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pol ynmor phic marker is selected fromthe group consisting of rs965513 ( SEQ
ID NO 1), and markers in linkage disequilibriumtherewth, wherein the
presence wb 2btvmisdool east one allele of the 20at | east oreTTSEEE000®

i ndicative of a probability of a posis8ive response to the therapeutic agent
The invention in another aspect relates to a nmethod of predicting prognosis
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25The invention also relates to kits. In one such aspect, the invention
relates to a kit for assessing susceptibility to thyroid cancer in a human
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at |east one allele of at |east one pol ynorphic marker selected fromthe
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20t hyroid cancer. In certain enbodi mrents of the invention, |inkage

di sequilbriumis determ ned using the |inkage disequilibriumnmneasures r2
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terms shall, in the present context, have the neaning as indicated: A
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15mi crosatellite in this sanple is set as 0 and all other alleles in other
sanpl es are nunbered in relation to this reference. Thus, e.g., allele 1 is

1 bp | onggp wivaisdohe shorter allele in the CEPH sanpl e, p@lr}lgjoeg/&obﬁ, 2 bp
| onger than the shorter allele in the1CEPH sanple, allele 3 is 3 bp |onger
than the lower allele in the CEPH sanple, etc., and allele -1 is 1 bp

shor t erpfNafbaki Eﬁf t ?Jvuo%% aﬁlaspérgtughgr (gfgrhlnﬁ%r@lg%ne@ ih@k&or for kiSyréidbp

shorter than t shor le 1 n the CEPH sanpl'e, 20etc. Sequence

conucl e30Fdn ér‘f‘Hmj’Ul'T‘i}V'é‘éa'o‘é’W'ﬂﬁ‘éd herein, includi ng sequence listing, is
as proposed by I UPAC- I UB. These codes are corrpati ble with the codes used by
the EMBl,.GenBank, and PIR databases. |UB code Meaning A Adenosine C
Q/tldlne G Gianine T Thynmidine RGor AYTor CKGor T MAor CSGor C
WAor TBC Gor TDA Gor THA Cor TVA Cor GN Gor T
(Any basegmpupgy @MW@TSG@OP@WWWF@%B%G&'G instructions adapted to be executed

5 on the processor to analyze marker and/or haplotype information for at least one human

individual with respect to thyroid cancer, 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 thyroid cancer
for the human individual. In one embodiment, the computer readable memory comprises data

10 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 thyroid 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 a risk measure is based on a
comparison of the at least one marker and/or haplotype status for the human individual to the

15 data indicative of the frequency of the at least one marker and/or haplotype information for the
plurality of individuals diagnosed with thyroid cancer. In one embodiment, the computer
readable memory further comprises data indicative of a risk of developing thyroid cancer
associated with at least one allele of at least one polymorphic marker or at least one haplotype,
and wherein a risk measure for the human individual is based on a comparison of the at least

20 one marker and/or haplotype status for the human individual to the risk associated with the at
least one allele of the at least one polymorphic marker or the at least one haplotype. In another
embodiment, the computer readable memory further comprises data indicative_of the frequency
of at least one allele of at least one polymorphic marker or at least one haplotype in a plurality of
individuals diagnosed with thyroid cancer, and data indicative of the frequency of at the least one

25 allele of at least one polymorphic marker or at least one haplotype in a plurality of reference
individuals, and wherein risk of developing thyroid cancer is based on a comparison of the
frequency of the at least one allele or haplotype in individuals diagnosed with thyroid cancer, and
reference individuals. In a preferred embodiment, the at least one marker is selected from the
group consisting of rs965513 (SEQ ID NO:1), and markers in linkage disequilibrium therewith.

30 In another preferred embodiment, the at least one polymorphic marker is selected from the

group consisting of the markers set forth in Table 2.

In another aspect, the invention relates to a method of identification of a marker for use in
assessing susceptibility to thyroid cancer, the method comprising: identifying at least one
polymorphic marker in linkage disequilibrium with at least one of rs965513 (SEQ ID NO:1),

35  rs907580 (SEQ ID NO:2) and rs7024345 (SEQ ID NO:3); determining the genotype status of a
sample of individuals diagnosed with, or having a susceptibility to, thyroid cancer; and
determining the genotype status of a sample of control individuals; wherein a significant



20 A nucleotide position at which nore than one sequence is possible in a
popul ation (either a natural population or a synthetic population, e.g., a
i brary oyo¥iwdigdonC nol ecules) is referred to herein agcgSMM§RioPhi C
site". A "Single Nucleotide Pol ynorphizsm’ or "SNP" is a DNA sequence
variation occurring when a 5single nucleotide at a specific location in the
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22 refers to a genom c region, such as an LD-block, found to be associ ated
with risk of thyroid cancer through at |east one pol ynorphi c marker | ocated
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350r pol ynor phisns, are commonly called Single Nucleotide Pol ynorphi sns
("SNPs"). These SNPs are believed to have occurred in a single nutational
event, angohbfyRkmoe there are usually two possible all ¢kegsRessioPloe at
each SNPsite; the original allele andigthe nmutated allele. Due to natural
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di st ri bt bo(D'ph &t.he DYl e0ent|B)| SHOGBRVRT > 4.6, IiD] + 9. 7d|I§d(?v@|8e i rat-91 kel *wo
| oel ementey gﬁi BQQ?L@? ? aIrf Ee@ﬁaﬂ?&ﬁ%d}hgﬂgrI|ﬁk9§'é"d|9e<§.ﬁibrlhhﬁ@ défhﬁad as

el ement s ar I nkage dise bri,um tend

i nher i téldf"t'@ﬂgé%%rte%?c ofy” HI"‘@]H%# Sr“&*E ésfh%lﬂ 2\/\?ﬁ”ﬁ’tm{lh%lors |§r§"§b Be/ﬂ?t'ofnr equenC| es
of Qﬁf%él@@ﬁbr@%rﬁ |D’|adrk @lse possitiephdvithie stopmqmjehepmént}mmndorpr@dm?mg but
Roughly s LD is n requency o

r econbi r‘i‘ﬁﬁ 'B'ﬁe(gg fhe ¥2lyes méﬁes?ﬁg%tﬁéé%%ﬁt&m%a%ﬁ or hapl ot ype
frequenci es can be determned in a popul ati on by 15genotypi ng i ndividuals
in a popul ation and determ ning the frequency of the occurence of each
allele or haplotype in the popul ation. For popul ati ons of diploids, e.g.,
human popul ations, individuals wll typically have two alleles or allelic
conbi nati ons for each genetic elenent (e.g., a nmarker, haplotype or gene).
Many different neasures have been proposed for assessing the strength of

| i nkage di sequi | | br| um 20(LD reV| ewed [ n DevI | n, B. & Rl sch N., Genom cs
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30statistical correlation between two sites, and takes the value of 1 if
only two hapl otypes are present. The r2 neasure is arguably the npst

rel evant Wweasi@sdogr associ ati on mappi ng, because therepig/igosd/RbH | Nver se
relati onship between r2 and the sanplg size required to detect association
between susceptibility |oci and SNPs. These neasures are defined for pairs

of sitep shé%h’ot bd Q8deP QBB E’h@ﬁ@lpkdnﬁ%ét%§ oPfedBlir&d a@seﬁséd%raﬁ aP@M&rﬁérﬁ&Q&dLD is
across an entire reg ifon that contal ns many hic sites nm ght
Yol 1. Sbredhnt 1 y

desi r apiven (féhﬁcom‘?'éétﬂanfﬁ feateiere pot spacile ik mf LTSS §
anong |Heedin OmrhigGicries pogttiatidrans useof avhesrkers didvirsed hareimpeienepr Iness LD in a
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apprsoaciesiriped hergie the measure r, which was devel oped in popul ation
genetics. Roughly speaking, r negsures how nuch reconbi nati on woul d be
requi red under a particul ar popul ation nodel to generate the LD that is
seen in the data. This type of method can potentially also provide a
statistically rigorous approach to the probl em of determ ni ng whether LD
data provi de 5evidence for the presence of reconbination hotspots. For the

met hod e} ! L& b val ue can be at least 0.1 such
as at F%%E?FWEB??E%E“8*8“%2"’“6“’8*“5%5 0.4, 0.45, 0.5, 0.55, 0.6,

0. 65, : 97,

0. 98, O‘l;.hea(Prepglggfan%o%r o%ﬁtta gaigrreesfag ecTe daar%n%esdpf%§e nger%:A&n VQ” %é a]ppcrgﬁtifr&n

val ue che fdllewaty hoegert@ulr degarietiemaef nrefeyred IemiPRé'g@ntﬁ CS‘éh‘%JI"IVF'Eﬁqnum as
described herein, refers to |linkage disequilibrium 10characterized by

val ues qf | D | fa | e : + Qtifng Rsi/varRn as0- 85,
0. 91,0 0.'8(& 1 Bf rarﬁ?@.léga%r}g if%ﬁ%lggrt R?J%%”ég”#%ﬁ%ﬁ.“n&a'é% %Il \éaerqal |alsbl’l um
represedﬁss'it&d(f@r@@l ation between alleles of distinct markers. It is
measured by correlation coefficient or DI (r2 up to 1.0 and DI up to

1.0). Iﬁéf%ﬁﬂsna %JE‘B%%& g@gk%f thd SUEBGSN r%?tgﬂé' dniD 4R ckiste g'réb%’n brn terms of

val ues for measures. I n one suc E 8’ ?& ge

si gni f i @AMOMARGE- B SBRINI'e Hﬁ"‘tﬁﬁ(i'BF‘é’"eﬁgfﬁS%{ft'ag Fesyts BPr PNEr r°f7bth|e >0. 8.

| n anotmemirepdooysnb chig. Sthhfarecamilués cthegeddosetptedniebs. i(bnPaiswikef | ned as
r2> 0 2_an I fin
a1 e et (P 86l GETA MR AL IS Bt PR and
are al sthevieqien rpeserborsds S(S:fGGEW"?é“el E?W\%‘Fﬁrr BW!d 38-nkage di sequilibrium can be
determ ned in a single human popul ation, as defined herein, or it can be
determned in a collection of sanples corrpri si ng 20i ndi vi dual s fromnore

t han one human popul ation. I n one enbodi ment of the invention, LD is
determned in a sanple fromone or nore of the HapMap popul ati ons
(caucasDETAILED DESCREDEIRNe, chinese), as defined

(http://ww. hapmap.org). In one such enbodinent, LD is determned in the
CEU popul ation of the HapMap sanples. In another enbodinent, LD is

det er mi REUHWSt he YR popul ation. In yet another enbodinment, LD is

determ ned in sanples 25fromthe |celandic population. If all polynorphisns
in the gRBLBRhRIR ihdEkeshlenic sald deheereepareatrittam Iefevetiglitiine. 3 tmd’ LD), then

every s nﬁ%&:ﬁggnq\lu%f\er{cnaen%mgé tgfi Qﬁt‘?\% e S gCI#Ing r?gllegﬁ&@ﬁ/é O tAS Gbals dRAning

st udi es® 5ess eren ynor p |c st However, due to
| | nkagethdirseapirid ibelidmeasbtinteesy G5any ﬁ@rmﬁﬁwracwgww t'l"? dgfingd sRaem S s s
are strgdgley ofHRAKEL, AHiadehnidal sty é’cﬂ;d\ﬁﬁ@ﬁerhbejséwﬁé}@fn Haive 3painemephingas t hat

d b
egac! SETame ot aog By AR B LB L & BT S rpbapeAbeert

an associ ation signal due to the fact that these poI ynor phi sns are strongly
cor pel argdrol&%Rg M rnslshava Shdmresnb eamtege heveathe dneaomgss indieatgrenome, and such
LD maps have been proposed to serve as framework for mappi ng di sease- genes
(Risch, N & Merkiangas, K, Science 35273:1516- ,’,LSl?dﬁgl Il\(]tar;'le rsl%a N. ,

etal ., PregyRaPhicApaKers FomesReermsdo 5 33MaskRs2)as 485 PRI BR8P Reft ur e

411: 199g&idi€ gO9rhpiphid ditel Eattopolgsbdiphici redrier hdszt ImanasﬂqveltmyaUﬁt'Qfﬁe human
genorre G %eérlﬁlg okgartlcfﬂ Pal% sa?%hebéolﬂtér‘ﬁﬁﬁtsﬁe hapl Oig¥R&iRIsesdetior@ebai ning a

few co ese I'i nk ap .
polymorphlc marker |mp||es that there is association to at least one specific allele of that

30  particular polymorphic marker. The marker can comprise any allele of any variant type found in



WO 2010/ 018600PCT/ | S2009/ 000010 32 di sequilibriumdata provides little

evi dence indicating reconbination (see, e.g., Wll., J.D. and Pritchard,

J. K, NatwoeoRauas@os Genetics 4:587-597 (2003); Daly, Mpcetisdoog/odegour e
Genet. 29:229-232 (2001); Gabriel, S.B. etal., Science 296:2225-2229
(2002); Patil, N etal., Science 294:1719-1723 (2001); Dawson, E. etal.
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(2003)) thegds for. d
(2008))osHNEEE B0 bl MR B, PP 20 YOS B ARSI the R
di versi Ihyhe( p@ellatieng For 'Dablgmg V] dIeeasaIgeneSNa@Mmerpeerfe@rke'ng'Q?sz@z'O(' 200 1);
Patil, haJ hi he$Qh§n§QOaugélre1|7§gﬁe]=gl3§th%QQ’J}I) H@@%p@olyaorm.@harke»emye
216 5ad DYE 002) - efal hat, Stiier HSA oy in
00- 335y (9 PP B et O UL e BRSPS S B iSh LR aR T
ext ensi petidilstopy mhberecaaahmnsa(cNusn) Thebegatm fshaildlm@;\emgesenhmwtdb%@qeﬂ tq brium
(see ~A225-2229 (2002); Phillips,

et mgude@% @k'&en%er'?ers% 362- p%%l%@{(?grgg%q_@n ing, N. etal., Am J. Hum
Genet 71:1227- 1234 (2002); Stunpf, MP., and Goldstein, D.B., Curr. Biol.
13: 1- 8 AR00B) refwbltetfreer@@lﬂotlye SeAURN¢Re0f iV e laeys (8PS ORtH HUPTEIPMeatAs and

Cor res pm&ghlle%aﬁ'p&taﬂe@cfﬁ@ssr%férgeo fﬂér@ﬂpgﬁﬂ&{rﬁ elagsereepor tﬁ@ﬂ&i’rl@ér&d { Myers, -
S., eta Science 310: 321-32324 16 Soc Trans

34 Bp 6RO ) CorP: R oG Bare el SR TR sieF L P e PRI o nat | on
acr oss $daeegRE0ioR anygivén peygomtphitatarier, refresentativhiofhachscopd obhed kY ¢
hot spot gacpvémolnnfotsghg %'éf]&é?ncg d(}s Ieit ﬁfc\é%ﬂ&éb%s'é@gbl%’}%rew ch tdhws, cepsesent

regi ons 0 Iversit ﬂ can therefore

be used4t Bordercrqsetewaw'&ﬂ%fp eb¢'%?&'k%aﬁlpb‘— ﬁﬂealaw %%dersé’g'u S é“‘?%ﬂ?%&'”ﬂ&?'”

20r eCO”@éH&&{utsQ'@pd’beB/pQEBH sé\apldSed7ie) &iused bhe réferamse, thaph@t%r_[welblobe*@h or
"LD bl ogk’ L AGlY gneé‘llsb% ﬁngalfes gtl.c éé‘@QnPXH 8@\!?_'9! 1dsN& 0§Q9¥§mﬂlg§ GFd Rfsbered in

chafact &FFEH CS, ernative S use e person SéﬂJuL'
the art relasiodds thiereferencer eEjiUéneg RAgE dtis b@pbq’ftsekg“a(‘ﬁhf prstae lele dhthsé-Riked to
Map assemhpt, Ia@leré 206 LVREIBn G @ the & héovibeh dnaual.otnqoceeps{fatmme alislier3gs Sibpgbreger

mar kers_or ha ing a plur

25hapl oEVBéE E’&ﬁr %‘Ba?ei 'Hgﬁ%r% !J@aargwee%ch ﬁé f‘o? %ﬁg{?ﬁer]%%t e'rslﬂoartesret of
"t aggi ng'eleSNRBe GEPHraarkrie salietena is ﬁr@lplsesfttefsfé?” zfﬁe mpfer dllelaiarthe CEPH s8R t o
di st4 nguicsh anong the hapl otypes) can then be identified. These tagging
SNPs or markers can then be used in assessnent of sanples from groups of
individuals, in order to identify association between phenot and p
hapl of yBeauense ErsFipeiifle SRR GBI degoReB NS/ dnfdna et gnregstnd dxag agrose
concur r gpibpac-Am. tTREE citRyY afd &on@xibrtwiSOihetkdgsaisdd e ge EMBL,iGemBamnpgd PHR
hapl ot yEet | ocks. It has thus becone apparent that for any given observed
associ atTBR T o a pol ymor phic marker in the genome, it is likely that
additional markers in the genone al so show association. This is a natural
consequenced of tius ¢sdeven dj stribution Uﬁahibg_ms_s_l_h_e__glenorre, as observed
by the large variatA on in rleconbi nati omAdepésiee The nar kers used to detect
association_thus irca sensel 35represent Cytiging" for a genopic region (i.e
a hapl otype bl ock ¢ LD bl ock) that is A48RPEat | ng— Wi th_al gi ven di sease or

trait, and |as_such Tare usefpl for use |Tmym'@jpat_hgd.s_a.nd_k|ts of the

present invention Rne or npre 09||an|\/g§@f_@ng_t_|_g.n.a.|_)__\+a.p_ ants or nutations
may reside mithin the regioh found-to beTﬁééf_ etathrg—toe—the di sease or
trait. The functiodal variapt—ray—be ancf“"ér WO
2010/ 018600PCT 452859/ 000010 33 SNP—a—+ r"\ﬁ%...cpm pot-y[ror phi sm (such as
a mni satel |+ OF—H 61053 tettite)—= oq.-l-prdeIe efement, or a copy

(=}

nunber variat . i versiom, Cugu tfrom or insertion. Such
variants in R the—varfants ueb(,rl:rAego greinm may confer a higher
relative ripgk r—odds [ati o (OR) T ag fRServed for the tagging markers
used to detect—the @gssocrat{omn. The preae@t’orlgnventl on 5thius refers to the
mar ker s used—for—d [ECTI Ny ASSOCT alA, Qngt&ﬁmyc&bgégase as| descri bed herein,
as well as markers in Iinkage di seqw [Tbriumw th the markers. Thus, in
certain enbodi mrents of the invention, markers that are in LD wth the

mar kers and/ or hapl ot ypes of the inventi on, as described herein, nmay be
used as surrogate nmarkers. The surrogate markers have in one enbodi nent
relative risk (RR) and/or odds ratio (OR) values smaller than for the

mar kers or 10hapl otypes initially found to be associating with the disease,
as described herein. In other enbodi nents, the surrogate markers have RR or
OR val ues greater than those initially determned for the markers initially
found to be associating with the disease, as described herein. An exanple
of such an enbodi nent would be a rare, or reI atlvely rare (such as < 10%




To |l ook for at-risk and protective markers and haplotypes within a
susceptibility region, for exanple within an LD bl ock, association of all
possi bl e worgbiomaséoons of genotyped markers within the regraseodsomordi ed.
The conbi ned patient and control growps can be randomy divided into two
sets, equal in size to the original group of patients and controls. The

mar k?r ﬁrﬂdcléarab%y.asn 35&9.@% Yiors tHaﬁ &E%Bqdeﬂ@@%trﬁdsualedw b hepmmdn @itger 4 i cant
p-value re

er S random z ti
r epeat edfty ‘%L %(ailr?ﬁl°eas(’50§'#n"16?)°uht'r?ﬂs 5 % hasr?'roﬁ ’fn(%pt m&ecu'esz% '%&Hed to
2010/ 018560 RER PEROEPHIOHEIO 34 distribution of p-values. In a preferred
enbodi nent, a p-val ue of <0 05 is indicative of a significant marker and/or

hapl oty eSlZ‘gsllg%c@gtllé)e Pol ng%p%f' A%Wk ﬁ%ﬁ %gueg\%g%lg tioRRRREARHS whén

hapl ot ype SI'S 1 nvo usi ng ase nterence applie
NEstsed Wehsc%c@detaauaﬂml@q 'pcayon 'etheaaenomﬁla'ﬂffer@ﬁeiee" gmpss @ f(pzeeew The

met hod be‘iwbémbﬁf@%ﬂﬁnds@n{ebﬁ & paivAteiNEYE SN paYmalthews Haoe tWEI}éIes Each

ol t t f
Cpent 11 DA fyade & iharare SecRBhPRdlTot i Bl iarEPbRARRR B bR 0 o
i dent i f ghrbmapsanaf pepier afiths indhiduat bavieghe darhé apdeatideiat ke SNR OF%t'OéJDsQF thet ool
for 10sfuhalBds hge%z%'&ku(f @Sthe kR0 SEMPchigRres 583 J)f' tlﬁellﬂChQMI @&&élwfﬁé‘ﬁent

i kel i hood rati os and p-val ues are calck‘ate g % 'h‘f glNg f)
EM & go?lfCﬂ%HFE%‘)orT he ﬁé‘Pd‘BwF‘%‘iﬁrr’daﬁ ?PP'F% Ry e er%m? e Hfficia aea%s.‘tcs FéB em
Even t hmjgbnﬂuflched»n trgad assipnad thesstis uligee8N®hy thamtlmemtwdnpﬁ'p@dhrmlwe@ﬂ I y

for the, @ EgregNgﬁZa whi ch have captured the information | oss due to
uncertal nty 1I'n phase and m ssing genotypes, iscan be relied on to give
valid p-values, it would still be of interest to know how nuch information

had beeA “Vargntdagdessribérchdreinorefiers toa searery of BNArEDatediers Tioen thefrefiergice HHIA.

measur e kg nlapdof %@n@?ﬁ’llé’ﬁiaﬁ(e’rﬁ ad @&fdddReeih Ns bivapbRe ABRs Kot Gifef @ohni cal
Report 537, Departnent of Statisti ;:@lekaUnl versity of Statistics, University

of &hi C%JEfeE?rBﬁéfer’eé%"ethG(ai) vt 2004)) as a natural extension of

i nformati on neasures defined for |inkage analysis, and is inplenented in
NENDb ZQFﬁhl’cr&amﬂté"' umrdwmasm@&iag&ércenbttres amﬂtiufﬂeaﬁmel,l rdpaetskdif dhess thatae 2|taest
can be used to ¢ Si . ARRNafoIN e
el TyPoierags (it Fufn oh et RaflitGhe ot ik REph Bl et
unl ess kpetbs fvdesd ihyhe Qmeceltpedulamfe Aot e@%"t i8@ PPERIEAET €5 P?'Y@Prph'sm

m cr osat&hpddiRsa seiPssétieh BRadiaionnas) is dffcadl belyiLrelviaenddsasngas opposed to
carrier frequencies. To mnimze any bias due the relat edness of t he
patients who were recruited as famlies to the study, firs
25s@¢ond-"enieteee | as descubed hespinpreless thi Aednaentiof SRR Dﬁ‘éttf‘etn'f C'P?réfte”zed by
Furt her gapaifictdenbirRsibn efalee arneag@ct glond e se§S@0t. aftdr dipldoprgaoinsguétoas any

remsu ni rel at.edness anon

e By BuBRRRES PIUGFS RIS By Pl SHEREHIG KOG e
Res., 80oMRasalogpthe 5998}t. flore @T@E‘rﬁ"pi@dg@eftthfa‘@ haplobyas cBe Cafﬁa'r'fieetd'%% 'Ej%'ﬁer al
famii ahidi& airk@BShoRSalleRR0foRF 65@BEe dMRIeL, @tdWéSdreﬁbraradelemaJd@mvm areval ues

for conparis e ¢ 30cont eder, K
Bi oR®t r P‘&%C”B%cp%?'”('l%ﬁcﬁ”ge&‘gﬂf g\e nkeer i arth?‘ ”%Jlgt%ywe% %gr Tel'at edness of
t he i ndhaploypé,.@ntB 9655 13" cefetsrtatthd B @He!e ohmankes rﬁ%%ﬂe‘?ﬂtf&maf“e heplotyeder al

very smgld |s%uﬁ/§@ﬁ@goe‘k96-§§1§§lﬁe¢§§ t ARthatAbel bifehPesdelfin BhpIGlyped@e lee For
associ ation corrected gfle test|n9 we can carry out a randomn zati on

test usiNy'qUabmeees: g'énbt‘y’i‘yezﬂ EMGris Tof patients and controls can be
random zed and the associ ation analysis redone nultiple tines (e.g., up to
35500, 0@Re %érﬁeﬁﬁlscé&‘iblﬁtbe a8 d¥&drived héreln) eefbrsab tthe prodéndse pf arc aidivatual ttolwatds

Bl Tabo MNP FERLo g 1 O VAo e SO REATES S s A

ori gi nalespable¢otesishd padidutanistatetrenttke amagd)loﬂh'dyﬁ'ngm‘@-tﬁw refompIgsas D9 bt ype
anal YShr aégna&ds\é&t(bh@k .(Arjuﬁ?cr@aged &&%ehmw arhgy) pa&tcmabuﬂemlae poiyatorgfAR)  can

be cal assumn l'i cative %ﬁg g rp §§ehreltat| vefrl sk
model ) MWWPCF/P@B?P'OJPﬁ ofahfet“ffe”t?” as\qeReroeg PETE 1Y 33PN HECEYTER and
Fal K, lei.rea&ed?umcmtbeltm. &, indmasedhisk) ofGopetd cabtery B¢ ciBya@errze8 Dy (aligBy§ risk
the ris lef EahkdrBstively,
mJI t3rt'pl QE&)FN Odéjf‘(aanpl(g% % I%ﬁ&a\‘y?hé%héen%r| Sﬁ@@gh&hﬁﬁg%ueegﬁfﬁagp t hen t he yr| sk
of a person honmpbzygote AA will be RRtines that of a heterozygote Aa and
RR2 times that of a honbzygote aa. The multiplicative nodel has a nice
property that sinplifies analysis and conputations - haplotypes are
i ndependent, i.e., in Hardy-Winberg equilibrium within the affected
popul ation as well as wthin the control population. As a consequence,
hapI otype counts of the af f ect eds and control S each have rrul t| nom al
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20of the same or different ethnicity. The advantage of replication studies
is that the nunber of tests performed in the replication study, and hence
the | ess wbnRhiWgARot he statistical measure that is appl ipedusisn@sanp! e,
for a genone-wi de search for susceptiqility variants for a particul ar

di sease or trait using 300, 000 SNPs a correction for the 300,000 tests

perf of g (0= LA oP AGLGNE) o't dppo?ra‘rg_ Fre RGP BB ESceDlnlye

arrays corre ¢v] are not
i ndepen@}éntdec"!?hi%’ riskhef t@bﬁorde‘@t”ic?fn as §hq{6ﬁ§ré?re€é’f/|a\fé'at'r<%\?'é'f pHereldan °8¢pl yi ng
this correction factor requires an observed P-value of |ess than

0. 05/ 30‘91qu911 =ank/dr"%hailn fhd Prresért}ecoﬁﬂegpl% uﬁ&rﬁ@oc@@r\ﬁél%é@%t%tﬁ@ﬂ &l soRm b
apply %9t his conservative

est on results om a ort.
ChU1 5 Pg TR GBS G SPN JROFRT o8 SELIEAT M TETS ST PRAPERY DR e
| ess t rane bhttee atbersembeet’i ve threshold are a measure of a true genetic
effect, and replication in additional 30cohorts is not necessarily froma
statistjcal Qi since the correction f nds on
the nunb¥rte 6'? ' 'éPPé‘Tlecan F%%E'Becg%%rf'& ﬁeadtaglfﬁh%n(g"e& ne fg'% 8?%&?9& om an
initial arsathﬂdyorms or epé beabeadforms af date tnal presitedcauicaros tOC\M'WGin the dayeis relevant,

afp[ Op[étﬂﬂ 8s ?Féﬂo‘tyspte' &Q}altt S F;é}ﬁ?lél zgﬁbbf(luﬁéimg céﬁcdnhﬁ'tsefa%orﬁéla%bﬂ Bk&veen
statistical

-val ue | ess . i cation studies in one
or evena'%‘i/%?télf"ra?dd‘?aﬁ 6’??61?0"6‘3%"@“%‘?114‘% a“é’(?n%ar”i'ré"?{a‘&ét ?F@EB%B‘& H§V8hfage of
prow di pgtiasseneasndiagiosishthaBbassidadusl wbo compriseb thepartidilan debd dggafsuliketv ons,
thus siu lspw??ﬁélﬂor(é\?p% %.Q&a# Bnl itibibigdis hl'ﬂ@qb Rt EMhriRE QN4 érﬁgulgfnallellc

assessnen OovVera I cance 0O enetic vari ansa%)eés % %
t est ed ¢at@hbemnupables &80 éﬁgwitﬁi Hersienal. e mvfefm%i'%@fefﬂﬁm" oN8HBF10 36
The resglleles b $HPIS AéAderd S|61@&@:'réb0§lf/,l’@'|th6 okrocdrgaic afforalation heowontitiple andrkers,
provi de over.al assessnel e y
commnl ({}@86 "Ry aizsg "RE>T esh al ft%gt O%p%uwgﬁ '{;M disks gﬁé&?ﬁsegg%gdcﬁzolg%ﬁ%sﬁdl es
is the ummetnommmws,nw@mq\ahmeewreﬁantﬂa@ﬁefewt'c petRads ocHHee et nst
22:719-48 (1959)). The nodel is designed to deal with the situation where
Sassoci gt %Lﬁ&sljégéa%lgﬁw FURH-T |E%F1%}% rpcﬁFeHls%rb Sediin tha@mbdPRe8dsbl ¥y Ravi ng

a different popul ati on uenc enetic variant, are conbi ned. The
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The average population risk relative to genotype CC (which is defined to
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Technol ogy: Principles, Strategies, and Applications, Crooke, ed., Marcel
Dekker oéme. (,Pr(Rstly/Pforcer)oZ(Dlé)rlc)lcmpr(ngm’))eraI , antisense nucleic acid nol ecul es
are designed to be corrpl enent ary to a region of nRNA expressed by a gene,

so that_the antls ize bI ock
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nuc} eases (e. Rnase Rnase at a«j E et _RNA tﬁ { l%e

bi nd tOStP%tﬁﬁé’t Pagtybec ‘r'ﬁ‘?ltB? fat|r9r‘?:§t°€? Vleréfﬁ§P?H W &°F B HeAIf 80 B he
ri bosongserdEpappétes. Bdbwblepclretes certeih ashenrwuom,emccmsuimatmpiwlfrmthe OddS'
conmpoungds,, | ocked nucleic acids and 35net hyl phosphonates (Thonpson, Drug
Di scovery Today, 7:912-917 (2002)). Antisense oligonucleotides are useful
directly as therapeutic agents, and are also useful for determning and
val i dat itngwelekewinuthat urster tifeoraresiaense aspynrjenethreletiveiitk e ¢jeasee k3bek- down
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Curr. Cancer ug Targets 1:177- ﬁ? &a E) Ant | Iserrr]s'i CI%Iudcl e C
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particulg .cﬁr,gr [t %@Wrots%grﬂalre n%nh@rbéautmtdeﬁ?a/@tr arttc%sgse%er wbgdnbgr ei n,

anti senst onuc ant |1 sense ecul es that specrflcally

t ar get W"hﬁﬂfe%fmee‘smteﬁ&tre deatttApndi et baverthe 8'59%5reraér‘i't‘%t"6‘te of ¥ s Pent i on
can be desdegnailk ndtréxécflly$ tHHs?rU%F\ ApEORINGAE b Ganddin seEiyAe froetbelgeserbhatpuoint ai ;1
one or re variant of e n es
can be W%P%ﬁeﬁéﬁ%éfﬂ's BPOC e'89 %%?%t &n@a b3 s%t,ng?'e gg(gcrtrgl g[eﬁég%rgr'gggetkﬁgtéﬁ are
desBgnearetusualyeobiist samogelstedeviatisas frpmﬂharasatrm@trqnc form(i.e., one or
several variants (alleles and/or haplotypes)) of the target nucI eic acid,

t her eby |Cﬂgt?c%ntslsngt~&ﬁag?§.i%'dtzﬁ.n%h I PtradUEksid hﬂ»b&étwmefvreqmvtfalrrsks/aﬂsmfl c

allele § er or alternate variants at
the speearfipt @oawmmprncerr@rrt ‘88", ge edds-rate @%'f'd'mﬂer'ér ths spe It lFsmatiPs As
ant i sengawebh efedt Qsrisndd) be used to inactivate nRNA so as to inhibit gene
expression, and thus protein expression, the nolecules can be used for

di sease treatnent. The net hodol ogy can invol ve cl eavage by neans of
r|bozyn@§=tBﬁﬁbﬁﬁ?H@”ﬁucTeotlde sequences conpl enentary to one or nore
regions in the nRNA that attenuate the ability of the nRNA to be

transl ated. Such nRNA regions include, for exanple, protein-coding regions,
in particular protein-coding regions 20corresponding to catalytic activity,
substrate and/or Iigand bi ndi ng sites or other functlonal donains of a
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in length. Thus, one aspect of the invention relates to isolated nucleic
acid nol ecul es, and the use of those nolecules for RNA interference, i.e.

as smal | wotzerdimséong RNA nol ecul es (si RNA). | n one enbodicrastopo/sdoeroi sol at ed
nucl ei ¢ acid nol ecul es are 18-26 nucl3otides in length, preferably 19-25
nucl eotides in length, nore preferably 20-24 nucleotides in |ength, and

nor e praidaaRlsy f@&B& mulipliestiva3nades lveete thesrisikns thengbduct ofMDe risk associated with
2010/ 018600PCT/ | 009 0 } - A) m RNA nol ecul es are
export ]etg ?r ogﬂ_ I%e pr'fﬂscf eeuaglgﬂégoﬁerggélg%@%rtsﬁ%?%ﬁt hey undergo processing
to generate mature m RNA nol ecul es (m RNA), which direct translational

i nhi bi toror myA|a&¢RgNIab) BPriAdaerr(slibbes rin the 3' untransl ated regi ons of
nRNAs, and subsequent MRNA degradation by processing P-bodies (reviewed in
Kim & Rossi,, elw..8:173-204 0 )es CI|n| cations
of " Ra B ARt Rk B A B sty B iR saRre RO
preﬁerabhyvans<aﬂpeaxﬂWEﬂehny$-23 nucl eotides in S|ze, and preferably have
3" overl aps of 2 nucleotides Knockdown of gene expression is established
by seq nce-spec i e r tes
For " opthdrraas isrs S S BuABOh A et i brs T iy (BT et
skil | edmthwcctnh@eewﬁeasex Hb¢ maiplicativeimads! iasdieed &oyngrig skmaaRrAteRtecul es

(typi caédexua’%éry%% st 6REA g@s.dm f|tQ6|g’€ehdat9l’s@fe¢i’oabi Yterhative rAddersuckieas tries) ,

as wel | mal | _hai rpin WMS shRNAs; typically about 29 nucleotides in
Iength)m"Wﬂﬂ“PQFf%?sﬂY%"ng ral |y expressed, as described in Amarzguioui et
al. (FEBS Lett. 579:5974-81 (2005)). Chem cally synthetic si RNAs and shRNAs
are,gsubstrates for in 15vivo processing, and in some cases provide nore

pot ent gene-silencing than shorter designs (Kimetal., Nature Biotechnol.
23:222-226 (2005); Siolas et al Nat ure Bi otechnol . 23:227-231 (2005)). In

gener al Thei TKKEIARIIP Y. 2V EPIe PAHLAAL™SE | enci ng of gene expression, because
their intracellular concentration is diluted by subsequent cell di vi si ons.

By conty &’ssrﬁwostﬁl:)éﬁv&ﬁé@@o FpRNAGT R disRioEa lgendgictvariant retadibé e theavkagamopdlatiar get

transcrl r as trans |
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Sci encewi98ie BE6INBIB®pURDGRiIK. F@r SeeARNAR theonelsiolicasive Megel R ¢/ C@iCRNJA@ thﬁq RNA
and; shRMAivapbpdistich RRGUENFRndeReagent manner, the variants presented
herein (e.g., the markers and hapl otypes set forth in Table 2) can be used
to design RNAI reagents that reco%nlze speci fic nucl glc acj q mol equl es
conpr i SRM@akpeeiAl 2/ Prem) + EPrédlaalBr A ORAFIrdD{RsE PR 7/ (PE@RR) B BI(RY "ahd/ or
hapl ot ypeso)pt Qe Bresgnt +igdyem/ron), while not recogni zing nucleic acid
nol ecul es conprising other alleles or'haplotypes These RNAI reagents can
thus recogni ze and destroy the target npc &l ules. As w t

ant | sendS¥er Baghts 2Rk a“F@afEfé‘HF%"% s & ﬁefSDg%Ngﬁe S gegﬁé\’{nqag
(i.e., RRgabj ermr agd aRbeoil—sB'aserhasaﬂeiefrauw\cgemat@s myiea@eai@@sfm&b%d gene
var 5 nt ﬁgb lcch)tns r@rgcﬁ’ptr{%eodUE%tWS at'\gli’roﬁ*h@'n'é%ﬁ%b%'afb%a%’defcélthaﬁaﬁ tHOcad@gene

func noc gene knock- I'ivery
of RNAl wh%ry Vtﬁedq)@qtf'@PWéae 59”°<§Yﬁeéﬁ§é” H‘P‘Vﬂpé{ahé%F%ﬁlvésgeR?ﬂ%w‘Fkt@ {“ﬁg)?épe’m |l ed
in the matker NBdiMpgequtlitbioakng non-viral delivery include chol esterol,
stable nucleic acid-lipid particle (SNALP) heavy-chai n anti body fragnent
(Fab), aptamers and nanoparticles. i very methods incl e _of
| ent i vi P83 SXRTBRIBYN YRS 2 ARLESE ok AU8 '8 Ta%{ %%Id@farsﬁsaswﬂ?éedd nslt‘)}sg%fﬁ%
35are i thestmreLegdredimenosowmiveniClads an atietii ORef 1133 anncarfe%lemwn@l) aroyng 9 3‘3 ty.
Thl ca C | e 4 td¥eo'deh&r§pe ctraed udi ng
R e R T
f | uor op9$t|”Fﬁt@ﬁ’ hesed aftihe MUHRYRAtE Tl st ance to Rnase activity. Cther
cheni cal nodifications are possible and known to those skilled in the art.
The fol I:%nig isr £5£X £8§ €51 BE.0M} B¢ itas SikHply@e CRUITERS 3hdoror BOW is 1@l definition.
possibilities for targeting specific genes using RNAi : Kim & ROSSI Nat .
Rev. Genet. 8:173-184 (2007), Chen & Rajewsky, SNat. Rev. Genet. 93-103
(2007), Tmegrame@sy oﬂe@lble C isNaE.1 BP 6t Bl = 0572, 3eapuipign fregerney °E:‘h?c'"é>€ g .
Proc. Ngike eygﬁ@gaﬁaﬁg 6346 (2003) Vi ckers etal., J. Bi oI
Chem 278: 7E08 7& (p 2003), Agam, Curr. Opin. Chem Biol. 6: 829- 834
(2002), Lavery et aI , Curr. Opin,. Di_ scoy, % el . 6:561-569 (2003),
Shi 30 Tr 8NdE) €Phet 0.08PreT)= ?%63’)40 Sﬁﬁg&(c@ alq = Brdg Discov. Today
7: 1040- 46 (2002), McManus etal., Nat. Rev. Genet. 3:737-747 (2002), Xia
etal., Nat. 10Bi otechnol. 20:1006-10 (2002), Plasterk etal., curr. Opin.
Genet. Dev. 10:562-7 (2000), Bosher etal., Nat. Cell Biol. 2:E31-6 (2000),
and Hunter, Curr. Biol. 9:R440-442 (1999). A genetic defect leading to
|ncreased predlsp05|t|on or rlsk for developnent of a dlsease such as
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genetic defect may then be overcone, since the chineric oligonucleotides

i nduce the incorporation of the normal sequence into the genone of the

subj ect, weadiongsdoo expression of the normal/wild-type gemaspowewaito. The
repl acenent is propagated, thus rended™i ng a pernanent repair and
alleviation of the synptons associated with the disease or condition. 25The
pr esent ThdWRRdePop Db BaSrelEtil b eslgerfobypel ctevitidhyis Aefinanp Gidnels riek opgwtis t hat
can be used to treat thyroid cancer. Thus, the variants of the invention
are useful as targets for the identification and/ or devel opnent of

t her apeRiti Qroﬁ’gbﬁ?§°f‘ﬂxbéﬁ P-R28kBoltPAent s, such methods incl ude assayi ng
the ability of an agent or conpound to. m)dul ate the activity and/or

expr esstferdfe, %@h’s‘kl reiaav@ai helgRRdral BEpubEBS (R forABIVIdUER Vo HAVE owakt Bt S
(mar kers_and/ or hapl ot ¥|§ of t he 30present invention, or the encoded

pr oduct 08?“"{‘?186?1‘15 &siat rkef ) certai n enbodi nents, the agent or compound
nodul ates the activity or expressr on of the FoxEl gene. The agents or
CONPOUNRIYTIRY 188870, 22nh1 B4} RR(CTRI=L £B7A1IER 4NdEsiRRECC)actf NR2 ¥ ®B2.expr essi on of

the encoded nucleic acid product, i.e. the FoxEl protein product. Assays
for perform ng such experinments can be perforned in cell-based systens or
in cell-free systens, as known to the skilled person. Cell- 35based systens

i nclude cells naturally expressing the nucleic acid nol ecul es of interest,
or recopbhhpinl thelibisréhduiti tapees genetically nodified so as to express a
certain desired nucleic acid nolecule. W) 2010/ 018600PCT/ 1 S2009/ 000010 67
Variant gene expression in a patient can be assessed by expression of a
var i ant WOeMBeNnatyreg oh ene iSEP y@TiaNts 8eR ke &° estispatekhgpiskefor an qivdduabitniEshi ng at
| east opBenAdd stitled 0d MU IiEHtRE @idel Y BBk taNbe ¥3LMBA CANis pgeahs & the tomabinext 0
RNA cont ai east var

pr ot%i n?enegf %reéq%{vg %gwe po Iy%ggn (i)sncallcﬁmtéd Melp?ociu?! g\’tth% g&?}%%%gggé g%:tﬁ’r&ates
sequenchr Bglivduab maekera gt S f@tthN@d‘t‘i'rhg"StQ‘leanldeQ?el or pattern of expression of

t he nor nal transcripts for exanple variants in the regulatory or control
regi on Rﬂ;{ﬁﬂk&?) ge,n@( s for gene expression include direct nucleic acid
assays ( ass expressed protein |levels, or assays of collateral
conpounds i nvol ved |n a pat hway, for exanple a si gnal pat hway. Furthernore,
t he expTeswideryioh agemesion limthatithe rigs-fadsers doour-and gaharedtddpendeniiyons dhadhe he

si gnal  palh¥RYLGRNpALSRIRR B8 PaYEeHesch & noledd:ment incl udes operably
l'inking a reporter gene, such as luciferase, to the regulatory region of
the gene(s) of interest. Mdul ators of gene expression can in one

enbeli mRA|gea2) dePr( Mol MI(ABDAPEACRNd Pl ¢t BEEBA@RY h a candi date conpound
or agent, and the expression of nRNA is determ ned. The expression |evel of

MRNA i nOE\ngusOf evecfi'geco"?hr ta%rr%@ﬁ“a%@rk%psmhgym chel?QSé’@ed'o?i tﬁ@@’@i@d}ﬁ@ ile0irt he

15expression bsence of the conpound %[e se og this
conpar i 4339 digRd Rt %MW&B%C%U@{@%%%%PFFP&%{ 'i"'h% eﬁysr‘fﬁrhe% icel can
be i dentidhicasksasetchosse smohubahamgcybéimogeln@ ehgre gesoduis-refiost dre detimeddiat aljene.
When ex edprded protein is statistically

signifi gla %?dyn%g}?ée%gper i thglggerdesence of the candidate conpound or agent
than in its absence, then the candi date conpound or agent is identified as
a st Mukatson nost sifuatiegruiberera statistixylmesste] isrutifrgh thempodalapriied inRetExPoviethto

nucl ei Cb@@k&tl?%ﬁ%%ﬁﬁe chls 95t tHs0d 6h Bn uﬁH&’iyingsb@-tpﬁ%iéatl hﬁ)@él' M—lo%ie@@i* fth@ant l'y
| ess in the presence he candi date co

absencemuﬂtiPeFPttVﬁé“‘tijh'Bﬁsoegtfér eSS & tir‘%g?ﬁ’ |aij‘e’(Tt%§' 'S ”P ﬁi?i‘iS'C? or or

down- r egeNiatiods aed ddtb@ed tot In@iny cagintbnedigirassssfioowhich nme risk veridrite haveubeener

provi de (Eb%ds of treatnent using a conpound identified through drug
(corrpouna and/or agent) screening as a gene nodulator (i.e. stimulator

and/ or inhibitor of gene 25expression). Methods of assessi ng probability of
r espeNsas bo ekdrreplapauhdmdaglemitcshasrﬂae flidwingf genptypeso?ti hpapiesyrsesdates Withagisknent
and met BPQ/E Of 4isBRAL ITBTY wibS tHeSrisk Hovd & thB@opdihtion dtda¥h Fiadles: Can have
differential responses to a particular therapy (e.g., a 30therapeutic agent
or therapeutic nethod). Pharmacogenoni cs addresses the i ssue of how genetic
vari at i @gafon{e3 gPRARGhECE alaicahtsd riskarA®ECS) andddr hapl ot ypes) of the present

i nvent i eR)ondd é EEbKAINUEGIRRRRGE skdUR(GG) &l 1.80ed drug di sposition and/or
abnor mal-, o8 tﬁbﬁﬁzﬁﬁ&%llu%tedtm diifde) Thaigg the basis of the differential

;g?‘g?iniec\?ng }Bﬁl_e;lgf #_EC |a e & /m qi-,-i Dqpayt. Clinical outcones due to

rug response nmay result in toxicity of the
drug in 35certain |nd|V|duaIs (e.g., carriers or non-carriers of the
genetic variants of the present invention), or therapeutic failure of the
drug. Therefore, the variants of the present invention may WO
2010/018600PCT/I82009/000010 68 deternine the ‘manner |n mhich a therapeutic
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shoul d be used for a the patient. For exanple, for a newy diagnosed
patient, the presence of a marker or haplotype of the present invention may
be assesswo0 20®/g8600t hr ough testing DNA derived from a blpowdsmeomoelo as
described herein). If the patient is gositive for a marker allele or

hapl otype (that is, at least one specific allele of the marker, or

hapl ot Y@gabihed, B{ee&@FEII)nsktrEﬁﬂvelé;tthé pBASt g BAtHILHENTERBOS: pOSXD@OT&D BEkals4
therapy, ?ﬂlle if the patient is negative for the at |east one allele of a
mar ker ,~ 0r'ta hapl ot ype, then a different course of therapy nay be
reconnended (whi ch may include recomrendi ng that no i rmedi ate t herapy,
other than serial nonitoring for progression of the disease, be perforned).
Thus, the patient's carrier status could be used to hel p determ ne whet her
a partlcular treatment nodality should be adm nistered. The value lies

20w t hiAished 8<€i994 ti es of being able to di agnose the disease at an
early stage, to select the nost appropriate treatnent, and provide

i nfar g&%m%t@% Ei&kﬁoffalniiﬁtiiﬁbfdl is'ﬂ@#?NEd By @ﬁmﬁ%ﬁd &@gf\/%ﬁéili gé@@%ﬁsldelatrhetditﬁease
in order to be e to a the. appr e tre of. Lhe
t r eat met?fPY 'ﬁﬁ?rhﬁgg t%ﬂ"*&#ﬁﬁ%ﬂﬂ? { ggoiheb@geal %’8 ggB%ra%otrﬁ' Wt'on ?ﬂ%rea%eut ic

agent s etmicityeandszeidemansilic kheregleo @ thef ingividual'stgeoarapbiel drigin. twfrhétedaréancer
usi ng %Malﬂlfsetlg'r%l ERHARY fRMs t%h&&gsfroqeﬁﬁérﬂ B&thi r@th@%@ﬁ&@%@h%ﬁoh Risk,he

R s

above may, in certaln eng nments, bene n presence
of par t"i’ecm”a"r'c"aﬁt‘i’%?%@a? e "%ﬁ” W%é‘td fonEe o‘t'setaﬁ%d%)m'%'ﬁﬁh?% tf?&P Ik’é?cgfoﬂ&crl bed
her®i n,genbiet @iriantshe presence of the particular allele is predictive of the
treatment outconme for the particul ar conpound or nethod. In certain

enbodi nent s, er apeu dru eating t I

o ov b STBIe HEP AR fogen o the PYerel e e i PRRL el PO e E Bl o

pol y norygitecmaray &erif e édfemre|llbetimherst9phtype-2gdlabqte@f@55@8“dt@is qfré!rsl@f%ogﬁph'c

i nkagg Qbeﬁoe%nlthptajaeaehh.%tﬁw fidW)for ut.f»n @nobdeig duabe.i s positive for the
partlcufar allele or plurality of alleles being tested, the individual is
nore |likely to beneflt fromthe particular conpound than non-carriers of

t he al |\dte thatginge theadverageRR for atpeRIAkian is ongahistpylPlcaAtet MREe Provitssdbe t he at
| east ofamhRlklHYe RIlsted RS- kuﬁfe ik & ket dnyees@f Ft:ﬂnreertrroe@&maélthe?ﬁmﬁl aferemeftisk he

particul ar conpou j e rm ned red dat abase, in a | ook-up
tabl e of" B eéjr{bcéyf'stgg 'ﬁ% &N UBRY t:”%t.t—r %re geeQ%tr'rcp'I?Fe be accessed froma

dat abase or Iook-up tabl e by conventional data query nethods known to the
skilled person. If a particular individual is determned to carry certain
alleles predictive of positive treatnent outcone of a particular WO
2010/018600PCT/ 18223&9/ 000010 69 conpound or drug for treating thyroid
cancer , REH@ITETENT FRAiCN QTP likely to benefit from administration of the
parti cul ar conpound. The present invention also relates to nethods of

moni t OrAsﬂdksﬁrﬂmr@éin adertafnf @iyirhorpmie ssarikdrs and heabtyped congiristngysudh chadencae.
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nart?ers sent 1 nve SSI1 ng
absencethemarkers éqfcft@terfmra'ng p ea@ppwgvaq» rrtyred érncat F@’&@‘t'aro?t@'eﬁ@f 9?|'istnsrﬂhtc

mar ker rﬁ§rkgr§(%ld35§lﬁbs|5'%l‘é3ﬂoﬂnd ﬁfor@ﬁfecméﬁtlir ﬁhrrhﬂllgldeéﬂ@W&h%rdﬁan@aﬁﬂ&&nhﬂﬂat are
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i nven![ i '8 IVId-lfﬂé WIJ ltl<t C}é%‘%{‘é’s'ﬁﬂﬁﬁf cpd ncer %}appolégg n§%rkg all%t@? hgee Enrggﬂgtd\?eed in
a ti ssuelssfopHetetingthyroid @ecenphea at:scbrpt@mlay sathyred cancea '%POW'@@MTQ@Q'”Q

EX 3£ SiQfket<Ei¥ fihiSaga et it BATHRWA ! a@{'%k FafaHis E&Lﬁotl%@tr\ii&aﬁémsﬂ Géisch@écﬂﬁ@euand

during treatment to nonitor its e f | % Liv éa‘ [ rcers can
conconi $3arke LjfedPhé“@%‘ﬁfﬁéth&ﬁ?jmfkeﬁﬁ{fﬁnﬂ V&épgwfﬁs 1© t’rrf) é%t" one-ri sk
var i antbd ltatedyitoinch gatiaedr aplopypesiotked LRdiakn Sush detegatd meckerredanratscand

d t su e or l
ng['wggkés nger%trggt%ab c%t&otmt% gé tHe p%y@.t;.%%grag?.@@as rrcﬁlra{( gpﬁan;@rﬁaakpl ;ﬁroi"g? (]:_gof

t he presther in deserMisivhy <Kahe b bfﬂSWh?@PB’Be B&ocﬁet?%rpﬁf%?'hﬁ'sﬂmﬂ\tegdﬂ

pol ypepéisdat J],@\\ba{.@oca'lfmns can be done for exanple, by nonitoring expression
| evel s or polypeptides for several genes belonging to the network and/or
pat hway, in sanples taken before and during treatnent., Altern ttvlelay

met abol FNGTIBANEIA 775 PO !HPEIEIGPU LI HSRBME rSF"OH‘Ef %C)Igenesi)l gy can be
det erm nuadncbef lféia‘tloafrdp dhor exegmile etitwregdnes Endode tprateine St playtahesle in@sghaeast | s
det erm ne r { &4 BEdenlanl i t e
| evel s ﬁ’ug ﬁg ‘Eagﬁvé %n”?aorﬂggafrr\)égg%tgg? ﬁ'gee%ﬂegn ﬁ(gﬁhﬁg%&hgﬁﬁbj ects. In a
further aspect, the nmarkers of the present invention can be used to

i ncrease power and effectiveness of clinical trials. Thus, individuals who
are carriers of at |least one at-risk variant of the present invention nmay
be nor e l'i kel y to respond favorabl y to a partr cuI ar treat ment 25rmda| i ty
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5invention. Thus, the knowl edge of an individual's status for particul ar
mar kers of the present invention, can be useful for selection of treatnent
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(e.q. PPRYI398r maci a Reconbi nant Phage Anti body System Catal og No.

27-9400- 01; and the Stratagene SurfZAPTM Phage Di splay Kit, Catal og No.
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Addi tionally, reconbinant antibodies, such as chineric and humani zed

nonocl onal anti bodi es, 5conprising both human and non-human portions, which
can be mage wfdigkost andard reconbi nant DNA techni ques, ar¢1¥obdéddofohe scope
of the invention. Such chinmeric and hgmani zed nonocl onal anti bodi es can be
produced by reconbi nant DNA techni ques known in the art. In general,
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Clinical Biochemistry (NACB) in the United States recommended age-related reference limits
starting from about 1.3-19 ulU/mL for normal term infants at birth, dropping to 0.6-10 ulU/mL

10 at 10 weeks old, 0.4-7.0 ulU/mL at 14 months and gradually dropping during childhood and
puberty to adult levels, 0.4-4.0 ulu/mL. The NACB also stated that it expected the normal
(95%) range for adults to be reduced to 0.4-2.5 ulU/mL, because research had shown that
adults with an initially measured TSH level of over 2.0 uIU/mL had an increased odds ratio of
developing hypothyroidism over the [following] 20 years, especially if thyroid antibodies were -

15 elevated.

In general, both TSH and T; and T, should be measured to ascertain where a specific thyroid

dysfunction is caused by primary pituitary or by a primafy thyroid disease. If both are up (or

down) then the problem is probably in the pituitary. If the one component (TSH) is up, and the

other (T3 and T,) is down, then the disease is probably in the thyroid itself. The same holds for a
20 low TSH, high T3 and T4 finding.

The knowledge of underlying genetic risk factors for thyroid cancer can be utilized in the
application of screening programs for thyroid cancer. Thus, carriers of at-risk variants for
thyroid cancer may benefit from more frequent screening than do non-carriers. Homozygous

carriers of at-risk variants are particularly at risk for developing thyroid cancer.

25 It may be benefitial to determine TSH, T3 and T4 levels in the context of a particular genetic
profile, e.g. the presence of particular at-risk alleles for thyroid cancer as described herein (e.g.,
rs965513-A). Since TSH, T3 and T4 are measures of thyroid function, a diagnostic and
preventive screening program will benefit from analysis that includes such clinical
measurements. For example, an abnormal (increased or decreased) level of TSH together with

30 determination of the presence of at least one copy of rs965513-A is indicative of an individual is
at risk of developing thyroid cancer. In one embodiment, determination of a decreased level of
TSH in an indidivual in the context of the presence of rs965513-A is indicative of an increased

risk of thyroid cancer for the individual.

Also, carriers may benefit from more extensive screening, including ultrasonography and /or fine
35  needle biopsy. The goal of screening programs is to detect cancer at an early stage. Knowledge

of genetic status of individuals with respect to known risk variants can aid in the selection of
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applicable screening programs. In certain embodiments, it may be useful to use the at-risk
variants for thyroid cancer described herein together with one or more diagnostic tool selected
from Radioactive Iodine (RAI) Scan, Ultrasound examination, CT scan (CAT scan), Magnetic
Resonance Imaging (MRI), Positron Emission Tomography (PET) scan, Fine needle aspiration

5 biopsy and surgical biopsy.

METHODS

Methods for disease risk assessment and risk management are described herein and are
encompassed by the invention. The invention also encompasses methods of assessing an

10 individual for probability of response to a therapeutic agents, methods for predicting the
effectiveness of a therapeutic agents, nucleic acids, polypeptides and antibodies and computer-
implemented functions. Kits for use in the various methods presented herein are also

encompassed by the invention.

15 Diagnostic and screening methods

In certain embodiments, the present invention pertains to methods of diagnosing, or aiding in
the diagnosis of, thyroid cancer or a susceptibility to thyroid cancer, by detecting particular
alleles at genetic markers that appear more frequently in subjects diagnosed with thyroid cancer
or subjects who are susceptible to thyroid cancer. In particular embodiments, the invention is a

20 method of determining a susceptibility to thyroid cancer by detecting at least one allele of at
least one polymorphic marker (e.g., the markers described herein). In other embodiments, the
invention relates to a method of diagnosing a susceptibility to thyroid cancer by detecting at
least one allele of at least one polymorphic marker. The present invention describes methods
whereby detection of particular alleles of particular markers or haplotypes is indicative of a

25  susceptibility to thyroid cancer. Such prognostic or predictive assays can also be used to
determine prophylactic treatment of a subject prior to the onset of symptoms of thyroid cancer.

The present invention pertains in some embodiments to methods of clinical applications of
diagnosis, e.g., diagnosis performed by a medical professional. In other embodiments, the
invention pertains to methods of diagnosis or determination of a susceptibility performed by a

30 layman. The layman can be the customer of a genotyping service. The layman may also be a
genotype service provider, who performs genotype analysis on a DNA sample from an individual,
in order to provide service related to genetic risk factors for particular traits or diseases, based
on the genotype status of the individual (i.e., the customer). Recent technological advances in
genotyping technologies, including high-throughput genotyping of SNP markers, such as

35 Molecular Inversion Probe array technology (e.g., Affymetrix GeneChip), and BeadArray
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5 SNPs, including information from public litterature and scientific publications. The diagnostic
application of disease-associated alleles as described herein, can thus for example be performed
by the individual, through analysis of his/her genotype data, by a health professional based on
results of a clinical test, or by a third party, including the genotype service provider. The third
party may also be service provider who interprets genotype information from the customer to

10  provide service related to specific genetic risk factors, including the genetic markers described
herein. In other words, the diagnosis or determination of a susceptibility of genetic risk can be
made by health professionals, genetic counselors, third parties providing genotyping service,
third parties providing risk assessment service or by the layman (e.g., the individual), based on
information about the genotype status of an individual and knowledge about the risk conferred

15 by particular genetic risk factors (e.g., particular SNPs). In the present context, the term
“diagnosing”, “diagnose a susceptibility” and “determine a susceptibility” is meant to refer to any

available diagnostic method, including those mentioned above.

In certain embodiments, a sample containing genomic DNA from an individual is collected. Such
sample can for example be a buccal swab, a saliva sample, a blood sample, or other suitable
20 samples containing genomic DNA, as described further herein. The genomic DNA is then
analyzed using any common technique available to the skilled person, such as high-throughput
array technologies. Results from such genotyping are stored in a convenient data storage unit,
such as a data carrier, including computer databases, data storage disks, or by other convenient
data storage means. In certain embodiments, the computer database is an object database, a
25 relational database or a post-relational database. The genotype data is subsequently analyzed
for the presence of certain variants known to be susceptibility variants for a particular human
conditions, such as the genetic variants described herein. Genotype data can be retrieved from
the data storage unit using any convenient data query method. Calculating risk conferred by a
particular genotype for the individual can be based on comparing the genotype of the individual
30 to previously determined risk (expressed as a relative risk (RR) or and odds ratio (OR), for
example) for the genotype, for example for an heterozygous carrier of an at-risk variant for a
particular disease or trait (such as thyroid cancer). The calculated risk for the individual can be
the relative risk for a person, or for a specific genotype of a person, compared to the average
population with matched gender and ethnicity. The average population risk can be expressed as
35 a weighted average of the risks of different genotypes, using results from a reference population,
and the appropriate calculations to calculate the risk of a genotype group relative to the
population can then be performed. Alternatively, the risk for an individual is based on a
comparison of particular genotypes, for example heterozygous carriers of an at-risk allele of a
marker compared with non-carriers of the at-risk allele. Using the population average may in

40 certain embodiments be more convenient, since it provides a measure which is easy to interpret
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for the user, i.e. a measure that gives the risk for the individual, based on his/her genotype,
compared with the average in the population. The calculated risk estimated can be made

available to the customer via a website, preferably a secure website.

In certain embodiments, a service provider will include in the provided service all of the steps of
5 isolating genomic DNA from a sample provided by the customer, performing genotyping of the
isolated DNA, calculating genetic risk based on the genotype data, and report the risk to the
customer. In some other embodiments, the service provider will include in the service the
interpretation of genotype data for the individual, /.e., risk estimates for particular genetic
variants based on the genotype data for the individual. In some other embodiments, the service
10 provider may include service that includes genotyping service and interpretation of the genotype

data, starting from a sample of isolated DNA from the individual (the customer).

Overall risk for multiple risk variants can be performed using standard methodology. For
example, assuming a multiplicative model, i.e. assuming that the risk of individual risk variants
multiply to establish the overall effect, allows for a straight-forward calculation of the overall risk

15  for multiple markers.

In addition, in certain other embodiments, the present invention pertains to methods of
determining a decreased susceptibility to thyroid cancer, by detecting particular genetic marker
alleles or haplotypes that appear less frequently in patients with thyroid cancer than in
individuals not diagnosed with thyroid cancer, or in the general population.

20  As described and exemplified herein, particular marker alleles or haplotypes (e.g. rs965513, and
markers in linkage disequilibrium therewith) are associated with thyroid cancer. In one
embodiment, the marker allele or haplotype is one that confers a significant risk or susceptibility
to thyroid cancer. In another embodiment, the invention relates to a method of determining a
susceptibility to thyroid cancer in a human individual, the method comprising determining the

25 presence or absence of at least one allele of at least one polymorphic marker in a nucleic acid
sample obtained from the individual, wherein the at least one polymorphic marker is selected
from the group consisting of the polymorphic markers listed in Table 2. In another embodiment,
the invention pertains to methods of determining a susceptibility to thyroid cancer in a human
individual, by screening for at least one marker selected from rs965513 (SEQ ID NO:1),

30 rs907580 (SEQ ID NO:81) and rs7024345 (SEQ ID NO:66). In another embodiment, the marker
allele or haplotype is more frequently present in a subject having, or who is susceptible to,
thyroid cancer (affected), as compared to the frequency of its presence in a healthy subject
(control, such as population controls). In certain embodiments, the significance of association of
the at least one marker allele or haplotype is characterized by a p value < 0.05. In other

35  embodiments, the significance of association is characterized by smaller p-values, such as <
0.01, <0.001, <0.0001, <0.00001, <0.000001, <0.0000001, <0.00000001 or <0.000000001.
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In these embodiments, the presence of the at least one marker allele or haplotype is indicative
of a susceptibility to thyroid cancer. These diagnostic methods involve determining whether
particular alleles or haplotypes that are associated with risk of thyroid cancer are present in
particular individuals. The haplotypes described herein include combinations of alleles at various -
5 genetic markers (e.g., SNPs, microsatellites or other genetic variants). The detection of the

particular genetic marker alleles that make up particular haplotypes can be performed by a
variety of methods described herein and/or known in the art. For example, genetic markers can
be detected at the nucleic acid level (e.g., by direct nucleotide sequencing, or by other
genotyping means known to the skilled in the art) or at the amino acid level if the genetic

10 marker affects the coding sequence of a protein (e.g., by protein sequencing or by
immunoassays using antibodies that recognize such a protein). The marker alleles or haplotypes
of the present invention correspond to fragments of a genomic segments (e.g., genes)
associated with thyroid cancer. Such fragments encompass the DNA sequence of the
polymorphic marker or haplotype in question, but may also include DNA segments in strong LD

15 (linkage disequilibrium) with the marker or haplotype. In one embodiment, such segments
comprises segments in LD with the marker or haplotype as determined by a value of r* greater
than 0.2 and/or |D’] > 0.8).

In one embodiment, determination of a susceptibility to thyroid cancer can be accomplished
using hybridization methods. (see Current Protocols in Molecular Biology, Ausubel, F. et al., eds.,
20  John Wiley & Sons, including all supplements). The presence of a specific marker allele can be
indicated by sequence-specific hybridization of a nucleic acid probe specific for the particular
allele. The presence of more than one specific marker allele or a specific haplotype can be
indicated by using several sequence-specific nucleic acid probes, each being specific for a
particular allele. A sequence-specific probe can be directed to hybridize to genomic DNA, RNA,
25 or cDNA. A “nucleic acid probe”, as used herein, can be a DNA probe or an RNA probe that
hybridizes to a complementary sequence. One of skill in the art would know how to design such
a probe so that sequence specific hybridization will occur only if a particular allele is present in a
genomic sequence from a test sample. The invention can also be reduced to practice using any
convenient genotyping method, including commercially available technologies and methods for

30 genotyping particular polymorphic markers.

To determine a susceptibility to thyroid cancer, a hybridization sample can be formed by
contacting the test sample containing an thyroid cancer-associated nucleic acid, such as a
genomic DNA sample, with at least one nucleic acid probe. A non-limiting example of a probe for
detecting mRNA or genomic DNA is a labeled nucleic acid probe that is capable of hybridizing to
35 mRNA or genomic DNA sequences described herein. The nucleic acid probe can be, for example,
a full-length nucleic acid molecule, or a portion thereof, such as an oligonucleotide of at least 15,
30, 50, 100, 250 or 500 nucleotides in length that is sufficient to specifically hybridize under
stringent conditions to appropriate mRNA of genomic DNA. For example, the nucleic acid probe
can comprise all or a portion of the nucleotide sequence of LD Block C09, as described herein,
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optionally comprising at least one allele of a marker described herein, or at least one haplotype
described herein, or the probe can be the complementary sequence of such a sequence. The
nucleic acid probe can also comprise all or a portion of the nucleotide sequence of any one of
SEQ ID NO:1-229, as set forth herein. In a particular embodiment, the nucleic acid probe is a
5 portion of the nucleotide sequence of any one of SEQ ID NO:1-229, as described herein,
optionally comprising at least one allele of at least one of the polymorphic markers set forth in
Table 2 herein, or the probe can be the complementary sequence of such a sequence. Other
suitable probes for use in the diagnostic assays of the invention are described herein.
Hybridization can be performed by methods well known to the person skilled in the art (see, e.g.,
10 Current Protocols in Molecular Biology, Ausubel, F. et al., eds., John Wiley & Sons, including all
supplements). In one embodiment, hybridization refers to specific hybridization, i.e.,
hybridization with no mismatches (exact hybridization). In one embodiment, the hybridization

conditions for specific hybridization are high stringency.

Specific hybridization, if present, is detected using standard methods. If specific hybridization

15 occurs between the nucleic acid probe and the nucleic acid in the test sample, then the sample
contains the allele that is complementary to the nucleotide that is present in the nucleic acid
probe. The process can be repeated for any markers of the present invention, or markers that
make up a haplotype of the present invention, or multiple probes can be used concurrently to
detect more than one marker alleles at a time. It is also possible to design a single probe

20 containing more than one marker alleles of a particular haplotype (e.g., a probe containing
alleles complementary to 2, 3, 4, 5 or all of the markers that make up a particular haplotype).
Detection of the particular markers of the haplotype in the sample is indicative that the source of
the sample has the particular haplotype (e.g., a haplotype) and therefore is susceptible to

thyroid cancer.

25 In one preferred embodiment, a method utilizing a detection oligonucleotide probe comprising a
fluorescent moiety or group at its 3’ terminus and a quencher at its 5’ terminus, and an enhancer
oligonucleotide, is employed, as described by Kutyavin et al. (Nucleic Acid Res. 34:e128 (2006)).
The fluorescent moiety can be Gig Harbor Green or Yakima Yellow, or other suitable fluorescent
moieties. The detection probe is designed to hybridize to a short nucleotide sequence that

30 includes the SNP polymorphism to be detected. Preferably, the SNP is anywhere from the
terminal residue to -6 residues from the 3’ end of the detection probe. The enhancer is a short
oligonucleotide probe which hybridizes to the DNA template 3’ relative to the detection probe.
The probes are designed such that a single nucleotide gap exists between the detection probe
and the enhancer nucleotide probe when both are bound to the template. The gap creates a

35  synthetic abasic site that is recognized by an endonuclease, such as Endonuclease IV. The
enzyme cleaves the dye off the fully complementary detection probe, but cannot cleave a
detection probe containing a mismatch. Thus, by measuring the fluorescence of the released
fluorescent moiety, assessment of the presence of a particular allele defined by nucleotide

sequence of the detection probe can be performed.
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The detection probe can be of any suitable size, although preferably the probe is relatively short.

In one embodiment, the probe is from 5-100 nucleotides in length. In another embodiment, the

probe is from 10-50 nucleotides in length, and in another embodiment, the probe is from 12-30

nucleotides in length. Other lengths of the probe are possible and within scope of the skill of the
5 average person skilled in the art.

In a preferred embodiment, the DNA template containing the SNP polymorphism is amplified by
Polymerase Chain Reaction (PCR) prior to detection. In such an embodiment, the amplified DNA

serves as the template for the detection probe and the enhancer probe.

Certain embodiments of the detection probe, the enhancer probe, and/or the primers used for
10  amplification of the template by PCR include the use of modified bases, including modified A and
modified G. The use of mddified bases can be useful for adjusting the melting temperature of
the nucleotide molecule (probe and/or primer) to the template DNA, for example for increasing
the melting temperature in regions containing a low percentage of G or C bases, in which
modified A with the capability of forming three hydrogen bonds to its complementary T can be
15 used, or for decreasing the melting temperature in regions containing a high percentage of G or
C bases, for example by using modified G bases that form only two hydrogen bonds to their
complementary C base in a double stranded DNA molecule. In a preferred embodiment,
modified bases are used in the design of the detection nucleotide probe. Any modified base
known to the skilled person can be selected in these methods, and the selection of suitable bases
20 is well within the scope of the skilled person based on the teachings herein and known bases

available from commercial sources as known to the skilled person.

Alternatively, a peptide nucleic acid (PNA) probe can be used in addition to, or instead of, a
nucleic acid probe in the hybridization methods described herein. A PNA is a DNA mimic having
a peptide-like, inorganic backbone, such as N-(2-aminoethyl)glycine units, with an organic base
25 (A, G, C, T or U) attached to the glycine nitrogen via a methylene carbonyl linker (see, for
example, Nielsen, P., et al., Bioconjug. Chem. 5:3-7 (1994)). The PNA probe can be designed to
specifically hybridize to a molecule in a sample suspected of containing one or more of the
marker alleles or haplotypes that are associated with thyroid cancer. Hybridization of the PNA

probe is thus diagnostic for thyroid cancer or a susceptibility to thyroid cancer.

30 In one embodiment of the invention, a test sample containing genomic DNA obtained from the
subject is collected and the polymerase chain reaction (PCR) is used to amplify a fragment
comprising one ore more markers or haplotypes of the present invention. As described herein,
identification of a particular marker allele or haplotype can be accomplished using a variety of
methods (e.g., sequence analysis, analysis by restriction digestion, specific hybridization, single

35  stranded conformation polymorphism assays (SSCP), electrophoretic analysis, etc.). In another
embodiment, diagnosis is accomplished by expression analysis, for example by using
quantitative PCR (kinetic thermal cycling). This technique can, for example, utilize commercially
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available technologies, such as TagMan® (Applied Biosystems, Foster City, CA) . The technique
can assess the presence of an alteration in the expression or composition of a polypeptide or
splicing variant(s). Further, the expression of the variant(s) can be quantified as physically or

functionally different.

5 In another embodiment of the methods of the invention, analysis by restriction digestion can be
used to detect a particular allele if the allele results in the creation or elimination of a restriction
site relative to a reference sequence. Restriction fragment length polymorphism (RFLP) analysis
can be conducted, e.g., as described in Current Protocols in Molecular Biology, supra. The
digestion pattern of the relevant DNA fragment indicates the presence or absence of the

10 particular allele in the sample.

Sequence analysis can also be used to detect specific alleles or haplotypes. Therefore, in one
embodiment, determination of the presence or absence of a particular marker alleles or
haplotypes comprises sequence analysis of a test sample of DNA or RNA obtained from a subject
or individual. PCR or other appropriate methods can be used to amplify a portion of a nucleic

15 acid that contains a polymorphic marker or haplotype, and the presence of specific alleles can
then be detected directly by sequencing the polymorphic site (or multiple polymorphic sites in a

haplotype) of the genomic DNA in the sample.

In another embodiment, arrays of oligonucleotide probes that are complementary to target
nucleic acid sequence segments from a subject, can be used to identify particular alleles at

20 polymorphic sites. For example, an oligonucleotide array can be used. Oligonucleotide arrays
typically comprise a plurality of different oligonucleotide probes that are coupled to a surface of a
substrate in different known locations. These arrays can generally be produced using mechanical
synthesis methods or light directed synthesis methods that incorporate a combination of
photolithographic methods and solid phase oligonucleotide synthesis methods, or by other

25 methods known to the person skilled in the art (see, e.g., Bier, F.F., et al. Adv Biochem Eng
Biotechnol 109:433-53 (2008); Hoheisel, 1.D., Nat Rev Genet 7:200-10 (2006); Fan, 1.B., et al.
Methods Enzymol 410:57-73 (2006); Raqoussis., J. & Elvidge, G., Expert Rev Mol Diagn 6:145-52
(2006); Mockler, T.C., et al Genomics 85:1-15 (2005), and references cited therein, the entire
teachings of each of which are incorporated by reference herein). Many additional descriptions

30 of the preparation and use of oligonucleotide arrays for detection of polymorphisms can be
found, for example, in US 6,858,394, US 6,429,027, US 5,445,934, US 5,700,637, US
5,744,305, US 5,945,334, US 6,054,270, US 6,300,063, US 6,733,977, US 7,364,858, EP 619
321, and EP 373 203, the entire teachings of which are incorporated by reference herein.

Other methods of nucleic acid analysis that are available to those skilled in the art can be used
35  to detect a particular allele at a polymorphic site. Representative methods include, for example,

direct manual sequencing (Church and Gilbert, Proc. Natl. Acad. Sci. USA, 81: 1991-1995

(1988); Sanger, F., et al., Proc. Natl. Acad. Sci. USA, 74:5463-5467 (1977); Beavis, et al., U.S.
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Patent No. 5,288,644); automated fluorescent sequencing; single-stranded conformation
polymorphism assays (SSCP); clamped denaturing gel electrophoresis (CDGE); denaturing
gradient gel electrophoresis (DGGE) (Sheffield, V., et al., Proc. Natl. Acad. Sci. USA, 86:232-236
(1989)), mobility shift analysis (Orita, M., et al., Proc. Natl. Acad. Sci. USA, 86:2766-2770
(1989)), restriction enzyme analysis (Flavell, R., et al., Cell, 15:25-41 (1978); Geever, R, et al.,
Proc. Natl. Acad. Sci. USA, 78:5081-5085 (1981)); heteroduplex analysis; chemical mismatch
cleavage (CMC) (Cotton, R., et al., Proc. Natl. Acad. Sci. USA, 85:4397-4401 (1985)); RNase
protection assays (Myers, R., et al., Science, 230:1242-1246 (1985); use of polypeptides that

recognize nucleotide mismatches, such as E. coli mutS protein; and allele-specific PCR.

In another embodiment of the invention, diagnosis of thyroid cancer or a determination of a
susceptibility to thyroid cancer can be made by examining expression and/or composition of a
polypeptide encoded by a nucleic acid associated with thyroid cancer in those instances where
the genetic marker(s) or haplotype(s) of the present invention result in a change in the
composition or expression of the polypeptide. Thus, determination of a susceptibility to thyroid
cancer can be made by examining expression and/or composition of one of these polypeptides,
or another polypeptide encoded by a nucleic acid associated with thyroid cancer, in those
instances where the genetic marker or haplotype of the present invention results in a change in
the composition or expression of the polypeptide. The markers of the present invention that
show association to thyroid cancer may play a role through their effect on one or more of these
nearby genes. In certain embodiments, the markers show an effect on the FoxE1l gene. Possible
mechanisms affecting these genes (e.g., the FoxEl gene) include, e.g., effects on transcription,
effects on RNA splicing, alterations in relative amounts of alternative splice forms of mMRNA,
effects on RNA stability, effects on transport from the nucleus to cytoplasm, and effects on the

efficiency and accuracy of translation.

Thus, in another embodiment, the variants (markers or haplotypes) presented herein affect the
expression of the FoxE1 gene. It is well known that regulatory element affecting gene
expression may be located far away, even as far as tenths or hundreds of kilobases away, from
the promoter region of a gene. By assaying for the presence or absence of at least one allele of
at least one polymorphic marker of the present invention, it is thus possible to assess the
expression level of such nearby genes. It is thus contemplated that the detection of the markers
as described herein, or haplotypes comprising such markers, can be used for assessing and/or
predicting the expression of the FoxE1l gene, or another nearby gene associated with any one of

the markers shown herein to confer risk of thyroid cancer.

A variety of methods can be used for detecting protein expression levels, including enzyme
linked immunosorbent assays (ELISA), Western blots, immunoprecipitations and
immunofluorescence. A test sample from a subject is assessed for the presence of an alteration
in the expression and/or an alteration in composition of the polypeptide encoded by a particular

nucleic acid. An alteration in expression of a polypeptide encoded by the nucleic acid can be, for
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example, an alteration in the quantitative polypeptide expression (i.e., the amount of

polypeptide produced). An alteration in the composition of a polypeptide encoded by the nucleic

acid is an alteration in the qualitative polypeptide expression (e.g., expression of a mutant

polypeptide or of a different splicing variant). In one embodiment, diagnosis of a susceptibility
5  to thyroid cancer is made by detecting a particular splicing variant encoded by a nucleic acid

associated with thyroid cancer, or a particular pattern of splicing variants.

Both such alterations (quantitative and qualitative) can also be present. An “aiteration” in the
polypeptide expression or composition, as used herein, refers to an alteration in expression or
composition in a test sample, as compared to the expression or composition of the polypeptide in
10  a control sample. A control san"\ple is a sample that corresponds to the test sample (e.g., is from
the same type of cells), and is from a subject who is not affected by, and/or who does not have
a susceptibility to, thyroid cancer. In one embodiment, the control sample is from a subject that
does not possess a marker allele or haplotype associated with thyroid cancer, as described
herein. Similarly, the presence of one or more different splicing variants in the test sample, or
15 the presence of significantly different amounts of different splicing variants in the test sample, as
compared with the control sample, can be indicative of a susceptibility to thyroid cancer. An
alteration in the expression or composition of the polypeptide in the test sample, as compared
with the control sample, can be indicative of a specific allele in the instance where the allele
alters a splice site relative to the reference in the control sample. Various means of examining
20 expression or composition of a polypeptide encoded by a nucleic acid are known to the person
skilled in the art and can be used, including spectroscopy, colorimetry, electrophoresis,
isoelectric focusing, and immunoassays (e.g., David et al., U.S. Pat. No. 4,376,110) such as
immunoblotting (see, e.g., Current Protocols in Molecular Biology, particularly chapter 10,

supra).

25  For example, in one embodiment, an antibody (e.g., an antibody with a detectable label) that is
capable of binding to a polypeptide encoded by a nucleic acid associated with thyroid cancer can
be used. Antibodies can be polyclonal or monoclonal. An intact antibody, or a fragment thereof
(e.g., Fv, Fab, Fab’, F(ab’),) can be used. The term “Jabeled”, with regard to the probe or
antibody, is intended to encompass direct labeling of the probe or antibody by coupling (i.e.,

30 physically linking) a detectable substance to the probe or antibody, as well as indirect labeling of
the probe or antibody by reactivity with another reagent that is directly labeled. Examples of
indirect labeling include detection of a primary antibody using a labeled secondary antibody
(e.g., a fluorescently-labeled secondary antibody) and end-labeling of a DNA probe with biotin
such that it can be detected with fluorescently-labeled streptavidin.

35  In one embodiment of this method, the level or amount of a polypeptide in a test sample is
compared with the level or amount of the polypeptide in a control sample. A level or amount of
the polypeptide in the test sample that is higher or lower than the level or amount of the
polypeptide in the control sample, such that the difference is statistically significant, is indicative
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of an alteration in the expression of the polypeptide encoded by the nucleic acid, and is
diagnostic for a particular allele or haplotype responsible for causing the difference in expression.
Alternatively, the composition of the polypeptide in a test sample is compared with the
composition of the polypeptide in a control sample. In another embodiment, both the level or

5 amount and the composition of the polypeptide can be assessed in the test sample and in the

control sample.

In another embodiment, determination of a susceptibility to thyroid cancer is made by detecting
at least one marker or haplotype of the present invention, in combination with an additional

protein-based, RNA-based or DNA-based assay.
10
Kits

Kits useful in the methods of the invention comprise components useful in any of the methods
described herein, including for example, primers for nucleic acid amplification, hybridization
probes, restriction enzymes (e.g., for RFLP analysis), allele-specific oligonucleotides, antibodies
15 that bind to an altered polypeptide encoded by a nucleic acid of the invention as described herein
(e.g., a genomic segment comprising at least one polymorphic marker and/or haplotype of the
present invention) or to a non-altered (native) polypeptide encoded by a nucleic acid of the
invention as described herein, means for amplification of a nucleic acid associated with thyroid
cancer, means for analyzing the nucleic acid sequence of a nucleic acid associated with thyroid
20 cancer, means for analyzing the amino acid sequence of a polypeptide encoded by a nucleic acid
associated with thyroid cancer, etc. The kits can for example include necessary buffers, nucleic
acid primers for amplifying nucleic acids of the invention (e.g., a nucleic acid segment
comprising one or more of the polymorphic markers as described herein), and reagents for
allele-specific detection of the fragments amplified using such primers and necessary enzymes
25 (e.g., DNA polymerase). Additionally, kits can provide reagents for assays to be used in
combination with the methods of the present invention, e.g., reagents for use with other

diagnostic assays for thyroid cancer.

In one embodiment, the invention pertains to a kit for assaying a sample from a subject to
detect a susceptibility to thyroid cancer in a subject, wherein the kit comprises reagents

30 necessary for selectively detecting at least one allele of at least one polymorphism of the present
invention in the genome of the individual. In a particular embodiment, the reagents comprise at
least one contiguous oligonucleotide that hybridizes to a fragment of the genome of the
individual comprising at least one polymorphism of the present invention. In another
embodiment, the reagents comprise at least one pair of oligonucleotides that hybridize to

35  opposite strands of a genomic segment obtained from a subject, wherein each oligonucleotide
primer pair is designed to selectively amplify a fragment of the genome of the individual that
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includes at least one polymorphism associated with thyroid cancer risk. In one such
embodiment, the polymorphism is selected from the group consisting of the polymorphisms as
set forth in Table 2 herein. In another embodiment, the polymorphism is selected from
rs965513 (SEQ ID NO:1), rs907580 (SEQ ID NO:81) and rs7024345 (SEQ ID NO:66). In yet

5 another embodiment the fragment is at least 20 base pairs in size. Such oligonucleotides or
nucleic acids (e.g., oligonucleotide primers) can be designed using portions of the nucleic acid
sequence flanking polymorphisms (e.g., SNPs or microsatellites) that are associated with risk of
thyroid cancer. In another embodiment, the kit comprises one or more labeled nucleic acids
capable of allele-specific detection of one or more specific polymorphic markers or haplotypes,

10  and reagents for detection of the label. Suitable labels include, e.g., a radioisotope, a

fluorescent label, an enzyme label, an enzyme co-factor label, a magnetic label, a spin label, an

epitope label.

In particular embodiments, the polymorphic marker or haplotype to be detected by the reagents

of the kit comprises one or more markers, two or more markers, three or more markers, four or
15 more markers or five or more markers selected from the group consisting of the markers set

forth in Table 2. In another embodiment, the marker or haplotype to be detected comprises one

or more markers, two or more markers, three or more markers, four or more markers or five or

more markers selected from the group consisting of the markers rs965513 (SEQ ID NO:1),

rs907580 (SEQ ID NO:81) and rs7024345 (SEQ ID NO:66). In another embodiment, the marker
20 to be detected is selected from marker rs965513 (SEQ ID NO:1), or markers in linkage

disequilibrium therewith.

In one preferred embodiment, the kit for detecting the markers of the invention comprises a
detection oligonucleotide probe, that hybridizes to a segment of template DNA containing a SNP
polymorphisms to be detected, an enhancer oligonucleotide probe and an endonuclease. As

25 explained in the above, the detection oligonucleotide probe comprises a fluorescent moiety or
group at its 3’ terminus and a quencher at its 5’ terminus, and an enhancer oligonucleotide, is
employed, as described by Kutyavin et al. (Nucleic Acid Res. 34:e128 (2006)). The fluorescent
moiety can be Gig Harbor Green or Yakima Yellow, or other suitable fluorescent moieties. The
detection probe is designed to hybridize to a short nucleotide sequence that includes the SNP

30 polymorphism to be detected. Preferably, the SNP is anywhere from the terminal residue to -6
residues from the 3’ end of the detection probe. The enhancer is a short oligonucleotide probe
which hybridizes to the DNA template 3’ relative to the detection probe. The probes are
designed such that a single nucleotide gap exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template. The gap creates a synthetic abasic site

35 that is recognized by an endonuclease, such as Endonuclease IV. The enzyme cleaves the dye
off the fully complementary detection probe, but cannot cleave a detection probe containing a
mismatch. Thus, by measuring the fluorescence of the released fluorescent moiety, assessment
of the presence of a particular allele defined by nucleotide sequence of the detection probe can

be performed.
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The detection probe can be of any suitable size, although preferably the probe is relatively short.
In one embodiment, the probe is from 5-100 nucleotides in length. In another embodiment, the
probe is from 10-50 nucleotides in length, and in another embodiment; the probe is from 12-30

nucleotides in length. Other lengths of the probe are possible and within scope of the skill of the

5 average person skilled in the art.

In a preferred embodiment, the DNA template containing the SNP polymorphism is amplified by
Polymerase Chain Reaction (PCR) prior to detection, and primers for such amplification are
included in the reagent kit. In such an embodiment, the amplified DNA serves as the template

for the detection probe and the enhancer probe.

10 In one embodiment, the DNA template is amplified by means of Whole Genome Amplification
(WGA) methods, prior to assessment for the presence of specific polymorphic markers as
described herein. Standard methods well known to the skilled person for performing WGA may
be utilized, and are within scope of the invention. In one such en;bodiment, reagents for
performing WGA are included in the reagent kit.

15 Certain embodiments of the detection probe, the enhancer probe, and/or the primers used for
amplification of the template by PCR include the use of modified bases, including modified A and
modified G. The use of modified bases can be useful for adjusting the melting temperature of
the nucleotide molecule (probe and/or primer) to the template DNA, for example for increasing
the melting temperature in regions containing a low percentage of G or C bases, in which

20 modified A with the capability of forming three hydrogen bonds to its complementary T can be
used, or for decreasing the melting temperature in regions containing a high percentage of G or
C bases, for example by using modified G bases that form only two hydrogen bonds to their
complementary C base in a double stranded DNA molecule. In a preferred embodiment,
modified bases are used in the design of the detection nucleotide probe. Any modified base

25 known to the skilled person can be selected in these methods, and the selection of suitable bases
is well within the scope of the skilled person based on the teachings herein and known bases

available from commercial sources as known to the skilled person.

In one such embodiment, determination of the presence of the marker or haplotype is indicative
of a susceptibility (increased susceptibility or decreased susceptibility) to thyroid cancer. In

30 another embodiment, determination of the presence of the marker or haplotype is indicative of
response to a therapeutic agent for thyroid cancer. In another embodiment, the presence of the
marker or haplotype is indicative of prognosis of thyroid cancer. In yet another embodiment, the
presence of the marker or haplotype is indicative of progress of thyroid cancer treatment. Such
treatment may include intervention by surgery, medication or by other means (e.g., lifestyle

35 changes).



0, 455091 2, 86E-13 99696223 56 rs7036589 rs965513 0, 686123 0, 455091 2, 86E- 13
99697541 57 rs7037324 rs965513 0, 686123 0, 455091 2, 86E-13 99698139 58
rs107395260r8ffiksd8 0, 686123 0, 455091 2, 86E-13 99702492 pe9/1538@HEDH5
rs965513 0, 686123 0, 455091 2, 86E-13 92703521 60 rs3808893 rs965513 0, 686123
0, 455091 2, 86E-13 99703566 61

10

15

20

25

30

In a further aspect of the present invention, a pharmaceutlcal pack (kit) is provided, the pack
comprising a therapeutic agent and a set of instructions for administration of the therapeutic
agent to humans diagnostically tested for one or more variants of the present invention, as
disclosed herein. The therapeutic agent can be a small molecule drug, an antibody, a peptide,
an antisense or RNAi molecule, or other therapeutic molecules. In one embodiment, an
individual identified as a carrier of at least one variant of the present invention is instructed to
take a prescribed dose of the therapeutic agent. In one such embodiment, an individual
identified as a homozygous carrier of at least one variant of the present invention is instructed to
take a prescribed dose of the therapeutic agent. In another embodiment, an individual identified
as a non-carrier of at least one variant of the present invention is instructed to take a prescribed

dose of the therapeutic agent.

In certain embodiments, the kit further comprises a set of instructions for using the reagents

comprising the kit.

Therapeutic agents

Treatment options for thyroid cancer include current standard treatment methods and those that

are in clinical trials.
Current treatment options for thyroid cancer include:

Surgery - including lobectomy, where the lobe in which thyroid cancer is found is removed,
thyroidectomy, where all but a very small part of the thyroid is removed, total thyroidectomoy,
where the entire thyroid is removed, and lymphadenectomoy, where lymph nodes in the neck

that contain cancerous growth are removed,

Radiation therapy - including externation radiation therapy and internal radiation therapy using a
radioactive compound. Radiation therapy may be given after surgery to remove any surviving
cancer cells. Also, follicular and papillary thyroid cancers are sometimes treated with radioactive
iodine (RAI) therapy;

Chemotherapy - including the use of oral or intravenous administration of the chemotherapy

compound;

Thyroid hormone therapy - this therapy includes adminstration of drugs preventing generation of

thyroid-stimulating hormone (TSH) in the body.

A number of clinical trials for thyroid cancer therapy and treatment are currently ongoing,
including but not limited to trials for **F-fluorodeoxyglucose (FluGlucoScan); 1n-pentetreotide
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(NeuroendoMedix); Combretastatin and Paclitaxel/Carboplatin in the treatment of anaplastic
thyroid cancer, *'I with or without thyroid-stimulating hormone for poSt-surgicaI treatment,
XL184-301 (Exelixis), Vandetanib (Zactima; Astra Zeneca), CS-7017 (Sankyo), Decitabine
(Dacogen; 5-aza-2'-deoxycytidine), Irinotecan (Pfizer, Yakult Honsha), Bortezomib (Velcade;

5 Millenium Pharmaceuticals); 17-AAG (17-N-Allylamino-17-demethoxygeldanamycin), Sorafenib
(Nexavar, Bayer), recombinant Thyrotropin, Lenalidomide (Revlimid, Celgene), Sunitinib
(Sutent), Sorafenib (Nexavar, Bayer), Axitinib (AG-013736, Pfizer), Valproic Acid (2-
propylpentanoic acid), Vandetanib (Zactima, Astra Zeneca), AZD6244 (Astra Zeneca),
Bevacizumab (Avastin, Genetech/Roche), MK-0646 (Merck), Pazopanib (GlaxoSmithKline),

10  Aflibercept (Sanofi-Aventis & Regeneron Pharmaceuticals), and FR901228 (Romedepsin).

The variants (markers and/or haplotypes) disclosed herein to confer increased risk of thyroid
cancer can also be used to identify novel therapeutic targets for thyroid cancer. For example,
genes containing, or in linkage disequilibrium with, one or more of these variants, or their

15 products (e.g., the FOxE1 gene and its gene product), as well as genes or their products that are
directly or indirectly regulated by or interact with these variant genes or their products, can be
targeted for the development of therapeutic agents to treat thyroid cancer, or prevent or delay
onset of symptoms associated with thyroid cancer. Therépeutic agents may comprise one or
more of, for example, small non-protein and non-nucleic acid molecules, proteins, peptides,

20 protein fragments, nucleic acids (DNA, RNA), PNA (peptide nucleic acids), or their derivatives or
mimetics which can modulate the function and/or levels of the target genes or their gene

products.

The nucleic acids and/or variants of the invention, or nucleic acids comprising their
complementary sequence, may be used as antisense constructs to control gene expression in

25 cells, tissues or organs. The methodology associated with antisense techniques is well known to
the skilled artisan, and is described and reviewed in AntisenseDrug Technology: Principles,
Strategies, and Applications, Crooke, ed., Marcel Dekker Inc., New York (2001). In general,
antisense nucleic acid molecules are designed to be complementary to a region of mMRNA
expressed by a gene, so that the antisense molecule hybridizes to the mRNA, thus blocking

30 translation of the mRNA into protein. Several classes of antisense oligonucleotide are known to
those skilled in the art, including cleavers and blockers. The former bind to target RNA sites,
activate intracellular nucleases (e.g., RnaseH or Rnase L), that cleave the target RNA. Blockers
bind to target RNA, inhibit protein translation by steric hindrance of the ribosomes. Examples of
blockers include nucleic acids, morpholino compounds, locked nucleic acids and

35 methylphosphonates (Thompson, Drug Discovery Today, 7:912-917 (2002)). Antisense
oligonucleotides are useful directly as therapeutic agents, and are also useful for determining
and validating gene function, for example by gene knock-out or gene knock-down experiments.
Antisense technology is further described in Lavery et al., Curr. Opin. Drug Discov. Devel. 6:561-
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569 (2003), Stephens et al., Curr. Opin. Mol. Ther. 5:118-122 (2003), Kurreck, Eur. J. Biochem.

270:1628-44 (2003), Dias et al., Mol. Cancer Ter. 1:347-55 (2002), Chen, Methods Mol. Med.
75:621-636 (2003), Wang et al., Curr. Cancer Drug Targets 1:177-96 (2001), and Bennett,
Antisense Nucleic Acid Drug.Dev. 12:215-24 (2002)

5 The variants described herein can be used for the selection and design of antisense reagents that
are specific for particular variants. Using information about the variants described herein,
antisense oligonucleotides or other antisense molecules that specifically target mRNA molecules
that contain one or more variants of the invention can be designed. In this manner, expression
of MRNA molecules that contain one or more variant of the present invention (markers and/or

10 haplotypes) can be inhibited or blocked. In one embodiment, the antisense molecules are
designed to specifically bind a particular allelic form (i.e., one or several variants (alleles and/or
haplotypes)) of the target nucleic acid, thereby inhibiting translation of a product originating
from this specific allele or haplotype, but which do not bind other or alternate variants at the .

specific polymorphic sites of the target nucleic acid molecule.

15  As antisense molecules can be used to inactivate mRNA so as to inhibit gene expression, and
thus protein expression, the molecules can be used for disease treatment. The methodology can
involve cleavage by means of ribozymes containing nucieotide sequences complementary to one
or more regions in the mMRNA that attenuate the ability of the mRNA to be translated. Such
mRNA regions include, for example, protein-coding regions, in particular protein-coding regions

20 corresponding to catalytic activity, substrate and/or ligand binding sites, or other functional

domains of a protein.

The phenomenon of RNA interference (RNAI) has been actively studied for the last decade, since
its original discovery in C. elegans (Fire et al.,Nature 391:806-11 (1998)), and in recent years its
potential use in treatment of human disease has been actively pursued (reviewed in Kim & Rossi,

25  Nature Rev. Genet. 8:173-204 (2007)). RNA interference (RNAI), also called gene silencing, is
based on using double-stranded RNA molecules (dsRNA) to turn off specific genes. In the cell,
cytoplasmic double-stranded RNA molecules (dsRNA) are processed by cellular complexes into
small interfering RNA (siRNA). The siRNA guide the targeting of a protein-RNA complex to
specific sites on a target mRNA, leading to cleavage of the mRNA (Thompson, Drug Discovery

30 Today, 7:912-917 (2002)). The siRNA molecules are typically about 20, 21, 22 or 23 nucleotideé
in length. Thus, one aspect of the invention relates to isolated nucieic acid molecules, and the
use of those molecules for RNA interference, i.e. as small interfering RNA molecules (siRNA). In
one embodiment, the isolated nucleic acid molecules are 18-26 nucleotides in length, preferably
19-25 nucleotides in length, more preferably 20-24 nucleotides in length, and more preferably

35 21, 22 or 23 nucleotides in length.

Another pathway for RNAi-mediated gene silencing originates in endogenously encoded primary
microRNA (pri-miRNA) transcripts, which are processed in the cell to generate precursor miRNA
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(pre-miRNA). These miRNA molecules are exported from the nucleus to the cytoplasm, where
they undergo processing to generate mature miRNA molecules (miRNA), which direct
translational inhibition by recognizing target sites in the 3’ untranslated regions of mRNAs, and
subsequent mRNA degradation by processing P-baodies (reviewed in Kim & Rossi, Nature Rev.
Genet. 8:173-204 (2007)).

Clinical applications of RNAi include the incorporation of synthetic siRNA duplexes, which
preferably are approximately 20-23 nucleotides in size, and preferably have 3’ overlaps of 2
nucleotides. Knockdown of gene expression is established by sequence-specific design for the
target mRNA. Several commercial sites for optimal design and synthesis of such molecules are

known to those skilled in the art.

Other applications provide longer siRNA molecules (typically 25-30 nucleotides in length,
preferably about 27 nucleotides), as well as small hairpin RNAs (shRNAs; typically about 29
nucleotides in length). The latter are naturally expressed, as described in Amarzguioui et al.
(FEBS Lett. 579:5974-81 (2005)). Chemically synthetic siRNAs and shRNAs are substrates for in

vivo processing, and in some cases provide more potent gene-silencing than shorter designs

(Kim et al., Nature Biotechnol. 23:222-226 (2005); Siolas et al., Nature Biotechnol. 23:227-231

(2005)). In general siRNAs provide for transient silencing of gene expression, because their
intracellular concentration is diluted by subsequent cell divisions. By contrast, expressed shRNAs
mediate long-term, stable knockdown of target transcripts, for as long as transcription of the
shRNA takes place (Marques et al., Nature Biotechnol. 23:559-565 (2006); Brummelkamp et
al., Science 296: 550-553 (2002)).

Since RNAi molecules, including siRNA, miRNA and shRNA, act in a sequence-dependent manner,
the variants presented herein (e.g., the markers and haplotypes set forth in Table 2) can be
used to design RNAi reagents that recognize specific nucleic acid molecules comprising specific
alleles and/or haplotypes (e.g., the alleles and/or haplotypes of the present invention), while not
recognizing nucleic acid molecules comprising other alleles or haplotypes. These RNAIi reagents
can thus recognize and destroy the target nucleic acid molecules. As with antisense reagents,
RNAi reagents can be useful as therapeutic agents (i.e., for turning off disease-associated genes
or disease-associated gene variants), but may also be useful for characterizing and validating

gene function (e.g., by gene knock-out or gene knock-down experiments).

Delivery of RNAi may be performed by a range of methodologies known to those skilled in the
art. Methods utilizing non-viral delivery include cholesterol, stable nucleic acid-lipid particle
(SNALP), heavy-chain antibody fragment (Fab), aptamers and nanoparticles. Viral delivery
methods include use of lentivirus, adenovirus and adeno-associated virus. The siRNA molecules
are in some embodiments chemically modified to increase their stability. This can include

modifications at the 2’ position of the ribose, including 2’-O-methylpurines and 2'-
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fluoropyrimidines, which provide resistance to Rnase activity. Other chemical modifications are
possible and known to those skilled in the art.

The following references provide a further summary of RNAi, and possibilities for targeting
specific genes using RNAi: Kim & Rossi, Nat. Rev. Genet. 8:173-184 (2007), Chen & Rajewsky,
Nat. Rev. Genet. 8: 93-103 (2007), Reynolds, et al., Nat. Biotechnol. 22:326-330 (2004), Chi et
al., Proc. Natl. Acad. Sci. USA 100:6343-6346 (2003), Vickers et al., J. Biol. Chem. 278:7108-
7118 (2003), Agami, Curr. Opin. Chem. Biol. 6:829-834 (2002), Lavery, et al., Curr. Opin. Drug
Discov. Devel. 6:561-569 (2003), Shi, Trends Genet. 19:9-12 (2003), Shuey et al., Drug Discov.
Today 7:1040-46 (2002), McManus et al., Nat. Rev. Genet. 3:737-747 (2002), Xia et al., Nat.
Biotechnol. 20:1006-10 (2002), Plasterk et al., curr. Opin. Genet. Dev. 10:562-7 (2000),
Bosher et al., Nat. Cell Biol. 2:E31-6 (2000), and Hunter, Curr. Biol. 9:R440-442 (1999).

A genetic defect leading to increased predisposition or risk for development of a disease, such as
thyroid cancer, or a defect causing the disease, may be corrected permanently by administering
to a subject carrying the defect a nucleic acid fragment that incorporates a repair sequence that
supplies the normal/wild-type nucleotide(s) at the site of the genetic defect. Such site-specific
repair sequence may concompass an RNA/DNA oligonucleotide that operates to promote
endogenous repair of a subject’s genomic DNA. The administration of the repair sequence may
be performed by an appropriate vehicle, such as a complex with polyethelenimine, encapsulated
in anionic liposomes, a viral vector such as an adenovirus vector, or other pharmaceutical
compositions suitable for promoting intracellular uptake of the adminstered nucleic acid. The
genetic defect may then be overcome, since the chimeric oligonucleotides induce the
incorporation of the normal sequence into the genome of the subject, leading to expression of
the normal/wild-type gene product. The replacement is propagated, thus rendering a permanent
repair and alleviation of the symptoms associated with the disease or condition.

The present invention provides methods for identifying compounds or agents that can be used to
treat thyroid cancer. Thus, the variants of the invention are useful as targets for the
identification and/or development of therapeutic agents. In certain embodiments, such methods
include assaying the ability of an agent or compound to modulate the activity and/or expression
of a nucleic acid that includes at least one of the variants (markers and/or haplotypes) of the
present invention, or the encoded product of the nucleic acid. In certain embodiments, the
agent or compound modulates the activity or expression of the FoxE1 gene. The agents or
compounds may also inhibit or alter the undesired activity or expression of the encoded nucleic
acid product, i.e. the FoxE1 protein product. Assays for performing such experiments can be
performed in cell-based systems or in cell-free systems, as known to the skilled person. Cell-
based systems include cells naturally expressing the nucleic acid molecules of interest, or
recombinant cells that have been genetically modified so as to express a certain desired nucleic

acid molecule.
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Variant gene expression in a patient can be assessed by expression of a variant-containing
nucleic acid sequence (for example, a gene containing at least one variant of the present
invention, which can be transcribed into RNA containing the at least one variant, and in turn
translated into protein), or by altered expression of a normal/wild-type nucleic acid sequence
5 due to variants affecting the level or pattern of expression of the normal transcripts, for example

variants in the regulatory or control region of the gene. Assays for gene expression include
direct nucleic acid assays (mMRNA), assays for expressed protein levels, or assays of collateral
compounds involved in a pathway, for example a signal pathway. Furthermore, the expression
of genes that are up- or down-regulated in response to the signal pathway can also be assayed.

10  One embodiment includes operably linking a reporter gene, such as luciferase, to the regulatory
region of the gene(s) of interest.

Modulators of gene expression can in one embodiment be identified when a cell is contacted with
a candidate compound or agent, and the expression of mRNA is determined. The expression
level of mRNA in the presence of the candidate compound or agent is compared to the

15 expression level in the absence of the compound or agent. Based on this comparison, candidate
compounds or agents for treating thyroid cancer can be identified as those modulating the gene
expression of the variant gene. When expression of mRNA or the encoded protein is statistically
significantly greater in the presence of the candidate compound or agent than in its absence,
then the candidate compound or agent is identified as a stimulator or up-regulator of expression

20 of the nucleic acid. When nucleic acid expression or protein level is statistically significantly less
in the presence of the candidate compound or agent than in its absence, then the candidate

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

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

25 expression).

Methods of assessing probability of response to therapeutic agents, methods of monitoring

progress of treatment and methods of treatment

As is known in the art, individuals can have differential responses to a particular therapy (e.g., a
30 therapeutic agent or therapeutic method). Pharmacogenomics addresses the issue of how
genetic variations (e.g., the variants (markers and/or haplotypes) of the present invention)
affect drug response, due to altered drug disposition and/or abnormal or altered action of the
drug. Thus, the basis of the differential response may be genetically determined in part. Clinical
outcomes due to genetic variations affecting drug response may result in toxicity of the drug in
35 certain individuals (e.g., carriers or non-carriers of the genetic variants of the present invention),

or therapeutic failure of the drug. Therefore, the variants of the present invention may
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determine the manner in which a therapeutic agent and/or method acts on the body, or the way
in which the body metabolizes the therapeutic agent.

Accordingly, in one embodiment, the presence of a particular allele at a polymorphic site or
haplotype (e.g., the rs965513 polymorphic marker, or markers in linkage disequilibrium
5 therewith) is indicative of a different response, e.g. a different response rate, to a particular

treatment modality. This means that a patient diagnosed with thyroid cancer, and carrying a
certain allele at a polymorphic or haplotype of the present invention (e.g., the at-risk and
protective alleles and/or haplotypes of the invention) would respond better to, or worse to, a
specific therapeutic, drug and/or other therapy used to treat the disease. Therefore, the

10  presence or absence of the marker allele or haplotype could aid in deciding what treatment
should be used for a the patient. For example, for a newly diagnosed patient, the presence of a
marker or haplotype of the present invention may be assessed (e.g., through testing DNA
derived from a blood sample, as described herein). If the patient is positive for a marker allele
or haplotype (that is, at least one specific allele of the marker, or haplotype, is present), then

15 the physician recommends one particular therapy, while if the patient is negative for the at least
one allele of a marker, or a haplotype, then a different course of therapy may be recommended
(which may include recommending that no immediate therapy, other than serial monitoring for
progression of the disease, be performed). Thus, the patient’s carrier status could be used to
help determine whether a particular treatment modality should be administered. The value lies

20  within the possibilities of being able to diagnose the disease at an early stage, to select the most
appropriate treatment, and provide information to the clinician about prognosis/aggressiveness

of the disease in order to be able to apply the most appropriate treatment.

Any of the treatment methods and compounds described in the above under Therapeutic agents
can be used in such methods. I.e., a treatment for thyroid cancer using any of the compounds
25 or methods described or contemplated in the above may, in certain embodiments, benefit from
screening for the presence of particular alleles for at least one of the polymorphic markers
described herein, wherein the presence of the particular allele is predictive of the treatment

outcome for the particular compound or method.

In certain embodiments, a therapeutic agent (drug) for treating thyroid cancer is provided

30 together with a kit for determining the allelic status at a polymorphic marker as described herein
(e.g., rs965513, or markers in linkage disequilibrium therewith). If an individual is positive for
the particular allele or plurality of alleles being tested, the individual is more likely to benefit
from the particular compound than non-carriers of the aliele. In certain other embodiments,
genotype information about the at least one polymorphic marker predictive of the treatment

35 outcome of the particular compound is predetermined and stored in a database, in a look-up
table or by other suitable means, and can for example be accessed from a database or look-up
table by conventional data query methods known to the skilled person. If a particular individual

is determined to carry certain alleles predictive of positive treatment outcome of a particular
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compound or drug for treating thyroid cancer, then the individual is likely to benefit from

administration of the particular compound.

The present invention also relates to methods of monitoring progress or effectiveness of a
treatment for thyroid cancer. This can be done based on the genotype and/or haplotype status
5 of the markers and haplotypes of the present invention, i.e., by assessing the absence or
presence of at least one allele of at least one polymorphic marker as disclosed herein, or by
monitoring eXpression of genes that are associated with the variants (markers and haplotypes)
of the present invention. The risk gene mRNA or the encoded polypeptide can be measured in a
tissue sample (e.g., a peripheral blood sample, or a biopsy sample). Expression levels and/or
10  mRNA levels can thus be determined before and during treatment to monitor its effectiveness.
Alternatively, or concomitantly, the genotype and/or haplotype status of at least one risk variant
for thyroid cancer as presented herein is determined before and during treatment to monitor its

effectiveness.

Alternatively, biological networks or metabolic pathways related to the markers and haplotypes
15 of the present invention can be monitored by determining mRNA and/or polypeptide levels. This
can be done for example, by monitoring expression levels or polypeptides for several genes
belonging to the network and/or pathway, in samples taken before and during treatment.
Alternatively, metabolites belonging to the biological network or metabolic pathway can be
determined before and during treatment. Effectiveness of the treatment is determined by
20 comparing observed changes in expression levels/metabolite levels during treatment to

corresponding data from healthy subjects.

In a further aspect, the markers of the present invention can be used to increase power and
effectiveness of clinical trials. Thus, individuals who are carriers of at least one at-risk variant of
the present invention may be more likely to respond favorably to a particular treatment

25 modality. In one embodiment, individuals who carry at-risk variants for gene(s) in a pathway
and/or metabolic network for which a particular treatment (e.g., small molecule drug) is
targeting, are more likely to be responders to the treatment. In another embodiment,
individuals who carry at-risk variants for a gene, which expression and/or function is altered by
the at-risk variant, are more likely to be responders to a treatment modality targeting that gene,

30 its expression or its gene product. This application can improve the safety of clinical trials, but
can also enhance the chance that a clinical trial will demonstrate statistically significant efficacy,
which may be limited to a certain sub-group of the population. Thus, one possible outcome of
such a trial is that carriers of certain genetic variants, e.g., the markers and haplotypes of the
present invention, are statistically significantly likely to show positive response to the therapeutic

35  agent, i.e. experience alleviation of symptoms associated with thyroid cancer when taking the

therapeutic agent or drug as prescribed.
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In a further aspect, the markers and haplotypes of the present invention can be used for
targeting the selection of pharmaceutical agents for specific individuals. Personalized selection of
treatment modalities, lifestyle changes or combination of lifestyle changes and administration of
particular treatment, can be realized by the utilization of the at-risk variants of the present
invention. Thus, the knowledge of an individual’s status for particular markers of the present
invention, can be useful for selection of treatment options that target genes or gene products
affected by the at-risk variants of the invention. Certain combinations of variants may be
suitable for one selection of treatment options, while other gene variant combinations may target
other treatment options. Such combination of variant may include one variant, two variants,
three variants, or four or more variants, as needed to determine with clinically reliable accuracy

the selection of treatment module.

Computer-implemented aspects

As understood by those of ordinary skill in the art, the methods and information described herein
may be implemented, in all or in part, as computer executable instructions on known computer
readable media. For example, the methods described herein may be implemented in hardware.
Alternatively, the method may be implemented in software stored in, for example, one or more
memories or other compu'ter readable medium and implemented on one or more processors. As
is known, the processors may be associated with one or more controllers, calculation units
and/or other units of a computer system, or implanted in firmware as desired. If implemented in
software, the routines may be stored in any computer readable memory such as in RAM, ROM,
flash memory, a magnetic disk, a laser disk, or other storage medium, as is also known.
Likewise, this software may be delivered to a computing device via any known delivery method
including, for example, over a communication channel such as a telephone line, the Internet, a
wireless connection, etc., or via a transportable medium, such as a computer readable disk, flash

drive, etc.

More generally, and as understood by those of ordinary skill in the art, the various steps
described above may be implemented as various blocks, operations, tools, modules and
techniques which, in turn, may be implemented in hardware, firmware, software, or any
combination of hardware, firmware, and/or software. When implemented in hardware, some or
all of the blocks, operations, technigues, etc. may be implemented in, for example, a custom
integrated circuit (IC), an application specific integrated circuit (ASIC), a field programmable
logic 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.
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Likewise, the software may be delivered to a user or a computing system via any known delivery
method including, for example, on a computer readable disk or other transportable computer

storage mechanism.

Fig. 1 illustrates an example of a suitable computing system environment 100 on which a system
5 for the steps of the claimed method and apparatus may be implemented. The computing system
environment 100 is only one example of a suitable computing environment and is not intended
to suggest any limitation as to the scope of use or functionality of the method or apparatus of
the claims. Neither should the computing environment 100 be interpreted as having any
dependency or requirement relating to any one or combination of components illustrated in the

10 exemplary operating environment 100.

The steps of the claimed method and system are operational with numerous other general
purpose or special purpose computing system environments or configurations. Examples of well
known computing systems, environments, and/or configurations that may be suitable for use
with the methods or system of the claims include, but are not limited to, personal computers,

15 server computers, hand-held or laptop devices, multiprocessor systems, microprocessor-based
systems, set top boxes, programmable consumer electronics, network PCs, minicomputers,
mainframe computers, distributed computing environments that include any of the above

systems or devices, and the like.

The steps of the claimed method and system may be described in the general context of
20 computer-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
apparatus may also be practiced in distributed computing environments where tasks are
performed by remote processing devices that are linked through a communications network. In
25 both integrated and distributed computing environments, program modules may be located in

both local and remote computer storage media including memory storage devices.

With reference to Fig. 1, an exemplary system for implementing the steps of the claimed method
and system includes a general purpose computing device in the form of a computer 110.
Components of computer 110 may include, but are not limited to, a processing unit 120, a

30 system memory 130, and a system bus 121 that couples various system components including
the system memory to the processing unit 120. The system bus 121 may be any of several
types of bus structures including a memory bus or memory controller, a peripheral bus, and a
local bus using any of a variety of bus architectures. By way of example, and not limitation,
such architectures include Industry Standard Architecture (ISA) bus, Micro Channel Architecture

35 (MCA) bus, Enhanced ISA (EISA) bus, Video Electronics Standards Association (VESA) local bus,

and Peripheral Component Interconnect (PCI) bus also known as Mezzanine bus.
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media can be any available media that can be accessed by computer 110 and includes both
volatile and nonvolatile media, removable and non-removable media. By way of example, and
not limitation, computer readable media may comprise computer storage media and
communication media. Computer storage media includes both volatile and nonvolatile,
removable 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 disk
storage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the desired information and which can
accessed by computer 110. Communication media typically embodies computer readable
instructions, data structures, program modules or other data in a modulated data signal such as
a carrier wave or other transport mechanism ahd includes any information delivery media. The
term “modulated data signal” means a signal 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
limitation, communication media includes wired media such as a wired network or direct-wired
connection, and wireless media such as acoustic, RF, infrared and other wireless media.
Combinations of the any of the above should also be included within the scope of computer

readable media.

The system memory 130 includes computer storage media in the form of volatile and/or
nonvolatile memory such as read only memory (ROM) 131 and random access memory (RAM)
132. A basic input/output system 133 (BIOS), containing the basic routines that help to transfer
information bétween elements within computer 110, such as during start-up, is typically stored
in ROM 131. RAM 132 typically contains data and/or program modules that are immediately
accessible to and/or presently being operated on by processing unit 120. By way of example,
and not limitation, Fig. 1 illustrates operating system 134, application programs 135, other
program modules 136, and program data 137.

The computer 110 may also include other removable/non-removable, volatile/nonvolatile
computer storage media. By way of example only, Fig. 1 illustrates a hard disk drive 140 that
reads from or writes to non-removable, nonvolatile magnetic media, a magnetic disk drive 151
that reads from or writes to a removable, nonvolatile magnetic disk 152, and an optical disk
drive 155 that reads from or writes to a removable, nonvolatile optical disk 156 such as a CD
ROM or other optical media. Other removable/non-removable, volatile/nonvolatile computer
storage media that can be used in the exemplary operating environment include, but are not
limited to, magnetic tape cassettes, flash memory cards, digital versatile disks, digital video
tape, solid state RAM, solid state ROM, and the like. The hard disk drive 141 is typically
connected to the system bus 121 through a non-removable memory interface such as interface
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140, 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.

The drives and their associated computer storage media discussed above and illustrated in Fig.
1, provide storage of computer readable instructions, data structures, program modules and
5 other data for the computer 110. In Fig. 1, for example, hard disk drive 141 is illustrated as

storing operating system 144, application programs 145, other program modules 146, and
program data 147. Note that these components can either be the same as or different from
operating system 134, application programs 135, other program modules 136, and program data
137. Operating system 144, application programs 145, other program modules 146, and

10 program data 147 are given different numbers here to illustrate that, at a minimum, they are
different copies. A user may enter commands and information into the computer 20 through
input devices such as a keyboard 162 and pointing device 161, commonly referred to as a
mouse, 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

15 connected 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,
game port or a universal serial bus (USB). A monitor 191 or other type of display device is also
connected to the system bus 121 via an interface, such as a video interface 190. In addition to
the monitor, computers may also include other peripheral output devices such as speakers 197

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

The computer 110 may operate in a networked environment using logical connections to one or
more remote computers, such as a remote computer 180. The remote computer 180 may be a
personal computer, a server, a router, a network PC, a peer device or other common network
node, and typically includes many or all of the elements described above relative to the

25 computer 110, although only a memory storage device 181 has been illustrated in Fig. 1. The
logical connections depicted in Fig. 1 include a local area network (LAN) 171 and a wide area
network (WAN) 173, but may also include other networks. Such networking environments are

commonplace in offices, enterprise-wide computer networks, intranets and the Internet.

When used in a LAN networking environment, the computer 110 is connected to the LAN 171

30 through a network interface or adapter 170. When used in a WAN networking environment, the
computer 110 typically includes a modem 172 or other means for establishing communications
over the WAN 173, such as the Internet. The modem 172, which may be internal or external,
may be connected to the system bus 121 via the user input interface 160, or other appropriate
mechanism. In a networked environment, program modules depicted relative to the computer

35 110, or portions thereof, may be stored in the remote memory storage device. By way of
example, and not limitation, Fig. 1 illustrates remote application programs 185 as residing on
memory device 181. It will be appreciated that the network connections shown are exemplary
and other means of establishing a communications link between the computers may be used.
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Although the forgoing text sets forth a detailed description of numerous different embodiments
of the invention, it should be understood that the scope of the invention is defined by the words
of the claims set forth at the end of this patent. The detailed description is to be construed as
exemplary only and does not describe every possibly embodiment of the invention because
describing every possible embodiment would be impractical, if not impossible. Numerous
alternative embodiments could be implemented, using either current technology or technology
developed after the filing date of this patent, which would still fall within the scope of the claims
defining the invention.

While the risk evaluation system and method, and other elements, have been described as
preferably being implemented in software, they may be implemented in hardware, firmware,
etc., and may be implemented by any other processor. Thus, the elements described herein
may be implemented in a standard multi-purpose CPU or on specifically designed hardware or
firmware such as an application-specific integrated circuit (ASIC) or other hard-wired device as
desired, including, but not limited to, the computer 110 of Fig. 1. When implemented in
software, the software routine may be stored in any computer readable memory such as on a
magnetic disk, a laser disk, or other storage medium, in a RAM or ROM of a computer or
processor, in any database, etc. Likewise, this software may be delivered to a user or a
diagnostic system via any known or desired delivery method including, for example, on a
computer readable disk or other transportable computer storage mechanism or over a
communication channel such as a telephone line, the internet, wireless communication, etc.
(which are viewed as being the same as or interchangeable with providing such software via a

transportable storage medium).

Thus, many modifications and variations may be made in the techniques and structures
described and illustrated herein without departing from the spirit and scope of the present
invention. Thus, it should be understood that the methods and apparatus described herein are

illustrative only and are not limiting upon the scope of the invention.

Acéordingly, the invention relates to computer-implemented applications using the polymorphic
markers and haplotypes described herein, and genotype and/or disease-association data derived
therefrom. Such applications can be useful for storing, manipulating or otherwise analyzing
genotype data that is useful in the methods of the invention. One example pertains to storing
genotype information derived from an individual on readable media, so as to be able to provide
the genotype information to a third party (e.g., the individual, a guardian of the indlividual, a
health care provider or genetic analysis service provider), or for deriving information from the
genotype data, e.g., by comparing the genotype data to information about genetic risk factors
contributing to increased susceptibility to the thyroid cancer, and reporting results based on such

comparison.
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In general terms, computer-readable media has capabilities of storing (i) identifer information for
at least one polymorphic marker or a haplotype, as described herein; (ii) an indicator of the
frequency of at least one allele of said at least one marker, or the frequency of a haplotype, in
individuals with thyroid cancer; and an indicator of the frequency of at least one allele of said at
least one marker, or the frequency of a haplotype, in a reference population. The reference
population can be a disease-free population of individuals. Alternatively, the reference
population is a random sample from the general population, and is thus representative of the
population at large. The frequency indicator may be a calculated frequency, a count of alleles
and/or haplotype copies, or normalized or otherwise manipulated values of the actual

frequencies that are suitable for the particular medium.

The markers and haplotypes described herein to be associated with increased susceptibility (e.g.,
increased risk) of thyroid cancer, are in certain embodiments useful for interpretation and/or
analysis of genotype data. Thus in certain embodiments, an identification of an at-risk allele for
thyroid cancer, as shown herein, or an allele at a polymorphic marker in LD with any one of the
markers shown herein to be associated with thyroid cancer, is indicative of the individual from
whom the genotype data originates is at increased risk of thyroid cancer. In one such
embodiment, genotype data is generated for at least one polymorphic marker shown herein to
be associated with thyroid cancer, or a marker in linkage disequilibrium therewith. The genotype
data is subsequently made available to a third party, such as the individual from whom the data
origi'nates, his/her guardian or representative, a physician or health care worker, genetic
counselor, or insurance agent, for example via a user interface accessable over the internet,
together with an interpretation of the genotype data, e.g., in the form of a risk measure (such as
an absolute risk (AR), risk ratio (RR) or odds ratio (OR)) for the disease. In another
embodiment, at-risk markers identified in a genotype dataset derived from an individual are
assessed and results from the assessment of the risk conferred by the presence of such at-risk
varians in the dataset are made available to fhe third party, for example via a secure web
interface, or by other communication means. The results of such risk assessment can be
reported in numeric form (e.g., by risk values, such as absolute risk, relative risk, and/or an
odds ratio, or by a percentage increase in risk compared with a reference), by graphical means,
or by other means suitable to illustrate the risk to the individual from whom the genotype data is

derived.

Nucleic acids and polypeptides

The nucleic acids and polypeptides described herein can be used in methods and kits of the
present invention. An “isolated” nucleic acid molecule, as used herein, is one that is separated
from nucleic acids that normally flank the gene or nucleotide sequence (as in genomic
sequences) and/or has been completely or partially purified from other transcribed sequences

(e.g., as in an RNA library). For example, an isolated nucleic acid of the invention can be
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substantially isolated with respect to the complex cellular milieu in which it naturally occurs, or
culture medium when produced by recombinant techniques, or chemical precursors or other
chemicals when chemically synthesized. In some instances, the isolated material will form part
of a composition (for example, a crude extract containing other substances), buffer system or
reagent mix. In other circumstances, the material can be purified to essential homogeneity, for
example as determined by polyacrylamide gel electrophoresis (PAGE) or column chromatography
(e.g., HPLC). An isolated nucleic acid molecule of the invention can comprise at least about
50%, at least about 80% or at least about 90% (on a molar basis) of all macromolecular species
present. With regard to genomic DNA, the term “isolated” also can refer to nucleic acid
molecules that are separated from the chromosome with which the genomic DNA is naturally
associated. For example, the isolated nucleic acid molecule can contain less than about 250 kb,
200 kb, 150 kb, 100 kb, 75 kb, 50 kb, 25 kb, 10 kb, 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1
kb of the nucleotides that flank the nucleic acid molecule in the genomic DNA of the cell from

which the nucleic acid molecule is derived.

The nucleic acid molecule can be fused to other coding or regulatory sequences and still be
considered isolated. Thus, recombinant DNA contained in a vector is included in the definition of
“isolated” as used herein. Also, isolated nucleic acid molecules include recombinant DNA
molecules in heterologous host cells or heterologous organisms, as well as partially or
substantially purified DNA molecules in solution. “Isolated” nucleic acid molecules also
encompass in vivo and in vitro RNA transcripts of the DNA molecules of the present invention.
An isolated nucleic acid molecule or nucleotide sequence can include a nucleic acid molecule or
nucleotide sequence that is synthesized chemically or by recombinant means. Such isolated
nucleotide sequences are useful, for example, in the manufacture of the encoded polypeptide, as
probes for isolating homologous sequences (e.g., from other mammalian species), for gene
mapping (e.g., by in situ hybridization with chromosomes), or for detecting expression of the
gene in tissue (e.g., human tissue), such as by Northern blot analysis or other hybridization

techniques.

The invention also pertains to nucleic acid molecules that hybridize under high stringency
hybridization conditions, such as for selective hybridization, to a nucleotide sequence described
herein (e.g., nucleic acid molecules that specifically hybridize to a nucleotide sequence
containing a polymorphic site associated with a marker or haplotype described herein). Such
nucleic acid molecules can be detected and/or isolated by allele- or sequence-specific
hybridization (e.g., under high stringency conditions). Stringency conditions and methods for
nucleic acid hybridizations are well known to the skilled person (see, e.g., Current Protocols in
Molecular Biology, Ausubel, F. et a/, 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.
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The percent identity of two nucleotide or amino acid sequences can be determined by aligning
the sequences for optimal comparison purposes (e.g., gaps can be introduced in the sequence of
a first sequence). The nucleotides or amino acids at corresponding positions are then compared,
and the percent identity between the two sequences is a function of the number of identical
S positions shared by the sequences (i.e., % identity = # of identical positions/total # of positions

x 100). In certain embodiments, the length of a sequence aligned for comparison purposes is at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%,
or at least 95%, of the length of the reference sequence. The actual comparison 6f the two
sequences can be accomplished by weli-known methods, for example, using a mathematical

10  algorithm. A non-limiting example of such a mathematical algorithm is described in Karlin, S.
and Altschul, S., Proc. Natl. Acad. Sci. USA, 90:5873-5877 (1993). Such an algorithm is
incorporated into the NBLAST and XBLAST programs (version 2.0), as described in Altschul, S. et
al., Nucleic Acids Res., 25:3389-3402 (1997). When utilizing BLAST and Gapped BLAST
programs, the default parameters of the respective programs (e.g., NBLAST) can be used. See

15  the website on the world wide web at ncbi.nlm.nih.gov. In one embodiment, parameters for
sequence comparison can be set at score=100, 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
as described in Torellis, A. and Robotti, C., Comput. Appl. Biosci. 10:3-5 (1994); and FASTA
20 described in Pearson, W. and Lipman, D., Proc. Natl. Acad. Sci. USA, 85:2444-48 (1988).

In another embodiment, the percent identity between two amino acid sequences can be

accomplished using the GAP program in the GCG software package (Accelrys, Cambridge, UK).

The present invention also provides isolated nucleic acid molecules that contain a fragment or
portion that hybridizes under highly stringent conditions to a nucleic acid that comprises, or

25 consists of, the nucleotide sequence of any one of SEQ ID NO:1-229, or a nucleotide sequence
comprising, or consisting of, the complement of the nucleotide sequence of any one of SEQ ID
NO:1-229, wherein the nucleotide sequence comprises at least one polymorphic allele contained
in the markers and haplotypes described herein. The nucleic acid fragments of the invention are
at least about 15, at least about 18, 20, 23 or 25 nucleotides, and can be 30, 40, 50, 100, 200,

30 500, 1000, 10,000 or more nucleotides in length.

The nucleic acid fragments of the invention are used as probes or primers in assays such as
those described herein. “Probes” or “primers” are oligonucleotides that hybridize in a base-
specific manner to a complementary strand of a nucleic acid molecule. In addition to DNA and
RNA, such probes and primers include polypeptide nucleic acids (PNA), as described in Nielsen,
35 P. et al., Science 254:1497-1500 (1991). A probe or primer comprises a region of nucleotide
sequence that hybridizes to at least about 15, typically about 20-25, and in certain embodiments

about 40, 50 or 75, consecutive nucleotides of a nucleic acid molecule. In one embodiment, the
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probe or primer comprises at least one allele of at least one polymorphic marker or at least one
haplotype described herein, or the complement thereof. In particular embodiments, a probe or
primer can comprise 100 or fewer nucleotides; for example, in certain embodiments from 6 to 50
nucleotides, or, for example, from 12 to 30 nucleotides. In other embodiments, the probe or
5 primer is at least 70% identical, at least 80% identical, at least 85% identical, at least 90%

identical, or at least 95% identical, to the contiguous nucleotide sequence or to the complement
of the contiguous nucleotide sequence. In another embodiment, the probe or primer is capable
of selectively hybridizing to the contiguous nucleotide sequence or to the complement of the
contiguous nucleotide sequence. Often, the probe or primer further comprises a label, e.g., a

10 radioisotope, a fluorescent label, an enzyme label, an enzyme co-factor label, a magnetic label, a

spin label, an epitope label.

The nucleic acid molecules of the invention, such as those described above, can be identified and
isolated using standard molecular biology techniques well known to the skilled person. The
amplified DNA can be labeled (e.g., radiolabeled, fluorescently labeled) and used as a probe for

15  screening a cDNA library derived from human cells. The cDNA can be derived from mRNA and
contained in a suitable vector. Corresponding clones can be isolated, DNA obtained following /in
vivo excision, and the cloned insert can be sequenced in either or both orientations by art-
recognized methods to identify the correct reading frame encoding a polypeptide of the
appropriate molecular weight. Using these or similar methods, the polypeptide and the DNA

20 encoding the polypeptide can be isolated, sequenced and further characterized.

Antibodies

Polyclonal antibodies and/or monoclonal antibodies that specifically bind one form of the gene
product but not to the other form of the gene product are also provided. Antibodies are also

25 brovided which bind a portion of either the variant or the reference gene product that contains
the polymorphic site or sites. The term “antibody” as used herein refers to immunoglobulin
molecules and immunologically active portions of immunoglobulin molecules, i.e., molecules that
contain antigen-binding sites that specifically bind an antigen. A molecule that specifically binds
to a polypeptide of the invention is a molecule that binds to that polypeptide or a fragment

30 thereof, but does not substantially bind other molecules in a sample, e.g., a biological sample,
which naturally contains the polypeptide. Examples of immunologically active portions of
immunoglobulin molecules include F(ab) and F(ab’), fragments which can be generated by
treating the antibody with an enzyme such as pepsin. The invention provides polyclonal and
monoclonal antibodies that bind to a polypeptide of the invention. The term “monoclonal

35  antibody” or *“monoclonal antibody composition”, as used herein, refers to a population of
antibody molecules that contain only one species of an antigen binding site capable of

immunoreacting with a particular epitope of a polypeptide of the invention. A monoclonal
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antibody composition thus typically displays a single binding affinity for a particular polypeptide

of the invention with which it immunoreacts.

Polyclonal antibodies can be prepared as described above by immunizing a suitable subject with
a desired immunogen, e.g., polypeptide of the invention or a fragment thereof. The antibody

5 titer in the immunized subject can be monitored 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 fraction. At an appropriate time after immunization, e.g.,

10  when the antibody titers are highest, antibody-producing cells can be obtained from the subject
and used to prepare monoclonal antibodies by standard techniques, such as the hybridoma
technique originally described by Kohler and Milstein, Nature 256:495-497 (1975), the human B
cell hybridoma technique (Kozbor et al., Immunol. Today 4: 72 (1983)), the EBV-hybridoma
technique (Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss,1985, Inc., pp.

15  77-96) or trioma techniques. The technology for producing hybridomas is well known (see
generally Current Protocols in Immunology (1994) Coligan et al., (eds.) John Wiley & Sons, Inc.,
New York, NY). Briefly, an immortal cell line (typically a myeloma) is fused to lymphocytes
(typically splenocytes) from a mammal immunized with an immunogen as described above, and
the culture supernatants of the resulting hybridoma cells are screened to identify a hybridoma

20 producing a monoclonal antibody that binds a polypeptide of the invention.

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

25 Plenum Publishing Corp., New York, New York (1980); and Lerner, Yale J. Biol. Med. 54:387-402
(1981)). Moreover, the ordinarily skilled worker will appreciate that there are many variations of

such methods that also would be useful.

Alternative to preparing monoclonal antibody-secreting hybridomas, a monoclonal antibody to a
polypeptide of the invention can be identified and isolated by screening a recombinant

30 combinatorial immunoglobulin library (e.g., an antibody phage display library) with the
polypeptide to thereby isolate immunoglobulin library members that bind the polypeptide. Kits
for generating and screening phage display libraries are commercially available (e.g., the
Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-01; and the Stratagene
SurfZAP™ Phage Display Kit, Catalog No. 240612). Additionally, examples of methods and

35 reagents particularly amenable for use in generating and screening antibody display library can
be found in, for example, U.S. Patent No. 5,223,409; PCT Publication No. WO 92/18619; PCT
Publication No. WO 91/17271; PCT Publication No.‘WO 92/20791; PCT Publication No. WO
92/15679; PCT Publication No. WO 93/01288; PCT Publication No. WO 92/01047; PCT
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0, 000056 99430448 156 rs10817781 rs965513 0, 556801 0, 163618 0, 000014
99369961 Wb holowh8RA975 rs965513 0, 528842 0, 151107 0, 000966 90HRR6Q 158
rs2805779 rs965513 0, 521666 0, 148646 €3, 000049 99406774 159 rs2805767
rs965513 0, 499638 0, 148567 0, 00016 99456420 160
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Publication No. WO 92/09690; PCT Publication No. WO 90/02809; Fuchs et al., Bio/Technology
9: 1370-1372 (1991); Hay et al., Hum. Antibod. Hybridomas 3:81-85 (1992); Huse et al.,
Science 246: 1275-1281 (1989); and Griffiths et al., EMBO J. 12:725-734 (1993).

Additionally, recombinant antibodies, such as chimeric and humanized monoclonal antibodies,
comprising bot_h human and non-human portions, which can be made using standard
recombinant DNA techniques, are within the scope of the invention. Such chimeric and
humanized monoclonal antibodies can be produced by recombinant DNA techniques known in the
art.

In general, antibodies of the invention (e.g., a monoclonal antibody) can be used to isolate a
polypeptide of the invention by standard techniques, such as affinity chromatography or
immunoprecipitation. A polypeptide-specific antibody can facilitate the purification of natural
polypeptide from cells and of recombinantly produced polypeptide expressed in host cells.
Moreover, an antibody specific for a polypeptide of the invention can be used to detect the
polypeptide (e.g., in a cellular lysate, cell supernatant, or tissue sample) in order to evaluate the
abundance and pattern of expression of the polypeptide. Antibodies can be used diagnostically
to monitor protein levels in tissue as part of a clinical testing procedure, e.g., to, for example,
determine the efficacy of a given treatment regimen. The antibody can be coupled to a
detectable substance to facilitate its detection. Examples of detectable substances include
various enzymes, prosthetic groups, fluorescent materials, luminescent materials,
bioluminescent materials, and radioactive materials. Examples of suitable enzymes include
horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or acetylcholinesterase;
examples of suitable prosthetic group complexes include streptavidin/biotin and avidin/biotin;
examples of suitable fluorescent materials include umbelliferone, fluorescein, fluorescein
isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin;
an example of a luminescent material includes luminol; examples of bioluminescent materials
include luciferase, luciferin, and aequorin, and examples of suitable radioactive material include

1251, 1311, 355 or 3H.

Antibodies may also be useful in pharmacogenomic analysis. In such embodiments, antibodies
against variant proteins encoded by nucleic acids according to the invention, such as variant
proteins that are encoded by nucleic acids that contain at least one polymorpic marker of the

invention, can be used to identify individuals that require modified treatment modalities.

Antibodies can furthermore be useful for assessing expression of variant proteins in disease
states, such as in active stages of a disease, or in an individual with a predisposition to a disease
related to the function of the protein, in particular thyroid cancer. Antibodies specific for a
variant protein of the present invention that is encoded by a nucleic acid that comprises at least

one polymorphic marker or haplotype as described herein can be used to screen for the presence



rs952765 rs965513 0, 447965 0, 146545 0, 000131 99407127 161 rs16923677
rs965513 0, 464509 0, 146437 0, 000135 99507465 162 rs958346 rs965513 0, 498946
0, 145578 WoO9ARAR:089401685 163 rs2805810 rs965513 0, 5729261504061

0, 000075 99371559 164 rs774122 rs965543 0, 516668 0, 14374 0, 000092 99951551
165 rs2808692 rs965513 0, 514491 0, 138686

of the variant protein, for example to screen for a predisposition to thyroid cancer as indicated
by the presence of the variant protein.

Antibodies can be used in other methods. Thus, antibodies are useful as diagnostic tools for
evaluating proteins, such as variant proteins of the invention, in conjunction with analysis by

5 electrophoretic mobility, isoelectric point, tryptic or other protease digest, or for use in other
physical assays known to those skilled in the art. Antibodies may also be used in tissue typing.
In one such émbodiment, a specific variant protein has been correlated With expression in a
specific tissue type, and antibodies specific for the variant protein can then be used to identify
the specific tissue type.

10 Subcellular localization of proteins, including variant proteins, can also be determined using
antibodies, and can be applied to assess aberrant subcellular localization of the protein in cells in
various tissues. Such use can be applied in genetic testing, but also in monitoring a particular
treatment modality. In the case where treatment is aimed at correcting the expression level or
presence of the variant protein or aberrant tissue distribution or developmental expression of the

15  variant protein, antibodies specific for the variant protein or fragments thereof can be used to

monitor therapeutic efficacy.

Antibodies are further useful for inhibiting variant protein function, for example by blocking the
binding of a variant protein to a binding molecule or partner. Such uses can also be applied in a
therapeutic context in which treatment involves inhibiting a variant protein’s function. An

20 antibody can be for example be used to block or competitively inhibit binding, thereby
modulating (i.e., agonizing or antagonizing) the activity of the protein. Antibodies can be
prepared against specific protein fragments containing sites required for specific function or
against an intact protein that is associated with a cell or cell membrane. For administration in
vivo, an antibody may be linked with an additional therapeutic payload, such as radionuclide, an

25 enzyme, an immunogenic epitope, or a cytotoxic agent, including bacterial toxins (diphtheria or
plant toxins, such as ricin). The in vivo half-life of an antibody or a fragment thereof may be

increased by pegylation through conjugation to polyethylene glycol.

The present invention further relates to kits for using antibodies in the methods described
herein. This includes, but is not limited to, kits for detecting the presence of a variant protein in
30 a test sample. One preferred embodiment comprises antibodies such as a labelled or labelable
antibody and a compound or agent for detecting variant proteins in a biological sample, means
for determining the amount or the presence and/or absence of variant protein in the sample, and
means for comparing the amount of variant protein in the sample with a standard, as well as

instructions for use of the kit.
35

The present invention will now be exemplified by the following non-limiting examples.



0, 000103 99530193 166 rs6478262 rs965513 0, 587984 0, 138603 0, 00018 99359101
167 rs3176633 rs965513 0, 792122 0, 137393 0, 000093 99499130 168 rs10817858

r s965513 Wobdiiided, 135825 0, 000175 99427940 169 rs3176BoiisHe6Gadm
0, 643771 0, 135825 0, 000175 99476879 1330 rs10759868 rs965513 0, 643771
0, 135825 0, 000175 99503899 171 rs2668792

EXAMPLE 1

Identification of risk variants on chromosome 9q22.33 that confer risk of
thyroid cancer

5 The incidence of thyroid cancer in Iceland is higher than in the neighboring countries and among
the highest in the world. Age standardized incidence in Iceland per 100,000 is 5 and 12.5 for
males and females respectively. The average age at diagnosis is 61 for males and 47 for
females. The distribution between histological subtypes is similar in Iceland as in other
industrialized countries. The papillary histological subtype is the most frequent, representing up

10 to 80% of all thyroid cancers, second most frequent it the follicular type (~14%), third is the
anaplastic type representing about 5% of all thyroid cases, and least common is the medullary
type (~1%). '

Subjects

15 Approval for this study was granted by the National Bioethics Committee of Iceland and the
Icelandic Data Protection Authority. ’

Our collection of samples used for the thyroid cancer study represents the overall distribution in

Iceland quite well. Of the 406 cases that we genotyped, 309 (82%) are of papillary type, 53

(14%) are of follicular type, 7 (1.5%) are medullary thyroid cancer, and 37 are of unknown or
20 undetermined histological subphenotype.

The results presented below in Table 1 are for the combined results for all our cases since no
statistically significant difference was observed between the different histological subgroups.

The 28,858 Icelandic controls consisted individuals from other ongoing genome-wide association
studies at deCODE genetics. Individuals with a diagnosis of thyroid cancer were excluded. Both

25 male and female genders were included.

Genotyping

In a genome-wide search for susceptibility variants for thyroid cancer, samples from Icelandic
patients diagnosed with thyroid cancer and population controls were genotyped on Illumina
30 Hap300 SNP bead microarrays (Illumina, San Diego, CA, USA), containing 317,503 SNPs derived



rs965513 0, 506147 0, 135203 0, 000085 99525832 172 rs2808686 rs965513
0, 506147 0, 135203 0, 000085 99527112 173 rs2805824 rs965513 0, 506147

0, 135203 WoO9AARE:089527211 174 rs2808687 rs965513 0, 506 péF15H0d3R300
0, 000085 99527771 175 rs2808691 rs965313 0, 506147 0, 135203 0, 000085
99530127 176 rs2805840 rs965513 0, 506147 0, 135203 0, 000085

from Phase I of the International HapMap project. This chip provides about 75% genomic

coverage in the Utah CEPH (CEU) HapMap samples for common SNPs at r’>0.8 (Barrett and

Cardon, (2006), Nat Genet, 38, 659-62). Markers that were deemed unsuitable either because

they were monomorphic (minor allele frequency in the combined patient and control groups less
5 than 0.001) or because they had low (<95%) yield were removed prior to analysis.

Markers rs907580, rs7024345 and rs965513 were further assessed by Centaurus SNP
genotyping (Kutyavin, et al., (2006), Nucleic Acids Res, 34, €128).

All genotyping was carried out at the deCODE genetics facility.

10  Statistical Analysis

We calculated the odds ratio (OR) of a SNP allele assuming the multiplicative model, i.e.
assuming that the relative risk of the two alleles that a person carries multiplies. Allelic
frequencies rather than carrier frequencies are presented for the markers. The associated P-
values were calculated with a standard likelihood ratio Chi-squared statistic as implemented in
15 the NEMO software package (Gretarsdottir, et al., (2003), Nat Genet, 35, 131-8). Confidence
intervals were calculated assuming that the estimate of the OR has a log-normal distribution.

All P-values are reported as two-sided.

Results

20 Upon analysis of genotype from the Illumina Hap300 chip, we found three markers, rs965513,
rs907580 and rs7024345 on chromosome 9g22.33 that gave very significant association to
thyroid cancer. We followed up those results by genotyping additional cases using Centaurus

genotyping assays. The results are shown in Table 1A.

All three markers give genome-wide significant association to thyroid cancer (correction for
25 317,000 tests requires P-value of less than 0.05/317,000 ~ 1.5 x 10-8), with the most

significant results obtained for rs965513 (OR 1.77, P-value 1.18 x 10-15). The rs907580 and

rs702345 markers are correlated with rs965513, with r2-values of 0.90 (Table 1B), and these

markers are therefore most likely capturing the same association signal.



99545367 177 rs2808701 rs965513 0, 506147 0, 135203 0, 000085 99546029 178
rs7856619 rs965513 0, 668361 0, 133227 0, 000179 99542122 179 rs10983030
rs965513 Wo488fil%00, 132142 0, 000142 99416368 180 rs2773p4T/15906&001

0, 483519 0, 132142 0, 000142 99428018 181 rs2773351 rs965513 0, 483519

0, 132142 0, 000142 99439955 182 rs2026132 rs965513

Table 1A. Association of variants on chromosome 9q22.33 with thyroid cancer. Shown are

markers, the associating allele, P-value for the association, Odds Ratio for the allelic risk,
number of cases and controls, and allelic frequency in cases and controls.

Marker Allele P value | OR | # Case | Case freq | # Ctris | Ctris freq

rs965513

1 1,18E-15 | 1,77 404 0,491 28858 0,353
rs965513 3 1,18E-15| 0,56 404 0,509 28858 0,647
rs907580 1 4,56E-12 | 1,67 403 0,397 28833 0,283
rs907580 3 4,56E-12 | 0,60 403 0,603 28833 0,717
rs7024345 1 1,62E-09 | 1,56 406 0,385 28852 0,286
rs7024345 3 1,62E-09 | 0,64 406 0,615 28852 0,714

Table 1B. LD characteristics for the three markers giving strongest association to thyroid

10 cancer. LD was determined in the Caucasian HapMap sample (http://www.hapmap.org)
Position
M-1 M-2 D' r2 P-value
( B36)
rs7024345 rs907580 1 0,948461 1,40E-45 99635059
rs7024345 rs965513 0,90033 0,454289 7,25E-14 99635059
rs907580 rs965513 0,897329 0,433569 3,20E-13 99662418




0, 483519 0, 132142 0, 000142 99455661 183 rs2805839 rs965513 0, 483519

0, 132142 0, 000142 99461848 184 rs2805837 rs965513 0, 483519 0, 132142

0, 000142 W64éiade0d85 rs2808668 rs965513 0, 483519 0, 132p42/1820000bdLd

99492256 186 rs2808673 rs965513 0, 483519 0, 132142 0, 000142 99508039 187

rs2808675 rs965513 0, 483519 0, 132142 0, 000142 99510843
Table 2. Surrogate SNPs in linkage disequilibrium (LD) with rs965513. The markers were
selected from the Caucasian HapMap dataset, using a cutoff of r2 greater than 0.1. Shown are
marker names, anchor marker, values for D’ and r2 for the LD between the two markers, the
corresponding P-value, position of the marker in NCBI Build 36 of the human genome assembly,

and the identity of the SEQ ID for the flanking sequence of the marker.

Marker Anchor D' r2 P-value (::)s i(t;«;ns) SEN%::[D
rs965513 rs965513 1 1 - 99595930 1
rs7030256 rs965513 1 1 1,69E-36 99575024 2
rs1588635 | rs965513 1 1 1,36E-37 99577623 3
rs7028661 rs965513 1 1 1,36E-37 99578291 4
rs7021576 rs965513 1 1 2,40E-37 99580362 5
rs1561962 rs965513 1 1 1,36E-37 99586040 6
rs925488 rs965513 1 1 1,36E-37 99586212 7
rs925489 rs965513 1 1 1,36E-37 99586421 8
rs7020976 rs965513 1 1 1,36E-37 99587793 9
rs7032019 rs965513 1 1 1,36E-37 99587965 10
rs7850258 rs965513 1 1 3,15E-37 99588834 11
rs1443438 rs965513 1 1 1,36E-37 99589849 12
rs7030241 rs965513 1 1 3,15e-37 99590196 13
rs10739496 | rs965513 1 1 1,36E-37 99592380 14
rs10983761 | rs965513 1 1 1,36E-37 99593778 15
rs4743131 rs965513 1 1 1,36E-37 99594728 16
rs10759944 | rs965513 1 1 1,36E-37 99596793 17
rs1877431 rs965513 1 0,903743 1,67E-32 99573968 18
rs10124220 | rs965513 0,919308 0,741713 2,01E-21 99622895 19
rs7848973 rs965513 0,960618 0,682525 5,99E-22 99628660 20
rs1443432 rs965513 0,958402 0,614607 9,71E-20 99623016 21
rs7357631 rs965513 0,820443 0,608334 2,18E-18 99568141 22
rs1912995 rs965513 0,820443 0,608334 2,18E-18 99570720 23
rs4297160 rs965513 0,957388 0,593088 9,30E-19 99625327 24
rs7045138 rs965513 0,957388 0,593088 9,30E-19 99631284 25
rs10983700 | rs965513 0,868166 0,560683 8,24E-15 99577276 26
rs7860144 rs965513 0,729785 0,485957 2,24E-13 99666705 27
rs894673 rs965513 0,743114 0,48261 5,71E-14 99652091 28
rs3758251 rs965513 0,743114 0,48261 5,71E-14 99653521 29
rs1443434 rs965513 0,743114 0,48261 5,71E-14 99657300 30
rs2417575 rs965513 0,716866 0,480309 4,42E-14 99668463 31
rs2417576 | rs965513 0,716866 0,480309 4,42E-14 99668528 32
rs1443436 rs965513 0,716866 0,480309 4,42E-14 99671119 33
rs925487 rs965513 0,716866 0,480309 4,42E-14 99676219 34




188 rs2805828 rs965513 0, 483519 0, 132142 0, 000142 99511248 189 rs2808677
rs965513 0, 483519 0, 132142 0, 000142 99513232 190 rs2808678 rs965513

0, 483519 WobaRAlARed, 000142 99515841 191 rs7031623 rs965pEd150dBnReh

0, 131898 0, 000319 99452196 192 rs1011%536 rs965513 0, 432801 0, 131898

0, 000319 99468798 193 rs10120102 rs965513 0, 432801

rs10123699 | rs965513 0,716866 0,480309 4,42E-14 99677680 35
rs12342417 | rs965513 0,716866 0,480309 4,42E-14 99678886 36
rs10984103 | rs965513 0,716866 0,480309 4,42E-14 99679096 37
rs2120264 | rs965513 0,716866 0,480309 4,42E-14 99685549 38
rs3758249 | rs965513 0,742362 . | 0,478964 9,03E-14 99653961 39
rs907577 rs965513 0,735586 0,474896 1,83E-13 99654938 40
rs1443435 | rs965513 0,735586 0,474896 1,83E-13 99657404 41
rs12348691 | rs965513 0,736568 0,473731 3,29E-13 99648503 42
rs13288000 | rs965513 0,736568 0,473731 3,29E-13 99648801 43
rs1867278 | rs965513 0,730735 0,470997 3,41E-13 99655770 44
rs7873389 | rs965513 0,734583 0,465596 1,55E-12 99649051 + 45
rs10818133 | rs965513 0,72673 0,461714 1,80E-12 99650169 46
rs907581 rs965513 0,686123 0,455091 2,86E-13 99662010 47
rs993501 rs965513 0,686123 0,455091 2,86E-13 99663198 48
rs10759975 | rs965513 0,686123 0,455091 2,86E-13 99665014 49
rs13287360 | rs965513 0,686123 0,455091 2,86E-13 99677502 50
rs4743139 | rs965513 0,686123 0,455091 2,86E-13 99678241 51
rs7866436 | rs965513 0,686123 0,455091 2,86E-13 99689917 52
rs12006522 | rs965513 0,686123 0,455091 2,86E-13 99692532 53
rs12004762 | rs965513 0,686123 0,455091 2,86E-13 99692576 54
rs7034648 | rs965513 0,686123 0,455091 2,86E-13 99693914 55
rs7032086 | rs965513 0,686123 0,455091 2,86E-13 99696223 56
rs7036589 | rs965513 0,686123 0,455091 2,86E-13 99697541 57
rs7037324 | rs965513 0,686123 0,455091 2,86E-13 99698139 58
r$10739526 | rs965513 0,686123 0,455091 2,86E-13 99702492 59
rs3824495 | rs965513 0,686123 0,455091 2,86E-13 99703521 60
rs3808893 | rs965513 0,686123 0,455091 2,86E-13 99703566 61
rs9299258 | rs965513 0,686123 0,455091 2,86E-13 99706364 62
rs1561961 | rs965513 0,686123 0,455091 2,86E-13 99707420 63
rs6478423 | rs965513 0,90033 0,454289 7,25E-14 99631851 64
rs10739513 | rs965513 0,90033 0,454289 7,25E-14 99632526 65
rs7024345 | rs965513 0,90033 0,454289 7,25E-14 99635059 66
rs1912996 | rs965513 0,90033 0,454289 7,25E-14 99638082 67
rs7023267 | rs965513 0,90033 0,454289 7,25E-14 99643756 68
rs7048394 | rs965513 0,90033 0,454289 7,25E-14 99645254 69
rs1348386 | rs965513 0,90033 0,454289 7,25E-14 99652628 70
rs10512255 | rs965513 0,680722 0,450668 5,41E-13 99692403 71
rs7027221 | rs965513 0,680722 0,450668 5,41E-13 99702200 72
rs7038998 | rs965513 0,689315 0,450038 2,02E-12 99702217 73
rs4460498 | rs965513 0,72036 0,439276 3,29E-12 99660233 74




0, 131898 0, 000319 99469521 194 WD 2010/ 018600PCT/ | S2009/ 000010 90
rs16923269 rs965513 0, 432801 0, 131898 0, 000319 99471953 195 rs3176748
r s965513 Wo%3aRfded, 131898 0, 000319 99478165 196 rs317663916H06EmId
0, 432801 0, 131898 0, 000319 99497930 1H7 rs4480232 rs965513 0, 432801
0, 131898 0, 000319 99511653 198 rs12350946 rs965513 0, 432801 0, 131898

rs973473 rs965513 0,893814 0,437253 6,69E-13 99660551 75
rs3021523 | rs965513 0,897329 0,433569 3,20E-13 99656404 76
rs925485 rs965513 0,897329 0,433569 3,20E-13 99659382 77
rs1465965 | rs965513 0,897329 0,433569 3,20E-13 99660147 78
rs1912998 | rs965513 0,897329 0,433569 3,20E-13 99661207 79
rs907582 rs965513 0,897329 0,433569 3,20E-13 99661747 80
rs907580 rs965513 0,897329 0,433569 3,20E-13 99662418 81
rs907578 rs965513 0,897329 0,433569 3,20E-13 99662704 82
rs7859751 | rs965513 0,85327 0,424426 1,70E-12 99615709 83
rs7031386 | rs965513 0,658695 0,422265 1,17E-11 99705490 84
rs7034336 | rs965513 0,651224 0,421869 1,97E-11 99700921 85
rs6478445 | rs965513 0,644902 0,409551 2,93E-10 99664120 86
rs10984253 | rs965513 0,628715 0,389602 6,79E-09 99704295 87
rs10113884 | rs965513 0,628716 0,387517 4,43E-11 99664443 88
rs10119760 | rs965513 0,598931 0,351323 6,43E-09 99664423 89
rs2120262 | rs965513 0,652035 0,336135 4,13E-10 99715797 90
rs12352658 | rs965513 1 0,327731 4,14E-13 99591589 .9
rs10818094 | rs965513 1 0,302326 2,85E-12 99603649 92
rs10818048 | rs965513 1 0,290061 7,28E-12 99578538 93
rs12347079 | rs965513 1 0,290061 1,01E-11 99590048 94
rs16924274 | rs965513 1 0,290061 7,28E-12 99597112 95
rs1877432 | rs965513 1 0,278075 1,83E-11 99583701 96
rs7023279 | rs965513 0,781059 0,270085 6,89E-09 99562491 97
rs10760017 | rs965513 0,639369 0,267287 3,53E-08 99727744 98
rs10983826 | rs965513 1 0,261538 4,60E-10 99608601 99
rs2805789 | rs965513 0,539381 0,261518 9,26E-07 99539118 100
rs10818041 | rs965513 0,926072 0,259277 6,80E-09 99565474 101
rs10818042 | rs965513 0,926072 0,259277 6,80E-09 99565489 102
rs4319207 | rs965513 0,926072 0,259277 6,80E-09 99569522 103
rs1398230 | rs965513 0,817958 0,255815 1,36E-08 99559834 104
rs7847449 | rs965513 1 0,254902 1,10E-10 99591729 105
rs2668797 | rs965513 0,549104 0,254841 9,57E-08 99522324 106
rs2808681 | rs965513 0,549104 0,254841 9,57E-08 99522382 107
rs953198 rs965513 0,549104 0,254841 9,57E-08 99522490 108
rs2668795 | rs965513 0,549104 0,254841 9,57E-08 99523737 109
rs2668794 | rs965513 0,549104 0,254841 9,57E-08 99524445 110
rs2808682 | rs965513 0,549104 0,254841 9,57E-08 99525283 111
rs2808693 | rs965513 0,549104 0,254841 9,57E-08 99530579 112
rs2808697 | rs965513 0,549104 0,254841 9,57E-08 99532364 113

rs2805815 | rs965513 0,549104 0,254841 9,57E-08 99535981 114




0, 000319 99514710 199 rs10983424 rs965513 0, 432801 0, 131898 0, 000319
99514885 200 rs12346336 rs965513 0, 432801 0, 131898 0, 000319 99519604 201
rs7849509w020ffkds00, 432801 0, 131898 0, 000319 99519946 20OZ/1sHAGEBEBH1S
rs965513 0, 432801 0, 131898 0, 000319 98520178 203 rs2808689 rs965513

0, 501114 0, 130527 0, 00012 99528253 204 rs7871185

rs2805812 | rs965513 0,549104 0,254841 9,57E-08 99536224 115
rs2805811 rs965513 0,549104 0,254841 9,57E-08 99536295 116
rs2805809 | rs965513 0,549104 0,254841 9,57E-08 99536743 117
rs2668804 | rs965513 0,549104 0,254841 9,57E-08 99537571 118
rs2805798 | rs965513 0,549104 0,254841 9,57E-08 99538242 119
rs2805797 | rs965513 0,549104 0,254841 9,57E-08 99538313 120
rs2668803 | rs965513 0,549104 0,254841 9,57E-08 99538541 121
rs2805796 | rs965513 0,549104 0,254841 9,57E-08 99538564 122
rs2668802 | rs965513 0,549104 0,254841 9,57E-08 99538652 123
rs2805790 | rs965513 0,549104 0,254841 9,57E-08 99539027 124
rs2805784 | rs965513 0,549104 0,254841 9,57E-08 99539388 125
rs2805781 [ rs965513 0,549104 0,254841 9,57E-08 99540099 126
rs2805778 | rs965513 0,549104 0,254841 9,57E-08 99540956 127
rs2805771 | rs965513 0,549104 0,254841 9,57E-08 99543836 128
rs2805768 | rs965513 0,549104 0,254841 9,57E-08 99545013 129
rs2808700 | rs965513 0,549104 0,254841 9,57E-08 99545841 130
rs2808698 | rs965513 0,571747 0,251516 4,22E-07 99533271 131
rs2805782 | rs965513 0,545323 0,251343 1,76E-07 99539791 132
rs2805822 | rs965513 0,521897 0,236156 7,65E-07 99531161 133
rs6478391 | rs965513 0,859196 0,232449 9,73E-08 99571837 134
rs874004 rs965513 0,723916 0,232011 4,26E-07 99661939 135
rs7357707 | rs965513 0,723916 0,232011 4,26E-07 99670770 136
rs7033315 | rs965513 0,723916 0,232011 4,26E-07 99676061 137
rs10119795 | rs965513 0,723916 0,232011 4,26E-07 99677160 138
rs2805773 | rs965513 0,521658 0,23178 8,31E-07 99543639 139
rs10818021 | rs965513 0,763123 0,231121 9,71E-08 99552241 140
rs1512261 | rs965513 0,529317 0,227753 8,46E-07 99562351 S 141
rs2805799 | rs965513 0,508782 0,226252 7,80E-07 99537549 142
rs2668799 | rs965513 0,51014 0,219958 8,86E-07 99530562 143
rs7871887 | rs965513 0,831739 0,203084 7,74E-07 99611263 144
rs2808695 | rs965513 0,496163 0,201236 3,94E-06 99531899 145
rs7853349 | rs965513 0,700383 0,19468 5,02E-06 99690080 146
rs6586 rs965513 0,700383 0,19468 5,02E-06 99706752 147
rs1561958 | rs965513 0,700383 0,19468 5,02E-06 99709620 148
rs12238579 | rs965513 0,68351 0,187585 0,000022 99691879 149
rs12235588 | rs965513 0,775693 0,181909 3,66E-06 99556717 150
rs1572025 | rs965513 0,464188 0,181413 4,47E-06 99780936 151
rs7855088 | rs965513 0,464188 0,181413 4,47E-06 99782074 152
rs879275 rs965513 0,464188 0,181413 4,47E-06 99821541 153
rs1561960 | rs965513 0,758648 0,178461 4,82E-06 99608297 154




rs965513 0, 552968 0, 127427 0, 000268 99359715 205 rs4743119 rs965513
0, 733465 0, 125205 0, 000157 99415073 206 rs4284139 rs965513 0, 419164
0, 122545 Wo09RGR8:089510156 207 rs2805777 rs965513 0, 4718¢910dddmdib

0, 000276 99420855 208 rs12349178 rs96p513 0,417613 0, 118616
99516173 209 rs10982745 rs965513 0, 520093 0, 117909 0, 000203

0, 00083

rs10739476 | rs965513 0,762206 0,175996 0,000015 99506712 155
rs17335265 | rs965513 0,475362 0,164756 0,000056 99430448 156
rs10817781 | rs965513 0,556801 0,163618 0,000014 99369961 157
rs1800975 | rs965513 0,528842 0,151107 0,000066 99499399 158
rs2805779 | rs965513 0,521666 0,148646 0,000049 99406774 159
rs2805767 | rs965513 0,499638 0,148567 0,00016 99456420 160
rs952765 rs965513 0,447965 0,146545 0,000131 99407127 161
rs16923677 | rs965513 0,464509 0,146437 0,000135 99507465 162
rs958346 rs965513 0,498946 0,145578 0,000083 99401685 163
rs2805810 | rs965513 0,572926 0,143763 0,000075 99371559 164
rs774122 rs965513 0,516668 0,14374 0,000092 99951551 165
rs2808692 | rs965513 0,514491 0,138686 0,000103 99530193 166
rs6478262 | rs965513 0,587984 0,138603 0,00018 99359101 167
rs3176633 | rs965513 0,792122 0,137393 0,000093 99499130 168
rs10817858 | rs965513 0,643771 0,135825 0,000175 99427940 169
rs3176757 | rs965513 0,643771 0,135825 0,000175 99476879 170
rs10759868 | rs965513 0,643771 0,135825 0,000175 99503899 171
rs2668792 | rs965513 0,506147 0,135203 0,000085 99525832 172
rs2808686 | rs965513 0,506147 0,135203 0,000085 99527112 173
rs2805824 | rs965513 0,506147 0,135203 0,000085 99527211 174
rs2808687 | rs965513 0,506147 0,135203 0,000085 99527771 175
rs2808691 | rs965513 0,506147 0,135203 0,000085 99530127 176
rs2805840 | rs965513 0,506147 0,135203 0,000085 99545367 177
rs2808701 | rs965513 0,506147 0,135203 0,000085 99546029 178
rs7856619 | rs965513 0,668361 0,133227 0,000179 99542122 179
rs10983030 | rs965513 0,483519 0,132142 0,000142 99416368 180
rs2773347 | rs965513 0,483519 0,132142 0,000142 99428018 181
rs2773351 | rs965513 0,483519 0,132142 0,000142 99439955 182
rs2026132 | rs965513 0,483519 0,132142 0,000142 99455661 183
rs2805839 | rs965513 0,483519 0,132142 0,000142 99461848 184
rs2805837 | rs965513 0,483519 0,132142 0,000142 99473054 185
rs2808668 | rs965513 0,483519 0,132142 0,000142 99492256 186
rs2808673 | rs965513 0,483519 0,132142 0,000142 99508039 187
rs2808675 | rs965513 0,483519 0,132142 0,000142 99510843 188
rs2805828 | rs965513 0,483519 0,132142 0,000142 99511248 189
rs2808677 | rs965513 0,483519 0,132142 0,000142 99513232 190
rs2808678 | rs965513 0,483519 0,132142 0,000142 99515841 191
rs7031623 | rs965513 0,432801 0,131898 0,000319 99452196 192
rs10116536 | rs965513 0,432801 0,131898 0,000319 99468798 193
rs10120102 | rs965513 0,432801 0,131898 0,000319 99469521 194




99363907 210 rs10217225 rs965513 1 0, 117647 7, 58E- 06 99636812 211
rs12344605 rs965513 0, 411211 0, 115869 0, 001023 99421419 212 rs10119687
r s965513 Wohbikikieod, 115869 0, 001023 99512650 213 rs279549716H86EmM

0, 338283 0, 114436 0, 000489 99953197 b4 rs2282192 rs965513 0, 626552

0, 113868 0, 000389 99712159 215 rs2120263 rs965513

rs16923269 | rs965513 0,432801 0,131898 0,000319 99471953 195
rs3176748 | rs965513 0,432801 0,131898 0,000319 99478165 196
rs3176639 | rs965513 0,432801 0,131898 0,000319 99497930 197
rs4480232 | rs965513 0,432801 0,131898 0,000319 99511653 198
rs12350946 | rs965513 0,432801 0,131898 0,000319 99514710 199
rs10983424 | rs965513 0,432801 0,131898 0,000319 99514885 200
rs12346336 | rs965513 0,432801 0,131898 0,000319 99519604 201
rs7849509 | rs965513 0,432801 0,131898 0,000319 99519946 202
rs16923815 | rs965513 0,432801 0,131898 0,000319 99520178 203
rs2808689 | rs965513 0,501114 0,130527 0,00012 99528253 204
rs7871185 | rs965513 0,552968 0,127427 0,000268 99359715 205
rs4743119 | rs965513 0,733465 0,125205 0,000157 99415073 206
rs4284139 | rs965513 0,419164 0,122545 0,000639 99510156 207
rs2805777 | rs965513 0,471849 0,121611 0,000276 99420855 208
rs12349178 | rs965513 0,417613 0,118616 0,00083 99516173 209
rs10982745 | rs965513 0,520093 0,117909 0,000203 99363907 210
rs10217225 | rs965513 1 0,117647 7,58E-06 99636812 211
rs12344605 | rs965513 0,411211 0,115869 0,001023 99421419 212
rs10119687 | rs965513 0,411211 0,115869 0,001023 99512650 213
rs2795492 | rs965513 0,338283 0,114436 0,000489 99953197 214
rs2282192 | rs965513 0,626552 0,113868 0,000389 99712159 215
rs2120263 | rs965513 0,626552 0,113868 0,000389 99715765 216
rs7034310 | rs965513 0,635696 0,11308 0,000963 99566978 217
rs1536950 | rs965513 0,484818 0,111772 0,000389 99373593 218
rs12349452 | rs965513 0,530427 0,111661 0,000279 99850226 219
rs10818071 | rs965513 1 0,111111 0,000016 99590074 220
rs7855669 | rs965513 0,491557 0,110059 0,001647 99350532 221
rs2036959 | rs965513 0,455187 0,109348 0,000439 99525228 222
rs7035650 | rs965513 0,354957 0,106491 0,000572 99806663 223
rs1010777 | rs965513 0,354957 0,106491 0,000572 99807681 224
rs987142 rs965513 0,354957 0,106491 0,000572 99814467 225
rs3780416 | rs965513 0,660153 0,106204 0,000337 99714386 226
rs1610323 | rs965513 0,363691 0,104577 0,000777 99856447 227
rs1588636 | rs965513 1 0,103112 0,000037 99577584 228
rs3780459 | rs965513 0,377714 0,100458 0,001121 99948789 229




0, 626552 0, 113868 0, 000389 99715765 216 rs7034310 rs965513 0, 635696 0, 11308
0, 000963 99566978 217 rs1536950 rs965513 0, 484818 0, 111772 0, 000389
99373593 WOR0remi8d49452 rs965513 0, 530427 0, 111661 0, 00@2TASHIHS&ORR6 219
rs10818071 rs965513 1 0, 111111 O, 0006 99590074 220 rs7855669 rs965513

0, 491557 0, 110059 0, 001647 99350532
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EXAMPLE 2

In order to search for sequence variants conferring risk of thyroid cancer, we conducted a
genome-wide association study (GWAS) with 192 histopathologically confirmed Icelandic thyroid
cancer cases and 37,196 controls genotyped using the Illumina HumanHap300 and
HumanCNV370-duo Bead Chip genotyping platform. Furthermore, we used a method where
known genotypes of relatives are used to provide information on thyroid cancer cases not
genotyped (in silico genotyping), in order to add genotypes that are equivalent to, on average
per SNP, an additional 186 thyroid cancer patients (Gudbjartsson, DF et al/ Nat Genet 40:609-15
(2008)). After removing SNPs that failed quality checks, a total of 304,083 SNPs were tested for
association. We calculated the allelic odds ratio (OR) for each SNP assuming the multiplicative
model and a standard likelihood ratio x? statistic was computed for the purpose of testing. The
results were adjusted for familial relatedness between individuals and for potential population
stratification using the method of genomic control (Devlin B & Roeder K Biometrics 55:997-1004
(1999)); the x* statistics were divided by an estimated inflation factor of 1.09.

We observed several strong signals located in the same linkage disequilibrium (LD) region as the
Forkehead factor E1 (FOXE1) gene on 9q22.33 (Fig. 2; Table 3). In an attempt to confirm these
results we proceeded to genotype these SNPs in additional 241 Icelandic thyroid cancer cases
using Centaurus single track assay genotyping. Combining these results and the results from
the GWAS, the strongest association signals were observed for allele A of rs965513 (rs965513-
A) and allele A of rs10759944 (rs10759944-A) with an OR of 1.77 for both variants (P=6.8x
10 and P = 1.7 x 10*° for rs965513 and rs10759944, respectively) (Table 3 and Table 4).
These two SNPs are nearly perfect surrogates of each other (r® = 1 in the Utah CEPH (CEU)
HapMap samples and r2 = 0.998 in the Icelandic samples) and since the effects of tHe variants
cannot be distinguished from each other, we elected to focus on rs965513-A in subsequent
investigations. Controlling for rs965513-A in a multivariate analysis, none of the remaining SNPs
on 9g22.33 is significant.

We next tested the association of rs965513 to thyroid cancer in two case-control groups of
European descent, with populations from Columbus, Ohio, United States (US) (342 cases and
384 controls) and Spain (90 cases and 1,343 controls). Association to rs965513 replicated in
both study groups (Table 4). A test of heterogeneity in the ORs between the three study
populations showed no significant difference (P = 0.58 for rs965513). Combining the results

from Iceland, Columbus and Spain gave an estimated OR of 1.75 for rs965513-A (P = 1.7 x 10°
27
).

In order to investigate the mode of inheritance, we computed the genotype-specific ORs and
found that the multiplicative model provided an adequate fit for both variants (Table 5).



221 rs2036959 rs965513 0, 455187 0, 109348 0, 000439 99525228 222 rs7035650
rs965513 0, 354957 0, 106491 0, 000572 99806663 223 rs1010777 rs965513

0, 354957 WOL0MA%600, 000572 99807681 224 rs987142 rs9655p8T1AsHHbs@HT100, 106491
0, 000572 99814467 225 rs3780416 rs963813 0, 660153 0, 106204 0, 000337
99714386 226 rs1610323 rs965513 0, 363691

Approximately 11% of individuals in the general population are homozygous carriers of
rs965513-A. Homozygous carriers of rs965513-A are estimated to have 3.1 fold greater risk,
respectively, of developing the disease than non-carriers. Furthermore, we observed that the
frequency of rs965513-A was higher among cases diagnosed at a younger age in all three

5 populations. With the data combined, it is estimated that, for each allele carried, age at
diagnosis is reduced by 2.42 years (P = 0.0014) (Table 6).

We analyzed the effect of rs965513 in the four main histological classes of thyroid cancer. The
majority of the Spanish and Icelandic sample collections consist of PTC (~85%) and FTC (~12%)
and all of the cases from Columbus were PTC. For rs965513-A, the observed OR for PTC in the

10  combined analysis of the three populations was 1.80 (P = 4.7 x 10'%) and for FTC the OR was
1.55, based on the Icelandic and Spanish samples only (P = 0.016) (Table 7). This
demonstrates that the variant affects the risk of the two main histological types of thyroid
cancer. The numbers of other histological thyroid canter types were too limited to draw

meaningful conclusions.

15  The SNP rs965513 resides on 9q22.33 within a LD-region where the following genes have been
localized: XPA, FOXE1, C9orf156 and HEMGN (Fig.2). The closest gene is FOXE1, located about
57 kb telomeric to rs965513. FOXE1 is important for both pituitary- and thyroid gland formation
(Dathan, N et al Dev Dyn 224:450456 (2002); De Felice, M et al Nat Genet 19:395-98 (1998))
and is at the center of a regulatory network of transcription factors and cofactors that initiate

20 thyroid differentiation at the embryonic stage (Parlato R et al. Dev Biol 276:464-75 (2004)).

' Furthermore, mutations of the FOXE1 gene cause human syndromes that are associated with
thyroid agenesis, among other phenotypes (De Felice, M et a/ Nat Genet 19:395-98 (1998);
Clifton-Bligh RJ et al. Nat Genet 19:399-1401 (1998)). FOXEI1 is also necessary for the
maintenance of the differentiated state of the thyroid, based on its involvement in regulating the

25  transcription of thyroid-specific genes, such as the thyroglobulin (7g) and thyroperoxidase (TPO)
genes. Regulated expression of both of these genes is pivotal for the synthesis of the thyroid
hormones triiodothyronine (T3) and thyroxine (T,) as Tg is the precursor of the T; and T,, and
their synthesis is catalyses by TPO. Central to the thyroid hormone synthesis and secretion
control is the thyroid stimulating hormone (TSH) that acts as principal regulator.

30  Given the involvement of FOXEL in the biology of the thyroid gland, we assessed the effect of
rs965513-A on circulating levels in serum of: TSH (N = 12,035), free T, (N = 7,108), and free T,
(N = 3,593). The data used came from series of measurements collected over a period of 11
years (from 1997 to 2008) from Icelanders not known to have thyroid cancer (Table 8).
rs965513-A was associated with decreased serum levels of TSH by 5.9% per copy of rs965513-A

35 (P = 2.90x10™'*; Table 9), and also with serum levels of T3 and T, yet in opposite direction; with
an increase in T; levels by 1.2% and a decrease in T, levels by 1.2% per copy of rs965513-A (P
= 3.00 x 1073 and 6.10 x 10 for T; and T, respectively) (Table 9). These data demonstrate
that the 9q22.33 variant affects some aspects of the endocrine function of the thyroid.
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diagnosis was 56 years for all thyroid cancer patients in the ICR. The median time from
25 diagnosis to blood sampling was 10 years (range 0 to 46 years. When we compared the
frequency of A-rs965513 between individuals diagnosed before 1998 and those diagnosed 1998
or later no significant difference was observed (P = 0.97). The 37,202 controls (16,109 males
(43.3%) and 21,093 females (56.7%)) used in this study consisted of individuals belonging to
different genetic research projects at deCODE. The individuals have been diagnosed with
30 common diseases of the cardio-vascular system (e.g. stroke or myocardial infraction),
psychiatric and neurological diseases (e.g. schizophrenia, bipolar disorder), endocrine and
autoimmune system (e.g. type 2 diabetes, asthma), malignant diseases (e.g. cancer of the
breast or prostate) as well as individuals randomly selected from the Icelandic genealogical
database. No single disease project represented more than 6% of the total number of controls.
35  The controls had a mean age of 84 years and the range was from 8 to 105 years. A liner
regression analysis showed no correlation between allele frequency of A-rs965513 and year of

birth among the Icelandic controls (P > 0.2). The controls were absent from the nationwide list
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popul ation. Individuals diagnosed with thyroid cancer were identified based
on a nationwide list fromthe Icelandic Cancer Registry (ICR)

(http://ww. krabbanei nsskra.is/) that contained all 1,110 Icelandic thyroid
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Nr-- NON ONONCA CAcr. cr? ONCI CAC/Ncn ONas ddd < en .1*Cten -et
en 0 C -? N Tabled. arsogigtion respits fopr965513 apd thygejd spner ineglagd, Spaigpndthes ¢ N o
ON? OP, V) \UnmitedStatesy) \) to) 1-& 21- WD 2010/018600PCT/| S2009/000010-98
'Sl'ab! e 4. dAs?]oci ati orﬁtu@;srwlsﬁ@or rs965513 and thyroid cancer in |cel and,

pai n and the Unit eth @sealngentroB) udy popul aFieg¥eneyn casegy pseanhr ol s) praguenc
OR (95% c.i.)P val ue Weinitgkle( al | el e) CaSess COoitrol s | cgl and’)oenome-mdp Y

scan (378a/37,196) 0.484 0.352

Iceland genome-wide scan (378%/37,196) 10484 0352 1.73 (1.49, 2.01) 7.5 x 10"
Iceland all (579%/37,196) 0.490  0.352 1.77 (1.57, 2.00) 6.8 x 10°%°
Columbus, Ohio, US (294/384) 0471  0.329 1.81 (1.45 - 2.26) 1.2 x 107
Spain (89/1,343) 0.444  0.342 1.54 (1.13 - 2.09) 6.5x 10"
Combined Columbus and Spain (383/1,727) - 0.336 1.72 (1.43, 2.05) 3.7x10°
All combined (962/38,923)° - 0.341 1.75 (1.59, 1.94) 1.7 x 107

Shown are the corresponding numbers of cases and controls (n), allelic frequencies of variants in affected and control
individuals, the allelic odds-ratio (OR) with 95% confidence interval (95% c.i.) and P values based on the
multiplicative model. All P values shown are two-sided.

*The Icelandic genome-wide case study population is made up of individuals with genotypes from the Illumina
Hap300/370 chips (n = 192) and individuals with genotypes from in-silico analysis (n = 186 on average per marker).
The combined Icelandic all study population is comprised of individuals with genotypes from the Illumina
Hap300/370 chips and individuals with genotypes from single track assay genotyping (n= 454) as well as individuals
with genotypes from in-silico analysis (n = 125 on average per marker). Icelandic controls were genotyped using the
Illumina Hap300/370 chips.

“For the combined study populations, the reported control frequency was the average, unweighted control frequency of
the individual populations, while the OR and the P value were estimated using the Mantel-Haenszel model.
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| cel and (439/37,196) 1.84 1 1.55 3.37 0.075 Col unbus, Chio, US (294/384)
1.81 1 1.65 3.32 0.51 Spain (89/1,343) 1.54 1 1.74 2.28 0.38 a Cenotype
rel ati ve wokmy/fiesohet er ozygous- (OX) and honpzygous carcirasmog0edioconpar ed
with risk for non-carriers (00). b Tast of the nultiplicative nodel versus
the full nodel, one degree of freedom 100 Table 6. Association anal ysis of
rs965513- A for a) gender and b) age at diagnosis. a St udy popul ation (n
males / n fermales) P value OR males vs. females (95%c.i.) Iceland
(105/334) 0.97 1.01 (0.74, 1.37) Colunbus, Chio, US (72/222) 0.089 1.39

(0.95, 2.03)
Table 6. Association analysis of rs965513-A for

a) gender and b) age at diagnosis.

a
. OR
(it:ngl); sp/ol?'fl::g:)el;) P value males vs. females
(95% c.i.)

Iceland (105/334) 0.97 1.01 (0.74, 1.37)
Columbus, Ohio, US (72/222) 0.089 1.39(0.95, 2.03)
Spain (20/69) 0.42 1.34 (0.66, 2.71)
All combined (197/625) 0.19 1.16 (0.93, 1.46)
b

Study population '

(n ind.i\?;d;:la‘l)s with age P value (}?:t;::)s(;: (: g(:;:st)
informaton)

Iceland (439) 0.077 -1.87 (-3.94, +0.20)
Columbus, Ohio, US (292) 0.13 -1.88 (-4.30, +0.55)
Spain (89) 0.0029 -6.64. (-11.0,-2.27)
All combined (820) 0.0014 -2.42(-3.90, -0.94)

All P values shown are two-sided. (a) Shown is the allelic odds-ratio
(OR) with 95% confidence interval (95% c.i.) and P values based on an
association analysis comparing the frequency of the relevant risk variant
in males vs. females. (b) Shown is the effect on age at diagnosis (in
years) with 95% c.i. of each allele carried of the risk allele (rs965513-A).
The minus sign ("-") denotes a decrease and the plus sign ("+") an
increase in age at diagnosis.



Spain (20/69) 0.42 1.34 (0.66, 2.71) Al conbined (197/625) 0.19 1.16
(Ol. 93, E]iLf 46% St udy pgpul ation (n individuals with age informaton) P
val ue Wwobhofhi18@s at diagnosis (years) Iceland (439 -3.94,
+0. 20) Col unbus, Ohio, US (292) 0.1346id.88 ( -4. 30, +)0. %%j?/@goa?’%&glgg)
0.0029 -6.64. (-11.0, - 2.27) Al conbined (820) 0.0014 -2.42 (-3.90,
-0.94) Al P values shown are two-sided. (a) Shown is the allelic
odds-ratio (OR) with 95% confidence interval (95%c.i.) and P values based
on an association anal ysis conparing the frequency of the relevant risk
variant in males vs. females. (b) Shown is the effect on age at diagnosis
(in years) with 95%c.i. of each allele carried of the risk allele
E rs %@5&173 -Asyociation resultsin Ic¢land, Spain pnd DS A:fer differpnt thygaid capsinomacistolpgicaltypes
" +'Qaréifomagipease i.n_age .at di 0si s. 010/ 0 Ca&B0 FontteB2009F QAT 101
Tabl Prafker AARRS | a?“g%p?‘g‘iﬁpt“s ilﬁgﬂ?'(':eel N p(%’icﬁ'?and(d)SA f ¢n) di f €aveenControls
thyrﬂb%?ep}arm noma hi stological types Carcinonma type Study popul ation P

val ue (95%c.i.) Cases 16
rs965513 (A)  Iceland 2.22x10 1.88(1.61,2.18) 368 37,194 0504  0.352
1s965513 (A) Spain 0.036 1.43 (1.02, 2.01) 76 1,343 0.427  0.342
rs965513 (A)  Columbus, Ohio 1.19x107  1.81(1.45,2.26) 294 384 0.471 0.329
rs965513 (A)  All combined 4.70x10%  1.80(1.60,2.02) 738 38,537 - 0.341
Follicular
1s965513 (A)  Iceland 0.067 1.43(0.97, 2.10) 55 37,194 0436  0.352
rs965513 (A)  Spain ‘ 0.058 2.35(0.97,5.70) 10 1,343 0.550  0.342
rs965513 (A)  All combined 0.016 1.55 (1.09, 2.20) 65 38,537 - 0.347

All P values shown are two-sided. Shown are the corresponding numbers of cases and controls (N), allelic
frequencies of variants in affected and control individuals, the allelic odds-ratio (OR) with 95% confidence
interval (95% c.i.) and P values based on the multiplicative model.

For the combined study populations, the reported control frequency was the average, unweighted control
frequency of the individual populations, while the OR and the P value were estimated using the Mantel-Haenszel
model.



(n) Controls (n) Frequency Marker (allele) Cases Controls Papillary
rs965513 (A) Ilceland 2.22x10-16 1.88 (1.61, 2.18) 368 37,194 0.504 0. 352
rs965513 wé)2ofypasew00. 036 1.43 (1.02, 2.01) 76 1,343 0. 42C¢TASHE0006065513
(A) Col unbus, GChio 1.19x10-7 1.81 (1ladh, 2.26) 294 384 0.471 0.329 rs965513
(A) Al conbined 4.70x10-23

Table 8. An overview of the TSH, free-T, and free-T; measurements available.

Individuals Measure- Individuals with Individuals
with ments thyroid cancer not with
Measure- .
Units measure- per and Range used cancer and
ment type . .
ment patient measurement inside range
™ ™ ™ ™
TSH mlU/L 25,660 1.9 302 0.1-10.0 25,099
Free-T4 pmol/L 14,887 1.7 294 8.4-3334 14,568
Free-T3 pmol/L 7,433 1.5 147 2.6-12.5 7,250

*The geometric mean of the number of measurements per patient.

Table 9. Association results for rs965513 and levels of thyroid related hormones in
Icelandic individuals

Tvpe of measurement Individuals Effect per risk allele P value
P (n) (95% c.i.)
Thyroid stimulating hormone (TSH) 12,035 -5.9% (-7.4%, -4.4%) 29x10™
Free thyroxine (Ty) 7,108 -1.2% (-1.8%, -0.6%) 6.1 x 107
Free triiodothyronine (T3) 3,593 +1.2% (+0.4%, +2.0%) 3.0 x10°

Shown are association results (per risk allele) for individuals (n) with a given type of measurement and a known carrier
status for 1s965513. The minus sign ("-") denotes a decreased and the plus sign ("+") an increased concentration of
thyroid related hormones.
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t s derived from the individual, wherein the at least one polymorphic marker is selected from
the group consisting of rs965513, and markers in linkage disequilibrium therewith, and
wherein the presence of the at least one allele is indicative of a susceptibility to thyroid

cancer for the individual.

2. The method according to Claim 1, wherein the at least one polymorphic marker is
10 selected from the group consisting of the markers set forth in Table 2.
3. The method according to Claim 1 or Claim 2, wherein the at least one polymorphic

marker is selected from the group consisting of rs965513, rs10759944, rs907580,
rs10984103, rs925487, rs7024345 and rs1443434,

4, The method according to any of the preceding Claims, further comprising assessing the
15 frequency of at least one haplotype in the individual.
5. The method of any 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 A in marker rs965513,
allele A in marker rs907580, allele A in marker rs10759933, allele A in marker
20 rs10984103, allele G in marker rs925487, allele A in marker rs7024345, and allele G in
marker rs1443434 is indicative of increased susceptibility to thyroid cancer in the

individual.

7. The method according to Claim 5 or 6, wherein the presence of the at least one allele or
haplotype is indicative of increased susceptibility to thyroid cancer with a relative risk
25 (RR) or odds ratio (OR) of at least 1.6.

8. The method according to Claim 5 or 6, wherein the presence of the at least one allele or
haplotype is indicative of increased susceptibility with a relative risk (RR) or odds ratio
(OR) of at least 1.7.

9. The method according to any of the claims 1-4, wherein the susceptibility conferred by
30 the presence of the at least one allele or haplotype is decreased susceptibility.
10. The method of any of the preceding claims, further comprising determining whether at

least one at-risk allele of at least one at-risk variant for thyroid cancer not in linkage



I ndi viduals with neasure- Measure- nents per Individuals with thyroid
cancer and Range used Individuals not with cancer and ment type ment
patient' weaswvasmnt inside range (N) (N (N (N T8eTmid06d008610660 1.9
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17.

30

10.0 25,099 Free-T4 pnol/L104,887 1.7 294

disequilibrium with any one of the markers set forth in Table 2 is present in a sample
comprising genomic DNA from a human individual or a genotype dataset derived from a

human individual.

The method of any of the claims 1-9, comprising determining whether at least one allele
in each of at least two polymorphic markers is present in a sample comprising genomic
DNA from a human individual or a genotype dataset derived from a human individual,
wherein the presence of the at least one allele in the at least two polymorphic markers is
indicative of an increased susceptibility to thyroid cancer.

A method of determining a susceptibility to thyroid cancer in a human individual, the

method comprising:

obtaining nucleic acid sequence data about a human individual identifying at least one
allele of at least one polymorphic marker selected from the group consisting of rs965513
(SEQ ID NO:1), and markers in linkage disequilibrium therewith, wherein different alleles
of the at least one polymorphic marker are associated with different susceptibilities to

thyroid cancer in humans, and
determining a susceptibility to thyroid cancer from the nucleic acid sequence data.

The method of claim 12, comprising obtaining nucleic acid sequence data about at least
two polymorphic markers selected from the group consisting of rs965513 (SEQ ID NO:1),

and markers in linkage disequilibrium therewith.

The method of claim 12 or claim 13, wherein determination of a susceptibility comprises
comparing the nucleic acid sequence data to a database containing correlation data

between the at least one polymorphic marker and susceptibility to thyroid cancer.

The method of claim 14, wherein the database comprises at least one risk measure of

susceptibility to thyroid cancer for the at least one polymorphic marker.

The method of claim 14, wherein the database comprises a look-up table containing at
least one risk measure of the at least one condition for the at least one polymorphic

marker.

The method of any of the claims 12 - 16, wherein obtaining nucleic acid sequence data
comprises obtaining a biological sample from the human individual and analyzing

sequence of the at least one polymorphic marker in nucleic acid in the sample.
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i ndi cative of a.suscepti hyroi d cancer for the individual. 2. The
met hod accordPHY SIS 3 mfb'%ﬁrges&éérnyt he at |east one pol ynmorphic marker is
| osel ected fromthe group consisting of the markers set forth in Table 2.

10 21. The method of any one of the claims 12-19, wherein the at least one polymorphic marker

is selected from the group consisting of the markers listed in Table 2.

22. The method of claim 21, wherein the at least one polymorphic marker is selected from
the group consisting of rs965513, rs10759944, rs907580, rs10984103, rs925487,
rs7024345 and rs1443434.

15 23. The method of any one of the preceding claims, wherein the at least one polymorphic

marker is associated with the FoxE1l gene.

24. A method of identification of a marker for use in assessing susceptibility to thyroid

cancer, the method comprising:

a. identifying at least one polymorphic marker in linkage disequilibrium with at least
20 one marker selected from the group consisting of rs965513, rs10759944,
' rs907580, rs10984103, rs925487, rs7024345 and rs1443434;

b. determining the genotype status of a sample of individuals diagnosed with, or

having a susceptibility to, thyroid cancer; and )
c. determining the genotype status of a sample of control individuals;

25 wherein a significant difference in frequency of at least one allele in at least one
polymorphism in individuals diagnosed with, or having a susceptibility to, thyroid cancer,
as compared with the frequency of the at least one allele in the control sample is
indicative of the at least one polymorphism being useful for assessing susceptibility to

thyroid cancer.

30 25. The method according to Claim 24, wherein an increase in frequency of the at least one

allele in the at least one polymorphism in individuals diagnosed with, or having a
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and wherein determnation of the presence of the at |east one allele in the
sanple is indicative of a susceptibility to thyroid cancer in the

i ndi vi dual . 252@atmethestusists %&MFM?%@%U@%%&M"'M@Y%W detatAis BEtl on of
t heyor esence Offrord thel 3 témiiusIBRkeEdetéEiDh PPib?, to ableadedfrek detedtatik Bbelngi8DHE0,
allele Ain marker,. . rs10759933 .allele A in_mark rs10984103, allele Gin
mar ker r 5925489,‘%5?'?%?@3 'Sl%ﬁ%ﬁg'rzﬁéeﬁr% tﬁ%?ﬁgﬁ'ii}gl,d’ gﬁ% allele Gin marker
rsl1443434 is indicative of increased suscepbtibility of thyroid cancer in
the indivi dugy medea@dhglties drédiatle tabelpmtieretn the pCeseinne Bftheifre@ 8letetabledpipel

genot ypi ng co J. LV . I j i ses
The ol cast onS S5 APl dldelodpnBRuRr Il RpRpLATRHS et TR

usi ng a nucl eotudeicpeidpdid ipgicates thenteaHg €k thit PAhERLPRGFRE Bt grpent of
mar k£r . 30. Thendeétbasbnasesy.di ng to any of the Cainms 27 - 29, wherein
genotyping is performed 25using a process selected fromallele-specific

probe hybridi zation, allele-specifi ? riner. _extfensi on, . allele-specific

anpl i fiéhti of MeiERY efiassessing a8 dnflivdva ng ,pr$-bé§%ﬂJ8F%°£§%‘°d? b&é?‘?& "ol ecul ar

beacon assaytheedpegonagdnealoirgpeisihg gedterominiag sdngthes ipk astrrmle\adele of at least one

si ngl e-str ang&gm&t%mc%nma QRrAR K3 rﬁ:c@ﬁdacm S @bbtadhed BORNAE ABViad], or The
ihg to ai m 30, e

met hod accor _ erein the process conprises allele- s,geci fic
probe 30hybr # @eReiyRePaRtasep derivas frRse HSdn@kidbe!dVRgreinthereh st e O AP 31,

wheggi n the plapeeSSselditad fRans tREgroay coreBlingbbEP65SA3, addmankrhiodinkageor di ng t o
any of the Odigéqmib%iZm_thgr%Wit%?mélje%'tﬂgbresg}g%ezoqjcgé QLBERARCLILSEPOY L0AL0 107

one marker is indicative of a probability of a positive response to the therapeutic agent.



1) contacting copies of the nucleic acid wth a detection oligonucleotide

probe and an enhancer oligonucl eoti de probe under conditions for specific

hybri di zawDaenioafisdone ol i gonucl eoti de probe with the nuclpeirasmed/aioomwher ei n

5a) the detection oligonucleotide prate is from5-100 nucleotides in |ength

and specifically hybridizes to a first segnment of a nucleic acid whose

gucl eotjsde lsaeﬁhuafaaebf baedg'tmgeardgyiowyf &ﬂiﬂdi@fduSE@dnBsé‘sﬂliih #3/80id bjndehethe
etection ol nceot| e, prohe [ : 3

t er mi nus anaﬂ%ﬁ&%g%m% shn& d ern}|n|ném{he§§§le€st%ﬁg %ﬁélgg %( %?s?%l'\e gglml'ntoﬁplﬁc

ol i gonucl eotratker is pfasem IBalrw@'emIde@mmﬁgbtﬁﬁeqi é’ﬁg‘ttﬁemﬁhl""i“sa'rc%ﬁ’bPéﬁﬁ?Ft/B?y to

a second seqyeqbt @énv‘ébﬁoﬂ“@mb@ﬂﬂh@l&l Sﬁlﬂ#@iﬁQﬁ‘e Eﬂ@éstloﬁe 5o|yh‘©hﬂﬁ¢ warked ist he
onucl eoti de pr.obe, suc onucl

ol i t ted 3
rel gt ive to *Wéteﬁé‘f%'bﬁeo%m&i ?°é‘8'ﬁﬂ'&q %f rf‘%%qg‘r ?)rbem\?vhgrs B "ﬁ ﬁ de ﬁseqﬁwl&ﬁ%ﬁt i des
are hybri di zeeretvish} hieereinche presersedf themat 143t pneaalisiaiglirdi¢piive Ogaﬁvoé%i sts
between the erﬁr%gls%?myroﬂﬁ&nt:&‘ﬂn?ﬁ@ﬂ@@ld@ggnﬁm such that when the

ol i gonucl eot'i de probe and the enhancer oligonucl eoti de probe are both
hybridi zed to the nucleic acid, a single base gap exists between the

ol i gonLal eotA thethod of monitorjng prearebnel eRsmAnYfEndndW YR WnERraging dreabREtIas e

that wll Cltﬁg’éﬁi daREerdeleanréthbd @oﬂwé\*&ﬂ‘lg ZREMORME B ether bEleadting a0tleohet least
detection probe

to re[easefree be
i s Wybridi z S0P VMPEP H BRI EE 'S Q;F%en éfh?ingsle'ﬁs(égﬁ?mmﬂ E Fae"tee%cf"j %?ﬁ%iﬁg dIBélgel
wherein the qmesegawypﬁ d4theet fdeereeddedre theaibbtizidualh miheieindthe Bt éaast eRft t he
detection pr[g,% Q‘Ta'rlgéi"l id yeléHéH’ﬂr&h%%grtog?rc&%I inf %F rs@%gm'fan@fmérﬁ@s in

nucl ei ¢ aci cates the se\guence 0 pg I}/m)tg gc SI@ . s t he
conpl enent dmkmq’ieeoaénbeem.taﬁemt% hergip the REsSERSE bR PRgOIA® Pndi vi dual
f or probabi lihndiyatok of espoes@ebtoowcdniny ofdihd irglividett. t her apeuti ¢ agent,

corrpri si ng: determ ni ng whether at |east one allele of at |east one

pol h| c rker is sent_in nucleig, a el

o K6 SRR s U Sk PP RORRIRE HAgEE

t he at I eastmamker qs(sbt;entnd;ﬁlhncthsmmkkrersei forthen dakled. from the group consisting
of r3965513 and markers in linkage disequilibriumtherewith, wherein the

presenc O#hreemgtkgclg)g Sri[y %Qﬁ‘\e Fﬁlecgé rﬁ‘\gS&amt\J.'efur‘aIler cgﬁﬁﬁs@d"gndw{rﬁeﬁoﬂ genetic

i ndi cat tIvé respon er apeutic
agent . V\D ZOW@WB’G‘@OF’@P/WSSZ@@E}F@GU‘O!!@QQW 3’5 pr°/§l”ﬂ%§ ﬁfott'iledﬂ At cting
prognosi s of an individual diagnosed with thyroid cancer, the method

conpr i nggﬂl . ma%'&@?hgél 99C|%¢§§'%h@3m|tﬁ’@§$n gattlidrsintatioh |s3‘§eléd€élﬁﬁ'orﬁrb©e,

pol ynor p er 1s present in a nucleic acid sanple gbta (gg [om

i Nd?i dual nden e@%o?%ﬁécm‘égﬁtﬁePrW@Hs filPeAne dt'?@“?ﬂ%n'W (papis °v'%8r e| n
the at | eastsmmt p@dnwmufs(@hy of thirdkeeanicer, bpeharvita dndasarentents, gnéainiednsi st i ng
of rs965513, glsql ({m{ ers in linkage disequilibriumtherewith, wherein the
presence of Th east one allele is indicative of a worse prognosis of
the thyroid cancer in the individual. 36. A nethod of nonitoring progress
of treas0rent Traf mathod ntiCkeind dalor Glaite 3§ofurniget camanrisingtcafcolatinggerabieE Bsteer, t he
met hod corrprl SI ng determ ning whether at |east one allele of at |east 10one

pol ynor S n i he
i ndi vi dgg nan OI'a%rEuc(): e%gdé £ pase{hlég-leﬁu\?aecg&%%?n%%gﬁtl ﬁg}j\%:gﬂﬁsghd( gmr ein
t he2at | east assnﬁlrmcﬂtfymt'blhthtOr’ﬁﬁY"@@rcapéersféPé‘@f’@d ingivieyal Hahesrig iRe BBRE st i ng
of r596551]§ h QlZ@?E&@E@gnhéhﬂof?:ﬁalg@icdbaﬁﬂtéhlﬂdcbbhmdqhémdevxilstsht fontthein @ny obdre
presence of the a one allele is indcatdiyve I nt outcomne
of the indi vPicRRY {D &§§752r ENARREY HESSP a‘*'rs\;l%t%o\ba”n“%“# 'F’ I%%glrerrs 34 - 36,
wherein the at Ieast one pol ynorphic nmarker is sel ect ed fromthe mar ker s
set forgh i nA-E&bbr&asgess&@ suddeptibigtyltodhyrbidaaycenfin & hempn goidduay tak &itms,
further conprising ana rdnak

Eﬁna%r ﬁ%@ rgage)ﬁ%s f38 588&1\/8@”0%}&%% QE @égfeqtng fIE Qf g@légst dne

assessnent, pr ognosi I VI he net hod of
O asm 38, wheoleinprphicamariser lgéheger@mwfdhﬁmdrv&vai é"""@éﬁ'ré&ee?i"\fr??fm"&g’j%arker 'S

20gender, et Ekﬂé&é& ﬁé@m&ﬂébn%ﬁ QB@éﬂatG\gSo? aé%ssmraawnmmerdirsmge disagnidsius

medi cal history of s r t hyr Qi ijochem cal
neasur enent st e&%“’bl""f‘?A"’E‘ﬁ"*'Wﬁs"u‘?%ﬁ%% tﬂ E)P hé'%r?e %{%ﬂg@&@ aél}m 38 or

Cl ai m 38, f ustidaeptibtioypr thyraidjcamecul ati ng conbi ned risk. 41. Use of an

ol i gonucl eoti de probe in the manufacture of a reagent for diagnosing and/or
25assessing susceptibility to thyroid cancer in a human individual, wherein
t he probe hybridizes to a segnent of a nucleic acid with nucleotide
sequence as set forth in any one of SEQ ID NGO 1-229, and wherein the probe
is 15-500 nucleotides in length. 42. A kit for assessing susceptibility to
thyroid cancer in a human individual, the kit conprising reagents for
selectively detecting at |east one allele of at |east one



30pol ynorphi ¢ marker in the genone of the individual, wherein the

pol ynor phic marker is selected fromthe group consisting of rs965513, and
mar kers iwol2ormkageodi sequi l i bri um therew th, and wherei rcrhsopyesence of
the at least one allele is indicativaoof a susceptibility to thyroid

cancer. WO 2010/ 018600PCT/ 1S2009/ 000010 109 43. The kit according to C aim
42, wheqxi n tHeeittdccbraagtto @Bmpi, Wierephiihe abtdakesne olydrdrpbic @thrkerassélteed

mar kers set ff nrwttlbe#n rk-gasbie‘?fo%—th L%A'rab-gkbe kit according to Claim42 or daim
43, wherein {he reag ents I'se | east one contiguous ol igonucl eotide

that hybridizes to a fragnent of the genone of the individual 5conprising
t he at 44astTheret wobdbrdmgrtp idiamner dealiasimad Hwheein tredeagaitd entmaisk et leabtedne 45,
The kit accorg uts%h&&%clg Oc%eotfhlaf Ihkﬁ)r@z@é Pa H‘ggmerﬂﬂbf twgén%'n{b defiRe IMBREARAL S

conprise at leaSt one pair gonucl eot1 des th di ze to opposite
strands of acogaﬁkéwpéh%erc'%it@naepu”@éﬁv@werk@btaa‘?%@a aP? arﬁef%?béqjs?eéct
wherei n each oligonucleotide primer pair is designed to selectively anplify

a fragnpnt thetnheacgs‘flamaﬁo%y bhe of tdicdidyab -thatyHeRgh u@a@aé&@@@mlswer phi c
mar ker, and wherein t rs. in siz 46. The

h
(Tt actor di g% hER i oD c'%atgﬁﬁﬁwshvmaeetpﬁpw@eéf%rﬁ & gergric uceie
ol i gonucl eotadtesdgmendattbidke frpncibeplirenvaeneirt each ndggenientedeprirhérepair is

ndivi dual . - | T
![ Ee' \Ié: " ug‘orrpclféglscjng@& égléctl%?g%?ng% fr nééomnggp‘fneoqgnomagf gﬂéghﬁ& dﬂlgll tg Hirﬁgma%eg_gl()n

nuct®ot i des ¢ ROBIRATARIC T@bkera?f‘cb‘f‘i'l‘ﬁdﬁ'e he BrometUe PeiEEFIAY BASBRATE Hat?i s from
5-100 nucleotides in length; and c. an endonucl ease enzyne; wherein the

detectign ol Trgz%'égc&‘amgdc@ duiple &R@Qh’\f4§3%’hlebélm%rdtdéa§€8né Sligdnlidiédtide segnMeENt
of the nucleic acid whose nucl eoti de seg Fqﬁ §t forth in any one of
ott d”‘BY'F&

SEQ I D NO 1comRietely campisisatasy i theeger hucl eoti de probe
conprises a detectable |label at its 3' term nus and a quenching noiety at
its 5 §&rmtHeSkit Me6dfignolaRe ofe Bathenaidk iag o e Wheieirtehei kit dofrpisés: 100

nucl eotides in length and is conplenentary to a second segnent of the

nucl eoti de sequence that is 5 relative to the aligon Ie tid robe, such
that the enhan®er? BFPEATRIPRUICEQEIS Brope Lhat dgifram 5 'E"I'C\fé’t' & 'ﬂ"ﬁ%rp Bdet ecti on
ol i gonucl eoti de probe when both oligonucl eotides are hybridized to the
nuci{eic acid; ‘Mﬂeiﬁérfhaﬁcéidﬂ%r%cﬂaﬁ& SaBe Btk B fFork 8L YERERUCIddBdéd ih $éngBrE gt
and the second segnment, such that when the oligonucl eotide probe and the
enhancer ol i gonucl eoti de probe are both hybridized to the nucleic acid, a
si ngl e base gap- e¥l St9NBEeARCEAZYHE 300l | gonucl eoti des; and WO

2010/ 018600PCT/ 1 S2009/ 000010 110 wherein treating the nucleic acid with the

Sg?gg??gﬁazsg%\%rle{ngﬁ% gét\éégééenh&rgg@jc‘féeb%lg%?ﬁ)bla ap&difichiny ﬁrhﬁeg td 8FiFst @é'@lﬁg@rft oﬁ’gge
i s hybridi zeeyCelR@cHdiose CUHRIte sgauenae Eosr?gﬁiré}mra@é&%ﬁeg%dgh %\%n

conput er exeaut abl e instructions for determ ning 5susceptibility to thyr0|d
cancer in a human individual, the conputer readable medi um conpri sing: data

i ndi cative of at I C na ored on

t he*tonput erwp%rﬁﬁatﬁ? getﬁﬁtd‘f%‘ﬂ{gﬁﬁ%?eﬁﬁg com gseesxae%el}?d%b %?a%gf é[;tﬁocsie’ssor to
determ ne r|@kmmilsaed'elqopmqh\gwgtmylﬁmaiI@ént%m"itﬁ; an i ndivi dual for the at

| east 10one pol ynorphi c marker; wherein the at |east one ponnDrphic mar ker

|5 sel ected 1rom{he g U @%@@ﬁ&éokag.softorﬁ%%%ﬁ,eoa FRSRY 8nd & | i nkage

dlseqU|I|br|un1t erew uter |un1of cl ai m 48,
wherei n the evnpemertapdadaiscend egment %fotl"if3 Aeleotigersgayende thatiis 8 relet%s tq Bhst
two pol ynor pblig%nﬁ@édfﬁé%ro@E&h‘Eh@t theRphdreer ¢lRafaddidetdiotated B’ relasivertal®eor
claim49, wh a |nd| tlve of, i r
conﬁ?lses pa&%ﬁ%F@f@g?%ﬁF?gfﬁe gﬁgggﬁﬁ?%hﬁﬂ%ﬁd%ﬂﬁeﬁgéo d%?ﬁ@%ﬁaéﬁg t he
at | east oneag@dl ynor phi ¢ marker, and wherein risk of devel oping thyroid
cancer in an individual is based on the allelic status for the at |east one

ol yrmor ph C . WESSFTa Lok BSsd 8 &l BloweBDiHE FASORITALAR! (e a8etaial 8o iBRl UM Of

any one of tﬁb In sal data 1 ndicative of | east one
pol ynor phi ¢ smhkfb@t whanghe skgorwsleatiderripkatnid@e snhancer aigoalsisotide AoRe AR sai d
at | east oneppalBRERY © thehkQéic bBdf HisinglBbiasd gipedxistd BetwEbe tleonput er
readabl e nmedi um of anpy one of the clainms 48 - 50, wherein said routine is
adapled to rgﬁﬁwvgaﬁﬁ%&trﬁkta indicative of the allelic status of said at

| east one 25pol ynorphic marker in said individual. 53. The conputer
readabl e nmedi um of any one of the clains 48 - 52, wherein the at |east one
pol ynorphic marker is selected fromthe markers set forth in Table 2.



54. The conputer-readabl e nmedi um of any one of Clains 48 - 53, wherein the
at | east one polynorphic marker is selected fromthe group consisting of
rs965513,wob/mEdI4, 30rs907580, rs10984103, rs925487, pcsiAsddsBevomnd
rsl443434. WO 2010/ 018600PCT/ 1 S20091000010 111 55. The conputer readabl e
medi um of any one of clainms 48 - 54, conprising data indicative of at |east
?ne gapl ot yp@w&@mfeiaﬁﬁd\ﬂwetﬁmm_&racm&ﬂ; pel efﬂeﬁwugee WRr Heive thdBetedablapgal at us
or determning. a genetic indicator for t | r

i vi daal . ESRE g ot a8l dons isre FARGGErabeTenst YRR the g
conput er exetatecsibh erabeds hylridizedso teapicted: adid-be executed on the processor to
anal yze marker and/or haplotype information for at |east one human

i ndi vi dyal V&&I:qu‘%érpr%% g.gggbgkfgﬁﬁ r?O&napQJQérY&QELRQ+ .-L;H—L&%ns%] RedrRfinihg oM

the group consi's kers 1n di sequilibrium

t herSewi t h, aﬁr@écqp@Q@Weﬁoét‘ém@rFaBEﬁrp”P hHH@édP%Yid*E%ethPr&P'IE‘éﬁ‘tebFeaﬁé £ Si8HEn

i nformation,compeie@pn the output conprises a risk nmeasure of the at |east
one marker or haplotype as a genetic indicator of thyroid cancer for the
human i ndividual. 57. The apparatus according to Caim56, wherein the
conput er reaﬂfé%l’@'cﬁ%‘fﬁo?fftﬂ?ﬁsgﬁ'&p%ﬁﬁiﬁpmé%arﬁ‘gfta i ndicative of the frequency
of at least one allele of at |east one 15 pol ynorphic marker or at | east

ong gafl ot ygéardupn@sﬂal'éfbf?l ﬂhE)éoﬂEuéePdéa‘dbﬁiH%émﬁh %g@ﬁﬁétﬂed/\totﬂib é)&)ﬁﬁt@d ](cﬂ)y(aanlcer t
and data indicative o east. on eas
one pol ynor pq‘fPEesﬁ%frtRé’Fte(S'?“”&t” ﬁgggfv%or?@%%ﬁo&r%éer Reg' qev'?aﬁl??rethgta t Rbst

ref ar ence 1 nshepotlmadrghic aratkesherein a ri sk neasure is based on a conpari son
of the at |east one marker and/or haplotype status for the human individual

to the data indicative of the re n f.t and/ or
hapl ot ype m‘?"?)‘?’ﬁ’ﬁt%f' A pat onﬁgoﬁf Lh '%%rk%f ISSQE%’Cﬁaetdcfual %aéro nosrgglE K&%

t hyroi d canceP6588, aﬂ'm@adqsrﬁa'naml@geaﬂimrlﬁibﬁgntt'fbe"efvéhm 56, wherein the
conmput er readabl e nmenory further conprises data indicative of the risk of

devel opyfg t te c%'r[rr& Ee@'?&%b%%ﬁ &:lu@fto?gla% hg \ﬁlt'erleﬁacﬁé c&ﬂﬁ'ut@rl 1e8h &1 OMedlun east

one pol ymor phi er or at [east one hapl ot ype, and wherein a 25risk
measur e for REIMUSRAR NditAlve ﬁﬁl'eqsgt%@,‘éﬂﬂﬁrﬁhﬁ 'B‘Hﬁfférl son of the at |east
one marker and/or hapl otype status for the human individual to the risk of

thy[oi dsgancgy, z%mgéra%ﬁﬁb\@ hbaitA&r afairh ﬁ@%F cl‘aﬁﬁ4§| wigdrein@he b&te imdicdtioast atone
pol ynor p i c marker he at | east one ha

e a
accor di ng t o'ee§taNmPEl MR BRFkef ﬁ‘@“%rbﬁ?ﬁﬁ?(?rm érgc'fédﬂﬁ Bvﬁﬁ%ﬂﬁcgﬁg'"&% thyroid
30conpri ses ¢hnter fonthecatiéageomss pdiyreorbhie quearkery aod WaeFEIWtofdneel@n'mgsﬂHrQﬂ at
| east one %In)éémﬁl%w ﬁdl\ﬁ&"f#fgbagéd gh theLaRlic E’c@ﬁJsh@fpﬂthaY%sﬂ ShedpaB}midrghict y of
i ndi vi dual s agnosed hyroi d cancer, and data indicative of the
frequency of matkef Ketheddiyidihe al | el e of at |east one pol ynmor phi ¢ marker or
at | east one haplotype in a plurality of reference individuals, and wherein

{/\:DS goo(i‘;)/ 8%2%%3%“%1 Esé%r(ea;a%begrg?&% df%nbaﬁ@df ®8 c&.rﬁ@ﬂr@arsowne@fn §a|’tEd5tée|quency
e at eas on e ot e
gedsWrte}.P(?m?erla marker comprize c}afta ln%lcgtuve $f h& 5%%}3 yp

in indivi duai"gicaiggi erence | n "vidual s.

The appar at usaascoolsaid Ay least aneypotymeorplfic olagkerdn 8@ indigigualwherein the at | east
one marker or hapl otype conprises at |east one nmarker selected fromthe
group of_markers set for T ratau ny
0 OuP Ok I Y ke Rhddbid edlAd: Sng onOby b1 ADEBL ol AnBLAPLA R 1Y
Qdds Ratio (Emfa)ptmtoere%‘reamwtedam S\I@'C@'RR)Of tRo allefigstates ¢fedid atileast gR%,  nedi um
or gppar at us ,a¢6eFfHic8arker Ar¥idahdiligalpr ecedi ng cl ai ms, wherein |inkage

di sequilibrium between markers is characterized by part| cul ar nurrerl cal

1. Oval ues of the |inkage disequilibriumneasures r2 and |:] Ee he
met hod, Ski t , Toeseomauter rgadaiie REPHMLRf 38y 268 8f H]erfba'rf"64§n>5zo‘f" FRY tBFéE aftng
clains, wher BhdlpdIyRkRER rilhraedsistlefied Fromet weekersaetdorts in Satghar act eri zed by
values of r2 of at least 0.1. 64. The nethod, kit, use, medium or apparatus
according to any of the preceding clains i nkage equ rium
bet ween Sfrar kRS Corapuierareadatie F‘f@tﬂ'gb@f Wél%@?gg‘g’n Sé)f S WhEED tgf) 4 %SOnQTh
net hod, Kit, pog@orphedtihaneois salpad dtorsthagrosméangisting efrry%ﬁSIBh@l@?F@@éeh ng
clai s, wher ej '87%%6 LHHERR: 4N HLg¥syiAl s 248ks 3R AAGSMIay that includes

Eur 8f)ean ancEst
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The computer readable medium of any one of claims 48 - 54, comprising data indicative

of at least one haplotype comprising two or more polymorphic markers.

An apparatus for determining a genetic indicator for thyroid cancer in a human individual,
comprising:

a processor

a computer readable memory having computer executable instructions adapted to be
executed on the processor to analyze marker and/or haplotype information for at least
one human individual with respect to at least one polymorphic marker selected from the

group consisting of rs965513, and markers in linkage disequilibrium therewith, and

generate an output based on the marker or haplotype information, wherein the output
comprises a risk measure of the at least one marker or haplotype as a genetic indicator
of thyroid cancer for the human individual.

The apparatus according to Claim 56, 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
thyroid 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 a risk measure is based on a comparison of the at least one marker and/or
haplotype status for the human individual to the data indicative of the frequency of the at
least one marker and/or haplotype information for the plurality of individuals diagnosed

with thyroid cancer.

The apparatus according to Claim 56, wherein the computer readable memory further
comprises data indicative of the risk of developing thyroid cancer associated with at least
one allele of at least one polymorphic marker or at least one haplotype, and wherein a
risk measure for the human individual is based on a comparison of the at least one
marker and/or haplotype status for the human individual to the risk of thyroid cancer
associated with the at least one allele of the at least one polymorphic marker or the at

least one haplotype.

The apparatus according to Claim 56, 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
thyroid 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 risk of developing thyroid cancer is based on a comparison of the frequency
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of the at least one allele or haplotype in individuals diagnosed with thyroid cancer and
reference individuals. .

The apparatus according to any one of claims 56 - 59, wherein the at least one marker or
haplotype comprises at least one marker selected from the group of markers set forth in
Table 2.

The apparatus according to any one of the Claims 56 - 60, wherein the risk measure is
characterized by an Odds Ratio (OR) or a Relative Risk (RR).

The method, kit, use, medium or apparatus according to any of the preceding claims,
wherein linkage disequilibrium between markers is characterized by particular numerical

values of the linkage disequilibrium measures r? and/or |D’|.

The method, kit, use, medium or apparatus according to any of the preceding claims,
wherein linkage disequilibrium between markers is characterized by values of r? of at
least 0.1.

The method, kit, use, medium or apparatus according to any of the preceding claims,
wherein linkage disequilibrium between markers is characterized by values of r? of at
least 0.2.

The method, kit, use, medium or apparatus according to any of the preceding claims,

wherein the human individual is of an ancestry that includes European ancestry.



