The steps of the clalmed method and system are operational with numerous other general
if)urpose or speclal purpose computing system environments or configurations. Examples of well
}'<nown computing systems, environments, and/or configurations that may be sultable for use
gvlth the methods or system of the claims Include, but are not limlited to, personal computers,
;éerver computers, hand-held or laptop devices, multiprocessor systems, microprocessor-based
systems, set top boxes, programmable consumer electronics, hetwork PCs, minicomputers,
{malnframe computers, distributed computing environments that Include any of the above
%ystems or devices, and the like.

|

il‘he steps of the claimed method and system may be described in the general context of
f’;omputer-executable instructions, such as program modules, being executed by a computer.
generally, program modules include routines, programs, objects, components, data structures,
etc. that perform particular tasks or Implement particular abstract data types. The methods and
fapparatus may also be practiced In distributed computing environments where tasks are
performed by remote processing devices that are linked through a communications network. In
i?oth Integrated and distributed computing environments, program modules may be located in

'I;Joth local and remote computer storage media including memory storage devices.

?
;Wlth reference to Flg. 2, an exemplary system for implementing the steps of the claimed method
%nd system Includes a general purpose computing device In the form of a computer 110.

§
e
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Components of computer 110 may include, but are not limlted to, a processing unit 120, a
system memory 130, and a system bus 121 that couples various system components including
;he system memory to the processing unit 120. The system bus 121 may be any of several
types of bus structures Including a memory bus or memory controller, a peripheral bus, and a
local bus using any of a variety of bus archltectures. By way of example, and not limitation,
such architectures include Industry Standard Architecture (ISA) bus, Micro Channel Architecture
(MCA) bus, Enhanced ISA (EISA) bus, Video Electronics Standards Assoclation (VESA) local bus,
and Peripheral Component Interconnect (PCI) bus also known as Mezzanine bus.

l

Computer 110 typically includes a varlety of computer readable media. Computer readabie
?rnedla can be any available media that can be accessed by computer 110 and includes both
volatile and nonvolatile media, removable and non-removable media. By way of example, and
hot limitation, computer readable media may comprise computer storage media and
é:ommunlcatlon media. Computer storage media includes both volatile and nonvolatile,
f;jemovable and non-removable media Implemented In any method or technology for storage of
information such as computer readable Instructions, data structures, program modules or other
data Computer storage media includes, but is not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital versatile disks (DVD) or other optical dlisk
§torage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
gevices, or any other medium which can be used to store the desired information and which can
accessed by computer 110. Communication media typlcally embodies computer readable
lnstructlons, data structures, program modules or other data in a modulated data signal such as
? carrier wave or other transport mechanism and Includes any information dellvery media. The
’germ "modulated data signal” means a slgnal that has one or more of Its characteristics set or
changed in such a manner as to encode information in the signal. By way of example, and not
I\mltation communication media includes wired medla such as a wired network or direct-wired
connection, and wireless media such as acoustic, RF, infrared and other wireless media.
Comblnatlons of the any of the above should also be included within the scope of computer
readable media.

i

";'I‘he system memory 130 Includes computer storage medla in the form of volatile and/or
honvolatlle memory such as read only memory (ROM) 131 and random access memory (RAM)
;132. A basic Input/output system 133 (BIOS), contalning the baslic routines that help to transfer
gnformatlon between elements within computer 110, such as during start-up, Is typically stored
'}n ROM 131. RAM 132 typlcally contalns data and/or program modules that are immedlately
E;:lccessible to and/or presently being operated on by processing unit 120. By way of example,
gnd not limitation, Fig. 2 lllustrates operating system 134, application programs 135, other
program modules 136, and program data 137.

¢
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The computer 110 may also include other removable/non-removable, volatile/nonvolatile
computer storage medla. By way of example only, Fig. 2 illustrates a hard disk drive 140 that
reads from or writes to non-removable, nonvolatile magnetic media, a magnetic disk drive 151
that reads from or writes to a removable, nonvolatlle magnetic disk 152, and an optical disk
drlve 155 that reads from or writes to a removable, nonvolatile optical disk 156 such as a CD
ROM or other optical media. Other removable/non-removable, volatile/nonvolatile computer
$torage medla that can be used In the exemplary operating environment include, but are not
[imited to, magnetic tape cassettes, flash memory cards, digital versatile disks, digita! video
tape, solid state RAM, solid state ROM, and the like. The hard disk drive 141 is typically
jg,:onnected to the system bus 121 through a non-removable memory interface such as interface
r140, and magnetic disk drive 151 and optical disk drive 155 are typically connected to the
system bus 121 by a removable memory interface, such as interface 150.

‘;I‘he drives and thelr assoclated computer storage media discussed above and iliustrated In Fig.
2, provide storage of computer readable Instructions, data structures, program modules and
gther data for the computer 110. In Fig. 2, for example, hard disk drive 141 Is illustrated as
§toring operating system 144, application programs 145, other program modules 146, and
program data 147, Note that these components can either be the same as or different from
pperating system 134, applicatlon programs 135, other program modules 136, and program data
137. Operating system 144, application programs 145, other program modules 146, and
program data 147 are given different numbers here to lllustrate that, at a minimum, they are
Qifferent copies. A user may enter commands and information into the computer 20 through
j:nput devices such as a keyboard 162 and polnting device 161, commonly referred to as a
E‘nouse, trackball or touch pad. Other Input devices (not shown) may include a microphone,
joystick, game pad, satellite dish, scanner, or the like. These and other input devices are often
g?onnected to the processing unit 120 through a user input interface 160 that Is coupled to the
system bus, but may be connected by other interface and bus structures, such as a parallel port,
Qame port or a universal serlal 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
fthe monltor, computers may also include other peripheral output devices such as speakers 197
énd printer 196, which may be connected through an output peripheral Interface 190.

1

frhe computer 110 may operate In a networked environment using logical connections to one or
:r_'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
node, and typlcally includes many or all of the elements described above relative to the
é\;omputer 110, although only a memory storage device 181 has been illustrated in Fig. 2. The
{oglcal connectlons depicted in Fig. 2 include a local area network (LAN) 171 and a wide area
Petwork (WAN) 173, but may also include other networks. Such networking environments are
Fommonplace In offices, enterprise-wide computer networks, Intranets and the Internet.

]
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When used in a LAN networking environment, the computer 110 is connected to the LAN 171
through a network interface or adapter 170. When used In a WAN networking environment, the
computer 110 typlcally Includes a modem 172 or other means for establishing communlcations
over the WAN 173, such as the Internet. The modem 172, which may be internal or external,
:r,nay be connected to the system bus 121 via the user Input interface 160, or other appropriate
mechanism. In a networked environment, program modules depicted relative to the cornputer
';110, or portions thereof, may be stored In the remote memory storage device. By way of
éaxample, and not limitation, Fig. 2 illustrates remote application programs 185 as residing on
;T\emow device 181. It will be appreciated that the network connections shown are exemplary
%nd other means of establishing a communications link between the computers may be used.

i"t\lthough the forgoing text sets forth a detalled description of numerous different embodiments
E')f the Invention, it should be understood that the scope of the invention is defined by the words
@f the clalms set forth at the end of this patent. The detalled description Is to be construed as
exemplary only and does not describe every posslbly embodiment of the inventlon because
Elescrlblng every possible embodiment would be Impractical, If not impossible. Numerous
%Iternative embodiments could be Implemented, using elther current technology or technology
developed after the flling date of this patent, which would still fall within the scope of the claims
fefinlng the Inventlon.

iNhlle the risk evaluation system and method, and other elements, have been described as
Freferably being implemented In software, they may be implemented In hardware, flrmware,
etc and may be Implemented by any other processor. Thus, the elements described herein
may be Implemented In a standard muitl-purpose CPU ot on specifically deslgned hardware or
tlrmware such as an applicatlon-specific Integrated circuit (ASIC) or other hard-wired device as
éleslred including, but not limited to, the computer 110 of Fig. 2. When implemented In
software, the software routine may be stored in any computer readable memory such as on a
magnetlc disk, a laser disk, or other storage medium, In a RAM or ROM of a computer or
processor, in any database, etc. Likewlse, this software may be delivered to a user or a
glagnostic system via any known or desired dellvery method including, for example, on a
computer readable disk or other transportable computer storage mechanism or over a
g:ommunlcatlon channel such as a telephone line, the internet, wireless communication, etc,
{which are viewed as belng the same as or interchangeable with providing such software via a
fransportable storage medium).

Thus, many modifications and varlations may be made In the techniques and structures
described and lllustrated herein without departing from the spirit and scope of the present
lnventlon Thus, it should be understood that the methods and apparatus described herein are
[_lIUStratlve only and are not limiting upon the scope of the invention.

&
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1
‘{\ccordlngly, the invention relates to computer-implemented applications of the polymorphic
markers and haplotypes described herein to be associated with urinary bladder cancer (UBC).
Such applicatlons can be useful for storing, manlipulating or otherwise analyzing genotype data
that s useful In the methods of the invention. One example pertains to storing genotype
informatlon derlved from an Individual on readable medla, so as to be able to provide the
genotype Information to a third party (e.g., the individual, a health care provider or genetic
analysls service provider), or for derlving Information from the genotype data, e.g., by
comparlng the genotype data to information about genetic risk factors contributing to increased
%usceptlbillty to UBC, and reporting results based on such comparison.

{
l;[n general terms, computer-readable media has capabilities of storing (l) identifier information

for at least one polymorphic marker or a haplotype, preferably one or more of those listed in
Tables 1, 4 or 5; (li) an indicator of the frequency of at least one allele of sald at least one
marker, or the frequency of a haplotype, In Individuals with UBC; and an indicator of the
frequency of at least one allele of said at least one marker, or the frequency of a haplotype, in a
reference population. The reference population can be a disease-free population of indlviduals.
Altematively, the reference population Is a random sample from the general population, and Is
thus representative of the population at large. The frequency indicator may be a calculated
frequency, a count of alleles and/or haplotype copies, or normalized ot otherwise manipulated
gfalues of the actual frequencies that are suitable for the particular medium. The media may
further Include genotype data for one or more Indlviduals, in a sultable format, such as genotype
{dentity, genotype counts of particular alleles at particular markers, sequence data that include
lbartit:ular polymarphic positions, etc. Data stored on computer-readable media may thus be
EJsed to determine risk of UBC for particular markers and particular individuals.

The markers and haplotypes described herein to be assoclated with increased susceptibility
(Increased risk) of urinary bladder cancer (UBC), are In certain embodiments useful for
Interpretation and/or analysis of genotype data. . Thus in certain embodiments, determination
of the presence of an at-risk allele for UBC, as shown herein, or determination of the presence of
an allele at a polymorphic marker in LD with any such risk allele, Is indicatlve 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 hereln
to be assoclated with UBC, or a marker In linkage disequlillbrium therewith., The genotype data Is
%ubsequently made available to a third party, such as the individual from whom the data
fpriglnates, his/her guardian or representative, a physician or health care worker, genetic
_E:ounsellor, or insurance agent, for example vla a user Interface accessible over the Internet,
Eogether with an Interpretation of the genotype data, e.g., In the form of a risk measure (such as
Em absolute risk (AR), risk ratio (RR) or odds ratlo (OR)) for the disease. In another
‘:'embodiment, at-risk markers identifled In a genotype dataset derived from an individua! are

iassessed and results from the assessment of the risk conferred by the presence of such at-risk
§
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variants in the dataset are made available to the third party, for example via a secure web
interface, or by other communication means, The results of such risk assessment can be
Feported in numeric form (e.g., by risk values, such as absolute risk, relative risk, and/or an
odds ratio, or by a percentage increase in risk compared with a reference), by graphical means,
br by other means suitable to illustrate the risk to the individual from whom the genotype data Is
derived.

)

f

ZVucleic acids and polypeptides

i

The nucleic aclds and polypeptides described herein can be used in methods and kits of the
i;resent invention. An “isolated” nuclelc acid molecule, as used herein, is one that is separated
from nuclelc acids that normally flank the gene or nucleotide sequence (as In genomic
ljsequences) and/or has been completely or partially purified from other transcribed sequences
(e.g., as In an RNA library). For example, an Isolated nuclelc acld of the Invention can be
substantially isolated with respect to the complex cellular milieu in which it naturally occurs, or
'{:ulture medium when produced by recombinant techniques, or chemical precursors or other
themicals when chemically synthesized. In some Instances, the isolated material will form part
't'>f a composition (for example, a crude extract contalning other substances), buffer system or
!jeagent mix. In other clrcumstances, the materlal can be purlfied to essentlal homogeneity, for
example as determined by polyacrylamide gel electrophoresis (PAGE) or column chromatography
'\(e.g., HPLC). An Isolated nuclelc acid molecule of the Invention can comprise at least about
p0%, at least about 80% or at least about 90% (on a molar basis) of all macromolecular species
present. With regard to genomic DNA, the term “isolated"” also can refer to nucleic acid
i’nolecules that are separated from the chromosome with which the genomlc DNA iIs naturally
Sssoclated. For example, the Isolated nuclelc acid molecule can contain less than about 250 kb,
:_500 kb, 150 kb, 100 kb, 75 kb, 50 kb, 25 kb, 10 kb, 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1
i:<b of the nucleotides that flank the nucleic acid molecule In the genomic DNA of the cell from
glvhich the nucleic acld molecule is derived.

§{he nucleic acid molecule can be fused to other coding or regulatory sequences and still be
?f::onsidered isolated. Thus, recomblnant DNA contained in a vector Is included in the definition of
f}lsolated" as used hereln. Also, Isolated nucleic acid molecules include recornbinant DNA
b'nolecules in heterologous host cells or heterologous organisms, as well as partially or
substantially purified DNA molecules In solution. “Isolated” nucleic acid molecules also

’ ncompass in vivo and In vitro RNA transcripts of the DNA molecules of the present invention.
An isolated nuclelc acid molecule or nucleotide sequence can include a nucleic acid molecule or
iwcleotide sequence that is syntheslzed chemically or by recombinant means. Such isolated
nucleotide sequences are useful, for example, in the manufacture of the encoded polypeptide, as
iprobes for Isolating homologous sequences (e.g., from other mammallan species), for gene
}napping (e.g., by In situ hybridization with chromosomes), or for detecting expression of the

'
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gene In tissue (e.g., human tissue), such as by Northern blot analysis or other hybridization
techniques.

The invention also pertains to nucleic acid molecules that hybridize under high stringency
hybridizatlon conditions, such as for selective hybridizatlon, to a nucleotide sequence described
herein (e.g., nucleic acid molecules that specifically hybridize to a nucleotide sequence
contalning a polymorphic site assoclated with a marker or haplotype described herein), Such
:ﬁ\ucleic acld molecules can be detected and/or isolated by allele- or sequence-specific
hybridization (e.g., under high stringency conditions). Stringency conditions and methods for
hucleic acld hybridizations are well known to the skilled person (see, e.g., Current Protocols in
ZWolecu/ar Blology, Ausubel, F. et al, John Wiley & Sons, (1998), and Kraus, M. and Aaronson, S.,
Methods Enzymol., 200:546-556 (1991), the entire teachings of which are incorporated by
reference herein.

'j'he percent Identity of two nucleotide or amino acld sequences can be determined by aligning
ii'he sequences for optimal comparison purposes (e.g., gaps can be Introduced in the sequence of
é first sequence). The nucleotides or amino aclds at corresponding positions are then compared,
énd the percent identity between the two sequences is a function of the number of identical
iSosItions shared by the sequences (l.e., % identity = # of identlcal positions/total # of positions
% 100). In certaln embodiments, the length of a sequence aligned for comparison purposes Is at
[east 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%,
:fgr at least 95%, of the length of the reference sequence. The actual comparison of the two
éequences can be accomplished by well-known methods, for example, using a mathematical
%Igorithm. A non-limiting example of such a mathematical algorithm Is described in Karlin, S.
%nd Altschul, S., Proc. Natl. Acad. Sci, USA, 90:5873-5877 (1993). Such an algorithm Is
i;ncorporated Into the NBLAST and XBLAST programs (version 2.0), as described in Altschul, S. et
?I., Nucleic Aclds Res., 25:3389-3402 (1997). When utllizing BLAST and Gapped BLAST
Frograms, the default parameters of the respective programs (e.g., NBLAST) can be used. See
the 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)).

:Other examples Include the algorithm of Myers and Miller, CABIOS (1989), ADVANCE and ADAM
;';15 described In Torellis, A. and Robotti, C., Comput. Appl. Biosci. 10:3-5 (1994); and FASTA
f:lescribed in Pearson, W. and Lipman, D., Proc. Natl. Acad. Sci. USA, 85:2444-48 (1988).

Iin another embodiment, the percent Identity between two amino acid sequences can be
:éccompllshed using the GAP program In the GCG software package (Accelrys, Cambridge, UK).
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;'ti'he nuclelc acid fragments of tﬁe invention are used as probes or primers in assays such as
Ehose described herein. “Probes” or “primers” are oligonucieotides that hybridize In a base-
specific manner to a complementary strand of a nucleic acld molecule. In addition to DNA and
RNA, such probes and primers Include polypeptlde nucleic acids (PNA), as described In Nielsen,
P et al., Sclence 254:1497-1500 (1991). A probe or primer comprises a reglon of nucleotide
sequence that hybridizes to at least about 15, typically about 20-25, and In certain embodiments
about 40, 50 or 75, consecutlve nucleotides of a nuclelc acid molecule. In one embadiment, the
probe or primer comprises at least one allele of at least one polymorphic marker or at least one
]Haplotype described hereln, or the complement thereof. In particular embodiments, a probe or
prlmer can comprise 100 or fewer nucleotides; for example, in certaln embodiments from 6 to 50
nucleotldes, or, for example, from 12 to 30 nucleotides. In other embodiments, the probe or
prlmer Is at least 70% Identical, at least 80% ldentical, at least 85% Identical, at least 90%
!dentical, or at least 95% identical, to the contiguous nucleotide sequence or to the complement
bf the contlguous nucleotide sequence. In another embodiment, the probe or primer is capable-
of selectively hybridizing to the contiguous nucleotide sequence or to the complement of the
contlguous nucleotide sequence. Often, the probe or primer further comprises a label, e.g., @
[:adloisotope, a fluorescent label, an enzyme label, an enzyme co-factor label, a magnetic label, a
spln label, an epitope label.

?’he nuclelc acld molecules of the inventlon, such as those described above, can be identified and
|solated using standard molecular blology technlques well known to the skilled person. The
'gmpllﬁed DNA can be labeled (e.g., radiolabeled, fluorescently labeled) and used as a probe for
%creenlng a cDNA library derlved from human cells. The cDNA can be derived from mRNA and
é:ontalned In a sultable vector. Corresponding clones can be Isolated, DNA obtalned following /n
'{"/ivo excision, and the cloned insett can be sequenced in either or both orlentatlons by art-
fecognized methods to identify the correct reading frame encoding a polypeptide of the
%pproprlate molecular welght, Using these or simllar methods, the polypeptide and the DNA
%ncodlng the polypeptide can be Isolated, sequenced and further characterized.

"
»

Antibodies

4

j'?olyclonal antibodies and/or monoclonal antibodles 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 elther the variant or the reference gene product that contains
the polymorphic slte or sltes. The term “antibody” as used herein refers to immunoglobulln
nolecules and Immunologlcally active portions of immunoglobulin molecules, /.e., molecules that
Eontain antigen-binding sites that specifically bind an antigen. A molecule that specifically binds
to a polypeptide of the inventlonl 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,

i
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which naturally contains the polypeptide. Examples of immunologically active portions of
immunoglobulin molecules include F(ab) and F(ab’), fragments which can be generated by
i@reating the antibody with an enzyme such as pepsin. The invention provides polyclonal and
Fnonoclonal antibodles that bind to a polypeptide of the invention. The term “monoclonal
antlbody” or *monoclonal antlbody composition”, as used hereln, refers to a population of
antlbody molecules that contain only one species of an antigen binding site capable of
lmmunoreactlng with a particular epitope of a polypeptide of the inventlon, A monocional
antlbody composition thus typically displays a single binding affinity for a particular polypeptide
of the invention with which it immunoreacts.

w

Polyclonal antibodies can be prepared as described above by Immunizing a suitable subject with
a desired Immunogen, e.g., polypeptide of the invention or a fragment thereof. The antibody
titer in the immunized subject can be monltored over time by standard techniques, such as with
an enzyme linked immunosorbent assay (ELISA) using immobilized polypeptide, If desired, the
antibody molecules directed against the polypeptide can be Isolated from the mammal (e.g.,
from the blood) and further purified by well-known techniques, such as protein A
chromatography to obtain the IgG fractlion. At an appropriate time after Immunization, e. g .
yvhen the antlbody titers are highest, antibody-producing cells can be obtained from the subject
and used to prepare monoclonal antibodles by standard techniques, such as the hybridoma
fechnique originally described by Kohler and Mlistein, Nature 256:495-497 (1975), the human B
éell hybridoma technlque (Kozbor et al., Immunol, Today 4: 72 (1983)), the EBV-hybridoma
technlque (Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, 1985, Inc., pp.
577 96) or trioma techniques. The technology for producing hybridomas is well known (see
benerally Current Protocols in Immunology (1994) Coligan et al., (eds.) John Wiley & Sons, Inc.,
New York, NY). Briefly, an immortal cell line (typically a myeloma) Is fused to lymphocytes
{typically splenocytes) from a mammal Immunized with an Immunogen as described above, and
f;he culture supernatants of the resulting hybridoma cells are screened to identify a hybridoma
broduclng a monoclonal antibody that binds a polypeptide of the invention.

%

Any of the many well known protacols used for fusing lymphocytes and immaortalized cell lines
can be applied for the purpose of generating a monoclonal antlbody 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 Antibodles: A New Dimension In Blological Analyses,
Plenum Publishing Corp., New York, New York (1980); and Lerner, Yale J. Biol. Med. 54:387-402
g 1981)). Moreover, the ordinarily skilled worker wiil appreciate that there are many varlations of
such methods that also would be useful,

i‘

ft\lternative to preparlng monoclonal antibedy-secreting hybridomas, a monoclonal antlbody to a
polypeptide of the Invention can be identifled and isolated by screening a recombinant
:combinatorlal immunoglobulin llbrary (e.g., an antlbody phage display library) with the

ﬁ



17441 191, 062, 205 19 rs1913721 rs710521 v6, 869406 'a 235835 v4. 74e-08

18, 623 191, 063, 687 20 n11924151 r 5710521 vO0. 887856 vO0.361974 119e-10 13, 850
191, 063, 714

WO 2010/004590 PCT/1S2009/000007
71

polypeptide to thereby isolate immunoglobulin library members that bind the polypeptide. Kits
for generating and screening phage display llbrarles are commercially available (e.g., the
Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-01; and the Stratagene
SurfZAP™ Phage Display Kit, Catalog No, 240612). Additionally, examples of methods and
reagents particularly amenable for use in generating and screening antibody display library can
be found in, for example, U.S. Patent No. 5,223,409; PCT Publication No. WO 92/18619; PCT
Publlcation No, WO 91/17271; PCT Publication No, WO 92/20791; PCT Publication No, WO
92/15679; PCT Publication No. WO 93/01288; PCT Publication No. WO 92/01047; PCT
fubllcatlon No. WO 92/09690; PCT Publicatlon No. WO 90/02809; Fuchs et al., Blo/Technology
9: 1370-1372 (1991); Hay et al., Hum. Antibod. Hybridomas 3:81-85 (1992); Huse et al.,
%Clence 246: 1275-1281 (1989); and Griffiths et al., EMBO J. 12:725-734 (1993).

;L\dditionally, recombinant antibodies, such as chimeric and humanized monoclonal antibodies,
j:omprlslng both human and non-human portions, which can be made uslng standard
l"ecombinant DNA techniques, are within the scope of the invention. Such chimeric and
humanized monocional antibodies can be produced by recombinant DNA techniques known in the
ot

i

}n general, antibodles of the invention (e.g., a monoclonal antibody) can be used to Isolate a
polypeptide of the invention by standard techniques, such as affinity chromatography or
fmmunoprecipitatlon. A polypeptide-specific antibody can facilitate the purlification of natural
f;;olypeptide from cells and of recombinantly produced polypeptide expressed in host cells.
]Moreover, an antibody specific for a polypeptide of the Inventlon can be used to detect the
polypeptide (e.g., In a cellular lysate, cell supernatant, or tissue sample) In order to evaluate the
%bundance and pattern of expression of the polypeptide. Antibodles can be used diagnostically
_t'o monitor protein levels In tissue as part of a clinlcal testing procedure, e.g., to, for example,
gletermlne the efficacy of a given treatment regimen. The antibody can be coupled to a
Hetectable substance to facilitate Its detection. Examples of detectable substances include
?'/arious enzymes, prosthetic groups, fluorescent materials, luminescent materials,
Qiolumlnescent materlals, and radioactlve materials. Examples of suitable enzymes include
horseradish peroxldase, alkaline phosphatase, beta-galactosidase, or acetyicholinesterase;
gaxamples of suitable prosthetic group complexes Include streptavidin/biotin and avidin/biotin;
ézxamples of sultable fluorescent materials Include umbelllferone, fluorescein, fluoresceln
Isothlocyanate, rhodamine, dichlorotriazinylamline fluorescein, dansyl chloride or phycoerythrin;
én example of a luminescent material Includes luminol; examples of bioluminescent materials
include juciferase, luciferin, and aequorin, and examples of suitable radloactlve materlal include
5‘:2511 1311, 355 or 3H.

L

l
@ntibodies may also be useful in pharmacogenomic analysis. In such embodiments, antibodies

:éngalnst variant proteins encoded by nuclelc aclds according to the invention, such as varlant
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'

proteins that are encoded by nucleic acids that contain at least one polymorphic marker of the
gnvention, can be used to identify individuals that require modified treatment modalitles.
i't\ntibodies can furthermore be useful for assessing expression of variant proteins in disease
States, such as in active stages of a disease, or In an individual with a predisposition to a disease
j‘elated to the function of the protein, in particular urinary bladder cancer (UBC). Antibodles
§peclflc for a variant protein of the present Inventlon that is encoded by a nucleic acld that
i’:omprises at least one polymorphic marker or haplotype as described herein can be used to
screen for the presence of the varlant proteln, for example to screen for a predisposition to UBC
as Indicated by the presence of the variant proteln.

3:Antlbodles can be used in other methods. Thus, antlbodles are useful as dlagnostic tools for
évaluating proteins, such as variant protelns of the invention, In conjunction with analysls by
,’electrophoretlc mobility, isoelectric point, tryptic or other protease digest, or for use in other
'!bhysical assays known to those skilled In the art. Antlbodies may also be used in tissue typing.
!I'n one such embodiment, a specific varlant protein has been correlated with expression in a
speciﬁc tissue type, and antibodles specific for the variant protein can then be used to Identify
the specific tissue type.

fSubcellular locallzatlon of proteins, including variant proteins, can also be determined using
éntlbodies, and can be applled to assess aberrant subcellular localization of the protein in cells In
:Various tissues. Such use can be applied in genetic testing, but also in monitoring a particular
iireatment modallty. In the case where treatment Is aimed at correcting the expression level or
:}.)resence of the variant proteln or aberrant tissue distribution or developmental expresslon of the
izariant protein, antibodies specific for the variant protein or fragments thereof can be used to
monltor therapeutic efficacy.

’h>‘ T %3"'“

ntlbodles are further useful for inhibiting varlant proteln function, for example by blocking the
binding of a variant protein to a binding molecule or partner. Such uses can also be applied in a
Eherapeutlc context in which treatment Involves inhibiting a variant proteln’s function. An
Entibody can be for example be used to block or competitively inhiblt binding, thereby
modulating (i.e., agonizing or antagonizing) the actlvity of the protein. Antibodies can be
:prepared agalnst specific proteln fragments contalning sites required for specific functlon or
%galnst an intact protein that is associated with a cell or cell membrane. For administration in
Vivo, an antibody may be linked with an additional therapeutic payload, such as radionuclide, an
enzyme, an Immunogenic epltope, or a cytotoxic agent, including bacterial toxins (diphtheria or
plant toxins, such as ricin). The /n vivo half-life of an antibody or a fragment thereof may be
U‘lcreased by pegylatlon through conjugation to polyethylene glycol.

" T

'
1{
"

et

-



rs710521 /000000 ' 6.595142 v2, 79e-21 23,660 191, 088, 724 24 ,rs1399774
rs710521 r0, 809402 '6.518237 '8, 14e-13 23, 812 191, 068, 878 25 rs6790167
rs710521 1, 000000 vO. 393258 v3. 1. 7e-15
WO 2010/004590 PCT/1S2009/000007
73

f-:l'he present invention further relates to kits for using antibodies in the methods described
herein. This includes, but Is not limited to, kits for detecting the presence of a variant protein in
a test sample. One preferred embodiment comprises antibodies such as a labelled or labelable
antlbody and a compound or agent for detecting variant protelns in a biological sample, means
for determining the amount or the presence and/or absence of varlant proteln in the sample, and
means for comparing the amount of variant protein in the sample with a standard, as well as
Instructions for use of the Kit.

;

The present invention will now be exemplifled by the following non-limiting example.

{

EXAMPLE

Patient and Control Selectlon: Collection of blood samples and medical information was
Eonducted with informed consent and ethical review board approval in accordance with the
Declaration of Helsinki.

¢

Collection of blood samples and medical information was conducted with Informed consent and
kthical review board approval in accordance with the Declaration of HelsInk!.

E_Study populations: Seven study populations were used in this work, two discovery populations
kIceIand and the Netherlands) and 5 follow up sample sets. The Icelandic sample set conslsts of
$25 patients and 32,504 controls and the Dutch sample set consists of 1,278 cases and 1,832
':édntrols. Follow 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
controls), Leuven, Belgium (195 cases and 382 controls) and an Eastern European sample set
é?btalned from the German Cancer Research Center (DKFZ) In Heldelberg (213 cases and 521

;:ontrols).

1. Icelandic study population. Records of all urinary bladder cancer diagnoses were
;t’>btained from the Icelandic Cancer Reglstry (ICR) (http://www.krabbameinsskra.is). The ICR
éontalns all cancer diagnoses In Iceland from January 1, 1955, The ICR contained records of
ﬁ.,642 Icelandic UBC patients dlagnosed until December 31, 2006, and all prevalent cases were
’éllglble to participate. The mean particlpatlon rate for newly dlagnosed cases was 65%. Patients
%vere recruited by trained nurses on behalf of the patlents’ treating physicians, through speclal
f-ecrultment clinics. Participants In the study donated a blood sample and answered a lifestyle
}guest|onnalre. A total of 545 patients (76% males; diagnosed from December 1574 to June
?006) were Included in a genome-wide SNP genotyplng effort, using the Infinium II assay

!
3



24,904 191, 069, 968 26 rs9865857 rs710521 1. 000000 vO.572708 r9. 43e-20
25,680 191, 070, 744 27 rs9882346 rs710521 /000000 'j 1397993 r2, 05e-15 28, 987

191, 074, 051

WO 2010/004590 PCT/1S2009/000007
74

fethod and either the Sentrix HumanHap 300 or HumanCNV370-duo BeadChip (Illumina). A
total of 525 individuals (96%) were successfully genotyped. The medlan age at diagnosis for all
consenting cases was 67 years (range 22-94 years) as compared to 68.5 years for all UBC
patients in the ICR. The 32,504 controls (41% males; mean age 61 years; SD = 21) used in this
study consisted of Individuals from other ongoing genome-wide assoclation studles at deCODE.
The controls were absent from the nationwide list of UBC patients according to the ICR. Samples
from prostate, breast and colorectal cancer patlents as well as individuals used for the analysis of
$moklng variables come from other ongoing project at deCODE Genetics (1-3). The study was
%pproved by the Data Protection Authority of Iceland and the National Bloethics Committee.
Written Informed consent was obtained from all patients, relatives and controls. Personal
jfjentlflers associated with medical Information and blood samples were encrypted with a third-
party encryptlon system in which the Data Protectlon Authorlty maintalns the code.

Genealogical Database: deCODE Genetics malntains a computerized database of the
genealogy of Icelanders. The records include almost ali Individuals born in Iceland in the last two
centuries and for that period around 95% of the parental connections are known (Sigurdardottir,
ét al.,, AmJ Hum Genet, 66, 1599-609 (2000)). In addltion, a county of residence identifier Is
recorded for most indlviduals, based on census and parish records, The information is stored in a
;'elational database with encrypted personal identifiers that match those used on the biological
samples and ICR records, allowing cross-referencing of the genotypes and phenotypes of the
study participants with thelr genealogies.

k

f Nijmegen Bladder Cancer Study, the Netherlands (PI: Dr. Lambertus Kiemeney).
The Dutch patients were recrulted for the Nijmegen Bladder Cancer Study (see

http //dceg.cancer.gov/icbc/membership.html). The Nijmegen Bladder Cancer Study identified
atients through the population-based reglonal cancer registry held by the Comprehensive
Cancer Centre East, Nijmegen that serves a reglon of 1.3 million Inhabitants in the eastern part
of the Netherlands (www.ikenet.nl). Patlents dlagnosed between 1995 and 2006 under the age of
75 years were selected and thelr vital status and current addresses updated through the hospital
(nformation systems of the 7 community hospitals and 1 university hospital (Radboud University
p}lljmegen Medical Center, RUNMC) that are covered by the cancer registry. All patients still allve
pn August 1, 2007 were invited to the study by the Comprehensive Cancer Center on behalf of
the patlents’ treating physicians. In case of consent, patients were sent a lifestyle questionnalre
io fill out and blood samples were collected by Thrombosis Service centers which hold offices In
:éﬂl the communities in the region. 1,651 patients were invited to participate. Of all the invitees,
1 082 gave informed consent (66%): 992 filled out the questionnaire (60%) and 1016 (62%)
provlded a blood sample. The number of particlpating patients was Increased with a non-
overlapping series of 376 bladder cancer patients who were recrulted previously for a study on
|ene—environment interactions In three hospitals (RUNMC, Canisius Wilhelmina Hospital,
Nljmegen, and Streekzlekenhuls Mldden-Twente, Hengelo, the Netherlands). Ultimately,

l:
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completed questionnaires and blood samples were available for 1,276 and 1,392 patients,
respectively, All the patients that were selected for the analyses (N=1,278) were of self-reported
European descent. The median age at diagnosis was 62 (range 25-93) years. 82% of the
participants were males. Data on tumor stage and grade were obtained through the cancer
registry.

{
The 1,832 control individuals (46% males) were cancer free and frequency-matched for age with

zc;he cases. They were recrulted within a project entitled “*Nljmegen Biomedical Study”. The detalls
-.é)f this study were reported previously (Wetzels, J.F., et al. Kidney Int 72(5):632-7.(2007)).
i.":riefly, this Is a population-based survey conducted by the Department of Epidemlology and
?Iostatlstlcs and the Department of Clinical Chemistry of the Radboud Unlversity Nijmegen
Medical Center (RUNMC), in which 9,371 Indlviduals participated from a total of 22,500 age and
%ex stratified, randomly selected inhabitants of Nijmegen. Control indlviduals from the Nijmegen
I?lomedlcal Study were invited to participate In a study on gene-environment interactions In
fnultlfactorial diseases, such as cancer. All the 1,832 participants in the present study are of self-
reported European descent and were fully informed about the goals and the procedures of the
study The study protocols of the Nljmegen Bladder Cancer Study and the Nijmegen Blomedical
Study were approved by the Institutional Review Board of the RUNMC and all study subjects
9ave wrltten Informed consent.

3. Leeds Bladder Cancer Study, United Kingdom (PIs: Dr. Anne Kiitie and Dr.
"Timothy Bishop). Details of the Leeds Bladder Cancer Study have been reported previously (
?ak S.C., et al. BrJ Cancer 92(12):2262-5 (2005)). In brlef, patients from the urology
department of St James’s Unlversity Hospital, Leeds were recrulted from August 2002 to March
2006 All those patlents attending for cystoscopy or transurethral resection of a bladder tumor
(TURBT) who had previously been found, or were subsequently shown, to have urothelial cell
farcmoma of the bladder were Included. Excluslon criteria were significant mental impairment, or
F blood transfusion in the past month. All non-Caucasians were excluded from the study leaving
764 patlents. Genotyping was successful In 724 patients or 95%. The median age at diagnosis of
E:he patients was 73 years (range 30-101). 71% of the patlents were male and 61% of all the
patients had a low risk tumor (pTaG1/2). The controls were recrulted from the otolaryngology
,lbutpatlents and ophthalmology inpatient and outpatient departments at St James’s Hospital,
!__eeds, from August 2002 to March 2006, All controls of appropriate age for frequency matching
(Nlth the cases were approached and recruited If they gave their informed consent. As for the
cases, excluslon criterla for the controls were significant mental Impairment, or a blood
transfusion 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-Caucaslan leaving 545
Caucaslan controls for the study. 71% of the controls were male. Data were collected by a health
fuestionnaire 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
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and paints, diesel fumes), family history of bladder cancer, ethnicity and place of birth, and
places of birth of parents. The response rate of cases was approximately 99%, that among the
controls approximately 80%. Ethical approval for the study was obtained from Leeds (East) Local
Research Ethics Committee, project number 02/192.

4 Torino Bladder Cancer Case Control Study, Italy (PIs: Dr. Giuseppe Matullo and
Dr. Paolo Vineis). The source of cases for the Torino bladder cancer study are two urology
departments of the main hospital In Torino, the San Giovanni Battista Hospital ( Matullo G, et al.
Cancer Epidemiol Biomarkers Prev 14(11 Pt 1):2569-78(2005)), Cases are all Caucaslan men,
aged 40 to 75 years (medlan 63 years) and living In the Torino metropolitan area. They were
newly diagnosed between 1994 and 2006 with a histologically confirmed, Invaslve or in situ,
bladder cancer, Of all the patients with Informatlon on stage and grade, 56% were low risk
(pTaG1/2) The source of controls are urology, medical and surgical departments of the same
hospltal In Torino. All controls are Caucaslan men resident In the Torino metropolitan area. They
were diagnosed and treated between 1994 and 2006 for benign diseases (such as prostatic
hyperplasia, cystitls, hernias, heart failure, asthma, and benign ear diseases). Controls with
cancer, liver or renal diseases and smoking related conditlons were excluded. The medlan age of
%he controls was 57 years (range 40 to 74). Data were collected by a professional interviewer
}/vho used a structured questionnaire to Interview both cases and controls face-to-face. Data
?vere collected on demographics (age, sex, ethnicity, region and education), actlve and passive
smoking (including brand and tobacco type), occupational exposures, drug use, famlly history,
i:ntake of frult and vegetables, tea and coffee intake, and fluid intake. For cases, additional data
were collected on tumor histology, tumor site, size, stage, grade, and treatment of the primary
tumor. The response rates were 90% for cases and 75% for controls resuiting In 333 cases and
892 controls. Ethical approval for the study was obtalined from Comitato Etico Interaziendale,
A.0.U. San Giovann| Batlsta - A.). C.T.0./ Marla Adelalde.

5. The Brescia bladder cancer study, Italy (PI: Dr. Stefano Porru). The Brescia
bladder cancer study Is a hospital-based case-control study. The study was reported in detall
Prevuously (Shen, M, et al. Cancer Epldemiol Biomarkers Prev 12(11 Pt 1):1234-40,(2003)). In
:é‘hort, the catchment area of the cases and controls was the Province of Brescla, a highly
l}ndustriallzed area In Northern Italy (mainly metal and mechanical industry, construction,
transport textlles) but also with relevant agricultural areas. Cases and controls were enrolled In
F997 to 2000 from the two main clty 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 Itallan
nationallty and were of Caucaslan ethnlcity. All cases had to be residents of the Pravince of
Brescla, aged between 20 and 80, and newly diagnosed with histologically confirmed bladder
;‘:ancer The median age of the patlents was 63 years (range 22-80), 29% of all the patients with
lmown stage and grade had a low risk tumor (pTaG1/2). Controls were patlents admitted for

i
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%/arious urological non-neoplastic diseases and were frequency matched to cases on age, hospital
and period of admisslon. The study was formally approved by the ethical committee of the
ijospital where the majority of subjects were recruited, A written informed consent was obtalined
from all participants. Data were collected from clinical charts (tumor histology, site, grade, stage,
f:reatments, etc.) and by means of face-to-face Interviews during hospltal admission, using a
:étandardized semi-structured questionnalre. The questionnaire included data on demographics
kage, ethnicity, reglon, educatlon, residence, etc.), occupation (lifetime; Industrial activity, job
jtfitle and individual activities, specific evaluation for PAH and aromatic amines), smoking
(lifetime, actlve and passive for non and ex-smokers), diet (food frequency, with emphasis on
%ruit, vegetables and PAH containing foods), liquid consumption (alcohol, water, soft drinks,
f‘t':offee, tea), diuresls, certaln environmental exposures (lifetime residential history, PAH, water
chlorlnation byproducts), lelsure time actlvities. ISCO and ISIC codes and expert assessments
were used for occupational coding. Blood samples were collected from cases and controls for
genotyping and DNA adducts analyses.

6. The Belglan Case Control Study of Bladder Cancer (PIs: Dr. Frank Buntinx and
iDr. Maurice Zeegers). The Belglan study has been reported In detall ( Kellen, E, et al, Int1
Cancer 118(10):2572-8.(2006)). In brief, cases were selected from the Limburg Cancer Registry
ELIKAR) and were approached through urologists and general practitioners. All cases were
dlagnosed with histologically confirmed urothelial cell carcinoma of the bladder between 1999
and 2004, and were Caucaslan Inhabltants of the Belglan province of Limburg. Exclusion criterla
Were mentat sickness or incapacity to comprehend the questions or unable to understand or
fpeak Dutch. The median age of the patients was 68 years. 86% of all the patients were males,
for the recruitment of controls, a request was made to the “Kruispuntbank? of the soclal security
or simple random sampling, stratifled by municipallty and socio-economic status, among all
;;ltizens above 50 years of age of the province. Subsequently, an invitatlon letter was sent to the
éelected subjects through the “Krulspuntbank”. Exclusion criteria for the controls were similar as
those for the cases. The median age of the controls was 64 years; 59% of the controls were
males Three tralned Interviewers visited cases and controls at home. Information was collected
j;hrough a structured Interview and a standardized food frequency questionnaire. In addltion,
f;lologlcal samples were collected. Preference was given to blood samples_. However, if this was
;:efused by the particlpant, buccal swabs were collected (less than <5% of all participants).
éenomic DNA was extracted from peripheral blood lymphocytes or buccal swabs using standard
'l;nethods. Data were collected on medlcal history, lifetime smoking history, family history of
bladder cancer, 20-year resldential history, and a lifetime occupational history. Based on the
llfetlrne occupational history, occupational exposure to PAHs and aromatic amines were blindly
l<‘:oded by two experlenced occupational physicians. A standardized food frequency questionnalre,
derived from the IMMIDIET study (Iacoviello, L., et al. Nutr Metab Cardiovasc Dis 11(4
$uppl):122-6 (2001)), was used to register nutritional characteristics. Finally, blood levels of
%elenlum and cadmium were measured. An exact response rate of the cases is not known

T



35 rs6790058 rs71052.1 "0.572167 ' 6.230853 r4.88e-06 45,256 19'1, 090, 320 36
rs4687100 rs710521 1. 000000 1.000000 1.15e-35 48,656 191, 093, 720 37
rs9681004

WO 2010/004590 PCT/1S2009/000007
78

because the participating clinicians did not register the non-responders. The response rate of the
controls was ~ 30%. Informed consent was obtalned from all participants and the study was
approved by the ethical review board of the Medical School of the Catholic University of Leuven,
Belgium.

7 The Eastern Europe study population (PIs: Dr. Rajiv Kumar and Dr. Tony
fletcher) The detalls of this study have been described previously ( Thirumaran, R.K., et al.
Carcmogenesrs 27(8):1676-81 (2006)). Cases and controls were recrulted as part of a study
deslgned to evaluate the risk of various cancers due to environmental arsenic exposure in
Hungary, Romania and Slovakla between 2002 and 2004. The recruitment was carried out in the
fountles of Bacs, Bekes, Csongrad and Jasz-Nagykun-Szolnok in Hungary; Bihor and Arad in
,Bomania, and Banska Bytrica and Nltra in Slovakia. The cases (N=212) and controls (N=532)
%elected were of Hungarian, Romanian and Slovak nationalities. Bladder cancer patients were
lpvited on the basis of histopathological examinations by pathologlsts. Hospital-based controls
§Nere included In the study, subject to fulfillment of a set of criteria. All general hospltals in the
‘étudy areas were Involved in the process of cantrol recrultment. A rotatlon scheme was used In
“i')rder to achieve appropriate geographical distribution. The controls were frequency matched
wlth cases for age, gender, country of residence and ethnicity. Controls included general surgery,
orthopedlc and trauma patients aged 30-79 years with conditions ltke appendicitis, abdominal
hernlas, duodenal ulcers, cholelithiasls and fractures. Patients with malignant tumors, diabetes
énd cardiovascular diseases were excluded as controls. The medlan age for the bladder cancer
K|'3atlents was 65 years (range 36-90). 83% of the patients were males. The median age for the
controls was 61 years (range 28-83). 51% of the controls were males, The response rates
gmong cases and controls were ~70%. Of all the patients with known stage and grade
Informatlon, 28% had a low risk tumor (pTaG1/2). Cliniclans took venous blood and other
Elological samples from cases and controls after consent forms had been slgned. Cases and
:c,ontrols recrulted to the study were interviewed by trained personnel and completed a general
lIifestyle questionnalre. Ethnic background for cases and controls was recorded along with other
géharacterlstics of the study population. Local ethlcal boards approved the study plan and design.

jClassification of “low risk” and “high risk” patients. Based on stage and grade information,
;all patients were classified with regards to rlsk of progresslion. Patients with low risk of
brogression were defined as having TNM stage pTa in combination with WHO 1973 differentiation
'rc'l;rade 1 or 2 or WHOQ/ISUP 2004 low grade (Epstein, J.1. et al. The World Health
:Organlzatlon/Internatfonal Soclety of Urological Pathology consensus classlification of urothelial
{transitional cell) neoplasms of the urinary bladder. Bladder Consensus Conference Committes.
Am J Surg Pathol 22(12):1435-48 (1998)). All other tumors were classified as high risk of
~Progresslorn (stage pTis or 2 pT1 or WHO 1973 grade 3 or WHO/ISUP 2004 high grade).
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Genotyping ~ Overview

?_Samples from Iceland and the Netherlands were used for the genome-wide association study
(GWA) and were assayed with either the Infinilum humanHap300 or humanCNV370 SNP chips
?Illumlna). The analysis was restricted to 302,140 SNPs that passed quality fllters and were
',deemed usable due to yleld, faithfulness to Hardy-Weinberg expectations and consistency in
'genotype frequencles between the two arrays. All samples had call rates above 98%. Al follow
in genotyping was carried out by deCODE Genetics in Reykjavik, Iceland applying single track
:(:entaurus assays (Nanogen) (Kutyavin, I.V., et al, Nucleic Acids Res 34(19):e128 (2006)). The
auality of the Centaurus SNP assays was evaluated by genotyping each assay in the CEU
ﬁapMap samples and comparing the results with the publicly released HapMap data. Assays with
:>1.5% mismatch rate were not used and a linkage disequilibrium (LD) test was used for markers
[mown to be in LD. The concordance rate of genotypes derlved from the two genotyping
f)latforms {lumina and Centaurus) was >99.5%.

;Statistical analysis

Assoclation analysis. A llikelihood procedure described In a previous publication ( Gretarsdottir
:S, et al. Nat Genet 35(2):131-8 (2003)) and implemented in the NEMO software was used for
£he assoclation analyses. An attempt was made to genotype all individuals and all SNPs reported
had a yield that was higher than 95% In every study group. The SNPs rs4645960 and
f—516901979 are not a part of the Human Hap300/HumanCNV370-duo chips. For these SNPs, a
%ubset of the large Icelandic control set as well as all Icelandic cases and all individuals from the
bther study groups were genotyped by single track assays. We tested the assoclation of an allele
éo UBC using a standard likelihood ratio statistic that, if the subjects were unrelated, would have
féisymptotically a X° distribution with one degree of freedom under the null hypothesis. Allelic
%requencles rather than carrler frequencles are presented for the markers Iin the main text.
)\llele-speclﬁc ORs and associated P values were calculated assuming a multiplicative model for
‘the two chromosomes of an individual ( Falk, C.T., Rublnstein, P. Ann Hum Genet 51 (Pt 3):227-
;33 (1987)). Results from multiple case-control groups were combined using a Mantel-Haenszel
p‘lodel ( Mantel N, Haenszel W. J Natl/ Cancer Inst 22(4):719-48 (1959)) In which the groups
were allowed to have different population frequencies for alleles and genotypes but were
éssumed to have common relative risks,

4
Correction of the GWA studies by genomic control. To adjust for possible population

Eétratiflcation and the relatedness amongst individuals, we divided the ¥? test statlstics from the
fndividual 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 thelr means, which
yvere 1.04 and 1.075 for Iceland and the Netherlands, respectively. Appendix Figure 1 is a
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quantlle~-quantlle (Q-Q) plot of the chi-square statistics, before and after adjustment, against the
chi-square distribution.

Correlation between genotype and expression of c-Myc in whole blood and adipose
gissue. c-Myc expression was analyzed In whole blood and adipose tissue from 744 and 602
individuals respectively and correlated with rs9642880 genotype status. Collection of whole blood
énd adlpose tlssue samples, mRNA isolation and expression profiling was described previously (
Eml|sson, V., et al. Nature 452(7186):423 (2008)). Expresslon changes between two samples
were quantifled as mean logarithm (logip) expression ratio (MLR), i.e. expresslon ratios
é:ompared to background corrected intensity values for the two channels for each spot on the
'férrays( Schadt, E.E., et al. Nature 422(6929):297-302 (2003). The hybridizations went through
the standard QC process, i.e. signal to noise ratlo, reproducibility and accuracy at spike-In
%:ompounds. The correlation between MLR for c-Myc and the genotypes of the SNP rs9642880
':was tested by regressing the MLR's on the number of coples of the at-risk T allele of rs9642880,
%djustlng for age, sex and, for whole blood, the differential blood cell count. All P-values were
adjusted for relatedness of the individuals by simulating genotypes through the Icelandic
éenealogy as previously described (Stefansson, H., et al, Nat Genet 37(2):129 (2005)). The
:Probe used to test the expression of c-Myc was NM_002467.

RESULTS

a

A

-

iNe genotyped 525 cases and 32,504 controls from Iceland as well as 1,278 cases and 1,832
,%ontrols from the Netherlands on the HumanHap300/HumanCNV370-duo BeadChips (Table 2).
i\fter removing SNPs failing quality contral checks, 302,140 SNPs were tested for association
Wth UBC. The results were adjusted for relatedness between Individuals and for potential
ﬁ)opulation stratification using the method of genomic control.

iVo single SNP reached our genome wide significance threshold (P<1.6x107; corresponding to
;().05/302,140) either In the combined or individual analysls of the Icelandic or Dutch GWA
§ample sets. The 10 most significant SNPs (all P<5x10°%, see Table 1) were genotyped using
Centaurus single track assays in additlonal 1,643 UBC cases and 2,014 controls from five follow
[1p groups all of European ancestry (Table 2).

L1

?he strongest assoclation with UBC, reaching genome wide signlficance in the overall analysis of
t:he discovery and follow up groups, was observed for the T allele of rs9642880 at 8q24.21
gcombined odds ratio (OR)=1.23 (95% confidence Interval 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 comblned
énalysls of the follow-up groups. The association of the 8 other SNPs to UBC did not significantly
!‘eplicate In the follow up groups.

-

N
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Table 2: Description of the case control groups used in the studies

Average age
at diagnosis  %males

Study Group ficases  ftcontrols (range) (cases) Study type
Discovery Groups (GWA)

Iceland 525 32,504 67 (22-94) 76 Population based
the Netherlands 1.278 1.832 62 (25-93) 81 Population based

Follow-up Groups

UK (Leeds) 724 530 73 (30-101) 71  Hospital-based
Italy (Torino) 329 389 63 (40-75) 100  Hospitai-based
Italy (Brescia) 182 192 63 (22-80) 100  Hospital-based
Belgium (Leuven) 195 382 68 (40-93) 86 Population based
Eastern Europe (Hungaty,

Romania, Slovakia) 213 521 65 (36-90) 83  Hospital-based

Total 3.446  36.350
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snp2

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

rs12547643 rs9642880
rs17186926 rs9642380

Table 4:
Cco08
snp1t
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Table 5:
co3
All markers with r2 >0.2 with rs710521 (1Mb each side)
snp1 snp2 D' R2 p value pos SEQ ID NOB3 position Seq ID No.
rs6780540 rs710521 0.696058 0.206370 3.28e-06 300 191,045,364 13
rs9817981 rs710521 '0.696058 '0.206370 3.28e-06 1,160 191,046,224 14
rs0818301 rs710521 '0.700732 '0.213540 '2.26e-06 1,311 191,046,375 15
rs2056124 rs710521 '0.904800 '0.651655 6.78e-16 5,448 191,050,512 16
rs2378526 rs710521 '0.871045 '0.241186 3.40e-08 = 12,077 191,057,141 17
's1913720 rs710521 '0.902811 '0.450778 '1.46e-13 ' 12,457 191,057,521 18
'rs17448036 rs710521 '0.869406 '0.235635 4.74e-08 ~ 17,141 ' 191,062,205 19
rs1913721 rs710521 '0.869406 0.235635 '4.74e-08 ' 18,623 . 191,063,687 20
'rs11924151 rs710521 '0.887856 '0.361974 1.19e-10 = 18,650 191,063,714 21
rs3773928 rs710521 '0.904648 0.440671 7.53e-14 = 21,335 191,066,309 22
rs6783043  rs710521 '1.000000 '0.254032 2.24e-10 22,838 191,067,902 23
rs1399773  rs710521 '1.000000 '0.595142 2.79e-21 ' 23,660 191,068,724 24
rs1399774 rs710521 '0.809402 '0.518237 6.14e-13 = 23,812 191,068,876 25
rs6790167 rs710521 '1.000000 '0.393258 '3.17e-15 ~ 24,904 191,069,968 26
rs9865857 rs710521 '1.000000 '0.572708 '9.43e-20 = 25,680 191,070,744 27
rs9882348 rs710521 1000000 0.397993 2.05e-15 = 28,987 191,074,051 28
rs9812089 rs710521 '1.000000 '0.411765 7.80e-16 = 29,832 191,074,896 29
rs7610966 rs710521 '1.000000 '0.397993 2.05e-15 = 30,284 191,075,348 30
rs1515490 rs710521 '0.781714 '0.513753 '1.21e-13 ~ 34,485 191,079,549 31
rs7613791 ‘rs710521 '1.000000 '0.397993 2.05e-15 ~ 36,954 : 191,082,018 32
rs1543969 rs710521 '1.000000 '0.836334 '1.07e-28 = 37,304 © 191,082,368 33
rs12107086 rs710521 '1.000000 '0.384615 5.25¢-15 = 37,790 191,082,854 34
rs1554132 rs710521 '1.000000 '0.455621 3.73e-17 © 41,328 191,086,392 35
16790068 rs710521 '0.572167 '0.230853 '4.88e-06 ' 45,256 ' 191,090,320 36
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
ts4687102 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
(12490406 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 ' 70,530 191,115,504 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 = 78,683 191,123,747 ' 50
(s837776  rs710521 '1.000000 '0.358974 3.24e-14 = 81,230 191,126,294 51

(710555  rs710521 '0.580974 0.214793 'L.4Se-06 139,075 ;191,184,139 52
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89 Association of UGC with 8924 The variant r59642880 on chronosonme 8q24, 21
reached genone wi de significance in the conbined anal ysis, The i ndividual
ORs for the SNP in the seven case control groups of the study were between
1.13-1, 43 erogeneity was observed between the estinmates in the
groups (Phe?qgmgg¥§6The associ ati on rgached nom nal S|dﬁ$ F@@ﬁ@mﬁwﬁn 5 out
of 7 groups (Table 3). Two other SNPs at this |ocus/ rs4733677 (P=8.0 x
10-7) and rs12547643 (P = 0,018), showed nom nal significance In the GM
anal ysis, rsl12547643 was no |onger significant after adjusting for the
effect of rs9642880 (P f..- 0,31). Wiile the significance was greatly
reduced,_rs4733677 renalned nomnally significant (P,',0.02) after
adjustlﬁE“*%P rs9642880 (Table 6). To investigate the mode of Inheritance
nore carefully, we conputed t he genotype-specific OR for rs9642880. Results
fromall h- aSSOC|at|on of rs9642880

(1) to L‘#" o, sL "'1! Other, can

Rel ati ve g“"t""he ﬁB‘FF—s- c’?f”ftW@r _ﬁlicafeﬁe ‘(Ff?é't’f"or H%FE er ogz‘y’s Pa‘ﬁ €honpzygous
carriers nri 1..51 rpcnnm‘ ively. Assum ng
that the P‘Pétﬁfﬁenc‘);%f tHé¥al | é’f4§4| s A48

056t @98} et agR1Wf the frequency
of all thePdpul at ?Q?dl ed4Fabl 483 tPrgﬁ i ﬂ&?\}i‘)bugﬂg Shomozygous for
rs96428 fopel 69572 t he U8

& 2 “AEt-ed popul ation
attributable risk (PAR) of r39642880 (T) Is 18@6 The SNP rs9642880 Is

| ocated in the same LD bl ock as the c-M/c oncogene and only 301th upstream
of it (Figure 1). c-Myc is the only known gene dose to rs9642880, but a
predi cted gene, 8C042052, is also in the sanme region. W genotyped sanpl es
fromall the study groups For two known mi ssense nmutations in the c-Mc
gene (GL75C/ rs4645960 and N26S/rs4645959) but found no association with
UBC, rs4645960 (T) was very rare, with only two cases in the conbi ned
sanple sets carrying the allele. rs4645959 (G was weakly correlated with
rs9642880 (T)r2=0.04) with a frequency of 3.3%in cases and 3. 7% in
controls (OR :110,91, P=0,29). To determne if the rs9642880 (T) would

af fect the expression of c-Myc we analyzed its expression in whole bl ood
from 744 | ndividual s and adi pose tissue from 602 individuals and correl ated
the results with genotype data for rs9642880. No significant correlation
was observed between c- Myc rnRNA expression and the nunber of copies of the
T allele of rs9642880 carried, either In whole blood or in adi pose tissue
(P=0.86 for whole blood and P-0.74 for adi pose tissue), Genone w de

associ ation studi es have repeatedly reported cancer associated variants on
8924, 200-700 kb proximal to nP642880 and c-Mc. We and ot hers found SNRs
at 8g24.21 to be strongly associated with cancer of the prostate
(rsl1447295, rs6983267 and rs16901979) ( Gudrnundsson 1, etal. Nat Genet
39(5):631-7 (2007); 6eles, R A, et at Nat Cenet 40(3):316- 21 (2008);
Amundadottlr L, T,, eta!, Nat Cenet7:7 (2006); Thomas, G, et at Nat GCenet;
40(3):310-5 (2008). Subsequently, rs6983267 was al so shown to associ ate

wi th colorectal cancer ( Tominson, |I., at al. Nat Genet 39(8):984-8
(2007); Kalman, C A., et al. Nat Genet 39(8);954-6 (2007), Zanke, B.W, et
al . Nat Genet 39(8):989-94 (2007)) and nost recently rs13281615 with breast
cancer ( Easton, D, F' et al. Nature 447(7148):1087-93 90 (2007)). These 4
variants are dispersed over a 500kb region (Figure 1) and are in weak LID
wi th each other and with rs9642880 (Table 7), W found no associ ation

bet ween these 4 SNPs and UBC in the conbi ned study groups (Table 7),

Mor eover, we found no associ ati on between r59642880 and prostate:, breast
or colorectal cancer in Icelandic case control sanples (Table 8).

I nformati on on stage and grade was available for 5 of the 7 groups, Based
on this informatlor, the UBC cases were classified Into patients with a
good prognosis (low risk': tunor confined to the bl adder nucosa and not
poorly differentiated) or patients with a considerable risk of tunor
progression ("high risk'; tunor invasion In or beyond the |am na prapria or
poorly differentiated). Conparing the frequency of rs9642880 (1) between
patients with low and high risk tunors showed sone heterogeneity across the
study groups. Patients with low risk tumors fromthe Netherlands and
Eastern Europe had a hi gher frequency of rs9642880 (T) than patients with
high risk tunors, while no difference was detected in the other groups
(combi ned CR=1, 13, P=0.05). This potential association with tunor

aggressi veness needs to be investigated further In a | arge nunber of cases
and controls. Association wth 3g28 The second strongest signal in the
conblned anaIyS|s was observed for rs710521 (A ~on chr onosone 3q28 mhlch

~rF ~ @A —~ P~ o~ o~ . o~




We and ot hers have recently found an associ ati on between variation in the
ni cotinic acetyl choline receptor gene cluster on 15024 and ni cotine

addi ction, snoking behavior, lung cancer and peripheral arterial disease (
Saccone, $do106d4s@l , Hum Mol Genet 16( 1) 36-49 (2007) ; pChaswgeomeswon, |.E.,
at at Nature 452(7187):638-42 (2008)89Amns, C. 1. etal. Nat Cenet 98(2)274-8
(2008); Hung, R J., etal. Nature 452C/ 187)633-7 (2008)). Since snoking Is a
strong risk factor for UBC, we tested the reported snoki ng-associ at ed

vari an 7 In.aLl,the 7 UBC case control groups but found no
associ ?31\ ?‘%ﬁ%ﬁﬁigﬁct‘“ﬁt@ %fi' all el e and di sease (conbi ned OR --1, 005,

P=0.88). No difference in the frequencies of rs9642880 (T) on chronpsone 8
and rsThel Gyt (sA54 0980 GRIAFIRTREMe SqAS1 ARSIINVAH B LWREN B ShcSHRKS Ng and 91
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preceding Cains, further conprising

The SNP rs9642880 s located in the same LD block as the c-Myc oncogene and only 30kb

upstream of It (Figure 1). c-Myc Is the only known gene close to rs9642880, but a predicted
gene, BC042052, is also In the same reglon. We genotyped samples from all the study groups for
two known missense mutations in the c-Myc gene (G175C/rs4645960 and N26S/rs4645959) but
found no assoclatlon 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 coples of the T allele of rs9642880 carrled,
either in whole blood or in adlpose tissue (P=0.86 for whole blood and P=0.74 for adipose ‘
tissue),

Genome wide assoclation studles have repeatedly reported cancer assoclated variants on 8q24,
200-700 kb proximal to rs9642880 and c-Myc. We and others found SNPs at 8q24.21 to be
strongly assoclated 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. Nat
Genet 39(8):954-6 (2007), Zanke, B.W., et al. Nat Genet 39(8):989-94 (2007)) and most
recently rs13281615 with breast cancer ( Easton, D.F., et al. Nature 447(7148):1087-93



assessing the frequency of at |east one hapl otype conprising at |east two
pol ynor phi ¢ markers. The nethod of any one of the preceding clains, wherein
the susceptibility conferred by the presence of the at |east one allele or

hapl ot ype s ,i ed susceptibility. The nmethod accordi imb5,
wher ei n th‘gaﬁﬁfg@éﬁgi of allele T in rg9642880, and all eﬁq(zleﬂ%ﬂ%o%o?(gg%m%ﬁl S

I ndi cative of increased susceptibility to urinary bladder cancer. 7. The
met hod according to Claims$S or 6, wherein the presence of the at |east one
allele or haplotype is indicative of increased susceptibility to urinary
bl adde(200@ncEresew tviariants eteadispeeser iogkr  RRkbaegiodFigurat ] and ER)jn weakatD Wisast

1.20. &cn bhfer BRE ARH 18200880 RAIE D). ANY FRUAE nBfasidiRtiSh BétiBerltifse WBRPLAMY t he

susceptlbjlity conferred by t resence of the at |l east one allele or

nap! of Y e fuPBaCabEE aden BRI Joeore: we ol nerSRngoan et ne

pr ecedisA@raBBAiang prastate, Heeast onpidreitalgrangealiry icelagdin orse-cogteri seineles fifadlen®t i on to
make ri sk assessnent, diagnosis, or prognosis of the individual, wherein
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showed some heterogeneity across the study groups. Patients with low risk tumors from the
Netherlands and Eastern Europe had a higher frequency of rs9642880 (T) than patients with high
risk tumors, while no difference was detected in the other groups (combined OR=1.13, P=0.05).
This potentlal assoclation with tumor aggressiveness needs to be Investigated further In a Iarge"

number of cases and controls.

Association with 3q28 :

The second strongest signal in the combined analysis was observed for rs710521 (A) on
chromosome 3q28, which nearly reached genome-wide significance (OR=1.20, P=3.38 x 107)
(Table 1). No heterogenelty was observed between the ORs of the 7 study groups (Phe=0.83).
The associatlon of rs710521 (A) to UBC did not deviate from the multiplicative model (P=0.35).
The estimated population attributable risk (PAR) of rs710521 (A) is 24%. No significant
Interactlon was observed between the effects of rs9642880 and rs710521 (P=0.51). No
difference was detected in frequency of rs710521 (A) between patients with low vs. high risk of
progression. The rs710521 SNP Is located in an LD block that overlaps the TP63 gene (encoding
tumor protein p63), a homologue of the tumor suppressor gene TP53,

Smoking-related effects

We and others have recently found an association between variation in the nicotinic acetylcholine
receptor gene cluster on 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 frequencles of rs9642880 (T) on
chromosome 8 and rs710521 (A) on chromosome 3 was observed between ever smoking and



A nethod of determning a susceptibility to urinary bladder cancer in a

human i ndi vi dual, the nmethod conprising: anal yzing nucleic acid sequence

data about a human individual and identifying at | east one allele of at

| east onewpabiyvossphi ¢ mar ker sel ected fromthe group cepgsissbtiongoot

rs9642880, and rs4733677, and markerg in |inkage dlsequillbrlumtherewth,

wherein |inkage disequllibriumls characterized by values of r2> 0.2, and

wherein different alleles of the at |east one pol ynorphic marker are

aSSOCI r C |b|| L& & adde in
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candi or screenin pro% or urinary bladder cancer, conprising:
assesgPsr?@’evﬂ”b’WeP‘l’Fé'el%ftr{g bP5P-P3hy one of the preceding clains a
susceptibility to urinary bladder cancer in a group of individuals, wherein
I ndi vi dual s who are determ ned to have Increased susceptibility to urinary
bl adder cancer are selected as candidates for a screening programfor
urinary bl adder cancer, 14. The nethod of claim 13, wherein said screening
programis selected froma urine dipstick test for hematuria, cytoscopy and
urine cytol ogy. 15. A conputer programfor determning a genetic Indicator
for urinary bladder cancer in a human individual,: wherein the conputer
programis adapted to be executed on the processor to analyze marker and/or
hapl ot ype information for at |east one human individual with respect to at:
| east one pol ynor phi c marker selected fromthe group consisting of
rs9642580 and 94 rs4733677,and markers in |inkage dlseguillbrium
therewitn, wherein |linkage disequilibriumis characterized by val ues of r2>
0,2, and generate an output based on the marker or hapl otype information,
wherein the output conprises a risk neasure of the at |east one narker or
hapl otype as a genetic indicator of urinary bladder cancer for the hunman

I ndi vidual . The conputer program according to Caim 15, wherein the
conput er readable nmenory further conprises data indicative of the frequency
of at least one allele of at |east one pol ynorphic marker or at |east one
hapl otype In a plurality of individuals diagnosed with urinary bl adder
cancer, and data indicative of the frequency of at the | east one allele of
at | east one pol ynorphic nmarker or at |east one haplotype in a plurality of
reference individuals, and wherein the risk neasure of devel oping urinary
bl adder cancer |s based on a conparison of the frequency of the at | east
one allele or haplotype in individuals diagnosed with urinary bl adder
cancer and reference individuals. 17. A nethod of assessing a subjects risk
for Uinary Bl adder Cancer, the nethod



conprising: a) analyzing sequence information about a human subject and
identifying at | east one allele of at |east one pol ynorphic marker sel ected
fromthe group consisting of rs9642880 and rs4733677,and markers in |inkage
disequilibriumtherewith,in the gertorne of the subjectrwherein |inkage

di sequilibriumis characterized by valyes of ra> 0.2; b) representing the
sequence information as digital genetic profile data; c) electronically
processing the digital genetic profile data to generate a risk assessnent
report for Urinary Bl adder Cancer for the individual; and d) displaying
the risk assessnent report on an output device, 18, The nmethod according to
Claiml, substantlall as _herein described with reference to any one of the
Exanpl es YAHAToES £ P{F@Fﬁer eof . 19, The nethod according to any one of
Clainms 1 to 10, substantl ally as herein described. 20. The nethod accord ng
to Cai mill, subshairbtddtéryhirasy Hersedphibiddeo uribed blatddn carebeinenueaho any one of
the Bxanpies aRgidt Eangy[]ﬁa L3 ARk th@&eseﬁt@o%gmgoam&gtdan@%agogéal m 11

or 12, substanti al descri b L}% r]? rgﬁ according to
daim 13, sub?ﬁ%ﬁ?ﬂ‘FQP'IVY/”°%P§'°H%aFE%rr‘P YBLLHT B AMAT IR S BHEE 3 § Ay one of

t he Exanpl es asrehtype defagetrfiosn thldrdaddual, 2Beretibe peledrd dnapdonapmgmededsai ns 13
or 14, subst apdécadd fyor@&ehge&ﬁi d&néi&ﬁr? loF l%@&zsaéanJ &am@ﬁp%@ha%egﬁ am

according to aim ubs}antl rel descri reference to
any one of t hgﬂﬁﬂe di ?%ul%rlu here ur%réaln I eeli’géa ch‘equnSDrlum 13 g‘laracEeriz aeby

values of r’> 0.2, and wherem etermination of the presence of the at least one allele
is indicative of a susceptlbillty to urinary bladder cancer for the individual.

2. The method according to Claim 1, wherein the at least one polymorphic marker is
rs9642880.
3. The method according to Claim 1, wherein the markers in linkage disequilibrium with

rs9642880 are selected from rs12547643 and rs17186926.

4. The method according to any one of the preceding Claims, further comprising
assessing the frequency of at least one haplotype comprising at least two polymorphic

markers.

5. 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.

6. The method according to Claim 5, wherein the presence of allele T in rs9642880, and
allele T Iin rs4733677is indicative of increased susceptibility to urinary bladder cancer,

7 The method according to Claim 5 or 6, whereln the presence of the at least one allele
or haplotype is indicative of increased susceptibility to urinary bladder cancer with a
relative risk (RR) or odds ratio (OR) of at least 1.20.

8. The method according to any one of the claims 1-4, wherein the susceptibility
conferred by the presence of the at least one allele or haplotype is decreased

susceptibility.

9. The method of any one of the preceding Claims, further comprising analyzing non-
genetic information to make risk assessment, diagnosis, or prognosis of the
individual, wherein the non-genetic information is selected from age, gender,

ethnicity, socioeconomic status, previous disease diagnosis, medical history of



25. The conputer program according to Caim 15 or 16, substantially as
herein described. 26. The nethod according to Caim117, substantially as
herein described with reference to any one of the Exanples and/ or Figures
t hereof. 27. The nethod according to Claim17, substantially as herein
descri bed. 93

subject, family history of urinary bladder cancer, history of occupational exposure to
chemicals, biochemical measurements, and clinical measurements.

10. The method of claim 9 wherein sald non-genetic information comprises information

relating to tobacco smoking habits and/or tobacco smoking history of said individual.

11, A method of determining a susceptibllity to urinary bladder cancer in a human
individual, the method comprising:

analyzing nucleic acid sequence data about a human individual and identifying at least
one allele of at least one polymorphic marker selected from the group consisting of
rs9642880, and rs4733677, and markers in linkage disequilibrium therewith, wherein
linkage disequilibrium Is characterized by values of r*> 0.2, and wherein different
alleles of the at least one polymorphic marker are assoclated with different

susceptibilities to urinary bladder cancer in humans, and

determining a susceptibility to urinary bladder cancer from the nucleic acid sequence
data.

12, The method of claim 11, wherein markers in linkage disequilibrium with rs9642880
are selected from the group consisting of rs12547643 and rs17186926.

13. A method for selecting candidates for screening programs for urinary bladder cancer,

comprising:

assessing with the method of any one of the preceding claims a susceptibility to
urinary bladder cancer in a group of individuals, wherein Individuals who are
determined to have increased susceptibility to urinary bladder cancer are selected as
candidates for a screening program for urinary bladder cancer.

14, The method of claim 13, wherein said screening program is selected from a urine
dipstick test for hematuria, cytoscopy and urine cytology.

15. A computer program for determining a genetic indicator for urinary bladder cancer in

a human individual,:

wherein the computer program is adapted to be executed on the processor to analyze
marker and/or haplotype information for at least one human individual with respect to

at least one polymorphic marker selected from the group consisting of rs9642880 and



16.

17.

18.

19,

20.

21.

94

rs4733677,and markers in linkage disequillbrium therewith, wherein linkage
disequilibrium is characterized by values of r*> 0.2, and generate an output based
on the marker or haplotype information, wherein the output comprises a risk
measure of the at least one marker or haplotype as a genetic indicator of urinary

bladder cancer for the human individual.

The computer program according to Claim 15, wherein the computer readable
memory further comprises data indicative of the frequency of at least one allele of at
least one polymorphic marker or at least one haplotype In a plurality of individuals
diagnosed with urinary bladder cancer, and data indicative of the frequency of at the
least one allele of at least one polymorphic marker or at least one haplotype in a
plurality of reference individuals, and wherein the risk measure of developing urinary
bladder cancer is based on a comparison of the frequency of the at least one allele or
haplotype in individuals diagnosed with urinary bladder cancer and reference

indlviduals.

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

comprising:

a) analyzing sequence information about a human subject and identifying at least one
allele of at least one polymorphic marker selected from the group conslsting of
rs9642880 and rs4733677,and markers in linkage disequilibrium therewith,in the
genome of the subject,-wherein linkage disequilibrium is characterized by values of

r?> 0.2;
b) representing the sequence information as digital genetic profile data;

c) electronically processing the digital genetic profile data to generate a risk
assessment report for Urinary Bladder Cancer for the individual; and

d) displaying the risk assessment report on an output'device.

The method according to Claim 1, sdbstantially as herein described with reference to

any one of the Examples and/or Figures thereof.
The method according to any one of Claims 1 to 10, substantially as herein described.

The method according to Claim 11, substantially as herein described with reference to

any one of the Examples and/or Figures thereof.

The method according to Claim 11 or 12, substantially as herein described.



22,

23.

24.

25,

26.

27.

95

The method according to Claim 13, substantially as hereln described with reference to
any one of the Examples and/or Figures thereof.

The method according to Clalms 13 or 14, substantially as herein described.

The computer program according to Clalm 15, substantially as hereln described with
reference to any one of the Examples and/or Flgures thereof.

The computer program according to Claim 15 or 16, substantially as herein described.

The method according to Claim 17, substantially as herein described with reference to
any one of the Examples and/or Figures thereof.

The method according to Ciaim 17, substantlally as herein described.





