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THE | NVENTI ON [ 0004] A i obl ast omas are highly
GOVRRNMENTDAL N @PFORENOrs Wi th a poor prognosis despi te
intensive research and clinical efforts (Louis al .
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and @@4@%?6 tﬁwrz}lgieﬁ%gr th ﬁgt cé)ﬂa?? chgp Prv Lﬁll: @e?ﬁg%é}g?lggﬁq{.a?gertam
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transfegipmul at e rapi d formati on of new bl ood vessels to
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2000). Al though the inmmune systemcan initially
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directhysr 1g0vPdipemoUs2ys bazgdtate fltm@rtq@@ gy th, gyptign ehemo-
e R P R e ARl 2004
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evidence for a nore direct release of exosones.

blunte@drt taimor eetivagon sfimmuagosdppiksst veTpatied dys (Gabmlosigh 2G07).
shed exosones directly by outward buddi ng of the

[0005pI as nﬁmﬁﬂmﬁlb@neSMIB@ﬂteb bgtceRd are kAOBH hs exdsbmee ﬁﬁreaynet al., 2002).
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Exosqmpgs aé%fqpelé?ffa%lgavmg& bowsicep @Pf%@@tﬂﬁm@ 5@5 Bay e hed from
many [ eseRk]l 18y JL& L ARQIRE fSrmaf anPﬁaltlllcﬁg 841 IBRPBBRy (T’ﬁ%ﬁy &al.92002).
to contai n"'norphogens such as %ess proteih and to
Thesermigeovevieles vargirstiestababs a Ihecdughnt toalijcamigiranafergin-sgeptors

epitheliumin devel opi ng Drosophil a nel anogast er
enbryos (Geco et al., 2001). Mcrovesicles found in
senen, known as prostasonesy are stated to have a w de
range of functions including the pronotion of sperm
notility, the stabilization of the acrosone reaction,
the facilitation of | nmunosuppr eSS| on and t he
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gliobl astoma. The scale refers to the di stance between
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scal e refers to the distance between clusters.
types HB(RIREy WOrzehet abx p0@s Matadli eale ROGT). mi cr oRNA- 21 i n
serum m crovesicles is associated with gliona. Shown
[0007] s a MHerogesigds demivedrfiloncBt i ohndsdemdritiovelishuee btedetl to have potent

) lionma. serum on . the rj Quantjitative RT-PCR wa
immuflg sAmuloR A8t FRtRer P %qfé? @9k IR enztisefl i ﬁﬂ)lmphvaccmes
(ChapBX8S0T880)! Ph&fhidRICler8lcl RLRATEQAB: RALIARIS cBftaithé co-

as normal patient controls. G ioblastoma serum showed
stimulat@y @rqt@dmmqesﬂar}ofor {ThesliGictivatiane whersns moptdnationeelt-deraved

microf RIS 4ebuT Wik Rl bt 6Olpafcrot e elhiselfg om tumor

cells thily=2 to suppress HeGMREnkIespdasd £ &dclBeR WA BRdh (Olayton et al.,
det ect E(];?FPR\/I I1 nRNA in tunor sanples and

2007;d o pedd p RGN g BseasiLeanestaBis s siclpp ayjstiguiajpen giggere frcRNd

platel%cﬁg&g 813%?9%%%%521?1 1%%@ gl%nd)}é?g’%gs‘g O@%ﬂd%}&%@g:%flh!ldg cancer

cells (Gﬁﬁuﬂkmiecm& ¢t m@tsdmshrﬁag@@su 41, 280ont rol (226

bp). Sanples considered as positive for EGFRvIII are
[0008] Ndi cah@R@rivrish taBudsiRuinskatioRdt b&iHie akdratidws @fbrddhote

showed only a weak anplification of EGFRvIII in the
unrestrigipdrcel grpyl; Iidias been wated éhat dealt tuiee harhois eors i ggsaround 50-80

mutaté%g&/alt ?.%%%gent in.n notrume$ é}gf(l:erslcé\?/ glfs %Og‘s zf Sons E 200|8fa ood et

al., 2000Nt C@frert @d’dhﬁﬁluemelct thefe3dtakipn prstBesiaviade fhewwnalykis of biopsy
the normal control serums. PCR of GAPDH (226 bp) was
sampleaitd e doBdN RS /s AR olApuRObOYM BYSY Fﬁ@zmstz@@gwleg%gubodﬂy

it SR SR, A BSOSy v

an Agilent Bioanalyzer. B) Raw pl ot generated by an
Agi | ent Bi oanal yser for the positive control (Sanple
1). © Raw plot generated by an Agilent Bioanal yser
for the negative control (Sanple 2). D) Raw pl ot
gener at ed by an Agil ent Bi oanal yser for t he exosones
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performed with mcrovesicles since tunor cells, as

well as sonme nornmal cells are known to shed
wWor@powwse cl es into bodily fluid and the genetPCI/US2009/032881

aberrations mﬁthin these mcrovesicles refl ect those

Wi thin nst.rat ed here
POSS@ML@“H@PL&? {’Je h@a?ﬂt@f gt ﬁ%lsf‘lr%“q!g?ﬂij SERYGoedyedp the
extrerﬂ@ly%v? Géﬁﬁ&drﬁﬁér%tf nfiRarlt laatceam@tiﬁ@cmtt Ifmlmaﬁﬁﬁyet al., 2007).
di agnosi s perforned directly on a tunDr bi opsy sanple.
Thereﬁur:, axahpllange brengeantérchidgnosiadv@rieagep @fdlmestmrattiasd that can

m cr.ovesi.cul ar. nucl ei ¢ aci 0. ot
detect itk SR E e B Gy AR e R PR Rl Pl sty
It has @kaibe@bithietl Yhak ?éneﬁd’k@td&&bﬁ pESfiledARREIERNERN A @fctnedr@RNA) can

acids derived fromall foci of a tunor or genetical
distingygslegangeivnsd aed twsersueseﬁ@ (Joreset ajl. n%(PQ& Hegapns gtjah

V
sche B PRAC 000 ° T BE b o AR AE fhac o BT v&ﬁ&ﬁlon
profilésheqiiroinsisive b@@tﬁbﬂ&uesa S‘ofrr&rtﬁﬁlbsytpimdﬁtes lcass tegtotisk and are

faoci found within the body, or even within a single

potentig|hhargfiyle MorsQver dn rRiPRsHIPToRE B Usspe sAmplesarg ﬁf&@ﬁ ffom a

hmlteﬁ%eaaaﬂ@lrﬂaéfﬂvé IR ts@iggsa&dfaﬁb ae 1 emgﬁ\éﬁﬂl 11"1l a3 'vﬁu(ih are
ove3|c nuclerc a from an I Vi dua

heterqgersusahd/gr qmsparset;ﬂesltlan samdlitisgneo thatdfon‘epm nomartttusrve and

i ndj. vi dual OVIde val uabl e . .
sensityS RO B RSB TSH BS BRI Hear BPHETIeHE (iFbpect
to recommended treatnents, treatnment effectiveness,
5LE@M¥§§5§ELQﬂgéﬂégﬂﬁlgﬂ$d analysis of disease recurrence,
i ch cannot be provided by a S|ggle bi o
[0009ﬂ 0059111 gf‘élﬁtall,fth‘talt\’ﬁ@tpndﬁ agierdtmeth @Mda‘tepfm&lnais%lblﬁphtﬂléd
preselp 3 BRREL £l oA lop AR OB  aiin e
diagn{¥igQ @isastoBing Bl &vaRaltidh R diiedks, otis n&fdloanccbrfdidtc)ﬁs datrl treatment
di agnosed with a disease or ot her medical condition
efflcaem%soa%teé Abepicrovgeislei HoBakEBn of the genetic basis of
a di sease and/or nedical condition provides useful
[0010] nf or Pae pengeigRfithe yentian are awthndp forgfiding én tltlﬁsimesm or
momt%ﬁn/ O{ zhe rsegatgg %l g@gndgctélﬁglg ondl%[){l gﬁ( ar%r]mcrt ecoe 15{1{%rtv% stg]%s of: a)
isolat@@Aagicfovekitie faRaeh from QEBRIgical sample from the subject; and b) detecting
abnornmal ities/aberrations. One exanple is the
the prefeneseli ahssiss ©f a1 Eugrkeray g ihegnicr @sirisrgactigng wherein the
blomeE 1§ 55@8@2&6@% e dfsgﬁe l&t Bﬁl%? nfegirahlbéo'h fionY qfhE %Ae't‘ﬁ&is
oti ni treatnent have been s own to nor e
furtheef:cﬁlﬁplttsevthe stap oastepy ofcehl paring deaefBHR theddedimnBapzo a control

specific nucleotide nmutations in the kinase domai n of
(e-g., fé%ﬂ?@fﬁtgdtl%?fﬁo‘e% 0§ onpgt BRte HOPRIkELqelistesdn Str1 PRt ongpr more

contrd?tlaf%[s) WPk dSin tﬁ@ﬁlb c?ﬁ%&g%o@éd Athal B ?stﬁe @R&sObr b6 medical
dentified nucleotide variants in ki nase donmi n of
cond@@:t% gnuzalnearb: ifglgrd 1mmswgleahlmdﬁtfﬁ¢mnes irt tharesaltpéthicaivtection step as
ik benefit fromtreatnent with the
Conm%¥¥$?t ‘8 ing conmpound gefitinib or erlotinib. Such
ucl e t'&? varla ts can be . identified.in nucleic acids

[00115; s oRIOA HPEF G E% igy@¥iogys ¢ methpdiforidingds e qyatyation of

treatmf*@f @fl@acﬂﬁ al shbfé@ts c@rﬁﬁﬁm ERI k3 eg) {th1&in %roveswle fraction
transcri‘pts of tunor origin are Isolated

from pbiotagies samlds fiiom ﬂ)l@du“)JSlth ind ). dei@ﬁﬁg)}ltéem@en@e or absence of a

err. s in oth nes have al so been. fou
biomit i B s T HEE i BREa  (RePmBREL I speraeePuith the
treatnfn B &8 Mot B disBRe R BHeE BlctiRAl &iﬁdﬁﬂﬁln Ak n@ithéd may further
(Furnari- et al., 2007), nmutations in a variety of
genes affect the effectiveness of specific nedicines
used in chenotherapy for treating brain tunors. The
identification of these germetic aberrations in the
nucleic acids within mcrovesicles will guide the
sel ection of proper treatnent plans. [0061] As such,
aspects of the present |nvent|on relate to a nethod




WD 2009/ 100029PCT/ US2009/ 032881 net hod. Further, the
gquality of RNA extracted with the latter nethod is

WO edoativoped y poor conpared to that with the forP€r/US2009/032881
nethod Thus, the step of exosone isolation

ributes to.the effi of extyracel |l ul ar
ComP%§& ‘ﬁ%é‘ﬂ’ 8 P’forV&H%l%e FUHS 0%32 ingﬁ\{%lC*’é SAPPEp 8¥?rraa1§?“8ﬂéﬁ¥l©§}esﬁ°m the
subje@f A'?ﬁ%naﬁ@ QAOREMoa rn?a%rfﬁﬁ}fel%ﬂ{p\fﬁé ﬁle%ieptd}%téﬁguf\determining any
popul ation in glioblastoma cell's and m crovesicles
measwtable ghahge nip thetrbeits \méﬁlepetefcuomretdp I(xyg Mhletamwlnt &i o more

detect%ﬁ'iA gi%glgﬂ?]ﬁé& h Eg«?ﬁ%{ tH?S \L](g)g § hirséA 1 omV\Hg seﬂeg g%gfe%%ggﬁ%ate
treatnAO1YiShSy foRtheRBsch QY drRSthe? Mnddidl d(brfcﬁt%rﬁ nt RNA
preparations fromprimary glioblastoma cells and their
[0012? or r efPQRE MNge el Qﬁl%ﬂﬁe%% d?"d?e ﬁﬁ%ﬁ{ga&s?%§ ofh8 R¥VeRfon, the
descri bed in Exanples 1 and a was
blologu:uélsgmeld fum thy subjectGe ne8inpleart bedily flaide Particaldriytygeferred body
USA). The Intersector software (Vizxlabs)

ﬂuuhﬁﬂgb%giam¥ﬁh%&tract the genes readi |y detected on both

ay The m ro y dat a have_been deposit

(0013} g fnsceeéwepr wBginHhy cgdlge %%Og}geasae%gﬁﬁis firyvention, the

methddlg 'Tﬂ’tﬁkli‘ S §eethb %%la@i%ﬁ%? 81sOBcETRRFovESEL 3héBon derived from cells

102] W Tound approxi mately 22,000 gene transcripts

of a smmlﬁdtepc; i g scaalnd @ Typodcedlen eAdchaoeryL e selieetivtehmicrovesicle

f oveSL ‘%ﬂf wer e detectedlmell above background

rac”‘?“e%Y §°‘ts @/558‘6 YRENEBIYAPEFYSTS % bot h arrays.

(0014451 05 e SR HBR o B e S SRS BITR g (g Enton: the biomarker

associafMdiveied 4 BdeRe SELGEE M¥&icAMNOh&HHTE R i) Brsﬁ&ﬁéssof\ﬁut:ﬁid"acid’ i) a level
m crovesicles. Consistent wth this, there was a poof

of exmmml df onepr moat mwiteic acitle viel asmu:ﬂemﬂm%sammtt drav) a combination of

crove3|cl as co red to.th |r c | s o

any of B e g g R T SUBEI ST G baieskers s uRanSiheet RNA

microR&NK, ITASA, Slﬁ@@ SEaiea W&%ﬂ@rﬁétﬁh@tml‘lﬁ dn@l nbﬁé’&in? PNA.
nRNA from one cell culture (A) versus the second cel

[0015? ul't ufnece(vt@n didddimét oPhd f6re Jnﬂ% %{ ecRUFHR @lMion! fhe disease or
evels of MRNA fromthe corr I ng mcrovesicles

other (n&)hcakmbn(lf&)on(lﬂ;:a G:O}ﬂﬂji}lc dmcmrcmcngdhypn {eher gliabdasgpma, pancreatic

nsi st enc tribution wthi .he. t unor .
cance, s ARG AU B At EorE R CURBar § g PRLC it oppondiion
(e.g., HIaBASE i fRinSmAtibrl PErirfhkl cONAELEI % MQIassSr doABition G@8ddcftf with

origin, we found 3, 426 transcripts differentially
iron nefitahotisbteapshisasplehtatios comslidon;, pr ¢ &talecordition) . O

these, 2,238 transcripts were enriched (up to 380
[0016ﬂ ol d) AaoiliellaspB8 of tienseertionss werethoddesaiding ol drtdi{gnosis or

Q fold). than | the cells (FIG 5 The intensjties
momtSﬁElgP %%E%HSSPI aiher pedigakaon Ri'bt Rigstee oyt iSRS afeps of )

obtainlf€a B &YiQYkApIe froRRNA shibjats &id PtRi@MidifD R PhcdnBdHELE!
nore than 10-fold were recorded and revi ewed.
micropGade3yirhia thrdialagicahsasmplpt s t hat were highly enriched
in the mcrovesicles were not always the ones that
[0017her e Wosdnodiznagmnt ofi thistitmennbe ksovasthol és. deliherinmsbucleic acid or

.abundant transcri 2009/ 1Q0029P S2009/ 032881
Proteif g G0 cHbTET MBI GOHBHARATE SHil> €1 PR Hing g crovesicls
whicH @ataRh 8RthueRId actPOpriRld, ¥ebYe orelRRE 8faPp@dhdesueR0

nmost abundant nRNA transcripts present in
micropgsi¢ler extheliedviderlsudh thatidd niintoyed¢les enterthe birgdtogil ohthe

. .. .Arqcess d .on th ont o escri t on
indiviBil” 587 BRerd R S S5 Bt AT B ENB L BRSpkfys are
delivadéloidrghatiion, i mune response, cell mgration and
hi stone nodification were selected for further study
as they represent specific functions that could be
i nvol ved in renodeling the 4unor stroma and enhanci ng
tunor growth. dioblastoma mcrovesicle mMRNAs
bel onging to these five ontologies were plotted to
conpare thelr Ievels and contrlbutlon to the nRNA

oy 1 o~ o . o o e



Exanpl e 13: M crovesicles in non-invasive prenatal

di agnosi s [ 00140] Prenatal diagnosis is now part of
wesiahbioghed obstetric practice all over the weeT/UsS2009/032881

Conventi onal net hods of obtaining fetal ti ssues for

enetic. a si s j.ncl.udes. annloc nd.c
001877 "7 TulRe AResT ob B G R h R Ry B g b i
transfﬁfi1§1|f(et g) 51864, UBRRK Br JI8IHD; cotRsi{End e @tebsvagoﬁtﬁhingrhef%ubﬁ of
clini ca genetl cs to deve op nmethods of noni nvasi ve

donordiody flosl &ee @l wpb&ﬁamtalltv hitmikeycsielen or fivesf algat sthstantially all
. extensively is base the disco f circu
microp Sy Gl Lo T REl SO (ba s RS daf e iiite BifBrovesicte
free fiabidlo 20fatiBR rA RdlSted RpectUfMEiE invehGo@RRI dogdfok@idn o matter
clinical settings. Such barriers include the scarcity
compgfing asanpledf bedy Buidye.2.. blaod) sespior plaseahre of dber)substantially

o AR e bt RS AT L YRt o e

al f Lif u fetal. cell rev
001907, . AnePe St dnt B s ed ¢ gﬁg%ﬁ%%éomﬂ i puid
transfBAOK QAL ! hblb§d JRas@doopadnhe, @Hrﬁﬁrﬂs‘{% the Qfepé 6 @tai¥B al Microvesicle-
mat ernal plasma. Sufficient fet DNA anounts and
enrichgf dragtien efattanne body freidgue intedecing éhﬂolarcm\@ns@lea@wbﬁéfreﬁlon toa
patien\go%r{] Igllél?einfn tee?Abtogbqlént TR ?alon'\fgégﬁéﬂgﬁl ICIi?ON%.Sl%[%S Yerived from
a particofa@ céthtyipen A lehitdal a@f)edﬂ@f (s fmyntivdtis ﬁ%@ﬂh@&ﬁﬁ@n bihtﬁatter
dynami c ene e @he33|on roflles that are linked to
ComPF@F&F‘ spraBie o4 bodibhdiidi(e8s blopdesegia s plspahenriched witht | ng
RNA in maternal plasma (Ng et al., 2003b; Wng
nnmotgﬁg%:’ 2005) may be the nmet hod of choice for
on-i Ry, Ve n . n05| 141.
10020870 RUBRNYGRLEPRER ip S RARRH Breglod W B R identsication of

new b¥dthatRers kocRxeanpitiea dBEaY a Gdleﬁmﬂﬁslsdoﬁiﬂltl@h é(ﬁﬁ;ﬁismg the steps of
cortlcotro?ln rel easi ng hornmone (CRH) transcript is
obtaimagp biokpgach! wimple hog g ey slﬁ%la%%g TGP resicle Bagion fgm the
f
samplg&cmdn(g§%rﬁg %tr}]l%{ﬁ? hg%%s‘?{\e fﬁgtgcggsﬁ&g Bf ﬁ&cf déllété‘ Ibﬂ%ﬁat}le
respeqivacepitessisipleeels ioc cehceitiAios}; mikNfc adid naiaeksal ccp:thbmmmons thereof.
was successfully used in a non-invasive test for
[0021fneupiaticusspetantleniisddimeds of the sOWmtidd wilDBYR be described in
drone) (Lo et al., 2007). Furthernore, fetal hunan

detail g HIg WPPEsshalgpedificaion of thedriailsimay bamads witheyt departing
rom B 3898 . o 0 98Bl RO BPOBLER, gt i

shall intlsidel plirdlitiea andiplaral adrnschdll inClude mlhezmngigarf etal RNAs are
mai nly of placenta origin (Ng et al., 2003b). These
[0022f et al ARVAEn&RAPatbR Mplietions aag paBlidayioasideielictt die waREsshf
gestation and such RNA is cleared rapidly postpartum
inco oemﬂbqrmémneﬁﬂrew AQriBs PerrQss fflessriting %\1%({ Heclpdng|forrggagple,
the e R L S BB PLomnpetion withthe
preseiftétantiNAThese puliiechtions ire qurdixﬁtﬂH(ﬁtoller]g foraher d]]ad:loﬁi%\pﬁmdto the
effectlv?ly sepa e. Currently,

t
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panel: DNA was extracted from exosomes from glioblastoma cells. Lower panel: DNA was
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FIGURE 4. Extracellular RNA extraction from serum is more efficient when a serum
exosome isolation step is included. a) Exosome RNA from serum. b) Direct whole serum

extraction. c) Empty well. Arrows refer to the detected RNA in the samples.

FIGURE 5. Comparison of gene expression levels between microvesicles and cells of
origin. 3426 genes were found to be more than 5-fold differentially distributed in the

microvesicles as compared to the cells from which they were derived (p-value <0.01).

FIGURE 6. Ontological analysis of microvesicular RNAs. (a) Pie chart displays the
biological process ontology of the 500 most abundant mRNA species in the microvesicles.
(b) Graph showing the intensity of microvesicle RNAs belonging to ontologies related to
tumor growth. The x-axis represents the number of mRNA transcripts present in the

ontology. The median intensity levels on the arrays were 182.
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RNA species are as follows:
20/3C-1: Glioblastoma 20/3 Cell RNA, array replicate 1
20/3C-2: Glioblastoma 20/3 Cell RNA, array replicate 2
11/5C: Glioblastoma 11/5 Cell RNA
0105C: Melanoma 0105 Cell RNA
0664C: Melanoma 0664 Cell RNA
0664 E-1: Melanoma 0664 exosome RNA, array replicate 1
0664 E-2: Melanoma 0664 exosome RNA, array replicate 2
0105E: Melanoma 0105 Exosome RNA
20/3E: Glioblastoma 20/3 Exosome RNA
11/5E-1: Glioblastoma 11/5 Exosomes, array replicate 1
11/5E-2: Glioblastoma 11/5 Exosomes, array replicate 2
GBM: glioblastoma. The scale refers to the distance between clusters.

FIGURE 8. Microvesicles from serum contain microRNAs. Levels of mature
miRNAs extracted from microvesicles and from glioblastoma cells from two different
patients (GBM1 and GBM?2) were analysed using quantitative miRNA RT-PCR. The cycle
threshold (Ct) value is presented as the mean + SEM (n = 4).

FIGURE 9. Clustering diagram of microRNA levels. Microarray data on the
microRNA expression profiles in cell lines and exosomes isolated from the culture media of
these cell lines were analyzed and clusters of expression profiles were generated. The labels

of the RNA species are as follows:
0664C-1: Melanoma 0664 Cell RNA, array replicate 1
0664C-2: Melanoma 0664 Cell RNA, array replicate 2
0105C-1: Melanoma 0105 Cell RNA, array replicate 1

0105C-2: Melanoma 0105 Cell RNA, array replicate 2
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20/3C-1: Glioblastoma 20/3 Cell RNA, array replicate 1
20/3C-2: Glioblastoma 20/3 Cell RNA, array replicate 2
11/5C-1: Glioblastoma 11/5 Cell RNA, array replicate 1
11/5C-2: Glioblastoma 11/5 Cell RNA, array replicate 2
11/5E-1: Glioblastoma 11/5 Exosomes, array replicate 1
11/5E-2: Glioblastoma 11/5 Exosomes, array replicate 2
20/3E-1: Glioblastoma 20/3 Exosome RNA, array replicate 1
20/3E-2: Glioblastoma 20/3 Exosome RNA, array replicate 2
0664 E: Melanoma 0664 exosome RNA

0105E-1: Melanoma 0105 Exosome RNA, array replicate 1
0105E-2: Melanoma 0105 Exosome RNA, array replicate 2
GBM: Glioblastoma. The scale refers to the distance between clusters.

FIGURE 10. The expression level of microRNA-21 in serum microvesicles is
associated with glioma. Shown is a bar graph, normal control serum on the left, glioma serum
on the right. Quantitative RT-PCR was used to measure the levels of microRNA-21 (miR-
21) in exosomes from serum of glioblastoma patients as well as normal patient controls.
Glioblastoma serum showed a 5.4 reduction of the Ct-value, corresponding to an
approximately 40 (2°“")-fold increase of miR21. The miR21 levels were normalized to

GAPDH in each sample (n=3).

FIGURE 11. Nested RT-PCR was used to detect EGFRvIII mRNA in tumor samples
and corresponding serum exosomes. The wild type EGFR PCR product appears as a band at
1153 bp and the EGFRVIII PCR product appears as a band at 352 bp. RT PCR of GAPDH
mRNA was included as a positive control (226 bp). Samples considered as positive for
EGFRVIII are indicated with an asterisk. Patients 11, 12 and 14 showed only a weak
amplification of EGFRVIII in the tumor sample, but it was evident when more samples were

loaded.

FIGURE 12. Nested RT PCR of EGFRvVIII was performed on microvesicles from 52
normal control serums. EGFRVIII (352 bp) was never found in the normal control serums.

PCR of GAPDH (226 bp) was included as a control.

10
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FIGURE 13. Hepcidin mRNA can be detected within exosomes from human serum.
A) Pseudo-gel generated by an Agilent Bioanalyzer. B) Raw plot generated by an Agilent
Bioanalyser for the positive control (Sample 1). C) Raw plot generated by an Agilent
Bioanalyser for the negative control (Sample 2). D) Raw plot generated by an Agilent

Bioanalyser for the exosomes (Sample 3).

FIGURE 14. Urinary exosome isolation and nucleic acid identification within urinary
exosomes. (a) Electron microscopy image of a multivesicular body (MVB) containing many
small “exosomes” in a kidney tubule cell. (b) Electron microscopy image of isolated urinary
exosomes. (c) Analysis of RNA transcripts contained within urinary exosomes by an Agilent
Bioanalyzer. A broad range of RNA species were identified but both 18S and 28S ribosomal
RNAs were absent. (d) Identification of various RNA transcripts in urinary exosomes by
PCR. The transcripts thus identified were: Aquaporin 1 (AQP1); Aquaporin 2 (AQP2);
Cubulin (CUBN); Megalin (LRP2); Arginine Vasopressin Receptor 2 (AVPR2);
Sodium/Hydrogen Exchanger 3 (SLC9A3); V-ATPase B1 subunit (ATP6V1B1); Nephrin
(NPHS1); Podocin (NPHS2); and Chloride Channel 3 (CLCN3). From top to bottom, the
five bands in the molecular weight (MW) lane correspond to 1000, 850, 650, 500, 400, 300
base pair fragments. () Bioanalyzer diagrams of exosomal nucleic acids from urine samples.
The numbers refer to the numbering of human individuals. (f) Pseudogels depicting PCR
products generated with different primer pairs using the nucleic acid extracts described in (e).
House refers to actin gene and the actin primers were from Ambion (TX, USA). The +ve
control refers to PCRs using human kidney cDNA from Ambion (TX, USA) as templates and
the —ve control refers to PCRs without nucleic acid templates. (g) Pseudo-gel picture
showing positive identification of actin gene cDNA via PCR with and without the DNase
treatment of exosomes prior to nucleic acid extraction. (h) Bioanalyzer diagrams showing the

amount of nucleic acids isolated from human urinary exosomes.

FIGURE 15. Analysis of prostate cancer biomarkers in urinary exosomes. (a) Gel
pictures showing PCR products of the TMPRSS2-ERG gene and digested fragments of the
PCR products. P1 and P2 refer to urine samples from patient 1 and patient 2, respectively.
For each sample, the undigested product is in the left lane and the digested product is in the
right lane. MWM indicates lanes with MW markers. The sizes of the bands (both undigested
and digested) are indicated on the right of the panel. (b) Gel pictures showing PCR products
of the PCA3 gene and digested fragments of the PCR products. P1, P2, P3 and P4 refer to

urine samples from patient 1, patient 2, patient 3 and patient 4, respectively. For each

11



t.) .0 t.) t.) t.) t.) 4.7 oc 5 c7,
c/, oc
WO 2009/100029 PCT/US2009/032881

sample, the undigested product is in the left lane and the digested product is in the right lane.
MWM indicates lanes with MW markers. The sizes of the bands (both undigested and
digested) are indicated on the right of the panel. (c) A summary of the information of the

patients and the data presented in (a) and (b). TMERG refers to the TMPRSS2-ERG fusion

gene.

FIGURE 16. BRAF mRNA is contained within microvesicles shed by melanoma
cells. (a) An electrophoresis gel picture showing RT-PCR products of BRAF gene
amplification. (b) An electrophoresis gel picture showing RT-PCR products of GAPDH
gene amplification. The lanes and their corresponding samples are as follows: Lane #1 - 100
bp Molecular Weight marker; Lane #2 - YUMEL-01-06 exo; Lane # 3 - YUMEL-01-06 cell;
Lane #4 YUMEL-06-64 exo; Lane #5. YUMEL-06-64 cell; Lane # 6. M34 exo; Lane #7 -
M34 cell; Lane # 8 - Fibroblast cell; Lane # 9 - Negative control. The reference term “exo”
means that the RNA was extracted from exosomes in the culture media. The reference term
“cell” means that the RNA was extracted from the cultured cells. The numbers following
YUMEL refers to the identification of a specific batch of YUMEL cell line. (c) Sequencing
results of PCR products from YUMEL-01-06 exo. The results from YUMEL-01-06 cell,
YUMEL-06-64 exo and YUMEL-06-64 cell are the same as those from YUMEL-01-06 exo.
(d) Sequencing results of PCR products from M34 exo. The results from M34 cell are the

same as those from M34 exo.

FIGURE 17. Glioblastoma microvesicles can deliver functional RNA to HBMVECs.
(a) Purified microvesicles were labelled with membrane dye PKH67 (green) and added to
HBMVECs. The microvesicles were internalised into endosome-like structures within an
hour. (b) Microvesicles were isolated from glioblastoma cells stably expressing Gluc. RNA
extraction and RT-PCR of Gluc and GAPDH mRNAs showed that both were incorporated
into microvesicles. (c) Microvesicles were then added to HBMVECSs and incubated for 24
hours. The Gluc activity was measured in the medium at 0, 15 and 24 hours after
microvesicle addition and normalized to Gluc activity in microvesicles. The results are

presented as the mean + SEM (n =4).

FIGURE 18. Glioblastoma microvesicles stimulate angiogenesis in vitro and contain
angiogenic proteins. (a) HBMVECSs were cultured on Matrigel™ in basal medium (EBM)
alone, or supplemented with GBM microvesicles (EBM+MV) or angiogenic factors (EGM).
Tubule formation was measured after 16 hours as average tubule length + SEM compared to

cells grown in EBM (n = 6). (b) Total protein from primary glioblastoma cells and

12



WO 2009/100029 PCT/US2009/032881

microvesicles (MV) from these cells (1 mg each) were analysed on a human angiogenesis
antibody array. (c) The arrays were scanned and the intensities analysed with the Image J

software (n = 4).

FIGURE 19. Microvesicles isolated from primary glioblastoma cells promote
proliferation of the U87 glioblastoma cell line. 100,000 U87 cells were seeded in wells of a
24 well plate and allowed to grow for three days in (a) normal growth medium (DMEM-5%
FBS) or (b) normal growth medium supplemented with 125 ng microvesicles. (c) After three
days, the non-supplemented cells had expanded to 480,000 cells, whereas the microvesicle-
supplemented cells had expanded to 810,000 cells. NC refers to cells grown in normal control
medium and MV refers to cells grown in medium supplemented with microvesicles. The

result is presented as the mean + SEM (n=0).

DETAILED DESCRIPTION OF THE INVENTION

[0023] Microvesicles are shed by eukaryotic cells, or budded off of the plasma
membrane, to the exterior of the cell. These membrane vesicles are heterogeneous in size
with diameters ranging from about 10nm to about 5000 nm. The small microvesicles
(approximately 10 to 1000nm, and more often 30 to 200 nm in diameter) that are released by
exocytosis of intracellular multivesicular bodies are referred to in the art as “exosomes”. The
methods and compositions described herein are equally applicable to microvesicles of all

sizes; preferably 30 to 800 nm; and more preferably 30 to 200 nm.

[0024] In some of the literature, the term “exosome” also refers to protein complexes
containing exoribonucleases which are involved in mRNA degradation and the processing of
small nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNAs) and ribosomal RNAs
(rRNA) (Liu et al., 2006b; van Dijk et al., 2007). Such protein complexes do not have

membranes and are not “microvesicles” or “exosomes” as those terms are used here in.

Exosomes As Diagnostic And/Or Prognostic Tools

[0025] Certain aspects of the present invention are based on the surprising finding that
glioblastoma derived microvesicles can be isolated from the serum of glioblastoma patients.
This is the first discovery of microvesicles derived from cells in the brain, present in a bodily
fluid of a subject. Prior to this discovery it was not known whether glioblastoma cells
produced microvesicles or whether such microvesicles could cross the blood brain barrier
into the rest of the body. These microvesicles were found to contain mutant mRNA

associated with tumor cells. The microvesicles also contained microRNAs (miRNAs) which
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were found to be abundant in glioblastomas. Glioblastoma-derived microvesicles were also
found to potently promote angiogenic features in primary human brain microvascular
endothelial cells (HBMVEC) in culture. This angiogenic effect was mediated at least in part
through angiogenic proteins present in the microvesicles. The nucleic acids found within
these microvesicles, as well as other contents of the microvesicles such as angiogenic
proteins, can be used as valuable biomarkers for tumor diagnosis, characterization and
prognosis by providing a genetic profile. Contents within these microvesicles can also be
used to monitor tumor progression over time by analyzing if other mutations are acquired
during tumor progression as well as if the levels of certain mutations are becoming increased

or decreased over time or over a course of treatment

[0026] Certain aspects of the present invention are based on the finding that
microvesicles are secreted by tumor cells and circulating in bodily fluids. The number of
microvesicles increases as the tumor grows. The concentration of the microvesicles in bodily
fluids is proportional to the corresponding tumor load. The bigger the tumor load, the higher

the concentration of microvesicles in bodily fluids.

[0027] Certain aspects of the present invention are based on another surprising finding
that most of the extracellular RNAs in bodily fluid of a subject are contained within
microvesicles and thus protected from degradation by ribonucleases. As shown in Example

3, more than 90% of extracellular RNA in total serum can be recovered in microvesicles.

[0028] One aspect of the present invention relates to methods for detecting, diagnosing,
monitoring, treating or evaluating a disease or other medical condition in a subject by
determining the concentration of microvesicles in a biological sample. The determination
may be performed using the biological sample without first isolating the microvesicles or by

isolating the microvesicles first.

[0029] Another aspect of the present invention relates to methods for detecting,
diagnosing, monitoring, treating or evaluating a disease or other medical condition in a
subject comprising the steps of, isolating exosomes from a bodily fluid of a subject, and
analyzing one or more nucleic acids contained within the exosomes. The nucleic acids are
analyzed qualitatively and/or quantitatively, and the results are compared to results expected
or obtained for one or more other subjects who have or do not have the disease or other
medical condition. The presence of a difference in microvesicular nucleic acid content of the

subject, as compared to that of one or more other individuals, can indicate the presence or
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absence of, the progression of (e.g., changes of tumor size and tumor malignancy), or the

susceptibility to a disease or other medical condition in the subject.

[0030] Indeed, the isolation methods and techniques described herein provide the
following heretofore unrealized advantages: 1) the opportunity to selectively analyze disease-
or tumor-specific nucleic acids, which may be realized by isolating disease- or tumor-specific
microvesicles apart from other microvesicles within the fluid sample; 2) significantly higher
yield of nucleic acid species with higher sequence integrity as compared to the yield/integrity
obtained by extracting nucleic acids directly from the fluid sample; 3) scalability, e.g. to
detect nucleic acids expressed at low levels, the sensitivity can be increased by pelleting more
microvesicles from a larger volume of serum; 4) purer nucleic acids in that protein and lipids,
debris from dead cells, and other potential contaminants and PCR inhibitors are excluded
from the microvesicle pellets before the nucleic acid extraction step; and 5) more choices in
nucleic acid extraction methods as microvesicle pellets are of much smaller volume than that
of the starting serum, making it possible to extract nucleic acids from these microvesicle

pellets using small volume column filters.

[0031] The microvesicles are preferably isolated from a sample taken of a bodily fluid
from a subject. As used herein, a “bodily fluid” refers to a sample of fluid isolated from
anywhere in the body of the subject, preferably a peripheral location, including but not
limited to, for example, blood, plasma, serum, urine, sputum, spinal fluid, pleural fluid,
nipple aspirates, lymph fluid, fluid of the respiratory, intestinal, and genitourinary tracts, tear
fluid, saliva, breast milk, fluid from the lymphatic system, semen, cerebrospinal fluid, intra-

organ system fluid, ascitic fluid, tumor cyst fluid, amniotic fluid and combinations thereof.

[0032] The term “subject” is intended to include all animals shown to or expected to
have microvesicles. In particular embodiments, the subject is a mammal, a human or
nonhuman primate, a dog, a cat, a horse, a cow, other farm animals, or a rodent (e.g. mice,

rats, guinea pig. etc.). The term “subject” and “individual” are used interchangeably herein.

[0033] Methods of isolating microvesicles from a biological sample are known in the
art. For example, a method of differential centrifugation is described in a paper by Raposo et
al. (Raposo et al., 1996) , and similar methods are detailed in the Examples section herein.
Methods of anion exchange and/or gel permeation chromatography are described in US
Patent Nos. 6,899,863 and 6,812,023. Methods of sucrose density gradients or organelle
electrophoresis are described in U.S. Patent No. 7,198,923. A method of magnetic activated
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cell sorting (MACS) is described in (Taylor and Gercel-Taylor, 2008). A method of
nanomembrane ultrafiltration concentrator is described in (Cheruvanky et al., 2007).
Preferably, microvesicles can be identified and isolated from bodily fluid of a subject by a
newly developed microchip technology that uses a unique microfluidic platform to efficiently
and selectively separate tumor derived microvesicles. This technology, as described in a
paper by Nagrath et al. (Nagrath et al., 2007), can be adapted to identify and separate
microvesicles using similar principles of capture and separation as taught in the paper. Each
of the foregoing references is incorporated by reference herein for its teaching of these

methods.

[0034] In one embodiment, the microvesicles isolated from a bodily fluid are enriched
for those originating from a specific cell type, for example, lung, pancreas, stomach,
intestine, bladder, kidney, ovary, testis, skin, colorectal, breast, prostate, brain, esophagus,
liver, placenta, fetus cells. Because the microvesicles often carry surface molecules such as
antigens from their donor cells, surface molecules may be used to identify, isolate and/or
enrich for microvesicles from a specific donor cell type (Al-Nedawi et al., 2008; Taylor and
Gercel-Taylor, 2008). In this way, microvesicles originating from distinct cell populations
can be analyzed for their nucleic acid content. For example, tumor (malignant and non-
malignant) microvesicles carry tumor-associated surface antigens and may be detected,
isolated and/or enriched via these specific tumor-associated surface antigens. In one
example, the surface antigen is epithelial-cell-adhesion-molecule (EpCAM), which is specific
to microvesicles from carcinomas of lung, colorectal, breast, prostate, head and neck, and
hepatic origin, but not of hematological cell origin (Balzar et al., 1999; Went et al., 2004). In
another example, the surface antigen is CD24, which is a glycoprotein specific to urine
microvesicles (Keller et al., 2007). In yet another example, the surface antigen is selected
from a group of molecules CD70, carcinoembryonic antigen (CEA), EGFR, EGFRvIII and
other variants, Fas ligand, TRAIL, tranferrin receptor, p38.5, p97 and HSP72. Additionally,
tumor specific microvesicles may be characterized by the lack of surface markers, such as

CD80 and CDg6.

[0035] The isolation of microvesicles from specific cell types can be accomplished, for
example, by using antibodies, aptamers, aptamer analogs or molecularly imprinted polymers
specific for a desired surface antigen. In one embodiment, the surface antigen is specific for
a cancer type. In another embodiment, the surface antigen is specific for a cell type which is

not necessarily cancerous. One example of a method of microvesicle separation based on cell
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surface antigen is provided in U.S. Patent No. 7,198,923. As described in, e.g., U.S. Patent
Nos. 5,840,867 and 5,582,981, W0O/2003/050290 and a publication by Johnson et al.
(Johnson et al., 2008), aptamers and their analogs specifically bind surface molecules and can
be used as a separation tool for retrieving cell type-specific microvesicles. Molecularly
imprinted polymers also specifically recognize surface molecules as described in, e.g., US
Patent Nos. 6,525,154, 7,332,553 and 7,384,589 and a publication by Bossi et al. (Bossi et al.,
2007) and are a tool for retrieving and isolating cell type-specific microvesicles. Each of the

foregoing reference is incorporated herein for its teaching of these methods.

[0036] It may be beneficial or otherwise desirable to extract the nucleic acid from the
exosomes prior to the analysis. Nucleic acid molecules can be isolated from a microvesicle
using any number of procedures, which are well-known in the art, the particular isolation
procedure chosen being appropriate for the particular biological sample. Examples of
methods for extraction are provided in the Examples section herein. In some instances, with
some techniques, it may also be possible to analyze the nucleic acid without extraction from

the microvesicle.

[0037] In one embodiment, the extracted nucleic acids, including DNA and/or RNA,
are analyzed directly without an amplification step. Direct analysis may be performed with
different methods including, but not limited to, the nanostring technology. NanoString
technology enables identification and quantification of individual target molecules in a
biological sample by attaching a color coded fluorescent reporter to each target molecule.
This approach is similar to the concept of measuring inventory by scanning barcodes.
Reporters can be made with hundreds or even thousands of different codes allowing for
highly multiplexed analysis. The technology is described in a publication by Geiss et al.

(Geiss et al., 2008) and is incorporated herein by reference for this teaching.

[0038] In another embodiment, it may be beneficial or otherwise desirable to amplify
the nucleic acid of the microvesicle prior to analyzing it. Methods of nucleic acid
amplification are commonly used and generally known in the art, many examples of which
are described herein. If desired, the amplification can be performed such that it is
quantitative. Quantitative amplification will allow quantitative determination of relative

amounts of the various nucleic acids, to generate a profile as described below.

[0039] In one embodiment, the extracted nucleic acid is RNA. RNAs are then

preferably reverse-transcribed into complementary DNAs before further amplification. Such
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reverse transcription may be performed alone or in combination with an amplification step.
One example of a method combining reverse transcription and amplification steps is reverse
transcription polymerase chain reaction (RT-PCR), which may be further modified to be
quantitative, e.g., quantitative RT-PCR as described in US Patent No. 5,639,606, which is

incorporated herein by reference for this teaching.

[0040] Nucleic acid amplification methods include, without limitation, polymerase
chain reaction (PCR) (US Patent No. 5,219,727) and its variants such as in situ polymerase
chain reaction (US Patent No. 5,538,871), quantitative polymerase chain reaction (US Patent
No. 5,219,727), nested polymerase chain reaction (US Patent No. 5,556,773), self sustained
sequence replication and its variants (Guatelli et al., 1990), transcriptional amplification
system and its variants (Kwoh et al., 1989), Qb Replicase and its variants (Miele et al., 1983),
cold-PCR (Li et al., 2008) or any other nucleic acid amplification methods, followed by the
detection of the amplified molecules using techniques well known to those of skill in the art.
Especially useful are those detection schemes designed for the detection of nucleic acid
molecules if such molecules are present in very low numbers. The foregoing references are

incorporated herein for their teachings of these methods.

[0041] The analysis of nucleic acids present in the microvesicles is quantitative and/or
qualitative. For quantitative analysis, the amounts (expression levels), either relative or
absolute, of specific nucleic acids of interest within the microvesicles are measured with
methods known in the art (described below). For qualitative analysis, the species of specific
nucleic acids of interest within the microvesicles, whether wild type or variants, are identified

with methods known in the art (described below).

[0042] “Genetic aberrations” is used herein to refer to the nucleic acid amounts as well
as nucleic acid variants within the microvesicles. Specifically, genetic aberrations include,
without limitation, over-expression of a gene (e.g., oncogenes) or a panel of genes, under-
expression of a gene (e.g., tumor suppressor genes such as p53 or RB) or a panel of genes,
alternative production of splice variants of a gene or a panel of genes, gene copy number
variants (CNV) (e.g. DNA double minutes) (Hahn, 1993), nucleic acid modifications (e.g.,
methylation, acetylation and phosphorylations), single nucleotide polymorphisms (SNPs),
chromosomal rearrangements (e.g., inversions, deletions and duplications), and mutations
(insertions, deletions, duplications, missense, nonsense, synonymous or any other nucleotide

changes) of a gene or a panel of genes, which mutations, in many cases, ultimately affect the
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activity and function of the gene products, lead to alternative transcriptional splicing variants

and/or changes of gene expression level.

[0043] The determination of such genetic aberrations can be performed by a variety of
techniques known to the skilled practitioner. For example, expression levels of nucleic acids,
alternative splicing variants, chromosome rearrangement and gene copy numbers can be
determined by microarray analysis (US Patent Nos. 6,913,879, 7,364,848, 7,378,245,
6,893,837 and 6,004,755) and quantitative PCR. Particularly, copy number changes may be
detected with the Illumina Infinium II whole genome genotyping assay or Agilent Human
Genome CGH Microarray (Steemers et al., 2006). Nucleic acid modifications can be assayed
by methods described in, e.g., US Patent No. 7,186,512 and patent publication
WO0/2003/023065. Particularly, methylation profiles may be determined by Illumina DNA
Methylation OMAQO3 Cancer Panel. SNPs and mutations can be detected by hybridization
with allele-specific probes, enzymatic mutation detection, chemical cleavage of mismatched
heteroduplex (Cotton et al., 1988), ribonuclease cleavage of mismatched bases (Myers et al.,
1985), mass spectrometry (US Patent Nos. 6,994,960, 7,074,563, and 7,198,893), nucleic acid
sequencing, single strand conformation polymorphism (SSCP) (Orita et al., 1989), denaturing
gradient gel electrophoresis (DGGE)(Fischer and Lerman, 1979a; Fischer and Lerman,
1979b), temperature gradient gel electrophoresis (TGGE) (Fischer and Lerman, 1979a;
Fischer and Lerman, 1979b), restriction fragment length polymorphisms (RFLP) (Kan and
Dozy, 1978a; Kan and Dozy, 1978b), oligonucleotide ligation assay (OLA), allele-specific
PCR (ASPCR) (US Patent No. 5,639,611), ligation chain reaction (LCR) and its variants
(Abravaya et al., 1995; Landegren et al., 1988; Nakazawa et al., 1994), flow-cytometric
heteroduplex analysis (W0O/2006/113590) and combinations/modifications thereof. Notably,
gene expression levels may be determined by the serial analysis of gene expression (SAGE)
technique (Velculescu et al., 1995). In general, the methods for analyzing genetic aberrations
are reported in numerous publications, not limited to those cited herein, and are available to
skilled practitioners. The appropriate method of analysis will depend upon the specific goals
of the analysis, the condition/history of the patient, and the specific cancer(s), diseases or
other medical conditions to be detected, monitored or treated. The forgoing references are

incorporated herein for their teachings of these methods.

[0044] A variety of genetic aberrations have been identified to occur and/or contribute
to the initial generation or progression of cancer. Examples of genes which are commonly

up-regulated (i.e. over-expressed) in cancer are provided in Table 4 (cancers of different
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types) and Table 6 (pancreatic cancer). Examples of microRNAs which are up-regulated in
brain tumor are provided in Table 8. In one embodiment of the invention, there is an increase
in the nucleic acid expression level of a gene listed in Table 4 and/or Table 6 and/or of a
microRNA listed in Table 8. Examples of genes which are commonly down-regulated (e.g.
under-expressed) in cancer are provided in Table 5 (cancers of different types) and Table 7
(pancreatic cancer). Examples of microRNAs which are down-regulated in brain tumor are
provided in Table 9. In one embodiment of the invention, there is a decrease in the nucleic
acid expression level of a gene listed in Table 5 and/or Table 7 and/or a microRNA listed in
Table 9. Examples of genes which are commonly under expressed, or over expressed in
brain tumors are reviewed in (Furnari et al., 2007) , and this subject matter is incorporated
herein by reference. With respect to the development of brain tumors, RB and p53 are often
down-regulated to otherwise decrease their tumor suppressive activity. Therefore, in these
embodiments, the presence or absence of an increase or decrease in the nucleic acid
expression level of a gene(s) and/or a microRNA(s) whose disregulated expression level is
specific to a type of cancer can be used to indicate the presence or absence of the type of

cancer in the subject.

[0045] Likewise, nucleic acid variants, e.g., DNA or RNA modifications, single
nucleotide polymorphisms (SNPs) and mutations (e.g., missense, nonsense, insertions,
deletions, duplications) may also be analyzed within microvesicles from bodily fluid of a
subject, including pregnant females where microvesicles derived from the fetus may be in
serum as well as amniotic fluid. Non-limiting examples are provided in Table 3. In yet a
further embodiment, the nucleotide variant is in the EGFR gene. In a still further
embodiment, the nucleotide variant is the EGFRvIII mutation/variant. The terms
“EGFR”,“epidermal growth factor receptor” and “ErbB1”are used interchangeably in the art,
for example as described in a paper by Carpenter (Carpenter, 1987). With respect to the
development of brain tumors, RB, PTEN, p16, p21 and p53 are often mutated to otherwise
decrease their tumor suppressive activity. Examples of specific mutations in specific forms
of brain tumors are discussed in a paper by Furnari et al. (Furnari et al., 2007), and this

subject matter is incorporated herein by reference.

[0046] In addition, more genetic aberrations associated with cancers have been
identified recently in a few ongoing research projects. For example, the Cancer Genome
Atlas (TCGA) program is exploring a spectrum of genomic changes involved in human

cancers. The results of this project and other similar research efforts are published and
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2008; Wood et al., 2007). Specifically, these research projects have identified genetic
aberrations, such as mutations (e.g., missense, nonsense, insertions, deletions and
duplications), gene expression level variations (mMRNA or microRNA), copy number
variations and nucleic acid modification (e.g. methylation), in human glioblastoma,
pancreatic cancer, breast cancer and/or colorectal cancer. The genes most frequently mutated
in these cancers are listed in Table 11 and Table 12 (glioblastoma), Table 13 (pancreatic
cancer), Table 14 (breast cancer) and Table 15 (colorectal cancer). The genetic aberrations in
these genes, and in fact any genes which contain any genetic aberrations in a cancer, are
targets that may be selected for use in diagnosing and/or monitoring cancer by the methods

described herein.

[0047] Detection of one or more nucleotide variants can be accomplished by
performing a nucleotide variant screen on the nucleic acids within the microvesicles. Such a
screen can be as wide or narrow as determined necessary or desirable by the skilled
practitioner. It can be a wide screen (set up to detect all possible nucleotide variants in genes
known to be associated with one or more cancers or disease states). Where one specific
cancer or disease is suspected or known to exist, the screen can be specific to that cancer or
disease. One example is a brain tumor/brain cancer screen (e.g., set up to detect all possible
nucleotide variants in genes associated with various clinically distinct subtypes of brain

cancer or known drug-resistant or drug-sensitive mutations of that cancer).

[0048] In one embodiment, the analysis is of a profile of the amounts (levels) of
specific nucleic acids present in the microvesicle, herein referred to as a “quantitative nucleic
acid profile” of the microvesicles. In another embodiment, the analysis is of a profile of the
species of specific nucleic acids present in the microvesicles (both wild type as well as
variants), herein referred to as a “nucleic acid species profile.” A term used herein to refer to
a combination of these types of profiles is “genetic profile” which refers to the determination
of the presence or absence of nucleotide species, variants and also increases or decreases in

nucleic acid levels.

[0049] Once generated, these genetic profiles of the microvesicles are compared to
those expected in, or otherwise derived from a healthy normal individual. A profile can be a
genome wide profile (set up to detect all possible expressed genes or DNA sequences). It can
be narrower as well, such as a cancer wide profile (set up to detect all possible genes or

nucleic acids derived therefrom, or known to be associated with one or more cancers).
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mutations of that cancer).

[0050] Which nucleic acids are to be amplified and/or analyzed can be selected by the
skilled practitioner. The entire nucleic acid content of the exosomes or only a subset of
specific nucleic acids which are likely or suspected of being influenced by the presence of a
disease or other medical condition such as cancer, can be amplified and/or analyzed. The
identification of a nucleic acid aberration(s) in the analyzed microvesicle nucleic acid can be
used to diagnose the subject for the presence of a disease such as cancer, hereditary diseases
or viral infection with which that aberration(s) is associated. For instance, analysis for the
presence or absence of one or more nucleic acid variants of a gene specific to a cancer (e.g.
the EGFRVIII mutation) can indicate the cancer’s presence in the individual. Alternatively,
or in addition, analysis of nucleic acids for an increase or decrease in nucleic acid levels
specific to a cancer can indicate the presence of the cancer in the individual (e.g., a relative
increase in EGFR nucleic acid, or a relative decrease in a tumor suppressor gene such as

p33).

[0051] In one embodiment, mutations of a gene which is associated with a disease such
as cancer (e.g. via nucleotide variants, over-expression or under-expression) are detected by
analysis of nucleic acids in microvesicles, which nucleic acids are derived from the genome
itself in the cell of origin or exogenous genes introduced through viruses. The nucleic acid
sequences may be complete or partial, as both are expected to yield useful information in
diagnosis and prognosis of a disease. The sequences may be sense or anti-sense to the actual
gene or transcribed sequences. The skilled practitioner will be able to devise detection
methods for a nucleotide variance from either the sense or anti-sense nucleic acids which may
be present in a microvesicle. Many such methods involve the use of probes which are
specific for the nucleotide sequences which directly flank, or contain the nucleotide
variances. Such probes can be designed by the skilled practitioner given the knowledge of
the gene sequences and the location of the nucleic acid variants within the gene. Such probes
can be used to isolate, amplify, and/or actually hybridize to detect the nucleic acid variants, as

described in the art and herein.

[0052] Determining the presence or absence of a particular nucleotide variant or

plurality of variants in the nucleic acid within microvesicles from a subject can be performed
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minise%’u'erl:l)(':iﬁg." Inparticular emb%diments, htygrqdi_zatgo_n with allele specific probes can be
conducted in two formats: 1) allele specific oligonucleotides bound to a solid phase (glass,
silicon, nylon membranes) and the labeled sample in solution, as in many DNA chip
applications, or 2) bound sample (often cloned DNA or PCR amplified DNA) and labeled
oligonucleotides in solution (either allele specific or short so as to allow sequencing by
hybridization). Diagnostic tests may involve a panel of variances, often on a solid support,
which enables the simultaneous determination of more than one variance. In another
embodiment, determining the presence of at least one nucleic acid variance in the

microvesicle nucleic acid entails a haplotyping test. Methods of determining haplotypes are

known to those of skill in the art, as for example, in WO 00/04194.

[0053] In one embodiment, the determination of the presence or absence of a nucleic
acid variant(s) involves determining the sequence of the variant site or sites (the exact
location within the sequence where the nucleic acid variation from the norm occurs) by
methods such as polymerase chain reaction (PCR), chain terminating DNA sequencing (US
Patent No. 5547859), minisequencing (Fiorentino et al., 2003), oligonucleotide hybridization,
pyrosequencing, [llumina genome analyzer, deep sequencing, mass spectrometry or other
nucleic acid sequence detection methods. Methods for detecting nucleic acid variants are
well known in the art and disclosed in WO 00/04194, incorporated herein by reference. In an
exemplary method, the diagnostic test comprises amplifying a segment of DNA or RNA
(generally after converting the RNA to complementary DNA) spanning one or more known
variants in the desired gene sequence. This amplified segment is then sequenced and/or

subjected to electrophoresis in order to identify nucleotide variants in the amplified segment.

[0054] In one embodiment, the invention provides a method of screening for nucleotide
variants in the nucleic acid of microvesicles isolated as described herein. This can be
achieved, for example, by PCR or, alternatively, in a ligation chain reaction (LCR) (Abravaya
et al., 1995; Landegren et al., 1988; Nakazawa et al., 1994). LCR can be particularly useful
for detecting point mutations in a gene of interest (Abravaya et al., 1995). The LCR method
comprises the steps of designing degenerate primers for amplifying the target sequence, the
primers corresponding to one or more conserved regions of the nucleic acid corresponding to

the gene of interest, amplifying PCR products with the primers using, as a template, a nucleic
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of separating the amphflcatlon products according to their size, including automated and

manual gel electrophoresis, mass spectrometry, and the like.

[0056] Alternatively, the amplification products can be analyzed based on sequence
differences, using SSCP, DGGE, TGGE, chemical cleavage, OLA, restriction fragment

length polymorphisms as well as hybridization, for example, nucleic acid microarrays.

[0057] The methods of nucleic acid isolation, amplification and analysis are routine for
one skilled in the art and examples of protocols can be found, for example, in Molecular
Cloning: A Laboratory Manual (3-Volume Set) Ed. Joseph Sambrook, David W. Russel, and
Joe Sambrook, Cold Spring Harbor Laboratory, 3rd edition (January 15, 2001), ISBN:
0879695773. A particular useful protocol source for methods used in PCR amplification is
PCR Basics: From Background to Bench by Springer Verlag; 1st edition (October 15, 2000),
ISBN: 0387916008.

[0058] Many methods of diagnosis performed on a tumor biopsy sample can be
performed with microvesicles since tumor cells, as well as some normal cells are known to
shed microvesicles into bodily fluid and the genetic aberrations within these microvesicles
reflect those within tumor cells as demonstrated herein. Furthermore, methods of diagnosis
using microvesicles have characteristics that are absent in methods of diagnosis performed
directly on a tumor biopsy sample. For example, one particular advantage of the analysis of
microvesicular nucleic acids, as opposed to other forms of sampling of tumor/cancer nucleic
acid, is the availability for analysis of tumor/cancer nucleic acids derived from all foci of a
tumor or genetically heterogeneous tumors present in an individual. Biopsy samples are
limited in that they provide information only about the specific focus of the tumor from
which the biopsy is obtained. Different tumorous/cancerous foci found within the body, or
even within a single tumor often have different genetic profiles and are not analyzed in a
standard biopsy. However, analysis of the microvesicular nucleic acids from an individual

presumably provides a sampling of all foci within an individual. This provides valuable
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treatmler61? é:?si(;g;}%f an individual diagnosed with a disease or other medical condition such
as cancer. Identification of the genetic basis of a disease and/or medical condition provides
useful information guiding the treatment of the disease and/or medical condition. For
example, many forms of chemotherapy have been shown to be more effective on cancers
with specific genetic abnormalities/aberrations. One example is the effectiveness of EGFR-
targeting treatments with medicines, such as the kinase inhibitors gefitinib and erlotinib.
Such treatment have been shown to be more effective on cancer cells whose EGFR gene
harbors specific nucleotide mutations in the kinase domain of EGFR protein (U.S. Patent
publication 20060147959). In other words, the presence of at least one of the identified
nucleotide variants in the kinase domain of EGFR nucleic acid message indicates that a
patient will likely benefit from treatment with the EGFR-targeting compound gefitinib or
erlotinib. Such nucleotide variants can be identified in nucleic acids present in microvesicles

by the methods described herein, as it has been demonstrated that EGFR transcripts of tumor

origin are isolated from microvesicles in bodily fluid.

[0060] Genetic aberrations in other genes have also been found to influence the
effectiveness of treatments. As disclosed in the publication by Furnari et al. (Furnari et al.,
2007), mutations in a variety of genes affect the effectiveness of specific medicines used in
chemotherapy for treating brain tumors. The identification of these genetic aberrations in the

nucleic acids within microvesicles will guide the selection of proper treatment plans.

[0061] As such, aspects of the present invention relate to a method for monitoring
disease (e.g. cancer) progression in a subject, and also to a method for monitoring disease
recurrence in an individual. These methods comprise the steps of isolating microvesicles
from a bodily fluid of an individual, as discussed herein, and analyzing nucleic acid within
the microvesicles as discussed herein (e.g. to create a genetic profile of the microvesicles).
The presence/absence of a certain genetic aberration/profile is used to indicate the
presence/absence of the disease (e.g. cancer) in the subject as discussed herein. The process
is performed periodically over time, and the results reviewed, to monitor the progression or
regression of the disease, or to determine recurrence of the disease. Put another way, a

change in the genetic profile indicates a change in the disease state in the subject. The period
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undergone by the subject. For example, a gene which is targeted by the therapy can be
monitored for the development of mutations which make it resistant to the therapy, upon
which time the therapy can be modified accordingly. The monitored gene may also be one

which indicates specific responsiveness to a specific therapy.

[0062] Aspects of the present invention also relate to the fact that a variety of non-
cancer diseases and/or medical conditions also have genetic links and/or causes, and such
diseases and/or medical conditions can likewise be diagnosed and/or monitored by the
methods described herein. Many such diseases are metabolic, infectious or degenerative in
nature. One such disease is diabetes (e.g. diabetes insipidus) in which the vasopressin type 2
receptor (V2R) is modified. Another such disease is kidney fibrosis in which the genetic
profiles for the genes of collagens, fibronectin and TGF-f are changed. Changes in the
genetic profile due to substance abuse (e.g. a steroid or drug use), viral and/or bacterial
infection, and hereditary disease states can likewise be detected by the methods described

herein.

[0063] Diseases or other medical conditions for which the inventions described herein
are applicable include, but are not limited to, nephropathy, diabetes insipidus, diabetes type 1,
diabetes II, renal disease glomerulonephritis, bacterial or viral glomerulonephritides, IgA
nephropathy, Henoch-Schonlein Purpura, membranoproliferative glomerulonephritis,
membranous nephropathy, Sjogren's syndrome, nephrotic syndrome minimal change disease,
focal glomerulosclerosis and related disorders, acute renal failure, acute tubulointerstitial
nephritis, pyelonephritis, GU tract inflammatory disease, Pre-clampsia, renal graft rejection,
leprosy, reflux nephropathy, nephrolithiasis, genetic renal disease, medullary cystic, medullar
sponge, polycystic kidney disease, autosomal dominant polycystic kidney disease, autosomal
recessive polycystic kidney disease, tuberous sclerosis, von Hippel-Lindau disease, familial
thin-glomerular basement membrane disease, collagen I1I glomerulopathy, fibronectin
glomerulopathy, Alport's syndrome, Fabry's disease, Nail-Patella Syndrome, congenital
urologic anomalies, monoclonal gammopathies, multiple myeloma, amyloidosis and related
disorders, febrile illness, familial Mediterranean fever, HIV infection-AIDS, inflammatory

disease, systemic vasculitides, polyarteritis nodosa, Wegener's granulomatosis, polyarteritis,
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surgery, induction of anesthesia, side effect of use of drugs or drug abuse, circulatory disease
myocardial infarction, cardiac failure, peripheral vascular disease, hypertension, coronary
heart disease, non-atherosclerotic cardiovascular disease, atherosclerotic cardiovascular
disease, skin disease, soriasis, systemic sclerosis, respiratory disease, COPD, obstructive
sleep apnoea, hypoia at high altitude or erdocrine disease, acromegaly, diabetes mellitus, or

diabetes insipidus.

[0064] Selection of an individual from whom the microvesicles are isolated is
performed by the skilled practitioner based upon analysis of one or more of a variety of
factors. Such factors for consideration are whether the subject has a family history of a
specific disease (e.g. a cancer), has a genetic predisposition for such a disease, has an
increased risk for such a disease due to family history, genetic predisposition, other disease or
physical symptoms which indicate a predisposition, or environmental reasons. Environmental
reasons include lifestyle, exposure to agents which cause or contribute to the disease such as
in the air, land, water or diet. In addition, having previously had the disease, being currently
diagnosed with the disease prior to therapy or after therapy, being currently treated for the
disease (undergoing therapy), being in remission or recovery from the disease, are other

reasons to select an individual for performing the methods.

[0065] The methods described herein are optionally performed with the additional step
of selecting a gene or nucleic acid for analysis, prior to the analysis step. This selection can
be based on any predispositions of the subject, or any previous exposures or diagnosis, or

therapeutic treatments experienced or concurrently undergone by the subject.

[0066] The cancer diagnosed, monitored or otherwise profiled, can be any kind of
cancer. This includes, without limitation, epithelial cell cancers such as lung, ovarian,
cervical, endometrial, breast, brain, colon and prostate cancers. Also included are
gastrointestinal cancer, head and neck cancer, non-small cell lung cancer, cancer of the
nervous system, kidney cancer, retina cancer, skin cancer, liver cancer, pancreatic cancer,
genital-urinary cancer and bladder cancer, melanoma, and leukemia. In addition, the methods

and compositions of the present invention are equally applicable to detection, diagnosis and
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(supportive) tissue of the brain. Gliomas are the most common primary brain tumors.
Astrocytomas, ependymomas, oligodendrogliomas, and tumors with mixtures of two or more
cell types, called mixed gliomas, are the most common gliomas. The following are other
common types of brain tumors: Acoustic Neuroma (Neurilemmoma, Schwannoma.
Neurinoma), Adenoma, Astracytoma, Low-Grade Astrocytoma, giant cell astrocytomas, Mid-
and High-Grade Astrocytoma, Recurrent tumors, Brain Stem Glioma, Chordoma, Choroid
Plexus Papilloma, CNS Lymphoma (Primary Malignant Lymphoma), Cysts, Dermoid cysts,
Epidermoid cysts, Craniopharyngioma, Ependymoma Anaplastic ependymoma,
Gangliocytoma (Ganglioneuroma), Ganglioglioma, Glioblastoma Multiforme (GBM),
Malignant Astracytoma, Glioma, Hemangioblastoma, Inoperable Brain Tumors, Lymphoma,
Medulloblastoma (MDL), Meningioma, Metastatic Brain Tumors, Mixed Glioma,
Neurofibromatosis, Oligodendroglioma. Optic Nerve Glioma, Pineal Region Tumors,
Pituitary Adenoma, PNET (Primitive Neuroectodermal Tumor), Spinal Tumors,

Subependymoma, and Tuberous Sclerosis (Bourneville’s Disease).

[0068] In addition to identifying previously known nucleic acid aberrations (as
associated with diseases), the methods of the present invention can be used to identify
previously unidentified nucleic acid sequences/modifications (e.g. post transcriptional
modifications) whose aberrations are associated with a certain disease and/or medical
condition. This is accomplished, for example, by analysis of the nucleic acid within
microvesicles from a bodily fluid of one or more subjects with a given disease/medical
condition (e.g. a clinical type or subtype of cancer) and comparison to the nucleic acid within
microvesicles of one or more subjects without the given disease/medical condition, to
identify differences in their nucleic acid content. The differences may be any genetic
aberrations including, without limitation, expression level of the nucleic acid, alternative
splice variants, gene copy number variants (CNV), modifications of the nucleic acid , single
nucleotide polymorphisms (SNPs), and mutations (insertions, deletions or single nucleotide
changes) of the nucleic acid. Once a difference in a genetic parameter of a particular nucleic
acid is identified for a certain disease, further studies involving a clinically and statistically

significant number of subjects may be carried out to establish the correlation between the
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Methods of isolation are described herein.

[0070] Another aspect of the invention relates to the finding that isolated microvesicles
from human glioblastoma cells contain mRNAs, miRNAs and angiogenic proteins. Such
glioblastoma microvesicles were taken up by primary human brain endothelial cells, likely
via an endocytotic mechanism, and a reporter protein mRNA incorporated into the
microvesicles was translated in those cells. This indicates that messages delivered by
microvesicles can change the genetic and/or translational profile of a target cell (a cell which
takes up a microvesicle). The microvesicles also contained miRNAs which are known to be
abundant in glioblastomas (Krichevsky et al, manuscript in preparation). Thus microvesicles
derived from glioblastoma tumors function as delivery vehicles for mRNA, miRNA and
proteins which can change the translational state of other cells via delivery of specific mRNA

species, promote angiogenesis of endothelial cells, and stimulate tumor growth.

[0071] In one embodiment, microvesicles are depleted from a bodily fluid from a donor
subject before said bodily fluid is delivered to a recipient subject. The donor subject may be a
subject with an undetectable tumor and the microvesicles in the bodily fluid are derived from
the tumor. The tumor microvesicles in the donor bodily fluid, if unremoved, would be

harmful since the genetic materials and proteins in the microvesicle may promote unrestricted

growth of cells in the recipient subject.

[0072] As such, another aspect of the invention is the use of the microvesicles
identified herein to deliver a nucleic acid to a cell. In one embodiment, the cell is within the
body of an individual. The method comprises administering a microvesicle(s) which contains

the nucleic acid, or a cell that produces such microvesicles, to the individual such that the
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Alternatively, a cell (e.g. grown in culture) can be engineered to target one or more specific
nucleic acid into the exosome, and the exosome can be isolated from the cell. Alternatively,

the engineered cell itself can be administered to the individual.

[0074] In one embodiment, the cell which produces the exosome for administration is
of the same or similar origin or location in the body as the target cell. That is to say, for
delivery of a microvesicle to a brain cell, the cell which produces the microvesicle would be a
brain cell (e.g. a primary cell grown in culture). In another embodiment, the cell which
produces the exosome is of a different cell type than the target cell. In one embodiment, the
cell which produces the exosome is a type that is located proximally in the body to the target

cell.

[0075] A nucleic acid sequence which can be delivered to a cell via an exosome can be
RNA or DNA, and can be single or double stranded, and can be selected from a group
comprising: nucleic acid encoding a protein of interest, oligonucleotides, nucleic acid
analogues, for example peptide-nucleic acid (PNA), pseudo-complementary PNA (pc-PNA),
locked nucleic acid (LNA) etc. Such nucleic acid sequences include, for example, but are not
limited to, nucleic acid sequences encoding proteins, for example that act as transcriptional
repressors, antisense molecules, ribozymes, small inhibitory nucleic acid sequences, for
example but are not limited to RNA1, shRNA, siRNA, miRNA, antisense oligonucleotides,

and combinations thereof.

[0076] Microvesicles isolated from a cell type are delivered to a recipient subject. Said
microvesicles may benefit the recipient subject medically. For example, the angiogenesis and
pro-proliferation effects of tumor exosomes may help the regeneration of injured tissues in
the recipient subject. In one embodiment, the delivery means is by bodily fluid transfusion
wherein microvesicles are added into a bodily fluid from a donor subject before said bodily

fluid is delivered to a recipient subject.

[0077] In another embodiment, the microvesicle is an ingredient (e.g. the active

ingredient in a pharmaceutically acceptable formulation suitable for administration to the
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acceptab means to mix an ehver the targeted delivery composition to a subject. This
includes a pharmaceutically acceptable material, composition or vehicle, such as a liquid or
solid filler, diluent, excipient, solvent or encapsulating material, involved in carrying or
transporting the subject agents from one organ, or portion of the body, to another organ, or
portion of the body. Each carrier must be “acceptable” in the sense of being compatible with
the other ingredients of the formulation and is compatible with administration to a subject, for

example a human.

[0079] Administration to the subject can be either systemic or localized. This includes,
without limitation, dispensing, delivering or applying an active compound (e.g. in a
pharmaceutical formulation) to the subject by any suitable route for delivery of the active
compound to the desired location in the subject, including delivery by either the parenteral or
oral route, intramuscular injection, subcutaneous/intradermal injection, intravenous injection,
buccal administration, transdermal delivery and administration by the rectal, colonic, vaginal,

intranasal or respiratory tract route.

[0080] It should be understood that this invention is not limited to the particular
methodologies, protocols and reagents, described herein and as such may vary. The
terminology used herein is for the purpose of describing particular embodiments only, and is

not intended to limit the scope of the present invention, which is defined solely by the claims.

[0081] In one respect, the present invention relates to the herein described
compositions, methods, and respective components thereof, as essential to the invention, yet
open to the inclusion of unspecified elements, essential or not (“‘comprising”). In some
embodiments, other elements to be included in the description of the composition, method or
respective component thereof are limited to those that do not materially affect the basic and
novel characteristic(s) of the invention (*“consisting essentially of”). This applies equally to
steps within a described method as well as compositions and components therein. In other
embodiments, the inventions, compositions, methods, and respective components thereof,
described herein are intended to be exclusive of any element not deemed an essential element

to the component, composition or method (‘“‘consisting of”).
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DMEM 5% dFBS supplemented with penicillin-streptomycin (10 IU ml™ and 10 ug ml™,

respectively, Sigma-Aldrich, St Louis, MO, USA). Because microvesicles can be found in
the fetal bovine serum (FBS) traditionally used to cultivate cells, and these microvesicles
contain substantial amounts of mRNA and miRNA, it was important to grow the tumor cells
in media containing microvesicle-depleted FBS (dFBS). Cultured primary cells obtained
from three glioblastoma tumors were found to produce microvesicles at both early and later
passages (a passage is a cellular generation defined by the splitting of cells, which is a
common cell culture technique and is necessary to keep the cells alive). The microvesicles
were able to be detected by scanning electronmicroscopy (FIGS 1a and 1b) and transmission
electronmicroscopy (FIG 1f). Briefly, human glioblastoma cells were placed on ornithine-
coated cover-slips, fixed in 0.5x Karnovskys fixative and then washed 2x5min (2 times with
5 min each) with PBS. The cells were dehydrated in 35% EtOH 10 min, 50% EtOH 2x 10
min, 70% EtOH 2x 10 min, 95% EtOH 2x 10 min, and 100% EtOH 4 x 10 min. The cells
were then transferred to critical point drying in a Tousimis SAMDR1-795 semi-automatic
Critical Point Dryer followed by coating with chromium in a GATAN Model 681 High
Resolution Ion Beam Coater. As shown in FIGS. 1a and 1b, tumor cells were covered with

microvesicles varying in size from about 50 - 500 nm.

Example 2: Glioblastoma microvesicles contain RNA.

[0083] To isolate microvesicles, glioblastoma cells at passage 1-15 were cultured in
microvesicle-free media (DMEM containing 5% dFBS prepared by ultracentrifugation at

110,000 x g for 16 hours to remove bovine microvesicles). The conditioned medium from 40
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[0086] Glioblastoma microvesicles were found to contain RNA and protein in a ratio of
approximately 1:80 (ug RNA:ug protein). The average yield of proteins and RNAs isolated
from microvesicles over a 48-hour period in culture was around 4 pg protein and 50 ng

RNA/million cells.

[0087] To confirm that the RNA was contained inside the microvesicles, microvesicles
were either exposed to RNase A or mock treatment before RNA extraction (FIG. lc). There
was never more than a 7% decrease in RNA content following RNase treatment. Thus, it
appears that almost all of the extracellular RNA from the media is contained within the
microvesicles and is thereby protected from external RNases by the surrounding vesicular

membrane.

[0088] Total RNA from microvesicles and their donor cells were analyzed with a
Bioanalyzer, showing that the microvesicles contain a broad range of RNA sizes consistent
with a variety of mRNAs and miRNAs, but lack 18S and 28S the ribosomal RNA peaks
characteristic of cellular RNA (FIGS. 1d and le).

Example 3: Microvesicles contain DNA.
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112bp and 216bp were amplified when the genomic DNA isolated from the glioblastoma cell
was used as templates (See Lane 3 in FIG. 3a). Thus, spliced GAPDH DNA exists within
exosomes isolated from tumor cells but not within exosomes isolated from normal fibroblast

cells.

[0091] In contrast, in another experiment, isolated exosomes were not treated with
DNase before being lysed for DNA extraction (FIG. 3b). Not only the 112bp fragments but
also the 216bp fragments were amplified from exosomes isolated from primary melanoma
cells (See Lane 3 in FIG. 3b), suggesting that non-spliced GAPDH DNA or partially spliced

c¢DNA that has been reverse transcribed exists outside of the exosomes.

[0092] For the Human Endogenous Retrovirus K (HERV-K) gene, the following
primers were used: HERVK_6Forw (SEQ ID NO: 3) and HERVK_6Rev (SEQ ID NO: 4).
The primer pair amplifies a 172bp amplicon. DNA was extracted from exosomes that were

isolated and treated with DNase, and used as the template for PCR amplification. As shown
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from exosomes that were isolated and then treated with DNase before lysis. As shown in
FIG. 3d, 197bp Tenascin C fragments were amplified in exosomes from tumor cells or
normal human serum but not in exosomes from normal human fibroblasts. Thus, Tenascin-C
DNA exists in tumor and normal human serum exosomes but not in exosomes from normal

human fibroblasts.

[0094] To further confirm the presence of DNA in exosomes, exosomal DNA was
extracted from D425 medulloblastoma cells using the method described above. Specifically,
the exosomes were isolated and treated with DNase before lysis. Equal volumes of the final
DNA extract were either treated with DNase or not treated with DNase before being
visualized by Ethidium Bromide staining in 1% agarose gel. Ethidium Bromide is a dye that
specifically stains nucleic acids and can be visualized under ultraviolet light. As shown in
FIG. 3f, Ethidium Bromide staining disappeared after DNase treatment (See Lane 3 in FIG.
3f) while strong staining could be visualized in the un-treated aliquot (See Lane 2 in FIG. 3f).
The DNase treated and non-treated extracts were also analyzed on a RNA pico chip (Agilent

Technologies). As shown in FIG. 3g, single stranded DNA could be readily detected in the
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produpt i the ZmgliflchtidiipRReR 2AoRohdomii@fihtrdrs (FIG. 3a and FIG. 3b). Itis
known that tumor cells as well as normal progenitor cells/stem cells have active reverse
transcriptase (RT) activity although the activity in normal progenitor cells/stem cells is
relatively much lower. This RT activity makes it plausible that RNA transcripts in the cell
can be reverse transcribed and packaged into exosomes as cDNA. Interestingly, exosomes
from tumor cells contain more cDNAs corresponding to tumor-specific gene transcripts since
tumor cells usually have up-regulated reverse transcriptase activity. Therefore, tumor
specific cDNA in exosomes may be used as biomarkers for the diagnosis or prognosis of
different tumor types. The use of cDNAs as biomarkers would skip the step of reverse
transcription compared to the used of mRNA as biomarkers for tumors. In addition, the use
of exosomal cDNA is advantageous over the use of whole serum/plasma DNA because
serum/plasma contains genomic DNA released from dying cells. When testing amplified

whole serum/plasma DNA, there will be more background.
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nucleases before extracting the exosomal nucleic acids. Subsequently, contaminants

precipitate into the sample and affect subsequent analyses. As shown in Example 4, most
extracellular RNAs in serum are contained in serum exosomes. Therefore, we tested whether
it is more efficient to isolate extracellular nucleic acids by isolating the serum exosomes

before nucleic acid extraction.

[00100] Four milliliter (ml) blood serum from a patient was split into 2 aliquots of 2 ml
each. Serum exosomes from one aliquot were isolated prior to RNA extraction. The methods
of exosome isolation and RNA extraction are the same as mentioned in Example 2. For the
other aliquot, RNA was extracted directly using Trizol LS according to manufacturer’s
recommendation. The nucleic acids from these two extractions were analyzed on a
Bioanalyzer RNA chip (Agilent Technologies). As shown in Figure 4, the amount of RNA

extracted with the former method is significantly more than that obtained from the latter
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mRNAs in the microvesicles as compared to their cells of origin from two tumor cell
preparations (FIGS. 2a and 2b). In contrast, there was a good correlation in levels of mRNA
from one cell culture (A) versus the second cell culture (B) (FIG. 2¢) and a similar correlation
in levels of mRNA from the corresponding microvesicles (A) and (B) (FIG. 2d).
Accordingly, there is a consistency of mRNA distribution within the tumor cells and
microvesicles. In comparing the ratio of transcripts in the microvesicles versus their cells of
origin, we found 3,426 transcripts differentially distributed more than 5-fold (p-value <0.01).
Of these, 2,238 transcripts were enriched (up to 380 fold) and 1,188 transcripts were less
abundant (up to 90 fold) than in the cells (FIG. 5). The intensities and ratios of all gene

transcripts were documented. The ontologies of mRNA transcripts enriched or reduced more

than 10-fold were recorded and reviewed.

[00103] The mRNA transcripts that were highly enriched in the microvesicles were not

always the ones that were most abundant in the microvesicles. The most abundant transcripts
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Assay. The Whole-Genome DASL Assay combines the PCR and labeling steps of Illumina’s

DASL Assay with the gene-based hybridization and whole-genome probe set of Illumina’s
HumanRef-§ BeadChip. This BeadChip covers more than 24,000 annotated genes derived
from RefSeq (Build 36.2, Release 22). The microarray analysis was performed on two
different RNA preparations from primary glioblastoma cells, microvesicles from
glioblastomas cells (derived with the method as described in Examples 1 and 2), melanoma
cells, and microvesicles from melanoma cells (derived with the method as described in

Examples 1 and 2).

[00106] The expression data for each RNA preparation were pooled together and used to
generate a cluster diagram. As shown in FIG. 7, mRNA expression profiles for glioblastoma
cells, microvesicles from glioblastomas cells, melanoma cells, and microvesicles from
melanoma cells are clustered together, respectively. Expression profiles of the two primary

glioblastoma cell lines 20/3C and 11/5c¢ are clustered with a distance of about 0.06.
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gliomas was analyzed in microvesicles purified from two different primary glioblastomas
(GBM 1 and GBM 2). These subset contained let-7a, miR-15b, miR-16, miR-19b, miR-21,
miR-26a, miR-27a, miR-92, miR-93, miR-320 and miR-20. All of these miRNA were
readily detected in donor cells and in microvesicles (FIG. 8). The levels were generally
lower in microvesicles per pg total RNA than in parental cells (10%, corresponding to
approximately 3 Ct-values), but the levels were well correlated, indicating that these 11

miRNA species are not enriched in microvesicles.

[00109] Microarray analysis of the microRNA populations in glioblastoma cells and
microvesicles derived from glioblastoma cells, melanoma cells, and microvesicles derived
from melanoma cells was performed by Illumina Inc. (San Diego, CA, USA) using the
MicroRNA Expression Profiling Panel, powered by the DASL Assay. The human MicroRNA
Panels include 1146 microRNA species. The microarray analysis was performed on two
different RNA preparations from primary glioblastoma cells, microvesicles from

glioblastomas cells (derived using the method described in Examples 1 and 2), melanoma
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diagnosis and prognosis of cancers, including but not limited to glioblastoma.

Examples 8-15. These examples show that nucleic acids within exosomes from bodily

fluids can be used as biomarkers for diseases or other medical conditions.

Example 8:  Expression profiles of miRNAs in microvesicles can be used as sensitive
biomarkers for glioblastoma.

[00112] To determine if microRNAs within exosomes may be used as biomarkers for a
disease and/or medical condition, we examined the existence of a correlation between the
expression level of microRNA and disease status. Since microRNA-21 is expressed at high
levels in glioblastoma cells and is readily detectable in exosomes isolated from serum of
glioblastoma patients, we measured quantitatively microRNA-21 copy numbers within
exosomes from the sera of glioblastoma patients by quantitative RT-PCR. Specifically,

exosomes were isolated from 4 ml serum samples from 9 normal human subjects and 9
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designed and carried out to determine whether the mRNA in microvesicles could be used as

biomarkers for a medical disease or condition, in this case glioblastoma tumors. The
epidermal growth factor receptor (EGFR) mRNA was selected because the expression of the
EGFRvIII mutation is specific to some tumors and defines a clinically distinct subtype of
glioma (Pelloski et al., 2007). In addition, EGFRVIII mutations traditionally cannot be
detected using tissues other than the lesion tissues since these mutations are somatic
mutations but not germ line mutations. Therefore, a biopsy from lesion tissues such as glioma
tumor is conventionally required for detecting EGFRvIII mutations. As detailed below,
nested RT-PCR was used to identify EGFRvIII mRNA in glioma tumor biopsy samples and
the results compared with the mRNA species found in microvesicles purified from a serum

sample from the same patient.
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EGFRVIII transcript, which is consistent with the percentage of glioblastomas found to
contain this mutation in other studies (Nishikawa et al., 2004). EGFRVIII could be amplified
from exosomes in seven of the 25 patients (28%) from whom serum was drawn around the
time of surgery (FIG. 11 and Table 1). When a new pair of primers EGFR/EGFRvIII PCR3:
SEQ ID NO: 15 and SEQ ID NO: 16, were used as the second primer pair for the above
nested PCR amplification, more individuals were found to harbor EGFRvVIII mutations (Table
1). EGFRVIII could be amplified from exosomes in the six patients who was identified as
negatives with the old pair of primers EGFRvVIII PCR2: SEQ ID NO: 13 AND SEQ ID NO:
14. Notably, exosomes from individual 13, whose biopsy did not show EGFRVIII mutation,
was shown to contain EGFRvIII mutation, suggesting an increased sensivity of EGFRvIII
mutation detection using exosomes technology. From the exosomes isolated from 52 normal
control serum samples, EGFRVIII could not be amplified (FIG. 12). Interestingly, two
patients with an EGFRVIII negative tumor sample turned out to be EGFRVIII positive in the
serum exosomes, supporting heterogeneous foci of EGFRvVIII expression in the glioma tumor.

Furthermore, our data also showed that intact RNAs in microvesicles were, unexpectedly,

43



NM 001357 DHX9 DEAH (Asp-d u-Al a-Hi s) box pol ypepti de

9 1.32 NM 006849 PDIP protein disulfide i somerase,
warwenemed c 1. 32 NM 018457 DKEZP56 4J157 DKFZ, pOB681685%032881

protein 1.31 NM 024880 TCF7L2 transcription factor

able t%_bclg:;_sléga' %;ipffr%‘rg reol_lz_leri I AR Qg'g@b%t_s’t_&(n@]ip%l %é%gl:llnd serum

sample@EbRY cohfibAsd lléhalgsloth%gg%érQggt%ﬁ?ﬁfﬁ@@@in@%éarch
NM 005565 LCP2 | ynphocyte cytosolic protein 2 (S

Cented 6Yilinmedéevh tetiteri Aglsltfedﬂm,diic &l e]dlﬁdta@dsm aid WEJ&H@ay atlS@O@? until use.
e RO SRS g OS448, BOcionc

somatiOmbiaGibhewhick g8enV A tha Aimdrcans| S’&‘cﬂﬂté@ﬁoﬂo .sB8uld result in
NM_ 002865 RAB2 B2 nmenber RAS oncogene fam y 1.29

improned de2806 ANt apRIYE d888IRES.( pr osone macr opai n) 26S
subunit ATPase 6 1.29 NM 004240 TRIP 10 thyroid
[0011Fbr nothike R&efood in theemiavericléOcdnt@gs NNM@OGip6 DofE fab@3ntial array

otic t | at t f act
of the P s b OB P ikt orf € Atk dhe R ERing o
ghoblﬁit&mdgﬁ%u Iﬁﬁ:réxfe@féﬁe@ 146 CEIHROSBIN AL is26F sbmmﬁt%?e%t &ﬂ&&ﬁ@

deoendent steroid dehydr openase-1i ke 1.

EGFFNIH% rignSpApesaliqes @sspcuprelorivs ghﬂhl@qt@ﬂ@dl\bglglﬁaeww al.,
2004)p rPPetrg 3§ d%hg(%lz F]r'zﬂ'g]d %lga?ré?a?n % %? reqxgag m?%:av‘%)slcéo 1'&1%/05 !ﬂoggstream

acrosNHb Bﬁ)bﬁiiﬁalﬂllﬁﬁlﬁl(BB@’) Odv]uinJ aarg k& bSers s}mmhelf@eamﬁfs Euriee
conponent of 2-oxo-ql utarate conpl ex)

demomae%ﬁeb@@MMertSMm ESERVAY & Bran tzlqumamaé%%@ be detected
by a M%%f@gﬁ i KQ Q{QR@)% 18619ﬁ1§/§)5% n%eEQFrSﬁlrh el aén&mt of patient

r-assocl at
serumaaikli avmalyoing the2BNNMnGA A8k rd<eAARRA7 K1AA0247 1. 26
NM 005271 GLUD1l gl ut anmat e dehydropenase 1 1.25

[00118]M_00RA6Q13EPYLths EIGHROATIGh&thtionVih tdmbrs2b it\PbriB2 frichobdhg an
fetal Al zheinmer antlgﬁn 1.24 NM 007362 NCBP2 nucl ear
optimakfiranentirpgmsp o ESITR vEhmanitive glioBrine pyvadNimeonoikely to

respo% thg)tre{gﬁﬁelﬁ %%FR NhAbRGH (?ﬂ(e %rl&tn%ﬂ o’r\l%f%lﬂﬁ %efﬁ\ﬁghgf} et al.,

asm c nteracti
2005).

Example 10: Diagnosis of iron metabolism disorders

[00119] The exosome diagnostics method can be adapted for other purposes as shown by

the following example.

[00120] Hepcidin, an antimicrobial peptide, is the master hormonal regulator of iron
metabolism. This peptide is produced mainly in mammalian liver and is controlled by the
erythropoietic activity of the bone-marrow, the amount of circulating and stored body iron,
and inflammation. Upon stimulation, hepcidin is secreted into the circulation or urine where
it may act on target ferroportin-expressing cells. Ferroportin is the sole iron exporter
identified to date and when bound to hepcidin, it is internalized and degraded. The resulting
destruction of ferroportin leads to iron retention in ferroportin expressing cells such as
macrophages and enterocytes. This pathophysiological mechanism underlies anemia of
chronic diseases. More specifically, inappropriately high levels of hepcidin and elevated iron

content within the reticuloendothelial system characterize anemia. Indeed, anemia may be
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[00123] Hepcidin mRNA in microvesicles in circulation correlates with hepcidin mRNA
in liver cells. Hence, measuring hepcidin mRNA within microvesicles in a bodily fluid

sample would allow one to diagnose or monitor anemia or hemochromatosis in the subject.

[00124] Thus, it is possible to diagnose and/or monitor anemia and hemochromatosis in
a subject by isolating microvesicles from a bodily fluid and comparing the hepcidin mRNA in
said microvesicles with the mRNA from from a normal subject. With an anemic subject, the
copy number of mRNA is increased over the normal, non-anemic level. In a subject
suffering from hemochromatosis, the copy number is decreased relative to the mRNA in a

normal subject.
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technology is provided by the Illumina Genome Analyzer, which utilizes massively parallel
sequencing technology which allows it to sequence the equivalent of 1/3 a human genome per
run. The data obtainable from this analysis would enable one to rapidly and comprehensively
examine the urinary exosomal transcriptional profile and allow comparison to the whole
kidney. Using such a method, one could obtain much needed information regarding the
transcription profile of urinary exosomes. A comparison of transcripts in control versus

diabetes-derived urinary exosomes could further provide one with a comprehensive list of

both predicted and new biomarkers for diabetic nephropathy.

[00127] In order to prove the feasibility of the diagnostic method described above, an
experiment was designed and carried out to isolate urinary exosomes and to confirm the
presence of renal specific biomarkers within these exosomes. In this experiment, a fresh
morning urine sample of 220 ml was collected from a 28-year old healthy male subject and
processed via differential centrifugation to isolate urinary exosomes. Specifically, urine was
first spun at 300 x g spin for 10 minutes to remove any cells from the sample. The
supernatant was collected and then underwent a 20-minute 16,500 x g spin to bring down any

cell debris or protein aggregates. The supernatant was then passed through a 0.22 uM
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[00129] The expected sizes of the PCR products for each gene are AQP1-226bp, AQP2-
208bp, CUBN-285bp, LRP2-220bp, AVPR2-290bp, SLCI9A3-200bp, ATP6V1B1-226bp,
NPHS1-201bp, NPHS2-266bp and CLCNS5-204bp. The PCR cycling protocol was 95 °C for
8 minutes; 95 °C for 30 seconds, 60 °C for 30 seconds, 72 °C for 45 seconds for 30 cycles;
and a final step 72 °C for 10 minutes.

[00130] As shown in FIG. 14a, kidney tubule cells contain multivesicular bodies, which
is an intermediate step during exosome generation. Exosomes isolated from these cells can
be identified by electron microscopy (FIG. 14b). Analysis of total RNA extracted from
urinary exosomes indicates the presence of RNA species with a broad range of sizes (FIG.
14c). 18S and 28S ribosomal RNAs were not found. PCR analysis confirmed the presence
of renal specific transcripts within urinary exosomes (FIG. 14d). These data show that

kidney cells shed exosomes into urine and these urinary exosomes contain transcripts of renal
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gene R4 new setsiffpribreapars rAOP1 ok pyinpr phiei SEQ IBNO: 37 and SEQ ID
NO: 38; AQP2 new primer pair: SEQ ID NO: 39 and SEQ ID NO: 40; CUBN new primer
pair: SEQ ID NO: 41 and SEQ ID NO: 42. These primer pairs were designed specifically to
amplify the spliced and reverse transcribed cDNA fragments. Reverse transcription was
performed using the Qiagen Sensiscript kit. As shown in FIG. 14f, no amplification was seen
in individual 1, probably due to failed nucleic acid extraction. AQP1 was amplified only in
individual 2. CUBN was amplified in indivisual 2 and 3. And AQP2 was amplified in
individual 2, 3,4 and 5. In comparison actin gene (indicated by “House” in FIG. 14f) was
amplified in individual 2, 3, 4, 5 and 6. These data provide more evidence that urinary

exosomes contain renal specific mRNA transcripts although the expression levels are

different between different individuals.

[00132] To test the presence of cDNAs in urinary exosomes, a 200ml human urine
sample was split into two 100ml urine samples. Urinary exosomes were isolated from each
sample. Exosomes from one sample were treated with DNase and those from the other

sample were mock treated. Exosomes from each sample were then lysed for nucleic acid
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Approximately 14 million sequence reads were generated, each 76 nucleotides in length.
These sequence reads correspond to fragments of DNA/RNA transcripts present within
urinary exosomes. Using an extremely strict alignment parameter (100% identity over full
length sequence), approximately 15% of the reads were aligned to the human genome. This
percentage would likely increase if less stringent alignment criteria was used. A majority of
these 15% reads did not align with protein coding genes but rather with non-coding genomic
elements such are transposons and various LINE & SINE repeat elements. Notably, for those
reads that are not aligned to the human genome, many are aligned to viral sequences. To the
extent that the compositions and levels of nucleic acids contained in urinary exosomes
change with respect to a disease status, profiles of the nucleic acids could be used according

to the present methods as biomarkers for disease diagnosis.

[00135] This example demonstrates that the exosome method of analyzing urine
exosomes can be used to determine cellular changes in the kidney in diabetes-related kidney
disease without having to take a high-risk, invasive renal biopsy. The method provides a new

and sensitive diagnostic tool using exosomes for early detection of kidney diseases such as
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Wright and Lange, 2007). Although these biomarkers may give increased specificity due to
overexpression in prostate cancer cells (e.g., PCA3 expression is increased 60- to 100-fold in
prostate cancer cells), a digital rectal examination is required to milk prostate cells into the
urine just before specimen collection (Nakanishi et al., 2008). Such rectal examinations have
inherent disadvantages such as the bias on collecting those cancer cells that are easily milked

into urine and the involvement of medical doctors which is costly and time consuming.

[00138] Here, a new method of detecting the genetic profiles of these biomarkers is
proposed to overcome the limitation mentioned above. The method comprises the steps of
isolating exosomes from a bodily fluid and analyzing the nucleic acid from said exosomes.

The procedures of the method are similar to those detailed in Example 9. In this example, the
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not limited to diagnosis but can be employed for prognosis and/or monitoring other medical

conditions related to prostate cancer.
Example 13: Microvesicles in non-invasive prenatal diagnosis

[00140] Prenatal diagnosis is now part of established obstetric practice all over the
world. Conventional methods of obtaining fetal tissues for genetic analysis includes
amniocentesis and chorionic villus sampling, both of which are invasive and confer risk to
the unborn fetus. There is a long-felt need in clinical genetics to develop methods of non-
invasive diagnosis. One approach that has been investigated extensively is based on the
discovery of circulating fetal cells in maternal plasma. However, there are a number of
barriers that hinder its application in clinical settings. Such barriers include the scarcity of

fetal cells (only 1.2 cells/ml maternal blood), which requires relatively large volume blood
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the nuglegcacids within the microvesicles for any genetic variants associated with certain

diseases and/or other medical conditions.

[00144] A hypothetical case of non-invasive prenatal diagnosis is as follows: peripheral
blood samples are collected from pregnant women and undergo magnetic activated cell
sorting (MACS) or other affinity purification to isolate and enrich fetus-specific
microvesicles. The microvesicular pellet is resuspended in PBS and used immediately or
stored at -20°C for further processing. RNA is extracted from the isolated microvesicles
using the Qiagen RNA extraction kit as per the manufacturer’s instructions. RNA content is
analyzed for the expression level of fetal human chorionic gonadotropin (hCG) transcript.
An increased expression level of hCG compared to the standard range points to the
development of gestational trophoblastic diseases (GTDs) and entail further the need for
clinical treatment for this abnormal growth in the fetus. The sensitivity of microvesicle
technology makes it possible to detect the GTDs at a very early stage before any symptomatic
manifestation or structural changes become detectable under ultrasonic examination. The
standard range of hCG transcript levels may be determined by examining a statistically

significant number of circulating fetal RNA samples from normal pregnancies.

[00145] This prenatal diagnostic method may be extrapolated to the prenatal diagnosis
and/or monitoring of other diseases or medical conditions by examining those transcripts
associated with these diseases or medical conditions. For example, extraction and analysis of
anaplastic lymphoma kinase (ALK) nucleic acid from microvesicles of fetus origin from
maternal blood is a non-invasive prenatal diagnosis of neuroblastoma, which is closely
associated with mutations within the kinase domain or elevated expression of ALK (Mosse et
al., 2008). Accordingly, the microvesicle methods and technology described herein may lead

to a new era of much-needed, non-invasive prenatal genetic diagnosis.

Example 14: Melanoma diagnosis
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examination and excisional biopsy. However, a biopsy can sample only a limited number of
foci within the lesion and may give false positives or false negatives. The exosome method
provides a more accurate means for diagnosing melanoma. As discussed above, the method
is comprised of the steps of isolating exosomes from a bodily fluid of a subject and analyzing

the nucleic acid from said exosomes.

[00148] To determine whether exosomes shed by melanoma cells contain BRAF mRNA,
we cultured primary melanoma cells in DMEM media supplemented with exosome-depleted
FBS and harvested the exosomes in the media using a similar procedure as detailed in
Example 2. The primary cell lines were Yumel and M34. The Yumel cells do not have the
V600E mutation in BRAF, while M34 cells have the V60OE mutation in BRAF. RNAs were
extracted from the exosomes and then analyzed for the presence of BRAF mRNA by RT-
PCR. The primers used for PCR amplification were: BRAF forward (SEQ ID NO: 55) and
BRAF reverse (SEQ ID NO: 56). The amplicon is 118 base pairs (bp) long and covers the
part of BRAF cDNA sequence where the V60OE mutation is located. As shown in FIG. 16a,
a band of 118 bp was detected in exosomes from primary melanoma cells (Yumel and M34
cells), but not in exosomes from human fibroblast cells or negative controls. The negative
detection of a band of 118 bp PCR product is not due to a mistaken RNA extraction since
GAPDH transcripts could be detected in exosomes from both melanoma cell and human
fibroblast cells (FIG. 16b). The 118 bp PCR products were further sequenced to detect the
V600E mutation. As shown in FIGS. 16¢ and 16d, PCR products from YUMEL cells, as
expected, contain wild type BRAF mRNA. In contrast, PCR products from M34 cells, as
expected, contain mutant BRAF mRNA with a T-A point mutation, which causes the amino
acid Valine (V) to be replaced by Glutamic acid (E) at the amino acid position 600 of the
BRAF protein. Furthermore, BRAF mRNA cannot be detected in exosomes from normal
human fibroblast cells, suggesting the BRAF mRNA is not contained in exosomes of all

tissue origins.
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method can also be employed to diagnose melanomas that are associated with the expression

profiles of BRAF and other nucleic acids.

Example 15: Detection of MMP levels from exosomes to monitor post transplantation

conditions.

[00150] Organ transplants are usually effective treatments for organ failures. Kidney
failure, heart disease, end-stage lung disease and cirrhosis of the liver are all conditions that
can be effectively treated by a transplant. However, organ rejections caused by post-
transplantation complications are major obstacles for long-term survival of the allograft
recipients. For example, in lung transplantations, bronchiolitis obliterans syndrome is a
severe complication affecting survival rates. In kidney transplants, chronic allograft
nephropathy remains one of the major causes of renal allograft failure. Ischemia-reperfusion
injury damages the donor heart after heart transplantation, as well as the donor liver after
orthotopic liver transplantation. These post-transplantation complications may be
ameliorated once detected at early stages. Therefore, it is essential to monitor post-

transplantation conditions in order to alleviate adverse complications.

[00151] Alterations in the extracellular matrix contribute to the interstitial remodeling in
post-transplantation complications. Matrix metalloproteinases (MMPs) are involved in both
the turnover and degradation of extracellular matrix (ECM) proteins. MMPs are a family of
proteolytic, zinc-dependent enzymes, with 27 members described to date, displaying
multidomain structures and substrate specificities, and functioning in the processing,
activation, or deactivation of a variety of soluble factors. Serum MMP levels may indicate
the status of post-transplantation conditions. Indeed, circulating MMP-2 is associated with
cystatin C, post-transplant duration, and diabetes mellitus in kidney transplant recipients
(Chang et al., 2008). Disproportional expression of MMP-9 is linked to the development of

bronchiolitis obliterans syndrome after lung transplantation (Hubner et al., 2005).

[00152] MMP mRNAs (MMP1, 8, 12, 15, 20, 21, 24, 26 and 27) can be detected in

exosomes shed by glioblastoma cells as shown in Example 4 and Table 10. The present
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deterioration of post-transplantation comphcatlons Similarly, a significantly elevated level

of MMP-9 after lung transplantation, suggests the onset and/or deterioration of bronchiolitis

obliterans syndrome.

[00153] Therefore, the exosome method can be used to monitor post-transplantation
conditions by determining the expression levels of MMP proteins associated with post-
transplantation complications. It is also expected that the method can be extrapolated to
monitor post-transplantation conditions by determining the expression of other marker genes
as well as monitor other medical conditions by determining the genetic profile of nucleic

acids associated with these medical conditions.

Examples 16-18. Microvesicles can be therapeutic agents or delivery vehicles of

therapeutic agents.

Example 16: Microvesicle proteins induce angiogenesis in vitro.

[00154] A study was designed and carried out to demonstrate glioblastoma microvesicles
contribute to angiogenesis. HBMVECs (30,000 cells), a brain endothelial cell line, (Cell
Systems, Catalogue #ACBRI-376, Kirkland, WA, USA) were cultured on Matrigel-coated
wells in a 24-well plate in basal medium only (EBM) (Lonza Biologics Inc., Portsmouth, NH,
USA), basal medium supplemented with glioblastoma microvesicles (EBM+ MV) (7
ug/well), or basal medium supplemented with a cocktail of angiogenic factors (EGM;
hydrocortisone, EGF, FGF, VEGF, IGF, ascorbic acid, FBS, and heparin; Singlequots (EBM
positive control). Tubule formation was measured after 16 hours and analyzed with the
Image J software. HBMVECsS cultured in the presence of glioblastoma microvesicles
demonstrated a doubling of tubule length within 1 6 hours. The result was comparable to the
result obtained with HBMCECs cultured in the presence of angiogenic factors (FIG. 18a).
These results show that glioblastoma-derived microvesicles play a role in initiating

angiogenesis in brain endothelial cells.

[00155] Levels of angiogenic proteins in microvesicles were also analyzed and

compared with levels in glioblastoma donor cells. Using a human angiogenesis antibody
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levels on a total protein basis as compared to the glioblastoma cells (FIG. 18c). The three
angiogenic proteins most enriched in microvesicles compared to tumor cells were angiogenin,
IL-6 and 1L-8, all of which have been implicated in glioma angiogenesis with higher levels

associated with increased malignancy (25-27).

[00156] Microvesicles isolated from primary glioblastoma cells were also found to
promote proliferation of a human U87 glioma cell line. In these studies, 100 000 U87 cells
were seeded in wells of a 24-well plate and allowed to grow for three days (DMEM-5%FBS)
or DMEM-5%FBS supplemented with 125 ug microvesicles isolated from primary
glioblastoma cells. After three days, untreated U87 cells (FIG. 19a) were found to be fewer
in number as determined using a Burker chamber, than those supplemented with
microvesicles (FIG. 19b). Both non-supplemented and supplemented U87 cells had
increased 5-and 8-fold in number over this period, respectively (FIG. 19¢). Thus,

glioblastoma microvesicles appear to stimulate proliferation of other glioma cells.

Example 17: Glioblastoma microvesicles are taken up by HBMVECs.

[00157] To demonstrate that glioblastoma microvesicles are able to be taken up by
human brain microvesicular endothelial cells (HBMVECs), purified glioblastoma
microvesicles were labeled with PKH67 Green Fluorescent labeling kit (Sigma-Aldrich, St
Louis, MO, USA). The labeled microvesicles were incubated with HBMVEC in culture (5
ug/50,000 cells) for 20 min at 4°C. The cells were washed and incubated at 37°C for 1 hour.
Within 30 min the PKH67-labeled microvesicles were internalized into endosome-like
structures within the HBMVECs (FIG. 17a). These results show that glioblastoma

microvesicles can be internalized by brain endothelial cells.

[00158] Similar results were obtained when adding the fluorescently labeled

microvesicles to primary glioblastoma cells.
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with dEKARSIR abiiy RAtiMNis vE3RD eldhieksif otfefeddbiBHadBcifbrdybiddiuc) using a
CMYV promoter at an infection efficiency of >95%. The cells were stably transduced and
generated microvesicles during the subsequent passages (2-10 passages were analyzed).
Microvesicles were isolated from the cells and purified as described above. RT-PCR
analysis showed that the mRNA for Gluc (555 bp) as well as GAPDH (226 bp) were present
in the microvesicles (FIG. 17b). The level of Gluc mRNA was even higher than that for
GAPDH as evaluated with quantitative RT-PCR.

[00160] Fifty micrograms of the purified microvesicles were added to 50,000 HBMVE
cells and incubated for 24 hrs. The Gluc activity in the supernatant was measured directly
after microvesicle addition (0 hrs), and after 15 hrs and 24 hrs. The Gluc activity in the
supernatant was normalized to the Gluc protein activity associated with the microvesicles.
The results are presented as the mean + SEM (n=4). Specifically, the activity in the recipient
HBMVE cells demonstrated a continual translation of the microvesicular Gluc mRNA. Thus,
mRNA incorporated into the tumor microvesicles can be delivered into recipient cells and

generate a functional protein.

[00161] The statistical analyses in all examples were performed using the Student's t-

test.
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Xeroderma
pigmentosum C

i Skin basal cell, skin

A - : m ; i Cancer : :
uslink | Rtedn : Chromosome : Tumour types | Tumour types Cancer i Tissue : molecular : Mutation : Translocation :
D_ meﬂ. c% )hmoamznv (germline) syndrome type i genetics type partner
O i D Qi d O : i i _ i
—_0f N~ .= syndrome, :
NO—_ O ~OQ Familial Wilms® |
(a0 IN7)} Z200 N o : H tumour H ; : ;
o%%ﬂ%w%w%Pﬁw@l T USkin basal cell, skin 7 Keroderma BT fRec T IMIS, NJF, i
M — ) : i squamous cell, melanoma . pigmentosum A B : B :

€ssi o
K5
ENSTO
RSTB0

—Lsm i&%hat result in mzm_m loss/loss of heterozygosity at many recessive cancer genes. memnHm to cases 0m acute Ev\m_o_m leukaemia that
¢’ cplyneg refers primarily to small in-frame deletions/insertions as found in KIT/PDGFRA, and larger duplications/insertions as found in :
ash@) begn shown to result in a fusions protein, these have been listed under translocations. The Wellcome Trust Sanger Institute web
_ﬁ R genetics/CPG/Census/. A, amplification; AEL, acute eosinophilic leukaemia; AL, acute leukaemia; ALCL, anaplastic large-cell

; m

.M_W:Wmmn:m APL, acute promyelocytic leukaemia; B-ALL, B-cell acute lymphocytic leukaemia; B-CLL, B-cell lymphocytic :

NM 001005473 ORSMP NM 001004743 PDGFB CCDS13987.1 PLD2

CCDS11057.1 OR6C74 NM 001005490 PDGFRA CCDS3495. 1
wEkEoa0mks 201378 OR6K3 NM 001005327 PDGFRB CCDS4B0S2009/032881

PLEKHA4 CCDS12737.1 OR6WLP ENST00000340373 PDHA2

i hatic leukaemia; CML, chronic myeloid leukaemia; CMML, chronic myelomonocytic leukaemia; CNS, central nervous |
CL, diffuse large B-cell lymphoma; Dom, dominant; E, epithelial; F, frameshift; GIST, gastrointestinal stromal tumour; :
j @mmgng\am_ MALT, mucosa-associated lymphoid tissue; MDS, myelodysplastic syndrome; MM, multiple myeloma; Mis,
' N, . ar , ller T cell; NSCLC, non-small-cell lung cancer; O, other; pre-B-ALL, pre-B-cell acute lymphoblastic leukaemia; Rec, !
ive;0, b, ,@-cell acule) lgmpiwblastic leukaemia; T-CLL, T-cell chronic lymphocytic leukaemia; TGCT, testicular germ-cell tumour; T-PLL, T-cell :
sk . e aNdbo |
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ENST00000357106 POEM NM 013284 PTPRF CCDS489. 1 (QHSD1
HUVAN ENST00000360549 POLR3B CCDS9105.1 PTPRK
waangsa®?e 1 (OHACA HUMAN ENST00000206466 POLR3BCT/US2009/032881

ENST0000030Blk67 Carmon!CUps:grdsied GanerReCOBRSd 2139. 1

UnlGene Cp Olrk4mibdUVAN NENST@GOOG)%EOl&JnR’QR CCDS (535%9:.1,&1 PTPRU Up#  Down#

Hs. 159430 ¢ RS 1
st PTXBGCCDS3180. 1 QPCT @CDS 1790927 POT| 106DS 5793, 1 PUM |
3009 CCPE3EE) 1 QR CH27 NM 932 134 IPCIAIF1 0003?@139 1 PYGB !
th. 15139 3171. 1 1337. % 1259. 1 :
moss QLR34 HUMAN; Nsﬁéooo 225928Hs Gi4POUBE2 NM
Hs 418795 0072681 Q4VXGE>0 HUMAN ENSToooomssim% QTHEIABI NM 024638 s i
i35S PPAPRC CCDS12023.°1 QAYXGE HUMANPENSTOODYOB31811 RAB3E I
Hs. 459362 33 1
Hz 52?800 805 1 AR@ NM QOlOOl q89 JXSO N 18 11 0
Hs. 209561 0500325§76 RAB3C, CCDS39,6,973ss PPBP 3563. 1 5 0
Hs. 585011 Qsmﬁga 7 HUMAN ENSsTOOO(1)03334]18 RAB3GAP2NINM 012414 BPEF2 o
40933 NVFBOB239 (5740 HUMAN ENSTOBODOB433195RAB3 L 118 11 0
Hs. 368853 8

Hs. 368853 %4 1 PPl G s 235 1 A0 HU s
e E 00298738 ool PPL 10526. 1 s |
s 80062 QB BGHH HUNAN1£NST1@000@341513HSRAE)523 A COBSL2289. 1 BPMRC 1
fake0  CCPS.8259. 1 @61 EEB HUMAN ENSFOOGD03548T2 RADS1L3 15 0 I
s, 443890 87.1 P}DPléc CCPS9150. K04 1 oo !
o E 00329714 RAD52,CCDS @331i PPPLRIL2A NM 002480 ¢ |
Hs.387567 QO RGIG HUI\MNlEI\IS‘l’l@OOOG)359144HsBAE9'5LI N NMpR15150 17 10 1
Hs. 533282 PPRORI 2C CCD83129116 1 0 Hs. 78171 PGKI 17 10 2
Hs. 83753 SNRPB 0 Hs. 512380 PLEKHB2 12 7 1
Hs. 471441 PSMBZ 18 12 1 Hs. 352018 TAP1 19 11 1
Hs. 482497 TNPOI 18 12 1 Hs. 194698 CCNB2 14 8 1
Hs. 370937 TAPBP 15 10 0 Hs. 153357 PLOD3 14 8 1
Hs .126941 FAM49B 12 8 0 Hs. 471200 NRP2 14 8 2
Hs. 408629 KDELCI 12 8 0 Hs. 250822 AURKA 16 9 1
Hs. 497384 IPO9 12 8 1 Hs. 75528 GNI2 16 9 1
Hs. 8752 TMEM4 12 8 1 Hs. 1197 HSPEI 16 9 1
Hs. 195642 Cl7orf27 9 6 0 Hs. 202672 DNMTI 18 10 1
Hs. 358997 TTL 9 6 0 Hs. 433670 FTL 18 10 1
Hs. 1600 CCT5 20 13 0 Hs. 519972 HILA-F 18 10 1
Hs. 269408 E2F3 17 11 0 HS. 520210 KDELR2 18 10 1
Hs. 234027 ZBTB12 17 11 1 Hs. 40515.1 CARD-4 11 6 1
Hs. 520205 EIF2AK1 14 9 0 Hs. 477700 DBRI 11 6 1
Hs. 89545 PSMB4 14 9 0 Hs. 14468 FLI11286 11 6 1
Hs. 449415 EIF2C2 14 9 1 Hs. 516077 FLI14668 11 6 1
Hs. 409065 FEN1 14 9 1 HS. 494337 GOLPH2 11 6 1
Hs. 313 SPP1 14 9 2 Hs.. 371036 NOX4 11 6 1
Hs. 525135 FARP1 14 9 2 Hs. 438683 SLAMFS8 11 6 1
Hs. 524390 K-ALPHA-1 11 7 0 Hs. 520714 SNXIO 11 6 1
Hs. 432360 SCNM1 11 7 0 Hs. 159428 BAX 13 7 1
Hs. 172028 ADAMI10 19 12 0 Hs. 311609 DDX39 13 7 1
Hs. 381189 CBX3 19 12 0 Hs. 463035 FKBP10 13 7 1
Hs. 522257 HNRPK 19 12 0 Hs. 438695 FKBPI11 13 7 1
Hs. 470943 STATI 19 12 0 Hs. 515255 LSM4 13 7 1
Hs. 118638 NME1 19 12 1 Hs. 55285 MORC2 13 7 1
Hs. 519452 NPM1 19 12 1 Hs. 43666 PTP4A3 13 7 1
Hs. 506748 HDGF 16 10 0 Hs. 369440 SFXN1 13 7 1
Hs. 386283 ADAM12 16 10 2 Hs. 517155 TMEPAI 13 7 1
Hs. 474740 APOL2 8 5 0 Hs. 631580 UBA2 13 7 1
Hs. 552608 Clorf58 8 5 0 Hs. 46346S UTP16 13 7 1
Hs. 470654 CDCA7 8 5 0 Hs. 492974 WISP1 13 7 1
Hs. 179'B8 FMNL3 8 5 0 Hs. 113876 WHSC1 13 7 1
Hs. 143618 GEMING6 8 5 0 Hs. 494614 BAT2D1 15 8 2
Hs. 6459 GPRI72A 8 5 0 Hs. 166463 HNRPU 19 10 2
Hs. 133294 1QGAP3 8 5 0

No number of studies (types of cancer) which have available expression data on a test gene.

Up # or down # number of cancer types whose expression of the tested gene is up or down —regulated.
All these genes are significantly consistently up-regulated (P<10}) in a large majority of cancer types.
doi: 10.137/journal pone. 0001149.001
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Q6ZRBO HUMAN ENST00000297487 RAH CCDS11188.1 PPP2CZ
CCDS855. 1 BZSY1 HUMAN ENST00000320930 RALB PI
wagngii®as. 1 PPP2R2C CCDS3387. 1 (6ZT40 HUMAN  PCT/US2009/032881
ENST00000296564 RANBPI 7 NM 022897 PPRC1 CCDS 7529.1
QZUG HUMAN ENST00000344062 RANP1 ENST00000333828
Atty. DUBkét NoCIX9234L.61632 Q62VA6 HUMAN ENST00000341696 RAP 140

UnlGene

Hs. 401835  SrdCEA oo 1 G <d L

e e e
ms. 525205 CCDOwké363. 1 PRI C285 CCGDS1352'¢; 4,486 Y1J G VAN X 0 5
Hs. 524085 ENSTSB0000330768 RAPHI €CCDS 235%3dy PRKCBRILLCCDS13484. 10 5
8
8

e 72755 QBLERIRE HUMAN!ENST00000327508 RARSL CCDS5D11. 1 PRKCZ ©
Hs. 22242 771 eN1e HO MAN NSTOO%

#1014 GRFI !

Hs. 196952 R A 13 1

e 496587 0R09. 1 P KDCO 6904 246 HUMBNC3p o

s 476319  ENSTA0000359720 RASGRF2 CCDS40 %2501 PRK@04CCDS3589181 0 1
1

Hs. 409352 (BNE@QYMHUMAN 1|'='=_’NST(9000081?>22516 HRASK] | B CENIS3490. 1 PF&(RA

Hs. 103253

Ll CORaare. 1 geRs NN ENSTooDorTaRtEeK L

Hs. 390729 178 18 1 11

Hs. 553502 Em@oooslgsﬁg RB1 NMi000321s. Ee,aeasss @oDS11566. 11s 1

Hs 388918 QBNBKE HUMAN ENST00000801807 HRBWE4 CCDSBA47. 1 PROM NI}/I 9
1

gg-g;gggg oo §R1Q8N9H114HUM&N ENST0000¢/3 03 RBMEYCCDS917 fo
Hs. 476454 g-:CDS 601§6 10@N 0 HU T000QH297801 RB 1 | ;

Hs. 519604 CCDSori8021. 1 PRPFI 8 CCDS7100. . @NDHZ HUNAN: 12 1 7
Hs. 528385  ENST®O000322527 RBMR5 NM 0212894PRR12 MR@T0000024627981 7
Hs. 477288 OB N(SR'E® HUMAN ]'H:_NST@OOOOB 34020 HR?R@%W ARLAD ! 1
Hs. 420830 N3A 7o) C100rfl116 19 1 11
Hs. 511265 SEMAGD 11 1 7 Hs. 495912 DMD 9 1 11
Hs. 436657 CLU 19 1 12 Hs. 503126 SHANK2 14 1 8
Hs. 78482 PALM 16 0 10 Hs. 481342 SORBS2 14 1 8
Hs. 82318 WASF3 16 0 10 Hs. 169441 MAGII 16 1 9
Hs. 268869 ADHFE1 8 0 5 Hs. 75652 GSTMS 18 1 10
Hs. 34494 AGXT2 8 0 5 Hs. 405156 PPAP28 18 1 10
Hs. 249129 CIDEA 8 0 5 Hs. 271771 SNCA 18 1 10
Hs. 302754 EFCBP1 8 0 5 Hs. 181855 CASCS 9 1 5
Hs. 521953 EFHC2 8 0 5 Hs. 506458 ANKS1B 11 1 6
Hs. 200100 Ells1 8 0 5 Hs. 445885 KIAA1217 11 1 6
Hs. 479703 FI21511 8 0 5 Hs. 643583 DKFZp667G2110 13 1 7
Hs.. 500750 HPSE2 8 0 5 Hs. 406787 FBX03 13 1 7
Hs. 380929 LDHD 8 0 5 Hs. 431498 FOXP1 13 1 7

All these genes are significantly consistently down-regulated (P < 10”) in a large majority of cancer types.
doi:10.1371/journal.pone.0001149.t002
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ENSTO000
ENSTO000

0265271 PRSS16 CCDS4623.1 (BNGL5 HUMAN
0328673 RBMB4 ENST00000362051 PRS S22

weasaeed. 1 BNHO6 HUMAN ENST00000324144 RBMSBCTNME2009/032881

00100379

2 PSFI NM 021067 (BNHBO HUMAN ENST00000315712

RBP3 CCDS7218.1 PSIP 1 CCDS 6479. 1 (BTBR1 HUMAN

ENSTO00b086:4 2 omnrRBRIUpregudgGaes irPBumBeaticHZmRen 5. 1

Accession LMW*‘ENSTOOOOO329920 RC74 NM 018250 WO FC
mWo} 4 20T/ HS2A0G/ 4329 Cere—svibeol—Aceessi-on—bB
NM_006475 [POSEN YV ketsn, bidonthispetitic i 81—Cen NN AN Accesston D 13.28
NM_005980 [\ 6€ SY bo AGEEMThGRh @ GENE Symbol  ACCTESSIon 1 D 12.36
NM 004385 RGP0 D& OBEOvidte Al wC0Gsidd /5. 1 S| PAILZ2 NM 020808 10.57
NM 003118 _|RIPRKEED 4 Bein] acA RSEiEO@PedRectiy S| PATL 3 NM 015073 10.46
NM 003225 |HNE ~mgatksfeid fagjor BRigashcanpep-pqepsepqinglucible gqqieqoedXprosjedein 794 4 8.13
NM 002026 | o e RIORERIO LT e 4 cuem oo 7.93
NM 006142 A D UULLS. 4705, T SCHP 1T CCBS3186. 1T SKP2CCBS3915.1 7.81
NM 000393 |REENsSANM O[00iagA, npONhifha €CDS12441. 1 SLCI0OA4 CCDS3482. 1 7.22
NM 005940 |REWSD CODREA 18@orto-BGNI ANNYO06922 SLCl L Al_CCDS2415. 1 717
NM 000088 |1 Ad~g cplinerny type Icgiphinln r*r*nc 8442 1 SLC12A1 CCDS10129 1 6.50
NM 000930 [ BTAT ~ =~ -] plasimigogen gchivator fissu poeaeehePDal 6.46
NM 003064 [TINLPI2 SR faboy pA R I AR 3 Tra G T2 A —CCDS13391¢ 601
NM 006516  [Ferla1 NIV Ui chrfier DadNEDAFa sNIV el Tl o tfansplefer) héaber LLDS1 1920, 1 5.39
NM 003226 |REFRE CCOSreid bélr 1(ins@RIDB CCDS6411. 1 SLCI14A2 CCDS11924. 1 5.28
NM 004460 |82 2 NM v gagivageupEn algh@DS14048. 1 SLC16A5 CCDS11713. 1 5.20
NM 003467 |AXERE 4 qpumolaing f-X G mplingeoionh s 01 A A ol & 1 A2 N OOAL7 5.18
NM 003247 ['THES2 . {™fifombaspondinz O PV VI OL T s TNVE UV LTS 5.04
NM 012101 2 NV dﬁd&ké&ﬁ@ﬁtalmﬁ 0—CCDS 89261 StC2Z2AT 4.91
NM 033664 | CDHI11 cadherin 11, type 2, OB-cadherin (osteoblast) 4.52
NM 006169 | NNMT nicotinamide N-methyltransferase 4.51
NM 004425 | ECM1 extracellular matrix protein 1 4.39
NM 003358 [ UGCG UDP-glucose ceramide glucosyltransferase 4.36
NM 000700 [ ANXAL annexin Al 4.31
NM 004772 | CSorfl3 chromosome 5 open reading frame 13 4.29
NM 182470 | PKM2 pyruvate kinase, muscle 4.28
NM 004994 [ MMP9 matrix metalloproteinase 9 (gelatinase B, 92kDa gelatinase, 92kDa type IV collagenase) 4.19
NM 006868 | RAB31 RAB31, member RAS oncogene family 4.18
NM 001932 | MPP3 membrane protein, palmitoylated 3 (MAGUK p55 subfamily member 3) 4.16
AF200348 D2S448 Melanoma associated gene 4.14
NM 000574 [ DAF decay accelerating factor for complement (CD55, Cromer blood group system) 4.11
NM 000213 | ITGB4 integrin beta 4.11
NM 001645 | APOC1 apolipoprotein C-1 3.86
NM 198129 [ LAMA3 laminin, alpha 3 3.86
NM 002997 [ SDC1 syndecan 1 3.80
NM 001769 [ CD9 CD9 antigen (p24) 3.78
BC004376 ANXAS8 annexim A8 3.74
NM 005620 [ S100A11 S100 calcium binding protein Al1 (calgizzarin) 3.72
NM 002659 | PLAUR plasminogen activator urokinase receptor 3.70
NM 002966 | S100A10 S100 calcium binding protein A10 (annexin II ligand, calpactin I, light polypeptide (p11)) 3.67
NM 004898 | CLOCK clock homolog (mouse) 3.65
NM 002345 [ LUM lumican 3.59
NM 006097 | MYL9 myosin light polypeptide 9, regulatory 3.44
NM 004120 | GBP2 guanylate binding protein 2, interferon-inducible 3.44
AKO056875 LOC91316 similar to bK246H3.1 (immunoglobulin lambda-like polypeptide 1, pre-B-cell specific) 3.40
NM 001827 [ CKS2 CDC28 protein kinase requlatorv subunit 2 3.36
NM 002203 [ ITGA2 integrin alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor) 3.35
NM 000599 [ IGFBPS5 insulin-like growth factor binding protein 5 3.33
NM 004530 | MMP2 matrix metalloproteinase 2 (gelatinase A, 72kDa gelatinase, 72kDa type IV collagenase) 3.33
NM 004335 | BST2 bone marrow stromal cell antigen 3.30
NM 000593 | TAP1 transporter 1, ATP-binding cassette, sub-family B (MDR/TAP) 3.29
NM 004915 | ABCGIL ATP-bindina cassette sub-familv G (WHITE), member 3.27
NM 001235 | SERPINH 1 serine (or cysteine) proteinase inhibitor, clade H (heat shock protein 47), member 1 (collagen 3.25
binding protein 1)

NM 001165 | BIRC3 baculoviral IAP repeat-containing 3 3.23
NM 002658 | PLAU plasminogen activator, urokinase 3.20
NM 021103 [ TMSB10 thymosin, beta 10 3.18
NM 000304 | PMP22 peripheral myelin protein 22 3.15
XM 371541 | KIAA1641 KIAA1641 protein 3.11
NM 012329 | MMD monocyte to macrophage differentiation-associated 3.07
NM 182744 [ NBL1 neuroblastoma suppression of tumorigenicity 1 3.06
NM 002245 | KCNK1 potassium channel, subfamily K, member 1 3.03
NM 000627 | LTBP1 latent transforming growth factor beta binding protein 1 3.02
NM 000063 | C2 complement component 2 3.01
NM 000100 [ CSTB cystatin B (stefin B) 2.99
NM 000396 | CTSK cathepsin K (pycnodysostosis) 2.98
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CCDS 807
SLC22A18

4.1 RICTOR NM 152756 SEC24C CCDS7332.1
CCDS 7740.1 RI MBP2 NM 015347 SELO NM 031454

WGL@AANB2CCDS 5277.1 RIMS2 NM 014677 SEMASA COBSB8F509/032881
Atty paolsei Ng- Q3RFA8PABE9 RI VB4 CCDS13338. 1 SEMASR CCDS2019. 1

NM 016816 |QYASHE A1 9 WMQ%MQ/4W%Q1 36751 SEMAZA 2.98
NM 004240 |ZIRIPTQ " - =] {iy;oid Borfgne feceplon jaeractqr 10"~ A 295
NM 000138 \F‘B'N’PLULO%b&HnPlL(MéQﬂ‘}}ndM‘né)’D O740. 1 I'(L Dl”l I\IIVI UUUOLO OCINZL 2.94
NM 002318 GO 061 1] 1;Isylbh&aeé¢ﬁﬂe 2LLL)b4 / / 1 RL I PR NM 001013838 SENP3 2.92
NM 002055 |NNPQ 156 7[0¢ X 98 NASEFRA CCDS12287. 1 2.50
NM 005564 |dENT o PrrigOC@lmA@ncqge@ﬂMn A5 _CCDS3996.1 RNF1 03 NM-005667 2.88
NM 153490 [ KBTI . y A 2.85
NM 0047235 | ARICER YV | ' e - —<f 2.80
NM 004146 [PUBEA O 1 Q\IAbeﬁkiﬁﬂde(uﬂﬂMnohe{)@ Keé%ub@hq{slé’xbﬁlﬁéklb\(lwl l/oldo 2.79
NM 003937 [RNRU28 COGE4HR 11 JymEERBIINBS) CCD511987.1 SLC35D3 NM 2.77
NM 002574 |38 7 QlPeRNEPOn ICCDS. 6286, 1 SERPI NB7 _CCDS11988. 1 2.77
oosool T ST 2 N R 7515 NP5 6eDS 24201 SERPHNE2—CEBS =
NM 002901 . 1 oga i, 1, B iyt g omgin - N 2.73
NM 005165 [44190c L ILaoiéd, frlNhéke : RTINS 2.72
NM 002204 [QCDS 796/ Zutdarih blﬁESB(MgeﬁfM&C b DsuluinRNPG23 &ddB13265. 1 SETY 2.72
NM 033138 |(QADBR748 Ald&ioBIAG CCDS9751 1 RORO3 NM 022370 SETDR? 271
NM 003816 |ANANMG 4 1 7| xdisigiegrinadmetqfoprasinggargmaing (psitymepmmpai-na1 1970 1 gEZ@G 2.69
NM 173843 |, o linterPuKig L Te rec,@p,torm,ggms S e e 2.66
NM 000602 |! SertAl- prieids? ik RO clallc W¥fﬁ p%x‘f’a\dﬁ‘tor -fnhﬁ&‘rﬂ)&-l), 2.65
CCDSlSSS&neLbeSLC4 CCDS11481.1 ROSI 116.1 SFI | NM
NM 002213_|Q0ARa0 746/ /nGHOEAS CCDS 1936, 1 RoXaN CCDS14013. 1 2.64
NM 004447 | EPS8 epidermal growth factor receptor pathway substrate 8 2.64
NM 002928 [ RGS16 regulator of G-protein singalling 16 2.62
NM 001288 | CLIC1 chloride intracellular channel 1 2.61
NM 015996 | TAGLN transgelin 2.57
NM 002087 | GRN granulin 2.55
NM 001183 | ATP6AP1 ATPase, H+ transporting, lysosomal accessory protein 1 2.54
NM 001730 | KLF5 Kruppel-like factor 5 (intestinal) 2.51
NM 003516 | HIST2H2 histone 2, H2aa 2.50
AA
NM 014736 | KIAAQ101 KIAAO0101 gene product 2.49
NM 002290 [ LAMA4 laminin, alpha 4 2.49
NM 001826 [ CKS1B CDC28 protein kinase reaulatory subunit 1B 2.48
NM 001814 [ CTSC cathepsin C 245
NM 176825 | SULTI1CI sulfotransferase family cytosolic, 1C, member 1 243
NM 002862 [ PYGB phosphorylase, glycogen; brain 2.41
NM 000917 [ P4AHA1L procollagen-proline, 2-oxoglutarate 4-dioxygenase (proline 4- hydroxylase), alpha polypeptidel 2.41
NM 001428 | ENO1 enolase 1 (alpha) 2.40
NM 001425 | EMP3 epithelial membrane protein 3 2.40
NM 019111 [ HLA-DRA maior histocompatibility complex, class II, DR alpha 2.38
NM 001387 | DPYSL3 dihydropyrimidinase-like 3 2.36
NM 006471 | MRCL3 myosin regulatory light chain MRCL3 2.34
NM 006332 | TFI30 interferon gamma-inducible protein 30 2.34
NM 001312 | CRIP2 cysteine-rich protein 2 2.33
NM 002224 | ITPR3 inositol 1 4 5-triphosphate receptor tvpe 3 2.31
NM 053025 | MYLK myosin light peptide kinase 2.29
NM 002785 [ PSGI11 pregnancy specific beta-1-glycoprotein 11 2.27
NM 000900 [ MGP matrix Gla protein 2.26
NM 000962 [ PTGS1 prostaglandin-endoperoxide synthase 1 (prostaglandin G/H synthase and cyclooxyenase) 2.25
NM 005915 [ MCM6 minichromosome maintenance deficient 6 (MISS homolog, S. pombe) (S. cerevisiae) 2.24
NM 001067 | TOP2A topoisomerase (DNA) II alpha 170kDa 2.23
NM 001878 [ CRABP2 cellular retinoic acid binding protein 2 2.23
NM 006745 | SCAMOL sterol-C4-methyl oxidase-like 2.22
NM 003528 [ HIST2H2 histone 2, H2be 222
BF347579 Transcribed sequence with strong similarity to protein pir:I38500 (H.sapiens) 138500 interferon 2.21
gamma receptor accessory factor-1 precursor - human
NM 005261 | GEM GTP binding protein overexpressed in skeletal muscle 2.19
NM 021874 [ CDC25B cell division cycle 25B 2.18
NM 022550 | XRCC4 X-ray repair complementing defective repair in Chinese hamster cells 4 2.17
NM 020250 [ GSN gelsolin (amyloidosis, Finnish type) 2.17
NM 002916 [ RFC4 replication factor C (activator 1) 4, 37kDa 2.16
NM 005606 [ LGMN legumain 2.14
NM 006762 | LAPTMS Iysosomal-associated multispanning membrane protein-5 2.14
NM 002727 | PRGI1 proteoglycan 1, secretory granule 2.14
NM 002609 | PDGFRB platelet-derived growth factor receptor, beta polypeptide 2.14
NM 001424 [ EMP2 epithelial membrane protein 2 2.12
NM_005022 [ PEN1 profilin 1 2.12
NM_001657 | AREG amphiregulin amphireaulin (schwannoma-derived growth factor) 2.11
NM_005100 | AKAP12 A kinase (PRKA) anchor protein (gravin) 12 2.11
NM_000860 [ HPGD hydroxyprostaglandin dehydrogenase 15 (NAD) 2.10
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SFMBT2 NM 001029880 SLCAA7 NM 003615 RP 1L1 NM 178857

SFRP2 NM 003013 SLCS5A5 CCDS12368. 1 RPLI

1 CCD5238. |

WERENMIEORS 1983.1 SLC5A7 CCDS 2074. 1 RPS14 CCDOS4B03%2009/032881

-SG223 HUMAN FNSTOOOOO??O777 ‘%I (‘7A‘IO CCDS12431. 1
NM_0071 15 \ .;&& ECETo P 129917 2.09
NM_021638 :—AEKE.,.-\ 5 Jam L@ﬁs [pIein oo i 2.08
NM_001946 EURp\D £ (jl}&lbp&% B,?]ﬁspﬂ% k,L/L}DJ.JJLU J. oL U7 I-\.LL|- I\IIVI UzZUI9439 2.05
NM_181802_|RIBESDE CGIuid 2&feadkn s tgiRIE2CCCDS 9760, T SLC/AG NM 003983 2.04
NM 002593 |RRALD C( @&@E—e]!@@@aﬁ@en@ﬁ‘@s 24 5 3.1 SL C8A1 CCDS 1806. 1 2.02
NM,_033292 Il CODSrg7morpsigel pape QiAo 295 ] 2.02
NM_003870 Fg(k AP 1~ ~ 110 gt coptaiplyg projsin I CLAGAD MG SnRa 1 2.02
NM_005563 1 S ahdif 1/dncoplole; CCo513952 1 SECOAZCCDS 26621 201
NM_005558 |[Fhl Cl&adin4U. LT SHoblPZ NV UUsUZs SLLCYASRZ NV UU4 765 2.01
NM_001776 |FENTNPINM [1e/3030siBuibis ¢haB diglCiDibl3R@e.1 1 SLCOA4 NM 001011552 2.00
NM_001299 |RNX]  CODSB 3 8usit sofynpo (CDS8198 1S (‘n 113 1 _CCDS 2.00
NM_006304 |5 L. _sH ﬁfﬁiﬁ %go?m%gorma%aggﬁ%% { F0B866262795 _ 1.98
NM_004024 [QHEaLAL ka%twﬁéé&éﬁbmﬁnoh% 2% NM—003028 1.98
NM_000291 [SIGKOAC 1] [NV b 001010846 1.98
NM_006520 |SICOENE A & ipQ0NQ36 S HMI?2 CCNDS8934 1 1.97
NM_201380 |HLEGty rﬂg@wé mterme@ziﬁlfllamenrbﬁﬂﬁx@wmm 3008bag) o Ec11 1.97
NM_002838 [JBTPRC: . =  profein fyrasige pinsphak Ve G 1.97
NM_000211 LZ7 int htige: % te‘?ﬁ'ﬁ@ﬂo’n a’sso&ated antigen 1; macrophage 1.97
ENST000002 415713‘ac NeRze: %%M! R N TR
NM_002577 |SAKDO NM 10 (EEBsNM 014- 442 S| 1TRK6G 1.96
NM_000295 | SERPINA 1 serine (or cystelne) protelnase mhlbltor clade A (alpha-1 antiproteinase, antitrypsin), member 1 1.96
NM_183001 | SHC1 SHC (Src homology 2 domain containing) transforming protein 1 1.96
NM_005019 | PDE1A phosphodiesterase 1A, calmodulin-dependent 1.95
NM_002298 [ LCP1 lymphocyte cytosolic protein 1 (L-plastin) 1.95
NM_006769 | LMO4 LIM domain only 4 1.94
NM_001465 | FYB FYN binding protein (FYB-120/130) 1.93
NM_183422 [ TSC22 transforming growth factor beta-stimulated protein TSC-22 1.92
NM_001777 | CD47 CD47 antigen (Rh-related antigen, integrin-associated signal transducer ) 1.92
NM_001755 | CBFB core-binding factor, beta subunit 1.90
NM_005544 [ IRS1 insulin receptor substrate 1 1.88
NM_000698 | ALOXS arachidonate 5-lipoxygenase 1.88
NM_006096 | NDRG1 N-myc downstream regulated gene 1 1.88
NM_001105 | ACVRI1 activin A receptor, type 1 1.87
NM_003105 [ SORL1 sortilin-related receptor, L(DLR class) A repeats-containing 1.85
NM_001998 [ FBLN2 fibulin 2 1.85
NM_014791 | MELK maternal embryonic leucine zipper kinase 1.85
NM_003092 | SNRPB2 small nuclear ribonucleoprotein polypeptide B 1.84
NM_001120 [ TETRAN tetracycline transporter-like protein 1.84
NM_182943 [ PLOD2 procollagen-lysine, 2-oxoglutarate 5-dioxygenase (lysine hydroxylase) 2 1.83
NM_181862 | BACH brain acyl-CoA hydrolase 1.82
NM_021102 | SPINT2 serine protease inhibitor, Kunitz type, 2 1.82
NM_004419 | DUSPS dual specificity phosphatase 5 1.81
NM_006482 [ DYRK2 dual specificity tyrosine-(Y)-phosphorylation regulated kinase 2 1.81
NM_145690 | YWHAZ tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, zeta polypeptide 1.81
NM_000714 [ BZRP benzodiazapine receptor (peripheral) 1.81
NM_013995 | LAMP2 lysosomal-associated membrane protein 2 1.80
CA450153 ACYPI1 acylphosphatase 1, erythrocyte (common) type 1.80
NM_000405 | GM2A GM2 ganglioside activator protein 1.79
NM_139275 [ AKAPI1 A kinase (PRKA) anchor protein 1 1.79
NM_001679 | ATP1B3 ATPase, Na+/K+ transporting, beta 3 polypeptide 1.79
NM_016343 | CENPF centromere protein F, 350/400ka (mitosin) 1.79
NM_002201 | ISG20 interferon stimulated gene 20kDa 1.79
NM_002463 | MX2 myxovirus (influenza virus) resistance 2 (mouse) 1.79
NM_006820 | Clorf29 chromosome 1 open reading frame 29 1.79
NM_201397 | GPX1 glutathione peroxidase 1 1.79
NM_005738 [ ARL4 ADP-ribosylation factor-like 4 1.78
NM_001038 [ SCNNI1A sodium channel nonvoltage-gated 1 alpha 1.78
NM_002863 [ PYGL phosphorylase, glycogen; liver (Hers disease, glycogen storage disease type VI) 1.78
NM_001281 | CKAP1 cytoskeleton associated protein 1 1.77
NM_003879 [ CFLAR CASP8 and FADD-like apoptosis regulator 1.76
NM_182948 | PRKACB protein kinase, cAMP-dependent catalytic, beta 1.75
NM_006009 [ TUBA3 tubulin, alpha 3 1.75
NM_201444 | DGKA diacylglycerol kinase, alpha 80kDa 1.74
NM_005471 [ GNPDA1 glucosamine-6-phosphate deaminase 1 1.74
NM_001451 [ FOXT1 forkhead box F1 1.74
NM_001988 | EVPL envoplakin 1.73
NM_021724 | NR1DI nuclear receptor subfamily 1, group D member 1 1.73
NM_ 006364 | SEC23A Sec23 homolog A (8. cerevisiae) 1.72
NM_002129 [ HMGB2 high-mobility group box 2 1.72
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EN5TO000

0313206 SAPS2 NM 014678 SI M2 CCDS13646. 1

SMARCAZ NM 003070 WD 2009/ 100029PCT/ US2009/ 032881
w@emwe/1sopebol Accessi on | D Gene synbol Accessi oPCT/DS186%1@32881
-symbol Accession LD ‘%I\/AR(‘AA CCI'B177'%? 1 ‘%TAP?
NM_004172 SNA4 91 9 QSOhite i 5y 8 c § oaNz7 1 1.71
NM_001421 [ TP 1 LT3 like factor 4 (efs dy w) obs o rpon 4 171
NM_005566 I, NI 2 UG ﬂ'e‘l’l'}s'drogenaée ", CLUS I O L. J. OIVILO L J. k,L/L}D 00SZ. 1 1.70
NM_000270 |PK3 3 CULSc1ebsldd Bhosbholavb NM 004245 SMCR8 CCDSTTT95. 1 1.69
NM 153425 |SRKBIY VIR BYasspéipiiPPa ©EDSEHO8, 1 SMF HUMAN 1.67
NM_004762 |F(YI0QQ SR pmArPERAGKT amipid - nn) gopains (cpipan ) NM-003246—SN 1.67
NM_001985 1~ A alrelestropsgapstepFlaveprotein beta polypept COPQEOD LI < N Tl m ] 1.67
NM_016587 [SCBXP Y erdmobox Romgist I HP L émimahombold gy Js. - ONEDL 1.66
NM_002085 |4 UUU (i3 peroRitiade 4l(pHoivh Upmgid(oéerok 1 CLDS51Z090. 1 1.66
NM_002795 |SNIRPA CCD@leZSBr@ﬁpr&orﬁT@ﬂmpéhn)@@BE bbAe 31 THRAP3 L.65
NM_000963 |ZNIGSE000 14 -eRDED Sl N BT G RRING/D syCRRGBHGFopr e L.65
NM_001642 | -pPBPIp o rﬁmb\lﬂﬁ\b?t? %Wwﬂﬂi@%’f@eﬁﬂxc 1001 1 CTYR D2 1.65
NM_000569 [-FC A\ ”P’ T oG WS ilj t’ 5} = 1.64
NM_000362 [\4'H g5 i At 1.63
NM_002417 [GOESS/790. a]mg&l 1MEdWM9515anﬂbocS%5 L,L,L)b T 8 3 O l S TYKI 1.63
NM_000175 |(@PDS 86 2elvfosepl@Rhaibirlkd 28 SOHL HI NM 001012415 SUCI AD 163
AF179995 | SBME g4 0lgsepfin 1020777 SUCLG2 1.62
NM_002690 ['¥ yuooq%olg&érﬂke (DA &&B@%&a SORCS3CCOS 75581 SUET6B T 1.62
NM 004334 [NIWr0D0T03] 1EDZ5 SORLT CCDS 8436. 1 SUNCL NM [ 161
KM 00159 [IBEFB2 TNk4BFS4 | GoBS 7369, 1 SOSI OCDS 1802, 1 SUSDS Lot
NM_014670 BT 000 Olqumc}ﬁq@;r;a Z1Hp@1\quAfQBiqnams 1 1.60
NM_001110 [ ADAMIO a disintegrin and metalloproteinase domain 10 1.60
NM_005792 | MPHOSP H6 | M-phase phosphoprotein 6 1.60
NM_001126 [ ADSS adenylosuccinate synthase 1.59
XM 376059 [ SERTAD2 SERTA domain containing 2 1.59
NM_001664 [ ARHA ras homolog gene family, member A 1.59
NM_002475 [ MLCISA myosin light chain 1 slow a 1.59
NM_014498 [ GOLPH4 golgi phosphoprotein 4 1.59
NM_005964 [ MYH10 myosin heavy polypeptide 10 non-muscle 1.59
NM_003330 | TXNRD1 thioredoxin reductase 1 1.59
NM_001757 | CBR1 carbonyl reductase 1 1.58
NM_003130 [ SRI sorein 1.57
NM_006765 | TUSC3 tumor suppressor candidate 3 1.57
NM_183047 | PRKCBP 1 protein kinase C binding protein 1 1.57
NM_005333 [ HCCS holocytochrome c synthase (cytochrome c heme-lyase) 1.57
NM_001444 | FABPS fatty acid binding protein S (psoriasis-associated) 1.57
NM_001799 [ CDK7 cyclin-dependent kinase 7 (M015 homolog, Xenopus laevis, cdk-activating kinase) 1.57
NM_001539 | DNAJAL DnaJ (Hsp40) homolog subfamily A member 1 1.57
NM_004475 | FLOT2 flotillin 2 1.57
NM_004308 | ARHGAP 1 Rho GTPase activating protein 1 1.56
NM_002388 | MCM3 MCM3 minichromosome maintenance deficient 3 (S. cerevisiae) 1.56
NM_006435 | IFITM2 interferon induced transmembrane protein 2 (1-8D) 1.56
NM_000454 | SOD1 superoxide dismutase 1, soluble (amyotrophic lateral sclerosis 1 (adult)) 1.56
NM_015161 | ARL6IP ADP-ribosylation factor-like 6 interacting protein 1.56
NM_078480 [ SIAHBP1 fuse-binding protein-interacting repressor 1.56
NM_025207 | PP591 FAD-synthetase 1.56
NM_002833 | PTPNO protein tyrosine phosphatase non-receptor type 9 1.55
NM_001753 | CAV1 caveolin 1 caveolae protein 22kDa 1.55
NM 003286 | TOP1 topoisomerase (DNA) 1 1.55
BU739663 Transcribed sequence with moderate similarity to protein sp:P13196 (H.sapiens) HEM1_HUMAN | 1.55
S-aminolevulinic acid synthase, nonspecific mitochondrial precursor
NM_006788 | RALBPL ralA binding protein 1 1.54
NM_000944 [ PPP3CA protein phosphatase 3 (formerly 2B), catalytic subunit, alpha isoform (calcineurin A alpha) 1.54
NM_003374 | VDACI1 voltage-dependent anion channel 1 1.54
NM_000560 [ CD53 CDS53 antigen 1.54
NM_002037 | FYN FYN oncogene related to SRC FGR, YES 1.54
NM_002885 [ RAP1GAL RAP1 GTPase activating protein 1 1.53
NM_018979 [ PRKWNK 1 Iprotein kinase, lysine deficient 1 1.53
NM_002835 | PTPNI12 protein tyrosine phosphatase, non-receptor type 12 1.53
NM_007315 | STAT1 signal transducer and activator of transcription 1, 91kDa 1.52
NM_014846 | KIAA0196 KIAA0196 gene product 1.52
NM_001237 | CCNA2 cyclin A2 1.52
NM_004596 [ SNRPA small nuclear ribonucleoprotein polypeptide A 1.52
NM_002790 | PSMAS proteasome (prosome, macropoain) subunit, alpha type, 5 1.52
NM_015361 [ R3HDM R3H domain (binds single-stranded nucleic acids) containing 1.52
NM_001665 | ARHG ras homolog gene family, member G (tho G) 1.51
NM_002788 | PSMA3 proteasome (prosome macropain) subunit, alpha type, 3 1.50
NM_006904 | PRKDC protein kinase, DNA-activated, catalytic polypeptide 1.50
NM_003400 | XPO1 exportin 1 (CRM1 homolog, yeast) 1.50
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CCDS 899

9.1 SCSTDCI CCDS 5360.1 SV2B CCDS10370. 1

TMBSF4 CCDS13196.1 SOX13 NM 005686 SWAP70 NM 015055

wa b AEDD2CCDS12249. 1 SOX30 CCDS4339.1 SYDE2  PCT/US2009/032881
-ENST00000234668 TNVEMI31 ENST00000186436 SOX8
NM_178014 olgheig S ekl nna 133625 TNEMLZ2C ENSTO0000315208-S 1.50
NM_002634 paspe s 7 T AN A MNPy 1.49
NM 004792 [P0 S A frok e lNE oy dipia a9 290+ 1 TVEMEGBNM-026373 .40
NM_002508 [SHACAL (G n&(éréémn)l S YNEI LLL)b 57237. 1T TNEMI6C NM 1.49
NM 001765 (0B1418 SPAQ aivi.0pBAsde SYNE2 CCDr9761.1 TNVEMIGE N L8
NN 1T 1FRY5 9 ST ONYIIB0BHET SY TS Mt (BTSTO STVENEEG NN o Tl | 145
laValiWaValWal {'\ AINA
NM_006437 [YADPRM}© I ZADPL hbfitrahii¥tadd AP Lf>oly7’(1x]!)li- Hboéé'})’do&ﬁ?efa‘s%)'-f’ke T VHEMEGI v 1.48
NM_002759 [UREKR 1250 ZorinAihdd, inkdeldobfldible dbuble Yubied iR énllent 1 T IVEVBGA 1.48
NM_014669 |BTOSIB 3 4KIAABBASARICCDS13422. 1 TAAR9 ENST00000340640 1.47
NM_0033%1 |[TWIERU.6_ NNEEREORA ALY i dogyite @aymhyaEuber? 1 TACC2 CCDS 1.47
NM_004309 ﬂRHQDLA TR R 3 Hlissapiatianighibifox (GDD) .QIP}E ~ONS 29901 TACCA 1.47
NM_000418 " [N leirin 4 ;ﬁ)[&;u%au ol IO eesd, LTINS 1.46
NM_003352 LMJ\S?)A uinqultihvlke | }g}.zL)bJ.U‘I-U/ I SPEG ENSTO0000265327 1.46
NM_006290 [TIAIFATPL NM - PSS ot 1.45
KM 00763 |1 A B ENST Q0068 pmwmotam\m PRSSA_NM 019894 SPGZ_A CCDS 145
NM_005754 [(52BA 1 T Al@g:Gﬂ}Rps 1.45
NM_021990 [ZGABEE - [ canimamng UtééI A 1.44
NM_001379 [IBNMy1 L 1 '%NA\-‘(Q/BQI% 5-3 M&ﬂ@ltrﬁ’rﬁferw 9975 1—SPHNS—NM 144
NM_o01154 [0k 086/ ZnntAE  NM 020791 TNESF18 CCDS 1305. 1 SPIREZ 144
NM_004354 o SE4 CCDS 1306.1 SPN L44
NM_005002 |~AHEA N APDH dehydroaenase (ubiquinone) 1 alpha subcomplex, 9, 39kDa 1.43
NM_001931 [ DIAT | dihydrolipoamide S-acetyltransferase (E2 component of pyruvate dehydroaenase complex) 1.43
NM_005902 | MADH3 MAD mothers against decapentaplegic homolog 3 (Drosophila) 1.43
NM_000110 [ DPYD dihydropyrimidine dehydrogenase 1.43
NM_001316 | CSE1L CSE1 chromosome segregation 1-like (yeast) 1.43
NM_000167 | GK glycerol kinase 1.43
NM_001924 | GADD45 A growth arrest and DNA-damage-inducible, alpha 142
NM_014225 [ PPP2R1A protein phosphatase 2 (formerly 2A), regulatory subunit A (PR 65), alpha isoform 1.42
NM_001233 [ CAV2 caveolin 2 1.42
NM_176863 | PSME3 proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; Ki) 1.42
NM_001905 [ CTPS CTP synthase 141
NM_005653 [ TFCP2 transcription factor CP2 1.41
NM_003405 | YWHAH tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, eta polypeptide 1.41
NM_003392 | WNTSA wingless-type MMTYV integration site family, member SA 1.40
NM_002375 | MAP4 microtubule-associated protein 4 1.40
NM_006353 | HMGN4 high mobility group nucleosomal binding domain 4 1.39
NM_006527 | SLBP stem-loop (histone) bindino protein 1.39
NM_000517 [ HBA2 hemoglobin alpha 2 1.38
NM_002661 | PLCG2 phospholipase C, gamma 2 (phosphatidylinositol-specific) 1.38
NM_001493 | GDI1 GDP dissociation inhibitor 1 1.38
NM_181430 [ FOXK2 forkhead box K2 1.38
NM_002086 [ GRB2 growth factor receptor-bound protein 2 1.38
NM_002868 [ RAB5SB RABSB, member RAS oncogene family 1.37
NM_002768 | PCOLN3 procollagen (type III) N-endopeptidase 1.37
NM_014742 [ TM9SF4 transmembrane 9 superfamily protein member 4 1.37
NM_004344 | CETN2 centrin, EF-hand protein, 2 1.37
NM_002881 [ RALB v-ral simian leukemia viral oncogene homolog B (ras related; GTP binding protein) 1.36
NM_004099 [ STOM stomatin 1.36
NM_031844 [ HNRPU heterogeneous nuclear ribonucleoprotein U (scaffold attachment factor A) 1.36
NM_000480 [ AMPD3 adenosine monophosphate deaminase (isoform E) 1.35
NM_006561 | CUGBP2 CUG triplet repeat RNA binding protein 2 1.35
NM_152879 [ DGKD diacylglycerol kinase delta 130kDa 1.35
NM_138558 | PPPIRS protein phosphatase 1 reQulatory (inhibitor) subunit 8 1.35
NM_004941 | DHX3 DEAH (Asp-Glu-Ala-His) box polypeptide 8 1.34
NM_021079 | NMT1 N-myristoyltransferase 1 1.33
NM_004622 | TSN translin 1.33
NM_002473 [ MYHO myosin, heavy polypeptide 9, non-muscle 1.33
NM_006889 | CD86 CD86 antigen (CD28 antigen ligand 2, B7-2 antigen) 1.33
NM_004383 [ CSK c-sre tyrosine kinase 1.33
NM_004317 [ ASNAL arsA arsenite transoorter ATP-binding homolog 1 (bacterial) 1.33
NM_024298 [ LENG4 leukocyte receptor cluster (LRC) member 4 1.32
NM_001912 | CTSL cathepsin L 1.32
NM_001357 | DHX9 DEAH (Asp-Glu-Ala-His) box polypeptide 9 1.32
NM_006849 | PDIP protein disulfide isomerase, pancreatic 1.32
NM_018457 | DKFZP56 DKFZ, 0564J157 protein 1.31
4J157
NM_024880 | TCF71.2 transcription factor 7-like 2 (T-cell specific, HMG-box) 1.31
NM_002081 [ GPC1 glypican 1 1.31
NM_004235 | KLLF4 Kruppel-like factor 4 (gut) 1.31
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TAS1IR2 CCDS187.1 TNFSF9 CCDS12169. 1 SPOCK3 NM 016950

TAS2R3 CCDS5867.1 TN PI NM 006058 SPON2 CCDS3347. 1
waBOYDAP29CCDS13002. 1 TN P2 CCDS3362. 1 SPREDZ NAMCT/83208%/032881

TBC 1 D4 NM 014832 TNKI NM 003985 SPTB NM 001024858

TBCD NM 001033052 TNWVD CCDS14469.1 SPTBNI NM 178313

TBX20 CCDS 5445.1 TNN NM 022093 SPTBN2 CCDS8150. 1

NM_005565 TBX22 _CCHS 1AM cyloss kRO 2CODRAGI] QntfiniRRTRNG pOADSTRER9 1 1.30
NM_002667 +Hgz) 4 copfegeepbas ThD copS 1318 1 SPTBNS- NM-016642 1.30
NM_004946 | - deflicglor oF evlnkinesis 2. EEPS1463 4 1.30
NM_002035 [ ¥V I fohiidifar Hrmphdifld vatizht HOERT 7S SREBF2—CCDST46235 1 1.29
NM_002865 | Riikd ENOS | RUBH AR dncd it LDUS 10UZ. 1 SRGAFT CLUS 1.29
NM_002806 89861 TCNBie&BDSHI88dacrdpaiDNREBENPHHE8996 SRPK2 1.29
NM_004240 ERIRIN7 35 | fyrgihemmneryogpgy iftegagior 19 TOE]  CCDS521. 1 SRRNL2 NM 1.28
NM_003760 FEIEG3 A~ — Leykayojic tapslatiopigitation faglerd gommandy ~~a n-o AD  ~ODS 1.28
NM_005151 Y USPI®PY T HiititiSptdi ploteast 14 RN qufadih dihe LN Noownse) SSHAZ—EEBS 1.28
NM_015922 £d40AE3L T IENMBPIbhdehadalslcBill dehydld) &iCDS6930. 1T ST14 CCBS 1.27
NM_ 033306 84854 1 TEREDbLCEDGIO T YRedkyst DS 1473. 1 ST8SI A4 1.27
NV 98189 CCPISA0Q1 | fOPERERY P oKy O BOPS0MPS SHECHATIELA) 1 STABL NM_ | 127
NM_001933 n PESa T dibydye sraes (1R c;pmpe)ngnﬁ Q;flg oxorg],u{arate complex) 1.27
NM_015004 [ KIAAGIYe, - | KIAAT] ; 1.27
NM_033362 § RF'Slz'-UUUéﬁ?d”haﬂdnh}’%%b%ﬂ Mﬁéﬁ?l Acctession tBGene 1.27
NM_004180 $YARIOl  AC CRSShnGIR mdnﬁ%ﬁeﬂe]at&mmctivamr TPRNM 003Z292UNC689 1.26
NM_014734 T RSROECDSKRA897 1 UPKIB TRAMII 1CCDS3707. 1URBL 1.26
NM_005271 TR G r‘r*lginimw dehydmmaae TREM 2CCDS4853. 1USP11 1.25
NM_003009 - Wl ds nln TRIAMACCRSAZAALA 11LIC DA 1.25
NM_182641 | Ty o MW feWA‘fiﬂé‘fn?e?ﬁBé&f USP26— T RHWHACCDS6734—14YS P8 124
NM_007362 [ NCBP2 nuclear cap binding protein subunit 2 20kDa 1.24
NM_004292 | RIN1 Ras and Rab interactor 1 1.24
NM_014608 [ CYFIP1 cytoplasmic FMRI1 interacting protein 1 1.23
NM_022333 | TIAL1 TIA1 cytotoxic oranule-associated RNA binding protein-like 1 1.23
NM_003126 | SPTAlL spectrin alpha erythrocytic 1 (elliptocytosis 2) 1.22
NM_014602 | PIK3R4 phosphoinositide-3-kinase regulatory subunit 4, p150 1.18
NM_002194 [ INPP1 inositol polyphosphate-1-phosphatase 1.16

Note: Accession IDs “NM_XXXX" are uniquely assigned to each gene by National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov/sites/entrez ?db=nuccore).
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TRI MA2CCDS3113. 1VANGL1 TRI MA5CCDS893. 1VCAML TRI MA6CCDS
1097. 1VvCl P135 TRI Mb5CCDS6186. 1VCL TRI Mo6NM 030961VDP

WaRNBSOSDS 1636. 1VDR TRI OCCDS3883. 1VGCNL1 TRI BESI/BBEM09/032881
007032VG.L2 TRI P12NM 004238VI PR2 TRI P6CCDS 5708. 1VMD2
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020810VNP?R1P TRPCAAPCCDS13246. 1VPS11

TRPCoRabibsE3 ¢ ommgmly Beynrepeiopadpydies i Bancyeatic Zancer

Accession  ITGRM\B CCOS*B8EG34¢ 1VPS41 TRPMANM 017636VPS45A TRPVBNM FC

Yol -\, |~ ThPNR NS foa 1 N1 7A7ONANCADT 7
NM_006499 [EAPSEY V _gglb%fosité_'ﬁ'ﬁ i SSHIIS, sYg‘éfé*chn 8_‘;_"""' TRPMANM-017672WBSCRT7 0.87
NM_000466 | IHRRMOLULL disdmelb sitdetof 1 T RRAPLLDS 0009, IVWFYS 0.81
NM_002766 | TPRPIAB CCOSRdsphbyribds flosphdte sradkisbSHOASE SotdiMDR22  TSCOTCCDS 0.81
NM_147131 |g788 1 \\DRRAORS-pEahaeahilasgRe 1\WDR27 TTC12CCDS 0.80
NM_002101 W%ﬁ A AFEASOPReRHG (Gipibi ’1‘\@10@91'&‘9%) 1 \I\IT\D’) 4 TFFCEN 0.80
NM_002880 L = Y N EE L i _“__ seng Nomolog 1~ v 0.80
NM_004649 L 21l Nivt 0.80
NM_003262 0116(?)17 ZW%nsméEmm 133432WOTCI TUB 0.79
NM_147223 |((NCPACCDS &aGecpWpdtiviipyB GCPECCDS14087. 1WFS1 0.79
NM_007062 [HWPH1 ~onan h potpintipilge s eersmdaeWED 1 \\K2  TYRCCDS 0.79
NM_005561 | JANPT ~ ¢ yﬁqsomal.aﬁsqqateﬁmmbraqefpmm AR 0.79
NM_006810 [PDRE - LV T/ nrotdPANufilie eofmiselrtated - < 0.78
NM_033360 [WRiagE s/ CULSKE @ 211 steh Al c dlo brilich AEadlod APUL UGG ZCLDS 0.77
NM_001513 |90, 1 XPQFalichil4eins34is bmilxRRee@dcGdet RmdasIGT 1 0.77
NM_000184 | RICEDS2 5l1mgclepbi@ind 17335 1 1l KICCDS 9274 1YNO0O4 HUMAN 0.77
NM_001634 |, 1 CreRasHmethioning decarboxydass | AN COCPCA1 0 1 \AAIALL 0.76
NM_006749 A0 O Igofile-camat Famity 20 n’%ﬁiate Awporter) nembery 2 L TV VAT 0.76
NM_003144 [SsRIS354 2 s AN kLl Bl BLBEOEDS 8367, 1 0.76
NM_ 004606 ED@TOOOOOWOMBHBBMINMT@I&%Q@Hg@@B&TBP) associated factor 250kDa 0.75
BX648788 11516 1ZBT¥ ki P63 DS Dighy DKEZPSRRAIRNPIQ Q6772 0.75
NM_004035 | A58&h 4 Rgﬂacﬂ 69&1} 1 ito L1E2019 0.74
NM_000287 ‘:::u,‘pf‘,r,mglﬁomal DI0ZENSSIS or ot A 7L A AVL‘:U‘:UJ'U 0.73
NM_003884 S %@/EEF-?SM?&&M' 1 WLDorrs. 121Ul 150. 1 0.73
NM_006870 [QASIDS6192]. DBALH) (X / NM 024645 0.73
NM_001604 ZiNFFHoR €3¢ NF160CCDS12859. 1 0.72
NM_000722 |AASRADIQ Qcalqlm rwkwlltammﬂalt a&nhﬂ'?ﬂ‘d&ltﬂ quunit ZNE1 SNM-144680 0.72
NM_033022 | RBRA L~ o [ ibgsomalprotein, S~~~ 2" © AAAA QAT RO 0.72
NM_004563 [Pery IJ ‘ﬂcghdsﬁhb\y_oiﬁfaht’e‘cﬁﬂ@knﬁ’a%%‘ﬁmtbchbﬂ%aﬂ UFLOOZINFIOILLDS 0.72
NM_002602 [PDBGE 1 EINadshhdibitlsael sCoOM LN #£io bddddanint I O. 1 NIVI 0.72
NM 001889 |ORYZ 29ZNF288GCHS diibdh2 eductGEDS 6655. 1ZNF294NM 015565 NM 0.72
NM_002339 dﬁﬁmnﬁ7ﬁﬂmmn®mﬁmwﬂlﬂ? 1 r‘mQ 54571 ZNF30NM 194325 0.72
NM_016848 | SHESG 4 4 149858 ipgAa EP n1906092 0.71
NM_002906 il r’a- iXin YEOVY 0.71
NM_007014 0.71
NM_000414 W@BthH&B&G@&EM&a@deﬂydlﬁﬁ})&4556l 1ZNF339CCDS13132. 1 0.71
NM_001127 |(XPMS3609 @@NE@%_@M@Q bﬁa 1@@@@9809 1ZNF'%'—38NM 018083 0.71
NM_002402 0.70
NM_033251 0.70
NM_139069 0.70
NM_002913 0.70
NM_000487 0.70
NM_006973 0.70
NM_005310 [{GRBZ™ a 0.70
NM_005962 [M : £TFI9. 1 0.69
NM_005359 HB aul,s{ dé&p%é{apﬁe&a&iarﬁ&i&gu (Do LLUS1ZZUs. 1 0.69
NM_002340_|QGDS338 6] g8 DACCDSE @488 lneGESyB8506. 1ZNF628NM 0.69
NM_003684 |13 lﬂ%ﬂ@temcﬂmmmmmmmmﬂvqm 2 NM 0.68
NM_005671 | 2950308 irrenpayetiqerd o - 4 NM-020196ZP2CCPS10596—1—CCPS 0.68
NV 000309 | P 2 20 oor IR o 02 096 e 068
NM 000994 [RPI - 129 Sebihig ST0:329. 1T NV 003400ZSWivdNM— 023072 NV es
NM_000972 [(RPH 02 4 ZVILDEsbahdSrd8:38 3. 1 ENSTO0000355015 0.68
NM_005101 Emmm%@%m@ublmwr@m e standard 0.67
NM_001129 |cABHNNN dj accianad hvy Entrz Cona 0.67
NM_001011 | RPS/- . .. . | opgspmial protejn,S7 . oo 9, 0 o F =T e 0.67
NM 001153 MLLO.&T%HI& §4|J ' VWWYCTTCOT T 1rr 1T, gUVI ST T S57 TT11 0.67
NM_012335 [Ie7idD=gehe).ir ACCE€SSI on 1T Ds CCDSI3901. 1 "NV XXXX" 0.66
NM_005007 |aNF@BIUNI quailyy fawsy igretkhtroyredi¢heng@mecehys-t | onal Center 0.66

f or Biot dF}WH‘H‘IhWA\I I nfor tion (l\I(‘RI \
NM_001870 (:PAQ e _qe}r_'lggxyp idh mast ce - 0.66
NM_181826 [\Nf2 ' V- "‘ﬁ"e‘ﬂ%ﬁ'o&glhh 2 (Hﬂaféﬁal'd&o Jénc&hbh\‘dm?)' testent 0.66
NM_000285 T@E]YGD an;alg@ageej ACCesSI on DS "CCDSXXXX™ are uni quely 0.66
NM_006180 [268Kyned rte@oumm@l tymcsndllsl@dse genespely Nat | onal Center for 0.66
NM_000543 [BMRPbech 1 ‘ ¢l 639 L. AR stal (acid sphinagmyelinase) 0.66
NM_001459 | HLI3LE ﬁm-xel.a.tf;dmfrosm.q kwaseﬁ 1%31151. L cone/ 1 N 0.65
NM_003750 [\EII3 1'6 + M vavr‘y('\)f,l\clf\",a\n,sla'tf(')n'1'n'1t1'a'ﬁoh'faé'ﬁ)r 3’ "subtHIT T tHeta, 15d/_1“7' o?' of—5 0.65

ENSTIORRIRK IR are unrquety assrgned to 1 ndividuat
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CCDS3434.
CCDS3198.

1 SCAN CCDS1149.1 ANK3 CCDS7258.1 BU E
1 ANKAR ENS T00000313581 BCL2A1 CCDS10312.1

WONKRDIO2NM 032139 Bet ad4Gal NAc- T4 CCDS7694. 1 PORBERNMA2881

014942 BNPR? NM 001204 ANKRDA CCD59973.1 BOC
NM_005570 riw'b971 1q0tin/n\WRSi=*binc}ijﬁa 001003954 B P13 CCDS13211 1 A0Xd 0.65
NM_004409 14 Sl VOB RSOTONEAROIL BifSe oA A oo aa | 065
NM_172159 B L IFotdsibitotap gt aﬁrﬁﬁshaﬂ(er%ﬁ%bféﬂlﬂ& w0464 004644 0.65
XM 352750 t:i’;@le(aLL)b&BlﬁAg}:n 1ypAH(L,Alp1(aI(Lb3bﬂM1§)bS 1T B TBD7 NM 001002860 0.65
NM 001731 |APGAA CODsEME8Bcalion@neX prfiprpBerdie] 001010896 APOB 0.65
NM_ 00088 ICREEE703. V" (o@s PR opp EI 2743 APRIN N1\ 4015032 oo
NM_001885 | GRYAB ¢ Al oysieli 1 ADVYI 2 O~OPCATIAT 1 A Nee £ 00 0.64
NM_000240 [WIAGA T I pidrimbedkiffusen TV AN-& WLUOFLUL. L LUUT T I9 0.64
NM_003136 [($&b5a (S 7 L. sgnMNedomnitibdpbdaclBnpb. L UTOrT 1o CLUS/ /794, 1 0.63
NM_000281 |ARBGAP1 [CGRSDL3 betBydop@h3yn0fsd/ ZRriaiohSH33 61 hdpatARHEARL @ctoNMipha | 0.63
024605 Q13dix 25 r‘r‘n«;qaa7 1 _ARHGAP21 CCD57144.1 dC
NM_005729 [PPIFe 4 ~4 tidyl jlin 1 0.63
NM_006481 [TCE? - ! ﬁ%g sex{piIon Hcto 2 *patler LF- h? Chuctear tagor - - ' lo63
NM_002089_| (k&URLI5 ARG dalx- b&ab?ﬁahe}aﬁ?dﬁz J- U orrlo LLDSIUUZD. 1 0.63
NM_001961_|ARMGEF/ [CUlaS3h Qa’hslaﬁon@lonq5@ffﬁc4ﬂ2 NM 032499 032499 ARHGEF9 0.63
NM_001801 I 020914 ARIDIA CCDS285 1 C 0.63
NM_006389 |AIxOPbg N NAVPORA Wﬁ’é@iﬁél ARMC7—CCPS11714—1 Cl 90¢£20 0.63
XM 167711 [JTGASS |\ biptepp alpha 87 A i 0.62
NM_014765 [UFORRES Y Whans Qs Somior Mt keA ol et ooy f%(nolég (GedsgOl 1 22 0.62
NM_006714 Mmmla&% (aaid 1@} 3A90r f28 NM 174983 ARRDCZ 0.62
NM_000016 [CXCIASYI? 37|k de1Rd 63E PEOY7 stdighdNRSA CCDS14100. 1 0.62
NM_003924 |AHgXBr o rﬁmmd:hks Hmmqu 21ADQ| NM-001012301 Clorf113 NM 0.62
NM_002078 | GOLGAAL. | ayfoantigen, golgin subfamilya4 ST/ 0.62
NM_002736 RRRD Iorinkinase cAMP-dependent, requlatory, type II beta 0.62
BQ217469 KIAA0114 KIAA0114 gene product 0.61
NM_006307 | SRPX sushi-repeat-containing protein X-linked 0.61
NM_002184 | 1L6ST interleukin 6 signal transducer (gp130 oncostatin M receptor) 0.61
NM_153186 [ ANKRO1S5 ankyrin repeat domain 15 0.61
NM_003038 | SIC1A4 solute carrier family 1 (glutamate/neutral amino acid transporter), member 4 0.60
NM_006195 | PBX3 pre-B-cell leukemia transcription factor 3 0.60
NM_000327 [ ROM1 retinal outer segment membrane protein 1 0.60
NM_003463 [ PTP4A1l protein tyrosine phosphatase type IVA, member 1 0.60
NM_001520 [ GTF3C1 general transcription factor iiiC polypeptide 1 alpha 220kDa 0.60
NM_006277 | ITSN2 intersectin 2 0.59
NM_000985 | RPL17 ribosomal protein 1.17 0.59
NM_000909 [ NPYIR neuropeptide Y receptor Y1 0.59
NM_001014 | RPS10 ribosomal protein S10 0.59
NM_022307 | ICAL islet cell autoantigen 1 69kDa 0.58
NM_002567 | PBP prostatic binding protein 0.58
NM_012324 [ MAPKS81P 2 | mitogen-activated protein kinase 8 interacting protein 2 0.58
NM_004490 | GRB14 growth factor receptor-bound protein 14 0.58
NM_004733 [ SLC33Al1 solute carrier family 33 (acetyl-CoA transporter), member 1 0.57
NM_002197 | ACO1 aconitase 1, soluble 0.57
NM_000505 | F12 coagulation factor Xii (Hageman factor) 0.57
NM_005010 | NRCAM neuronal cell adhesion molecule 0.56
NM_006963 | ZNF22 zine finger protein 22 (KOX 15) 0.56
NM_006827 | TMP21 transmembrane trafficking protein 0.55
NM_004394 [ DAP death-associated protein 0.54
NM_001089 | ABCA3 ATP-binding cassette, sub-family A (ABC), member 3 0.54
NM_004470 [ FKBP2 FK506 binding protein 2, 13kDa 0.53
NM_005749 | TOB1 transducer of ERBB2, 1 0.53
NM_001355 | DDT D-dopachrome tautomerase 0.53
NM_002111 | HD huntington (Huntington disease) 0.53
NM_ 002635 | SIC25A3 solute carrier family 25 (mitochondrial carrier; phosphate carrier), member 3 0.53
NM_005596 | NFIB nuclear factor I/B 0.53
NM_006273 | CCL7 chemokine (C-C motif) ligand 7 0.53
NM_001013 [ RPS9 ribosomal protein S9 0.52
NM_001551 | IGBP1 immunoglobulin (CD79A) binding protein 1 0.52
NM_004498 | ONECUT 1 one cut domain, family member 1 0.52
NM_004484 [ GPC3 glypican 3 0.52
NM_130797 | DPP6 dipeptidylpeptidase 6 0.52
NM_000746 [ CHRNA7 cholineragic receptor, nicotinic, alpha polypeptide 7 0.51
NM_001756 [ SERPINA 6 serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase antitrypsin), member 6 0.51
NM_001327 [ CTAGIL cancer/testis antigen 1 0.51
NM_003651 | CSDA cold shock domain protein A 0.50
NM_005848 | IRLB c-myc promoter-binding protein 0.50
BC040073 H19 H19, imprinted maternally expressed untranslated mRNA 0.50
NM_002228 [ JUN v-jun sarcoma virus 17 oncogene homolog (avian) 0.49
NM_000795 | DRD2 dopamine receptor D2 0.48
NM_002084 [ GPX3 glutathione peroxidase 3 (plasma) 0.48
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CCD54085.1 Corf129 NM _025063 025063 ASB2 CCDS9915. 1
Corfl4 NM _030933 ASXLZ2 NM 018263 C orf25 CCD51366. 1
WO\T62/1@0R52262. 1 C orf45 NI\ 4 001025231 ATN1 MNM/08209%032881
Q2 NM 182528 ATP10A NM 024490 (“I RL_CCD58573. 1
NM_002716 | P3RS ANesEig ppiaipec2sfarmerix sy feeplatey yisulug] fsolprm 0438
NM_005166 [ APLELS" " —l amyloid bt TA4 ) precursr JiES profein 1~ o4 aRzT 4 0.48
NM_005911 [WWPATI& FO 9mefRibhirk Wieno 4R anaC200T 161 CCDSI3377 1 0.47
NM 000208 |ANSEL 1B NIVhsOK or M Ulbb8b AI Pl A3 0.47
NM_170736 pot] i gine B R 0.47
NM_001190 86 177 Wﬂﬁﬂf@gﬂﬂlnwanm'@ﬂamtmpmi naAQ 1_ C21 orf29 0.47
NM_005336 | IIMLBY - , | high depsitipprsoteln hinding protain, Vigilihen "¢ ~n  ~~canca a4 4 0.46
NM_001076 KBS T HAIDP ofvebivirmisterdes A tntdily, pbifpeptide BE- O f63—CCPS136141 0.46
NM_001152 ALEBNYU AL Mﬁ%&llﬂQS @aét%&ndrﬁl CMM@ Ji-ucl-&oth‘a-rlr!;locator member 5 0.46
NM_002729 |GEDS]12 O44herii_at0@2@¢aﬁy2:a>re@@138%@5£) 1 B3GALT1 CCDS2227.1 C3 0.46
NM_002847 |NIPRN3Q06 il NGO RNOONEN Pl 2 5 CCDS2994 1 0.44
NM_000447 | PrPNy +— wlh%éﬂzh@mﬁdlseﬂss 10 ~ME20290 1 PACLD 0.44
NM_152868 [KOWNA- ! Tassium inwapdly=recilyi 0 ubja elperd = > 2 0.44
NM 001759 . okelil AD_ NIVIUUL/7UZ 0.44
NM_000316 |GBBRT 103 ;ﬁm&omaa&@a@ﬁaw BAD CCD54968.1 Coorf 213 NM 0.44
NM_ 001612 |0 R 08 SRR oMY 025045 Chor f 54 OCDS5304 1 BALAP3 0.3
NM_002467 fM¥§Q1 04.314v-Me n}ry‘gquytqnnliqsmw' AL ¢ SRy NM On1005850 0.43
NM_002846 [PIPRN £ 7 [ drosiide pﬁosphé{&é éééﬁf&? ’tyﬂe‘NU 029PCTUS2009/ 032881 0.43
NM 005622 |GRNE Sy MO Ly AGE:eh sshoBiled hddole@i  SyNnhol  ACCESSI on I D Gene 0.42
NM_001989_|Swirol  AcTesstsorped oo nitBs (0e®6487. 1 CEE] R4 NM 042
NM_000166 |(ARIRQ 4 OTAGIConms] 3 pefingy. CmmpoﬁMa:qu-ﬂ(pth neuropathy, X-linked) 0.42
NM_014685 [ HERPUD 1 homocysteine-inducible, endoplasmic reticulum stress-inducible, ubiquitin-like domain member 1 | 0.42
NM 001735 | C5 complement component 5 0.41
NM 005504 | BCATI1 branched chain aminotransferase 1, ctyosolic 0.41
NM 006808 | SEC61B Sec61 beta subunit 0.40
NM 006751 [ SSFAQ2 sperm specific antigen 2 0.39
NM 005947 [ MTIB metallothionein 1B (functional) 0.38
NM 005576 | LOXL1 lysyl oxidase-like 1 0.37
NM 005627 | SGK serum/glucocorticoid regulated kinase 0.36
NM 004683 | RGN regucalcin (senescence marker protein-30) 0.36
NM 00918 PAHB procollagen-proline, 2-oxoglutarate 4-dioxygenase (proline 4-hydroxylase), beta polypeptide 0.36
(protein disulfide isomerase; thyroid hormone binding protein p55)
BC044862 Macrophage stimulating 1 (hepatocyte growth factor-like), mRNA (¢cDNA clone 0.35
IMAGE:4821945), with apparent retained intron
NM 005952 | MT1X metallothionein 1X 0.35
NM 000429 [ MATIA methionine adenosyltransferase 1, alpha 0.35
NM 004010 | DMD dystrophin (muscular dystrophy, Duchenne and Becker types) 0.34
NM 000689 | ALDHI1Al aldehyde dehydrogenase 1 family, member Al 0.34
NM 002889 [ RARRES2 retinoic acid receptor responder (tazarotene induced) 2 0.33
NM 006280 [ SSRA signal sequence receptor, delta (translocon-associated protein delta) 0.33
NM 003819 | PABPC4 poly(A) binding protein, cytoplasmic 4 (inducible form) 0.32
NM 000755 | CRAT carnitine aceltyltransferase 0.32
NM 015684 [ ATP5S ATP synthase, H+ transporting, mitochondrial FO complex, subunit s (factor B) .030
NM 033200 [ BC002942 hypothetical protein BC002942 0.30
BCG986717 Transcribed sequences 0.29
NM 148923 | CYB5 cytochrome b-5 0.29
NM 000609 [ CXCL12 chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1) 0.29
NM 001979 | EPHX2 epoxide hydrolase 2, cytoplasmic 0.28
NM 001332 | CTNND2 catenin (caherin-associated protein), delta 2 (neural plakophilin-related arm-repeat protein) 0.27
NM 001831 | CLU clusterin (complement lysis inhibitor, SP-40, 40, sulfated glycoprotein 2, testosterone-repressed 0.27
prostate message 2, apolipoprotein J)
NM 005080 | XBP1 X-box binding protein 1 0.27
NM 000156 | GAMT guanidinoacetate N-methyltransferase 0.27
NM 182848 | CLDNI10 claudin 10 0.26
NM 000065 | C6 complement component 6 0.26
NM 000128 | F11 coagulation factor XI (plasma thromboplasin antecedent) 0.24
NM 003822 [ MRSA2 nuclear receptor subfamily S, group A, member 2 0.24
NM 006406 | PRDX4 peroxiredoxin 4 0.21
BM799844 BNIP3 BCL2/adenovirus E1B 19kDa interacting protein 3 0.21
NM 018646 | TRPV6 transient receptor potential cation channel, subfamily V, member 6 0.21
NM 005013 [ NUCB2 nucleobindin 2 0.21
NM 000624 [ SERPINA 3 serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 3 0.19
NM 005065 | SEL 1L sel-1 suppressor of lin-12-like (C. elegans) 0.18
NM 198235 [ RNASE 1 ribonuclease, RNase A family, 1 (pancreatic) 0.17
NM 006498 | LGALS2 lectin, galactoside-binding, soluble, 2 (galectin 2) 0.16
NM 002899 [ RBP1 retinol binding protein 1, cellular 0.12
NM 004413 | DPEP1 dipeptidase 1 (renal) 0.12
NM 021603 | FXYD2 FXYD domain contaning ion transport regulator 2 0.09
NM 138938 [ PAP pancreatitis-associated protein 0.08
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CA - 09 CCDS13093.1 CTNNA2 NM 004389 C9orf45 CCDS6850.

1 CON CCDS999.1 CTNNA3 CCDS7269. 1 C9orf91 CCDS6808. 1
w@206210000M 001270 CTNND2 CCDS3881. 1 C9orf 98 QOBDS6SH49/032881

1 CHD5 CCDS57.1 CUBN CCDS7113.1 CABLES2 NM 031215 CHD7

NM 017780 CULA-B NM 003588 CACNAI A NM 000068 Cl-113L1

CCDS1435. 1 CUTLI CCDS5720. 1 CACNAI E NM 000721 CHWPI B

NM 201553 '\ii'SéLC'ZCZ'(iZ'ﬁ_ﬁ’;}l{%g;ii{lwuom”":’191. HCACNAZDT—CCEBS55981+——CHPPR 007
NM 001482 LGAND 167 dykeROdndidtho thohstokask Qukrfhuink: Lydhud WaldinbdeddadsH000. 1 CTHSITI 0.04
NM 033240 CAISK9| 3| eldta€¥FTPI CCDS10009.1 CAD CCDS1742.1 CHURC 0.02
NM 000101 NRAX B 5 1 66 cOyompb 248 pirin pAyRepfide CAL B1 - CCDS625] 1 CLAS | 0.02

Note: Acces%%%%/&%( X%E’Y'ilggl urrl}%!lely i (Qg.gl gfne&ﬁ’éﬁna&fﬁ@s%ﬁ?tﬁf:hlek)@‘jnformation (NCBI)
(il B8 VR 8 BEET4455. 1 CAVBAPI NM 015447

CKLFSF4 CCDS10817.1 DAXX CCDS4776. 1 CAMTAI NM 015215

CLECAM CCDS12187.1 DBT CCDS767.1 CAND2 ENS

T00000295989 CLI PR-59 CCDS12486.1 DCCl CCDS6330. |

CAPN12 CCDS12519.1 CLKI CCDS2331.1 DCHS 1 CCDS7771. 1

CARD9 CCDS6997. 1 CLSTN2 CCDS3112.1 DCHS 2 CCDS3785. 1

CASKIN2 CCDS11723.1 CLUAP1L NM 015041 DCT CCDS9470. 1

CASP10 CCDS2338.1 CVAS CCDS8696. 1 DDX51 NM 175066 CAT

CCDS7891.1 CWMYAl CCDS2683. 1 DDX58
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CCDS6526. 1 CBFA2T2 CCDS13221.1 CMYA3 NM 152381 DEPDC2
CCDS6201 . 1 CBLN4 CCDS13448.1 CMYAS NM 153610 DEPDCS
woR014HeP¥ CCDC11 CCDS11940.1 CNGB 1 NM 001297PrCETUb20bD32881
017996 CCDC18 NM 206886 CNGB3 CCDS6244. 1 DENB31
CCDS6806. 1 CCKAR CCDS3438.1 CNTN4A CCDS2558. 1 DGKA
CCDS8896. 1 CCL2 CCDS11277.1 CNTNS NM 014361 DGKD
CCDS2504. 1 CCNB3 CCDS14331.1 CNTN6 CCDS2557. 1 DGKK
NM 001013742 CCNYL3 ENS T0O0000332505 CNTNAP2 CCDS5889.
1 D&KZ CCDS7918. 1 CCR1 CCDS2737.1 CNTNAP4 CCDS10924.1
DHCR24 CCDS600. 1 CCT6A CCDS5523. 1 COBLLI CCDS2223. 1
DHX33 CCDS11072.1 CCT6B NM 006584 COCH CCDS9640. 1
Table 8. micEARSACHLN al-d ap-rbg It GBin({lIob&isTdna tellSOHI CCDS6280. 1
DI CERI CCDS9931.1 CD 1 A CCDS1174.1 COLI 1 A
CCDS778.1 D1P2B NM 173602 CD200R1 CCDS2969. 1 COL14A1
NM 021110 DKEZp3l 3Gl735 CCDS4073.1 CD44 CCDS/7897. 1
COL17A1 CCDS7554. 1 DKEZP434B0335 NM 015395 CD6
JCDBoRPOhaAgé& O 22A1 CCDRIdar6RNA DKEZP434GLl415

ACOSBYA3 0 CD19A OHSTgbath Joslidipdl  CUDS9511. |

DKEZP43411 717 —GEDS3805—1CbB6—CeDS3009— COL4A4 NM

000092 DKEZp43400|8217320®BS.23330mR 2CDOR2BRPA CCDS1558. 1
goLS Al CCDS6982. MR-p&zpiBR9ce s -NMa0 15459 CDHI

acDs10869. 1 miR-106b, miR-15b, miR-188, miR-
' 148a, miR-104, miR-224, miR-368,
Up 2-10X miR-23a, miR-210N, miR-183, miR-

25, miR-200¢cN, miR-373, miR-17-5p,
let-7a, miR-16, miR-19b, miR-26a,
miR-27a, miR-92, miR-93, miR-320

and miR-20

miR-143, miR-186. miR-337, miR-

Up 1-2 X 30a-3p, miR-355, miR-324-3p etc.
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COL6A3 NM 004369 DKEZp5660084 CCDS11215.1 CDH10
CCDS3892. 1 COLEC12 NM 130386 DKEZP586P0123 NM 015531
WE@DM2A0BEDS11977. 1 CORCRA CCDS6735. 1 DKEZp761ROBRS2009/032881
CCDS14313.1 CDH7 CCDS11993.1 CPAMD8 NM 015692 DLCI
CCDS5989. 1 CDKN2A CCDS6510.1 CPLX2 ENST00000274615
DLECL ENS T00000337335 CDSN NM 001264 CPNI CCDS7486. 1
DLG NM 001364 CEBPZ CCDS1787.1 CPTIC CCDS12779.1 DLG3
. CCDS14403.1 CEECAM 1 CCDS6901. 1 CPZ CCDS3404. 1
Table 9. micrg RIXps tiatpse dgwg-reguiatedyy glivbistorametllse ccDS10509. 1
DVD CCDS14228.1 CELS Rl CCDS14076.1 CSF2RB CCDS13936. 1
DVPI CCDS3623.1 CENTD1 CCDS3441.1 CSMDI NM 033225
DNA2L ENS T00000358410 Cepl92 NM 032142 CSMD2
CCDS380. 1 DNAHI I NM 003777 CEP290 NM 025114 CSS3 NM
75856 DNAHS CCDS3882. | WD
200BolkbohangeT/|US2009/ 0Btig8dRNB&ne Synbol| Accession ID
Gene Synbol Acdession ID Gene Synbol Acdession ID
DNAH8 CCDS4838. |1 MR8, miivi 318381 #bJriB487 CCDS6774. 1
DNAH9 CCD5111601f7EP§9@2rmﬁrﬁﬁzvﬁszEEECSSO CCDS576. 1
O
O
1

INAPHZ6 MDY 155353 628 CCDS4440. 1
INHD2 NM 178504 |R | NM 024675 DNM
L OCDS8728. 1 3956 NM 024913

miR-7N, miR-323, miR-219, miR-328,
miR-149, miR-122a, miR-321, miR-
Down 2-10X 107, miR-190, miR-29¢cN, miR-95,
miR-154, miR-221, miR-299, miR-31,
miR-370, miR-331, miR-342, miR-340
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DOCK2 CCDS4371. 1 ESTI B CCDS1137.1 FLJ23420
CCDS12189.1 DOT IL NM 032482 ETS 2 CCDS13659. 1

we-2a2360029 ENSTO0000303168 DP58 NM 001004441 ETREGI/US2009/032881

CCDS8643. 1 FLJ23588 CCDS 14049.1 DPP6 NM 130797 EVI |
CCDS3205. 1 FLJ25006 CCDS11237.1 DRDZ2 CCDS8361. 1 EVPL
CCDS11737.1 FLJ25530 CCDS 8456.1 DRD3 CCDS2978. 1

Table 10. M}{Cgendh/c 01taBed withddicravesivies (robBoabisemmliohastoma cell line.

CCDS10117.1 EXOSC8 NM 181503 FLJ31295 CCDS 8763. 1
DUSP15 CCDS13193.1 FI 0 CCDS9530.1 FLJ32110 CCDS561 3.
1 DUSP19 CCDS2289. 1 F 13AI CCDS4496. 1 FLJ32112

Gene Symb8IDS587A deedh$iiD CCDS18dife. DesdriptibdM 000132 FLJI32416

MMP1

MMP8

MMP12

MMP15

MMP20

MMP21

MMP24

MMP26

MMP27

CCDS1208RgdbsdBF CCOSARASsapitnsFHRIIG 140eRSH L dore Trsd B908R36. [AK097805]
CCDS2645. 1 EBF3 NM Q01005

463 FADD 8196, 1 FLJ34969
NM 1522_%@[ @%Pccom Esaﬁ“’ (X '@%ﬂ@“ﬁig éﬁ‘b‘%’ﬁ%ﬁﬁagena“’)
NM 173627 | 5 - 012. 1 FLJ35843
CCDS9151. 1 EHMI1 CCDSTOG@PiEnsmayia s IBNStideo Fo0Bggpeg: clastase)
FLJ36180Mc¢3E8851 . 1(MYFRARRNGCHA. 881281 FAMA7B ENS
TO0000329357 FLJ367480hMapibdAhixEhdtBlopdpSIO B methbrane-inserted)
FAVGOB K0@D®2487. 1 FMMFE96nK5COSB 1R2L8El F5B NM 015904
FAVB3B CCDS7641. 1 FUIB8QensNMtD0AO80FPEdaE: A enamelysin) (MMP20),

CCDS120XM_04FANMGAB NWRBAIEBIZORIJI38377 CCDS2164. 1
ELAVL4 CCDS553. 1 FAMBG® sapiens matrix metallopeptidase 21 (MMP21), mRNA

NM_147191 [NM_147191]

Homo sapiens matrix metallopeptidase 24 (membrane-inserted)
NM_006690 (MMP24), mRNA [NM_006690]

Homo sapiens matrix metallopeptidase 26 (MMP26), mRNA
NM_021801 [NM_021801]

Homo sapiens matrix metallopeptidase 27 (MMP27), mRNA
NM_022122 [NM_022122]

Note: Gene symbols are standard symbols assigned by Entrz Gene (http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene).
Accession IDs are uniquely assigned to each gene by National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov/sites/entrez ?db=nuccore).
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waoeoaewds047 FLI39502 CCDS2281.1 EM LI N
FAT4 CCDS3732. 1 FLJ40235 CCDS12827.1 EM.I

Table 11. Gepgs
somatic mutptigusg09 CCDS125228

Symbol
A2M
A2M
A2M
ABCA3
ABCC4
ABCC4
ABCC4
ADAM12
ADAM15
ADAMTSL3
ADAMTSL3
ADM
AIFM1
AKAP2
AKAP2
ALK
ANK2
ANK?2
ANK2
ANK?2
ANK?2
ANXA1
ANXA7
AOC3
AOC3
APBB1IP
APC
ARNT
ASPM
ASPM
ASXL1
ASXL1
ATM
ATM
ATM
ATP&V1E1
ATR
AVIL
AXL
BAI3
BAI3
BAI3
BAMBI
BCAR1
BCAR1

CCDS2945. 1 FLJ39155 CCDS3924. |

ELN CCDS5562. 1 FAT NM

005245 FLJ39501 CCDS12331.1 EME2Z NM 001010865 FAT3 ENS

NM 004434

FBN2 NM 001999 FLJ41046 NM 207479 ENC1 CCDS4021.1 FBN3
CCDS12196.1 FLJ41993 NM 001001694 ENS T00000294635 ENS
700000294635 FBX015 CCDS12002.1 FLJ45231 NM 001039778

CPOBIED298876 ENGOI@B00298876 FBXO3 CCDYFgBRenel
NS T0050UBOGYOIIENS TEHIBYIS0939 G o2 Gene Id

CCDHRIBBS09/032881

glioblastom:mlepded fEN8T00000298393 FLI46072 1 0.1 11200
the result of YGAPE2RAI3 ENS THUU0)322493 FBXO 0334 J46365 o
(McLendon eG¥56008). 1 ENS T00D(Q324303 ENS TOQH{(32430 e
CCDS3777. 1 FLJ46481 C£DS3384. 1 ENS-1H00003 ENS 11200
Hugo Gene T00000326382 FBXWB.LLDS9182. 1 FLJ4 BN 1 ENS 11900
TOOBDE22BY82d ENS TRHU00326952 FGD2 829 cikio 11200
FLJ90805 CCDBL2603nhnENS T0000033247 5 ENS TENARD332477 11200
FGD5 NM 152586 FMNGRWM 020066 ENS TOQB003338 e ENS 11200
T000003339712FKRP £%&)512691. 1 FM\L1 £6DS11487ciks ENS 11200
00000334548 ENS TEQQ0334548 FKS GAdrsCCDSBEPRKA FMNL3 11200
NM 175736 TO00OQS336168 ENS TO000§336168 CRI3l10324 1117
NM 018059 '#RRI CCDS1d682. 1 ENS TO000&8340260 CENS 26511
T00000340260 FLJ1040561BCDS583 . 1 FMRR9OCDS14684. 1 ENS 10752
T00000356555° ENS TOABOGB56555 FLJ1GE2HL CCDST8R1 1 FNI 10752
CCDS2399. 1 "ENTH NBDA%666 FLJ106470TEDS406 CUTRAXII NM 123920
001454  _7ig0 C220rf24 25775 CNTFR 1271
133 C6orfe0 79632 COL11A1 1301

9131 Céorfe0 79632 COL1A1 1277

11217 C9orf72 203228 COL1A1 1277

11217 CANDH1 55832 COL1A1 1277

238 CASP9 842 COL1A1 1277

087 CAST 831 COL1A2 1278

287 CAST 831 COL1A2 1278

087 CAST 831 COL3A1 1281

087 CBL 867 COL3A1 1281

287 CBL 867 COL3A1 1281

301 CCR5 1234 COL3A1 1281

310 CD46 4179 COL5A1 1289

8639 CDC123 8872 COL6A2 1292

8639 CDKL5 6792 COL6A2 1292

54518 CDKN2A 1029 COLBA2 1292

304 CDKN2A 1029 CRLF1 9244

405 CDKN2A 1029 CSF3R 1441

259266 CENPF 1063 CSF3R 1441

259266 CENPF 1063 CSMD3 114788

171023 CENTG1 116986 CSMD3 114788

171023 CENTG1 116986 CSNKI1E 1454

472 CES3 23491 CTNNBH1 1499

479 CES3 23491 CTSH 1512

479 CHAT 1103 CTSH 1512

529 CHAT 1103 CYLD 1540

545 CHD5 26038 CYP27B1 1594

10677 CHEK1 1111 CYP27B1 1594

558 CHEK1 1111 CYP3A4 1576

577 CHEK1 1111 DCX 1641

577 CHEK1 1111 DDIT3 1649

577 CHEK2 11200 DDR2 4921

25805 CHEK2 11200 DDR2 4921

9564 CHEK2 11200 DDR2 4921

9564 CHEK2 11200 DES 1674

CHEK2 11200 DES 1674

BCL11A

53335
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EP300 CCDS14010.1 FLJ12886 NM 019108 FOXP2 CCDS5760. 1
EPB4 1E1 CCDS13271.1 FLJ14011 CCDS12944.1 FREML NM
wad4e094600B4°C2 NM 015630 FLJ14299 CCDS6094. 1 FRERCT/NIL009/032881
207361 EPHA3 CCDS2922. 1 FLJ14490 CCDS446.1 FRVPDA NM
014728 EPHA7 CCDS5031.1 FLJ14640 NM 032816 FS TL5
CCDS3802. 1 EPHB1 NM 004441 FLJ20032 CCDS3666. 1 FTCD

Hugo Gene cCcpS13731. 1 EPHB2 kwgosiere. 1 FLJZO 35 NM 01744990 Geng 17

gg&g“ CCORYF35Ene_1gpLpg 873. f"ﬁz& 4! B 1 GA§"‘"*Z Ge";&,;g
DOKG RA | CCDS4357. 1 CCDS5206. 1 20245 7041. 1 300
ohTkpy  GAB RRI 5019. 1, VA0 2009/ 100029P¢.T/ US20 2881 5300
DMBT1 Gene Syrrb ccess | D Gene Synbo 0 ccessi 80k D Gene 9309
DMRT3  Symbol ‘i ion I [ NT13 CCDS219 FEEL 2475
bocks  CCDS8976. %%%TBDM 4014867 GALNT4,)\M 0037 gm ELZ NM 045
DOCKi 014877 KCNA3, CCDS82s, AJB GALNT8 CCDS8583 1 1- KRy NM 5045
pocks 005338 KCNM,3NM 002233 GAS7 CCDS1115g471 HI SELRRA 5045
DOcks  CCDS4570. 314¢NB 1 €413513418. 1 GBP3 §JaS717. EaRNST1H4I 84253
DOcks  CCDS4620. 314ENB 2 £556209. 1 GDF6 Nipd010015a7AHKR2 2625
DPYSLa CCDS129751357KCNC2 €68889005. 1 GFAP CelG11491 GhTkl MGCLL1 2625
DPYSL4 NM 0190361462DC3 COBSE2793. 1 GFRA1 Cema7593. &cHOXCL0 2729
DST CCDS8868. 1 d6CNJ3 Qam$2200. 1 GH2 CCDSdsk648. 1 GHEXC 2662
DST CCDS8869. 1 667 ERBB2 2064 GLI1 2735
DST 667 ERBB2 2064 GLI3 2737
DST 667 ERBB2 2064 GLTSCR2 29997
DST 667 ERBB2 2064 GNAI1 2770
DST 667 ERBB2 2064 GNAS 2778
DST 667 ERBB2 2064 GNAS 2778
DST 667 ERBB3 2065 GPR78 27201
DTX3 196403 ESR1 2099 GRIA2 2891
EGFR 1956 ETNK2 55224 GRLF1 2909
EGFR 1956 EYA1 2138 GRN 2896
EGFR 1956 EYA1 2138 GRN 2896
EGFR 1956 F13A1 2162 GSTM5 2949
EGFR 1956 FBXW7 55294 GSTM5 2949
EGFR 1956 FBXW7 55294 GSTM5 2949
EGFR 1956 FGFR1 2260 GSTM5 2949
EGFR 1956 FGFR1 2260 GSTM5 2949
EGFR 1956 FGFR2 2263 GSTM5 2949
EGFR 1956 FGFR3 2261 GSTM5 2949
EGFR 1956 FKBP9 11328 GSTM5 2949
EGFR 1956 FKBP9 11328 GSTM5 2949
EGFR 1956 FKBP9 11328 GYPC 2995
EGFR 1956 FKBP9 11328 HCK 3055
EGFR 1956 FKBP9 11328 HCK 3055
EGFR 1956 FKBP9 11328 HELB 92797
EGFR 1956 FKBP9 11328 HLA-E 3133
EGFR 1956 FKBP9 11328 HLA-E 3133
EGFR 1956 FKBP9 11328 HLA-E 3133
EGFR 1956 FKBP9 11328 HLA-E 3133
EGFR 1956 FKBP9 11328 HS3ST3A1 9955
EGFR 1956 FKBP9 11328 HSP90AA1 3320
EGFR 1956 FKBP9 11328 HSP90AA1 3320
ELAVL2 1993 FLI1 2313 HSPAS8 3312
EP300 2033 FLI1 2313 HSPAS 3312
EP300 2033 FLTA 2321 HSPAS 3312
EP400 57634 FLT4 2324 HSPAS8 3312
EP400 57634 FN1 2335 HSPAS 3312
EP400 56734 FN1 2335 HSPAS 3312
EPHA2 1969 FN1 2335 HSPAS8 3312
EPHA3 2042 FN1 2335 ID3 3399
EPHA3 2042 FN1 2335 IFITM3 10410
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KCNK10 CCDS9880.1 G MAP7 CCDS5903. 1 HOXD4 CCDS2269. 1
KCNVA1 CCDS7352.1 GJIA3 CCDS9289. 1 HPCAL1 CCDS1671. 1
wEaNAomRs 020822 GLB1L3 ENS T00000299136 HPS 5PCT/US2009/032881
CCDS7836. 1 KCTD15 CCDS12434.1 GUI CCDS8940.1 FI RB2
CCDS9012. 1 KEAP1 CCDS12239.1 GLI 3 CCDS5465.1 HRPT2
CCDS1382. 1 KI AA0082 CCDS4835. 1 GLP1R CCDS4839. 1 HS3ST2

Hugo Gene 10606 1 Kl AA03H9HoERe8e T00000338772 GLTS Hirao ke

Sy 0 L ) oS csos B e e
FITM3 CCDSZS 0 1 Grl 21.1 KI AA03 g 0 i 1 GOLGA3 4763
IEITMS3 CCD89281 od] R1A 00524 Ki AA05904 S104 1 GPC2 4763
IFITM3 CCDS5689. 41 PC 789.1 KI AA0O774 0010 02 GPR 4763
IFITM3 CCDSlOO51 ER5 1343. 1 Kl /—\AlOZ% M 015 GPR110 4763
IFITM3 ENS TOOOO 374 144 1 NM 153701 o)d,AALO8QEENS 4763
IL1RL1 T0000026296k3; GPRL3GASRS9272. 1 | L17RECCDS2{£4. 1 4763
IL31 Kl AA1102 3piM5014988 8151 NM 19425154451 7RC GEPS2590. 1 4763
ILK KI AA1109 ENS1 TOO0OQRedmPL GPR154 CERSH443. 1nFL18R1 4763
ING4 CCDS2060. &1 AAl 210AKds13305. 1 GPRED NM 029752 | L2RG 4763
ING4 CCDS144065114KI AALSHRPEINS TO0000160298601GPR35NECDS2541. 1 4763
ING4 ELK CCDS7%6@71 Kl AdAKyd CCDS9394. 1 &5R54 CCRE12049. 1 4763
INHBE | MP5 NM 125282 Kl AdARISIL ENS TO00002+%4M8620 GPRFBL1 4763
IQGAP1  CCDS13089. 8326 NHBB 1@8RDS2132. 1 Kl AA17359NM 00N629864 4763
IRAKS GPR82 11213 MDM2 4193 NMBR 4829
IRS1 3667 MDM4 4194 NMBR 4829
IRS1 3667 MEOX2 4223 NOS3 4846
ISL1 3670 MET 4233 NOS3 4846
ITGAL 3683 MET 4233 NOTCHA1 4851
ITGB2 3689 MET 4233 NOTCH1 4851
ITGB2 3689 MLH1 4292 NRXN3 9369
ITGB2 3689 MLH1 4292 NTRK3 4916
ITGB3 3690 MLH1 4292 NUMA1 4926
ITGB3 3690 MLL4 9757 NUP214 8021
ITGB3 3690 MLL4 9757 ONECUT2 9480
ITGB3 3690 MLL4 9757 OR5P2 120065
ITGB3 3690 MLLT7 4303 PAX5 5079
JAG1 182 MMD2 221938 PDGFRA 5156
KIAA1632 57724 MN1 4330 PDGFRA 5156
KIF3B 9371 MSH2 4436 PDGFRA 5156
KIT 3815 MSH2 4436 PDGFRB 5159
KIT 3815 MSH6 2956 PDGFRB 5159
KIT 3815 MSH6 2956 PDK2 5164
KLF4 9314 MSH6 2956 PDPK1 5170
KLF4 9314 MSH6 2956 PDZD2 23037
KLF6 1316 MSIH 4440 PDZD2 23037
KLF6 1316 MSIH 4440 PHLPP 23239
KLKS8 11202 MTAP 4507 PI15 51050
KPNA2 3838 MUSK 4593 P15 51050
KPNA2 3838 MYCN 4613 PIK3C2A 5286
KRAS 3845 MYCN 4613 PIK3C2B 5287
KSR2 283455 MYLK2 85366 PIK3C2G 5288
KSR2 283455 MYOS3A 53904 PIK3C2G 5288
KTN1 3895 MYST4 23522 PIK3C2G 5288
LAMP1 3916 MYST4 23522 PIK3C2G 5288
LAMPA 3916 MYST4 23522 PIK3C2G 5288
LAX1 54900 MYST4 23522 PIK3CA 5290
LCK 3932 NBN 4683 PIK3CA 5290
LDHA 3939 NDUFA10 4705 PIK3CA 5290
LDHA 3939 NEK10 152110 PIK3CA 5290
LGALS3BP 3959 NELL2 4753 PIK3CA 5290
LGALS3BP 3959 NF1 4763 PIK3R1 5295
LGALS3BP 3959 NF1 4763 PIK3R1 5295
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CCDS14259.1 1 NO80 CCDS10071. 1 Kl AA1944 CCDS9266. 1

GPRC5C CCDS11699.1 | NPPSD NM 001017915 K1AA1957 ENS
waoeoaem3P235 GPS2 CCDS11100.1 INTS 2 NM 02074BCT/US2009/032881

KI AA1961 NM 133372 GPX6 NM 182701 | QGAP1 CCDS10362. 1

Kl AA2013 ENS T00000329923 GRCA CCDS8563.1 | RGQ NM

001007561 KI F21A NM 017641 GREIL1 NM 198182 | RS4

Hugo Gene cCDS14544. 1 Kl F25 d¥qo$enes. 1 GRI CCD314604H29?€@@

Symbol 024%’3“732-?& NM O h GRI KE" FREDS 41 | S ol Entrez_Gene_Id
i:igg} CCDS12379. ¥9RI N 80.1 GRIN3 A Cf1Js6758 GA11 jgg?
oikany M 0010044390 KI RREL, TCDS1172. 1 GRI PZ/ENS TO 73083 2089
oicapy | TGA3 57.1 K- CCDS3496. 1 GRWAE,CCDS4 ,| TGA4 papaE
BIM 1 NM 000885 5 SA448. 1 GRVB CCDS5794. 1 | 3935
TLaG  CODS2669. 1,k HDCL 9692. 1 GS DML 6DS11350 FTGAE e
PML NM 002208 gg;,HDm CG&pR10963.1 GS R NM,@OOGS? bE§B4BP 8651
PMS2 CCDS13249. d39KIL P1 CERR12926. 1 GTF3CL N 00152847l FI 2 6664
POU2F1 NM 002216 kENB1 CCBGAL513. 1 GTF3C3 €klaS2316 gdbxiTLNL 6664
PPPoR5D CCDS1211. 1586RAS CCRSB702. 1 GUCA2A Ceps465. 1shARRL NM 6678
PRKCA 002222 KRT4:33 CCDSIARSS. 1 GUCYLA2 CCES8335. 1shier NM 25803
PRKCA 017592 KRT&7BIM 0002&t El | T2 CCDS8762s81 JAGEPN 6693
PRKCB1 CCDS13112. 457K RTAP1ATENL CCDS13608. 1 BARLN4 CSPSAR898. 1 399473
PRKCB1 JML1 CCDS1853396.1 PTK2B 2185 SRPK2 6733
PRKCD 5580 PTPN11 5781 ST7 7982
PRKCD 5580 PTPN11 5781 STATH 6772
PRKCD 5580 RADIL 55698 STAT3 6774
PRKCD 5580 RADIL 55698 STK32B 55351
PRKCD 5580 RB1 5925 STK36 27148
PRKCD 5580 RB1 5925 SYP 6855
PRKCZ 5590 RB1 5925 TAF1 6872
PRKCZ 5590 RB1 5925 TAF1 6872
PRKD2 25865 RB1 5925 TAOK3 51347
PRKD2 25865 RB1 5925 TAS1R1 80835
PRKDC 5591 RB1 5925 TBKA1 29110
PRKDC 5591 RB1 5925 TBK1 29110
PRKDC 5591 RB1 5925 TCF12 6938
PROX1 5629 RINT1 60561 TCF12 6938
PSMD13 5719 RIPK4 54101 TCF12 6938
PSMD13 5719 RNF38 152006 TERT 7015
PSMD13 5719 ROR2 4920 TERT 7015
PTCH1 5727 ROR2 4920 TGFBR2 7048
PTCH1 5727 ROS1 6098 TIMP2 7077
PTEN 5728 ROS1 6098 TNC 3371
PTEN 5728 RPN1 6184 TNC 3371
PTEN 5728 RPS6KA3 6197 TNC 3371
PTEN 5728 RTN1 6252 TNFRSF11B 4982
PTEN 5728 RUNX1T1 862 TNK2 10188
PTEN 5728 RYR3 6263 TNK2 10188
PTEN 5728 RYR3 6263 TNK2 10188
PTEN 5728 SAC 55811 TNK2 10188
PTEN 5728 SAC 55811 TOPA 7150
PTEN 5728 SEMA3B 7869 TP53 7157
PTEN 5728 SERPINA3 12 TP53 7157
PTEN 5728 SERPINE1 5054 TP53 7157
PTEN 5728 SHH 6469 TP53 7157
PTEN 5728 SLC12A6 9990 TP53 7157
PTEN 5728 SLC12A6 9990 TP53 7157
PTEN 5728 SLC25A13 10165 TP53 7157
PTEN 5728 SLC25A13 10165 TP53 7157
PTEN 5728 SLC2A2 6514 TP53 7157
PTEN 5728 SLIT2 9353 TP53 7157
PTEN 5728 SLIT2 9353 TP53 7157
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L3MBTL4 CCDS11839.1 1-JAS1 CCDS12838.1 JMID3
ENST00000254846 LAMAL NM 005559 HBXI P CCDS824.1 JPH3
WOSDS10982. 1 LAMA4 NM 002290 HCK NM 002110 JPHACT/US2009/032881
CCDS9603. 1 LAMAS. NM 005560 FI ECWL. CCDS5469. 1 K61 RS2
CCDS8833. 1 LAMC3 CCDS6938.1 HECW2 NM 020760 KALI
CCDS14130.1 LARP CCDS4328.1 WD
Hugo Gene 2009/ 100029PCT/ US2iea®/ @e29881 _Gene _Synbol Accession ID
Symbol o EMEE PP A cessPHPA D GenE"EBYIeAccession 1D

Iﬁgg LASS3 CCDS} 84. 1 CCDS5754. 1 CCDS2955. 1
i LCT CCDS217871 LR NM 024993 NM 014941 LENGS
oo CCDS12894. 1, JAGEE! 14433. 1 MOXD 5152.1 LG 4
Thos CCDS12444. 1 24AMDC 182830 MP CCDS7407. 1
TPea LGR6 CCDS%%%L 1 NM 002372 M3G,. 83.1 LI G3

TPe3 CCDS11284. 4, :MAP 1 WM 002373 MPN2 “GigS1563. 1 LI MR
P53 CCDS8780. $1sWAP 1 (& foRDS4012. 1 MPO €4dgS11604. 1 LI PH
P53 CCDS3272. | 7AP2 CGRR2384. 1 MPZ CCDS74229.1 LMODL NM
P53 012134 MAP2K6 CCDSIgH86. 1 MRGPRD ENSJ{0000309106 LMIK2
P53 CCDS5654. 415WAPAK2ZEEEDS8082. 1 MRGXI 668DS7846. 1 LMXI A
P53 CCDS1247. 1718APAK3 BEBS4803. 1 MRPL3§160@DS11733. 1

P53 LOC113179 BGDS1207aNFBeMAPAKA ENS T08000302217 NMRPS7
P53 CCDS11718. 215£0C113386 NM 138781

TP53 7157 Note: Hugo Gene Symbols are

TP53 7157 assigned to individual genes by

TP53 7157 HUGO Gene Nomenclature

TP53 7157 gﬁf“/‘}i“ee 5

J/Iwww.genenames.org/).

$ﬁ22 ;1 2; Ent?gZ_Gencl‘iIds are assigﬁed to
individual genes by Entrz Gene

TP53 7157 (http://www.ncbi.nlm.nih.gov/sites/ent

TP53 7157 rez?db=gene).

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TP53 7157

TPBG 7162

TRIM24 8805

TRIM3 10612

TRIM33 51592

TRIP6 7205

TRRAP 8295

TRRAP 8295

TSCA 7248
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MAPKBP1 NM 014994 MSLN NM 013404 LO0C123872 CCDS10943.1

MAPT CCDS11499.1 MIF1 NM 005955 L0C126147 NM 145807

wORRLIM029CCDS3385. 1 MIMR1Z2 NM 019061 LOC12815BCT/US2009/032881

CCDS1519. 1 MARS CCDS8942. 1 MIMR2 CCDS8305. 1
LOC130951 NM 138804 I\/AS P2 CCDS123.1 MI0l1 CCDS4979. 1
LOC131873 ENS TO 119 MIR

Table 12. Gepgssoptaming L0C16313§|enNMn9(910518535515m T2 NM Odbdskidol
somatic mutgfipns incps1098. 1 -6
glioblastoma adaptedsfroDs7859. 1 LOE222947 %35@0000297186%%
the paper byXssamstall MUC16 NMo32#4690 |[LOCGR83219 NM 001020859
(Parsons et AeRAOYPCDS5683. 1 MUGBANM3004457ccb@@RB3398 ENS aPRGI

‘F—

700000342823 MCTP2 NMwWMW@38349 MJEbSIGEDS533 . 1 LOERS8443
17
Gene symboNM| 004007535 MEGF 1 ApAGSDS1(213v MM LI NM 158423
LOT339768 CCDS2525. APANBNA (CDSA94128: 1 MyBL1 ENSIB
o TO000Q33]406 LOC3405¥8MNM 0010196285 NVETTL3 NVROTB52
oar MYBPHLAML001010985 LOE8429719 ENS!TOD0003407 9ORHGAPS
aaont MOT1073%:6GDS171. 1 MYCBPAP NM 039738 L0C34352 1RHAME
aacs 001013632:6MCC13125 CEPS8374.| 1 WM OCDS1 1156 ARHCPIG
C C, ~ EF!
ascato LOC38¢AR0ssNM 001013633 MeCc19523 ési‘:st?éil?so. 1 MWVRSTED
aBcalz CCIPS11dbilsed LOC388135 R\ 00103%'121 %%/bc15875 ceRSA134.
ascais MYH6 GEDS8600. 1 LO 617 HNS 00333066 MY01806
ascas CCPS11799+71 MYHO CCDS13927. 1 L0€§§§§7‘06 NM 00103910
ABCAS5 Nl; S| ES,E )S
249@ 10423 1 P CCDS2275.1 ARSE
ABCA7 CCDS12055.1
AGRN NM_198576 ASB4
ABCA9 CCDS11681.1
AHDC1 NM_001029882 ASCL4
ABCBI1 CCDS5608.1
AHI1 NM_017651 ASCL5
ABCB6 CCDS2436.1
AIMIL NM_017977 ASGR1
ABCCI10 CCDS4896.1
AKAP11 CCDS9383.1 ASHIL
ABCCI11 CCDS10732.1
AKAP13 NM_007200 ASIP
ABCC3 NM_003786
AKAP4 CCDS14329.1 ASTN
ABCC35 NM_005688
AKAP9 CCDS5622.1 ATAD2B
ABCD2 CCDS8734.1
AKNA CCDS6805.1 ATP10B
ABCEF2 CCDS5922.1
AKR7A2 CCDS194.1 ATPI12A
ABCG2 CCDS3628.1
ALDHI18A1 CCDS7443.1 ATPI3A1
ABHD3 NM_138340
ALDHI1A2 CCDS10163.1 ATP13A2
ABHD4 CCDS9572.1
ALDHILI1 CCDS3034.1 ATP1A2
ABHD7 CCDS736.1
ALDH2 CCDS9155.1 ATP2A1
ABL2 NM_007314
ALLC NM_018436 ATP2A3
ABTB2 CCDS7890.1
ALOX12 CCDS11084.1 ATP2B1
ACAD9 CCDS3053.1
ALOXE3 CCDS11130.1 ATP2B2
ACADS CCDS9207.1
ALPI CCDS2492.1 ATP6V1G3
ACADSB CCDS7634.1
ALPK2 CCDS11966.1 ATP7B
ACAT2 CCDS5268.1
ALPK3 CCDS10333.1 ATP8AL
ACCN1 CCDS11276.1
ALPL CCDS217.1 ATP8B1
ACCN3 CCDS5914.1
ALS2CL CCDS2743.1 ATRNL1
ACF CCDS7241.1
ALS2CR12 CCDS2346.1 ATXN1
ACLY CCDS11412.1
AMACO CCDS7589.1 AUTS2
ACOX3 CCDS3401.1
AMID CCDS7297.1 AXIN2
ACP5 CCDS12265.1
ANK2 CCDS3702.1 AZI1
ACRBP CCDS8554.1
ANK3 CCDS7258.1 B3Gn-T6
ACTG1 CCDS11782.1
ANKMY1 CCDS2536.1 BAD
ACTNI1 CCDS9792.1
ANKRD10 CCDS9520.1 BAIR2
ACTRI10 NM_018477
ANKRDI11 NM_013275 BAMBI
ACTRIA CCDS7536.1
ANKRD12 CCDS11843.1 BAT2D1
ACTRS8 CCDS2875.1
ANKRD15 CCDS6441.1 BAZ1A
ACTRTI1 CCDS14611.1
ANKRD28 NM_015199 BCAR3
ADAMI12 CCDS7653.1
ANP32D NM_012404 BCL2L1
ADAMI15 CCDS1084.1
AP3B1 CCDS4041.1 BCL2L12
ADAMI18 CCDS6113.1
APGTL CCDS2605.1 BCL212
ADAM?28 NM_014265
API5 NM_006595 BCL6
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Accession ID

CCDS1703.1
CCDS13984.1
NM_178339
CCDS1065.1
CCDS14387.1
ENST00000286794
CCDS14736.1
NM_001173
CCDS14058.1
CCDS10404.1
NM_015185
CCDS285.1
NM_001177
NM_014862
CCDS13985.1
CCDS14122.1
CCDS5641.1
NM_203436
ENST00000344317
CCDS11089.1
CCDS1113.1
CCDS13232.1
CCDS1319.1
ENST00000295142
ENST00000327245
NM_001676
NM_020410
CCDS175.1
CCDS1196.1
CCDS10643.1
CCDS11041.1
CCDS9035.1
CCDS2601.1
CCDS1396.1
NM_000053
CCDS3466.1
CCDS11965.1
CCDS7592.1
NM_000332
CCDS5539.1
CCDS11662.1
NM_001009811
NM_138706
CCDS8065.1
CCDS346.1
CCDS7162.1
CCDS1296.1
CCDS9651.1
CCDS745.1
CCDS13188.1
CCDS12776.1
CCDS9591.1
CCDS3289.1



w@as4em2 1 MYO15A NM 016239 LOC4A41722 ENS

CCDS4536. |

LOC441136 NM 001013719 M3C26598 CCDS9036. 1

MY010 NM 012334 LO0C441476 NM 001004353 M3C26988

TO0000311061 M3C29649 CCDS 8033.1 MYO 1 G NM 033054
LO051334 CCDS4127.1 M3C33407 CCDS12207.1 MY03 A

- CCDS7148.-1 10063 0_M3C34713 CCDsS4070.-1 - MYO
Gene symboNM| 0088&nlID0899. 44;ehMyhB8342 Mdsdnlid8 CCDS/FE&hd symbol
— MMO7B ENS-TFO8000272666—LPALA-ENS- T0000034 2479 MSE3555
pcorR  CCIDS63@%1s450 MYO9A CCDS10239. 1| LRtibdBo:NM 015236 Maca9581
srspl  CCIDS12A0481241 MYOM  NMER@3803 [LPvGTRS6012. 1 MECAREH
pN1  CCIDS 865321371 MYST3 CCPRS6424. 1| LRENGSOCDS9678.  Iapes:
BRC1  MGLC50723+0@0DS10602. 1ciNAALAD COD88R88. 1 LRPI caimi
BRC6  CCIDS89801622 MGC5297 CGBS3873. 1NMNAABADL2 NM 207615
BMP3 | RIP| BCOSES2182. 1 M DF1ep@CDS14138PsE72NALP10 CCDSAP8Y. 1
BMPER | RIP2 COPS2232. |1 M ZECTEDS841(4. CIDMNARZP13 NM 17681% LRP
BNC2  CCIPS124'36'%21 MKL2 NM ©1r4048 NALPISIECDS7776. 1 (4RP5
BOC  CCIPS8 18T IMLC1 CCDST2083. 1 |[NALPF 1 EEDS12936. 1 PRRC16
BPY2PL NML 01 7B40E WLL NM 00598%32NAVY CEBST856H. 1 LRRCIBRNM
BRAF - 0010069%3FNM_L2 NM 005487 NA3 ENWH14903 LRRC3BRT!
Bi‘;j; caﬁzé%&gfil M.L3 CCDSBY31. 1 N@@NlS&bssgz 1 LRREA
CCps5 789" 1 M.L5 NM f§?§31 NCKI %&Eﬁééogz 1 LRF&.‘ﬁ%l NM
BRPF1 03 A 29%CDSZ 75. lorf69 NM_0581
BSN ] CDS2800.1 C2orfl7 CCDS2434.1 CCNF
BST1 CCDS3416.1 C2orf29 CCDS2050.1 CCNL2
BTAF1 CCDS7419.1 C2orf3 CCDS1961.1 CCNYLI1
BTBDI1 CCDS10322.1 Clorfl4 CCDS2896.1 CD19
BTBD3 CCDS13113.1 Cdorf7 CCDS3537.1 CD84
BTC CCDS3566.1 C5AR1 NM_001736 CD9%%6
BTK CCDS14482.1 C6 CCDS3936.1 CDAO08
BTNL2 CCDS4749.1 C6orf103 ENSTO00000326929 CDC2Lo6
BTNL9 CCDS4460.1 C6orf150 CCDS4978.1 CDC7
BUCS1 CCDS10587.1 Céorf163 NM_001010868 CDCAS8
C100rf18 ENSTO00000263123 C6orf165 CCDS5009.1 CDH23
C10orf26 CCDS7540.1 Cé6orf168 NM_032511 CDH24
C10o0rf33 CCDS7474.1 Cé6orf170 NM_152730 CDH26
C10orf47 CCDS7085.1 C6orf21 NM_001003693 CDHS5
C1Qorf64 ENSTO00000265453 Cé6orf213 NM_001010852 CDK5
C10o0rf71 ENSTO00000323868 C6orf29 CCDS4724.1 CDK6
C100rf80 NM_001008723 C6orf4 CCDS5092.1 CDT1
C10ori81 CCDS7583.1 C6orf68 CCDS5118.1 CDX1
Cllorfll NM_006133 CT7orfl6 CCDS5436.1 CDYL2
C110RF4 CCDS8066.1 C8A CCDS606.1 CEACAM1
Cl12orfl1 CCDS8708.1 C8B NM_000066 CELSR3
Cl2o0rf42 NM_198521 C8orf77 NM_001039382 CENPF
Cl4orfl15 CCDS9830.1 C80ORFK23 NM_001039112 CENTG3
Cl4orf131 NM_018335 C9orf126 NM_173690 CEP135
Cl4orf133 CCDS9862.1 C9orf19 CCDS6598.1 Cepl64
Cl4orf145 NM_152446 C9orf5 NM_032012 CEP2
Cl4orfl55 CCDS9679.1 C9orf50 NM_199350 CETP
Cl4orf159 NM_024952 CA2 CCDS6239.1 CFTR
Cl4orf31 CCDS9704.1 CAB39 CCDS2478.1 CGI-38
Cl4orf43 CCDS9819.1 CABIN1 CCDS13823.1 CGI-96
Cl4orf49 CCDS9935.1 CABP1 CCDS9204.1 CGNL1
Cl50rf2 CCDS10015.1 CACNAILA NM_000068 CHAD
Cl50rf42 ENSTO00000268138 CACNAIC NM_000719 CHD4
Cl60rf9 CCDS10402.1 CACNAIE NM_000721 CHD5
Cl70rf27 NM_020914 CACNATH NM_021098 CHD6
Cl7o0rf31 CCDS11016.1 CACNAII NM_001003406 CHD9
C18orf25 NM_001008239 CACNAILS CCDS1407.1 CHDH
C18orf4 CCDS11995.1 CACNA2D3 NM_018398 CHEK1
C190rf29 ENSTO00000221899 CACNB2 CCDS7125.1 ChGn

PCT/US2009/032881

D)

Accession ID
—
CCDS11667.1
CCDS2898.1
NM_017954
CCDS9892.1
NM_015447
CCDS12519.1
CCDS10084.1
CCDS10084.1
CCDS8681.1
CCDS5336.1
CCDS9028.1
NM_170589
CCDS1198.1
NM_025004
CCDS10467.1
ENST00000321423
ENST00000339882
CCDS10644.1
CCDS1206.1
CCDS2958.1
CCDS10728.1
CCDS5085.1
CCDS734.1
CCDS424.1
NM_022124
CCDS9585.1
CCDS13485.1
CCDS10804.1
NM_004935
CCDS5628.1
NM_030928
CCDS4304.1
NM_152342
CCDS12609.1
CCDS2775.1
NM_016343
NM_031946
NM_025009
NM_014956
CCDS13255.1
CCDS10772.1
CCDS5773.1
CCDS10835.1
CCDS14036.1
CCDS10161.1
CCDS11568.1
CCDS8552.1
CCDS57.1
CCDS13317.1
NM_025134
CCDS2873.1
CCDS8459.1
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MVP9 CCDS13390.1 NCL NM 005381 LRRK2 NM 198578 MOB
KL2C CCDS539.1 NCOA2 NM 006540 WO
wQo@91udeD29PCT/ US2009/ 032881 CGene Synbol AcceBGT/us2009032881
Gene Synbol Accession I D Gene Synbol Accession | D NEB
NM 004543 OR2WB NM 001001957 PCDHB 2 CCDS4244. 1 NEKS
NM-178170 0R4A16 -NM-001005274 PCDHB3 _CCDS4.245 1 _NEQ1

Gene symboCCIPSIQ24sionID ORABL  Ni¢h OB 54 7 OAREEHIGH NM 03489 Symbol Accession ID
— NFHAFE3—eDS168 6 0 +—0R4E2—NM{664-664-9942—PCDHGAH—MNM
cakA 03209LcbdkbsA CCDS615. 1cR4L1 |NM @0dox@4 717 PCDHGAGE: NM CCDS1686.1
cal 014004ciNksB1CCDS1608. 1crR4AX1 [NM @0L304726 PCDHGDAS1 CCDS6951.1
curM2  CCIPS426658431 Nl D2 CCDS9N0O6. 1| OREAsB474.CCDS7757. @xRPCNT NM_024072
cHrMs - NM| 006081o3sNl F3L1BP1 CEn$290(0. I1ccOREIEL NM 15248112 NM_001037498
CHRNA3  PCINXL 2cERST00000344698sNI PSNAP3BDEBDS6761 . 1 ORBRF2 NM  CCDS12989.1
CHRNA4 00]1004FB8B35!PCS K2 CCDSP8125. 1| NKXPss@+ CCDS13145.PELQ@R521pP  CCDsT828.1
CHRNAY NM| 00FOP%19770 PCS K6 NKIR38321 NBEENBCCDS3222. IPERG2L| NM_014662
CHSTI3 EN$ TOOOG®332249 PDEGANCCDS429FPSPP"NMURI  CCDSZA8B! 1 CCDS6806.1
CIDEA  ORHCLNM'901001923 PDARN3 NN 015088 'NOD3 NM 178824 CCDS13753.1
CDEC  ORFD1S“NM001001967 PBZRNA (CDS87%9%! 1 NOL5A POKD CCDS2504.1
cZl - oops136%36°1 orRsD3P ENS*T00000333984* PEG3 CcCDS19948. 1 cepsiare.d
C(jﬁff NOPE 666%962 06. 1 OR5EE™RM 043 ébﬁooﬁg%ﬁ@4 CCDS89. 1D;§)§3R| %2&?222
cops408-1gRrRsJ2 NV 001005492 PRAR CEDS11136. 1 -
CLASP2 NM_015097 CRR9 CCDS3862.1 DKFZp4341099 CCDS10787.1
CLCNI1 CCDS5881.1 CRX CCDS12706.1 DKFZp547A023 CCDS845.1
CLCNS CCDS14328.1 CRY2 CCDS7915.1 DKFZp547B1713 CCDS1591.1
CLDNI11 CCDS3213.1 CRYAA CCDS13695.1 DKFZP564B1023 CCDS1403.1
CLECIA CCDS8612.1 CSK CCDS10269.1 DKFZp56411922 CCDS14124.1
CLEC4E CCDS8594.1 CSMD1 NM_033225 DKFZp7611.1417 CCDS5658.1
CLEC7A CCDS8613.1 CSN3 CCDS3538.1 DKFZp761N1114 CCDS1455.1
CLIC6 CCDS13638.1 CSNK2A2 CCDS10794.1 DLD CCDS5749.1
CLNS8 CCDS5956.1 CSPG2 CCDS4060.1 DLEC1 ENSTO00000337335
CLSPN CCDS396.1 CSPG5 CCDS2757.1 DLGAP2 NM_004745
CLSTN2 CCDS3112.1 CSPG6 NM_005445 DMN NM_015286
CLTA CCDS6600.1 CSTF1 CCDS13452.1 DMTF1 CCDS5601.1
CMIP NM_198390 CTEN CCDS11368.1 DNAHI1 NM_015512
CMYAL CCDS2683.1 CTNNA2 NM_004389 DNAHI10 CCDS9255.1
CMYA4 CCDS11292.1 CTNNA3 CCDS7269.1 DNAHI11 NM_003777
CNNM2 CCDS7543.1 CTSW CCDS8117.1 DNAH3 CCDS1059%4.1
CNOT1 CCDS10799.1 CUBN CCDS7113.1 DNAHS5 CCDS3882.1
CNOT10 CCDS2655.1 CUGBP1 CCDS7938.1 DNAHS CCDS4838.1
CNOT7 CCDS6000.1 CUGBP1 CCDS7939.1 DNAH9 CCDS11160.1
CNR2 CCDS245.1 CUL4B NM_003588 DNAI2 CCDS11697.1
CNTN4 CCDS2558.1 CUTL1 CCDS5721.1 DNCHI CCDS9966.1
CNTNAP2 CCDS5889.1 CX40.1 CCDS7191.1 DNCLI2 CCDS10818.1
COCH CCDS9640.1 CXCR3 CCDS14416.1 DNHD3 NM_020877
COG5 CCDS5742.1 CXorf17 CCDS14356.1 DNTTIP1 CCDS13369.1
COG5 CCDS5742.1 CXorf20 CCDS14184.1 DOCK4 NM_014705
COH1 CCDS6280.1 CXorf27 ENSTO00000341016 DOCKS8 CCDS6440.1
COL14A1 NM_021110 CXorf37 CCDS14322.1 DOCK9 NM_015296
COL18A1 NM_030582 CXXC5 NM_016463 DOK6 NM_152721
COL23A1 CCDS4436.1 CYBB CCDS14242.1 DONSON CCDS13632.1
COL24A1 NM_152890 CYP26C1 CCDS7425.1 DRCTNNBI1A CCDS5377.1
COL3Al CCDS2297.1 CYP2C19 CCDS7436.1 DRD3 CCDS2978.1
COL4AA2 NM_001846 CYP2R1 CCDS7818.1 DRG1 CCDS13897.1
COLAA4 NM_000092 CYP4F12 NM_023944 DSG1 CCDS1189%6.1
COLA4AS CCDS14543.1 DAB2IP CCDS6832.1 DSG2 NM_001943
COL5A3 CCDS12222.1 DCBLD2 NM_080927 DSG3 CCDS11898.1
COL6A3 NM_004369 DCC CCDS11952.1 DSG4 CCDS11897.1
COL6A3 NM_057167 DCT CCDS9470.1 DSPP NM_014208
COLSA2 CCDS403.1 DCTN4 CCDS4310.1 DST CCDS4959.1
COPB CCDS7815.1 DDB1 NM_001923 DTX1 CCDS9164.1
CcOoQ2 NM_015697 DDRI1 CCDS4690.1 DTX4 ENSTO00000227451
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NOS1 NM 000620 OR5T1 NM 001004745 PGV CCDS6622. 1
NOX5 NM 024505 OR6A2 CCDS7772. 1 PGR CCDS8310. 1 NP
wOoMO3626. 1 ENS TO0000331090 OR6KZ2 NM 0010052#Or/US2009/032881
PHACTR3 CCDS13480.1 NP 001074311.1 ENS TO0000326096
OR8D2 NM 001002918 PHB2 NM 007273 NPD014 CCDS260. 1

- ORS8H1

—  OR

Gene symhoDOR

purLarp ORY

H<S—NM-66+6864 0 58—PHGT—EEeBS
D11 ciiMi801005211 PlekaeG CC
DK2 chibgh601005243 Pleksk2 C(
[SLc@ODs5734. 1 Pl PsK3 CCO
|6 COPB22T7. 1 Pl TRRMcsSNM O
CARCAEBS12873. 1 PKDER2 NM
R CED83928. 1 PKHDIRNI NM

CCBS3299. 1 PKI A GE&DS6222.

000388605 OTOF CCOSNY24. 1
| 9281 PE4©CDS4039. 15PLCB2
DTXICCEE31873. 1 PLCBS? cCcDY
A2 KP001383 PLCBAETTCDS13
CHE RMT83378 PLECI "'fim 201
NM_015902 EVPL

NV aTak| nn5199 Q| AS‘] X :| )S| l2| |8 | |MQHPA NM NO01510°2
SK1AMMiRAR.002907 (RhGmSEDS

67 AccdssiiBl R NM 0Q&9 ©8hbol

Accession ID

13353—1—NR&? CeEBS42—+—1%
IDESstdD03ks7NRXN2 CCBS8@d 7. 1
IDS123¢25.11 NRXN3 CEDS9870.
IS2 38Bss5t0s. NSEI CCDST684s 1 O
14889003 CCDS853813724

1827 Ps@WTRK3 CCDSTIOB40. 1
177880pUDTS CCDSTO89:11 (O
IMENS4P000003186UFIENS
PRP20OCEHSS731. | KIPF10 N
NM G845783 NURI T CEPSE399.
8064 PFRIXKN CCDS10998+71

1048™MRKPH3 CccDS1I886° 1

pusp22 ORY
pusez  OR(
DYRK3 BPI
pzipz  OS(
E2F4  OQ|
EAFL TN
EBF - T(Q(
EBF3 ()24
ECELL 1
ECHDC2 /g
ECOP
EDDI OV
EDG3
EDGS
EEF1Al
EFCBPI
EFHC2
EGF
EGFR
EHBPILI
EIF2A
EIF3512
EIF4G1
EIF4G2
EME2
EMLA
EMR4
EN2
ENOI
ENPP2
ENPP6
ENPP7
ENSA
ENST00000294635
ENSTO00000310882
ENSTO00000326382
ENST00000328067
ENST00000331583
ENST00000334627
ENST00000336168
ENST00000355177
ENSTO00000355324
ENST00000355607
ENST00000357689
ENST00000358347
ENSTO00000359736
EPB411.2
EPB4114B
EPB49
EPCI
EPHA2
EPHAS

CCDS6680.1 EXOC6B
CCDS12240.1 EXTL1
ENST00000331523 F13B
NM_022351 F2RL1
NM_025184 F3
CCDS3689.1 F5
CCDS5514.1 FADI158
ENST00000309295 FADS1
NM_032025 FAMA43A
CCDS12517.1 FAM46B
CCDS3259.1 FAMATA
NM_001418 FAMA43A
NM_001010865 FAM63B
CCDS1807.1 FAM78B
ENST00000359590 FAM92B
CCDS5940.1 FANCA
CCDS97.1 FANCD2
CCDS6329.1 FASN
CCDS3834.1 FAT
CCDS11763.1 FBN3
CCDS958.1 FBX040
ENST00000294635 FBXW7
ENST00000310882 FCGBP
ENST00000326382 FCHSD1
ENST00000328067 FECH
ENST00000331583 FEZ1
ENST00000334627 FGD1
ENST00000336168 FGD4
ENST00000355177 FGF2
ENST00000355324 FGFR3
ENST00000355607 FGIF
ENST00000357689 FIGF
ENST00000358347 FLII
ENST00000359736 FLI10276
CCDS5141.1 FLI10514
NM_019114 FLJ11088
CCDS6020.1 FLJI11535
CCDS7172.1 FLI12529
CCDS169.1 FLI12644
CCDS3513.1 FLI12671
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C, T.J2009
380°BBEEN ccps15765Y7p |
CCDS11737.1 FLJI20186

ENSTO00000272427 F1.J20232
CCDS271.1 FLI20272
CCDS1388.1 F1.J20294
CCDS4033.1 F1.J20298
CCDS750.1 FLJ21159
CCDS1281.1 FLJ21963
CCDS725.1 FLI22709
CCDS8011.1 FLI23049
NM_153690 F1.J23447
CCDS294.1 FLI23577
NM_203408 FLJI23577
ENSTO00000360252 FLI23790
NM_019092 FLI25715
NM_001017961 FLJ25801
NM_198491 FLI27465
NM_000135 FLJI30525
CCDS2595.1 FLJI30655
CCDS11801.1 FLI30707
NM_005245 FLJ31438
CCDS12196.1 FLJI32796
NM_016298 F1.J32934
CCDS3777.1 FLJI33167
CCDS12546.1 F1.J33387
NM_033449 FLJI34512
CCDS11964.1 FLJI34658
NM_005103 FLJI35709
CCDS14359.1 FLJI35728
CCDS8727.1 FLI36004
NM_002006 FLJI36208
CCDS3353.1 FLJI36601
CCDS8300.1 FLI37440
CCDS14166.1 FLJI38964
CCDS11192.1 F1.J38973
CCDS363.1 FLJI39058
CCDS1311.1 FLJ39198
CCDS8716.1 F1.J39873
CCDS12043.1 FLJ40243
CCDS8006.1 FLJ40342
CCDS12843.1 FLJ40869
CCDS1153.1 FLJ41170

CCDS5898.1
CCDS3672.1
S ccpss757.1
CCDS10840.1
CCDS11819.1
S CCDS40.1
CCDS1945.1
\] NM 001004318
NM_001004326
NM_001004341
NM_017631
ENSTO00000317751
CCDS10989.1
CCDS13995.1
NM_017735
NM_017749
CCDS14522.1
CCDS3792.1
CCDS9022.1
CCDS12351.1
CCDS3199.1
CCDS12300.1
ENST00000303168
CCDS3910.1
CCDS6346.1
NM_182570
CCDS3850.1
NM_001039843
CCDS787.1
CCDS3740.1
CCDS9427.1
NM_152385
CCDS1507.1
CCDS1082.1
CCDS3837.1
CCDSY9783.1
CCDS10424.1
CCDS3913.1
CCDS7767.1
CCDS1537.1
CCDS8704.1
NM_145270
CCDS14238.1
CCDS2095.1
NM_173527
NM_153689
CCDS8489.1
NM_001039769
CCDS2980.1
NM_173489
CCDS11512.1
CCDS1691.1

NM_001004332



CCDS 8754.1 PLECI NM 201378

OBSLI ENS T00000265318

PABPC5 CCDS14460.1 PLEK2 CCDS9782. 1 OCA2 CCDS10020. 1
wE20%200dk4 015197 PLEKHAG CCDS1444.1 ODZ4 ENS PCT/US2009/032881

T00000278550 PADI 2 CCDS177. 1
CCDS7234. 1 PALMD CCDS758. 1
700000334770 OGFOD2NM-02462

Gene symboNM 03%22dion@T CCDSIF4eGmiol PA

FLJ41766
FLJ43706
FLJ44186
FLJ44361
FLJ45300
FLJ45744
FLJ45964
FLJ45974
FLJ46072
FLI90650
FLT1
FMN2
FMNL2
EN1
FNBP1
FNDC1
FOXA2
FOXB1
FOXI1
FOXM1
FOXR2
FRAS1
FREM2
FRMD3
FRMD4B
FRMPD1
FRMPD4
FSD2
FSTL1
ESTLA
FSTLS
FUBP1
FUT2
FXYD6
FYCOl1
FZD10
FZD3
FZD6
FZD9
G3BP2
GABPA
GABRA6
GABRD
GAD2
GALNTI3
GALNT3
GALNT7
GALNTLI
GANAB
GAPVDI1
GAS6
GATA4
GATA6

0AS—ENS—F0664
PMP22GRodbiM:001013743 @RI1OK2
4841 BNRAI NM 001088725
3Qdmbss341PODN CCDS5%81 1 OH
280cPODXL NM 001018¥11 OR
285@1001831 POLR2A NMCE00937
165C06ER87248. 1 PGERMI C(
00198153 PCDHL7 NM 0%4759 H
00MBPOIPTDHIS NM (F9®35 F
107PEMHO CCDS9443°7MY  PPH
006878244 PCDHA13 ¥t 0319
T1 “NVF630904 PCDHB TS CCE
14%52%% \Wwo 2009/ 189H29PC

PLEKHG NM 022835 OGDI | L
PLK5 HUMAN ENS
3 PAPPA CCDS6813 1 PLXNAJ

RPA&eshidd 32789 Pl mbol
03660759 ARP1 4047554
NM Q0004476 PARP2 MM

dRI ORI_oobiMd 206899 PARRY

11 ORZDNH. 001004472 RAXE NV
| OZlcoNiWr.001004478 RBI
OREDPSIQLE21 NM 001001932
IDS1208611 OR1L3C3 NMAsP

ONI CCeEPE5638. 1 OR18KS NM
PAXCERIGER667. | ORIFEBINM
| A2MRIO03625 OR2AFRIA“ENS
64 PPPrICA CCDS8160R™

1S4 26551041 ppp| R15B CROVB

T/ US2008) 032881  GERE

Sy olTCMf?BiSE‘i‘“i R3A PPP%%E PPH
PRIPVG B@R@@
N GIMAPS
NM_032532 GIT2
CCDS13147.1 GIA4
NM_012182 GIB4
CCDS4372.1 GK
CCDS8515.1 GLRA1
NM_198451 GMCLIL
NM_025074 GMDS
NM_207361 GML
NM_174938 GNAI2
ENSTO00000264546 GNATI1
CCDS6612.1 GNL2
NM_014728 GNPTG
NM_001007122 GNS
CCDS2998.1 GOLGA3
NM_015082 GOLGA4
CCDS3802.1 GORASP2
CCDS683.1 GOT2
NM_000511 GP6
CCDS8387.1 GPBP1
CCDS2734.1 GPI7
CCDS9267.1 GPR114
CCDS6069.1 GPR116
CCDS6298.1 GPR132
CCDS5548.1 GPR142
CCDS3571.1 GPR144
CCDS13575.1 GPR145
CCDS4356.1 GPR174
CCDS36.1 GPR37
CCDS7149.1 GPR37L1
CCDS2199.1 GPR40
CCDS2226.1 GPR43
CCDS3815.1 GPR61
NM_020692 GPR73L1
CCDS8026.1 GPR74
NM_015635 GPR78
CCDS9540.1 GPRS3
CCDS5983.1 GPR85
CCDS11872.1 GPRC5C

2R3 R PPP2R4 PPPSC,GRﬁﬁDwuo
CCDS5907.1 M1
NM_175571 GRM3
CCDS9138.1 GSR
NM_002060 GSTO2
CCDS383.1 GTF2A2
CCDS14225.1 GTF2H4
CCDS4320.1 GTF3C4
CCDS4433.1 GUCY1A3
CCDS4474.1 GUCY1B2
CCDS6391.1 GZMH
CCDS2813.1 HAMP
CCDS2812.1 HBB
CCDS421.1 HBXAP
CCDS10436.1 HCFC2
CCDS8970.1 HDAC2
CCDS9281.1 HDAC9
CCDS2666.1 HDC
NM_015530 HECW2
CCDS10801.1 HERC1
NM_016363 HERC2
NM_022913 HGSNAT
CCDS3336.1 HHIP
CCDS10785.1 HIF3A
CCDS4919.1 HIP1
CCDS9997.1 HIVEP1
CCDS11698.1 HIVEP2
NM_182611 HIVEP3
CCDS5044.1 HMG20A
CCDS14443.1 HMGCL
CCDS5792.1 HMP19
CCDS1420.1 HNT
CCDS12458.1 HORMADI1
CCDS12461.1 HOXA6
CCDS801.1 HP
CCDS13089.1 HP1BP3
CCDS3551.1 HPCALA4
CCDS3403.1 HRB
CCDS8297.1 HRBL
CCDS5758.1 HRG
CCDS11699.1 HS2ST1
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CCDS11800.1
NM_032442
CCDS792.1
CCDS6430.1
CCDS13999.1
CCDS8817.1
CCDS8563.1
NM_014668
CCDS8333.1
CCDS8433.1
CCDS8662.1
CCDS6758.1
NM_001009184
CCDS5209.1
CCDS5600.1
NM_000637
CCDS7556.1
CCDS10173.1
NM_020442
CCDS6953.1
NM_000856
CCDS9426.1
CCDS9632.1
CCDS12454.1
NM_000519
CCDS8253.1
CCDS9097.1
NM_001527
NM_178425
CCDS10134.1
NM_020760
NM_003922
CCDS10021.1
ENST00000332689
CCDS3762.1
CCDS12681.1
NM_005338
NM_002114
NM_006734
CCDS463.1
CCDS10295.1
CCDS243.1
CCDS4391.1
CCDS8491.1
CCDS967.1
CCDS5407.1
NM_005143
NM_016287
CCDS441.1
CCDS2467.1
CCDS5697.1
CCDS3280.1
CCDS712.1
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HSD17B2
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HSPA4L
HSPC111

HSPG2

HTR3C

HTR3E

HXMA
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IBTK
ICAM3
ICEBERG
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IDHI1
IFI44
IFIT3
IFNAR1
IFRDI
IGF1
IGF2
IGFBP7
IGSF1
IGSF10
IGSF9

IKBKE

ILI2RB2
IL17B
IL17RE
IL1F9
ILIRL]
IL3
ILT7
IMP4
IMPDH1
INDO
INSIG2
PO13
IPO8
IQGAP2
IQWDI1
IRS1
IRTA2
IRX6
ISL1

ITGA4

ITGA7

ITGAL

ITGAX

ITIHS
ITLNI1
ITPKB

PRELP PREXI PRG 3 PRKACG PRKCG PRKD1 ProSAPi P1 PRR12
PRSS 23 PSMD3 PSME4 PTCHDZ2 PTCHD3 PTF 1 A PTGER3 PTN

QB8AG HUMAN BJX50 HUVAN (BSYT8 HUMAN Q6ZMX6 HUVAN
QBZT40 HUMAN Q7Z2Q7 HUMAN Q7Z7L8 HUMAN (BN2V9 HUVAN

NZOQ  HUMAN CBNQES HUMAN

PUML PWP2H PXDN PXDNL PYHP@&/US2009/032881
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NM[ 001083609 ENSTO0000331067 NMol#i3630 CCDS6256cr1l NM
000540vNM2001035 CCDS9B00. | |NhODW®B2777 CCDS911 7atial
PS184:01011..CCDS5400. kidaotdM 159254@pO8DS4561. | NMA@14139
NM| 02 280722M 000334 NMo0O0335 Nod98056 NM 0029Y6+
PSO87Ds1211TCDS10609. KAAGEDS1 (0608 CusIGCDS641] . 1 LAMB3
CCIDS23315551CCDS9169. HAACEDS1 387 7"M.01ED56685. 1 LAMP3
CCDS3019.1 NM 014554 CCDS321.1 CCDS13833.1 CCDS13875.1
NM 012433 CCDS3991.1 CCDS12652.1 NM 015595 NM 053282
CCDS10325. 1 CCD53399. 1 CCDX®8198.1 CCDS12560. 1
CCDS3196. 1 CCDS2974. 1 CCDS12790.1 NM 020808

CCDS1822. 1 CCDS8215.1 CCDS11925.1 CCDS4565. 1
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NM_014913
NM_025176
NM_015206
NM_015275
ENST00000262961
ENST00000264501
NM_020337
NM_014431
NM_020776
NM_020802
NM_020819
CCDS992.1
NM_020853
NM_020879
NM_020890
NM_020927
CCDS11772.1
NM_178495
CCDS1598.1
NM_032534
NM_052909
NM_177454
NM_021174
NM_001008537
NM_001017969
NM_020738
CCDS6427.1
CCDS10789.1
CCDS12479.1
NM_032531
NM_020782
NM_152467
CCDS14456.1
CCDS12816.1
CCDS12926.1
CCDS8599.1
NM_014708
CCDS10484.1
CCDS10483.1
NM_000226
NM_198697
CCDS13604.1
CCDS11390.1
NM_014238
CCDS14733.1
CCDS14011.1
CCDS5067.1
CCDS8883.1
NM_005559
CCDS11880.1
NM_002290
CCDS1487.1
CCDS3242.1



TMBSF4 CCDS13196.1 SLC22A15 NM 018420 STAC2
CCDS11335.1 TMCC2 NM 014858 SLC22A7 CCDS4893. 1 STAMBP
weasaem 1 TVEFF2 CCDS231 4. 1 SLC25A26 CCDS29PSI1/US2009/032881

STARD13 CCDS9348. 1 TMEM 32B NM 052907 SLC28A3
CCDS6670. 1 STARD8 CCDS14390.1 TMEML6A NM 018043
SLC2A1 CCDS477. 1 -STAT4 CCDS2310 1 TMEMI6G_NM-031418
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tapis 0184268633 A1 CCDS3bdedkot STKZSsthdh:2:34370 TNVEMBNiBI CCDS7029.1
LARGE CCIPS1040149111 SLC39A1QodNM40 2 034 2NShik@dS6CCDS7 789 mafteal NM_ 002372
Lares  TMEPAINMOCIDSE13462. 1 Sb(38A6 NMeKIR®31:%745TVNA CCRSSE5H5. 1 NM_000528
Latst TMPO GED80064. 1 SLCADAD7ENS |TOODDOGREO877 STN2 MAPIB CCDS4012.1
LATS2  CCIPSO87H9h+ I TMPRS S13L0NN032(}46 @GRGAALO NM 0220B8KSULF|  ccpssiori
LAX  CCIPS620%1+11 TNF CCDSA782: 1 [SLOMSHECDS8814. 1 MSIKF2 NM_003954
1BP CCIPS184083°4 TNFRSFS 10CBR144. (1 SRCHA® NM 03146 MASYRA CCDST166.1
LcAl0 - CCPSPAOWPPTRKI  NM 003985 SLABAIBYECDS9026. 1 SYNEF NM_033141
LT COPS52IE2S I TNNI 3 NM 680363 LOSATTRIM 001010898PSYNEL|  NMovsxs
LDLRADI OCIDS5 23772 TNR CCDS131821 SUOSAX™eEBS10754. 1 SYRIE2 ENSTO0000218318
LEMDZ - oobSo 7871 TOR3 A CEB81329.|1 SIMEBAY CCDS3863.'1%SYp cepszizal
iﬁ CCpsS143% ]:31?389;[11 TP53 ccpsiiiis. 1 SL%%%S?‘NM 004594 WMARS fcf);’gjj;j
CCPps9Qi7 T TP53BP1 CCH51009q. 1 SPTOiA2
LETMDI1 CCDS8806.1 CCDS3789.1 MARS2 NM_138395
LIPS CCDS11126.1 LRCHI1 NM_0l15116 MASSI1 NM_032119
LIPM ENSTO00000282673 LRENS CCDS9678.1 MAST4 ENSTO00000261569
ILMNB1 CCDS4140.1 LRP1 CCDS8932.1 MATNI1 CCDS336.1
ILMXI1A CCDS1247.1 LRP10O CCDS9578.1 MBD1 CCDS11941.1
LNX CCDS3492.1 LRP1B CCDS2182.1 MBNLI1 CCDS3163.1
LNX2 CCDS9323.1 LRP2 CCDS2232.1 MCCC1 CCDS3241.1
LOCI113655 CCDS6431.1 LRRC16 NM_017640 MCF2L ENSTO00000261963
LOC124842 CCDS11283.1 LRRC4 CCDS5799.1 MCFD2 NM_139279
LOCI126248 CCDS12429.1 LRRC4B ENSTO00000253728 MCM10 CCDS7095.1
LOCI131368 CCDS2947.1 LRRC7 CCDS645.1 MCPHI1 NM_024596
LOCI131873 ENSTO00000358511 LRRIQ1 NM_032165 MDGAL1 NM_153487
LOCI134145 NM_199133 LRRK1 NM_024652 MDH2 CCDS5581.1
LOC146562 CCDS10521.1 LRRNI1 NM_020873 MEA CCDS4879.1
LOCI158830 NM_001025265 LRRN3 CCDS5754.1 MEDI12 NM_005120
LOC200312 NM_001017981 LRRN3 CCDS1448.1 MEFV CCDS10498.1
LOC221955 CCDS5350.1 LTB4R2 CCDS9624.1 MEN1 CCDS8083.1
LOC257106 CCDS1215.1 LTBP1 NM_000627 METTLS NM_014168
LOC283537 CCDS9332.1 LTBP3 CCDS8103.1 MGAM NM_004668
LOC284912 CCDS13918.1 LTBP4 NM_003573 MGC16635 CCDS14097.1
LOC284948 CCDS1976.1 LTK CCDS10077.1 MGC19764 NM_144975
LOC339977 NM_001024611 LUC7L CCDS10401.1 MGC20419 CCDS562.1
LOC374768 NM_199339 LY6K CCDS6385.1 MGC20741 CCDS4861.1
LOC387755 NM_001031853 LYNX1 ENSTO00000317543 MGC21830 CCDS10463.1
LOC387856 NM_001013635 LYPLA1 CCDS6157.1 MGC24039 NM_ 144973
LOC388595 NM_001013641 LYRIC CCDS6274.1 MGC2655 CCDS10491.1
LOC388969 NM_001013649 LYST NM_000081 MGC26598 CCDS9036.1
LOC391123 NM_001013661 LYZ1L4 CCDS2697.1 MGC26818 CCDS44.1
LOC392617 ENSTO00000333066 LZTR2 NM_033127 MGC27016 CCDS3790.1
LOC400707 NM_001013673 M160 CCDS8577.1 MGC29814 CCDS11742.1
LOC441136 NM_001013719 MACF1 CCDS435.1 MGC29875 CCDS1493.1
L.0OC441233 NM_001013724 MAEA NM_001017405 MGC33367 CCDS10738.1
LOC442213 NM_001013732 MAGEA4 CCDS14702.1 MGC33414 CCDS279.1
LOC494115 NM_001008662 MAGEB10 NM_182506 MGC33486 CCDS8133.1
LOC51058 CCDS476.1 MAGEC1 NM_005462 MGC33889 CCDS14216.1
LOC54103 NM_017439 MAGEHI1 CCDS14369.1 MGC34647 CCDS10895.1
LOC54499 CCDS1251.1 MAGI-3 CCDS859.1 MGC35118 CCDS10046.1
LOC550631 NM_001017437 MAKI10 CCDS6673.1 MGC35194 CCDS147.1
LOC63928 CCDS10617.1 MALTI CCDS11967.1 MGC35366 CCDS9057.1
LOC643866 NM_001039771 MAMDC2 CCDS6631.1 MGC39581 CCDS12149.1
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CCDS8686. 1 SYT6 CCDS871.1 TPO CCDS1642.1 SLCA B 1
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MRPLAG
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I
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b CEDEBET72. 1 TFCP%’ETE
CCDS7659.1
NM_005933 MYO3B
CCDS5931.1 MYOS5A
NM_014727 MYOs5C
CCDS5303.1 MYO9B
NM_005938 MYOCD
CCDS3172.1 MYOM1
CCDS8321.1 MYOM2
CCDS6246.1 MYRS
CCDS4845.1 MYRIP
NM_015026 MYST3
CCDS11115.1 MYTIL
NM_003829 NAGA
CCDS14762.1 NALP1
CCDS1229.1 NALP11
CCDS11634.1 NALP7
CCDS7846.1 NAPSB
CCDS6332.1 NARGIL
CCDS7976.1 NAV1
ENSTO00000329505 NCBP1
CCDS2459.1 NCKAPIL
CCDS10341.1 NCOAS
CCDS1567.1 NCOA®6
CCDS2010.1 NDUFAI11
CCDS11718.1 NDUFB2
NM_006069 NDUFS6
CCDS7985.1 NEB
CCDS11596.1 NEIL3
NM_018133 NEUROG2
CCDS8973.1 NF1
NM_004689 NFATC3
NM_001004346 NFATC4
CCDS8290.1 NGEF
CCDS3651.1 NHS
CCDS1614.1 NIF3L1BP1
CCDS2272.1 NIN
CCDS7859.1 NISCH
NM_024690 NKG7
ENSTO00000349637 NKRF
CCDS3541.1 NKX2-5
CCDS10656.1 NLGN1
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CCDS71438.1 NOTCH4
NM_138995 NOX4
NM_000259 NP_001073909.1
NM_018728 NP_001073931.1
NM_004145 NP_001073940.1
CCDS11163.1 NP_001073948.1
NM_003803 NP_001073961.1
CCDS5957.1 NP_001073971.1
NM_015011 NP_001074294.1
CCDS2689.1 NPCIL1
CCDS6124.1 NPL
NM_015025 NPLOC4
CCDS14030.1 NPPA
NM_014922 NPR3
CCDS12935.1 NPTXR
CCDS12912.1 NR_002781.1

ENST00000253720 NR2E1
CCDS9379.1 NRAP
CCDS1414.1 NRBP2
CCDS6728.1 NRK
NM_005337 NRP1

CCDS13392.1 NRP2
CCDS13241.1 NRXN2
CCDS12155.1 NS3TP2
CCDS5862.1 NT5E
CCDS3866.1 NTN2L
NM_004543 NTRK3
CCDS3828.1 NUAKI
CCDS3698.1 NUP160
CCDS11264.1 NUP188
CCDS10862.1 NUP205
CCDS9629.1 NUP210L
CCDS2500.1 NUP98
CCDS14181.1 NURIT
CCDS2900.1 NXF3
NM_182944 NXF5
NM_007184 NXPHI1
CCDS12830.1 OAS3
NM_017544 OBSCN
CCDS4387.1 OoDZz2
CCDS3222.1 OLIG2
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CCDS11103.1
CCDS3989.1
ENST00000271263
CCDS5196.1
CCDS2486.1
CCDS3949.1
NM_178844
CCDS409.1
CCDS5912.1
NM_017617
CCDS908.1
CCDS12326.1
NM_004557
CCDS8285.1
ENST00000327928
ENST00000341689
ENST00000292357
ENST00000296794
ENST00000219301
ENST00000266524
ENST00000342607
CCDS5491.1
CCDS1350.1
NM_017921
CCDS139.1
NM_000908
NM_014293
ENST00000246203
CCDS5063.1
CCDS7578.1
NM_178564
NM_198465
CCDS7177.1
CCDS2364.1
CCDS8077.1
CCDS4136.1
CCDS5002.1
CCDS10469.1
CCDS10340.1
NM_014840
NM_015231
NM_015354
NM_015135
NM_207308
CCDS7746.1
CCDS9399.1
CCDS14503.1
CCDS14491.1
NM_152745
NM_006187
CCDS1570.1
ENST00000314238
CCDS13620.1
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TRPM6 CCDS6647.1 VWF
TRPM7 NM_017672 WBSCR17
TRPVS5 CCDS5875.1 WBSCR27
TRRAP CCDS5659.1 WDFY3
TSAP6 CCDS2125.1 WDR21
TSC2 CCDS10458.1 WDR22
TSCOT CCDS6786.1 WDR24
TSGA10 CCDS2037.1 WDR27
TTCI12 CCDS8360.1 WDR32
TTC18 CCDS7324.1 WDR34
TTC6 NM_001007795 ‘WDR42B
TTLL2 CCDS5301.1 WDR52
TTLLS NM_ 015072 WDR6
TIN NM_133378 WDR70
TTN NM_133432 WDTC1
TUBGCP3 CCDS9525.1 WEE1
TUBGCP6 CCDS14087.1 WFS1
TULP1 CCDS4807.1 WNK1
TXNDC3 CCDS5452.1 ‘WNK2
TYR CCDS8284.1 WNTIA
UBAP2L CCDS1063.1 XAB2
UBE2G2 CCDS13714.1 XDH
UCHL1 CCDS3462.1 XPO1
UGCGL2 CCDS9480.1 XPO7
UGDH CCDS3455.1 XR_016172.1
UGT1 A6 CCDS2510.1 XR_017335.1
ULK1 CCDS9274.1 YNOO4_HUMAN
UNQ2446 CCDS10850.1 YTHDC2
UNQ3030 CCDS3319.1 YWHAH

DNMV2 NM 004945 CDH8
DNMB NM 015569 CDKL2

DPAGT1 NM 203316. 1 CENPE
DPP1Q NM 020868 CENTB!

CRYAA NM_000394. 2 DOCK1 NM 001380rCD0OB2009/032881
CSEN NM 013434. 3 DPAGI1 NM 001382.2 CDS 1

. 3AERR6n NV 1307 9FenCHMBE

Accession ID

DPYD—NM-066-1 1 0—CENFEE
DRIcM:NM 014503. 1 GEP290
DSGREssMM 018962, 1 ABFHL5
DSERwoNV001943 CRisBs
DTNASINM 032978, 4 @@H- 14
DTXS2NM 138287, 2780 - 37
DUOX1435NM 017434 CRIBL
VL3NV 004423, 3 CHBBV!

2 DYSFE™NM 003494. ZFCHD7
T2 NF18098. 4 CHDEC!
ECERENM 014674 CABY

DNRAPRINP 001957, 1 CRIRKD
003715 ZNF10

3. 1cé:\?)ss75741 ZNF160
CCDS9498.1 ZNF17
CCDS5115.1 ZNF18
CCDS5950.1 ZNF183L1
NM_004183 ZNF189

ENST00000312652 ZNF25
NM_021729 ZNF286
CCDS6655.1 ZNF294

NM_001005753 ZNF295
CCDS5457.1 ZNF30
CCDS944.1 ZNF31

CCDS8452.1 ZNF313
CCDS8539.1 ZNF318
CCDS5540.1 ZNF333
CCDS5561.1 ZNF339
CCDS3609.1 ZNF343
CCDS9809.1 ZNF358
NM._003861 ZNF366
CCDS10420.1 ZNF406
NM_182552 ZNF440L
CCDS6613.1 ZNF473
CCDS6906.1 ZNF487

ENST00000329763 ZNF496
CCDS2972.1 ZNF497
CCDS2782.1 ZNF507
NM_018034 ZNF545
CCDS296.1 ZNF547
CCDS7800.1 ZNF558
CCDS3386.1 ZNF585A
CCDS8506.1 ZNF628
CCDS6704.1 ZNF67
NM_003395 ZNF79
NM_020196 ZP2
CCDS1775.1 ZSCAN2
NM._003400 ZSWIM4
NM_015024 ZW10

ENSTO0000355015

ENST00000314295

ENST00000281581
CCDS4113.1

CCDS13901.1

119

NM_173059
CCDS8367.1
NM_014797
CCDS11107.1
NM_006772
NM_198581
NM_153813
CCDS563.1
CCDS3136.1
NM_001010879
NM_024645
CCDS9283.1
CCDS12859.1
NM_006959
NM_144680
CCDS9486.1
CCDS6754.1
CCDS7195.1
CCDS11172.1
NM_015565
CCDS13678.1
NM_194325
NM_145238
NM_018683
CCDS4895.1
CCDS12316.1
CCDS13132.1
CCDS13028.1
NM_018083
CCDS4015.1
NM_001029939
NM_001012753
NM_015428
ENST00000315429
CCDS1631.1
CCDS12977.1
NM_014910
CCDS12493.1
NM_173631
CCDS12208.1
CCDS12499.1
NM_033113
ENST00000323012
CCDS6871.1
CCDS10596.1
CCDS10329.1
NM_023072
CCDS8363.1

Note: Gene symbols are standard
symbols assigned by Entrz Gene
(http://www.ncbi.nlm.nih.gov/sites/ent
rez?db=gene). Accession [Ds



ELF1G NM 001404 CI C NM 015125.2 CYP2D6 NM 000106 EGFL6
NM 015507. 2 CLCA2 NM 006536.3 CYP4A22 NM 001010969 EHB
WE2000W026252. 2 CLCN1 NM 000083. 1 DACHL NM 080FGRURMI132881
NM 024757.3 CLCN3 NM 001829 DAZAP1 NM 018959. 2 El F4A2
NM_001967. 2 CLEC6A NM 001007033 DBNL NM 004395.2 El F4B
NM 001417 CLSPN NM 022111.2 DC2 NM 021227.2 LIF5
“NM_XMJ&%Q%%IY%SI WAP1 NM 015041 DDO NM 003649.2 ELAL
to cach eIVEPQLGAlc A GMYAL NM 194293, 2 DDX10 NM 004398. 2 ELAVL3
BiotechniMy0dr420n GM¥A4 NM 173167. 1 DDX18 NM 006773. 3 ENPEP
(http://wiNhOOLO TR 2/sBNGA2 NM 005140. 1 DDX3X NM 024005. 1 EOVES
rez db=nNopIOI) B44PioPINENGB1 NM_ 001297 DEFB 128 NM 001037732
tfﬁ‘;il U° N0 550091 CNNMVA NM_020184. 2 DENND2A NM_ 015689
o Bl 1\% ?ij 0"CNTN3 NM 020872 DGKB NM 004080 ERCC3
~NCBD) NV 012271 CNTN5 NM 014361 DGKE NM 003647.1 ERCCS
(http://wNVLBOOL 24 A/ CONENG NM 014461. 2 DGKG NM 001346. 1 EREG
- AccessiNMIDO01432. 1 COG3 NM 031431. 2 DHX32 NM 018180.2 ETV5
“ENSTXNNKBEHYSUX'GEHL NM 017890. 3 DI P NM 015124 EVI 2A
gm%uelym;ﬂg%wg@w g0 2009/ 100029PCT/ US2009/ 032881 Gene
(hyttpfl/j;’@xgts)eolbl(ﬁ%lggﬁtim%n | D Gene Symbol Accession | D Gene
SVmbol” Accession | D EVI5 NM 005665 F1134521
NM 001039787 GOLGA7
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NM 016099 EXOC2 NM 018303 F1136180 NM 178556.3 GOLGB 1
NM_004487.1 EXO05 NM 006544 F1136748 NM 152406 GOLPH4

wOR0001d6098. 2 EXOCS C3 NM 016042 F1140342 NM_152B&171US2009/032881

somatic mutaigusd821 NM 00100167
pancreatic cangeg adapted F1146354
from the papgyhygoneset.rd.146481
(Jones et al. 208M NM 020937 F119057
SIARP 1A0RS05766. 1, ELNA NM 001456, GPR7 NM 0Q5285. 1
FBX040 NW016298 FLNB,,NM 00145711, GPR81 NM Q32554. 2
FBXOS“RMT12180. 1 KNG NM 00145805642 NM 024956. 2
FBXWEY-RIRI°012300 FMNL3 NM 17573600R K3 NM 09R831. 2
FCHOL R 015122 FMER:NM 002023nGRIN2C NM 009835 FCVD
FN1 NM#0D2026. 2 GRIN2BsNM 0008367 FCRH3
2 FNDC3BawNM 022763, 2ccBRIsRAP 1 NM_20#67 2
20177. 2 FOLR2 NM 000808721 GRVE NVE0QBI843. 2
FERLLS, NV,133337 FOKR2 NM 014494019:GSDM. NVE038530. 1

FGD3 JWVLQ:33086

Gene Symb

7h3

AARS
ABCA1
ABCA12
ABCA7
ABCBS5
ABCD2
ABLIM2
ACACB
ACD

ACE
ACOT9
ACTL7B
ADA
ADAMI11
ADAMI12
ADAMI19
ADAM21
ADAMTSI10
ADAMTSI1S
ADAMTSI16
ADAMTSI18
ADAMTS2
ADAMTS20
ADAMTS20
ADAMTSS
ADAMTSL3
ADCY2
ADCY4
ADD2
ADPRHL2
AFF3
AHNAK
AHNAK
AHR
AICDA
AIM2

AK3
AKAP12
ALDHI18A1
ALDHI1A3
ALDH3A1
ALDH3B1
ALDH8ALI
ALGS8
ALMS1
ALOXS5
AMIGO3

NM 0
NM_0
FEML

o

CCDS10842.1
CCDS11637.1
NM_001033583
CCDS6771.1
CCDS13335.1
CCDS11486.1
CCDS7653.1
CCDS4338.1
CCDS9804.1
CCDS12206.1
CCDS8488.1
NM_139056
CCDS10926.1
CCDS4444.1
NM_175851
NM_025003
CCDS13579.1
CCDS10326.1
CCDS3872.1
CCDS9627.1
CCDS1906.1
CCDS402.1
NM_001025108
NM_024060
NM_001620
CCDS5366.1
NM_020661
CCDS1181.1
CCDS629.1
CCDS5229.1
CCDS7443.1
CCDS10389.1
CCDS11212.1
NM_000694
CCDS5171.1
CCDS8258.1
NM_015120
CCDS7212.1
NM_198722

APXL2
AQP8
ARFGAP1
ARHGAP10
ARHGAP21
ARHGAP28
ARHGEF11
ARHGEF7
ARHGEF9
ARIDIA
ARMC7
ARMCX1
ARNT2
ARRDC2
ARSA
ARSI
ARTS-1
ASB2
ASXL2
ATF2
ATNI1
ATP10A
ATP10B
ATP10D
ATP11B
ATP1A3
ATP1B2
ATP2A1
ATP2B3
ATP6VOA4
AZUL
B3GALTI
B3GNTLI
B4GALT7
BACH2
BAI

BAIR
BAIAP2L2
BAIAP3
BC37295_3

LGPHB 5 NM,_ 14

1'198547. 1
207405.

9 NM 173591,

121

GORASP2 NM 015530 FAAH NM 001441.1 F1140869
NM 182625. 2 GP5 NM 004488.1 FABP4 NM 001442.1 F1141821
NM 001001697 GPCL NM 002081.1 FAMA4A NM 148894. 1

Table 13. Gﬂi@f&sa@sﬂm_z07386eaa@nmm_1527!ﬁ297§8'92\|\m7B Sbvhel 2@l . 1

CCDS4161.1
CCDS10626.1
CCDS13515.1
NM_024605
CCDS7144.1
NM_001010000
CCDS1162.1
CCDS9521.1
NM_015185
CCDS285.1
CCDS11714.1
CCDS14487.1
NM_014862
CCDS12370.1
CCDS14100.1
NM_001012301
CCDS4085.1
CCDS9915.1
NM_018263
CCDS2262.1
NM_001940
NM_024490
ENST00000327245
CCDS3476.1
NM_014616
CCDS125%4.1
NM_001678
CCDS10643.1
CCDS14722.1
CCDS5849.1
CCDS12044.1
CCDS2227.1
NM_001009905
CCDS4429.1
CCDS5026.1
NM_001702
CCDS4968.1
NM_025045
CCDS10434.1
NM_001005850

71 FAMB
- CENVB NM 002
Lo Aidohi 9 NM_155838. 1
J OPRA5 MM 007227. 3

.1 FANCA

C100rf99
Cllorfl6
Cl13o0rf22
Cl13orf25
Cl4orf121
Cl4orf124
Cl50rfl16
Cl50rf41
C170rf27
C170rf38
C19orf20
C19orf22
C19orf28
C19orf35
C19orf6
Clorfl13
Clorf129
Clorfl4
Clorf25
Clorf45
C1QL2
CIRL
C200rf134
C20orf161
C200rf26
C200rf42
C200rf77
C2lorf29
C21orf63
C2orf10
C2orf29
C3
C3orfl5
C3orfl8
C4orf9
C6orf103
Coorf213
Coorf54
C6orf60
CTorf27

Accession
ID

CCDS1149.1
CCDS3198.1
CCDS10312.1
CCDS7694.1
NM_001204
CCDS2971.1
CCDS13211.1
CCDS9344.1
CCDS2800.1
NM_001002860
NM_001010896
NM_001012713
CCDS7672.1
CCDS7371.1
CCDS7794.1
CCDS9336.1
CCDS9467.1
NM_138360
NM_020195
CCDS10026.1
NM_032499
NM_020914
NM_001010855
NM_033513
CCDS12048.1
NM_174983
CCDS12087.1
CCDS12052.1
NM_024676
NM_025063
NM_030933
CCDS1366.1
NM_001025231
NM_182528
CCDS8573.1
NM_001024675
CCDS13377.1
NM_015585
CCDS13098.1
CCDS13301.1
CCDS13712.1
CCDS13614.1
CCDS2291.1
CCDS2050.1
NM_000064
CCDS2994.1
CCDS2829.1
NM_003703
ENST00000326916
NM_001010852
CCDS5304.1
NM_024581
CCDS5334.1



C9orf138
CY9ori39
C9orf45
C9orf91
C90r198
CABLES2
CACNAIA
CACNAIE
CACNA2D1
CACNGS5
CAD
CALBI1
CALCR
CAMSAPI
CAMTAL
CAND2
CAPN12
CARD9
CASKIN2
CASP10
CAT
CBFA2T2
CBLN4
CCDC11
CCDC18
CCKAR
CCL2
CCNB3
CCNYL3
CCR1
CCT6A
CCT6B
CD163
CD1A
CD200R1
CD44

CD6
CD79A
CD86
CDC42BPA
CDH1
CDHI10
CDH20
CDH7
CDKN2A
CDSN
CEBPZ
CEECAM1
CEL
CELSR1
CENTD1
Cepl192
CEP290

FOXP4 NM 138457.1 GSN NM 000177.3 FGD6 NM 018351 FREML
NM 144966 GIF2A1 NM 015859. 2 FGFR2 NM 022970.1 FRWPD1
woR0001d®0y. 1 GIF3C1 NM 001520 FHCOD1 NM 013241. RCHUSA19/032881

NM_000147. 2 GUCY2F NM_001522.1 FHOD3 NM 025135 FUS

NM_004960. 1 HADHB NM 000183.1 FLG NM 001014342 FXR1
NM_005087. 1 HCN3 NM 020897.1 FLJ10241 NM 018035 G3BP2
Gene SymboiM_2038¢F85S{OHDACA  GbdeGHAB3I7. 2 Fés
G5PC NV 000151, 1 HDAC7A NM 01

GAL7
NM 0

NM Och,;b%g'é

3

06360. 2
12 GAB 1
12 GAB

002039. 2
RA4,,NM_000809. 2, H

54

992 NM_0&8RiSynibol
FLJ10324 NM 018059

006
P NM 203346, 1 FLJ10458
1NV 015987 F
[308 NM 13

ARpb. 1

FLI1Q87/:NM 018252..1s GAB RP NMLOL4211. 1 H SELHAL
NM_0Q3546,:2 F1113089, NM 0249532, GALK2 NM 004001556
H'S TRHAB NM 1750852 F1113231,0M: 023073 GALNT17
NM 0QdQ34845 HK3 Nh@02115. 1 Fid®3479 NM 024406. 3
GALNTooM.014568. 1orikCS NM 0004bdus41 F1113868x0m

NM 022741 GALNTLZisNM 054110 dvib@s.NM 030789y
F11145608+NV 152780c:2rGARNLL NMini 94301 HVG2L dvrr:

NM 001663681 FLJ14624 NM 032813p4cGDF6 NM 004001557
HOVERRSNM.1199331 Fak16331 NM 000904326 GGAL paci:

NM 01836872 HOOK1 Mws615888. 3

NM 000252 HOOK2 CLECHM

ENST00000295989
CCDS12519.1
CCDS6997.1
CCDS11723.1
CCDS2338.1
CCDS7891.1
CCDS13221.1
CCDS134438.1
CCDS11940.1
NM_206886
CCDS3438.1
CCDS11277.1
CCDS14331.1
ENST00000332505
CCDS2737.1
CCDS5523.1
NM_006584
CCDS8578.1
CCDS1174.1
CCDS2969.1
CCDS7897.1
CCDS7999.1
CCDS12589.1
CCDS3009.1
CCDS1558.1
CCDS10869.1
CCDS3892.1
CCDS11977.1
CCDS11993.1
CCDS6510.1
NM_001264
CCDS1787.1
CCDS6901.1
NM_001807
CCDS14076.1
CCDS3441.1
NM_032142
NM_025114

CLIPR-59
CLK1
CLSTN2
CLUAP1
CMAS
CMYAL
CMYA3
CMYAS
CNGB1
CNGB3
CNTN4
CNINS5S
CNIN6
CNTNAP2
CNTNAP4
COBLL1
COCH
COH1
COLI11A1
COLI14A1
COL17A1
COL22A1
COLA4AL
COLA4A4
COL5A1
COL6A3
COLEC12
CORO2A
CPAMDS
CPLX2
CPN1
CPT1C
CPZ
CREBBP
CSF2RB
CSMD1
CSMD2
CSS3

122

EDIIOL52 NM 00&G00 GGA3

CCDS12187.1
CCDS12486.1
CCDS2331.1
CCDS3112.1
NM_015041
CCDS8696.1
CCDS2683.1
NM_152381
NM_153610
NM_001297
CCDS6244.1
CCDS2558.1
NM_014361
CCDS2557.1
CCDS5889.1
CCDS10924.1
CCDS2223.1
CCDS9640.1
CCDS6280.1
CCDS778.1
NM_021110
CCDS7554.1
CCDS6376.1
CCDS9511.1
NM_000092
CCDS6982.1
NM_004369
NM_130386
CCDS6735.1
NM_015692
ENST00000274615
CCDS7486.1
CCDS12779.1
CCDS3404.1
CCDS10509.1
CCDS13936.1
NM_033225
CCDS380.1
NM_175856

DBT

DCC1

DCHS1

DCHS2

DCT

DDX51

DDX58

DEPDC2
DEPDCS

DET1

DFNB31

DGKA

DGKD

DGKK

DGKZ

DHCR24

DHX33

DHX3

DICER1

DIP2B
DKFZp313G1735
DKEFZP434B0335
DKFZP434G1415
DKFZP4341L1717
DKEZp43400527
DKFZP564]0863
DKFZp5660084
DKFZP586P0123
DKFZp761A052
DLC1

DLEC1

DLG2

DLG3

DLGAP1

DMD

DMP1

DNA2L

DNAHI11

DNAHS5

1310726

Accession
ID
CCDS14759.1
NM_004389
CCDS7269.1
CCDS3881.1
CCDS7113.1
NM_003588
CCDS5720.1
CCDS7191.1
CCDS14614.1
CCDS10009.1
NM_014376
CCDS10268.1
CCDS14455.1
CCDS4776.1
CCDS767.1
CCDS6330.1
CCDS7771.1
CCDS3785.1
CCDS9470.1
NM_175066
CCDS6526.1
CCDS6201.1
NM_014662
NM_017996
CCDS6806.1
CCDS8896.1
CCDS2504.1
NM_001013742
CCDS7918.1
CCDS600.1
CCDS11072.1
CCDS11464.1
CCDS9931.1
NM_173602
CCDS4073.1
NM_015395
CCDS8743.1
CCDS3805.1
CCDS2430.1
NM_015459
CCDS11215.1
NM_015531
CCDS14313.1
CCDS5989.1
ENST00000337335
NM_001364
CCDS14403.1
CCDS11836.1
CCDS14228.1
CCDS3623.1
ENST00000358410
NM_003777
CCDS3882.1



NM 013312 FLJ20184 NM 017700.1 G MAP1 NM_130759. 2

HOOK3 NM 032410.2 F1120422 NM 017814.1 G MAPS
WORM09ABBZA HOXA3 NM 153631. 1 F1120584 NM 01789BCRUS2009/032881

G Or-1 NM 153257 HOXA4 NM 002141.2 F1120604
NM 017897.1 G PC3 NM 133261 HS3ST4 NM 006040 F1121839

NM 021831. 3 GJA8 NM 005267 HSD11B1 NM 181755. 1

NM 0142

DNAHS
DNAH9
DNAPTPG
DNHD2

HSHI
HSPA]NM
NM

99324. 1
016299. 1_]
59,1 HSPALB

23473 FLI23584 NM 024588 &
@% 125955 N
131413 N

NM 005346 FlI32

11 NM 01
1.1 & IR
7.3 QU

145 NM 152327 1

J20;

Gene Symbdil1219%% gw"bzszoseane@y%oNM oodi%ﬁ'QWHSD17asne Symbol

FLI21628

DNMIL GLTZQQ?SSN\{I 015101. L HSPCO49 NMBLI414A9 F11323634

DOCK2 NM 1 %&@3@

il GMCLILgINM 022471, 2455 E9C NM 182984,

DOTIL F1132440,HM 173685;r), GNBIL NM Q530Q4. 1 HUMCYT24,

DPS3 NM_01&888Boski F1132830s NM_15278LechsstNPAT NM 014236. 1

DPP6 HUVEI\viNMz031407  WRR2009/ 100028B634.1US2009/ 032884 Gene
DRD2 SynmbakpsAecessi on | BrGene SynbolcoAcerassi on | Bifsene
DRD3 Synbakpséecessi on | Bot:CAMG NM 003258 2 K1AAL1B2417s

DUOX2 NM 020776172 L006529683NM 00103366601 FNA2 NVEGOH605. 2

DUSP15 KlAAISWSTMNM 020802r1¢. 0088523 NMO33811 | FNB1 FLi32110

DUSP19 NM 0020578211 Kl AA14za1 NM 019024cco@@80529 NM 178122, 2

DYSF | KBKAPDSMM 1003640, 28K1AAL632 NMMOZO964. 1 LOCo1464
EBF NM 1383701 KBKB NMA001556. 1 KI AATFI7 NM 01779461 OXL2
EBF3 NM 0 0@‘[@1}805463 FADD CCDS8196.1 F1.134969
EDGS CCDS12240.1 FADSI1 CCDS8013.1 F1.I35220
EFEMP1 CCDS1857.1 FADS2 CCDS8012.1 F1.J35843
EHMTI1 CCDS7050.1 FAM132B ENST00000344233 FLI36180
EIF2AK2 CCDS1786.1 FAM47B ENST00000329357 FLI36748
EIF5 CCDS9980.1 FAMS50B CCDS4487.1 FLJ37396
EIF5B NM_015904 FAMS3B CCDS7641.1 FLI38020
ELA2 CCDS12045.1 FAMS54B NM_019557 FLI38377
ELAVIA CCDS553.1 FAMS5C CCDS2945.1 FLJ39155
ELN CCDS5562.1 FAT NM_005245 FLJ39501
EME2 NM_001010865 FAT3 ENST00000298047 FL.J39502
EMILINI CCDS1733.1 FAT4 CCDS3732.1 FLJ40235
EML1 NM_004434 FBN2 NM_001999 FLJ41046
ENC1 CCDS4021.1 FBN3 CCDS12196.1 FL1.J41993
ENST00000294635 ENST00000294635 FBXO15 CCDS12002.1 FL.J45231
ENST00000298876 ENST00000298876 FBXO3 CCDS7887.1 FL.J45909
ENSTO00000309390 ENST00000309390 FBXO0O41 ENST00000295133 FLJ46072
ENSTO00000322493 ENST00000322493 FBXO0O9 NM_033481 FLJ46365
ENSTO00000324303 ENST00000324303 FBXW7 CCDS3777.1 FLJ46481
ENST00000326382 ENST00000326382 FBXWS CCDS9182.1 FLJ46536
ENST00000326952 ENST00000326952 FGD2 CCDS4829.1 FL.J90805
ENSTO00000332477 ENST00000332477 FGD5 NM_152536 FMN2
ENST00000333971 ENST00000333971 FKRP CCDS12691.1 FMNIL1
ENST00000334548 ENST00000334548 FKSG44 CCDS8102.1 FMNL3
ENST00000336168 ENST00000336168 FLI10324 NM_018059 FMR1
ENST00000340260 ENST00000340260 FLI10407 CCDS583.1 FMR2
ENSTO00000356555 ENSTO00000356555 FLI10521 CCDS182.1 FN1
ENTH NM_014666 FLI10647 CCDS406.1 FOXI1
EP300 CCDS14010.1 FLI12886 NM_019108 FOXP2
EPB411.1 CCDS13271.1 FLI14011 CCDS12944.1 FREM1
EPC2 NM_015630 FL.114299 CCDS6094.1 FREM2
EPHA3 CCDS2922.1 FLI114490 CCDS446.1 FRMPD4
EPHA7 CCDS5031.1 FLI14640 NM_032816 FSTLS
EPHB1 NM_004441 FLJ20032 CCDS3666.1 FTCD
EPHB2 CCDS229.1 FLJ20035 NM_017631 FTHIL17
EPHB6 CCDS5873.1 FLJ20244 CCDS12293.1 GABRAI
EPM2A CCDS5206.1 F1.J20245 CCDS7041.1 GABRRI1

123

Accession
ID
CCDS6774.1
CCDS576.1
CCDS4440.1
NM_024675
NM_024913
CCDS12189.1
ENST00000303168
CCDS14049.1
CCDS11237.1
CCDS8456.1
NM_001001668
CCDS8763.1
CCDS5613.1
CCDS587.1
CCDS12086.1
CCDS2645.1
NM_152678
NM_173627
CCDS9151.1
CCDS3851.1
NM_152406
CCDS5072.1
NM_001039775
CCDS2164.1
CCDS3924.1
CCDS12331.1
CCDS2281.1
CCDS12827.1
NM_207479
NM_001001694
NM_001039778
CCDS12522.1
CCDS6410.1
CCDS6144.1
CCDS3384.1
NM_198483
CCDS12603.1
NM_020066
CCDS11497.1
NM_175736
CCDS14682.1
CCDS14684.1
CCDS2399.1
NM_001454
CCDS5760.1
NM_ 144966
NM_207361
NM_014728
CCDS3802.1
CCDS13731.1
CCDS14227.1
CCDS4357.1
CCDS5019.1



Gene SymbdIRRC/ Agoe

GALNT13
GALNT4
GALNTS
GAS7
GBP3
GDF6
GFAP
GFRAL1
GH2
GIMAP7
GIA3
GLBIL3
GLI1
GLI3
GLPIR
GLTSCR1
GNATI1
GOLGA3
GPC2
GPR
GPR110
GPR133
GPR151
GPR154
GPR158
GPR35
GPR54
GPR73L1
GPR32
GPRC5C
GPS2
GPX6
GRCA
GRHL1
GRIA3
GRIK2
GRIN3A
GRIP2
GRM6
GRMS8
GSDML
GSR
GTF3C1
GTF3C3
GUCA2A
GUCY1A2
HIT2
HAPLN4
HAS1
HBXIP
HCK
HECW1
HECW2

1L1IRAPL2 NM 017416.1 KI AA1826 NM 032424 LPO NM 006151
I L7R NM_002185. 2 KI AA1914 NM 001001936 LRB A

NM 017640 | NHBE NM_031479. 3 KI BRA NM 015238.1 LRRC4
NM 022143. 3 | PLA2( GAMVA) NM 015723 KI F14 NM 014875
LRRC43 NM 152759 | P07 NM 006391 Kl R2DS4 NM 012314, 2

94. 1 G@SE@%bNNIOlSO

LRRFI P_1 "M 004735,
LuzPg, R017760 |
T NM § 1 | RTA2

NM_0QL00573

6 | TGA9,;

| RF8 NM 0921
NM_ 003604

f 031281, 1
002207. 1.

1 KLHL1
15 NM O
, NML_ 0022
1 -8 NM A9

??SKE?—ILlO Nigle AESyhih

NM 030624

3 2 LYS
LYST

§69

L2750 R 032429, 1 [HCAR. N 002300, KRTAP20- 15 a0
NM_182615,:4; MACF1 N, 012090. 3§ FGAk: ,;NM 002208, KTN1

NM 182926011 MAGLAL,NM.G04988. 3wk 31682 NM 000241, 1 LANVAL
NM_005559: MAGEA4 NMx002362. 3 | TBRIss.NM_0022222:AMA2

NM 000426452 MAGEB kcNM 182506cchERe NM 1809891 AMAG
NM_0Q2290: IMAGEC2 NMxD16249. 2 JARL:RIB NM 0066d8iL AVBA
NM_0Q73660. MAGED2 NWcR01222. 1 JMibDbA NM 01843313 LAP1B
NM_0 E56020291 MAGEELmAM 020932, 1cchEDLC NM 0042#E LDHB
NM 002888013 MAG 1 MWt 173515. 1 JURoINM 021991 kiarL EPREL 1

CCDS5465.1 HRPT2
CCDS4839.1 HS3ST2
NM_015711 HS3STS
CCDS2812.1 HSGT1
CCDS9281.1 HIR1A
CCDS5689.1 HYPC
CCDS10051.1 IERS
ENST00000326374 IL12RB1
CCDS9272.1 IL17RB
NM_194251 IL17RC
CCDS5443.1 IL18R1
NM_020752 IL2RG
CCDS2541.1 ILK
CCDS12049.1 IMP5
CCDS13089.1 INHBB
CCDS14259.1 INOB0
CCDS11699.1 INPP5D
CCDS11100.1 INTS2
NM_182701 IQGAP1
CCDS8563.1 IRGQ
NM_198182 IRS4
CCDS14604.1 IRX1
CCDS5048.1 ISYNAL1
CCDS6758.1 ITGALl
ENST00000273083 ITGA3
CCDS4442.1 ITGA4
CCDS5794.1 ITGA9
CCDS11354.1 ITGAE
NM_000637 ITGB4BP
NM_001520 ITIH2
CCDS2316.1 ITLN1
CCDS465.1 ITPR1
CCDS8335.1 IXL
CCDS8762.1 JAG1
CCDS12398.1 IMI11
CCDS12838.1 IMID3
CCDS824.1 JPH3
NM_002110 JPH4
CCDS5469.1 K6IRS2
NM_020760 KAL1
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CCDS1382.1
CCDS10606.1
NM_153612
CCDS7321.1
NM_000524
CCDS8789.1
CCDS1343.1
NM_153701
CCDS2874.1
CCDS2590.1
CCDS2060.1
CCDS14406.1
CCDS7768.1
NM_175882
CCDS2132.1
CCDS10071.1
NM_001017915
NM_020748
CCDS10362.1
NM_001007561
CCDS14544.1
NM_024337
CCDS12379.1
NM_001004439
CCDS11557.1
NM_000885
CCDS2669.1
NM_002208
CCDS13249.1
NM_002216
CCDS1211.1
NM_002222
NM_017592
CCDS13112.1
CCDS14316.1

ENST00000254846

CCDS10962.1
CCDS9603.1
CCDS8833.1
CCDS14130.1

KIAAD082
KIAA0317
KIAA0367
KIAA0372
KIAA0590
KIAA0774
KIAA1024
KIAA1086
KIAA1102
KIAA1109
KIAA1219
KIAA1543
KIAA1704
KIAA1751
KIAA1755
KIAA1944
KIAA1957
KIAA1961
KIAA2013
KIF21A
KIF25
KIF3A
KIN
KIRREL
KIT

KLFs
KLHDC1
KLHDC4
KLP1
KPNB1
KRAS
KRT13
KRT9
KRTAP11-1
L3IMBTLA4
LAMAI1
LAMA4
LAMAS
LAMC3
LARP

woOR000060026. 1 | NA NM_032727. 2 Kl AA1946 NM_17745ECT/BRI009032881

Accession
ID
NM_014867
CCDS828.1
NM_002233
CCDS13418.1
CCDS6209.1
CCDS9005.1
CCDS12793.1
CCDS2200.1
CCDS9880.1
CCDS7352.1
NM_020822
CCDS12434.1
CCDS12239.1
CCDS4835.1
ENSTO00000338772
NM_015225
CCDS4072.1
CCDS10439.1
NM_001033602
NM_015206
ENST00000262961
NM_014988
ENST00000264501
CCDS13305.1
ENST00000160298
CCDS9394.1
ENST00000270720
NM_001029864
CCDS9266.1
ENST00000332235
NM_133372
ENST00000329923
NM_017641
CCDS5305.1
NM_007054
CCDS7080.1
CCDS1172.1
CCDS3496.1
CCDS9448.1
CCDS9692.1
CCDS10963.1
CCDS12926.1
CCDS11513.1
CCDS8702.1
CCDS11396.1
NM_000226
CCDS13608.1
CCDS11839.1
NM_005559
NM_002290
NM_005560
CCDS6938.1
CCDS4328.1



NM 018192. 2 MANEA NM 024641. 2 KCNAS NM 002234. 2 LGALS

2 NM 006498.1 MAOA NM 000240. 2 KCNCZ2 NM 139136. 2 LHCCR
wOR000B38. 1 MAP1 A NM 002373 KCNJ1 NM 000220. PCT/UF2089/032881

NM_053051. 1 MAP3K6 NM 004672.3 KCNJ15 NM 170737.1 LI PE

NM_005357. 2 MAPK13 NM 002754. 3 KCN@B NM 004519 LLG.1

NM 004140 MAPKBP 1 NM 014994 KLAP1 NM 203500.1 LMO6

Gene SymbiM_ 0063393 VASP1 wecggmze KI ARB 6'°"N|\/| 014686e Symbol Alccession
LASS3 LOCllC27 NM 138411 NM 002 AA0143 Nl\/l 015137 CCDS2955 1
o LOCLE3179" NV 1384 I\/CAM NM KlAA02 RV
LENGS NM 01 0, 0C1138 138435 RTl NM_ O 2 1 CCDSSIS2 L
LG K1AAQ2&4,, NV 015005M 23876 010845 CCDS7407.1
L5 NM015075 5 KLARDSBE WML 015225 [ (126248 NW 153070, 2 (20
bew MCOLNLNM.020533. 1, KIAAO427 NMWOAA/72. 1 LOCZAQ420
LIMR NM_14530Q0.,/MDCL NM Q14641 K1AAO4B,oNM 015284\ kDC220929  ccpsiieos.i
LIPH NM 182551 MED12 \Niyh 005120 Kl ABOR13 NM 014Yg2 CCDS1229.1
IMOD1 LOC253(123:NM 1981 534pdke M_.F2C NMB892:397 KLAAOSR&rRD ENST00000309106
LMTK2 NM 014802:1L0C25537darNyl 203397 dbARD1 NM 0034802 CCDST7846.1
LMX1A K1AAQGEA4NM 015229MArdG283849 NiMbdi#8516. 2 MOEhid 332 CCDS11733.1

rocii3179 - NM_ 0&21751@762_K1AA061W2>4MM 01485%N0G332123 NVMBB1005920  ccpsii71s.a
LOC113386 I\/GC17\®9198721\|M 144626M4PxK1AA0676 MV1315043 . 3 MOE339745 NM_013404
Locizzsrz. NM_ 001009664 MIC21688 NM 14463€9D814P@llAA0703 MM1014861 NM_005955

Locizela7  |LOC340WS87NM 0010124RLE! MEC2404F0NNG-178840. 2 MIMRI2 NM 019061
LOCI128153 CCDS1519.1 MARS CCDS8942.1 MTMR2 CCDS8305.1
LOC130951 NM_138804 MASP2 CCDS123.1 MTO1 CCDS4979.1
LOCI131873 ENST00000358511 MASS1 NM_032119 MTR CCDS1614.1
LOC163131 NM_001005851 MAST2 NM_015112 MUCl1 CCDS1098.1
LOC167127 CCDS3914.1 MAT2B CCDS4365.1 MUCI15 CCDS7859.1
LOC222967 ENST00000297186 MBD3 CCDS12072.1 MUCI16 NM_024690
LOC283219 NM_001029859 MCM7 CCDS5683.1 MucC2 NM_002457
LOC283398 ENST00000342823 MCTP2 NM_018349 MUF1 CCDS533.1
LOC284434 NM_001007525 MEGF11 CCDS10213.1 MUMIL1 NM_152423
LOC339768 CCDS2525.1 MEP1A CCDS4918.1 MYBL1 ENST00000331406
LOC340578 NM_001013628 METTL3 NM_019852 MYBPHL NM_001010985
LOC342979 ENST00000340790 MGC10731 CCDS171.1 MYCBPAP NM_032133
LOC343521 NM_001013632 MGC13125 CCDS8374.1 MYH2 CCDS11156.1
LOC387720 NM_001013633 MGC15523 CCDS11780.1 MYH3 CCDS11157.1
LOC388135 NM_001039614 MGC15875 CCDS4434.1 MYH6 CCDS9600.1
LOC392617 ENST00000333066 MGC20806 CCDS11797.1 MYH9 CCDS13927.1
LOC399706 NM_001010910 MGC2494 CCDS10423.1 MYLIP CCDS4536.1
LOC441136 NM_001013719 MGC26598 CCDS9036.1 MYOl10 NM_012334
LOC441476 NM_001004353 MGC26988 CCDS4335.1 MYOI5A NM_016239
LOC441722 ENST00000311061 MGC29649 CCDS8033.1 MYOIG NM_033054
LOC51334 CCDS4127.1 MGC33407 CCDS12207.1 MYO3A CCDS7148.1
LOC63920 NM_022090 MGC34713 CCDS4070.1 MYO6 NM_004999
LOC89944 NM_138342 MGC35138 CCDS7701.1 MYO7B ENST00000272666
LPAL2 ENST00000342479 MGC35555 CCDS6307.1 MYO9%A CCDS10239.1
LPHN3 NM_015236 MGC39581 CCDS12149.1 MYOMI NM_003803
LPL CCDS6012.1 MGC4266 CCDS8522.1 MYST3 CCDS6124.1
LRFN5 CCDS9678.1 MGC50721 CCDS10602.1 NAALAD2 CCDS8288.1
LRP1 CCDS8932.1 MGC5297 CCDS3873.1 NAALADL2 NM_207015
LRPIB CCDS2182.1 MID1 CCDS14138.1 NALP10 CCDS7784.1
LRP2 CCDS2232.1 MIZF CCDS8414.1 NALF13 NM_176810
LRP3 CCDS12430.1 MKIL2 NM_014048 NALP14 CCDS7776.1
LRP35 CCDS8181.1 MLC1 CCDS14083.1 NALP4 CCDS12936.1
LRRC16 NM_017640 MLL NM_005933 NAV2 CCDS7850.1
LRRCI18 NM_001006939 MLL2 NM_003482 NAV3 NM_014903
LRRC3B CCDS2644.1 MLL3 CCDS5931.1 NCDN CCDS392.1
LRRC4 CCDS5799.1 MLL5 NM_182931 NCK1 CCDS3092.1
LRRC48 NM_031294 MMP9 CCDS13390.1 NCL NM_005381
LRRK2 NM_198578 MOBKI.2C CCDS539.1 NCOA2 NM_006540
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K1AAO0774 NM 001033602 LOC374955 NM 198546.1 M3C27019

NM_144705. 2 K1AA0789 NM 014653 LOC388595 NM 001013641
wOLH033h29 NM 152773 K1AA0863 NM 014913 LOC3889REI/US2009/032881

NM_ 001010902 M3C33370 NM 173807. 2 KI AA0913 NM 015037

LOC389151 NM 001013650 M3C33657 NM 001029996 K1AA0934

NM 014974. 1 LOC389549 NM 001024613 M3C34837

Gene SymbdM_ 152%°F?851°'K1AA09@&1em35164 8°1%42220925 Gene Symbol Alccession
NEE NM O 0 ) 12 I\/GC42174 NM 15238 KI 012 NM 14939 2 CCDSirA
NEKS LOC4 1 y 70NM 00101 § M3C529 091. 2 117 CCDS4245 1
NEOL NM O g LOC441 NM 0010 |, A2 NM 54 3 NM_ 031993
NFATC3 M 020702, 0646870 9790 NM_ 032091
NFIA N'V' 0%%Es§§1 2 WO 20&@[1100029PCTM§%94919/ 032883@@@&6 NM_014004
NID SymbolpMecessi on | Ruene Synboly pesessi on | R ene CCDS4260.1
NID2 SynmbolpAegessi on | QsM CAL- Li NW933386. 1 NFlcnr NM_006031
nsLisel NM_OQOg6uho1 1 OSBP2 MME030758 MdkaNLs2sNM 013255 pdNke: ENST00000344698
nesnap3e NM 0QOR268:.12 OSBPL1drsINM 022776. 3 Mubdss NM 014 %24 NFASC CCDS13125.1
NKX2-2 NM 01b90:sOTC NM 0631, 3 ML T Mi005935. 1edNkd X NM_138321
NLGN1 NM 0Q250:2:10TOF NM d84.823. 1 MVPdDoodddk024 25 pides ANFKB1 CCDS4299.1
NMUR1 NM 0088088¢12 P 1 S5R®sNM 018170. 21 dPlok5 NM 002428. 2 NM_015009
NOD3 NFKB NVA7$M 020529. drsPADI 3 NM 0628896t MOGAT tp7hiv 058165 ccpssrza.l
NOLSA NFKBICEDINM0004556 PADNS NM 207424100f0SPERL NM eEL9556. 1 CCDS12948.1
NOPE NFYC NM1@B4223. 2 PANX2 NM 05283990%MPFL NM 01025190 CCDS89.1
NOR1 NGLYEXPP 018297 PAPRA2 NM 0203P8OMREE 1 A PEAS CCDS11136.1
NOS1 NM_000620 ORSTI NM_001004745 PGMS CCDS6622.1
NOX5 NM_ 024505 OR6A2 CCDS7772.1 PGR CCDS8310.1
NP_001035826.1 ENST00000331090 OR6K2 NM_ 001005279 PHACTR3 CCDS13480.1
NP_001074311.1 ENST00000326096 ORSD2 NM_001002918 PHB2 NM_007273
NPDO14 CCDS260.1 ORSHI NM_ 001005199 PIAS4 CCDS12118.1
NPHP4 NM_015102 ORSK1 NM_ 001002907 PIGK CCDS674.1
NPYIR NM_000909 ORBKS NM_001004058 PIGT CCDS13353.1
NRG2 CCDS4217.1 ORI NM_001005211 PIK3CG CCDS5739.1
NRXN2 CCDS8077.1 ORIK2 NM_001005243 PIK3R2 CCDS12371.1
NRXN3 CCDS9870.1 ORCSL CCDS5734.1 PIPSK3 CCDS2382.1
NSE1 CCDS1684.1 OSBPL6 CCDS2277.1 PITRM]1 NM_ 014889
NTF3 CCDS8538.1 OSCAR CCDS12873.1 PKDIL2 NM_ 182740
NTRK3 CCDS10340.1 OSMR CCDS3928.1 PKHDILLI NM_177531
NUDT5 CCDS7089.1 OSTN CCDS3299.1 PKIA CCDS6222.1
ENST00000318605 ENSTO0000318605 OTOF CCDS1724.1 PKP2 CCDS8731.1
NUP210 NM_024923 OTP CCDS4039.1 PLCB2 NM_004573
NURIT CCDS9399.1 OTX1 CCDS1873.1 PLCB3 CCDS8064.1
NXN CCDS10998.1 OVCA2 NM_001383 PLCB4 CCDS13104.1
NXPH3 CCDS11550.1 OVCHI NM_183378 PLECI NM_201380
OBSCN CCDS1570.1 P11 CCDS8754.1 PLEC1 NM_ 201378
OBSLL ENST00000265318 PABPCS CCDS14460.1 PLEK2 CCDS9782.1
OCA2 CCDS10020.1 PACS2 NM_015197 PLEKHAG CCDS1444.1
oDZA ENST00000278550 PAD2 CCDS177.1 PLEKHG2 NM_ 022835
OGDHL CCDS7234.1 PALMD CCDS758.1 PLKS_HUMAN ENST00000334770
OGFOD2 NM_024623 PAPPA CCDS6813.1 PLXNAL NM_032242
OGT CCDS14414.1 PARP10 NM_ 032789 PLXNBI CCDS2765.1
OR10A3 ENSTO0000360759 PARP14 NM_017554 PMP22CD NM_ 001013743
OR10K2 NM_001004476 PARP2 NM_005484 PNPLAL NM_001039725
OR10P1 NM_ 206899 PARPY CCDS3014.1 PODN CCDS573.1
ORI10R2 NM_ 001004472 PAXG6 NM_ 000280 PODXL NM_ 001018111
OR10Z1 NM_001004478 PB1 CCDS2859.1 POLR2A NM_000937
ORI1LL NM_ 001001959 PCDHI15 CCDS7248.1 POLRMT CCDS12036.1
OR13C3 NM_ 001001961 PCDH17 NM_ 014459 PON1 CCDS5638.1
OR13CS NM_001004482 PCDHI8 NM_019035 PPA2 CCDS3667.1
OR1I2 NM_ 054107 PCDH9 CCDS9443.1 PPFIA2 NM__ 003625
OR2AI1 ENST00000318244 PCDHAI13 NM_031864 PPPICA CCDS8160.1
OR2T1 NM_030904 PCDHB16 CCDS4251.1 PPPIR15B CCDS1445.1
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NM_005590.

NM_ 002442,
WORN00A4BE
NM 152332.
NM_004923.
NM_ 021090,
Gene SymbdiM 01 7’6°F?;92°N0TCMGMM 59%55 7P
NM_ 0246 NOX5 NM
PPPIR3A 739.1
PPP2RI1A NM—O 49, RCAM N
PPP2R3A NM—O é; NRK N
S NM 018235, 2 NRXN3
PPP5C NM o%%m ll\IUFI P2
sromio  NM_ 015054, [NUP133
PRDMS5
PRDM9
PRELP
PREX1
PRG-3
PRKACG
PRKCG
PRKD1 CCDS9637.1
ProSAPiP1 CCDS13049.1
PRR12 ENST00000246798
PRSS23 CCDS8278.1
PSMD3 CCDS11356.1
PSME4 NM_014614
PTCHD2 ENST00000294484
PTCHD3 NM_001034842
PTF1A CCDS7143.1
PTGER3 CCDS652.1
PTN CCDS5844.1
PTPN12 CCDS5592.1
PTPRK CCDS5137.1
PTPRZ1 NM_002851
PUMI1 CCDS338.1
PWP2H NM_005049
PXDN ENST00000252804
PXDNL NM_ 144651
PYHIN1 CCDS1178.1
QO8AG5_HUMAN ENST00000334213
Q5IX50_HUMAN ENST00000325076
Q5SYT8_HUMAN ENST00000279434
Q67ZMX6_HUMAN ENST00000269197
Q67T40_HUMAN ENST00000296564
Q772Q7_HUMAN ENST00000334994
Q7Z7L.8_HUMAN ENST00000339446
Q8N2V9_HUMAN ENST00000324414
Q8N5S4_HUMAN ENST00000326474
Q8N6V7_HUMAN ENST00000324928
Q8N800_HUMAN ENST00000322516
Q8N9F6_HUMAN ENST00000317122
Q8N9G5_HUMAN ENST00000313957
Q8N9S5_HUMAN ENST00000329388
Q8N9V7_HUMAN ENST00000309765
Q8N97Z1_HUMAN ENST00000326413
QS8NCK2_HUMAN ENST00000325720
Q8NGP7_HUMAN ENST00000341231
Q8NHO06_HUMAN ENST00000324144
Q8NHO08_HUMAN ENST00000327198
Q96GK3_HUMAN ENST00000315264

4

NML01823Q.
NM_0Qe8673.:2 NUP188 ) hado4 RehovhA06197 p MY B
NM_02@884., NUP205 '\lbéhéll%&ﬁ&x PCNs o031 M9
NM_0Q2657:3312 NUP2 1400 @0%085. 2eneiXeldldosNM 01 49:66
MYLC2Phs1 Vi 138403 NuIRBSuNM: 01632000d2PRCD4A NM©14456. 3
MYO15A0HiM.1016239 NXNstiNWIVOR 24 6 3ensSrobdioiiet NM 013232. 2

MYO18Bohi..032608 NYBrsSHR2dk NM 08258714:PDE2A MMr002599. 1
MYO1GedMs033054 QAR INMAB 025 3i6sTo0000342338

QOP193_HUMAN
QOPIMS5_HUMAN
QOY6V0-3
QRICH2
RAB6B
RADYB
RAG1
RAG2
RalLP
RANBP2
RARB
RARRES?2
RASEF
RASGRP3
RASGRP4
RASIP1
RASSF6
RBAF600
RBBP6
RBM27
RC74
RCHYI
RDHS
RELN
RENBP
REPINI
RFX1
RFX3
RFXDC1
RGS11
RGS17
RHBDF1
RHOT2
RIC3
RIMBP2
RIMS1
RIMS2
RLF
RNF175
RNUT1
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935. 2

0319
2011

OGNV 03208
Q%mg PCDH@%m%mNQL03209§4NVCB P2

ENST00000359406
ENSTO00000303007
ENST00000333891
NM_032134
CCDS3082.1
CCDS9148.1
CCDS7902.1
CCDS7903.1
CCDS10130.1
CCDS2079.1
CCDS2642.1
CCDS5902.1
ENST00000330861
NM_170672
NM_170603
CCDS12731.1
CCDS3558.1
CCDS189.1
CCDS10621.1
ENST00000265271
NM_018250
CCDS3567.1
CCDS12223.1
NM_005045
CCDS14738.1
NM_013400
CCDS12301.1
CCDS6449.1
CCDS5113.1
CCDS10403.1
CCDS5244.1
NM_022450
CCDS10417.1
CCDS7788.1
NM_015347
NM_014989
NM_014677
CCDS448.1
NM_173662
CCDS10281.1

i%l&

SBLF
SCAP2
SCFD2
SCGN
SCN11A
SCN2A2
SCN4A
SCNSA
SCNSA
SCN7A
SCNM1
SCNNI1B
SCNN1G
SCRIB
SDPR
SDS
SEC14L3
SEMA4D
SEMASB
SENP1
SESN2
SEZ6L
SF3Al
SF3B1
SFRS12
SFRS16
SGEF
SH2D1B
SH3GL3
SH3TC1
SHANK2
SHKBP1
SI

SIDT1
SIGLEC11
SIPA1L2
SIX2
SKD3
SLC14Al
SLC17A1
SLC17A7

2 NHS NM 198270. 2 PARP1 NM 001618.2 MsSI 1
2 NI D2 NM 007361.2 PCDH19 NM 020766 MIAl
NI PBL NM 133433. 2 PCDH20 NM 022843. PCMIISL0A9X132881
2 NOD27 NM_032206.2 PCDH8 NM 002590.2 MIL5

2 NCS 2A NM_000625. 3 PCDHA10 NM 031859 MIMR3
2 NOTCHL NM 017617 PCDHAl 1 NM 031861 MIMRS
s'Rfﬂ/l OSlS@ind\&ﬁi&l

F1

MYBPC2

2 PCOIER,sNM 032099 MYHL

Accession
ID
CCDS8925.1
CCDS6160.1
NM_020366
NM_001003699
ENST00000331067
NM_173630
CCDS6256.1
NM_000540
NM_001035
CCDS9300.1
NM_017827
CCDS9117.1
CCDS1840.1
CCDS5400.1
NM_152540
CCDS4561.1
NM_014139
NM_021007
NM_000334
NM_000335
NM_198056
NM_002976
CCDS987.1
CCDS10609.1
CCDS10608.1
CCDS6411.1
CCDS2313.1
CCDS9169.1
CCDS138717.1
CCDS6685.1
CCDS3019.1
NM_014554
CCDS321.1
CCDS13833.1
CCDS13875.1
NM_012433
CCDS3991.1
CCDS12652.1
NM_015595
NM_053282
CCDS10325.1
CCDS3399.1
CCDS8198.1
CCDS12560.1
CCDS3196.1
CCDS2974.1
CCDS12790.1
NM_020808
CCDS1822.1
CCDS8215.1
CCDS11925.1
CCDS4565.1
CCDS12764.1



PDLI M7 NM_005451. 3 MYO7A NM 000260 OBSCN NM 052843. 1
PDPR NM_ 017990 MY09B NM 004145 OCAZ2 NM 000275.1 PDZD7

woR002409% MYODL NM 002478.3 ODZ1 NM 014253. 1 ROZKSR2009/032881

NM 024791. 2 MYR8 NM 015011 OR10AZ2 NM 001004460 PDZK4
NM 032512. 2 MYST4 NM 012330.1 OR1OH4 NM 001004465
PEBP4 NM 144962 NAB P2 NM 018177.2 OR12D3 NM 030959. 2

Gene SymbdtERI _

SLC1A6
SLC22A15
SLC22A7
SLC25A26
SLC28A3
SLC2A1
SLC2A3
SLC2AS
SLC33Al1
SLC39A10
SLC39A6
SLC45A1
SLC4A10
SLC4A8
SLC4A9
SLC6ALS
SLC6AL17
SLC6A2
SLC6A3
SLC9AS
SLCO1A2
SLCO1B1
SLCO1C1
SLCO4C1
SLITRK2
SLITRK3
SLITRKS5
SMAD3
SMAD4
SMARCA4
SMOC1
SMTN

SN
SNCAIP
SNRPC
SNX16
SNX26
SORLI1
SOX3

SP8
SPAP1
SPATA13
SPINLW1
SPTAN1
SPTBN2
SR140_HUMAN
SRCRB4D
SRRM2
SST
ST6GAL2
ST6GALNACS
ST8SIAS
STAB1

NM OZZ%g PhANALPl NM. 014922 ORINL

NM_0d4
NM_0

PFKFB4,

A

LP14
L NALP8
1,004567. 2r

018420

76822. 2
76811. 2
9 NM 176820,

PGBD3, N, A 70753. 1 NAYZ NM 014903, 0R2V8 NM 001001957
PHACS \M, 032592. 1 NCAML NM 000635,0R2V6 NM 001004698
PHC1 h£04426. 1 NGB 5OR NM 01623002 ORADZ2 vpmies

NM 001894707 PHF195NM 015651 NGOAGsNM 01407 iR GR52A1
NM 012375 PHF7 NM @6483. 4 NDRGRoNM 201541, huGR52HL
NM_ 0040085289 PHKB $M:000293. 1 MNBSTL NM 001543:r0R56A1
NM 004004917 Pl GN Nvhi76787 NDibA®s.NM 002488vi> OR5111
NM_0G:00683877Pl GS NM 033198, 2 NDWFAZ NM 00454Rssls OR5J2

NM_ 0010056492 Pl K3C2G1NM_00457 OcaNERI-AS

CCDS8814.1
NM_031467
CCDS9026.1
NM_001010898
CCDS10754.1
CCDS3863.1
NM_004594
CCDS8686.1
CCDS8685.1
CCDS8683.1
NM_180991
CCDS14680.1
CCDS3197.1
CCDS9465.1
CCDS10222.1
CCDS11950.1
CCDS12253.1
CCDS9798.1
CCDS13886.1
CCDS13060.1
CCDS4131.1
NM_003093
CCDS6234.1
CCDS12477.1
CCDS8436.1
CCDS14669.1
CCDS5372.1
CCDS1168.1
ENST00000360220
CCDS13359.1
CCDS6905.1
CCDS8150.1
ENST00000319822
CCDS5585.1
NM_016333
CCDS3288.1
CCDS2073.1
CCDS673.1
CCDS11930.1
NM_015136

SULF2
SV2A
SYNE1
SYNE1
SYNE2
SYP
SYT1
SYT6
SYT7

T

TAFIB
TAFIL
TAF4
TAS2R41
TATDN2
TBC1D14
TBX15
TBX18
TBXS
TBX6
TCEB3B
TCFL1
TDRD7
TENC1
TESSP2
TEX14
TFCP2L1
TFF2
TFPI2
TFR2
TFSM1_HUMAN
TG
TGFBR2
TGIF2
THNSL1
THSD7B
TIMELESS
TIP1
TLL2
TM7SF4

CCDS13408.1
CCDS940.1
CCDS5236.1
CCDS5237.1
CCDS9761.1
CCDS14321.1
CCDS9017.1
CCDS871.1
NM_004200
CCDS5290.1
NM_005680
NM_153809
NM_003185
NM_176883
NM_014760
CCDS3394.1
NM_152380
ENST00000330469
CCDS9173.1
CCDS10670.1
CCDS11932.1
CCDS989.1
CCDS6725.1
CCDS8842.1
NM_182702
NM_198393
CCDS2134.1
CCDS13684.1
CCDS5632.1
NM_003227
ENST00000314720
NM_003235
CCDS2648.1
CCDS13278.1
CCDS7147.1
ENST00000272643
CCDS8918.1
NM_175610
CCDS7449.1
CCDS6301.1

16. 1 GH@ESyNHb022742°Q%i3@ NM_0G4AOSyritioR2
[\/I 012363, 1 PEX14
NM 0010
AK2 NM 001
2 ORZMA

8 PFC
91

TNF
TNFRSF8
TNK1
TNNI3
TNR
TOR3A
TP53
TP53BP1
TPO
TREH
TRERF1
TRIM37
TRIMSS
TRPM1
TRPM2
TRPM3
TSC2
TSP-NY
TSTA3
TTBK2
TTC12
TTC21B
TTC24
TTF1
TTK
TIN
TIN
TUBB3
TXNDC6
UBEIL
UBE2M
UBQLN4
UBR2
UBXD7
UCP3
ULBP1
UNCI13C
USP20
USP31
USP38
USP42

Accession
ID
CCDS13196.1
NM_014858
CCDS2314.1
NM_052907
NM_018043
NM_031418
NM_001001891
NM_018426
CCDS10407.1
CCDS13462.1
CCDS9064.1
NM_032046
CCDS4702.1
CCDS144.1
NM_003985
NM_000363
CCDS1318.1
CCDS1329.1
CCDS11118.1
CCDS10096.1
CCDS1642.1
NM_007180
CCDS43867.1
NM_001005207
CCDS1636.1
CCDS10024.1
CCDS13710.1
CCDS6634.1
CCDS10458.1
CCDS9237.1
CCDS6408.1
NM_173500
CCDS8360.1
NM_024753
ENST00000340086
CCDS6948.1
CCDS4993.1
NM_133378
NM_133437
CCDS10988.1
CCDS3099.1
CCDS2805.1
CCDS12987.1
CCDS1127.1
CCDS4870.1
ENST00000296328
CCDS8229.1
CCDS5223.1
ENST00000260323
NM_001008563
CCDS10607.1
CCDS3758.1
NM_032172



NM 014222. 2 ORSML1 NM 001005245 PI K3CA NM 006218 NEB

NM 004543 OR8B 12 NM 001005195 PI K3R1 NM_181523.1
wORmob40dkd 198400. 1 OR8D2 NM 001002918 Pl K3R4  PCT/US2009/032881

NM_ 014602. 1 NEF3 NM_005382.1 OR812 NM 001003750 PKD1L1

NM 138295 NET1 NM 005863.2 OR9QZ NM 001005283 PKD1L2

NM 052892 WD 2009/ 100029PCT/ US2009/ 032881 Gene Synbol

Gene Symbd\cCes sf‘ 9% Gene GuriemymbéccessPEIRSP'Y Gene Synbol
UIRN Acce 2 I D PKDRE 4NM 006071. ] P aF NM 012232.2 S AP
VDACY Z41931 PKH NM 17753 NM 013357. 2 SATL1
VGONL NM O 8980 PKN1 213560 P NV 025215. 3 SBNOL
VIM NM_ 1018 02 PLA2ZGAANM 024420. ], PUS/ NM 019042 SCARF2
VIT NM 1@%130%47 3 PLB 1 NM.153021 RAB4J,..NV1 001032726 SCGB 3
VLDLR A2 NWMLQ54023. 2 PLCRgl, NM 015192+,2,,RABEP2 NM 024816 S
VMD2L1 CML1 (MM, Q6746. 2 PLER, 2 NM 004543RAC2 NM 002872. 3
VPS13A SCN2 AZ2piM 021007 PLERS NM 133343siRA 17 NM_020338 1
VPS13D SCN3AMNM206922 PL&ELs NM 00266&8024RANB P1 NM 002882. 2
VPS16 SCNNIBodNMs000336. 1znrD2 NM 00266300d3:R4NB P3 NM 007321
VPS39 S CP2chiM002979. 2 RelsKHAS NM 03263% 2 RANB P3 NM 0073
VSIG1 22 SEOst: NM 014988112 PL EKl—|GZNl\NM46@622835 RAP1GAL
VWF NM 0028886911 SEMA3A NM 006080. 1 PLOD1 NM 000302. 2 RAPH1
wases  NM 21858911 SEMA4BoNMi98928: dRisG8aNM 005032. 3
WBSCR 14 CCDS5553.1 symbols assigned by Entrz Gene
WBSCR17 CCDS5540.1 (http://www.ncbi.nlm.nih.gov/sites/ent
WDRI NM 005112 rezldb=gene). Accession [Ds
WDR17 CCISS3825.1 “NM_XXXX” are uniquely assigned
to each gene by National Center for
WDR2T NM_182552 Biotechﬁologyylnformation (NCBI)
WDR42B ENST00000329763 s . . .
(http://www.ncbi.nlm.nih.gov/sites/ent
WDR44 CCDS14572.1 rez?db=nuccore). Accession IDs
WHSC1 CCDS3357.1 “CCDSXXXX” are uniquely assigned
WIRE CCDS11364.1 to individual genes by National Center
WNT9A NM_003395 for Biotechnology Information
WRNIP1 CCDS4475.1 (NCBD)
XKR4 NM._052898 (http://www.ncbi.nlm.nih.gov/CCDS/)
XPNPEP1 CCDS7560.1 - Accession IDs
XPOT NM 015024 “ENSTXXXXXXXXXXX” are
uniquely assigned to individual genes
XR _017918.1 ENST00000258651
by Ensembl
XYLT2 CCDS11563.1 (http://www.ensembl.org/index.html).
YLPM1 ENST00000238571
YNOO2_HUMAN ENST00000334389
ZAN NM_173059
ZBTB24 NM_014797
ZBTB33 CCDS14596.1
ZBTB7 CCDS12119.1
ZC3H12B NM_001010888
ZC3HDC7 CCDS10550.1
ZDHHC4 CCDS5352.1
7ZFHX1B CCDS2186.1
7ZFP36 CCDS12534.1
ZHX3 CCDS13315.1
ZIM3 NM_052882
ZMAT4 NM_024645
ZNF133 CCDS13134.1
ZNF136 NM_003437
7ZNF148 CCDS3031.1
ZNF238 CCDS1623.1
ZNF253 ENST00000327867
ZNF31 NM_145238
ZNF333 CCDS12316.1
ZNF334 NM_199441
ZNF365 CCDS7264.1
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RARG NM _000966. 3 SEMAMG NM 017893. 2 PLXNB1 NM 002673. 3
RAS ALZ2 NM 170692.1 SEMASB NM 018987.1 PNCK

woR009980029. 1 RAS GRF2 NM_006909. 1 SEMAGD NM 15BG1/6S2009/032881
PNLI PRP1 NM _006229. 1 RASL10B NM 033315. 2 SEMA7A
NM_003612. 1 PNPLA1 NM 001039725 RBAF600 NM 020765. 1
SEPHS2 NM 012248 PODXL NM 001018111 RBM2S5 NM 021239

SERPI NB. 1. NM 03066Ger2 Syfabbt NM Q66586h Ib RCEL Gene Symbol ~ Accession ID

Table 14. Grpgsontpiyng SERP| N NM_0804 R2F NM Q21974. 2 M 0017162
somatic mutptions iRresst 573, 1 NE2 NM 5 POP1 15029. 1
d = v} NM_006129.2
cancer adaph{poNii©00635. 2 NM 0124 F1 NM (Q§2697.2 ")
paper by Wewabaiums(Wnd152292. 2. 'SF3B2 NML 5@ ,POUAF2 Q04575 i 0072961
etal., 2007).RGL1 NM 015149. 2 SERS1 NM 006924355 NM 021129. 2 RGS s o0o0so.s
Gene Symbéi2 NMcQés@ﬁ;@ﬁD SFRS]-/@PONM_OO7O56- WB&@A@@C]-A NMB%%030059 NM_017688
RHAG NM 000324. 1 SGigk; NM 013254y 3,s2RIf1 B P2 NMLBO3621  wv_is2751.1
iﬁggz RHD NiM-018424. 2 SHPBA NM 005490 obodPHLNI NMR03439. 1 nm_oo1010924
AR RIF NMUEBIS1. 1 SHIRFL NM 0208(00PRMLE NM 0%4906. 3 NM_194303.1
neno R VB M-TRI014989 SKEGBP1 NM 0248 50120 PPMLF NMo0:L4634. 2 NM_031453.2
nene R VB - NTE014677 S\dcGLECS NM 0038303 PPP1R12Aiobiivh 002480 NM_022153
b RLTP 1 ;I.013838Aﬁbm1L1 NM 1555651 PPP1RBAISG NM_153367.1
BLa NM 0 12 RNF123:RINEID22064 Sink4osMivi 017420 CoRRDML3  NM_173524
ABLIMI N|\/|_0 » F127 NM_F®1214778_ 3 Sk 32242 Cllorf37 NM_001007543
- ARHGAP11A NM_014783.2 Cllorf9 NM_013279
ABP1 NM_001091
ARHGAP25 NM_001007231 C13orf24 NM_006346
ACADM NM_000016.2
ARHGEF4 NM_015320.2 Cl4orf100 NM_016475
ACO2 NM_001098.2
ARID1B NM_017519.1 Cl4orf101 NM_017799.2
ACY1 NM_000666.1
ARRBI1 NM_020251 Cl4dorf121 NM_138360
ADAMI12 NM_003474.2
ARRDC3 NM_020801 Cl4orfl155 NM_032135.2
ADAMTS16 NM_139056
ARV1 NM_022786.1 Cl4orfl6l NM_024764
ADAMTS19 NM_133638.1
ASB11 NM_080873.1 Cl4dorf21 NM_174913.1
ADAR NM_001111.2
ASGR1 NM_001671.2 Cl4orf29 NM_181814.1
ADHI1B NM_000668
ASL NM_000048.2 Cl4orfdo NM_001024674
ADHFE1 NM_144650.1
ASTN2 NM_014010.3 C17o0rfd7 NM_001038704
ADRAIA NM_033302.1
ATCAY NM_033064 Cl17orf64 NM_181707
AEGP NM_206920.1
ATEF2 NM_001880.2 C18orf19 NM_152352.1
AGBILA NM_032785
ATN1 NM_001940 C19%0rf28 NM_174983
AGC1 NM_001135
ATP10A NM_024490 C19orf6 NM_033420.2
AGRN NM_198576
ATP12A NM_001676 Clorf190 NM_001013615
AHRR NM_020731
ATP2A3 NM_174955.1 Clorf2 NM_006589.2
AHSA2 NM_152392.1
ATP6AP1 NM_001183 C1QB NM_000491.2
AIM1 NM_001624
ATP6VOB NM_004047.2 C200rf103 NM_012261.2
AKAP6 NM_004274.3
ATP8B1 NM_005603.1 C200rf121 NM_024331.2
AKAPS NM_005858.2
ATP8B4 NM_024837 C200rf161 NM_033421.2
AKAP9 NM_005751.3
ATRN NM_139321.1 C200rf177 NM_022106.1
ALCAM NM_001627
ATXN2 NM_002973 C200rf23 NM_024704.3
ALMS1 NM_015120
AVPI1 NM_021732.1 C20orf44 NM_018244.3
ALS2 NM_020919
AVPR2 NM_000054.2 C220rf19 NM_003678.3
ALS2CL NM_147129.2
B3GALNT2 NM_152490.1 Caorfl4 NM_032313.2
ALS2CR12 NM_139163.1
B3GALT4 NM_003782 C5orfl14 NM_024715.2
ALS2CR19 NM_152526
BAIl NM_001702 C6orf102 NM_145027.3
AMFR NM_001144.3
BAP1 NM_004656.2 Co6orfl45 NM_183373.2
AMIGO1 NM_020703
BAT2 NM_080686.1 Co6orf174 NM_001012279
AMOTLI1 NM_130847
BAT3 NM_080703.1 C6orf204 NM_206921.1
AMPD?2 NM_139156.1
BAZIA NM_013448.2 Co6orf21 NM_001003693
AMPD2 NM_004037.5
BAZ1B NM_032408.1 Co6orf213 NM_001010852
ANAPCS NM_016237.3
BC002942 NM_033200.1 Cé6orf31 NM_030651.2
ANK1 NM_020476.1
BCAR1 NM_014567.2 C7orfll NM_138701.1
ANK2 -001148.2 BCCIP NM_016567.2 C9orf126 NM_173690
. Or
ANKRD?28 NM_015199
BCL11A NM_018014.2 COYorf37 NM_032937
ANKRD29 NM_173505.1
BCORL1 NM_021946.2 COorf67 NM_032728.2
ANKRD30A NM_052997.1
BGN NM_001711.3 CACNAIB NM_000718
ANKRDS NM_198798.1
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NM 016532. 2 PRDMA NM 012406. 3 RNF149 NM 173647. 2
SKI'V2L NM 006929. 3 PRDX5 NM 012094. 3 RNU3I P2
wOR09Qdo09. 2 SLAMF1L NM 003037. 1 PRKAAL NM 0062BAT/4SH0B032881
03 NM 022370 SLC12A3 NM 000339.1 PRKAA2 NM 006252. 2
ROR1 NM 005012.1 SLC16A2 NM 006517.1 PRODH NM 016335. 2
RP1L1 NM 178857 SLC17A6 NM 020346.1 PRPF39 NM 017922. 2
Gene SymbdRPGRIAdteddMnR2 0366 &GérieByMBoNM_OAtebsioIDPRPF4 Bene Symbol Accession ID

CACNALL RPL3 N O 967. 2 ,NM_ 080 2 PRPS1 NM. 173602

CACNAIG RPRC1 8067 S NM 001G 3 NM_031306.1
CACNAIH 175886 NM_00 5A2 N\ (gz 1 \M_oot006655
CACNAII 0250. 1 3 NM SLC35 Zp76112123 NM_031449

cacNazps NMLOQf@9498 PRS SJOLNM_002772 rJMRP@QzNM 0019 %931540 NM_001010903
camrar  SLC38A3,MYL 006841 Ranky,NM 002749 (B35 MLRB2 795. NM_015881.4
carntt  SLC3A gordM 152725C(J;>GPS|\/E4 NM_@&L‘&@% RREBl DLECI NM_007335.1

CBFB NM_0QAPR3699 SLCAAZMHM 005070. vy BSRPEl NM 018g82 RSN NM_004006.1
cCDC16 NM_00&2P5oss2 SLCOA3CHNM 001044. 2uiPSo1ke2 NM_ 1448827 RTP1 NM_003727

CCDC18 NM 1537 08ssd SLCEASCENMDO04211. InNPB3604 NM 01384k 2 RTTN NM_001369.1
CCDC66 NM 1736@0018k«C7A7 NMESD3982. 2 PlidioddsdiM 19896ANAnoRUFY1 NM_001372.2

CD2 NM_02b&87622 SLCBA3CHNM 033262. 3nNPDIRNE4 NM 005¥8h3 3 RYRL NM_005147.3
CD74 NM_0006400285C8A3 NWs:82932. 1 PIPNG20NM 080548NRXR2 NM_194283.1
CD97 Nl\/l 005788 COALO (NMC¢83061 PTIRRCL4NIV 002838pRAICio NM_018981
CDC27 NM_001256.2 CRR9 NM_030782.2 DNAJC13 NM_015268
CDHI10 NM_006727.2 CRSP2 NM_004229.2 DNASE1L3 NM_004944.1
CDH20 NM_031891.2 CRTC1 NM_025021 DNM2 NM_004945
CDH3 NM_001796.2 CRX NM_000554.2 DNM3 NM_015569
CDKL2 NM_003948.2 CRYAA NM_000394.2 DOCK1 NM_001380
CDON NM_016952.2 CSEN NM_013434.3 DPAGT1 NM_001382.2
CDS1 NM_001263.2 CSMD1 NM_033225 DPAGT1 NM_203316.1
CENPE NM_001813 CSMD3 NM_198123.1 DPP10 NM_020868
CENTB1 NM_014716.2 CSNK1D NM_001893.3 DPP6 NM_130797
CENTD3 NM_022481.4 CSPP1 NM_024790 DPYD NM_000110
CENTG1 NM_014770.2 CST4 NM_001899.2 DRIM NM_014503.1
CEP290 NM_025114 CTF8 NM_001039690 DSCR6 NM_018962.1
CFHLS NM_030787.1 CINNA1 NM_001903 DSG2 NM_001943
CFL2 NM_138638.1 CTNNA2 NM_004389 DTNA NM_032978.4
CGI-14 NM_015944.2 CINND1 NM_001331 DTX3L NM_138287.2
CGI-37 NM_016101.2 CUBN NM_001081.2 DUOX1 NM_017434
CHD1 NM_001270 CUTC NM_015960.1 DVL3 NM_004423.3
CHD5 NM_015557.1 CUTL1 NM_001913.2 DYSF NM_003494.2
CHD7 NM_017780 CUTL2 NM_015267 ECT2 NM_018098.4
CHDS NM_020920 CYP1Al NM_000499.2 EDEM1 NM_014674
CHD9 NM_025134 CYP1A2 NM_000761 EDNRA NM_001957.1
CHRND NM_000751.1 CYP26A1 NM_000783.2 EEF1G NM_001404
CIC NM_015125.2 CYP2D6 NM_000106 EGFL6 NM_015507.2
CLCA2 NM_006536.3 CYP4A22 NM_001010969 EHBP1 NM_015252.2
CLCN1 NM_000083.1 DACH1 NM_080759 EHMT1 NM_024757.3
CLCN3 NM_001829 DAZAP1 NM_018959.2 EIF4A2 NM_001967.2
CLEC6A NM_001007033 DBN1 NM_004395.2 EIF4B NM_001417
CLSPN NM_022111.2 DC2 NM_021227.2 EIFS5 NM_183004.3
CLUAP1 NM_015041 DDO NM_003649.2 ELA1 NM_001971.3
CMYAL1 NM_194293.2 DDX10 NM_004398.2 ELAVL3 NM_001420
CMYA4 NM_173167.1 DDX18 NM_006773.3 ENPEP NM_001977.2
CNGA2 NM_005140.1 DDX3X NM_024005.1 EOMES NM_005442.2
CNGB1 NM_001297 DEFB128 NM_001037732 EP400 NM_015409
CNNM4 NM_020184.2 DENND2A NM_015689 EPC2 NM_015630
CNTN3 NM_020872 DGKB NM_004080 ERCC3 NM_000122.1
CNTNS5 NM_014361 DGKE NM_003647.1 ERCC6 NM_000124.1
CNTN6 NM_014461.2 DGKG NM_001346.1 EREG NM_001432.1
COG3 NM_031431.2 DHX32 NM_018180.2 ETVS NM_004454
COH1 NM_017890.3 DIP NM_015124 EVI2A NM_001003927
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SAMDO NM 017654 SLCO9A2 NM 003048.3 WO
2009/ 100029PCT/ US2009/ 032881 Gene Synbol Accession ID
wa@eme/18pehol Accession | D Gene Synbol Accessi oPCT/DS2009/032881
SLCO2B1 NM 007256. 2 TACC2 NM 206862.1 TREM.1
NM 178174.2 SLEN13 NM 144682 TAF1 NM 004606. 2 TREM_4
NM 198153 SLI CK NM 198503. 2 TAF1B NM 005680 TRI AD3
Gene SymbIM_2 8&tdSBionMARCAL 1G&el Sy 0. 2AcklsdidiADNM O3ESQ§3S;&nb‘B|R1F Accession ID

NM 1 SMCAL 05496. ;’; NM 0

EVI5 o 39 NM_016099
EXOC? TRI Ei? 05082. L1 NM TAXlB NM. 004487 1
EXOCS 006024 - I M9 Nl\{i 01.2 S ) 75839 1D19 NM._ 014498 2
o NMLOTRBIZ1 TR M36, NM.018700. 2 %023068(}2“ 1D2B oy oreeng
FAAH NM_0150¢9,. TRl OBP NYL9Q4 039141 Mﬁ@gzs NM_ 018968 TBX1 NM_004488.1
FABP4 NM 0QRO§2sd; TRI P12 NM,004238 ShKZ5 0dNM; 031953, BXASL NM 0020811
ramasa  NM 0QdP63402, TRPCA MM59;16179 1 ﬁ@‘ﬁqbﬂ; NM 001@42415 NM_152742.1
rama7s  TCEALR NM:001012979 ,FRPVE NM 04 5551 SORBS 1 Gpuss NM_145171
FAMSO0B NM 03538954 TCF1 NWhQ80545. 3 TON W4 004622 SERES 1 NM_002510.1
FANCA NM 0520308132 TCF7L1rNMs031283. InM B62Ad.1NM 016080155 SORL1 NM_153838.1
FANCM NM 0081@5:3 TCFL1 Mdo£05997. 1 MICRiB1 NM 024 %8s 50X13 NM_007227.3
FARPI NM 00668676¢dCP1 NM 038752. 1 TTG3MMNW603316. 268@X15 NM_005285.1
FBXO040 NM 008R4229F CP10 NML®94610 TTC?MMJNMSOZMSS SPRIBO NM_032554.2
FBXO8 NI\/I 0046091321 TDRD6 MNC001010870NI\T_5N45NM 133378RIBPAGH NM_021956.2
FBXWI1  NM OTNR4#A0P TECTA FMNL3 NM_175736 GRIK3 NM_000831.2
FCHO1 T NM 015122 FMOD NM_002023 GRIN2C NM_000835
FCMD NM_006731.1 FN1 NM_002026.2 GRIN2D NM_000836.1
FCRH3 NM_052939.2 FNDC3B NM_022763.2 GRIPAP1 NM_207672
FEMIC NM_020177.2 FOLR2 NM_000803.2 GRM6 NM_000843.2
FERIL3 NM_133337 FOXP2 NM_014491.1 GSDML NM_018530.1
FGD3 NM_033086 FOXP4 NM_138457.1 GSN NM_000177.3
FGD6 NM_018351 FREM1 NM_144966 GTF2A1 NM_015859.2
FGFR2 NM_022970.1 FRMPD1 NM_014907.1 GTF3C1 NM_001520
FHOD1 NM_013241.1 FUCAL NM_000147.2 GUCY2F NM_001522.1
FHOD3 NM_025135 FUS NM_004960.1 HADHB NM_000183.1
FLG2 NM_001014342 FXR1 NM_005087.1 HCN3 NM_020897.1
FLI10241 NM_018035 G3BP2 NM_203505.1 HDAC4 NM_006037.2
FLJ10292 NM_018048.2 G6PC NM_000151.1 HDAC7A NM_015401.1
FIT10324 NM_018059 GA17 NM_006360.2 HDLRBP NM_203346.1
FLI10458 NM_018096.2 GAB1 NM_002039.2 HEBP1 NM_015987
FLI10726 NM_018195.2 GABRA4 NM_000809.2 HEL308 NM_133636.1
FLT10874 NM_018252.1 GABRP NM_014211.1 HIST1HAL NM_003546.2
FLJ13089 NM_024953.2 GALK2 NM_001001556 HIST2H2AB NM_175065.2
FLJ13231 NM_023073 GALNT17 NM_001034845 HK3 NM_002115.1
FLT13479 NM_024706.3 GALNTS NM_014568.1 HLCS NM_000411.4
FLJ13868 NM_022744.1 GALNTL2 NM_054110 HM13 NM_030789.2
FLJ14503 NM_152780.2 GARNL1 NM_194301 HMG2L1 NM_001003681
FLI14624 NM_032813.1 GDF6 NM_001001557 HOMER2 NM_199331
FLJ16331 NM_001004326 GGA1 NM_013365.2 HOOK1 NM_015888.3
FLJ20152 NM_019000 GGA3 NM_014001.2 HOOK?2 NM_013312
FLI20184 NM_017700.1 GIMAP1 NM_130759.2 HOOK3 NM_032410.2
FLJ20422 NM_017814.1 GIMAPS NM_175571 HOXA3 NM_153631.1
FLJ20584 NM_017891.2 GIOT-1 NM_153257 HOXA4 NM_002141.2
FLI20604 NM_017897.1 GIPC3 NM_133261 HS3ST4 NM_006040
FLI21839 NM_021831.3 GIA8 NM_005267 HSD11B1 NM_181755.1
FLI21945 NM_025203.1 GIB1 NM_000166.2 HSD17B8 NM_014234.3
FL123584 NM_024588 GKN1 NM_019617.2 HSHINT NM_199324.1
FLJ25955 NM_178821.1 GLG1 NM_012201 HSPA14 NM_016299.1
FLJ31413 NM_152557.3 GLIL NM_005269.1 HSPA1B NM_005346
FLI32115 NM_152321.1 GLT25D2 NM_015101.1 HSPC049 NM_014149
FLJ32363 NM_198566.1 GMCLIL NM_022471.2 HTF9C NM_182984.2
FLJ32440 NM_173685.1 GNBIL NM_053004.1 HUMCYT2A NM_015848.1
FLJ32830 NM_152781.1 GNPAT NM_014236.1 HUWE1 NM_031407
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NM 005422.1 TXNDC3 NM 016616. 2 SPATS2 NM 023071 TEK
NM 000459. 1 UBE2I NM 194261.1 SPCS2 NM 014752 TESK1
wOoR09AeD3S. 1 UBE20 NM 022066 SPEN NM 015001. 2 AEBKS2009/032881
NM 007170 UGT1A9 NM 021027.2 SPG4 NM 014946. 3 TEX11
NM 031276 UNQ356 NM 207410.1 SPI NK5 NM 006846 TFAP2D
NM 172238. 1 UQCR NM_ 006830.2 SPO 1 1 Nl\/l 012444.2 TO
Gene SymbdiM_0Q%2&%icdSP29 NM&%@%OSPMeWrﬂJé4569 Gedd3BEnbol Accession ID

NM_0Q3245 LiSP34 709 SPT 3126 T
o NM_0Q th2 3 USP54 586. 2 9NM 003 § THG 1 e oaTese
. NM_0 UTP14 j21645 "NM 1783 e
e NML0Q1PA082y UTS 2 "018949. g:l NM 0 2 TVWA o 13m0

IKBKB NM—O W&ﬁSSé/AVB NM IQIQQI:Ii';ﬂS 3 SPTM% M 194 2 8 50;(@ NEL ESS NM:0023 18

e

mirapie  NM_0Q3920:d, VEPHL NN\ Q24621. 1 QREBE2 NM 004599.2 TELL i ooeist
IL7R NM_ 012464153, VGCNLlKINMgQ52867 1@8@63@?9%6 NM Olﬂﬁa'i,o 1 TENL nm_ooe726.1
INA NM_0G62893F NM 00QRba, 2 SSFAA NWLA06751. 31 Fild\? NM_017640

INHBE NM_O03aDBUMARS NM gy 01. 1 S SADshvh 0037311 drckMASF7 NM_022143.3
pLA2GAMMNM 003271323 VB P4 tMs007187. 3 B18SkA3 NM 015849 TMEDL  nm_152759

IPO7 NM 00686802 WB S CRRB)sNM 18250¢mM $TAB>1 NM 01&436 NM_020794.1
IQSEC2 TMEMMNRBo1biIvG 052932 MBRAS NM 0208895:28TARDS NVLREE$725. 2 NM_004735.1
IRF8 TMEMRBL®21NM 052907xIWDR53 NM_ 182623062 LUZP5 NM_017760
IRS4 NM_003604.1 KLK15 NM_017509.2 LYST NM_000081
IRTA2 NM_031281.1 KPNAS NM_002269.2 LYST NM_001005736
ITGA9 NM_002207.1 KRTAP10-8 NM_198695.1 LZTS2 NM_032429.1
ITGAE NM_002208 KRTAP20-1 NM_181615.1 MACF1 NM_012090.3
ITGAL NM_002209 KTN1 NM_182926.1 MAGEAL NM_004988.3
ITGB2 NM_000211.1 LAMAI NM_005559 MAGEA4 NM_002362.3
ITPR1 NM_002222 LAMA2 NM_000426.2 MAGEB10 NM_182506
ITR NM_180989.3 LAMA4 NM_002290 MAGEC2 NM_016249.2
JARID1B NM_006618 LAMB4 NM_007356 MAGED2 NM_201222.1
IMID1A NM_018433.3 LAPIB NM_015602.2 MAGEE1 NM_020932.1
IMIDIC NM_004241 LDHB NM_002300.3 MAGI1 NM_173515.1
Jup NM_021991.1 LEPRELI NM_018192.2 MANEA NM_024641.2
KCNAS NM_002234.2 LGALS?2 NM_006498. 1 MAOA NM_000240.2
KCNC2 NM_139136.2 LHCGR NM_000233.1 MAP1A NM_002373
KCNJ1 NM_000220.2 LIP8 NM_053051.1 MAP3K6 NM_004672.3
KCNJ15 NM_170737.1 LIPE NM_005357.2 MAPKI13 NM_002754.3
KCNQ3 NM_004519 LLGL1 NM_004140 MAPKBP1 NM_014994
KEAP1 NM_203500.1 LMO6 NM_006150.3 MASP1 NM_001879
KIAA0100 NM_014680 LOC112703 NM_138411 MAZ NM_002383
KIAA0143 NM_015137 LOC113179 NM_138422.1 MCAM NM_006500
KIAA0256 NM_014701 LOC113828 NM_138435.1 MCART1 NM_033412.1
KIAA0284 NM_015005 LOC123876 NM_001010845 MCF21.2 NM_015078.2
KIAA0367 NM_015225 LOC126248 NM_173479.2 MCOLN1 NM_020533.1
KIAA0427 NM_014772.1 LOC200420 NM_145300 MDC1 NM_014641
KIAA0467 NM_015284 LOC220929 NM_182755.1 MEDI12 NM_005120
KIAA0513 NM_014732 LOC253012 NM_198151.1 MEF2C NM_002397
KIAA0528 NM_014802 LOC255374 NM_203397 MFAP5 NM_003480.2
KIAA0664 NM_015229 LOC283849 NM_178516.2 MGC11332 NM_032718.2
KIAA0672 NM_014859 LOC339123 NM_001005920 MGC17299 NM_144626.1
KIAA0676 NM_015043.3 LOC339745 NM_001001664 MGC21688 NM_144635.3
KIAA0703 NM_014861 LOC340156 NM_001012418 MGC24047 NM_178840.2
KIAA0774 NM_001033602 LOC374955 NM_198546.1 MGC27019 NM_144705.2
KIAA0789 NM_014653 LOC388595 NM_001013641 MGC33212 NM_152773
KIAA0863 NM_014913 LOC388915 NM_001010902 MGC33370 NM_173807.2
KIAA0913 NM_015037 LOC389151 NM_001013650 MGC33657 NM_001029996
KIAA0934 NM_014974.1 LOC389549 NM_001024613 MGC34837 NM_152377.1
KIAA0999 NM_025164.3 LOC440925 NM_001013712 MGC42174 NM_152383
KIAA1012 NM_014939.2 LOC440944 NM_001013713 MGC5297 NM_024091.2
KIAA1117 NM_015018.2 LOC441070 NM_001013715 MIA2 NM_054024.3
KIAA1161 NM_020702 LOC646870 NM_001039790 MICAL1 NM_022765.2
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STAT1 NM 007315.2 TMEM28 NM 015686 WDR60 NM 018051
STAT4 NM 003151.2 TMEMB7 NM 183240 WDSOF1 NM 015420 S

NM 021197. 2 STRBP NM 018387.2 TMEM52 NM 024956 WAK1
NM_ 018979. 1 STX12 NM 177424.1 TMEMG3A NM 014698 WNT2
NM 003391.1 S TX5A NM 003164. 2 TMPRSS3 NM 024022.1

Gene SymbofAB2 Adbe32A196 SUL@&eW&BSS?A&eQ’MRBSG NMGeh3$bol

MICAL-L1
MKLN1
MLLA4
MLLT2
MMP10
MMP15
MOGAT1
MOSPD1
MPFL
MRE11A
MSI1
MTA1
MTAC2D1
MTLS5
MTMR3
MTMRS
MucCie
MuUC2
MUF1
MULK
MYBPC2
MYCBP2
MYH1
MYH7B
MYH9
MYLC2PL
MYO15A
MYO18B
MYO1G
MYO7A
MYO9B
MYOD1
MYRS8
MYST4
N4BP2
NAG6
NALP1
NALP14
NALP38
NALP9
NAV3
NCAM1
NCBSOR
NCOA6
NDRG2
NDST1
NDUFA2
NDUFA3
NDUFAS
NEB
NEDD4
NEF3
NET1

XBP1 05080. 2 T6B1 NM 00 77 TNERSFgE%
NM 0 .2 XDH NM.000379.2 S 18135 f2\1§
NM_0 i 2 XKR7 §§1011718 M 0031 %@T@l
NM_0 012, XPCB 0750 SU ’145006.

M 0QAP68,XPO7 NM 015024 SUV3SHY JNM:024670. 3, 1P53
NM_0QQR5@6,2, YY2 NM206923. 1 S M 182914, %, TPM4

NM 0Q@2891d ZBTB 3\ NME024784. ZM@XJ;%%INM 032298;d TPTE
NM_1982613s5d1 ZBTB39iWM 014830 S¥Tl2oAM 032943,b2AD
NM_0G#kP6A02410eZ CCHCLdGINM 015144 . v TACA NM 170685 4T REML
NM_02B864p3s02> ZCSL3 i 181706. 3 nWVDs270.2 PARP1
2009/MM0@B29PCT/ US2@09/ 032881 GemeorSynbol Aceasss on | D
Gene Nsymaoed Accessiiert | D Gene 8ynbeb.2 Accessipamzb D

ZDHHGAM_N3D18106. 2NAINF142 NM 00608106 ZNF281 Rw812482. 3

ZFHXAMMIO024721 ZNFssB4 NM 007 146 0®ME318 NM 04346, 1

ZFEP64YM_021090.2 NOTCHI1 NM_017617 PCDHAI1
NM_017677.2 NOTCH4 NM_004557 PCDHAS
NM_024690 NOXS NM_024505 PCDHB15
NM_002457 NRCAM NM_005010.2 PCDHGAI1
NM_006369.3 NRK NM_198465 PCDHGA3
NM_018238.2 NRXN3 NM_004796.3 PCDHGAG
NM_004533 NUFIP2 NM_020772 PCDHGBI
NM_015057 NUP133 NM_018230.2 PCDHGBS
NM_005963.2 NUP188 NM_015354 PCM1
NM_020884 NUP205 NM_015135 PCNT
NM_002473.2 NUP214 NM_005085.2 PDCDI1
NM_138403 NUP9S NM_016320.2 PDCD4
NM_016239 NXN NM_022463.3 PDCD6
NM_032608 NYD-SP21 NM_032597 PDE2A
NM_033054 OATLIL NM_002536 PDLIM7
NM_000260 OBSCN NM_052843.1 PDPR
NM_004145 OCA2 NM_000275.1 PDZD7
NM_002478.3 ODZ1 NM_014253.1 PDZK2
NM_015011 OR10A2 NM_001004460 PDZK4
NM_012330.1 OR10H4 NM_001004465 PEBP4
NM_018177.2 OR12D3 NM_030959.2 PER1
NM_022742 OR112 NM_054107 PER2
NM_014922 ORINI1 NM_012363.1 PEX14
NM_176822.2 OR1S1 NM_001004458 PFC
NM_176811.2 OR2AK2 NM_001004491 PFKFB4
NM_176820.2 OR2M4 NM_017504 PGBD3
NM_014903 OR2W3 NM_001001957 PHACS
NM_000615 OR2WS5 NM_001004698 PHCI
NM_016230.2 OR4D2 NM_001004707 PHF19
NM_014071.2 OR52A1 NM_012375 PHF7
NM_201541.1 OR52H1 NM_001005289 PHKB
NM_001543 OR56A1 NM_001001917 PIGN
NM_002488.2 OR5H1 NM_001005338 PIGS
NM_004542.1 OR512 NM_001005492 PIK3C2G
NM_014222.2 OR5M11 NM_001005245 PIK3CA
NM_004543 OR8B12 NM_001005195 PIK3R1
NM_198400.1 ORSD2 NM_001002918 PIK3R4
NM_005382.1 ORSI2 NM_001003750 PKDIL1
NM_005863.2 OR9Q2 NM_001005283 PKDI1L2
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wa200bRo2NM 018255. 1 TMEMBO9A NM 018266. 1 WFDCIPCT/US2009/032881

Accession ID

NM_030758
NM_022776.3
NM_000531.3
NM_194323.1
NM_018170.2
NM_016233.1
NM_207421
NM_052839.2
NM_020318
NM_001618.2
NM_020766
NM_022843.2
NM_002590.2
NM_031859
NM_031861
NM_031501
NM_018935.2
NM_031993
NM_032011
NM_032086
NM_032095
NM_032099
NM_006197
NM_006031
NM_014976
NM_014456.3
NM_013232.2
NM_002599.1
NM_005451.3
NM_017990
NM_024895
NM_024791.2
NM_032512.2
NM_144962
NM_002616.1
NM_022817.1
NM_004565
NM_002621.1
NM_004567.2
NM_170753.1
NM_032592.1
NM_004426.1
NM_015651
NM_016483.4
NM_000293.1
NM_176787
NM_033198.2
NM_004570
NM_006218
NM_181523.1
NM_014602.1
NM_138295
NM_052892



NM 199427.1 ZNF183 NM 006978. 1 ZNF37A NM 001007094
ZFYVE26 NM 015346. 2 ZNF22 NM 006963. 2 ZNF425
wOR09AWDRI661 ZI C3 NM 003413. 2 ZNF25 NM _145011rCr/ENtedB(32881
NM 014650. 2 ZNF10 NM 015394. 4 ZNF267 NM 003414 ZNF436
NM 030634. 1 ZNF124 NM 003431 ZNF277 NM 021994. 1 ZNF529
NM 020951 ZNF532 NM 018181. 3 ZNF541 NM 032255.1
Gene SymbadNF6 /% cdd¥idnB 0398 9Gene S4MbbH 6 I\Mcigéi&ﬂlé 2 ZNBhiSymbol Accession ID

PKDRE] NM 0 ) % é ZNF;F NM 15290 7 NM 1 i?:l NM. 014931
pkipir ZNFO 2484. 2, F75A NM_ ZNF NM_001012980
PRUDILL NM_2Q 26921 ZNHI T2 4 014205, 46 NM Q34699 2 Tl
pLa2Gaa  NOt e:NI\ﬁinSo.?y”b()l SpRf € standar ol s assighed by NM_153334.3
PLB1 Entr 2 2Re, (http: /r{AVMMN nchi . .I:]l 1@1'3615'32%9V/ SI t g&/s8Y NM_054023.2
PLCB1 rez7q9rgl§ﬁ§) Accegsippn | Ds are ugphgyel'y NM_006746.2
PLCB2 assi gnechsdz© each gere by Nati Oﬁxiﬂooz%ﬂt er fokenoaz NM_021007
PLCD3 Bi ot eghnel;0gy | nf ogarmt i on ( NCBl) 020338.1 SCN3A NM_006922

PLCG1 (ht't piM_bosdew NChi . NkARBRI h. gov/ sin @@kt I ez?dhankiCcore)  Nm_000336.1
PLD2 PCT/ Ws200@4 032881 feme: Synbol Mecoessi on | D @ane Synbol ~wM_002979.2

PLEKHAS Accessi @msd D ANKRD2GmBNM 014915mch&enf 4 NM 032%60. 1 NM_014933.2
PLEKHG2 ~ APBB2AM\IRE7 3075 CLEQRIGAM 012072v 2024RC NM 00808842 NM_006080.1
PLODIL C200mMM2 @0 024704 3HAPGEL NM 1004840.11 C21losfM/BB NM_198925
PLS3 NM O NF4@81313 APl S NMRO06595 C21ovii@I6MM 14499MARGAPI N NM_017893.2
PLXNB1 NM_0NF8856723 C21or f BBANM 153754NMPOB2NM_000382MAFB NM_018987.1
PNCK C2or fNMIRIR-194250. BASBRCBASR NWM.8®304 C2or f $1BMACD NM_153616
PNLIPRP1  NM 0392856220 RASLI0B NM_033315.2 SEMA7A NM_003612.1
PNPLALI NM_001039725 RBAF600 NM_020765.1 SEPHS2 NM_012248
PODXL NM_001018111 RBM25 NM_021239 SERPINB1 NM_030666.2
POLH NM_006502.1 RCE1 NM_005133.1 SERPINBI11 NM_080475
POLR2F NM_021974.2 RFC4 NM_181573.1 SERPINE2 NM_006216.2
POP1 NM_015029.1 RFX2 NM_000635.2 SF3B1 NM_012433
POU2F1 NM_002697.2 RGOMTD2 NM_152292.2 SF3B2 NM_006842
POU4F2 NM_004575 RGLI NM_015149.2 SFRS1 NM_006924.3
PP NM_021129.2 RGS22 NM_015668 SFRS16 NM_007056.1
PPAPDC1A NM_001030059 RHAG NM_000324.1 SGKL NM_013257.3
PPFIBP2 NM_003621 RHD NM_016124.2 SH2D3A NM_005490.1
PPHLNI1 NM_201439.1 RIF1 NM_018151.1 SH3RF1 NM_020870
PPM1E NM_014906.3 RIMS1 NM_014989 SHCBP1 NM_024745.2
PPMIF NM_014634.2 RIMS2 NM_014677 SIGLECS NM_003830
PPPIR12A NM_002480 RLTPR NM_001013838 SIPAIL1 NM_015556.1
PPPIR3A NM_002711.2 RNF123 NM_022064 STX4 NM_017420.1
PRDMI13 NM_021620 RNF127 NM_024778.3 SKIP NM_016532.2
PRDM4 NM_012406.3 RNF149 NM_173647.2 SKIV2L NM_006929.3
PRDXS NM_012094.3 RNU3IP2 NM_004704.2 SLAMF1 NM_003037.1
PRKAA1 NM_006251.4 ROBO3 NM_022370 SLC12A3 NM_000339.1
PRKAA2 NM_006252.2 RORI NM_005012.1 SLC16A2 NM_006517.1
PRODH NM_016335.2 RPIL1 NM_178857 SLC17A6 NM_020346.1
PRPF39 NM_017922.2 RPGRIP1 NM_020366 SLC22A2 NM_003058.2
PRPF4B NM_176800.1 RPL3 NM_000967.2 SLC22A9 NM_080866.2
PRPS1 NM_002764.2 RPRCI NM_018067 SLC25A30 NM_001010875
PRPSILI1 NM_175886 RPS26 NM_001029 SLC35A2 NM_005660.1
PRRGI NM_000950.1 RPS6KA3 NM_004586.1 SLC35F1 NM_001029858
PRSS7 NM_002772.1 RPS9 NM_001013.2 SLC38A3 NM_006841
PSD NM_002779 RPUSD4 NM_032795.1 SLC39A12 NM_152725.1
PSME4 NM_014614 RREBI NM_001003699 SLC4A3 NM_005070.1
PSPC1 NM_018282 RSN NM_002956.2 SLC6A3 NM_001044.2
PSRC2 NM_144982 RTP1 NM_153708.1 SLC6AS NM_004211.1
PTD004 NM_013341.2 RTTN NM_173630 SLC7AT NM_003982.2
PTHLH NM_198964. 1 RUFY1 NM_025158.2 SLC8A3 NM_033262.3
PTPN14 NM_005401.3 RYR1 NM_000540 SLC8A3 NM_182932.1
PTPN6 NM_080548 RYR2 NM_001035 SLCYA10 NM_183061
PTPRC NM_002838.2 SAMDY NM_017654 SLC9A2 NM_003048.3
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NM 014691 C2orf33 NM 020194. 4 ARAF NM 001654 CABPA
NM_000715. 2 ARFGEF1 NM 006421.2 C4orf15 NM 024511
WORWGHEHD2NM 199002. 1 C6orf 191 NM 001010876 ARHEEF182009/032881
NM 014629 C6orf29 NM 025257.1 ARHGEF9 NM 015185 C8B
NM_000066 ARR3 NM 004312.1 C9orf21 NM 153698 ASCC3L1
NM 014014. 2 Cab45 NM 016547.1 ASE-1 NM 012099. 1
Gene Symb&ACNALLedSMdn00068 @drdRymiid 0328@sstorIBCNALBGhIS §3k618

Accession ID

ATP1 32189 D3 NM 0O ATP11C NM 373694 2
e CACNBL- 69247 oA NM_ %62 CNB 2. N
aex NM2Q1596°1, ATPL3 020410 004341 Atpisas (00
aiarcans NM_1GE505  CAPNLO 3086. 1 [NM 198505 CAPNL3 (10710
SMC4L1 NM 1%530@49@2TP6V1E1TA|§|M1901696 2NI\%B NM 014%%25 NM_005082.3
smcer1  ATPBAZ, NML016529 CARIR,2 NM 02y Q&ozﬁ‘IPSBA' Niv (2483 7 NM_012101.2

SMOX CBFAZ3,75v 005187 . fECﬁMB’RlB NV, 00Q£07 | CCARL NWQL8237. 2 Ny 0157002

SN AZ| 1 \NViORI009811 GENB3 NM 03303 115d70BCAP29 Nibgp NM_001039141
SNTG2 00100846%06D 109 NMx133493. 1 BoASRZodM 005872R1i12CD248 NM_004238
SNX25 NM 0204604952 BCL11BreNs022898. InCo98h2 NM 134¢pd5. 1 NM_016179.1
SOHILH1 BCL9 NNMO0AB3P6 CDClaALINM 0036 71 2o1BbGD1 Nl\/l_ﬁ)ﬂﬂl/ﬁ 14. 1 NM_014555
SORBS1 CDH1 3mM\W001257 BVRG1 NM 001718v\2 of0Rks128 NM 00934, 2 NM_004622
SORCS1 BVPR2MWLO91204 CDHZ3.1NM 022124v BRPg1 NM 025R37. 1 NM_016030.5
SORL1 NM_003105.3 TCFL1 NM_005997.1 TTC21B NM_024753
SOX13 NM_005686 TCP1 NM_030752.1 TTC3 NM_003316.2
SOX15 NM_006942 TCP10 NM_004610 TTC7A NM_020458
SP110 NM_004509.2 TDRD6 NM_001010870 TTN NM_133378
SPAG6 NM_012443.2 TECTA NM_005422.1 TXNDC3 NM_016616.2
SPATS2 NM_023071 TEK NM_000459.1 UBE2I NM_194261.1
SPCS2 NM_014752 TESK1 NM_006285.1 UBE20 NM_022066
SPEN NM_015001.2 TESK2 NM_007170 UGT1A9 NM_021027.2
SPG4 NM_014946.3 TEX11 NM_031276 UNQ9356 NM_207410.1
SPINKS NM_006846 TFAP2D NM_172238.1 UQCR NM_006830.2
SPO11 NM_012444.2 TG NM_003235 USP29 NM_020903
SPOCDI1 NM_144569.3 TGM3 NM_003245 USP34 NM_014709
SPTAI1 NM_003126 THBS3 NM_007112.3 USPs4 NM_152586.2
SPTANI NM_003127.1 THG-1 NM_030935.3 UTP14C NM_021645
SPTBN1 NM_178313 TIAM2 NM_001010927 UTS2R NM_018949.1
SPTLCI NM_006415.2 TIFA NM_052864 VAV3 NM_006113.3
SPTY2D1 NM_194285 TIMELESS NM_003920.1 VEPHIL NM_024621.1
SREBF2 NM_004599.2 TLL1 NM_012464.3 VGCNLI1 NM_052867.1
SRGAP3 NM_014850.1 TLN1 NM_006289 VWF NM_000552.2
SSFA2 NM_006751.3 TLN2 NM_015059 WARS NM_173701.1
SSNAL NM_003731.1 TM4SF7 NM_003271.3 WBP4 NM_007187.3
STSSIA3 NM_015879 TMED1 NM_006858.2 WBSCR28 NM_182504
STABI NM_015136 TMEM123 NM_052932 WDR48 NM_020839
STARDS NM_014725.2 TMEM132B NM_052907 WDRS53 NM_182627.1
STATI NM_007315.2 TMEM28 NM_015686 WDR60 NM_018051
STAT4 NM_003151.2 TMEM37 NM_183240 WDSOF1 NM_015420
STATIP1 NM_018255.1 TMEM39A NM_018266.1 WEFDC1 NM_021197.2
STRBP NM_018387.2 TMEM62 NM_024956 WNK1 NM_018979.1
STX12 NM_177424.1 TMEM63A NM_014698 WNT2 NM_003391.1
STX5A NM_003164.2 TMPRSS3 NM_024022.1 XAB2 NM_020196
SULF2 NM_018837.2 TMPRSS6 NM_153609.1 XBP1 NM_005080.2
SULT6B1 NM_001032377 TNFRSF25 NM_003790.2 XDH NM_000379.2
SUPT3H NM_181356 TNS NM_022648.2 XKR7 NM_001011718
SURF1 NM_003172.2 TOP1 NM_003286.2 XPOS NM_020750
SUSD3 NM_145006.2 TOP2B NM_001068 XPO7 NM_015024
SUV39H2 NM_024670.3 TP53 NM_000546.2 YY2 NM_206923.1
SYNE2 NM_182914.1 TPM4 NM_003290.1 ZBTB3 NM_024784.2
SYT3 NM_032298.1 TPTE NM_199261.1 ZBTB39 NM_014830
SYTL2 NM_032943 TRAD NM_007064.1 ZCCHC14 NM_015144.1
TAC4 NM_170685 TREM1 NM_018643.2 7CSL3 NM_181706.3
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CDH6 NM 004932. 2 BRAF NM 004333 .2 CDKL5 NM 003159.1
BRF1 NM 001519.2 CDO1 NM 001801.1 BRUNOL6 NM 052840. 2
W@/ 10d0k901263. 2 BTBD4 NM 025224. 1 CEACAMRO NeCT/882049/032881
BTF3L4 NM 152265 CENPF NM 016343 Cl0orf 137 NM 015608. 2
CENPH NM 022909. 3 Cl10orf28 NM 014472 CENTB1 NM 014716
.2 Cl0orf64 NM 173524 CENTB 2 NM 012287 ClQOorf 72
Gene SymbMM 1%9&4;.0]: ||§3ENTD3GMHSQ&.B681 4adck@6rf D1 NM_@ B8l $ynbbl Accession ID

5944. 2 Ol'f 7 NM 4 CHD7 N 7780
ZDHHCA C14or 1 01822 CHD8 NM C150rf g NM._012482.3
ZFHXA4 NM_014345.1
MO CHL1 NyLOd6614. 2 NM 02 Vo
ZFYVE26 CHR4 11,0M 00101 Cl7orf 2343 NM_001001661

7IC3 NM 0224843, C170rfﬁ\%25l\lM 174893, NP M. 0326§1QF4;2 WO NM_014650.2
ZNF10 2009/ PRORIPCT/ US20Q94;,032881 Gengosaymbol Acgessi on I Dy 0306341
ZNF124 Cene \gyshal Accessjghy;l D Gene Qyrhe.; AccessiQiiad D CI R v 00951
ZNF532 NM_0Q4882:s3: DVD NM _004021. 1 FBXL2 NM 012157 .2 CLIC2

ZNF541 NM_00d289:531 DVD NMp@94006. 1 FBXQ30 oMl 032145. 3 CLSTN2

ZNF546 NM 0221335442 DMRTALzNNM1022160. InNrBoWEesNM 033632, 1

ZNF548 CLSTNB1_NMo©14718. 2znDAHL NM 01 123HCN1 NM 002003 . 2

ZNF569 CVKORM_NMs@20311. 1zNDiAHLI1 NM 08 71%@2s FCN2 NM _004108. 1

ZNF644 CNKS NRR20N.014927. 2ZHDNAH3 NM 0M 58352 FERD3L

ZNF646 NM 152808922 CNOT6L NM 144571 DNAHS NM 001371.1

Note: Gene symbols are standard
symbols assigned by Entrz Gene
(http://www.ncbi.nlm.nih.gov/sites/ent
rez?db=gene). Accession [Ds
“NM_XXXX" are uniquely assigned
to each gene by National Center for
Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov/sites/ent
rez?’db=nuccore)
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FGF13 NM 033642.1 CNTN1 NM 001843.2 DNAJC10 NM 018981

FGF14 NM 175929.1 CNTN4A NM 175613.1 DNAJC6 NM 014787
wo-Ri0D30dkd 025135 COL12A1 NM 004370 DNALI1 NM_OPGHE22089/032881

FI GN NM_018086. 1 COL3A1 NM 000090. 2 DNAPTP6 NM 015535

F1110241 NM 018035 COL4A6 NM 001847.1 DNASE1L3 NM

004944. 1 FLJ10404 NM 019057 COROLB NM 020441.1 DPEP1

Table 15. GRRASSORUMNNE FJ104@éheldyhBaB111A B NM 006QAdsyinbol  Accession
somatic mutpypnInNN 020868 F1 NM_ 4 CPAMVD8 |NM.015692 1601
colorectal canpsrpdapigdh 001386, 3 560 é 38.1 CPE., " RV
from the papgyhydVseder;y pDSCAML 102069 0665 NM @ 73. 1 N 0047043
al.(Wood et @RG0RRE 173077. 1 NM 0068 ﬁ k110996 N 44. 2\ 0174381
Gene Symb&RB1 AfveSHA53. 1 DINB NM 183 03% 11000 NMO18295. 1\ 1449912
CRNKLL M1 016652 DUgR21 NM 0230662 F11127705, 1iss NM_153754
ABCAL NM D¥27073  CcSDA NM03651. 3 J¥deesNM 001023569, NM._ 1942501
igggf F11T¥3§8NM_032180A@E§,1{_ NM Q81356042 EDA NMcBQA399. 3 nm 032266
ABCBIL Yy} 7 m_032842A@8ND1 NM_Q3832891EDD1 NM 015992 NM_020194.4
ABCES IM 001004844 CSMD3 NMt 8983423. 1 EFScappa NM_000715.2
R F1116542:3INM 0010048004 GSNKIALL NM145203. 23M_024511
ABCDA 003908. 211320294 NW 063249 CTCFL Coorf191 NM_001010876
ABISED : El FAGLANMII98241 NM PEER0729 NM 0457953, 2 NM_025257.1
ACACA E .:32865. 3 EMHGHN 004434051%21019 NMCOR4927. 3 NM_000066
ACINI CT NWOI 49771 ARR3 NM_004312.1 C9orf21 NM_153698
ACSLA NM_O22977.1 ASCC3L1 NM_014014.2 Cab45 NM_016547.1
ACSLS NM_Ol 62343 ASE-1 NM_012099.1 CACNAILA NM_000068
ADO26 NM_020683. 5 ATAD1 NM_032810.2 CACNAI1B NM_000718
ADAMI9 NM_O3327 41 ATP11A NM_032189 CACNA2D3 NM_018398
ADAM29 NM_Ol 42692 ATP11C NM_173694.2 CACNB1 NM_199247.1
ADAM33 NM_025220.2 ATP12A NM_001676 CACNB2 NM_201596.1
ADAMS NM_001 109 ATP13A1 NM_020410 CAD NM_004341.3
ADAMTS1 NM_OO 6988 ATP13A5 NM_198505 CAPNI10 NM_023086.1
ADAMTS15 NM_l 39055.1 ATP13A5 NM_198505 CAPNI13 NM_ 144575
ADAMTS18 NM_l 99355.1 ATP6V1E1L NM_001696.2 CAPN6 NM_014289.2
ADAMTS20 NM_025003 ATP8A2 NM_016529 CARD12 NM_021209
ADAMTS20 NM_l 75851 ATP8B4 NM_024837 CBFA2T3 NM_005187.4
ADAMTSI3 NM_207 517.1 AVPRI1B NM_000707 CCARI1 NM_018237.2
ADARB?2 NM_Ol 8702.1 AZI1 NM_001009811 CCNB3 NM_033031.1
ADCYS NM_OOI 115.1 BCAP29 NM_001008405 CD109 NM_133493.1
ADCYO NM_OOI 116 BCAS2 NM_005872.1 CD248 NM_020404.2
ADD3 NM_Ol 6824.2 BCL11B NM_022898.1 CD991.2 NM_134445.1
ADORA1 NM_OOO 674.1 BCL9 NM_004326 CDC14A NM_003672.2
AFMID NM_001 010982 BICD1 NM_001714.1 CDH13 NM_001257
AGTPBP1 NM_Ol 5239 1 BMP6 NM_001718.2 CDHI18 NM_004934.2
ATM1 NM_001 624 BMPR2 NM_001204 CDH23 NM_022124
AKAPI2 NM_OO 5100.2 BPIL1 NM_025227.1 CDH6 NM_004932.2
AKAP3 NM_OO 64222 BRAF NM_004333.2 CDKLS5 NM_003159.1
AKAP6 NM_OO4274.3 BRF1 NM_001519.2 CDO1 NM_001801.1
AKAP9 NM_005751.3 BRUNOL6 NM_052840.2 CDS1 NM_001263.2
ALDHIL1 NM_Ol 21902 BTBD4 NM_025224.1 CEACAM20 NM_198444
ALGY NM_OZ 4740 BTF31 4 NM_152265 CENPF NM_016343
ALK NM_OO 4304 C10orf137 NM_015608.2 CENPH NM_022909.3
ALS2CR11 NM_152525.3 C10orf28 NM_014472 CENTB1 NM_014716.2
ALS2CRS NM_OZ 4744 C10orf64 NM_173524 CENTB2 NM_012287
AMACO NM_198 496.1 C10o0rf72 NM_144984.1 CENTD3 NM_022481.4
AMOTL2 NM_Ol 6201 Cl2orfl1 NM_018164.1 CGI-14 NM_015944.2
AMPDI1 NM_OOOO3 6.1 C13o0rf7 NM_024546 CHD7 NM_017780
AMPD3 NM_OOO48 0.1 Cldorfl15 NM_018228.1 CHDS NM_020920
ANAPCA NM_013367.2 Cl50rf2 NM_018958.1 CHL1 NM_006614.2
ANK? NM_001 1482 Cl7orf27 NM_020914 CHR415SYT NM_001014372
ANKFNI NM_l 53208 Cl7orf46 NM_152343 CHSTS NM_022467.3
ANKRD11 NM_013275 Cl17o0rf49 NM_174893 CINP NM_032630.2
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NM 001903 EML2 NM 012155.1 F1121986 NM 024913 CTNND2

NM 001332.2 EN1 NM 001426.2 F1122679 NM 032227.1 CTSH

woR000d®. 2 ENPP2 NM _006209. 2 F1125477 NM_199RGBUS2009/032881

CUBN NM 001081.2 EPHA3 NM 005233. 3 F1132252 NM 182510

CUTL1 NM_ 001913. 2 EPHA4 NM 004438. 3 F1132312
NM 144709.1 CX40.1 NM 153368.1 EPHA7 NM 004440. 2

Gene Symbdi1 133845 182586adne@yanb53 NAFYSASB2 EPHBGeMIMIAA41 AcCossion
CIR F11346 |>| 1 152365 CYP4F8 53 EPHB6 NM 0121572
o NM_QUAZAS T F1134927 "NM 1522 1 NM_OE?@]O. 4 ool
cLsTN2 B X 3 0124.1 834 N 3 DBCL NM_033632.1
NM_ 3375 91 NM 153 1 DCC

CLSTN3 8: { NM_002003.2
ovxor: NM_QO545.1 ETAAL6,0IEQ19002. 338964 NM {, 13?2527 DCH%\IM 004108.1
CNKSR2 L 4.1 ETFDE M 004453\ (3340142 NMegQyd35. 1 v 15280822
cnotel, DDERMIL N 017707, 2hEMe2 NM 1444301374 1F11424 18653 NM_033642.1
CNTN1 NM Q104695 DDHD2,NMc@i15214 NVl bl 016337. i?GlFl]I-]-43339 NM_175929.1
CNTN4 NM 20738631 DDl 1 NMiL@d 00171 hEYA4s/NM 004100u3D3 NM 025135
coLi2al  F11439@&a37DIM 001004298.1DDI T3 Nwk 0846833. 3 EZHZigN NM_018086.1
COL3Al NM_80dabbé03 F1144658aMNbe 00100106 668513DN NM 0150864 F5 NM_018035
COL4AG NI\/I 0003972 F1145278ANM.319846M 104DIAX53 NI\/I 1806@94 F8 NM_ 019057
CORO1B NM 000821 F1146082DINIWIL 207417 NM_DEFA4 NM 00192550490 NM_018111
CORO2B FAMH@I2®6(NM1 0010108831F1 146154MIN038462. 1 DERBLLL NM_018125.2
CPAMDS NM OSU03®297 FAMLIASYSNM 01538 001386.3 FLI10560 NM_018138.1
CPE TNM_001873.1 DSCAMIT NM_020693.2 FLI10665 NM_018173.1
CPO NM_173077.1 DSTN NM_006870.2 FLJ10996 NM_019044.2
CRBI1 NM 201253.1 DINB NM_ 183361 FLI11000 NM_018295.1
CRNKLL1 NM_016652 DUSP21 NM_022076.2 FLI12770 NM_032174.3
CSDA NM_003651.3 DUXA4C NM_001023569 FLI13305 NM_032180
CSEIL NM_001316.2 EDA NM_001399.3 FLJ14803 NM_032842
CSMD1 NM_033225 EDD1 NM_015902 FLI16171 NM_001004348
CSMD3 NM_198123.1 EFS NM_005864.2 FLI16542 NM_001004301
CSNK1AIL NM_145203.2 EIF2S2 NM_003908.2 FLJ20294 NM_017749
CTCFL NM_080618.2 EIF4G1 NM_198241.1 FLI20729 NM_017953.2
CTEN NM_032865.3 EML1 NM_004434 FLI21019 NM_024927 .3
CTNNAL NM_001903 EML2 NM_012155.1 FLJ21986 NM_024913
CTNND2 NM_001332.2 EN1 NM_001426.2 FL122679 NM_032227.1
CTSH NM_004390.2 ENPP2 NM_006209.2 FLI25477 NM_199138.1
CUBN NM_001081.2 EPHA3 NM_005233.3 FLJ32252 NM_ 182510
CUTLI1 NM_001913.2 EPHA4 NM_004438.3 FLI32312 NM_144709.1
CX40.1 NM_153368.1 EPHA7 NM_004440.2 FL133534 NM_182586.1
CXort53 NM_024332 EPHB1 NM_004441 FLJ34633 NM_152365.1
CYP4FS NM_007253 EPHB6 NM_004445.1 FL134922 NM_152270.2
DACTI NM_016651.4 ERCC6 NM_000124.1 F1135834 NM_178827.3
DBC1 NM_014618.1 ESSPL NM_183375 FLI36119 NM_153254.1
DCC NM_005215.1 ETAA16 NM_019002.2 F1J38964 NM_173527
DCHS1 NM_003737.1 ETFDH NM_004453.1 FLJ40142 NM_207435.1
DDEFL1 NM_017707.2 EVC2 NM_147127.2 FLJ42418 NM_001001695
DDHD2 NM_015214 EVL NM_016337.1 FLJ43339 NM_207380.1
DDI1 NM_001001711 EYA4 NM_004100.2 F1J43980 NM_001004299
DDIT3 NM_004083.3 EZH2 NM_004456.3 FLJ44653 NM_001001678
DDN NM_015086 F5 NM_000130.2 FLJ45273 NM_198461.1
DDX53 NM_182699 F8 NM_000132 FII46082 NM_207417.1
DEFA4 NM_001925.1 FAM102B NM_001010883 FLJ46154 NM_198462.1
DEFB111 NM_001037497 FAM19A5 NM_015381 FLNC NM_001458
DENNDIC NM_024898 FAM26A NM_182494 FMN2 NM_020066
DEPDC2 NM_024870.2 FAM3A NM_021806 FN1 NM_002026.2
DGCR2 NM_005137 FAMA40A NM_033088 FNDC1 NM_032532
DHRS?2 NM_005794.2 FANCG NM_004629. 1 FOLHI1 NM_004476.1
DI167A19.1 NM_018982.3 FAT NM_005245 FRAS1 NM_025074
DKFZp76112123  NM_031449 FBN1 NM_000138 FRAS1 NM_032863
DLG3 NM_021120.1 FBN2 NM_001999 FRMPD2 NM_152428.2
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FLNC NM_ 001458 DENND1IC NM 024898 FAM2G6A NM 182494 FMN2

NM 020066 DEPDC2 NM 024870.2 FAMBA NM 021806 FN1
wOR000026. 2 DCCR2 NM 005137 FAMAOA NM 033088 PCID0S2009/032881

NM_ 032532 DHRS2 NM 005794. 2 FANCG NM 004629.1 FOLHL

NM 004476.1 DJ167A19.1 NM 018982. 3 FAT NM 005245 FRAS1

NM 025074 DKFZp7611 2123 NM 031449 FBN1 NM 000138 FRAS1

Gene SymbdiM 0 B NV @aqug&e.bau FBNéc‘fq@ﬁemggg F:wmmymbou Accession
NM 2 WD 20 0029 on CGene

iglpm Gené 82 3 Accesslg i‘i D PCT 032881 Implgl on Eﬁ—gzggg'l

FSTLS I D FR CNM 014 §T4 NM O M_005559

D4 KRT@, 100~ 5, 58M 198695, L .FRY NM b0 HSPG2 NM,OQ5529 KSuy 02200

GAB4 R2 NM@J 98 FSTLSHII}M1020116 14 N'V' 130 LANA]‘NM _000228.1

Gapp2 M QQ5He&4FZD4 NM 44,2193 . 2 024012 NM._007356

GaBrA6  NM QQ2@98) | GAB4 NM_Q}@]%%7814 MQOS%M_%MW Lkﬁl\!& NM_002293.2
gargT2  NM QQ022861 GABPB2GRM>016654 .21 h3kls NM_005898¢12 LAVB4 N 0312062
GALNS NM_Q0/@062SAB RAG iNNED00811. v GiokkoB3 NM 0006898, 2 NM_001001712
GDAPIL1  LAMEH 0dv3902293 . 2IKGALGT2 NMnhb3dkd&. 1 | GSF22cNM 173588NM_001001676

GFI1 LASTM_0d626031206. 2 NS NM 0005 d&2182 2l GSF9 NWbRR0789. 2 NM_003893.3
GFIIB LCNE®Or ddvs8010017121080AP1L1 NMM24084. 3 | K NMbORGA83  NM 001010978
GHRHR  LCNSMNWMO£31001676 BEMR NM_181449.1 LEF1 NM_016269.2
GIAS NM_005267 IRS2 NM_003749.2 LGR6 NM_021636.1
GLB1 NM_000404 IRS4 NM_003604.1 LIFR NM_002310.2
GLI3 NM_000168.2 ISLR NM_201526.1 LIG1 NM_000234.1
GLIPR1 NM_006851.1 ITGAE NM_002208 LIG3 NM_013975.1
GMCLIL NM_022471.2 ITGB3 NM_000212.2 LILRB1 NM_006669
GNAS NM_000516.3 ITPR1 NM_002222 LMNB2 NM_032737.2
GNRHI NM_000825 K6IRS3 NM_175068.2 LMO7 NM_005358.3
GPBP1 NM_022913 KCNA10 NM_005549.2 LOC122258 NM_145248.2
GPR112 NM_153834 KCNB2 NM_004770.2 LOC126147 NM_145807
GPR124 NM_032777.6 KCNC4 NM_004978.2 LOC129531 NM_138798.1
GPR158 NM_020752 KCND3 NM_004980.3 LOC157697 NM_207332.1
GPR50 NM_004224 KCNH4 NM_012285.1 LOC167127 NM_174914.2
GPRS NM_005286.2 KCNQ5 NM_019842.2 LOC223075 NM_194300.1
GPR87 NM_023915.2 KCNTI1 NM_020822 LOC388199 NM_001013638
GPX1 NM_000581 KCTD16 NM_020768 LOC91807 NM_182493.1
GRID1 NM_017551 KDR NM_002253.1 LPIN1 NM_145693.1
GRID2 NM_001510.1 KIAA0182 NM_014615.1 LPPR2 NM_022737.1
GRIK1 NM_175611 KIAA0367 NM_015225 LRCH4 NM_002319
GRIK3 NM_000831.2 KIAA0415 NM_014855 LRP1 NM_002332.1
GRM1 NM_000838.2 KIAA0528 NM_014802 LRP2 NM_004525.1
GTF2B NM_001514.2 KIAA0555 NM_014790.3 LRRC4 NM_022143.3
GUCY1A2 NM_000855.1 KIAA0556 NM_015202 LRRN6D NM_001004432
HAPIP NM_003947.1 KIAA0789 NM_014653 LRTM2 NM_001039029
HAPLN1 NM_001884.2 KIAA0934 NM_014974.1 LSP1 NM_001013253
HATI1 NM_003642.1 KIAA1078 NM_203459.1 LZTS2 NM_032429.1
HBXIP NM_006402.2 KIAA1185 NM_020710.1 MAMDCI NM_182830
HCAP-G NM_022346.2 KIAA1285 NM_015694 MAN2A2 NM_006122
HDC NM_002112.1 KIAA1409 NM_020818.1 MAP1B NM_005909.2
HECTDI1 NM_015382 KIAA1468 NM_020854.2 MAP2 NM_002374.2
HIC1 NM_006497 KIAA1529 NM_020893 MAP2K7 NM_145185
HIST1H1B NM_005322.2 KIAA1727 NM_033393 MAPKSIP2 NM_012324
HIST1HIE NM_005321.2 KIAA1875 NM_032529 MARLIN1 NM_144720.2
HIST1H2BM NM_003521.2 KIAA2022 NM_001008537 MAST1 NM_014975
HIVEP1 NM_002114 KIF13A NM_022113 MCF21.2 NM_015078.2
HIVEP3 NM_024503.1 KL NM_004795.2 MCM3AP NM_003906.3
HK3 NM_002115.1 KLF5 NM_001730.2 MCP NM_172350.1
HOXC9 NM_006897.1 KIRF1 NM_016523 MCRS1 NM_006337.3
HPS3 NM_032383.3 KRAS NM_004985.3 MEDI12L NM_053002
HR NM_005144.2 KRT20 NM_019010.1 MEFR2C NM_002397
HRH1 NM_000861.2 KRTAP10-2 NM_198693 MEGF6 NM_001409
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NM_ 005263 | L6ST NM 002184.2 LDB1 NM 003893. 3 G-l 1B NM
004188. 2 | QSEC3 NM 015232 LDLRAD1 NM 001010978 GHRHR

woR000B28. 1 | REM2 NM 181449.1 LEF1 NM 016269. PCTAISR09/032881

MET
MFEN1
MGC13125
MGC15730
MGC16943
MGC20470
MGC26733
MGC29671
MGC32124
MGC33407
MGC33846
MGC39325
MGC39545
MGC48628
MGC52022
MGC52282
MGC5242
MGC8685
MKRN3
MLE2
MLL3
MMP11
MMP2
MMRN2
MNI1

MPO
MPP3
MRGPRE
MRPL23
MS4AS
MTHFDIL
MUC1
MUC16
MYADML
MYO18B
MYO1B
MYOI1D
MYO5C
MYOHD1
MYRS
NALP7
NALPS§
NAV3
NBEA
NCDN
NCR1
NDST3
NDUFAL1
NEB
NELL1
NEUGRIN
NF1
NFATC1

NM 005267 | RS2 NM 003749.2 LGR6 NM 021636.1 GLB1 NM
| RS4 NM 003604. 1 LI FR NM 002310.2 G.13

NM 000168. 2 | SLR NM 201526.1 LI GL NM 000234.1 G.I PRL
Gene SymbdiM O

000

391 | TGAE 6bMeG208 LI E°RRPD13975. Gefdnidol N
022 L TGB3 NM 000212, 2 LI NV 006669 ,GNAS
NM_ 503 | TPRL 2222 322 %IM_032732 RH1
NM_ <61 RS3 068. 2 -1\ 005358 >BP1
NM_ JKCNAL0 549, 2 258 NM 1452485, 2
GPRL1Z, ML 153834 ,2 NM 0 LOC1261 470
NM_1458Q4%; GPR124 2777.6 NM 0049782,

404

L OCLx963gho NM 13879851 (SPRL58 \NMH&430752 KCNDBiM

00428015353 PC1  5769uiNMI207332nd 265850 NM 004224, KCNH4

NM Q3228513 LOCL67325¢nNM_ 17493 02368R8 NM 005286. 2
KCNQbi_V842029842. 2 0i6Xi223075 MNwE 3245300. 1 GPRBidip
NM B2393&s52 KCNT1 Oiviv220822 INGCB&3499 NM 00 2ORS638

GPXAVMNM7 300581 KCT@XA1 NM 020768 1450621807 NMPL82493. 1

GRI BDY_2¥3017551 KDBRIMVE 002253NMLo0IBdsME: NM_14869G6A 1
GRI DRL_MM9001510. 1 GRIAA0182 NWMDSI6MEBS51

NM_198563.1
NM_178453.2
NM_024033.1
NM_178012.3
NM_005664.1
NM_005439.1
NM_170606.1
NM_005940.2
NM_004530.1
NM_024756.1
NM_002430
NM_000250.1
NM_001932
NM_001039165
NM_021134
NM_023945.2
NM_015440.3
NM_002456.3
NM_024690
NM_207329.1
NM_032608
NM_012223.2
NM_015194
NM_018728
NM_001033579
NM_015011
NM_139176.2
NM_176811.2
NM_014903
NM_015678
NM_014284.1
NM_004829.3
NM_004784.1
NM_004541.2
NM_004543
NM_006157.2
NM_016645.1
NM_000267.1
NM_006162.3

OR1E2
OR2T33
OR2T34
OR4A16
OR4K14
ORS1E1
ORS5IT1
ORSH6
ORS5)2
OR5K1
OR6C1
OR6C6
OR6C75
OR8K3
OSBP
OSBPLS5
OSBPLS
OTOP2
OVCH1
OVGP1
OX(CT1
P2RX7
P2RY14
PAKG
PANK4
PAOX
PARPS
PBEF1
PBX4
PBXIP1
PCDHI11X
PCDHA9
PCDHGA7
PCDHGB4
PCP4
PCSK2
PDE11A
PDGEFD
PDILT

141

NM_003554.1
NM_001004695
NM_001001821

NM_001005274
NM_001004712

NM_152430
NM_001004759
NM_001005479

NM_001005492

NM_001004736

NM_001005182

NM_001005493
NM_001005497

NM_001005202

NM_002556.2
NM_020896
NM_145638
NM_178160.1
NM_183378
NM_002557.2
NM_000436.2
NM_002562.4
NM_014879.2
NM_020168.3
NM_018216.1
NM_207128.1
NM_024615.2
NM_005746.1
NM_025245.1
NM_020524.2
NM_032968.2
NM_014005
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(Y 10248 a ucbileshild fiB3DNTrd&Diological sample from the subject;
(b) detecting the presence or absence of a biomarker within the microvesicle fraction,

wherein the biomarker is associated with the disease or other medical condition.

An evaluation method, wherein said method aids in evaluating treatment efficacy in a

subject having a disease or other medical condition, the method comprising the steps of:

(a) isolating a microvesicle fraction from a biological sample from the subject;

(b) detecting the presence or absence of a biomarker within the microvesicle fraction,
wherein the biomarker is associated with treatment efficacy for the disease or other

medical condition.

The method of any of claims 1-3, wherein the biological sample is a sample of bodily

fluid.

The method of any of claims 1-4, wherein the biomarker is:
(i) aspecies of nucleic acid;

(i) the level of expression of a nucleic acid;

(iii) a nucleic acid variant; or

(iv) acombination thereof.

The method of any of claims 1-5, wherein the biomarker is messenger RNA,

microRNA, siRNA or shRNA.

The method of any of claims 1-5, wherein the biomarker is DNA, single stranded DNA,
complementary DNA, or noncoding DNA.
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4 NM 032098 PTEN 000314 NEB NM 004543 PCP4
ﬁw 6‘6@‘?@8) ﬂwﬁ%&\lmgarsmtg%@%éﬁ 15 \NWGOB i‘%éilﬁteé&R%Y of Tables

AYH002594q2¢ RIRBH NM 002842 NEUGRI N NM 016645. 1 PDE11A
NM_ 016953 PTPRN2 'NM 002847.2 NF1 NM 000267. 1 PDGFD

NM 033135. 2 PTPRS NM 130853. 1 NFATC1L NM 006162. 3
The method of claim any of claims 8-11, wherein the biomarker is microRNA-21.

The method of claim 8, wherein the biomarker is associated with a clinically distinct

type or subtype of tumor.

The method of any of claims 1-13, wherein the biomarker is a variant in the EGFR

gene.
The method of claim 14, wherein the biomarker is the EGFRvIII mutation.
The method of claim 8, wherein the biomarker is associated with prostate cancer.

The method of claim 16, wherein the biomarker is TMPRSS2-ERG, PCA-3, PSA, or

variants thereof.
The method of claim 8, wherein the biomarker is associated with melanoma.
The method of claim 18, wherein the biomarker is a BRAF variant.

The method of any of claims 1-3, wherein the biomarker is the expression level of one
or more nucleic acids selected from the group consisting of let-7a; miR-15b; miR-16;

miR-19b; miR-21; miR-26a; miR-27a; miR-92; miR-93; miR-320 and miR-20.

The method of any of claims 1-7, wherein the disease or other medical condition is a

metabolic disease or condition.

The method of claim 21, wherein the metabolic disease or condition is diabetes,

inflammation, or a perinatal condition.
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27. The method of any of claims 1-7, wherein the biomarker is a nucleic acid listed in Table

10.

28. The method of any of claims 1-7, wherein the disease or other medical condition is

cancer and the biomarker is a nucleic acid variant of the Kras gene.

29. The method of any of claims 1-28, wherein the microvesicles in the microvesicle

fraction have a diameter in the range of about 30 nm to about 800 nm.
30. The method of claim 29, wherein the range is about 30 nm to about 200 nm.

31. The method of any of claims 1-30, wherein step (a) is performed by size exclusion
chromatography, density gradient centrifugation, differential centrifugation,
nanomembrane ultrafiltration, immunoabsorbent capture, affinity purification,

microfluidic separation, or combinations thereof.

32. The method of any of claims 1-31, wherein the biomarker is a nucleic acid and the

method further comprises amplification of the nucleic acid.

33. The method of any of claims 1-32, wherein the detecting step b) is performed by
microarray analysis, PCR, hybridization with allele-specific probes, enzymatic mutation
detection, ligation chain reaction (LCR), oligonucleotide ligation assay (OLA), flow-
cytometric heteroduplex analysis, chemical cleavage of mismatches, mass spectrometry,
nucleic acid sequencing, single strand conformation polymorphism (SSCP), denaturing

gradient gel electrophoresis (DGGE), temperature gradient gel electrophoresis (TGGE),
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The method of claim 34, wherein the selective microvesicle fraction consists essentially

of urinary microvesicles.

A diagnostic method, wherein said method aids in the detection of a disease or other

medical condition in a subject, the method comprising the steps of:

(a) obtaining a biological sample from the subject; and

(b) determining the concentration of microvesicles within the biological sample.

A monitoring method, wherein said method aids in monitoring the status of a disease or

other medical condition in a subject, the method comprising the steps of:

(a) obtaining a biological sample from the subject; and

(b) determining the concentration of microvesicles within the biological sample.

The method of claim 38 or 39, further comprising the step of isolating a microvesicle

fraction from the biological sample prior to determining the concentration.

The method of claim 40, wherein the isolation step is performed by size exclusion
chromatography, density gradient centrifugation, differential centrifugation,
nanomembrane ultrafiltration, immunoabsorbent capture, affinity purification,

microfluidic separation, or combinations thereof.

The method of claim 40 or 41, wherein the microvesicle fraction is derived from cells

of a specific type.
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48. A method for delivering a nucleic acid or protein to a target cell in an individual
comprising, administering one or more microvesicles that contain the nucleic acid or
protein, or one or more cells that produce such microvesicles, to the individual such that

the microvesicles enter the target cell of the individual.
49. The method of claim 48, wherein microvesicles are delivered to a brain cell.

50. The method of claim 48 or 49, wherein the nucleic acid delivered is siRNA, shRNA,
mRNA, microRNA, DNA, or combinations thereof.

51. A method for performing a body fluid transfusion, comprising the steps of obtaining a
fraction of donor body fluid free of all or substantially all microvesicles, or free of all or
substantially all microvesicles from a particular cell type, and introducing the

microvesicle-free fraction to a patient.
52. The method of claim 51, wherein the cell type is a tumor cell type.
53. The method of 51 or 52, wherein the body fluid is blood, serum or plasma.

54. A composition of matter comprising a sample of body fluid free of all or substantially

all microvesicles, or free of all or substantially all microvesicles from a particular cell

type.

55. The composition of claim 54, wherein the body fluid is blood, serum or plasma.
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59. AN ilidn Ma lﬁﬁﬁé‘ i?bod%uld enriched with
2009/°100029PCT/ US20 /O 2881 W claim 1. A diagnostic
metrbomjclesher ei n said nmethod aids in the detectlon of a
di sease or other medi cal condition in a subject t he

thod ¢ he ste a soI n

0. TR SRERER IR b nFieBhPs Bt Bk S T g porticutar
tapwp@bject, (b) detecting the presence or absence of
a biomarker within the mcrovesicle fraction, wherein
t he biomarker is aSSOCIated wth the disease or other

0l hagiruaposiidficiagm, S90r OR, whefetndhe hgdibetwgds Pippdrserym or plasma.

said method aids in nonitoring the status of a di sease

or other nedical condition in a subject, the nethod
conprising the steps of: (a) isolating a mcrovesicle
fraction froma biological sanple fromthe subject;
(b) detecting the presence or absence of a bi omarker
within the mcrovesicle fraction, wherein the
bi omarker is associated with the di sease or other
nmedi cal condition. 3. An eval uation nethod, wherein
said nethod aids in evaluating treatnent efficacy in a
subj ect having a disease or other nedical condition,
the nmethod conprising the steps of: (a) isolating a
m crovesicle fraction froma bi ol ogi cal sanple from
the subject; (b) detecting the presence or absence of
a biomarker within the mcrovesicle fraction, wherein
the biomarker is associated wth treatnent efficacy
for the disease or other nedical condition. 4. The
met hod of any of clains 1-3, wherein the biologica
sanple is a sanple of bodily fluid. 5. The nethod of
any of clains 1-4, wherein the biomarker is: (i) a
species of nucleic acid; (ii) the |level of expression
of a nucleic acid; (iii) a nucleic acid variant; or
(iv) a conbination thereof. 6. The nethod of any of
clains 1-5, wherein the biomarker is nessenger RNA,
m croRNA, si RNA or shRNA. 7. The nethod of any of
clains 1-5, wherein the biomarker is DNA, single
stranded DNA, conpl enmentary DNA, or noncodi ng DNA. WO
2009/ 100029PCT/ US2009/ 032881 8. The net hod of any of
clainms 1-7, wherein the disease or other nedica
condition is a neoplastic disease or condition. 9. The
met hod of claim8, wherein the biomarker is a nucleic
acid listed in any of Tables 3-15, or a variant
thereof. 10. The nethod of claim9, wherein the
di sease or other nedical condition is glioblastonm.
11. The nmethod of claim 10, wherein the biomarker is a
nucleic acid listed in any14f Tables 8-12, or a
vari ant thereof. 12. The method of claimany of clains
8-11, wherein the biomarker is mcroRNA-21. 13. The
nethod of cIa|n18 mhereln the blonarker |s aSSOCIated
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