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[0003] The retinoid X receptor (RXR), a member of the nuclear-receptor superfamily, is a
common binding partner for a subgroup of other nuclear receptors. RXR is able to form
heterodimers with a number of nuclear receptors, such as retinoid acid receptors, peroxisome
proliferator-activated receptors (PPAR), Liver X receptors (LXR), and farnesoid X receptor
(FXR), and is a pleiotropic regulator involved in many biological pathways. With the
development of RXR-specific agonists, such as bexarotene, tremendous potential exists to
benefit many critical therapeutic areas, including metabolic syndrome, dermatologic disease,
neurodegenerative diseases and disorders, treatment of tumors, and cancer prevention (13, 14,
30).

[0004] Bexarotene (also called Targretin, LGD1069) is a selective modulator of retinoid X
receptors (RXRs) approved for treating refractory advanced-stage cutaneous T-cell lymphoma
(1, 2). A number of preclinical studies and phase I and II clinical trials have shown that
bexarotene also exhibits promising antitumor or tumor prevention activity for breast cancer,
renal cell carcinoma and lung cancer (3-8). Consequently, two large phase III trials (SPIRIT I

and SPIRIT II) were conducted to evaluate the efficacy and safety of standard chemotherapy



agents with or without bexarotene as a first-line therapy in treating
advanced non small cell lung cancer. The results from both phase I
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of rs7434820, rs4572960, rs10058324, rs1051853, rs6997581, rs2631686,
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[0014] Figure 3. Associated and functional analysis of LCP1. A Physical
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[ 0020] As used herein, the singular fornms "a", "an", and "the" include
plural references unless indicated otherw se. For exanple, "a" diner
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to be pheB@Rést lldifelshﬁ 1St ide. (6 Bjod hitkitum} @i B8 avsehear. mﬂ@mmlaf a
specific swﬁuence nmut at1 on or poly nDrphlsn1na5 correlate with dru
I esponsEIVIvHgstijgatepin mﬁamﬁrﬁéﬁg@ﬁ@ml supiveket ddp slayhep & flayse ansed H ciaé/s fore

applic t

o0t o PR o P, Tk RRRL BL AL b Sl RS AU 4t o

" pol ynafaphivehi¢losuiehifichay ﬂlffemera froagbeth tha HI'G i1 gioap dopdamsd p-whive I& @a. (0@3) or
nore alternative nucleotjde sequences are observed in a S|§E|f|cant nunber

of nucl®@fehed{ o dansross <1r0.gdﬁsﬂapaabla|<a(% PR Jut nagireim dbe i TC MidoespnB o8t ¢
| ocus Yk p&a ﬁemtfhﬁotfsd@va@%ﬁ&cg%n%ew@e 9§so£§9ﬁ8h QS 89441085 s¢/R 11 nserted

nucleotlde or eoti de sequence, a del eted nucl eotide or nucl eoti de
S eq uenciscoperygphnsec i o setnaghles (t7é cafesranéy énplhteols)Aquro Igymrﬂyﬂzﬂdl widggbe affyhatrix s t wo

o 25 GOS0 b e AL RTINS + Sty Bt Rbptingig Wb hsaP ebtune >

nore, 300 APfyn{¥RiEstaiar@pRicol 083 ged @%'tﬂ&ﬁseﬂé&t&dﬁﬂﬂhﬂge MRRMS. 5[h'StzQ;re gone
of the nucl eotide siﬁgences differ wwthin the region. A pol yinorphic Iocus

is ofte‘%')O(Sﬁ@PWQ@Ieé@t d’eduaﬁ}’lgéh@mﬁd Wﬁ&tﬂie%S Sm@m@dPLEXh?éﬂéawam a "single
ggﬁlotesl};): ﬂlgldIE)IOllX d{?mt %o ey cau§%N Igrllld t n rrngI)] um‘ﬁ% the ta%é Irr%é)ﬁ;ta’l'lseh{fgrhﬁcat%nSI ty

1, 000- Egr@@Da&%3QTewnmIq)1§MBﬁthermphbealou%e Imtmneplmb@dgfmpt&9 §a les
hi gh-density genotypi ng nmay be arraﬁdbase In some enbodi nents,

hi gh- derde i3elygied dtoppihearieiys péthcpiddisdewd ob{igl¥ierige ugenshe (IﬁEG 1\4@& h as

hi gh-thr C[g@fﬁ Uk g%f"eqﬁjeﬁg 1081 lot[o(?%ﬂssm%cﬁrr%wﬁra% SE@?OB&D Tht Yofiffica Four
alternati {E8ot T'de equ ences at a pol ynbrphi ¢ Tocus, each nucl eotide
seque n(zssocsatllbefaea feeds hearadd (A 0ARoV asoepiiied uvmgSaquénom iPLEDC | ‘Bhecgragh & WO

2012/ 170704 Us2012/ 041379 variant." Where two hic variants
exi st , aea?ra@ﬂ/ APIA3Ra abfiﬂvr%#ﬂbm tge mrﬁarﬁﬁe%fafaé?gé%%aﬁog HO%O&@.\&# ‘ty of
sanpl esryffomm: @oﬁwsa&ﬂa%dlb?y POFBrb RS cle] £bmafis&ids s wilk gr@ﬁlfﬁhﬁtel e" and

t he pol ynorphic variant that is hore prevalently represented’i s sonetinmes
referrGGMKGH@swaﬂﬂwapmnmahhékedhywanyﬂmm@dmmsnan®ﬁcsessnauompdeﬂ0@ech

a1 ot oS e (VRN R e S G of BF LB B RERT nokbeLy gous-

with reﬁélﬁﬁé s defatiGetBiaky AR Rk S48 repidSknth@pEmieFebinY CHUAla e‘Mﬂ&nﬂOSSGSS one
najor allele and one mnor allele are normally referred to as being

“het erozygous" with respect to the pol yrphism |ndividuals who are
honozygous with respect to one allele are sonetines predi sposed to a
di fferent phenotype as conpared to individuals who are heterozygous or
honbzygous with respect to another allele. [ 0025] In genetic analysis
that identifies one or nore pharnmacogenom ¢ bi omarkers, sanples from
i ndi viduals having different values in a rel evant phenotype often are
al | el ot yped and/ or genotyped. The term "allel otype" as used herein refers
to a process for determining the allele frequency for a pol ynorphic variant
i n pool ed DNA sanples from cases and controls By poollng DNA fron1each

N 1




[0027] The term "sanple”, as used herein, refers to a conposition that is
obt ai ned or derived froma subject of interest that contains a cellular
and/ or otwenormmi7emul ar entity that is to be characteri zedTarsdéian41379
identified, for exanple based on physical, biochem cal, chem cal and/or
physiological characteristics. For exanple, the phrase "clinical sanple" or
"di sease I 7 r eof

ref er to[gﬁgﬁsgﬁ%ﬁp %ggﬁﬁﬁﬁhéﬁgﬁggfggﬁ §§Q Q#%?e?%!?&? éﬁgﬁﬁﬁfg?be
expect ad733450% ok Chnr3 4nd isani@iated geaec eTlhewhuinba ntbhgrthemileau thertoe tdidayest hat

is to be characteri zed. 0028] The term"tissue or cel| sanple" refers to
a col | 4B Ploxticat Psitign o € E@% 2 RBisTegion AesPewndn yo- L?ttemﬂd@ct or

pati entmn@ﬂ%nﬁ&%&& ehelfvoldiRIck 0B S INP CRY 53 SRR B Hﬁght&ﬁbySQ hﬁhé dirch TS
froma fresh ozen and/or preserved organ or tlssue sdnpl e or biopsy or

aspi r attep knbwogenes lawedoinctbu regostGCRBRmdsl.CBhdird 3isd Hispldgeds ube 1at=:omecvfeb¢ al

spinal fluid miotjic fluid erlt neal or. i nferst.

ol 'a (g Atk ek slivee 1B B EEDs pisdtttiagon DS ifrisRineieiof ¢ sue
sanpl e JkBYn&h ?Qld%@arﬂhhﬂf?aﬁﬂla&ﬁ r€1bidHhednGe gfe?/ Oheq &b plok ivaegenctREd @ad | y, the
tissue or cell sanple is obtained froma disease tissue/organ. The tissue

sanpl e hsagap gicbaitns dufayberidreswitic darkaied repyesehgtdaprane yromeep sgéﬁthml tlh B he
ti SSPenﬁeg}l{Lgitnt{i gIL?té‘i Qx&%ss?&f . mg&%g glgl?ﬁc)oq%g]%’&l%{‘ﬂs deer‘é i ?eo‘;ach <atives,

nutrie i CS asng “asma,
as usedediaigi MDA-BReeBs.t 0.(PH e:xbmtssnalvam Waa bbtfaim'ti dromﬁﬂie rﬁ)IEr(ﬁxﬂay aﬁpdrinwnar
fluid (all body fluid outside of cel is nostly water and contains

di ssol VSHEIPBE EPHRS ofgrielsel) Wétﬁareﬁl@alﬁaé% @9 MDﬁqdﬁ@V%ﬁ celly igsist¥BtPones and
car bon Qﬁg; r

transp&gtat%%g ]ﬁA 19?@2%%?@26%?%&& %gbgg{%ﬁ?%%gggf%gg&ggq%ﬁésﬂvbIood
cont ai rﬁon@ rrwntlantw) M:]DAQ?R aclts traated wien30 anhmem uMhieexbtovoet (Behysbdthl to

t he bot f th d ff.
ARG A NS e o S A R AT S A
fact or %h&vn &n a dﬂ’ﬁ‘i’érﬁ spz{d%qg b'meru&orbqt}l@ Lid®| &%Hsﬁoﬁ‘@%n&lhﬁ G tPLdn ;s\ 1A QS S) -

[ 0030] " Pol ynucl eoti de, 'nucleic acid," as used interchang eab y herein,
refer taothpoindmétle tof gmpdal é‘omlmasg of Many phl@ngl kellsahgdPi nspmsﬁeorDNM@ﬁdPRm

The nu es ca eox uc i des, .ribonucleotides, nodified
nucl sott LRt SR eRElPS AR > APy AEEh sgBR 0t B BB T 1R e

i ncor pay.gf&d i MI@A&’PD&JIM nRhtel YvilWachfaxENA IRk oRhaSEmpAed & VIMIKIPROLHIIH €p-may
conprise nodified nucleotides, such as methyl ated nucFeotldes and their
analog§@th pBéselt ). nodification to the nucleotide structure nay be
|nparted f

nucl eot i es 53@3%/1 %Eee ?n{r@gr rrnu%t%gglqa 8§teﬁlf51rr%-ﬂ%ue‘xélfi)eo i é“%ayr]%'gt&‘%‘gﬁs? §&1‘&§e&we

pol ynuah&epy dengpiedieeing gendneic biomkirkéred after pol ynerization, such as by
conjugation with a | abeling conponent. Qher types of nodifications

i ncl ud for exanple, 'caps", .substitution of one or nore of the naturally
occurrﬁ%éﬂgﬁéﬁﬁﬁggﬂﬁggﬁﬁigﬂﬁﬂlﬂhaIog i nt ernucl eoti de nodifications such
as, for exa those with uncharged |inkages ( met hyl = WO

2012/ 170760 ﬂﬁﬂf DESPIY GRVEBTON BeR6E PRraIsapic b lewa%hvgaq hage beap discovered to
phosph n e
phosphgﬁg%%'dgﬁggﬁﬂgﬁﬂ?&ﬁg?%g 8?1% fggﬁkgggﬁgﬁﬁﬁﬁggéhgg, % ﬁéﬁ mﬁs
noi et i esgeidiug treatmenf eginexachidang hmaltommsm(t&agng dmmsbsemhas, rtoua)srrrmﬂ cell

anti bodi es, signal peptides, I ysi ne 4#1 those with intercala ors
(e.g., '8¢t& e, JdGray dijeoy L>)§Om ‘P#S%gepaef?ﬁtué‘? fgTPRRE gt tﬁs S Wital s,
radi oachj ‘ﬁ@lprfgtp?éd%ot dﬁﬁg &Epon@é‘é Qfatab}éﬁy dfﬁgsaérﬁy tEthBsd whd (% Be GARERNLAY

al kylators, "'those with nodified Iinkages (e.g., alpha anoneric nucl ei ¢
aci ds, eatlmd} thome whelnhighishaynaddird etecfsobyrthegfeatrhentpol ynucl eot i de(s).
Further, any of the hydroxyl groups ordinarily present in the sugars nmay be
repl aced, for exanple, by phosphonate groups, phosphate groups, protected
by standard protecting groups, or activated to prepare additional |inkages
to additional nucleotides, or nmay be conjugated to solid supports. The 5
and 3' term nal OH can be phosphoryl atgd or substituted with am nes or
organi ¢ capping groups noieties of from1l to 20 carbon atons. O her
hydroxyl s may al so be derivatized to standard protecting groups.

Pol ynucl eoti des can al so contai n anal ogous forns of ribose or deoxyribose
sugars that are generally known in the art, including, for exanple,
2'-0-nmethyl-2'"-0- allyl, 2' -fluoro- or 2'-azido-ribose, carbocyclic sugar
anal ogs, a-anoneric sugars, epineric sugars such as arabi nose, xyloses or

| yxoses, pyranose sugars, furanose sugars, sedoheptul oses, acyclic anal ogs
and aba5|c nucle05|de analogs such as nethyl r|b05|de Che or nore

. o o I T L L o



[0032] "Anplification,"” as used herein, generally refers to the process of
producing nultiple copies of a desired sequence. "Miltiple copies" neans at
| east 2 cwpier/17004copy” does not WD 2012/ 170704PCT/ USPQIAISR2B779
necessarily nmean perfect sequence conplenentarity or identity to the
tenpl ate sequence. For exanple, copies can include nucleotide anal ogs such
as deoxyi n :
a1 ter at | Qe B B A & o S e S R i

hybr i dirngteeyhlblmtnchmites B&Rpmedelntoarsych hobdxastéreripl aie) sco&rgiharateeldq;uence
errors that occur during anplification, %0033 The term" array or

"mi cr odiePgyPinedhe griskc RBNETHTS BpbpPrcessingihoeaeera SPpRpgHacH hEr

hybri di zabl e array el enents, such as pol ynucl eoti de probes (e.g.,
ol i gonucl eotj des), beads, or binding reagents (e.g., antibodies), on a

substrate. The sibrneraldgchnignese a solid substrate "such as a glaes or
silica Sl b?ﬁ] ‘"fhé %flceoﬁ{thﬁglk%'sé}g A4 nﬁ%té dilp 1'0 Ot!tﬂlgss H%?\;V{S@tﬂ?dlca‘?&f:h as

nitrocel I'ul ose nenbrane nucl eot sequ es can RNA, or any
pernutamnmnmohmamémkpwsofﬁ@Bﬁphﬁbwuggdnhhmmunecmhmnmﬁnaﬂmphembtype refers

to a trait ich c red between i ndivi dua such ce or
L Dsancanistonilag aFE Bisioeys SRR iy o d e yiab sy Fi b AR &P BRGE:

bet weersjcAdichh uai ae cRPhABE hm:y lvlatﬁé Blet®0S, sRhYS ¢ *M&thﬁﬁlcwﬁ‘th?%m%ﬂ&awry
variations in t function of “bi ol ogi cal mol ecul es, and

phenot yenwén S@@ndmalltlronaszim@ook etﬂlﬁﬁ%ﬂ)at@hgonumoeﬁkfa&mtbeswf (M. éh@m@t@ylpe i's
i 0
oS8 L G A R SR b ARV RR Y

i ncl udimgss, Iich hairrdni Pdtadol Oih, Mo ktulanBiok dyl’ @R, Mt AuSib¥BetaX} @dbt,,19@f7 ghidsease
progression, including slow ng down and conplete arrest; reduction in

t he nuriisepd J@fupéatg@ag%g%pﬂseo%réxmm Ghalgﬁ?attm; (Mualjis el €8s olr?%h | esi onal
size; (4) inhibition (i.e., reduction, slow ng down or conplete stopping)
of disease cell infiltration into adjacent peri pheral organs and/ or

tissues; (5ﬂ3|nmﬂmﬁmmﬁnw|_ e., reduction, slowi ng down or conplete
stopping) ) X r

Synpt ons [(a)g{s9 . e§§8%§rféﬁ%ﬁﬂaw£&§ alft llrn%d(l %c? sc1§1?[§18<‘:§[e11n?snus?%Bglief)nnl?atv thefnga

di seaseénédn@g arsrlesaﬁmahlyamdt@tdoaw;yngetof eﬁﬁmyrtskﬂl(uB)hwlaﬁecroara}ﬁeldtmprntzatﬂotny at a
given point of time followi ng treatment; and/or (9) lack of adverse effects
f ol | owi B§tPnes-e AllRsipnts, %Eﬁ%‘éﬁ%@%h@%%llﬁwsﬁéd a%ée%trau%mrrafearﬁg} ‘®ndpoi nt
' nd' Catﬂeﬁgn ﬁf'eqﬁcﬁ{)&gtﬁi b?rr}gfleperncé ﬂf( %frte}{tuteﬁest he a%@ﬁhﬁ@ft set fobtDGB@ls se ﬁ&%' ng’
or "treatnent" or evi ation ers to therapeutic treatnent erein the
obj ect dosatriny ts loowthdovise (ncesseent wqfh anddfindtivneset fretht iarnigepachtp applmiaugns;

conditio r di sorder or event. recurrence of the cond bject is
succesdf qu’d -applicatigns and ‘%%Ffﬂ ilcarte’é‘é Rt %Eret“’h E‘F&B’@Eﬁt?‘tlg}é "dfﬁ‘tce gl
t her apeidtih i8N orth i) &hi$ RHEE bred HAWS P %Qfe‘ﬁﬁpio% (RN RcofPeRRdYd ahtif pyeduct i on

in or absence of one or nore signs and synptons of the particul ar di sease.
For Woef2002¢.170704PCT/ US2012/ 041379 exanpl e, srgnrfrcant reduction in the

m f b f the. « ti
Cumor i A80R1 RS bt o SEURE (s 86787 G AbanEaltil B BMBPEIG 6 bp) of
tunor rElas iiSdated dthdtiviNe! IFOR exdrpl8,0RE dBXéraRdlud&font WiBlorga@Ndr); i ncrease in
| ength of rem ssion, and/or relief to sonme extent, one or nore of the
synpt ons (882 cThe amyibiamarkes” opswprkics’ @aﬁeehereméet%?e&rnﬁ@ﬂlmtwwlw

t al i f.
ol ane. dpolug B oehP et SR GhE! or dy BripRE YRR LE PRE i b,

can aChhﬁMﬁmahm@ﬁﬁhebﬁcﬂE@Qﬁa&&ﬁtﬂﬁbEﬂeﬁcﬁﬁbgkﬁaWQ@ﬁﬂﬁmBQmQﬁaﬁb&sﬁﬂgﬂ&dof
cancer, or a partial response, wherein the sjize of th nor i s decreased,
pr ef er ABF§RAR S Predickidn OB ernderusesho PRSICE(9 @@f@?%tl@}l)@r are%nnmhaafrlé RO s

al 5o COnSIALLAGdio®. Gfd bl sdrleiBldi B SERAAAN6ERd BrAlPnfhP AR dud ) SO
enbodi nent s, treat nt mrt er apeutic agent fective to result in

t he panﬁQNMsvbekmgndwseaﬂeegnees3 nont hs after treatnent preferably 6

nont hs, nore preferably one year, even nore preferably 2 or nore years post
treatnment. These paraneters for assessing successful treatnent and

i nprovenent in the disease are readily nmeasurable by routine procedures
famliar to a physician of appropriate skill in the art.




[0037] The term "prediction" or "prognosis" is used herein to refer to the
| i keli hood that a patient wll respond either favorably or unfavorably to a
drug or sw0D20f2/do1egs. | n one enbodi nent, the predictionpPreltsb@z/08137¢ he
extent of those responses. In one enbodinent, the prediction relates to
whet her and/or the probability that a patient will survive or inprove
follow n a R A : 1 Leul tic
R T GO N

pr edi ctdovelanstwidds spetifichdinical/émngiresponsioribesaapelaliol inra smbjeky (st ergakddcleod

treatment decisions b 00SI st praopriate treatpent nodalities
for any!phr %Z|%63a5i9§§%5#%-$§&rﬁmw_ er?etflﬁﬁ@g}lﬁafltbicf%arg‘%egre%?hm?ﬁ}enti on
are val s&@#&&yﬁfﬂ@dﬁ The {%@éﬂce ?ohgﬁlaﬂtifty &t ﬂﬁébhé‘rﬂ{acbg':enbhﬁ@hﬁrﬂei?is%l%&‘aﬂg the
favorabl'y to"a treatnent regi nmen, such as a given therapeutic reginen,

i ncl udipmefited respamelog theawibjeni ©tar we¢ibin dofg @ dpisy ehdivge prpeotadoisigeaitongrt
conbinatiogn, surgical intervention eroid treatnent, etc. . [0038]. As
ioed naPeie: Ptk he TR pEapEbEY S phGE Bracies aitdpaRed ' fom
conput efubbg e diddtirap i & hehtip dlosnBpriRiBene it @dicbasedhn iapeaitddas bhida

usi ng the biomarkers disclosed herein as m&ts to the conputer algorithm
An " outgseater degreetsd segeette magjpanelicetad.i Ver examplea bpsedonyiee pigprice ahqiatifiseld f or

compani O aRAG sk PHEY 6PPRAE Y BSRTE R st Pb b bR ALETH B * ¢ i
under stragdbd eddctcaispfds Sptanite fdrabk FENnsn QI thdepebificaimbolkelg sChd presknhar ei n

i ncl ude "consisting" and/or "consisting essentially of' aspects and .
enbodi riBfhtubject. S{r@gub} theyPHSEN e TebbaIce 9H Y SPRCHEfeE AnFige MEHAINNEY Rofyrpgyghism

pr esent, 1nveni o g,y dnhvﬁ &@ﬁ@ﬁg ?H@ﬂ{e%;phﬁlfnﬁ’ﬁg%%ﬂig’ Llo@gfﬂe&s HRATH reisp%@{airtpn

taken in-conjunction th acconpanyi ng aw ngs. C. Bi omarke

Pr edi ctthagpfBiex@smbefahe nikssyppnygirinenessment fof @04 kiibjdttevifroaskating tovaentinioter
descri bes novel genom c bionmarkers that correlate with the activity of RXR
modul at'8f h@R¥h as bexar ot ene. These bi omarkers can be used to identify the
pati ent sjo§28] Ak @sdPidreihi ekl ‘q)ogg]’it%hitc 18 usXREL kER e iSMer AR1EE Agght from
bexar ot ene treat nent. [ 0042] nerally, an isolated SNP-contai ni ng

nucl ei cvlich tvorol morel dtevafipe nsdeotsltscqrenpgsrae SRryedsi risgngicnselinzed! by t he

present_invention with flanki nuel eoti de sequences .on either side of the
SNP pos T Rty g TRy AR &F Ry (EoRIErQuE fosds PiEibEdes that are
nat ur alduyled6808dqaéred ofitw & of AL reSNR1dIitEs, an tseftedBi@E1de P HEcI BBl 88k icdee, a
sequences. Preferably the flanking sequence is up to about 500, 300, 100,

60, 50,defged mzleopide of muclaqgide gequspcey op g Eliggsatellte, faexampleo tthpelymerdih

I n-bet ) i the [ - 0si ti0R,, Qr | gn fyl li=zl ength
gene o\rqg‘gl{r%tﬂllér%gs ﬁoo%}erﬁ?@cnoglleggdegselggggﬁgle&%%ng’n%/%pg’ra?igog’ ﬁﬁg?’e%ﬁ%uj[% lgso ?an
exon) . more[ DD&ZholeN3®BEmas 60 by mioke 75i00 ik 4108 00 tndrd) S00 RY alvid, @ absie 100@se

provided in Table 2 and Tabhle 3 and others in |inkage disequilibriumwth
t hem r&elegtigesgn ée%@, |\xr_ljemll_|_§r some of the nucleotide sequences differ within the region. A

CNgA%T%%%E%%IW@M&%H%%%%ﬁﬁ%lﬁﬁ%%ﬂ&ﬁ%ﬁﬂg7a2Egﬁl%le( SEQ I D

nucleotide polymorphism” or a “SNP.” In some embodiments, the high-density genotyping may
be conducted by using SNPs. In some embodiments, about 1,000-5,000,000 or more SNPs, may
be used. In some embodiments, the high-density genotyping may be array-based. In some
embodiments, the high-density genotyping may be conducted by using sequencing, such as
high-throughput sequencing.

[0024] Where there are two, three, or four alternative nucleotide sequences at a polymorphic

locus, each nucleotide sequence is referred to as a “polymorphic variant” or “nucleic acid



CTCTCCAAAATAACTCTTCATGCACA [A/Cirr] TTTAGCTTACCTCTGAAAAACTACA rs10058324
(SEQ I D NG 3) GCAGACAAAATAACATCTTTAACACA[ A/ G CATCTCCGATAAAAAGATTCAAAAG

r s100583 2402862070104 NC. 4) PCT/US2012/041379
GCAGACAAAATAACATCTTTAACACA[ AY G CATCTCCGATAAAAAGATTCAAAAG rs6997581 (SEQ I D
NO 5) AAATGCACACCTAACGCACATTCCT(J T T] GGTCCAAGACAGCATGATTCCAGAG rs2631686

201 17870HRCH Do S O L3701 | SE908D TSRy S\ g ot it AT 10

CATCCATARAXTTAGE T FTACAGTAGLEH B} TEAASHTATCEAMT GRATCAGTERG erlsd 184 TiMtof SEQ | D

ATT TGGATGGACTT C/ T] TTGTAGATGT TAGGTCAAAAAAAAA 1 s7334509
(SEQIgﬁgg ﬁ*@@ﬁgxfmm %‘&é&m%bﬁw@mﬁw l&'@i&#

,rA\'Sr ?:g%%%cﬁr@ Ill@lel\lol\/ll'}ﬁ‘%A T;famsms ossess aco f each chromosgl_néz (? % 7%%%%%s ( SEQ D

NG 11) those individuals who possess two major alleles or two minor alleles are often referred to as

being “homozygous” with respect to the polymorphism, and those individuals who possess one
major allele and one minor allele are normally referred to as being “heterozygous” with respect
to the polymorphism. Individuals who are homozygous with respect to one allele are sometimes
predisposed to a different phenotype as compared to individuals who are heterozygous or
homozygous with respect to another allele.

[0025] In genetic analysis that identifies one or more pharmacogenomic biomarkers, samples
from individuals having different values in a relevant phenotype often are allelotyped and/or
genotyped. The term “allelotype” as used herein refers to a process for determining the allele
frequency for a polymorphic variant in pooled DNA samples from cases and controls. By
pooling DNA from each group, an allele frequency for each locus in each group is calculated.
These allele frequencies are then compared to one another.

[0026] A genotype or polymorphic variant may be expressed in terms of a “haplotype,”
which as used herein refers to a set of DNA variations, or polymorphisms, that tend to be
inherited together. A haplotype can refer to a combination of alleles or to a set of SNPs found
on the same chromosome. For example, two SNPs may exist within a gene where each SNP
position includes a cytosine variation and an adenine variation. Certain individuals in a
population may carry one allele (heterozygous) or two alleles (homozygous) having the gene
with a cytosine at each SNP position. As the two cytosines corresponding to each SNP in the
gene travel together on one or both alleles in these individuals, the individuals can be
characterized as having a cytosine/cytosine haplotype with respect to the two SNPs in the gene.

[0027] The term “sample”, as used herein, refers to a composition that is obtained or derived
from a subject of interest that contains a cellular and/or other molecular entity that is to be
characterized and/or identified, for example based on physical, biochemical, chemical and/or

physiological characteristics. For example, the phrase “clinical sample” or “disease sample” and



CAAGCCTTAATCCATGAGACAGATGT[ A/ C] TTGGTTTTCTCACTTCTTTGGGTCA rs7338381 (SEQ ID
NO 12) AATGITTGCTCTAGATTCTTAAGGCC] A/ G CTGTITCTTTTCAGCATGATTTTACT rs3916931
(SEQ | D N©0L8)2/1EMBEAGAATGAGGATCTGACACAAAG A/ T] AAGATTAT TATTISSNGGASCAAGA
rs1506011 (SEQ | D NO 14)

ATGTAACATAGTGATGATTGAAACCC A/ G AAATATAAATGAATGCCACATAATG [ 0044] The

i nventi - el i VI i / I ] i i se
or o't RaRei S ST RIS LY gl STBRAEE o BN BGTRS thes Bl ol K LGRTRY
havi ng qeriekiiwti togovalnhe fcollul eandl @tnesiecul areatityethbt isrebadtardctarizeéd to t he
ones |i st j,n. Table 2 and Table 3. The inventiaon also.includes. other

bi omar ker@,&fﬁ. ghe te@NP‘gl,ss‘Wﬂféﬁl ORI HIGHS &t F@ie&f%ﬂ YA £qlls oBfadnRdrikar &

l'i st ed ¢ Quelad &ibfect Wti%ﬂt.eﬁh%%hl‘ée 3k &R tQ@uéb%%‘éllfstEl’é?fﬂ&FEe ReNakAleRgrom
responses by patients. For exanples, those SNPs are in’linkage

di sequid firgshi {rozeni ant/or pecsSNEY orgao v dewieisamplelvir didpsy Adakipiranbloog pedichliond
SNPs m ght.reside on.genes related.to. t .genes that. SNPs listed in Table 2
are: assgRspER oy HERRSTe S Bieplo Rl Ao uc e PeTo et B BE { ounc

i novar iigiesstipubilhig; cbaik A AN tifle th gestd@BNMBPdeveldfdMDbf the sobjeR. ambediveent s,

| i nkage disequilibrium (LD) refers to the co-inheritance of alleles (e.qg.,

al t er naRmple M tlsobe BEERrYar quiisredicehppiecedfilineer Sntiosip. Sictissueaar cell squrlaci es
great er %Fc%{‘ P, BRLXREGLAC, [T ORI NE, S&) ﬁ@&g f6§‘t91‘ﬂec%%{ Indd wRE Yfer ence
of each®alrefe in a grven popu%éjtl on. e expec &d requency of

CO- ocCUot amaellgfintembixad hethebe titat irnuie RO ad @eserndieps ndecdakbilahs, Butters,
frequency of the first_allele multiplied by the frequency of the second
al | el e.fiXa{igss nytyients opibEEEs 9851041379 Al l el es that co-occur at expect ed

frequencirgg rgplﬁé}hg,”()f’ﬂ%od agrhé,“_‘ééﬂfed%wiﬁ,irpfeir the InftaCRCHLATE pak Ji€f €r's
to any non-random genetic assocl ati on between all el e(g) at two or nore
di f f er extraGiNRlas iftugb(allvidodg filuidsowgside phddlly). dit e hosttyheatpiharsli coataiprddssolvietly  of

the two | oci alon chraonosone. See e.g., U. S 2008/ 029912 0046] In
Some. eIt Boah R o R oM i SRIEn SR s fenes
PYS! CahyRERUAIT b kR B bk ) SBIEHRARRTE:BAda oSl

alleles at these SNP sites w tend to remai n unseparated for i ple

gener attilomef fwish bladdecoo iy ag) ae ante codgatanginpaeanirciukanntribé blobd delly(fall tethe) at

L S T X e e

genot y jilagh008h &t fibligo NP r$hd @BeMdlbtting Facord (iMSYhd1OBlosa MEntI BN MRideDH as

genot ypajnggthét ct]lgtti%y%aecrtor%. P site that is in LD. See e.g., U S. 2008/ 0299125.

[0030] “Polynucleotide,” or “nucleic acid,” as used interchangeably herein, refer to

polymers of nucleotides of any length, and include DNA and RNA. The nucleotides can be
deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or
any substrate that can be incorporated into a polymer by DNA or RNA polymerase. A
polynucleotide may comprise modified nucleotides, such as methylated nucleotides and their
analogs. If present, modification to the nucleotide structure may be imparted before or after
assembly of the polymer. The sequence of nucleotides may be interrupted by non-nucleotide
components. A polynucleotide may be further modified after polymerization, such as by
conjugation with a labeling component. Other types of modifications include, for example,

“caps”, substitution of one or more of the naturally occurring nucleotides with an analog,

internucleotide modifications such as, for example, those with uncharged linkages (e.g., methyl
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[0047] In sone enbodi nents, for diagnostic purposes, if a particular SNP
site is found to be useful for diagnosing, then the skilled artisan woul d
recogni zewohat2/iobteer SNP sites which are in LD with thi eC8NR2@i2t0e1370Ul d

al so be useful for diagnosing the condition. Various degrees of LD can be
encountered between two or nore SNPs with the result being that some SNPs

are nor ' | | r { i i

Furt herpqnggﬁeh%ﬁ%ée/’ p%%%%ﬁ'(t:rgﬁts%gsl i)ltl%sﬁg 8ad5@gtr%rs’vé%lﬂ%ﬁ£tflﬁ®ec>?t 2{e}l?li slﬁ{apgd%%edahngﬁ Onosone
di f f er delretpheghodhtiibates phosphorainhicafest dte ),gkoserentaarice pdnelnef ooieti¢sheudieyr ee

of physical separation between two or mpre SNP sites pecessary for LD to
occlr dBROHTHER A BT xR gRidinglicss sigid P@@w@ﬁ@. Y%é]é(s@?’g‘?t?'b. S.

2008/ 0ZR8,2with Qté%@ﬂétbﬁ%%'g, @@ri&ﬁe,tﬂggra%nﬁj@@r)}(tﬁf)&, cqntairﬂiggé%]latbﬁf(g.rgq%étﬁg',

generated from genom c biomarkers describéd herein can be used™to determ ne

appr oprradibactive segds.drdsdmp oxidaset mefds, eegi tmesscangriniag alkythters dbade with h non
smal | cell..l cancer. .Thi s know edge, e ppl i to daosi or d

e ect 1OpELAMRET F SR B EoBRE PEGRE a5y Hed apetrt s Palrieiats Phie
enhanc g dyiRcRPEW(s)C RithbE b 6ﬁ/th\é/fh9ﬂro§glr@r6h§st &HinadlypreRAt MBI EUgars may be
conposition, such as bexarotene. [ 0049] The bi omarkers di scl osed herein
and t herplagesls fuicatmpleSNPBhasphepfregroiu PHohate shaipssiudteesd pystiindtrdpat i ent ' s
respons t of i.S Lt sjdes. no |
i R L R R R b R e
cancer ,beltoapghted aNe@d, suppdréN €LHES’ hind 81 terminapOPN@EN beahesghopyl&¢e bt subitituted
nmet abol i ¢ syndronme, dermatol ogi c di sease WO 2012/ 170704PCT/ US2012/ 041379
neur odelEh¥RHE QEOTERAE SARUNHAPURS BIotedSY of et 1920 psesiatrips. OMPsRydiexylvni ch
was sh t i u . The

by omar KaRGH 1S BEFARA e ARHALR RREcE Aol 3R ARRN I Thn alsol R, 3721 5o
be usedntlogpusedimos ofpdbase ot desoxyeibpensigsrsitiot tarcegenmeitly kod wRPBARY aan dicbrdidgXR

rel at ed. di seases,apd di sarder ee, e.g.,, P Publication.No. WO
2011/ O0BLETP PBAR Ao CRA &1 e O 2ttt G ConaLF SIEANE ude,
but ar & RQinddTub Y. e AENANSGENS! 34616l RS S 1A0A: Dbsader sl seases

and di sorder resulting fromtrauma and injury, or an inflamratory
conpondntangse sughils, sdolimtuiates) avgrliainatiigs ead ebasanthcioside dezlsgwiuch apmettivl hout

an infl t ory conmponent . L 0051] Neurodegenerative disorders include,
Ut ar 4 THOEET e CEARPDr bt oAb FESREEH W RhEPsaTi e dRube os
wel | asTHeedlilgdmAdive edgRg 20ehsGAGdd, bange Wot Imasd 100 &mBHATELeATs Y R Th PREIPhSte

i ncluding, but not Iimted central nervous systeminjuries, stroke,

to, ra :
i scheniig rapiacag By PO Ehinatey b FES SySdighipataeur @ NRr atinaiqae . PR REYSRy e
brain i ¥ BN THE t agztll t vVOous
syat omC OB E o (oo EREd e on AR ERRTT BFor B bIRRBE SO .
CQui | | aiunsiBatinreds)RAr (03 @neptiohsllyeonit@ining an @digt 6¢-OBY Hnkapsoargl, alkenylopat hy,
acute inf]ammuatory den%el i nati n]g FOl %,/neur opat hy, and Fisher Syndrope), H V/
Al Ds dengivetkyl coriprlksnyl araragat Bet Al linksgpaiy a pelynyclpsgde necse entgpl. The
meni ngi : : f S
i Sl odnd paRaie IR ARG 0 al poldtolue o e SRR anr PR Ko PRIREENE
predi ct JA03HNt'OBgomsfroride’s at usetl hestimenierally mfas i short) gasiraly Didle stmahded,

CF-rel ated di sease(s)  and, di.sorgder(s e.g., variant cystic fibrosisg and
on. B AR et PRy bert il by ot BT S Ay S Bonses
associ afi@lewtilidy iASSea. afiRbeMhd FlE¥RldCotlde ARSI sl yRlcRbEE Uirs BESRISIIPT
disorder(s). In still further aspects, the biomarkers discl osed herein and
t hei r axclsivat dle Spgespoen grave soigraliymiickotdesie equdly and fplheappdicaldatd ent ' s
respongﬁf Lo, lreat ment of dermatol ogi cal di seases and/or disorders where
lipid &ﬁ9 -regu?ated gene expression is decreased (e.g., LPP). [ 0053]
The tr eat[0832]s “AQfmplifiCatpheSBnised hateint p@RraBefeRCloube piodess s eroduciRiRnagpeiei st
alone or in combination with a PPARy agoni st gand optional [y a LXR agoni st)
to suppoeiss of p Apsitsrisequsinceyi Tlgliiple Gopissy Biears 3t deagk2 ePPiEPARY CRRY/MeES IR
rel at ed di seases as descri bed above and/or inflanmmatory responses
associated wth the PPARy and/or RXR rel ated di seases.
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WO 2012/ 170704PCT/ US2012/ 041379 [ 0054] Phar macogenom cs i nvol ves
tailoring a treatnent for a subject according to the subject's genotype as
a particuwenotrgetoarent regi nen may exert a differential pefrfusetizaesendi ng
upon the subject's genotype. For exanple, based upon the outcone of a
prognostic test, a clinician or physician nmay target pertinent information
and pr 4 r r i : : j

benet | (gt Bg el R P RARHEL Co HERLAER or erf P hE AR SRRREL, or

i nf or metxhmpleanahi¢s @atindndesnicteoads iyl egst suvin as deantlythosiat, ibentiemnékéduence e. g. ,

t he tre?tnent has no therapfutic effgﬁg aqg/or t he subj ect . experiences
adver s STYaNEIPEL RSN GHPR PRNGRIEF A aUE DRABRAT fRdpence that
b'OWHVKEBfmﬂﬁhﬂﬂ;%uﬂﬁ%QgﬁlQ%%%&ﬁﬁ@gﬂﬂﬁ%&@ﬂm%ﬁﬁmh%se @t O GQtRl BhaR
appropri ate dosage and trgatnent regimens for an individual. This

know edlyeingwhphifiegpin. ed t o dosi ng or drug sel ection, can avoi d adverse

cac oy e maue ol L . LS S et shel e el L6 e
phar maaR@aaRable alhpBRMeAEs, SRY 2B ?ol&ﬁ@@leétﬁieqﬁ‘(\!l%s QP g 2 oR SRR Al RADDSE i C

test. [0055] Therefore, in a further aspect, provided hereinis a
conpanitording ggaeys (gt asibodishgn ahebiatsralliespBstiitseandeadsolid sebyiratergych as

exanpl e, i ne. di nen i Ci r Lnician i appl yi ng
e L
det er mmémbraind eTeRuddtidd B quefdes lca@ b DNAECAL diCaly peanipatond heredbd a

subj ect. 1n another enbodi ment, a physician or clinician nay consjder

appl yi ngl®3¢h AR nesel lsagie. hp&mdheRohypR Hgferhie adidhyich gaybe compapd bgsween
treat : f.r At I 4 to a
e Rl gL NS0 CF SRLAEN S ot SRR Unse SO RGN €, 2
assess mpptaradcerbespensndieidesls, métabolguarietons physidagin@ntariafiéms, variagints mrthal so

provides nethods far predictin esponsi veness or nonitorin o

P eat nanesredp i oEH SRt cndsn it BETRENA RS B Gl CUayHEYT Ay KL ve.
provi degn BeiNEst 4 PhendB)pRGS BRIV 86 tbPnehl, S&HRM 4/@pd treating the
subject. In sone enbodinents, the nethods conprise assesSing one or nore
phar macod@0%ti ¢ Rebpomaivkesss” ¢an ke assaspideusoigt aiyreedpdinomdichengsybgretit o tad

0 1t 2355 B8-SO ASPRRRTR O CCRRSTELERE T

phar maGagediapisowih ©asw K efiGecorhple@ A ste (1) @edu¥a b §i tht AembeSEIHaeaLssled S
predi cted or assessed gﬁlqlassifying‘the sub%gct‘usin an al gorithm such as
SWM | ggrikr symplegseslirestiction indesiensl sie; (feitihbioes (napdustian. slyying down or
2012/ 17 7 - L . f ol | ow. ' : .

phar racogBGR SRR At oA iparemeh nkD arplin RN Brall HEPUGHS:

di f f er @nhibalongf ¢ eetucpesidiving: dovanortdoenpdetbs@pping) ofedidaypepreddh é)aeléeft, to

candi date therapeutic exhibits a significant interaction with a mjor

al | el e SOPY SXtabPhAPQOT VEISSYIPANT psetiaet mdth i fnorderiAoipcispedn éhelengh of an
order qfisqBofkEd Ofti oA B BE Wi MehfnRnBNE Pdd e ds e mbRARE A L QM) poitid 6P i f:
theraped%ic typﬁgs?ﬂylmou d R te%e gdgiﬁ?sté%ednﬁo g&éu%ﬁectTBenotipgd as
bei ng Hollwwingorestnfiant; ankdér 9 nlack of ddebie etfacs Edlvstingresatment. Rbvporissteeeddano a
subj ect not yped as bei ng heterqzygous .for. the mnor . allele. .In another
oxanpl I RAPERS i Anadpsa aIGITIE e it 29/GRORI iR My TSR when
adm ni st 0@kt OTRuh LS ket Sor AR MEAY Se bR to TdMBictlic bAtBle8t WHireinShe
conparatively toxic when adm nistered to subjects heterozygous or

honozy gigst fsop skovwndever (ledsewliEnotidnee bamrpeted pathplegigrondition jos divotder ¢1pi cal | y
adm ni stered to subjects . ar notyped a ei.ng . het.er gzygous. or

nomozy Joae TR A bR ) AR Y e 1 PR R Be B escr 1 be
her ei n tBé@peaidiplahall & 4 eRpartitrgefe MesubjcsBhbad sbiedvably Madiirhd¥@urable
alleviating or treating conditions such as netabolic disorders,

car di ovaductirain g ahserceOf op ALBPLS sighscand symptorathe patigylal dpasacher sanpl e
froman individual nay be subjected to a prognostic test described herein.
Where one or nore pol ynorphic variations associated with increased risk of

type Il diabetes are identified in a sybject, information for preventing or
treating type Il diabetes and/or one or nore type Il diabetes treatnent
regi nens then may be prescribed to that subject. [0059] In certain

enbodi ments, a treatnment reginmen is specifically prescribed and/ or

adm nistered to individuals who will nost benefit fromit based upon their

| i kel i hood of responding to a treatnent regi nen assessed by the nethods
descri bed herein. Thus, provided are nethods for identifying a subject with
a high likelihood of responding to a treatnment regi nen and then prescribing
such treatnment reginmen to individuals identified as having a high

o . N Y L ey o o



WO 2012/ 170704PCT/ US2012/ 041379 [ 0060] The treatnent sonetines is
preventative (e.g., is prescribed or adm nistered to reduce the probability
that a diwease/womnditi on ari ses or progresses), soneti NMesTiUS241hpuBpeUti C,
and sonetines delays, alleviates or halts the progression of a disease
condition. Any known preventative or therapeutic treatnent for alleviating
or prev. 0.t he: e .

adr i oy EFGRATHARON B sl ARkl S RER T RS T RS anat yze
and pr eddwetiona in theponsesit® ighibitiog (i.d odove xaspheextérft apd arafi@ablgarpiot sinamal ysi s
indicates a likeljhood that an ingividuaj ¥¥II respon%ﬁgogitLvel R% a

t r eat mERTRAYHYT IRINEPR; T SPRF CYERl Of TP §F ARyt regee BdRRath St Eraepierh apgfar

i ndi vi dugl.co CORY 8K SR ¥ne bf mbR&raNAL ¥itSm) Rdb&algsvithat sﬁé&iﬁé&h&ér@fé@hcéds
likely to respond negatively to tré%tnent with a particular drug, an

al t er nanéonpalityoud seorgdity, pedimpiovement ib qugiteg o€ lifebesics. TReducdspohthe stans ar

t herapeutic treatment can be predjcted i.n a. background study in i ch

subj ecrmipipn g e TR PG RIS BOHE Patirund rarEeheHB s Bl Y oBr ati on
that raspRAds dEmyAraklidipbérahct beal BRAL of &ACERHs a farBORELRINbQWHeRA ttagse not
respond significantly to a treatnent regi nen, and a popul ati on that

r espond trilgnos ¢ decregsed, prefeipbhy by mergithaant) Resceg!t, mesg ipraerelydne/ ¢ frore si de
ef f ect Et)atienTt'l? ?1%0 RO t?&?edairf ﬁle‘g{&% de%g%r?esnc%&%@ﬁé §ReaRd tlﬁ)Ethﬁ’é popul ati ons
y yzed. Bas upon e 1ts™0

and subpopul ations may be ana resu t hese
anal ysespbodirfietj, @@htnheht gethal igapedtie agetds effeathetdhakulng GE pstientybdihg r espond
favorably to_a treatnent i men, not respond significantly to a treatnent

. re
r egi nerflisedre-fiex d Bipathspiter %4%916% peeterpllyOrfapiths. dRqrapreferablymg aparreen more
conpari | at. r mLedi et i Wl
Bl R e R S S A B e L R A S L
t ype ofandemprivechentahulee dinehso nrerreddlyancsunabletsy ihotind frecggharsfandge noai ¢

bi omarkers at i.ssue. .The process of comparing or calcul ating may be manual
or it rPg‘}'“B’é"‘nz%taﬂ?FﬁPlil?feé]gﬂd‘?\%}fsarby a machi ne includi ng conput er - based

machi ne) .[o6®7]Wrht b ‘BRI of Gprb Q&?sf‘s”@sf ustlinkleid b LR (@b likeBRAJdGRAS
genotypi ng may be taken for the pharmacogenom ¢ bi omarkers. [ 0063] Also
provi dextiperveillrespond eitegrfacdraily pr ogfnvenblydo adgug espbeisdivendsonef a subj ect

t treat ment using .th i dj tic test discl in. Th
tests duntprbuy MePRd i dTBTE 8 sHieBRN ok ge whiasc o S SEbePRERs bl 1 come
enbodi rRedistion lRRitdINA FWIREREY ENDSH the PiobaBilikehst £pdticAEwlIBaAvive ofI@bléy or

sel ect a subject population for a clinical trial. The pharnmacogenom c
bi onar KeHewingrreaimpensdppeeymtdelirpapest Witk a pasigulapthsrapgutiq 3eenh and fefgedestainhat

may exhj.bi . I : t rreat fr 0 ] i | n
ot her " dipsbo Rl o ERRRE ke TR s B Tty con s

bi omar kgihikalia Mekeisedment deepamnabe chbase thhaiosvagprofrtatdwentmhesioodiditiss forom
those who wi|l be responders, The pharmacogenom c bi omarkers descri bed

her ei n ¥ Rasiculis ggfignh bhaPirdicoye AGHIES BhYePrerslt iBYENANg arsvakeabigionly it he
conduct : leinlcale s 4 di i met hod
of sel ggﬁ%@%&&?hﬁﬁ%%&%@ %Oorre séogglq"é‘lsoir%ﬁgy?ona g'@%wgfrg {m?lr’ F%Efﬁn%fa gz“?’r eat nent
or dr ugheepgpticsegigen heclsdimggondxampd), adinimstritiog ofia giveh eheramoiid aganpl e from
an individual., (b) .determning the identity of a polynorphic variation

whi ch i€ é%a&?flast%ﬂc '”ftﬁrvﬁn%%‘gis&ef?}gtrF%tEEB%\seéc'to the treatment or the drug,
or at | egph3ginasROYRBERNNE AT tRtfu@NrH Ea | SudsSRelAdSeradt oA anegat i ve
response to the treatnment or the drug in the nucleic acid sanple, and (c)
i ncl udiaegpukes algedihm.diibe output thay b pencexed basedbn afsay sulivetieg thededrdarkenspl e
contain ai al ynor phi ariation .associated with a positive response to
Che ¢ alietart PP MBI G UF Ch AbpREBEERE! ALCoUbA0 of B Pl YGRS

pol ynorqualititivéranathiobe asdact @l@ehiting thealiltegakpoiveasR@nssubjectithe teh@@infrent
or the drug. In addition, the nethods described herein for selecting an

i ndi vi dBaIcoOPEANIPAEagBPBIS 5% a clinical trial of a treatnent or drug
enconpass nethods with any further limtation described in this disclosure,
or those follow ng, specified alone or in any conbination. The including
step (c) optionally conprises adm ni st@i@ing the drug or the treatnent to
the individual if the nucleic acid sanple contains the pol ynorphic
variation associated with a positive response to the treatnent or the drug
and the nucleic acid sanple lacks said biallelic nmarker associated with a
negative response to the treatnent or the drug. E. Additional Biomarkers or
Drug Targets



[ 0065] Also provided is a nethod for identifying pol ynorphic variants
proximal to the bionmarkers disclosed herein. In sonme enbodi nents, the
proxi mal Wwolxymmpteisc variant identified sonetines is a pabtsedp/odizsel osed
pol ynor phic variant, which for exanple, sonetines is published in a
publicly avail abl e database. |In other enbodi nents, the polynorphic variant
identifi ' j ' 20kl [ r j

et hod, - oet dal n R B R O S R AR PG S OB KA o (e
i dent i findddptranssttgyendfir Ccdissimg kaentiail yaof(ngeptsahd ambbdinensanpl es. Thus,

mul tiple rphic variants proximal to_a biomarker are jdentified using
this et ;{ﬁﬁ‘wﬁ "Ottioe _eCfrh@%aPta_&g foriyiat %‘ﬁipéeS?‘&trlpéﬂktloBf"Ylhrd‘?e?%m‘? SIS i ed
in a regRmeSlIbRHIADBdfiEARNRLQNER K6fjunddn R @Mc@dmrym?gframg@ S

surrounding region-is about 50 kb flanking the biomarke .g., about 50 kb
5" of the first polynorphic variant and about 50 kb 3' of the first WO

2012/170704Q§T/Uggg&gﬁgéﬁgzEﬁggk%ggkﬁgkﬁﬂ%q&%@%ﬁ%mnggd the regi on sonetines
i s conposed of shorter anki g sequences, S as anki ng sequences of
about 40 [R®41]abbe pre3ént kiventbiodtscbeskinyebgrnami@Bioklarkeabthat colfelddwithhbiout 10
kb, about. 7 k bout .5 kb, or about 2 5' .and.3' of the biomarker. In

ot her eiTBoHN PFS%?‘ TP E g EX OG0 Ao B e A1 B RO SO e,

such  asafib@8 kihdGrSaauanessotendRViexf2ichbe adRAlerRE: fidn bakAUend Gelthenabout

70 kb, "about 75 kb, about” 80 kb, about 85 kb, about 90 kb, about 95 kb, or
about 10d0042]5Gengrdll B3 angsolathe SNPerpatai@ng nuclfio @sid|melacde corapiises who di meret s,

| i i ant i,dentifjed it ively. F | first
b oxt et apy ol oGPy kirePhsh B i HEmbne SRl Bubred endBin
above ank dFBRNSHPQOKIEHNPOA YIRBKIRR s€quéatd @ntin@li@xhusidotide rdsitRiel tHaBhrepr oxi mal

pol ynorphic variant is identified (e.qg., Fublicl di scl osed or_di scovered)
and t heapralbesrseciged aphdhe NBrsitg An{eslpierataeens wiclentide spquepees. Srgtetably the

pol ynmorghi ¢ var.i raxi malz ho idnS OXk I i i is
Got or i e SBhAsABLR BHESbARsohC 0 08, doE 30 PP TR) 1 BO EREPA EceR ARk

i dent i fapytheo tendtisimeheer eany oadithdri sateadf aSNE pawitddii, or ¥alonhgng thetfhidiengatygdre used
to further characterjze a gene, region or |loci associated with a condition,
a di sed¥ENtGPratelieqsingeteduense (ehanyogtionheisphidgpihgn 6¥°Jenot ypi ng data from

the addi tipggg! PHYRBERNHE bIRTIRGE Sf FRYn RGNS EL thQelpdenlidd M Bbleungid onal
mutation or a region of l1nkage disequilibrium In certalin enbodi nents,

pol ynorkiblec3 wat otherts sn lidlerge idiseguilibriuni veitothemed wi t hin a regi on conpri si ng

t he bi omarker are genotyped, and it can be determ ned whet her those

pol ynmor phic variants are in |linkage disequilibriumwth the biomarker. The

si ze oft4xagr@WE b Ndiinkage di sequilibriumwth the biomarker also can be
assessed usiq% t hese genoﬂég%n%ﬂpethods. Thus, provided herein are nethods

for det €EAGTIGH TR NECAL (Rl 8[VAIAGAGCGECOAAAQRAG (e UT CAbr i um

with a hi uch information can be used in prognosis/diagnosis
T hods SRS SEQADINOLS [0069] Additional |y, genes may be identified

t hat ar e TOTQUAXANTIAACDCTIE ATIGIERC KA L/ TANIT AGETT AT TOAS AANACYAETA
Genes with functions that are directly or indirectly related to the
r el evants|Birsdet ypeQ IBrNG@ither genes in the same cellul ar pathway, may be

target SGMGAEA%B%%S%{@.A%’ﬁg?%A&ﬁo%/éEGX%@tTwﬂﬁgéggAAé%%mAAG

bi omar kers may urther provi herein is a nethod
of develsdP05852405eQ IDR€OapPeuti ¢ agents and/ or identifying a novel drug

t ar get In he bj.omarker i.sclosed herein.. | e i s, .t

b oner R A A e PR LR R G A D AT ARl AR A AL o

under | yjpgo734P @PdADLIE74)4PCT/ US2012/ 041379
AAATGCACACCTAACGCACATTCCTGIC/TIGGTCCAAGACAGCATGATTCCAGAG
1s2631686 (SEQ ID NO:6)

CAAGCAGCCCTTCCTGTCTTAGCCTA[C/TIACATCATTACCTAATAAGCAAACCT
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bi ol ogi cal pat hways or nechani sns underlying the studi ed phenotypes, such
as efficacy, adverse effect, or other endpoints. [ 0071] For i nstance,
clinical wppbixiabioans of retinoids in general, and RXR agonisstig/oas7ael |,
have been in part limted by associated undesirable side-effects, e.g., the
el evation of serumtriglycerides. Although the induction of

hypertri g i ! RXR agoni sts has been known for a long tine, the
no|ecu|§?r%§§%%§§g%§%§%%r ying this phenonenon renai ns el usive. One of the
associ aCadd@ETAAMNITACET TTACM GTAS[CIGIAYTA SGCTMERT AAA TG ATCASERGCTE

candi dat at m.ah invol ved in rexinoid-induced hypertriglyceridem a.
SLClOA?“ﬁ%égﬁéégégﬂéggﬁﬁgibIe for reabsorption of bile acids fromthe snal
| nt est i GAGAGGE THNETC ATEGNWEALT Te] EAQTTEATATATGTTAFETC AR A XKW A

(15-18), and as the nmjor conponent for 'bile acid uptake, the activity of
SLC10A2rs7334508<8EQ IbeNat®d to triglyceride levels (19, 20). Mreover,

or obabl J LR UGN PO SRR S B Gt R T R BTG &R o

known t gepartiigespet® No:1o)pi d metabolism (21, 22). Thus the discoveries

made in this invention mght facilitate devel opi ng assays based on SLCIL0A2
or ot heATGEAEECTRGEITGEAT T@A@MB@EM@@AGM%Q&@M% NEHACEdTESsi gn a

new gen i nist with reduced or mniml adverse affect |ike
hypertrﬁ€?§¥§$ﬁ§%95§ﬁqé%ﬁéo72] Anot her associated locus identified in this
i nvent i CAAGGCTBBAZNL CASCAGAT £C ATEGT [ ALCAITGGMTTINCTE A BICTETGEGTCA! ast i n.
Plastins_are a famly of actin-binding proteins that are conserved
throughﬁﬁ@“ﬁ@ﬂéﬁ?@ﬂgﬁgQﬁﬁétion and expressed in nost tissues of higher
eukaryo GTPRS { f 1 CoPEF FRking actin
fil arren%g@ri(%lt 0 t?@ﬁ%ﬁ%ﬁ%ﬁ%ﬁ? ?ﬁ%yy/wér@gggﬁr mar | %A?ﬁé?{(ﬁ%%’rjrzﬂr&ggul ation
of the =391693¢ySBOKEINOOIB) L-Plastin is predom nantly expressed in

cancer AU AN AR R 0B R R A AT A T B e SN Egn ' and
invasioglg@ﬁnlggﬁQIqugwmgnicroarray study, expression of LCPl in the
paclitaxel -resistant MDA-PR cell line was significantly up-regulated by a

conbi natiTeITAACHEREF BT ARE AN AAAGGEAEG]A AT ATEN ATGECNTGATAPTCe s

Recent st The pee PR indt o Al PR R BB S L e P oy

cel | - r afbigttiRICAetRoBARBOIDBCIP I (e 24hd TIRYS, Thedidkdtke@haviak plalctignes
may beconme a novel drug target for antitunor agent.

WO
2012/ 1 70e4PCoNastener@ana arqnqrdiaggedits theenexisted in Tade 23pd Taelegr e St
i nventi. : r ti [y L PS, i .10F _assays
o oL P ELEIRAALES o PR S AT ED, S Uiy AR
devi ce,bioharkersilisteddy Tabley; aisethay pbuld alsotby veéd forpredicisheRiropne hespohses Bt ect
genetic signature of SNPs such the gnes listed in Table 2 and Table 3. Such

met hod PRGNS Fel aBPlGistPtmt s 28y inkrsedictiriGhEunngth Besijsetevieghinuse to
obt ai n B, {2HTPAGditiEndl -pred?{ti;%%‘?@}aé ?ﬂi le3idR ron?eﬁ@sq'ela\%dttg% dnBeat §ﬁ B} 1ifted
heal t h care provider. 0074] fﬁ Invention al so contenplates the

devel opndiabledf are osrpaitieed vakhy OSNPhtmindre ahlinialgk dsequiBbtiuh eyt ledbundswatisus

generatg@.frqp%the nmeasurenent of the genom ¢ biomarkers into an out put,
e.g., P'LlpAYabyses -8 HaPMag. o re 4) which will be used to deternine in

whet her  g0o43)dividhtadmsdiRmbats Nakaby 8iss @it ansHietGs [ Me Bbideritaes B as
bexar ot ene treatnent. [ 0075] Diagnostic kits based on the biomarkers
descri bdldleakvgealtdrgditvenacigeiddsopidto camapre Hdiererd S NIbsites etifrequepeiesigicater

| ndi Vi dal L 8SRRORSSd Qo SQLLESRONTANG, Sl SUERLES K|S Gqkn NI ude
devi ces and i nst oS ons T hat sﬁbje cah  use B 6t &i N & sanpﬁ%, e.g.

of bucqapulebh.STEE expeoed fredidROWE cb-decididhcoObl @vd@Rldshha areinpeed der .

[0076] For use in the applications described or suggested above, kits or
arti cl dBdepengratlyfinte dreguency oAtheofinst Ylaloayltipicd i theprayenoref thgiggsord aldelemy
conprise at | east one reagent specific for genotyping a bi omarker descri bed
herein, and may further include instructions for carrying out a nethod
descri bed herein. [0077] In some enbggiments, the invention provides
conpositions and kits conprising priners and priner pairs, which allow the
specific anplification of the polynucleotides of the invention or of any
specific parts thereof, and probes that selectively or specifically
hybridi ze to nucleic acid nol ecules of the invention or to any part

t hereof. Probes may be | abeled with a detectable marker, such as, for
exanpl e, a radioisotope, fluorescent conpound, biolum nescent conmpound, a
chem | um nescent conpound, netal chelator or enzynme. Such probes and
prinmers can be used to detect the presence of polynucleotides in a sanple

o r N o .



WO 2012/ 170704PCT/ US2012/ 041379 [0078] In sone enbodi nents, the kit may
conpri se reagents for detecting presence of polypeptides. Such reagents may
be anti bostoesi2or7omiher bi ndi ng nol ecul es that speci fi calpcy/useod/ ot z7a

pol ypeptide. In sone enbodi nents, such antibodi es or binding nol ecul es nmay
be capabl e of distinguishing a structural variation to the polypeptide as a
resul t rphi : " Eags - Th i.hodi es
or i nd i e eu e BRaed R G, 1F <G o B 1BEAE! Y iiund bR T
exanpl d,D efeado onys ot padoml geoctesaentiatmarhieouttd, allbie®) amwresicaote diffierpouSNE a
chem | um nescent conpound, tal chelator or_enzyne. Qher yeagents for

per f or mithYy BiHYES ﬁ@n%{gli%@%% todie Ahpics Bﬁogmntxwa@t%ﬁéwgfm gaEa chronksowF See
[0079] Jn s@meogdpesyipents, the kits conprise reagents for genotyping at

| east two, at |east three, at |least five, at |east ten, or nore biomarkers.
I n some dA04Adi fresenss embalitaents, Ifgarf oecquheher onpri mereaSNRy fiws eredn cisbst r at e

(such as a mcraarray) for.captur.e probes for detectin f RA .

el of PragrlgrotRindE b nnS R L Sal PapruRe ebfbrrtul g B iiusei ng
conmpar tywlnt@l ioa8atnQunkESaRAVEfdr i PIS @e ki dREMENthe @Bk cQlic¥P kifit & PRERURALT
means such as vials, tubes, and the I'ike, each of the container neans

conpr i siuslsobde(adele) peonsePdr sitcewidl e son-ignghem gswdiafian Wik apsrtieydar For
exanpl e ng, o co i n ri b i an be
et cct A {oRa e « CORRRIMEENPRAD fodRY BT, 1R oPhARERE B of B SiiS

bi omar kexes withgife alnhést Kietsattieiihfozr@st ohs| geh oty pidig dhdythed SNE sitd that ison UBX eeb t he
target nucleic acid, the kit nmay al so have contai ners contai ni ng
nucIeoﬁ%%e@é%zpwyo%%ﬁpﬁfication of the target nucleic acid sequence and/ or
a cont ai o] |..Sd : r = i Qf.i i-ndi I, in,
Such ae. QORI D R ERe bR ERANE p i, SR Bl ST ARIL Pl abe
enzymatuseful fdralizznosng,, thar the aklilled sotsapeoblklbetagnize[thI®1er BINP ies whichtdnein

i nventi will. typicall 0 ise t ont ai.ner descr.i bed above and or
ror o ot ot T RE WS ARG brgSsi G izuSuicihe SErbeR oHpioB st ol Dand
user st aR®Reh&untdr@FbddbABRIMTBES SNDs| WGBTS reshultlbeBlaShatNBREISBEs 8¢ FoRges,
and package inserts with instructions for use. A |label may be present on

t he coresehersseaatedhdiecan strergat Lbhéhavotipos i Furthernsreuthe phfysical alisgspwe oférc

t hera ar n-t herapeuti ¢ applicati.on, and al so.indicate directjons
for of e PRGHES 3PRE R GriPGomeditrgt enfien Pkt wafl Sl 5d '00s2)
The ki tth&aford thetdagree ©0 PRYSIGE sépatiion Bbtwdas itw b 6F hORSSHR @ité@ﬁe@éds@ﬂ{ﬂof BD to

preparing a tissue or cell sanple and preparing nucleic acids (such as
genoni cocpMpn{difien beteceagifherent regionoofithe peeproy PEEF/ass2o B2 2008291251 0083] The
invention provides a variety of conpositions suitable for use in performng
met hods of the invention, which may be used in kits. For exanple, the

i nvention prlavi de? afienseod thesBiomazkersir r ays t hat can be used in such

met hods. o] embodi ment an array of t invention conprises
i vi dud PO TR RERER Tk o 00 BroPe Blomhpfeat ( SUM D SR RO Bt s ng
phar macRgemais Hphipeiakr dosige Hid/driRainiéne Rdeli@éns foO4in indBLARE Sithaldndhfadlicedf t he
invention may conprises a series of discretely placed individual nucleic
aci d ollPgmearesieothitetovdedgse vhen appligdite fesing PHiBE sglesing et 1@l tb§Benat i ons
Lhal  angaieRE bOheABkid 1 SATRLE FRIRELRENRLELARIBY GhEh Ga ARl dSndier o0y
such hybridization is indicative of genotypes of the pharnacogenomT

bi omar kkerspafictchmpbsitiemtsucnas bexp@@8¥] Several techni ques are wel |l -known in

the art f ttaching nucleic acids to a solid. supstrate such a gl ass
sli de. o4 ﬁﬁagwﬁaﬂ@r@ degpiorstan ﬁ%ﬁ“F}ré’asoﬁé?_é“é£§18?s ey dato Bont ai n
a moi etied RAfrediet SRARALL RsPEnsA! LARAIRM: of Othr 8i%ddses Mﬁ&i&i@h?besﬂéﬁ %o?%m@ﬂ

am ne group, a derivative of an am ne group or another group w

posi ti welldimg geceri Athesendisdas¢sonclode bubhreawt bwitedh &t prrsertesgancerebicagdanceine
synt hesi zed pr.pd is then contacted with a.solid sulstrate,. such as a

o ass. sifaeoRRrHh oty SR erRvcnon Berb Al Srofatt neraseriE s, oup
which will forma covalent link with the reactive group that is on the
anplified product and becone covalently attached to the glass slide. Oher
met hods, such as those using am no propgyl silica surface chemstry are

al so known in the art, as disclosed at world wide web at cnt.corning.com
and cngm st anf ord. edu/ pbr ownl .




[ 0085] Attachnent of groups to oligonucl eotides which could be |ater
converted to reactive groups is also possible using nethods known in the
art. Any wotachurert t o nucl eoti des of oligonucl eoti des wCiusbacows7part of
ol i gonucl eoti de, which could then be attached to the solid surface of the
m croarray. Anplified nucleic acids can be further nodified, such as

h ' : . ,
thr OUQqleﬁ}o%@%%ﬁgﬁgizxngE%e%{e?gﬁ%ﬁﬁdg{s Osg%{}hgst égziﬁ?@%ms cf?gea%e%?éhqu{seshl)@g% S

prior to or substrate, as required and/or
per m t treghoy td bexat@edeninquesusa seddle]l GOkExanpl e [ 0086] The fol | ow ng exanpl e

is offer illustrate but not to limt the {nvention. WO
2012/ ;70%@%%?@55@@%4& PoEddifTR 209 el enacaeat Y Bholotenpor b rlshPe s
Associ aledirdict PRRhE { I AREL foRMIfeROAPPRRY ANARARRK WAl aitaiducsfl by

Bexarotene in Treating Nonh- Snal ung ancer Materi al s and Met hods
[ 0087] drarientse, ehgpPGT pabliexios NenMoDI128d1/066 ke BPARY nd/onR&R lelated al s and

treated,.wi th bexarofene, .pl.a aml fr 403 i, ndi vi dual.s were

avai | abliFaseraad SopleEin Rl PO Pur S P bmped [0, RO Rt Hhe G 8 ded i n
Tabl e Idisolthgs,GR®asesWad gisdRfel REMIGAE fEIAOERuNR BSEinfurl HnfsR ah Gl dneM&ory
percentiles were higher than 62 (upper third HTG H ), and the controls were

t hose eBweneitiagwelap dgandtelpgicalpliseaagstand lssopgarewith we ithparan3nflgmeaory t hir d
or HTGC%ggbn;nose patients whose plasma triglyceride | evels were between 31
and 62 Sere categorized into a mddle group (HTG Md). [ 0088] DNA

pr epar at i[0051] DNAutvdsgedxtatiae isdrdersantlnia Hfars apligstedvtd, AlLHeem &Y SACTNIHbAGND
M nEl ut e erusvﬁgin Kit (Valencia, CA USA). DNA sanples were anplified
usi ng thhetinginsaingass .0 credliedewshdiss et arhRndiions Mi@aniiamatorp; scat avay,

NJ, Us@omponents, including, but not limited to, central nervous system injuries, stroke, ischemic
damage to the nervous system, neural trauma (e.g., percussive brain damage, spinal cord injury,
and traumatic damage to the nervous system), multiple sclerosis and other immune-mediated
neuropathies (e.g., Guillain-Barre syndrome and its variants, acute motor axonal neuropathy,
acute inflammatory demyelinating polyneuropathy, and Fisher Syndrome), HIV/ AIDs dementia
complex, and bacterial, parasitic, fungal, and viral meningitis and encephalitis.

[0052] In other aspects, the biomarkers disclosed herein and their associated SNPs or genes
could also be used to predict patient’s responses to treatment of cystic fibrosis (CF) and CF-
related disease(s) and disorder(s) (e.g., variant cystic fibrosis and non- CF bronchiectasis
inflammatory responses), and inflammatory responses associate with associated with cystic
fibrosis-related disease(s) or disorder(s). In still further aspects, the biomarkers disclosed herein
and their associated SNPs or genes could also be used to predict patient’s responses to treatment
of dermatological diseases and/or disorders where lipid PPARY -regulated gene expression is
decreased (e.g., LPP).

[0053] The treatments of the present invention can include the use of RXR agonist alone or
in combination with a PPARY agonist (and optionally a LXR agonist) to suppress, inhibit, or
mitigate a diverse range of PPARy and/or RXR related diseases as described above and/or

inflammatory responses associated with the PPARy and/or RXR related diseases.
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[ 0089] SNP genotyping and data analysis. In Stage | (Figure 1B), 150
sanpl es were genotyped using the Affynetrix GeneChip 500K Mapping Array Set
cont ai ni NyORO/100M4SNPs fol |l owi ng Affynmetri x standard protrased12sesnt a
Clara, CA, USA). Fromthe genone-w de scan results, 255 SNPs were sel ected
for Stage Il study using Sequenom i PLEXTM assays (Sequenom San Di ego, CA,

USA). Th SPIRI T
tridi s, RNSAEPRRCIER OIS e A AR, * AT Rk e O 1 e e
sel ect edbjgst’{ frmongriak nqaatﬂoolmr geaupnt egindrhaapttret a Abdrensinidfést degreadinged as
the replication.grou Fi 1 Fi na type calls were generated b
Sequen&wi?@&e%" bisdar ﬁ‘gboﬁme? ﬁ%%lﬁlﬁs@ﬁ@ﬁl%ﬁﬂ@ﬁ‘g%éﬁt"%@?%aP%&B%%g?cfﬁ%t San

Di ego, c‘ﬁﬁméﬂ%) hy ftiag rmaéﬁt%%\é{ }gguﬁéh% iR RR aﬂéﬂ&gnﬁﬁbé off tﬁ&%ﬁedtf&v"er than

50% 385 sanpl es remal n sanples in the verification group and 244 in
the replaagagntote gyubige) whiheubizedbanefited dly thnalfyrsiagionpr tsgoenatnddveiPs was

carried.out usi hi -s uar, test based,on djfferenc in allele counts
bot wertiates s Behi R e TRy ot Rbo EUERERe pPrdiglrs Bt

per Centttéaﬁ'né’i@%aélﬁ@dle?@e@n&éf@é&t hik b1l the sijedt %x%i}lén@ésse@%@é kid® eﬁB@&)ySI S wWas
performed by | east squares regression using | NK program (12).

2012/ 1 AofroapeTy gss@miq? fquwhgrmacpg@gm}lc bioandrkeyx asing ém%hmeswmdmrez@ garce| | s
and resen e tre e br.eas ancer cell
i ne I\/?S),& L}%ﬁﬁ B)Bc%tt vvasmeo g?pﬁlea 4035%1 K tr%rre%@%é%mws fO? %E‘Iﬂ?dlwdu%orrlhgct i on

( Manassaswlédge, WmA) appasd (ORI rdBud etddisn V@havbﬁwmﬂeé yeaCtidiis\oi @gbraputic

RPM - 1640 supplenmented with 10% fetal bovine serumand 2 nMglutamne in 5%
cop. Bef%é‘f*rétaé% dupgshanga ihrsaney ugcidicinry ahan phakveees 3 @awa@ewtrfcconmawom ego,
CA, USA) soPdrBG lnﬁe%n?sxﬂle %&ilﬁ%@% Jrﬁé}ﬁ% 8% Gale% tp(aséomﬁa%w MO,
USA). The prot ocol fof e rent  of e -resi stant” VDA-MB-

cel | s ahagnostsetesi ti zation to pacl i taxel by bexar ot ene treat nent vvas

descri be % rief VDA- 231 .cells were exposed

regi mens 100551 HBERtRYe-a bifuthes epe pP VIR TRGHIE 8 SRR GHNAL BRI Cpxeivine

fol I owede Binfrkerd@¥c16RARWIL Fr &(@&E[é) in ORAAEBdIR&G! 4 f)ﬁ%ﬁ‘dlaﬂ' @Isdlﬁic@ﬁ{ may
VDA- MB- 231 cells (MDA-PR) were established within 8 cycles of

t r eat mmonside @ab@ng)]mwmddgﬁ absajisedohfbiomhakeils ugmgaondhgftgiescmh@b@ermwm cells
werethntreate %{' corrblgatlontofIBOnlf% | i t tgg) S on and 7
days of T A thE &HEe 8“8 15151 8 BAHERCTHICY (AR Pg? 815\1 e‘i “on) in a
new 10-egayodaiedten pidyfsichnrtliifianVRAy EdRsiiel hisplyiRb Sudhrigrivec deemiRletermining
re-sensitized to paclitaxel. Meanwhile, the reginen including paclitaxel

al one HBRIIPHIZRFELCIMQHt PHETRHBIRTIT HRIWDAY PRUBHTCSLS, of a[@@@!}fntmﬁmms(&qr@br ray.
RNA was,, & {gf[t ed from parent and paclitaxel -resistant MDAMB- 231 breast
cancer celT's Treated with vehicle control , paclitaxel alone or with

bexar ot erfe0%6] Ths tivehtixch provideerietiods forabdesding Hagitling axeksmas of tedpdnsiveness

VMDA- MB- 231 cells and resensjtization with bexarotene treatnment). Al RNA
sanpl eLTRaYLEsk P Sreatiadfy Thaigrermnaliq Howﬁ@hmawg%@é@rwlthgzm@nﬂ.%?ﬁ%@ryz er

(Agil e N i h RNA
sanplqu%dgﬁ’ Uéblzed§% Oa 5|ﬁﬁﬁgﬁégggﬁﬂﬁgf%§ﬂ%%§ E?iﬁﬁard dﬂé?§§§| and

r eagentrsetbogpypoi sadedsipg Afsijret for iceatmant dnddrepfinpthewabjetthdn sblylb embibdientntsothe
Affymetri ﬁ G UL33A arra &ﬁ? 283 obe setshf E%sults . 33% Pl asma
sanpl es"f'PY C@&?“ﬁ%ﬁ?%ﬁ oorp'i%‘?f? ?YB};?P%%@WO i¢ Higmapery 51 faippd o) s
vere avgih a @vfeet: aflpredicdddy, as@é%gin? heyaidiRE 8sseisviedesr lefidAsRbas offinddligjea@nd

| ow groups based on their percentile of maxinmumtriglyceride |evel

exhi bi tted tm:atmermg based andhegrnotype af saidton¢ Paimloee Hl)arrnmgsngmmmgk@tsr an egy

?am fg?d{n%%%l Ou‘pnl e r\/f\:ngpons1VEnf!sl§|§st | écted of \z}é_lsegsﬁg ﬁ?fslasmtym n@lf:é}l‘t\),]a?tru% n%[l} ?g
wer e om@ng@dhmméh asVSStIM) 1@&&%&8@6&%@ USRI RddSdibopada@iiss were di vi ded
into three groups based on their absolute triglyceride |evels reached
foll ow ng bexarotene treatnent. [0093] In Stage |, 74 sanples were
randomy sel ected fromthe high HTG (case) and 76 sanples were sel ected
fromthe | ow HTG (control) subgroups, and they were genotyped with
Affymetrix 500K SNP array (Figure 1B).gromthe initial genone-w de scan
255 SNPs were selected for the Stage Il genotyping study using all except 3
avail abl e clinical sanples with Sequenom i PLEX assays. Anong the 400

sanpl es, 147 sanples (73 cases + 74 controls) were selected as the
verification group, and the other 253 sanples (76 cases + 48 controls + 129
HTG Md) were ternmed the replication group (Figure 1B). To perform

associ ation anal ysis, p-values were first cal cul ated based on the allelic
frequency differences between cases and controls (Table 2). Genotypic tests



[ 0094] Associated loci. The 14 SNPs with significant associations with
hypertriglyceridema (Table 2, 3) are located on 9 loci. Four significantly
associ at edo3biRg17aT0@¢ | ocated within the sane |inkage di sequiuszénriowrsrg LD)

bl ock on chronmosone 13 (Figure 2). This region |lies approximately 200 kb
upstream of SLC10A2, a gene responsible for reabsorption of bile acids from

the smal gy ! : reqi i ay : i a strong
associatpgﬁajgﬁ%gggwgg §ﬁagﬁ%§ﬂ5§§%6$%%¥&%ﬁ%?%&%Sﬁ@ggéggﬁaﬁ gﬁ%@%§4776 are
onl y ahboatm&dO€zimee tantiettesdiffpantial dbferhddphireing upon thetshigjectit gemntypegWarerof
Lin-7 honnlog A (LinZA),-%ut this. regionis in an LD q%§0k ont ai ni ng .t he
2nd and* pdidatedharapgutic jgehipity ¥ Algglirant intepaghor Witk foPpier alifse 8vq acumpasipely
r's7334308 ihﬂeﬁa%ti&?%%ﬂnﬂn%ﬂﬂ@@@.@%@&ﬁ¥ﬁ%ﬁé Fafe glzgxégfﬁpé’i}fenﬁeéjir{ @sides in
an LD bl ock containing the 3 halt of the L (Figure 3A). Bexarotene has
been shotemction) esdrstheiapentisripgisallycaodd motled ddmiwsiared toadsubgcogemotyipedos

i stant aft I dit t . Wth.chenpth ts,. h
bacl ¢ R hesyoeyBa G R AE O EATIE Rl Sehrtute h ARG B £ s Srasivsy
study WsthBinyPeterf3ye6hd for RShibAMeld. OInPatHel 8x@hple SviRad & datdiddte teRbeutidisch

lies close to rs7334509, was up-regul ated by co-treatnent w th bexarotene
WD 201 2701 Yigrdgpetly (oszoniznoingrioterdd; tggrliegByvholage hotaozigensolr pagaietaligle but

expr essj L CP1 s _signjfic r i e litaxel Jesjstant
von pr Lo Bl bETE % BRI AL R R bR, BB PR o
Wi t h betlaleptheranditste fagdpeiX 8l not bpthllexpmesistcRd twashjsdtgiwvhd heagdnbiyped as
up-regul ated, to about the sane |evel as that in parental NDA-MB-231 cells
( Fi gur @egm)hetqupyeprs or hqnaeaygai Wikh £93P§ra &t theaniapr %lfeéfne had no effect on the
expr essi ) Wola] W , three
nave. p.vElaSL TR g gt PHERUAGER prOBAR e U plPieS RRbbiaaRhodlE o

10- 8; rmd&EnifL0llepaindOr xealilg ¢pndifiaiy sacl s metabolimdisorderspergllipvasslaci at ed

SNP, rs6997581, is distantl urrounded. t enes, 400 kb to MD1 (CUB
2nd SUSHICSTRA FIIGTS: o P o a0986 okis MErPUCERS St KCelmay G STiTcie y
aut 050MBly 6 EBI8 148 cblerite A hRAEON AR niliPEhInchAREY Bihifchd 0058324 (1. 59

x 10-5) are about 70 kb fromeach other and in wea ' D =0.8. There
ar e twovigeimessasddgis® of Pateo diahotee higgilendifigd i Gaubj¢dtninégymiatiomfquipee vENtingwii ¢ h

I d 500 f his | EL d . in_which
cont af R6o07 Beedf QB R A Pt 8k BorS SR B GRS ORTR P Bl Hae e
al pha Ipredehved o thit suBfeegri n receptors. No known gene was found to reside in

t he vicinitg of rs1506011. The remaining three significant SNPs, rs7434820
( FLJ464810059} Imosmgsaniadments csreonertrgimep weweshgalaprgparited andlorai ns

pr ot eoq| n . (test]ga P ! : ring
fingerQg¥§€%§£%§§E%ﬁﬁ@%?%“&§3§§F$%%E%%Egpﬁgﬁé§%%§%ﬁ§gg%¥ﬁlg 9%%gﬁgenia.

[ 0097] BfkEniimgabh erehttnehoregirhat asadedey thewhdthods desertved hefeimn UTh8apron eleeépt or s,
such as retinaid acid receptors, PPAR LXR. and FXR and is a pleiotropic

r egul at®¢ mefheds frsddsntifying g Sbisstoytteahizh dkalikgad of yesPRndiAg to (reatBS RIS IR
RXR- spegiifi i : : 3 | gl I to
bener | (g e D R g PRSI en e iona
der mat afoggponding.edbes, centaatmbodinehtstanerdirectahtd acactbed fqteatnd & ewbjéct3yhith) .
Cinical applicgations. of retinoids in general, and RXR agonists .as well,
nave bESHITRC ARECTISE BBy 2Cebuni Wl DHIRL IR BR ol HALRPT BEPUIC v ¢ he
el evat i @&hofliveRki® 4 fréAh¥HatsitRe in AnbOIRsEdE dehfedcBdiiabit®Re@fn in a nucleic acid
hypertri gl yceridem a by RXR agoni sts has been known for a long tine, the
nol eculsampleeledrani sshicotn died prgsaipingwrsadptieineneadie treatra¢nmisegimgs iteye subprs fioin t he
associ atiedh LiRchlAent il e LML s L UAY 1y SO, ol Sian, At Lasti e
candi dat © 'Y hat npﬁﬂf & T VoTVed BN reX|nopgilnﬁﬁ%egmﬁypeg?rlg yceridem a.
SLC10AZyiittsre3p@8R@né s 3¢ Gieidatrgerf @fgimen Bsddidetdddn uef niidogidacdq@snde om t he smal |
intestine. Bile acids are known to affect serumtriglyceride |evels
(15-18), and as the major conponent for bile acid uptake, the activity of
SLC10A2 is closely related to WD 2012/ 170704PCT/ US2012/ 041379 triglyceride
| evel s (19, 20). Moreover, SLC10A2 is known to be regulated by RXR at the
transcriptional |evel, probably throughgform ng a heterodinmer with PPAR a,
a nucl ear receptor known to participate in lipid nmetabolism (21, 22).

Down- st ream conversion of triglycerides into fatty acids al so generates
signaling nol ecules that activate a nunber of nuclear receptors, many of
whi ch form heterodi mer partners with the RXR receptors, potentially
triggering other cellular nechanisns controlling cancer cell growh.

[0098] This study also allows insight into antitunmor activity of the
bexarotene due to the correl ati on between survival and highly el evated
triglyceride |levels. One associated | ocus, rs7334509, is |ocated near LCP1,
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[ 0099] Using DNA extracted froma suboptimal source such as plasma, the
genotype call rates in our study are lower than the typical call rates for
ot her gemwOypingosuudi es where DNA was extracted from opCirnskoiDeM3gouUr ces
such as whol e bl ood. Detail ed anal ysis of the genotyping raw data generated
fronyiPLEX assays showed that many of the no calls were due to very |ow or
no si gnal : e
made. ohor 000t bR sofimar ) pFor@ReRe BIRPHRTETL! flsiereF RfEiR
shown) .théSpMalahtyf thetn diseast calditi@nadisPaokprepreades), comednoteis gi&impmtlc and
anplification s al so showed that high concordangce g e caIIs
coul d BETSHMS H@ay ﬁ?ﬂl%taw £ g OB G B 8 & IPeaé%F‘anﬁé%sX %5) In
addi ti %eve%h'tl% Bl e NESH MRELMERTO! Ml%‘%r?'auh% ?F‘ev%ﬁ’t hPoE’éd?ﬁ:Kce &t af‘@i@oﬂd&r i's
unlikel'y that a false positive W 2012/ 04PCT S2012/ 041379 result
woul d comt baprasdripedrind/er admigistsedjuent genotyp| ng and anal yses. For

i nst ance, ur significant, SNP |f| cl ose

SLC10A2 a[PQ&ﬁ F’ﬁ%}a{“/o 80%%?@‘6%%4\?' %Sr “‘ok}seﬁg? P?ad}’zee aélbr%?(bf)tl ﬁspeoﬂl?%? that
happen dr@g 9Pori dxafpR, @ph@ﬁﬁd&gelﬁﬁm@@a@%%h@fbhtega lik&lilddithdt @R ind - AERalGFillt he
genes related to these assocrated SNPS are related to the functions of
bexar otrespend POﬂlel@E}O Plraafmgnswith b @artigelas drg: ﬂ)@cﬂﬂp@@@é@e pdamigercdénths in t he

chemot Neg RO SRIA Bl SLANRR nTHECAN! Bl ALLAALPRIREN UL A0S,

triglyceri Exar ot 6ne was' o

r andomt3 @@atmend @pd l’z\qﬁfﬁcupi’ﬂal&% bh hltéhhtaleScoifke oI@r):aMHnCﬁa?%abtbahelﬁkdd lehEer ent
cheno therapy agents with or w thout bexarotene across nearly 250 clinical

sites WBTHOAM @& thqiﬁee%lﬁttreéme%smbweéme% ﬁ@aelérgfunﬁirﬁtwrlmvau@l tubigckieln
strict ”%@@é%& n!gfp%Phﬁu?ﬁs”ﬂ? g&ﬁot% ggagggtt@%e tggtvlag}w%gés &ka&%@ folab o

stage IV qua rst ne t eover

corr el atdatment b@memm [tupgtntlbn ithgit oesr nad eesp embhgmﬁndqtbﬁm artehenent eégimemcayld\a/er e
al so revea{ retr%g ﬁCt %]%e analém S in oth Fr r.ot ene Qntqﬁse | Iung

cancer PoRplafian djat pesponds AH YIS dRE ¢ Hedment iggimgnt (e %se’i it Qhejon Mate Sl ous

cel | 1 yrmboprarkcld hopulad QAN pi¥Reabl exdlifte AR boRSHE dn@%ﬂﬁﬁJp‘uﬁa@ﬁoB§0m

this study provide a new i nS| ght for rexinoid-induced hypertriglyceridem a
and i t sngnbq anatwzed aBiedripor testesylsdithese miadyres mmeuaislgynmmﬂ tp@redlct

devel op ti sel t|o criteria to maximze th

rodul atordte de ol S PSR GuE i ABHBehP BT hf Gelthe Pl G3RYy By
cancer .uchif&R r@@hy AT REp sma&re@segl@catwamﬁlragn@andl dates for use as
genomi ¢ markers to predl ct bexarotene response, and have significant

clini cal [0963]i T)e compaymopy anpher calselasions Eampraslistiang aepsthadr Rishng Assessment i ve
PUrposes, ga 'cé(mt%ﬁgg{e f &g tcohﬂetngé}lg%%n}lé% ' gf‘&sha&*lg % t9g§o%e£sﬁl? deLYlf‘e”a%dP@ Many

variations 1o cri ove a iI'cations and
vari at irefeserice vilne f@xaaph@macgeasinivetlombiess avidshe bEhayppa¢se ot corapdrigse of
skill in this art, it is intended that this invention be limted only by
the scogleultingmayfisgeamalordt ayde auigpmatis {91ch #p by aprechingseelyding gamputer-

gEFEREM %g&%}ﬂﬂ] s Wlﬁh)%rhgpérenﬁ@(ﬁ?&e Br Sinl\(H 'tﬁeeartsﬁph%@t‘a %elg;cyplﬁg hﬂﬁzrbeEM

taken for the pharmacogenomic biomarkers.

[0063] Also provided herein is a method of prognosticating responsiveness of a subject to a
treatment using the companion diagnostic test disclosed herein. The tests described herein also
are applicable to clinical drug trials. In some embodiments, the pharmacogenomic biomarkers
can be used to stratify or select a subject population for a clinical trial. The pharmacogenomic
biomarkers can, in some embodiments, be used to stratify individuals that may exhibit a toxic

response to a treatment from those that will not. In other embodiments, the pharmacogenomic
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Cancer em of 'Bi onarkers
polymorphlc variation associated w1th a positive response to the treatment or the drug or if the

nucleic acid sample lacks said polymorphic variation associated with a negative response to the
treatment or the drug. In addition, the methods described herein for selecting an individual for
inclusion in a clinical trial of a treatment or drug encompass methods with any further limitation
described in this disclosure, or those following, specified alone or in any combination. The
including step (c) optionally comprises administering the drug or the treatment to the individual
if the nucleic acid sample contains the polymorphic variation associated with a positive response
to the treatment or the drug and the nucleic acid sample lacks said biallelic marker associated

with a negative response to the treatment or the drug.

E. Additional Biomarkers or Drug Targets

[0065] Also provided is a method for identifying polymorphic variants proximal to the
biomarkers disclosed herein. In some embodiments, the proximal polymorphic variant
identified sometimes is a publicly disclosed polymorphic variant, which for example, sometimes
is published in a publicly available database. In other embodiments, the polymorphic variant
identified is not publicly disclosed and is discovered using a known method, including, but not
limited to, sequencing a region surrounding the identified pharmacogenomic biomarker in a
group of nucleic samples. Thus, multiple polymorphic variants proximal to a biomarker are
identified using this method.

[0066] The proximal polymorphic variant often is identified in a region surrounding the
biomarker. In certain embodiments, this surrounding region is about 50 kb flanking the

biomarker (e.g., about 50 kb 5’ of the first polymorphic variant and about 50 kb 3’ of the first
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determined.

[0068] The methods described herein are useful for identifying or discovering additional
polymorphic variants that may be used to further characterize a gene, region or loci associated
with a condition, a disease, or a disorder. For example, allelotyping or genotyping data from the
additional polymorphic variants may be used to identify a functional mutation or a region of
linkage disequilibrium. In certain embodiments, polymorphic variants identified or discovered
within a region comprising the biomarker are genotyped, and it can be determined whether those
polymorphic variants are in linkage disequilibrium with the biomarker. The size of the region in
linkage disequilibrium with the biomarker also can be assessed using these genotyping methods.
Thus, provided herein are methods for determining whether a polymorphic variant is in linkage
disequilibrium with a biomarker, and such information can be used in prognosis/diagnosis
methods described herein.

[0069] Additionally, genes may be identified that are in proximity to the biomarkers, and
their functions analyzed. Genes with functions that are directly or indirectly related to the
relevant phenotype, or other genes in the same cellular pathway, may be targets for further
analysis with the relevant phenotype, and new biomarkers may be identified.

[0070] Further provided herein is a method of developing novel therapeutic agents and/or
identifying a novel drug target using the biomarkers disclosed herein. In some embodiments,

the biomarkers and their associated SNPs or genes could gain insight of the underlying
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the associated loci identified from this study, SLC10A2, is an attractive candidate that might be
involved in rexinoid-induced hypertriglyceridemia. SLCI0A2 is a gene responsible for
reabsorption of bile acids from the small intestine. Bile acids are known to affect serum
triglyceride levels (15-18), and as the major component for bile acid uptake, the activity of
SLCI0A2 is closely related to triglyceride levels (19, 20). Moreover, SLC10A2 is known to be
regulated by RXR at the transcriptional level, probably through forming a heterodimer with
PPAR ¢, a nuclear receptor known to participate in lipid metabolism (21, 22). Thus the
discoveries made in this invention might facilitate developing assays based on SLC10A?2 or
other genes involved in related pathways, which could lead to design a new generation of RXR
agonist with reduced or minimal adverse affect like hypertriglyceridemia.
[0072] Another associated locus identified in this invention, rs7334509, is located near
LCP1, which is also called L-Plastin. Plastins are a family of actin-binding proteins that are
conserved throughout eukaryote evolution and expressed in most tissues of higher eukaryotes.
These proteins share the unique property of cross-linking actin filaments into tight bundles, and
they are primarily involved in regulation of the actin cytoskeleton. L-Plastin is predominantly
expressed in hematopoietic cells, but has also been shown to be expressed in most human cancer
cells and might be involved in DNA repair, tumor cell migration and invasion (23, 24). In our
microarray study, expression of LCP1 in the paclitaxel-resistant MDA-PR cell line was
significantly up-regulated by a combination of bexarotene and paclitaxel treatment. This result
implies that LCPI might be involved in the antitumor action exerted by bexarotene. Recent
studies have found both actin and tubulin to be involved in tumor cell-resistance to

chemotherapy (25-27). Thus, the LCP1 or related genes may become a novel drug target for

antitumor agent.
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22Neimark E, Chen F, Li X and Shneider BL: Bile acid-induced negative
f eedback [0074] The invention also contemplates the development of computer algorithm which will

convert the test results generated from the measurement of the genomic biomarkers into an
output, e.g., a score, (See e.g., Figure 4), which will be used to determine in whether an
individual should receive the therapeutic invention, such as bexarotene treatment.

[0075] Diagnostic kits based on the biomarkers described above might be developed, and
they can be used to predict individual’s response to the corresponding drug. Such test kits can
include devices and instructions that a subject can use to obtain a sample, e.g., of buccal cells or
blood, without the aid of a health care provider.

[0076] For use in the applications described or suggested above, kits or articles of
manufacture are also provided by the invention. Such kits may comprise at least one reagent
specific for genotyping a biomarker described herein, and may further include instructions for
carrying out a method described herein.

[0077] In some embodiments, the invention provides compositions and kits comprising
primers and primer pairs, which allow the specific amplification of the polynucleotides of the
invention or of any specific parts thereof, and probes that selectively or specifically hybridize to
nucleic acid molecules of the invention or to any part thereof. Probes may be labeled with a
detectable marker, such as, for example, a radioisotope, fluorescent compound, bioluminescent
compound, a chemiluminescent compound, metal chelator or enzyme. Such probes and primers
can be used to detect the presence of polynucleotides in a sample and as a means for detecting
cell expressing proteins encoded by the polynucleotides. As will be understood by the skilled
artisan, a great many different primers and probes may be prepared based on the sequences
provided herein and used effectively to amplify, clone and/or determine the presence and/or

levels of genomic DNAs.
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compound, a chemiluminescent compound, metal chelator or enzyme. Other reagents for
performing binding assays, such as ELISA, may be included in the kit.

[0079] In some embodiments, the kits comprise reagents for genotyping at least two, at least
three, at least five, at least ten, or more biomarkers. In some embodiments, the kits may further
comprise a surface or substrate (such as a microarray) for capture probes for detecting of
amplified nucleic acids.

[0080] The kits may further comprise a carrier means being compartmentalized to receive in
close confinement one or more container means such as vials, tubes, and the like, each of the
container means comprising one of the separate elements to be used in the method. For example,
one of the container means may comprise a probe that is or can be detectably labeled. Such
probe may be a polynucleotide specific for a biomarker. Where the kit utilizes nucleic acid
hybridization to detect the target nucleic acid, the kit may also have containers containing
nucleotide(s) for amplification of the target nucleic acid sequence and/or a container comprising
a reporter-means, such as a biotin-binding protein, such as avidin or streptavidin, bound to a
reporter molecule, such as an enzymatic, florescent, or radioisotope label.

[0081] The kit of the invention will typically comprise the container described above and
one or more other containers comprising materials desirable from a commercial and user
standpoint, including buffers, diluents, filters, needles, syringes, and package inserts with
instructions for use. A label may be present on the container to indicate that the composition is
used for a specific therapy or non-therapeutic application, and may also indicate directions for
either in vivo or in vitro use, such as those described above.

[0082] The kit can further comprise a set of instructions and materials for preparing a tissue

or cell sample and preparing nucleic acids (such as genomic DNA) from the sample.
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acid oligonucleotide combinations that are hybridizable to a sample comprising target nucleic
acids, whereby such hybridization is indicative of genotypes of the pharmacogenomic
biomarkers of the invention.

[0084] Several techniques are well-known in the art for attaching nucleic acids to a solid
substrate such as a glass slide. One method is to incorporate modified bases or analogs that
contain a moiety that is capable of attachment to a solid substrate, such as an amine group, a
derivative of an amine group or another group with a positive charge, into nucleic acid
molecules that are synthesized. The synthesized product is then contacted with a solid substrate,
such as a glass slide, which is coated with an aldehyde or another reactive group which will
form a covalent link with the reactive group that is on the amplified product and become
covalently attached to the glass slide. Other methods, such as those using amino propryl silica
surface chemistry are also known in the art, as disclosed at world wide web at cmt.corning.com
and cmgm.stanford.edu/pbrownl.

[0085] Attachment of groups to oligonucleotides which could be later converted to reactive
groups is also possible using methods known in the art. Any attachment to nucleotides of
oligonucleotides will become part of oligonucleotide, which could then be attached to the solid
surface of the microarray. Amplified nucleic acids can be further modified, such as through
cleavage into fragments or by attachment of detectable labels, prior to or following attachment

to the solid substrate, as required and/or permitted by the techniques used.

G. Example

[0086] The following example is offered to illustrate but not to limit the invention.
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Example 1

Identification of Polymorphisms Associated with Hypertriglyceridemia and Prolonged Survival

Induced by Bexarotene in Treating Non-Small Cell LLung Cancer

Materials and Methods

[0087] Patients. Among patients enrolled in the SPIRIT I and II trials and treated with
bexarotene, plasma samples from 403 individuals were available. The clinical characteristics of
these subjects are provided in Table I. The cases were defined as those whose triglyceride level
percentiles were higher than 62 (upper third HTG Hi), and the controls were those whose
triglyceride level percentiles were lower than 31 (lower third or HTG Lo). Those patients whose
plasma triglyceride levels were between 31 and 62 were categorized into a middle group (HTG
Mid).

[0088] DNA preparation. DNA was extracted from plasma samples with the QIAGEN
QIAamp MinElute Virus Spin Kit (Valencia, CA, USA). DNA samples were amplified using
the Amersham Bioscience GenomiPhi DNA Amplification Kit (Piscataway, NJ, USA).

[0089] SNP genotyping and data analysis. In Stage I (Figure 1B), 150 samples were
genotyped using the Affymetrix GeneChip 500K Mapping Array Set containing 500,000 SNPs
following Affymetrix standard protocol (Santa Clara, CA, USA). From the genome-wide scan
results, 255 SNPs were selected for Stage II study using Sequenom iPLEX™ assays (Sequenom,
San Diego, CA, USA). These assays were used to genotype 400 DNA samples from the SPIRIT
trials. Among them, 147 samples out of the 150 samples used in Stage I were selected as the
verification group, and the other 253 samples were used as the replication group (Figure 1B).
Final genotype calls were generated by Sequenom Typer Analyzer from the MassARRAY
Typer suite (Sequenom, San Diego, CA, USA). After removing the samples having call rates
lower than 50%, 385 samples remained (141 samples in the verification group and 244 in the
replication group). The case control analysis of associated SNPs was carried out using chi-
square test based on differences in allele counts between cases and controls. Subsequently, the
level of triglyceride percentile was used as a quantitative trait and association analysis was

performed by least squares regression using PLINK program (12).
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[0090] Paclitaxel-resistant MDA-MB-231 cells and resensitization with bexarotene
treatment. The human breast cancer cell line MDA-MB-231 was obtained from the American
Type Culture Collection (Manassas, VA, USA), and MDA-MB-231cells were routinely cultured
in RPMI-1640 supplemented with 10% fetal bovine serum and 2 mM glutamine in 5% CO?2.
Bexarotene was synthesized at Ligand Pharmaceuticals Inc. (San Diego, CA, USA), and
paclitaxel was purchased from Sigma Chemicals (St. Louis, MO, USA). The protocol for
establishment of paclitaxel-resistant MDA-MB-231 cells and resensitization to paclitaxel by
bexarotene treatment was described previously (5). Briefly, MDA-MB-231 cells were exposed
to regimens on a 10-day cycle: a 3-day treatment with 30 nM paclitaxel followed by a 7-day
exposure to control medium. Paclitaxel-resistant MDA-MB-231 cells (MDA-PR) were
established within 8 cycles of such treatment (3 days on and 7 days off; total of 80 days). These
MDA-PR cells were then treated with the combination of 30 nM paclitaxel (3 days on and 7
days off) in the absence or presence of 1 uM Targretin (10 days on) in a new 10-day cycle for 3
months. MDA-PR cells thus treated became re-sensitized to paclitaxel. Meanwhile, the
regimen including paclitaxel alone had no effect on the growth of MDA-PR cells.

[0091] RNA microarray. RNA was extracted from parent and paclitaxel-resistant MDA-
MB-231 breast cancer cells treated with vehicle control, paclitaxel alone or with bexarotene as
described in previous section (Paclitaxel resistant MDA-MB-231 cells and resensitization with
bexarotene treatment). All RNA samples had satisfactory 28S/18S ratio when analyzed with
2100 Bioanalyzer (Agilent, Palo Alto, CA, USA). A single probe was prepared for each RNA
sample and hybridized to a single array using the standard protocol and reagents supplied by
Affymetrix, and the probe was then hybridized to Affymetrix HG-U133A array (22,283 probe

sets).

Results
[0092] Plasma samples from 403 patients who participated in the SPIRIT I and II trials were
available for our study, and they were divided into high, middle and low groups based on their
percentile of maximum triglyceride level exhibited during bexarotene treatment (Table 1). This
grouping strategy mimicked the grouping method illustrated in the survival analysis reported

earlier (9, 10) and shown in Figure 1A, in which distinct survival results were observed when
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patients were divided into three groups based on their absolute triglyceride levels reached
following bexarotene treatment.

[0093] In Stage I, 74 samples were randomly selected from the high HTG (case) and 76
samples were selected from the low HTG (control) subgroups, and they were genotyped with
Affymetrix SO0K SNP array (Figure 1B). From the initial genome-wide scan, 255 SNPs were
selected for the Stage II genotyping study using all except 3 available clinical samples with
Sequenom iPLEX assays. Among the 400 samples, 147 samples (73 cases + 74 controls) were
selected as the verification group, and the other 253 samples (76 cases + 48 controls + 129 HTG
Mid) were termed the replication group (Figure 1B). To perform association analysis, p-values
were first calculated based on the allelic frequency differences between cases and controls
(Table 2). Genotypic tests were also performed using triglyceride percentile as the quantitative
trait in the three groups (Table 3). For this analysis, individuals with the middle level of
triglyceride percentile were included in the replication group. Significant associations were
declared for SNPs with p-values < 0.05. By combining these two approaches and criteria for
significance, 14 SNPs showing significant associations with triglyceride level were found (Table
2,3).

[0094] Associated loci. The 14 SNPs with significant associations with
hypertriglyceridemia (Table 2, 3) are located on 9 loci. Four significantly associated SNPs are
located within the same linkage disequilibrium (LLD) block on chromosome 13 (Figure 2). This
region lies approximately 200 kb upstream of SLCI10A2, a gene responsible for reabsorption of
bile acids from the small intestine. The second region with multiple SNPs showing a strong
association is located on chromosome 12, where rs1795505 and rs1184776 are only about 5000
nucleotides apart. Both SNPs lie in the intron region of Lin-7 homolog A (Lin7A), but this
region is in an LD block containing the 2nd and 3rd exons of the Lin7A gene.

[0095] Another associated SNP, rs7334509, lies between LCP1 and carboxypeptidase B2
(CBP2), and resides in an LD block containing the 3 half of the LCP1 (Figure 3A). Bexarotene
has been shown to resensitize breast cancer cells which had become chemo resistant after
prolonged treatment with chemotherapy agents, such as paclitaxel (5). Examination of gene
expression data from the microarray study with MDA-PR cells resistant to paclitaxel revealed

that LCP1, which lies close to rs7334509, was up-regulated by co-treatment with bexarotene
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(Figure 3B). In the microarray study, expression of LCP1 was significantly reduced in the
paclitaxel resistant MDA-PR cell line compared to its parent cell line. In MDA-PR cells treated
with bexarotene and paclitaxel, LCP1 expression was significantly up-regulated, to about the
same level as that in parental MDA-MB-231 cells (Figure 3B). However, treatment with
paclitaxel alone had no effect on the expression of LCP1.

[0096] For the rest of the significant SNPs, three have p-values < 5x 107 (16997581, p=3.16
x 107% rs1506011, p=3.88 x 10®; 154572920, p=1.59 x 10”) (Table 2). The most strongly
associated SNP, rs6997581, is distantly surrounded by two genes, 400 kb to CSMD1 (CUB and
Sushi multiple domains 1) and 900 kb to MCPHI1 (microcephaly, primary autosomal recessive
1). rs4572960 and the closely located rs10058324 (1.59 x 107) are about 70 kb from each other
and in weak LD, with D’=0.8. There are two genes, PELO (Pelota homolog) and ITGA1
(integrin alpha 1), which are located 500 kb away from this locus. PELO encodes a protein
which contains a conserved nuclear localization signal, and ITGA1 encodes the alpha 1 subunit
of integrin receptors. No known gene was found to reside in the vicinity of rs1506011. The
remaining three significant SNPs, rs7434820 (FLJ46481), rs1051853 (sparc/osteonectin, cwcv
and kazal-like domains proteoglycan (testican) 1 (SPOCK1)), and 152631686 (polycomb group
ring finger 5 (PCGFS)) exhibit modest association with hypertriglyceridemia.

[0097] RXR is able to form heterodimers with a number of nuclear receptors, such as
retinoid acid receptors, PPAR, LXR, and FXR, and is a pleiotropic regulator involved in many
biological pathways. With the development of RXR-specific agonists, such as bexarotene,
tremendous potential exists to benefit many critical therapeutic areas, including metabolic
syndrome, dermatologic disease, treatment of tumors and cancer prevention (13, 14). Clinical
applications of retinoids in general, and RXR agonists as well, have been in part limited by
associated undesirable side-effects, e.g., the elevation of serum triglycerides. Although the
induction of hypertriglyceridemia by RXR agonists has been known for a long time, the
molecular mechanism underlying this phenomenon remains elusive. One of the associated loci
identified from this study, SLCI0A2, is an attractive candidate that might be involved in
rexinoid-induced hypertriglyceridemia. SLC/0AZ2 is a gene responsible for reabsorption of bile
acids from the small intestine. Bile acids are known to affect serum triglyceride levels (15-18),

and as the major component for bile acid uptake, the activity of SLCI0A2 is closely related to
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triglyceride levels (19, 20). Moreover, SLCI0A2 is known to be regulated by RXR at the
transcriptional level, probably through forming a heterodimer with PPAR ¢, a nuclear receptor
known to participate in lipid metabolism (21, 22). Down-stream conversion of triglycerides into
fatty acids also generates signaling molecules that activate a number of nuclear receptors, many
of which form heterodimer partners with the RXR receptors, potentially triggering other cellular
mechanisms controlling cancer cell growth.

[0098] This study also allows insight into antitumor activity of the bexarotene due to the
correlation between survival and highly elevated triglyceride levels. One associated locus,
rs7334509, is located near LCP1, which is also called L-Plastin. Plastins are a family of actin-
binding proteins that are conserved throughout eukaryote evolution and expressed in most
tissues of higher eukaryotes. These proteins share the unique property of cross-linking actin
filaments into tight bundles, and they are primarily involved in regulation of the actin
cytoskeleton. L-Plastin is predominantly expressed in hematopoietic cells, but has also been
shown to be expressed in most human cancer cells and might be involved in DNA repair, tumor
cell migration and invasion (23, 24). In our microarray study, expression of LCP/ in the
paclitaxel-resistant MDA-PR cell line was significantly up-regulated by a combination of
bexarotene and paclitaxel treatment. This result implies that LCPI might be involved in the
antitumor action exerted by bexarotene. Recent studies have found both actin and tubulin to be
involved in tumor cell-resistance to chemotherapy (25-27). Thus, the LCP1 polymorphism
identified in this study may causally or functionally influence individual responses to bexarotene
as an antitumor agent.

[0099] Using DNA extracted from a suboptimal source such as plasma, the genotype call
rates in our study are lower than the typical call rates for other genotyping studies where DNA
was extracted from optimal DNA sources such as whole blood. Detailed analysis of the
genotyping raw data generated from iPLEX assays showed that many of the no calls were due to
very low or no signal from either allele, but reliable genotype calls still could be made when
signals are substantially higher than background noise (data not shown). Studies from Lu et al.
and Park ef al. on whole genome amplification samples also showed that high concordance
genotype calls could be obtained from samples with low overall call rates (28, 29). In addition,

multiple SNPs were genotyped in the same LD block, since it is unlikely that a false positive
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result would continually arise in subsequent genotyping and analyses. For instance, the four
significant SNPs identified in the LD block close to SLCI0A2 are unlikely to have been driven
by multiple genotyping errors that happen to go in the direction of an association. In addition,
some of the genes related to these associated SNPs are related to the functions of bexarotene.

[0100] Plasma samples were not collected from patients in the chemotherapy-only control
groups. The correlation between survival and triglyceride level induced by bexarotene was
observed in two very large, randomized, independent phase III trials (9, 10) which evaluated
different chemo therapy agents with or without bexarotene across nearly 250 clinical sites
worldwide. The patient populations were very uniform due to the strict inclusion criteria, and all
patients had advanced stage IIIb or stage IV NSCLC qualifying for first-line treatment.
Moreover, similar correlations between high triglyceride levels and bexarotene efficacy were
also revealed by retrospective analysis in other bexarotene phase II lung cancer and renal cell
carcinoma trials, as well as trials in cutaneous T cell lymphoma (11).

[0101] Opverall, the associated SNPs identified from this study provide a new insight for
rexinoid-induced hypertriglyceridemia and its antitumor action. These results might eventually
lead to development of patient selection criteria to maximize the efficacy of RXR modulators to
treat important diseases such as metabolic disorders and cancer. These polymorphisms are also
promising candidates for use as genomic markers to predict bexarotene response, and have

significant clinical utility.

[0102] The above example is included for illustrative purposes only and is not intended to
limit the scope of the invention. Many variations to those described above are possible. Since
modifications and variations to the examples described above will be apparent to those of skill in

this art, it is intended that this invention be limited only by the scope of the appended claims.
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SLC10A2 rs3916931* 13 102784358 SLCL0A2 rs1506011 21 23490212 Unknown WO
2012/ 170704PCT/ US2012/ 041379 C ai ns 1. A panel of isolated bionarkers
conprising two or nore single nucleotide pol ynorphi sns (SNPs) sel ected from
the group consisting of rs7434820, rs4572960, rs10058324, rs1051853,
rs6997581, rs2631686, rsl1795505, rs1184776, rs7334509, rs6491738,

rs7333033, rs7338381, rs3916931, rs1506011, or conplinentary sequences

thereof, and/or in |inkage disequilibriumtherewth. 2. The panel of

claim 1, whigc ses three ot
consi sting of
rs2631686, rs
rs7338381, rs
and/or in lin

whi ch conpri slé&

rs7434820, rs
rs1795505, rs
and rs1506011
disequilidriu
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4. The panel of claim1, which conprises all the SNPs selected fromthe
group consisting of rs7434820, rs4572960, rs10058324, rs1051853, rs6997581,
rs2631686worsik/@bmd5, rsl1184776, rs7334509, rs6491738, reTAR303B41379
rs7338381, rs3916931 and rs1506011, or conplinmentary sequences thereof,
and/or in linkage disequilibriumtherewth. 5. The panel according to
any one of clains 1-4, wherei n the SNPs conprise tRhe nucl eoti de sequences
set forth i S O JMENE di,,@ —Jor comﬁlmantary sequences

t hereof , an@or gro Kgye ¢ uola:bmlcurtot%remt% 6. A panel of

i sol at ed bi [@rar kg (ﬁﬁ l-l-ag /grid| wi th two, three, four or nore
of the SNPs|&el b Egﬁpﬁ%mg{ggng@ 7434820, rs4572960,
rs10058324, 7{311'85'3" Fs GO 5T, Or s X831 6BES rsky9 05 rs1184776,
rs7334509, rgﬁAQ 738, rs7333033, rs7338381, rsBQ;QG 1, rs1506011, or
corrplirrenta:rag_% L@@%g@atew \Q@Q(ﬁ@@’?o@ UsS2012/ 041379 7.
A m croarr ays f® 160 H3 3R %&hé‘i‘ of 4 s@ ated bi omarkers
accordi ng ti@an & 6t Ci:F’aPnE’ ? B, C>vﬁh 1> Epprisesg a conbi nation of
nol ecul es o a trate, wherein said nol ecul e§ ai‘-e used for assaying the
SNPs. Z 8.3 1B & T By I3 @ reig tahe mol ecul es are
ol i gonucl 018@ . @g)gaggeggggmg\‘he /| cRoarray of claim 8,
wherein t8el ol & &t GeS CompPi SEtRE Ml edy i de sequences set forth in
SEQ I D NGs: 16314’ conplinmentary se uences Ithergaog.I and/or in |inkage
di sequi | i Brjistm S @iy B S E D 8IS fgf fhe assessnment of the
panel of 8sidh at ¥ DDFZH KT S GBI gcgg\y one @ clains 1-6. 11.
The reagept|Df ¢l fabw Ho ehech coBpsices dre orAer;e nol ecul es for assaying
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13. The reagent of claim 12, wherein the oligonucleotide conprises a

nucl eoti de sequence set forth in SEQ I D NGs: 1-14,

sequence wbenenf70704

assayed by sequenci ng,

or a conplinentary

14. The reagent of claim1l, wheceius2aihe4SNPs are

capillary el ectrophoresis,

mass spectronetry,

si ngl e-strand conformati on pol ynor phi sm (SSCP), el ectrochem cal anal ysis,
denat uring HPLC and [gel el ectrophoresis, rest |ct4jon fragnment |ength
pol ynor phi sm  hybriglig 4 i Sl %89% &pBeShaseZext ensi on, and/ or
mcroarray.| £ I#A&Jgtcldlﬂo’g @Hau;gﬁg)aelg of £a @anel of isol ated
bi omar kers,| vghi ch o Sest e N eaget— ar eoNgl ngst ooany one of clains
10-14. WO 2022? 1704CAPCTT/ O9S2012? PAT379° — © ~[16. oTh® kit of claim 15,
further conp §% ifnstructions for using the|bi o[ja ers to conduct a
compani on d| @rm M bast- « o v — & SE K off CcEai th 15, wherein the
bi omar ker s |cdpr ifs c@e@g%i’n@@ §§P§]§%§§e§ from t8e group consisting of
rs7434820, [ 35729&]©rs 8@&3245g1@ $|s69975§1 rs2631686,
rs1795505, 511847 7H, 3B BB S Bb54817 313 857335033, rs7338381,
rs3916931¢ rs150 , or in |linkage disequililbri um tﬁer eW| t h. 18. A
conpani on«sdl agnostimc test for a treatnent usiig a~page| i sol ated
bi omar kers cafpri siz B RE B i) SSERE & Behéd f%om;‘it h& group consi sting
of rs7434820 3 rs45 BE 3 S1ZIERB NS B8 BIBTB, r-§69975§1 rs2631686,
rsl795505“ r§51847ﬁ£<=ﬂal8sw609F>F564§$$389<Ps733§03§ ¥s7338381, rs3916931
and rslSQ@Ong ;::tor a [conpl i nentary sequence the¢reof;, ,Bndbor in |inkage
di sequi | iBrij q@m 2 it h A9 Jhe cogpani onsdl'ggm:bstl c test of claim
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22. The conpani on di agnostic test of claim 18 using al

the SNPs sel ect ed

fromthe group consisting of rs7434820, rs4572960, rs10058324, rs1051853,
rs699758Iwonrne 26308686, WO 2012/ 170704PCT/ US2012/ 041379 r #LTABRM5/041334184776,
rs7334509, rs6491738, rs7333033, rs7338381, rs3916931 and rs1506011, or
conplinmentary sequences thereof, and/or in |inkage disequilibrium
therewi th. 23. A conpani on diagnostic #est. for a treatnment using one or
i sol ated bi omar kers associ ated and/ o —ﬁked with one, two, three, four
nore of the SNPs selected fromthe group consisting of rs7434820,
rs4572960, rls100588&ak] of 'sdszﬁﬂ%&nam&%mmgnwﬁ ©38 1686 singls hriols b1,

rs118477 rsrz3 738 rs7333033, .rs7 rs 1
r s15060°PY m%fphléwg?ﬁﬁ@ é@cﬁ%@ﬁc&é‘%‘l&?ﬁ)@?l&i‘?g Ofgf&%r ‘%28 ﬁ%%ﬁ?gﬁ di agnosti c
t est a%m@em &QO@PS/S@&%@?SSQ' ?5963?16%% 1%37958’0§f1%!f84t7|76 1SPIRA309, Qb aggost i ©

test conpri ses: a) obtainin

I ol oglcal sanple froma subject t

i s undesGBBAg. ast3B3E3s heswd 16931 sslégé&hldelr ednpflonengary sequenesstthereof, and/py)in

|solath

panel

onar Kers; generating an output, e.g., a score, with

conput er algorlthn1based on the assay results of said panel of bionmarke

and/ or

2. The panel of claim 1, which comprises three or more SNPs selected from the
group consisting of rs7434820, rs4572960, rs10058324, rs1051853, rs6997581, rs2631686,
rs1795505, rs1184776, rs7334509, rs6491738, rs7333033, rs7338381, rs3916931 and

rs1506011, or complimentary sequences thereof, and/or in linkage disequilibrium therewith.

3. The panel of claim 1, which comprises four or more SNPs selected from the
group consisting of rs7434820, rs4572960, rs10058324, rs1051853, rs6997581, rs2631686,
rs1795505, rs1184776, rs7334509, rs6491738, rs7333033, rs7338381, rs3916931 and

rs1506011, or complimentary sequences thereof, and/or in linkage disequilibrium therewith.

4. The panel of claim 1, which comprises all the SNPs selected from the group
consisting of rs7434820, rs4572960, rs10058324, rs1051853, rs6997581, rs2631686, rs1795505,
rs1184776, rs7334509, rs6491738, rs7333033, rs7338381, rs3916931 and rs1506011, or

complimentary sequences thereof, and/or in linkage disequilibrium therewith.

5. The panel according to any one of claims 1-4, wherein the SNPs comprise the
nucleotide sequences set forth in SEQ ID NOs:1-14, respectively, or complimentary sequences

thereof, and/or in linkage disequilibrium therewith.

6. A panel of isolated biomarkers associated and/or linked with two, three, four or
more of the SNPs selected from the group consisting of rs7434820, rs4572960, rs10058324,
rs1051853, rs6997581, rs2631686, rs1795505, rs1184776, rs7334509, rs6491738, rs7333033,
rs7338381, rs3916931, rs1506011, or complimentary sequences thereof.
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e) determning the likely responsiveness of said subject to said treatnent.
25. The conpani on di agnostic test of claim?24, wherein the SNPs are assayed
by sequerwongi2/woepil | ary el ect rophoresi s, nass spect r ompCmyusS2@i2fgizes st r and
conformati on pol ynmorphi sm (SSCP), el ectrochem cal analysis, denaturing HPLC
and gel electrophoresis, restriction fragnent |ength pol ynorphism

hybri di zati ofl ana\ }‘Iﬁ&%arr%’ fb‘i"tl?e‘zg?essgmgﬁtto?@l?é I?z{ﬂel (‘?fqgélgtred mo%é?%érg gé/cord?iﬁg‘eb

met hod of prognosticating responsiveness of a subject to a di sease

t r eat maanly ous bfiglainel -6 pwhimhicompd sagnasihicatioa i nadaaicddiong substeawy, vdreciobaid
clains 18- 2?. 27. The net hod ﬁ{?dﬁ%m 26, wherein the treatnment conprises a
t her apetRiFlesyF Hend 15 RT3gyIRL or of a retinoid X receptor (RXR), a
retinoid acid receptor (RAR), a peroxisone proliferator-activated receptor
(PPAR), a Liver X receptor (LXR), or a farnesoid X receptor (FXR). WO
2012/ 170704RCT/ U@ 1Ricoat3y 9f claim 7, @Bereifitbe meldrolts ofe diginneledtidesher ei n t he

RXR m)d%:lateoa é S bexar ot ene. 29. The nethod of claim 28, wherein the
di seas@ P8 ﬁiéct ed fromthe group consisting of small cell |ung cancer,
prostate cancer, breast cancer, cutaneous T-cell |ynphona, cancer

prevention, netabolic syndrone, dermatol ogi c di sease, and neurodegenerative
di sease and Wi sordermisiraragof plagn i waerein ¢ sbgepuicleotides comprise the nucleotide

sequences set forth in SEQ ID NOs:1-14, or complimentary sequences thereof, and/or in linkage

disequilibrium therewith.

10. A reagent for the assessment of the panel of isolated biomarkers according to any

one of claims 1-6.

11. The reagent of claim 10, which comprises one or more molecules for assaying the
SNPs.

12. The reagent of claim 11, wherein the molecule is an oligonucleotides or a
polypeptide.

13. The reagent of claim 12, wherein the oligonucleotide comprises a nucleotide

sequence set forth in SEQ ID NOs:1-14, or a complimentary sequence thereof.

14. The reagent of claim 11, wherein the SNPs are assayed by sequencing, capillary
electrophoresis, mass spectrometry, single-strand conformation polymorphism (SSCP),
electrochemical analysis, denaturing HPLC and gel electrophoresis, restriction fragment length

polymorphism, hybridization analysis, single-base extension, and/or microarray.

15. A kit for the assessment of a panel of isolated biomarkers, which comprises the

reagent according to any one of claims 10-14.
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30. The nethod according to any one of clains 26-29, wherein the nmethod is
used for selecting a patient who is nost likely to benefit fromthe

t r eat mentworzo1iooios nost |likely to experience an adver secefUsean/ofir3om t he
treat nent. 31. A nethod of identifying a new bi omarker using the
panel of isolated biomarkers according to any one of clains 1-6. 32.

por ypept de. Can oy Rk B L B RE e ThP IR Lork Fot ¥ty DA B, o

polypept|de an Si anot her

I dent i fophdwgrt a cdmpanibadg@hodtitexy. t he panel of isol ated bi omarkers accordi ng
to any one of clains 1-6. 34. The nethod of claim 33, wherein the
drug target is identified based on a biological pathway related to a

bi omarker. 17 Ha. kltTé}Q:le{Iﬁlt@%h@feﬁhﬁ'b%&ﬁkeﬂé@@ ?h&: &ﬂ%r%&%%f%%le@@& hway
is selected fromthe group consisting of reabsorption of | e acids, inward

recti f ifeom got @mosp c,nnsrshagnnétS§434=8éQLMSé572z9|60afs1@05§3é4:tr$1r6)5d:§53o$$6@9é581m, nucl ear

s R S R R R e T

rs1506011, or in linkage disequilibrium therewith.

18. A companion diagnostic test for a treatment using a panel of isolated biomarkers
comprising one or more SNPs selected from the group consisting of rs7434820, rs4572960,
rs10058324, rs1051853, rs6997581, rs2631686, rs1795505, rs1184776, rs7334509, rs6491738,
rs7333033, rs7338381, rs3916931 and rs1506011, or a complimentary sequence thereof, and/or

in linkage disequilibrium therewith.

19. The companion diagnostic test of claim 18 using two or more SNPs selected from
the group consisting of rs7434820, rs4572960, rs10058324, rs1051853, rs6997581, rs2631686,
rs1795505, rs1184776, rs7334509, rs6491738, rs7333033, rs7338381, rs3916931 and

rs1506011, or complimentary sequences thereof, and/or in linkage disequilibrium therewith.

20. The companion diagnostic test of claim 18 using three or more SNPs selected
from the group consisting of 157434820, rs4572960, rs10058324, rs1051853, rs6997581,
1s2631686, rs1795505, rs1184776, rs7334509, rs6491738, rs7333033, rs7338381, rs3916931

and rs1506011, or complimentary sequences thereof, and/or in linkage disequilibrium therewith.

21. The companion diagnostic test of claim 18 using four or more SNPs selected
from the group consisting of 157434820, rs4572960, rs10058324, rs1051853, rs6997581,
1s2631686, rs1795505, rs1184776, rs7334509, rs6491738, rs7333033, rs7338381, rs3916931

and rs1506011, or complimentary sequences thereof, and/or in linkage disequilibrium therewith.

22. The companion diagnostic test of claim 18 using all the SNPs selected from the

group consisting of rs7434820, rs4572960, rs10058324, rs1051853, rs6997581, rs2631686,
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rs1795505, rs1184776, rs7334509, rs6491738, rs7333033, rs7338381, rs3916931 and

rs1506011, or complimentary sequences thereof, and/or in linkage disequilibrium therewith.

23. A companion diagnostic test for a treatment using one or more isolated
biomarkers associated and/or linked with one, two, three, four or more of the SNPs selected
from the group consisting of 157434820, rs4572960, rs10058324, rs1051853, rs6997581,
rs2631686, rs1795505, rs1184776, rs7334509, rs6491738, rs7333033, rs7338381, rs3916931,

rs1506011, or complimentary sequences thereof.

24. The companion diagnostic test according to any one of claims 18-23, wherein the
companion diagnostic test comprises:
a) obtaining a biological sample from a subject that is undergoing a treatment or is

considered for a treatment;

b) isolating genomic DNA from said biological sample;
c) assaying the panel of biomarkers;
d) generating an output, e.g., a score, with a computer algorithm based on the assay

results of said panel of biomarkers; and/or

e) determining the likely responsiveness of said subject to said treatment.

25. The companion diagnostic test of claim 24, wherein the SNPs are assayed by
sequencing, capillary electrophoresis, mass spectrometry, single-strand conformation
polymorphism (SSCP), electrochemical analysis, denaturing HPLC and gel electrophoresis,
restriction fragment length polymorphism, hybridization analysis, single-base extension, and/or

microarray.

26. A method of prognosticating responsiveness of a subject to a disease treatment

using the companion diagnostic test according to any one of claims 18-25.

27. The method of claim 26, wherein the treatment comprises a therapeutic regimen
using a modulator of a retinoid X receptor (RXR), a retinoid acid receptor (RAR), a peroxisome
proliferator-activated receptor (PPAR), a Liver X receptor (LXR), or a farnesoid X receptor
(FXR).
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28. The method of claim 27, wherein the RXR modulator is bexarotene.

29. The method of claim 28, wherein the disease is selected from the group
consisting of small cell lung cancer, prostate cancer, breast cancer, cutaneous T-cell lymphoma,
cancer prevention, metabolic syndrome, dermatologic disease, and neurodegenerative disease

and disorder such as Alzheimer’s disease.

30. The method according to any one of claims 26-29, wherein the method is used for
selecting a patient who is most likely to benefit from the treatment or who is most likely to

experience an adverse effect from the treatment.

31. A method of identifying a new biomarker using the panel of isolated biomarkers

according to any one of claims 1-6.

32. The method of claim 31, wherein the new biomarker is a DNA, an RNA, a

polypeptide, an siRNA or another form of biomarker.

33. A method of identifying a drug target using the panel of isolated biomarkers

according to any one of claims 1-6.

34. The method of claim 33, wherein the drug target is identified based on a

biological pathway related to a biomarker.

35. The method of claim 34, wherein the biological pathway is selected from the
group consisting of reabsorption of bile acids, inward rectifier potassium channels, regulation of
the actin cytoskeleton, nuclear localization, integrin receptors, sparc/osteonectin, cwcv and

kazal-like domains proteoglycan (testican) 1, and polycomb group ring finger 5.
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