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application clains priority to US provisional applications 61/025, 536,

filed Febr 2af- o ﬂ bigEhosid, ?ﬂaé@i\‘iégi@m@m@@ﬁwm@ch of
DERERL L e o i

NCI CA86355 and NCI CA69246 avvarded by the National Cancer Institute. The
Government has certain rights in the invention. FIELD OF THE | NVENTI ON

[ 0003] E .t‘?ﬁDLI@AtT'f@ ti el ds of nedical diagnosis,
patien O s z eval tation, nucleic acid anddproteln
del i ve[(m{)jt}and bm@dplmcamf clsmmpncﬁﬁ\mpmlﬂnﬂHEphWEMﬁwm 536, file

Gespi { BT OB PeRugt i B e 2 POPRst L gtrd D R hed) *Orre. ©
i nvasi f i Seddio@r makes conplete surgl caI resection inpossible
and t hPe{é%(rgrltEel |g%ﬁ3§é£]rc\e/?r€a etIE'E? is only about 15 nonths (Stupp et al., 2005).

ai obI astoma cells as well as many other tunor cells have a remarkable

abi i tﬁd\pﬂ@mgwﬂgwl environnent to their own advantage. Turmr
cel | ndi ng nor nal ceIIstofamhtatet:&gés‘%g
gr owt h[00bRVasi GFhis Uhenmrewa‘smaéfwﬂth Govemacaysper wwaer et d2S(Nezzocca

cel 1 incEaCRF R R P sl e BRERE TR Sr PR BRI o

new bl 9od. vess ehwention.supply the tumor with nutrition (Carneliet and Jain,
2000). Although the i mmune systemcan initially suppress tunor growh, it
is often progressively blunted by tunor activation of i nmunosuppressive

pat hways: (G TheYNGRNEO) . [0005] Smal | mcrovesicles shed by cells are
known as exosones (Thery et al 2002) . Exosoneg are rgﬂgorted as having a

di amet B003F  appFloxireneinycFmNIgHesiP ét'{’?(flea‘f*sé’ IRECH RERREMPHPT erent cel |
types under both nor t | GO0 SbRISadiTREs, ¥ngbical. . 2002).
These WPE’?%V&%rgttglsen@%%%@%gg%g%%ﬁf “as a I;rnachanl 1'smf%{o di scard

t r ansf gffskdidgrecept ors WO 2009/ 100029PCT/ US2009/ 032881 from the cell
surface of maturing reticul ocytes (Pan and Johnstone, 1983). Exosones are
formed through inward buddi ng of endosonmal nenbranes giving rise to

i nt r acghl@ROMD DFesiIE UNFENKIdNS (MVB) that later fuse with the plasma
menbr ane, releasing the exosones t t he exterior (Ther Q02) .
Howev ei®00¢her e q’]éo‘ﬁ%ﬁ??@% aﬁ%ﬁt%‘%f 16‘? ganpPaP LY Wftglagasep mtggésiso%%ﬁeg
Cert ai ! St kedtort 1C&lik 8 Eaﬁﬁ)ﬁameﬁxﬁ«a&h@@lamsﬂlﬂm@t@lbﬂ’ ectly
by outlrﬂvvft’f?l E‘?%fgfagﬁgﬂ uﬁl aémg rrelnbrane (Booth et al., 2006)

menbr amekesesnplessishied ﬂeyec@eh mp@aséﬂer afdethe g@dta@ Sﬁéfii‘éfﬂ iReos |0@a’t %W%t

m crovesi cI es. [0006 C Dros caI I ed
ar gos omgeaths GHEpE g 4 %&65‘50%%%#{?8} @t‘pig @@dp? less pr aa elodn and to
nmove O‘éﬁtrarﬂ'a@[egﬁnﬂk% ﬁ‘i?ﬂ:&ﬁteh QE@HﬁheﬁMnm@ﬁgb nidir dWﬁ @d&mtﬁgeelTunmr icells

devel opi ng Drosophila nel anogaster enbryos (G eco et al., 2001

M cr ovdisicdl ekerf smoodnding semedl celkniovipciligiguaer §albasosyth APESRERF 0 have a

d f.f t th
St abi | ERRERGn TBOChE BLPLUBE A PO pE P SREUDS Lt du Brossthe

' mnoﬁﬁ?&@ﬁﬁ'mmnﬂhd fagnor BEMALSd mﬁnclafthaamgtrmgmeslamrc( Del stasulete radid, 2007) .
On the other hand rostasones rel eased by, mali n@m‘?rg? at IZ{))(?O are

sai d tbnpatmmf@emp%é%é%lﬁéo suppbt e SEne WiLh Ayt 18&( e %H“f“ Bt ei ns
(Mack r t BIoPEE asgwb ol at ed
from d‘g#ﬁfl%tggrﬁ)e rg% fiaﬂ%téeg? g@ﬁhgﬁhgq{lgﬁ?ﬁltﬁ&ﬁr&s}gg&h g!r alﬁd

m cr oRNAndabRNAhoedrg vadom dffiamsinesuppRNAIvE padittags ((ézé:trtlowlp) O?Baj - Kr zywor zeka
et al., 2006; Valadi et al., 2007). [0007] M crovesicles derived from
B-cel | goasd dengniit infcr6@dslcgesahed BY aglcird indvav es potenes Tihmmi%t 2003b.at ory
and antitunor effects in vivo and have been usecgé)a nt i tg §C| nes

( ChapuExaspmaf are roBBEY. as DeHae e iemee] ¢ opRro{BYye S &t greaihg ot ed to
contain th tox ebndlti&l (ThaGtdt vRtioon

wher ea@a%gtﬁ%ten%&%?ﬁ - erlba{’)/ég1 glr%ggﬁ?%ﬁg)s{cago not (V%Ie%gowskl an)tzl

Wi t esTiglRe nd06gsicldd wee\fast chelsesbedsns hanetafisone tiseod teabfesinigeres t o
suppress the i nmune response and accel erate tunor growmh (Clayton et al.,
2007; Liu et al., 2006a). Breast cancer mcrovesicles may stimulate

angi ogenesi s, and pl atel et-derived microvesicles nmay pronote tunor
progression and netastasis of lung cancer cells (Janowska-Weczorek et al.,
2005; MIlimaggi et al., 2007). [0008] Cancers arise through accumnul ati on of
genetic alterations that pronote unrestricted cell growth. It has been
stated that each tunor har bors on average, around 50 80 rrut ations that are

P P




1. 100bp MWV | adder. 2. Exosone DNA from normal human se ome DNA
f r om nor PP 28R | br obl asts 4. Exosonme DNA from nedul %@gé)P%/%Q%dZS

WO 2009/ 100029PCT/ US2009/ 032881 5. Exosonme DNA from nedul | obl astoma D425 b
") ' b B EXASOE S 25, MRdehhabhasbesp Bekémedie | anes
are %ﬁ@ﬁpgé‘?ggafcolfom: %q ioo%gkﬁr ker 2. D425 no DNase 3. D425 with
DNase formlek throegikiaward buddingyyf eidnggirenl sterzhiensd Shvieg 8¢ 8 acslisF ysi s using a

RNA pi co_chip.. Upper : rified | 0 LhbhalNase; | ower
panel : TPHiEPiCRIGr %R‘ﬁe’b\@g{) gb g‘.ﬁi“? ga(&erv@il?%W%S%%e&géé%\%&’ﬁ%e%yEpper panel
ref er soi Qo€ ARt 8CkREr MtehedtGl aLi(ds. HAherepehdieat n@b enttlen® fana imvter nal

st andar d. h) Anal ysi's of nucleic acids cgntai ne&&ié%eﬁxosones from

pri mar dirext delbdsolof axsormas Ddenain gpie rughasdirkas { igle 2% F4 GEPEME 5 aci ds
detected a RNA pi.cq.chi : shh e st angedanuen@ireneaci ds

det ectgﬁe% bé’ W@&ng%ﬁioﬁheﬁ%ﬁ%@g@ﬁ%&ge?ﬁe upE)er pangl r ef eré to the

det ect ggidisiciheil By aglisdge rifbeed wohepdakslldctiSelgnd niis®esipys.ar e i nt er nal

st andar ds. i) Analysis of exosone DNA fromdifferent origins using a
RNA pi fRoghi P- MpREvesRanah DBNYWaSRsiokagtedo b1t BxosorBsIe sa@to
glioblastoma cells. Lower panel: DNA was extract e? from exosones, f.rom

nor mal cémiaramdrphsshs sushas Wingless moggREndo TEQYe Qs (argt SRR BOPERES on from
serumis nore.efficient. . | 59leAL PR S (ERcb%t hincl uded. a)
Eosom 1t £ Py G i o R P LB (R T vl 1

Ar r ows 26@ff e MitRvEfidedRivad tecboNAkhowit heprosmpiness, are stated PITaYRE W5de Ba&par i son
of gene expression |evels betwen m crovg%si cles a?d tceI{JI Sh ogcr(ggroi in. 3426
genes glfuactionsierleding gherasp@motinn AL Bef P iy £ AT HAMRY BT IS PEFEd in the
M crovesicl es as.foERAY 56lib$ aifd @R M iEBn bh eysivgmesisl eDélvekt

(p-val fra-&g" gf)af%}ﬁ&%ﬁoﬁ%%}é&%%pmtlol gct)gi cal anlall §si S go?@m' crovesi cul ar
RNAS. {ia)0Bve @haetottir siphdysodtiveniss otloget by npHeeas rasterdiyroiaid e 500
most abundant nRNA specjes in.the m.crovesicles. . ( i t he

i Nt ensPEOPALE 3%1‘2;9168%% I FONHECSET 6H it(hgarfsgergﬁ tgjln(g)ggdeas& ?12 'é.t% Q _taggt unor

gr owt hrecJﬂ%ﬁ?&i&’%ﬁe S PHESE MR 1dsSo e Bk @ifferdiiéell ansanapbsoprsent in the
ont ol ogy. e nedian Intensity | evels on the array

. > gqrwe l% 182. |
FI GUREm#sseGharReA i(mdk N aandamicotR NARNmHR B e 28d < 315 F%‘é AP EMH “Fthe nRNA
expression profiles in cell \ir X s isolated fromthe culture
nedi a 6Pt Hﬁ%%%WFfz?lf%%saa-m%#deﬁr}3’2‘%@5%@ i gn clusters of expression profiles
were generated. The |abels of the speci.es. ha 1
Qi obl E90%ha 20‘7’133%&510?%\("1%}“’5‘? %YQEP %15 éitde‘“"“%@{)%é%%ﬁé: &ge?\é\%%%%oﬁtgtzo/ 3
Cel | RNA Y. LERY LSRLRiRmbLEBGts Ahiehinastaoeechhisbd Ge hhtitRNAr GLOBEs
Mel anonma 8%%%%%06%4% Mel asnorré} 0664 Cel | R% 0664 E—é: Mel anoma
0664 esCimpmest RNAOCE).r Ryndigthl ¢edladeasived gERvEsiges ap FAHOHE COBEH 8% 6%ome RNA,
array replicate 2.0105E: Ml ano .05, \ 3&1-@rivell ast oma 20/ 3
Exosorrﬂ"gﬂﬁ\mﬁ?@ﬁ’-“i&. NEEFT8b %3‘3@ a‘%?%o@gg%%n%sﬁ%ﬁ% replicate 1 11/5E-2:
G i obl et 8pmRicldy/d X PRaEERSwsRir fndyW hitgidec 20@5)2 MiBivegitlen bobisedoiem trher scal e
refers to the distance between clusters, FI QURE 8. g/(lj]?xr%\ﬂ%?iald es from
ser um colstmdyrachiCTUpRINAS theIBYRINS TeTPORER A BRIASERE PR A-FY STt &l
m crovesicles and ' O b8 a9 Rlimediddier-andis,pati ent s ( GBML
and CERBY i & i e e e R e vl o
t hr eshglaghidt Qedivatihiugoisichrsasanprechoastutive pragaessioSEMI (Fetastas)s Of FYIBIRECY.
Clustering diagramof m crof&%@x@hs. M C%@S@@ data on the m croRNA
expr esetlisnlpewska-Baesaerekeqtial| #1es Mnd R0 olated fromthe culture
medi a of these cell lines were anal yzed gnd clusters o% ex%ggési on profiles
wer e gE988ht ed. Caisersiagise fhyopgh 1958 og gEgenelic At By RN “o664C 1:
Mel anonma_ 0664 | RNA, I i G LaBors M aneq®, 86064d 880 RNA,
array P’érﬁftfl&tgfig%gﬁjl 'Citﬁ{ﬂs%é?rgﬁ%n%%%%g%&éﬁ IQARI{lA?rSarray replicate 1
0105C RiutMahanamie Qbamt Gehdn-RNAr cally dynasephl.GR08; Barsappet al., 2008; Wood et

2009/ 100029PCT/ US2009/ 032881 20/ 3C- 1: i.obl ast oma . | @NF"D ay
repl i cal.@007pd/ B techyidgf t&s‘%@ﬁ‘fﬁgﬁw ‘?“%&P? P ﬁﬁ&fsqgcrlragé%rc gg%llyélat e 1209%3}’1/ 5C 1:

d i obl 2hidvak ALERYF haRhi Gaie DNA HabGeRts cBculebh@bt oty 11/ 5
Cel | R@ﬁ%@&ﬁ?gﬁlﬁﬂggﬁg@gn151//155 1: dioblastoma 11/5 Exosocréqusdéaaﬁ rray

repl i cats tuchldsSodt (Dethlebhhsi0ofn Thy BrEsyaehed s igy3siy FUBPY 20/ 3E- 1:
G i obl astoma 20/ 3 Exosonme RNA, array replicate 1 20/3E-2: dioblastoma 20/ 3
Exosome RNA, array replicate 2 0664 E Mel anoma 0664 exosome RNA 0105E- 1:
Mel anoma 0105 Exosone RNA, array replicate 1 0105E-2: Mel anoma 0105 Exosone
RNA, array replicate 2 GBM dioblastoma. The scale refers to the distance
bet ween cl usters, FI GURE 10. The expression | evel of mcroRNA-21 in
serum m crovesicles is associated with gliom. Shown is a bar graph, nornal
control serumon the left, glioma serumon the right. Quantitative RT-PCR

ek A PN A & e~ A



cell sorting (MACS) is described in (Taylor and Cercel -Taylor, 2008). A
met hod ORY(@%QW ane ultrafiltration concentrator is gesgstdogoki
(Cheruvanky et al., 2007). Preferably, mcrovesicles can be identified and
isolated frombodily fluid of a subject by a newy devel oped nicrochip

t echnobpogibly hamfustesubjeati e laviec method iirflecensiyaesiorsantiéviss fuedPdit | y and

sel ectively separate tunor _.deri ] ves| cl - Thi I 7\ as
descri BUETR Bpage sy RaG St Sih<E) BNANEGHER Typd LysmhGEE TR 20 E2
adapt eqnéefdrd @Rk ich¥i1caBe fReRafALE dAEbOY esbakeslop aidignsitid hathoptliancimpl es of
capture and separation as taught in the paper. Each of, ,t_he%({ﬂor eg}gi}:n?

r ef er edeted timgor ¢pdls npditierand sges EnarEEEh aFeVHh fegh Sepgtybugl WO W hese
met hods. n, i - ] ' ' Nfhepa a bodily
D R e e N
exanpl gistihgiiig capestoneas) nataneahys iintedbhest abl 2dte Parskisdnal, 2B8ar y,
testis, skin, colorectal, breast, Prost,at e, brain, %scﬁpha%:;us,r liver,

pl acenBeletergtiad. 288 s Hogevar Serent dlagestis Jedintuss ' HIFeH S Py i Pace

ol ecugi%ﬁée%ti&jhfh%%n&ﬁ%&&%ssf 510 IShrd MeHsy HebdeBures Uidsagepi@ilatdles may be
used to 1dentrfy, 1solate a@nd/or enrich for mcrovesicles froma specific
donor eethtidllyderroAll- Nedewier.ah adfiopsy 2088¢uTayisBe sanpleGae déden iyt dr,  2008) .
In this way, mcrovesicl ori.ginati fromdisting L atj.ons can
be ana 15??8% agegang H@iyrgl\{ﬁfg‘f%ipt?mgﬁsamé%%‘f BV For Sp&%@#ﬁﬁguntl%?mwrﬁ%r%ﬁ gnant
and noa&%‘g&%eé IndTbICAiYRsdGhi@fn Gk tkHRDIThaRSOe] fhedimusfaasd anti gens and
may be deté&cted, isolated and/or enriched via these specific

t unor - esisivict diagdosigrhetbed fomdeigeting bipmadse wxddpedighindedidpace antigen is
epithelial -cell-adhesi on-nol ecule (EpCAM, which is specific to

m cr oveEMMARY O6MIERINVENMEONT | ung, col orectal, breast, prostate, head
and neck, and hepatic origin, but not of hematol ogical cell origin (Balzar
et al.[00b9pP9; \&nfenetl,ahe invaida)is a hove netivel foedetaping intahebpoarthace anti gen

is CD24, which is a glycoprotein s ecific.tg,uri.ne m.crovesi.cl e é eller et
al ., 2p@ypce Pﬁaﬁﬁéﬁc%%&wtkgfm@] eI EHICE &% BUERY ?Sbrgﬁs’lyr?w?é’l aé@fl “froma
group of e o | i ' ' dn€fefdhs, aGtRatEG@rRvI 11 and
ot her éﬁgglﬁ%lnst fsh%ﬁg?%a%gia% , @%ﬁ?f@%%%?%ﬁ??{gﬁgggceptor, p38.5, p97 and
HSP72. effidslivt dsosuddted withumorovspeleibidrsarkérsr ovesi cl es may be characterized by
the lack of surface markers, such as CD80 and CD86. [0035] The isol ation of
mi cr ovewiigl es fommsppacitticinealtontaypmsthodnfopeiciog ontpt ilgeelis for exanpl e, by

usi ng anti bodi es, aptaners, aptaner anal ogs or nol ecul arly inprinted
pol ymemgnisgrag qliaclisegpe & s IP%(HC”QEP?@E%” 4 ?‘%é‘?‘f.‘* CPWP&@%&%?&%}D&&@? t he
sur f acl%ol%&%é 9‘3‘901’0%@5?&9?ﬂa{;€|i(§1 1?91'}1 i GRPREN salpREfrothh@fddrerangmyaekeomint , t he

surface anttgen I's speci or a cel'l type which is not necessarily
cancer @y $res@ne cexbsgke obé bmmretdrodthid theinticswesitlelfmcgepaywtdinoased on cel |

WO 2009/ 100029PCT/ US2009/ 032881 f ti i i . S. Pat ent
o, 7 Blomagents et pibal trsg oot ety SpRtSRPIRY bYRRat Bl o Facen
S5, 582, %Jgéfr éégdt%g@%@é%?&%tﬁﬁ%f@oﬁﬁ%ﬂg:ﬁﬁ @01t RY thkodbis@ion elep@d a crledinson et

, a e

al., 2 aners and their anal ogs sEecificaI[y bi nd surface nol ecul es
and cafe.deoupadng sheansema phoicorr megbidragrkers deteeipil iy thespmpieyip Ong BEEIPIY ¢

m crovesi cles.. Mol ecul arly, inprint I aal 1L y.1recogni ze
sur f ac‘é’nFFBI B¥cip e &/hgtey &@@%P’S ed® fiﬁl,gggs.eg %S X%gﬁgg}%e&ﬁ%a%g@%tg%@%%%%4,

7, 332, 5hdiARde 8, 38¢hePB9 urRslisa melhiaortdiBerehye iBassieselt ofthe deBoswi stet asal .
2007) and are a tool for retrieving and isolating cell type-specific

m cr ovesnmlasisio akeohobf the foregoing reference is incorporated herein for
its teaching of these nethods. [0036]I1t nmay be beneficial or otherw se

desi r bl 0 extwaidr aspest nfitkeiention t ¥ MoRPe Fay 8Jins Bhds chrlRgiond t he

anal ysis. Nucleic acid nolecules.c i sol at I l.cr.Qvuesk:cl e using
by i R b G M I S s e b

i sol at {91 i QEELHr RnpRosem thebuitgecRpi o) et engf he ptdsengparr abeutaof bi ol ogi cal
sanpl e. Exanples of nethods for extraction are provided jn th %xanples
sect i oriomerkei withinrthe oreropiela Aeeton. Whersis BIRLIQrBdKe; i§deociafd “h@yt 51 so be
possible to anal yze th |.e] L& Wi e i he

i or ovegrbr 2RSS i RaE afp ek Mo b B R s,

i ncl udi ng DNA and/ or RNA, are analyzed directly without an anplification
step. Direct analysis may be perfornmed with different nethods including,

but not limted to, the nanostring tagchnol ogy. NanoString technol ogy
enabl es identification and quantification of individual target nolecules in
a biological sanple by attaching a color coded fluorescent reporter to each
target nol ecule. This approach is simlar to the concept of measuring
inventory by scanni ng barcodes. Reporters can be nade with hundreds or even




[ 0062] Aspects of the present invention also relate to the fact that a

vari ety efoponacmancer di seases and/ or medical conditi oBSTAISSY {8 geneti c
| i nks and/ or causes, and such di seases and/or nedical conditions can

| i kew se be di agnosed and/ or nonitored hy the th d rein.
Vany s GoMPaICEASER P HARabaTeS o prdertaTa TR ISE R IR BRI 1
such di e Al t m#li RRBEES M ABE Pis) od giepshif dbtetrthmingsgpr essi n
type 2@“@%‘21){*81?“%'\?%% tiﬁimﬁlg)lgigfiée%ﬂd. Anot heprmsuch dli) seaspgm: s kidney fibrosis
in whi efeatdreblgenmigeén heotsulieof fhgrdetdsion sigade- B REAMAHEAEOTF ITIRYFect i n and
TG--13 are anged. .Changes..in,the. | - abuse
(e g ddeted BraTerentgaaos o bIr e AGhbE: BB e o A

her edi {25 cHi SRS Bt HeRfscadod dthawhsiicdeontétiect ed by the methods descri bed
herein. [0063] Di seases or other nedical conditions for which the inventions
descri E{ﬁﬁ ger ei f Qr@irfReldeakh®olimednadss, thdre @iy Beplects ofitieddvdntion, the

nephr o at% , di abetes 1nsipidus, diabetes type |, diabetes Jf‘F:"‘i r enal

di seas ioipgieat sathpledpim tltei subjebis rerinale abodily Hpidy| Bwasulones S | gA
nephr Oﬁat hy, I—fenﬁ?ch& Schonl ei n Purpura, nenbranoproliferative

gl oner BPENEFHYIPPY &0 Wa¥br anous nephropat hy, Sjogren's syndrone, nephrotic

syndrone m ni mal change di sease, focal 0 . | I : d

di sor ddid3] acut 8 GEERY ?YP%PIGEFE‘%O ;&ﬁngs ?‘3%%@%%%@5@???3’? a]r{?gp rnlht% %]2&1@
pyel Onﬁ-BH{oidF mme%ﬁl?ﬁgé thib ROl AR Qrsyle 6l EeaRenvoRIcR- ftdcinpsiceyed feoralcely af t
rejection, leprosy, reflux nephropathy, nephrolithiasis, mgq%na 't‘fgesr enal

di seasef a medifid tapy (acy stancer aradmpr eallss poAGEONPLL Jeysslerdvemimeyss

aut osonal . dom nant . pol yc i i dney. di , autosomal recessive
pol ycyg??tboqé?l%g‘ﬁflsﬂﬁ 5%%3%@%035@?%{}’5%}5% ‘Zerggge‘?s, von Hi ppel - Li ndau di sease,
famlial thin-g]onerular basenen 2nbr ane _dj en..ld:

gl onend®3di ny, 1 W@%ﬁ??&@?%tﬁé’f G{%Bxglgﬂi}?,g agé e%gsr the 1(5%13 lﬁlll r or’rgh,e Hl%g ?131/{92

di seas QSSRH%B-\@ £hisansSHRderRedcangatitoalis Unapegecofanoteid ias; iymoned| onal

gammopat hies, multiple nyel oma, anyl oidosis and rel ated, di soﬁr}llgers febrile
i | | nessf exfpaessianaf ohkdi iers mrdein agidudil) a PIJEIF AFdcRriaR: 21 52 CPRPIRARALLr y

di sease, system c .vasgul.itide r j b W8hoc$ RNA,

gr anul 6%?%@? g?re%%‘fl%a?feé?’qffdfjesfn,sbo%é%g(ggﬂa&%%%%% %%021%&(%1/98%28%1 necroti zi ng
and cr ggeBRNG, PIONBSHEIORERIIDINA, ohylewestatyi BNdermatcanydsg DN
pancreatitis, rheumatoid arthritis, system c |upus erythematosus, gout,

bl ood f{jg‘-’iggder Sty GG Ens@lihefts Sea8ForelbingrbEickcoftths mvbettont, dpetitcasqar pur a,
Fanconi''s Syndrone, transplantation, acute kidney injuyry, irritable bowel
syndr ombgr medishiydonditiondsri: oceyariic dirsasea sadigen (§- 8o BLIPRIETIRL-PANTTERK

t hromboenbol i sm trauma, and surger [ Y is cofldesn nal and
vascul aq,nc%lbwyc,an?;{dﬁlgﬁngﬁlagﬁ dgﬁlg}slﬁcﬁag)sé%%gﬁé%{gje&dg‘op ég%%%‘ér%se of drugs or
drug aluseqiadiES wainehytich, peasealnyadiaodi al a dinfaac ot ¢odjticmaaseticanied withur e,
peripheral vascul ar disease, hypertension, ¢oronary. heart di sease,

non- at her oseibelion).@ Rest @REYRSEGHPA CORHERRLE 2 %‘Ph@ngélc?lner otic cardi ovascul ar
di sease, skin disease, soriasis, systemc sc|erosis,, res(ﬁi ratory di sease,
COPD, {61 uct i xeothbeaspeetpf desainventingiiaa grethddir aiding g RERPHIEr i ne

di sease, acr.onega di abet e

|. % S | | i 5 j t i i i é S Ofa
[ 0064] BERERENSD %?%Sfﬁei"haf v WS%I%alfdrO%#hﬁf\?ﬁg{lnag h‘ggﬁn %?% r%?laggﬂlhgg _gre i)sol at ed
IS per LQn/MEsh P¥ioldiecas kithpiedrddi artsubjeonend bpdedmipiog tanainysitstion obne or nor e
of a variety of factors. Such factors for consideration are whether the
subj ecti¢razesiclésawithip the Bickigicabsamplépeci fic di sease (e.g. a cancer), has a
genetic predisposition for such a disease, has an increased risk for such a
di seas@0ddp to Yandrlojhemiaspeot of thiganetrition py e aicdiogdpi debneripg mapclgc S616E or
physi cal s toms which indicate. .adi L1 =Y oRVA fcads
P ensongiotahot G e PSR sSBHat: FRaS] L e nl et BREPREES S wni ch
cause Qhi&AdhliPueautRid fved 6i Hease o8 vahoamoieretlhéaaprodutangh water or diet.
I n addition, havi ng}ﬁpre_vj ously had the, di seaﬁe, betihng c%rrg%tflt% di agnosed
with thacrdivesedese tpihiesadiviguelarh gipt e BICFEsIERE PABY e FEPRG I rent | y treat ed
for the di.sease (underao - i IoNEF th® irlv@AHSS nQBroREsiclecarery from’
t he di %‘Eg?zﬁai%g8%%%&?%@%0%@@%%&)5%?3%?02% i ndi vidual for performng the
met hodgeli|c8Q65]oFia cerd. hods descri bed herein are optionally perfornmed 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 predi spositions of
t he subject, or any previous exposure$ or diagnosis, or therapeutic
treatnents experienced or concurrently undergone by the subject. [0066] The
cancer di agnosed, nonitored or otherwi se profiled, can be any kind of
cancer. This includes, without Iimtation, epithelial cell cancers such as
| ung, ovarian, cervical, endonetrial, breast, brain, colon and prostate

ease,



[0091] In contrast, in another experinent, isolated exosonmes were not
treated wd hobNasey before being | ysed for DNA extracti oPCT/PEIBIY/BEP3T Not
only the 112bp fragnents but also the 216bp fragnments were anplified from
exosones isolated fromprimry mnel anoma cel

, | s (See,Lane J. l. 3b),
suggestQOA] t hat Adwrbes srpest el ‘GAPDIFERA 1oR M5ied féif P‘i}f%"ﬁ’l“?%é?fh@ E%&git hat has
been r I i i ot SiLdes ; ino| 082 LERF t he
Fman b e R b L e e r L her s wer e
used: HERYKo6Fanl S ADrNDdst@)iatpdll HERWKeGRes: of SEQOF Bl NCsubaantigihealpr i mer

[ lifi 172b | i : ted f -nat
2ol a BRI PR ERELBPeLna- HEy Lk S PP ERIRIERRMIR! vere
anpl i f h@é‘frh&!bn B3 RO A 02 dHdQ/ok AN 20REHIIS200H 232188 bf btk G 3c,

172bp tragnents re anplified in all tumor and normal human serum exosones
but notormprigmos eaee bf bodyndridde.-ghbleed. bR epPESEE) Irihekd! RS auf¥st t hat
unl i ke exosones from. nor human fi.br ab - : 11 Rygan serum
ex0s oS THYRY G Se H%@%WS@SWFEE& Sy sa?lﬁk&%v%alﬁ }eeg g}e?) gn 9#%1121)5(’1 %fr:?én‘e@Pf t unor

exosones al so contain transposabl e. el.ement he f.ol |.owm -1 ecific
p;(i ?rer g}%\l%}z usRees %Vrasp?ﬁﬁo ?S o PR iﬁﬁﬁeﬂiqdnttéjlr PR lﬁék%ﬂ })Jf)é] S;Span:j |

Li nel Rekr(REQAID W6ba, Qi B4ARrk i BSha s @pdlopitgmemgtoiipsiesilct | NE- 1
in all species nce each primer contains equal anmounts of two different

ol i gosenrfebied Faetidr ofalonBobadypiluidend insisdueing §is e EsiFe-aricheh ¢ HE Beher
oligo contains a G at the positjo esi.gnat PN . i-hel  Rev
pri mer PABRE H13 @B%FSHFmbﬂggléeﬁt’A}'%ﬁﬁcq%%elgSﬁkchfdid\(%l{hggmz%vﬁts g%g Eggeégggﬁt he

posi ti op.gesihonat ®gemtre1a£erd"asp&hef @i iMeEnteaiis a aopbbfiii@soBm2@8bp anpl i con.
The teng?ate was the DNA extracted from exosones that, \ﬁe(?e.hreat ed with
DNase (aspriteers sdmeple abbodily flid (sBeRIPolserinGor BRSMObYBITIEt RELL fragnent s

coul d be arrepl ilfi ed fromthe exosones fromtunor cells and normal human

ser um BHTOHSI*%r om exosomes from the normal hunman fibrobl asts. [0093] To

test if exosones also contain. Tenascin-C | -G B air was
used tWOBLET or i BaRSe FaRABEL fisch T (o b B B BB IS T 2
| D NG, 8) biohhi8kd?t hitBEiaRai Wit Pikédst 68 omed Hédipalaninpition prumpkhséng therplept & was
the DNA extracted from exosonmes that were isolated, n? ther} treated with
DNase bOehinire d isiogicahsangHe i hsibjact: 1@8%“1’?@937%17%5@% THEHERFEF Y Mt s wer e

anplified. in exosones fro L QF Al hunen but not in
exosonﬁ’@ﬁl?’&ﬁgﬁ%ﬁéﬁggg Wb&n%lnn&l% %ﬁ%&% gaa%phl{l}g)é éeﬁasci n- §f:@Elgl\lJtA!jﬂ:ﬂexi sts in
tunor RBckcR0E BRire RUTEBYE S biBrexaRtives raukeicmwid variaamsosormesbifpoms terrerfl human
fibroblasts. [0094] To further confirmthe presence of DNA in exosones,
ex0Songy PNA e, Gxtkaktemhdidtmidahs opdelidvehtias wiiraow ek dssaibtag t he

met hod™ descri bed above. Specifically, the exosones were isolated and
t r eat edetail.t I whNbs eppetiored thaanedifigdigalof (st detals B#y ‘ffhféa‘fq W&ﬁo%ﬁﬁpf’éﬁﬁ act

were ejther treat with,. . : 1 ;&@I@@& fefigngaheiny

vi sual %rﬁ@d{“‘b?:o@? ﬁ?g]edm’eﬁrﬂgﬁi ﬁgthg{é’:ﬁg‘%g%g{hfe‘%ﬁ Al)rég%arr ose ge?. ét%i di um Broni de
i s a dygthalaSpagiiicsald Musl airms shaltineiude #eisisgudard can be vi sual i zed under
ultraviolet light. As shown in FIG 3f, Ethidium Brom de staining

di sapp af t g1 plNAgepdiRabpRAtiohSasd batieaBohdidbiiEied3Be whirksiyst rong

st ai ni @Q@gm d bepvi sual | zedbl n the un-%r eated ali q(ﬁot éSe Lane ﬁe in FIG
31). Tineompblase! argatbedezrmicn sn-the PP EAcratiRe Hisy ESAPLRE: AN YIEF - on a RNA

pi co chip i lent Technal.ogi €s) . 1:AS. I  conhf9lo8 ity @eded DNA
Coul d e el SErE f A FraeiGE SB087 rBy Tsmest BrssBbar R ahL

DNas e- fefkn (1R ah@sh. eRidsaghblicaaenspp providedebldnfdE|iGir dgllobut péaubdibarel y be
detected in the DNase-treated extract _(gag. I og% gﬁg}gl |53 Fldcai arCl),g)_. .

[ 0095] fiiong éate ofuhetrinesent dppliestiona YL IBNA ’seggﬁ% P éﬁgerca'ﬁ %rg@ nitiei c acids
were extracte L 8436 sAasEkiIbese by virhe dphew ous

par agr%l 5%{%H}agh%h%e%}l??%gﬁg{ﬁ%n?@iﬁ%gsﬁe toSeI imnate aﬂ;__RNAj? _
cont anipRaktidan: fdhent sikatredionulleitacmeitd s wethe deteen repieseyREANTH 1 HRNA pi co

Bi oanal yzer chip and in a 1000 chip. The RNA pico .00 ects

si ngl ec@ﬂﬁlﬁ%@féﬁcﬁdiﬂcéin&méé‘i%wgﬂ% ﬁﬁl‘%l%ﬁ’f@@%mbﬁab 3@8? Oetch?eah&é% E} Es%laélqgiior anded
nucl ei ' id ectfibAP ehesdakang edntoneg bé iesadddsenst e

det ect’g‘%f%?lésggmﬁégéﬁ&%ﬁleo:“)%E‘h?}eég%& e stranded nucl eic acids were not
detected (See | ower panel). Thus, the DNA contained within tunor exosones
are nostly single stranded. [0096] To denonstrate that single stranded DNA
exists in tunor cells but not in normal human fibroblasts, nucleic acids
were extracted from exosones fromeither glioblastonma patient serum or
normal human fibrobl asts. The exosones were treated with DNase before lysis
and the purified nucleic acids were treated with RNase before analysis. As
shown in FIG 3i, exosomal nucleic acids extracted from gliobl astoma

——k ) A B



[00117] The RNA found in the mcrovesicles contains a "snz;%shot " of a
subst ant ivad 2amoriago2of the cel lul ar gene expression profi FPETAS2PREN tine,
Anong the nRNA found in glioblastona-derived mcrovesicles, the EGFR nRNA

is of s ial_i [ .Wiﬁ: e, 1l splice variant is specifically
associ ﬁﬁélz%ﬁéé%}%@é&a@{fwmbmm\a et al., 2004). Here it is
denonstrated that brain tunors rel egse m croviegeiscl et%.[{irg%ﬁNtAhe bl oodst ream
across the @%H@*Ebkagﬁglﬂéfrt??’érce{l%gg UCEIRICER “HEE S fTBeEn shown before. |1t

is fur MRNA Y@ bRk, glisbiRtoas =GR + L0 Lum)bi@i n
t unor s?gﬁcgggggg&%%&gg&gg%ged%y a ﬂFn::t %\rgcg conprising the steps of.

i sol at iHigheexosmifastibn gmvdng the thiczenssistes on tratdllenriaserdm vaidleanai®y3skg t he
RNA in said mcraovesicles. 100118 f ne 1EGRY tALi in

t unor s %! ‘gﬁrﬁ?ﬁﬁfs ) a&‘ﬁ‘if@sﬁﬁmﬁh gg%ﬁg?% fr?le%)%rre AT e'gﬁumts}ﬁ@ sBbw
EGFRVI ke R0Sink oY B8R 10N RS raded RURrmRovieliors tmomerd ¢ikel yrettod respdrmdicdo
treatment wth EGFR-inhibitors Iike erlotinib or %efi t"i‘n%}b?ég)ml | i nghof f et
al ., 2608)RNScahplte anmunt g Hsisdedrs the ORI sHr s 5dr EPE [ 00119] The

exosone di tics t h C ‘ Snfhown b
R e e e R e B A o S
mast er Sm&n@qlglids;egw:zaﬁ it sifowing mermfaﬁfifibstmt;l dihios] Béft exieactes! fpiraduced
mainly in mammalian liver and is cqntr e y the .erythropojeticactivit
o hs DS BRIt FRICEHROUR BORTRIE dr NG g Sebridnogy of I and
I nfl amgt | %erack@f@oﬁ%ﬁi%v@ﬁb@@ isolRREHGin Printar$ 8GHEHAOmE REW;. (The 26ink pedkat i on

or urine ‘where may act on target ferroportin-expressing cells,
Fer r opedgrsenisantiermbstendararilTexporreminedepraks ired (T eerptvhen(gbund t o

hepcidin, it is_ internalized and ed., Th i . ison of
f er r opBFEMA NG AR (i tWBYf%Pg?%’ﬁrﬁl Wé.ﬁ’ﬂ}e&%cﬁrﬁg {ﬁ?%%ekwgg g%%‘?%ﬁggﬂ‘b‘s such as
macr oph g&cﬂ(p@gﬂqﬁ%ﬁﬁg%&ﬁe)' Thitgaiatihephysiteinoglcakometiagicdm under | i es

anema o ronic diseases. Mre specifically, inappropriately high |evels
of hepeiidionesdeids eicevat eipiimory giphlasmageihibil FhEUER)- cul oendot hel i al system
characterize anem a. Indeed, anem a may be WO ‘

2009/ 100029 POLURFS20A84193288 hicresoidlaReth . WS . R ayand| % da SEsSCARe/R0S ARk di cal
conditions such as jnfectjons and c |18 asFRRE & ' ne,

chr oni @REAdeYsHR BIctwesisst fgd %ﬁﬁ\i‘%%ﬂe ind gllagér)lﬂtﬁl%}@béar? Wk g?%%?‘éaE}Jdney

di seasq;@nthAbLANERL | Dl MeERSsiandsHGAaHNABNA R0S)n d@vrhids orher hand, in
a genetic 1ron overload di sease such as hereditary he clhr mat 0si s,

i nappr apicioatsetlys Wenw rox predsoirohtade FAGS - dfc)iep i) "i‘feé‘h‘%ﬁgr 86“33 g PStentially
fatal excessive efflux of iron. fr. i:£hi ty i) system
So, heﬂtf%ﬁ‘?rﬁ qogoﬁﬁélf‘ 85&1’%?%%“?“& n%%?%&é&gg gbg%%&;ﬁ? féﬁ %Q#hegéﬁggﬁﬁﬁ d?dszaase, but
down- r ggub ak e dnif HEEREIN: QNBK et SnRINAAR 2] Buweenddnpy cellsd163 2 )86 sui t abl e
assay to quantitatively neasure hepcjdin |evels in circulation or urine

( Kermabetweah n}iC@@%?le%é%%t(d)tW?FE-CB?TS?#YI‘i"’é’ﬁ lass spectronetry (TOF MS),

whi ch needs highly specialized equipnent, and therefore is not readily
accessi bl e. FREU&HE 3.yAnalpsis pbmigravesiclERNAve Li nked | rmunoSor bent Assay

(ELI SA) has been proposed to quantitatively neasure hepcidin hornone | evels
but this neah@GhPBENEhe ampifisiteamt wite DAUS eniplate hBoMLERS GRS S Wl r el at i ons

with hepcidin (Kemma. et .al., 2005. Kema s [ nd ot her iron

rel at e@pW? anet ’é’r%‘w%ﬁ' %&8%“%*103% },’elﬁﬂﬁﬁérgkigg&fé?d éofg,ﬁ))\é’gb?) .

[ 00122] Hepci di n mMRNA was detected in exosones from human serum as foll ows.
Exosones werel®GrdIW ¥dfgt ed from human serum and their nRNA contents
extracted before conversion to cDNA and PCR anplification. PCR prinmers were
desi gned t o2aMpgitiw cantt!o nucl eoti de fragnment of human Hepcidin. The
sequences of the primers are SEQ ID NO 57 and SEQ ID NO 58. A hepcidin
transcript 6f Gt2@niudNacwntiekirom{eBM 4P eclfeak in FIG 13D) was readily
detected by Bi oanalyzer. As a positive control (FIG 13B), RNA from a human
hepat oma celsl DNA@ohutvrihahesueexpaonesd et ceBriteercea@oll o cDNA. The negati ve
control (FIG 13C) is without rnRNA. . These Bi oanal yzer data are al so shown
in the pseudogebsonit IFNG frd@AocrhAih2dinHépoblditn (NBNED) n mi crovesicles in
circulation correlates with hepcidin mMRNAin liver cells. Hence, neasuring
hepci di n MRYARW, dA D RIACKHSY §%ingdr@ Snddalleblpacthk yelfs (4d5sanpl e woul d al | ow one
to di agnose or nonitor anem a or henochromatosis in the subject.

[00124] Thus, it is possible to diagnose and/or nonitor anem a and
henochromat osis in a subject by isol afi ng mcrovesicles froma bodily fluid
and conparing the hepcidin nRNA in said mcrovesicles with the nRNA from
froma normal subject. Wth an anem c¢ subject, the copy nunber of nRNA is

i ncreased over the normal, non-anemc level. In a subject suffering from
henochr omat osi s, the copy nunber is decreased relative to the nRNA in a

Y P T [ S - .




[ 00145] Thi s prenatal diagnostic nethod may be extrapol af e@ %1% M&g renat al
di agnosi aWd#/8l0foni t ori ng of ot her di seases or nedi cal CE¥Era! i by
exam ning those transcripts associated with these di seases or nedi cal
conditions. F e : [ L VS, aRk asthbGt srygFphoma
Ki nase (ALK?) g{%ﬁjﬁgp Iléec?rﬁ&?ﬁ%%g}rln!“g@olglggiE%?gléy%f@rg%ﬁ?&ori gin frﬁom mat er nal
bl 00d D$iage ROAmERY ABE \@ePire iddntifiedpafyilosiss of neur obl ast oma, which is
closely associated with nmutations within the kinase domain or el evated
expressi on ofiopp¥tv( Magse et al ., 2008). Accordingly, the mcrovesicle

met hods and technol ogy described herein may |ead to a new era of

nmuch- nee%dDN)in}bfn’Bfﬁﬁélrg%ld%ﬁﬂﬂi@m @meneti c diagnosis. Exanple 14: Ml anonma
di agnosi s~ WO 2009/°100029PCT/ US2009/ 032881 [ 00146] Mel anoma i s a nal i gnant

tunor of WEQ&%&%@%A(@Q%HM%WI@)S and is found predom nantly in skin. It
0

IS a seri‘ous rm of skin cancer and accounts for 75 percent of all deaths
associ at ed 'tag. sle'oril1 Sancer. Somatic activating nutations (e.g. V600E) of
BRAF ar e t he &% Fid&hnd most common genetic abnormality detected in the
genesi s of human. nel anona ' ed .B onot es mnel anoma cell cycle

pr ogr essi-on® Hé/f&?m@&mﬁxgﬁ%ﬁ%@i@?j%%ﬁ‘ﬁ)y, the diagnosis of nelanona is
made on the basis of physical exam nation d exchsi I Yioq HOVEVEr, a
bi opsy can SdmyRal BRI]ECEOYS %tfcéféfuﬁ ef 381?%?18%?0%5{%%%%% ﬁ]leg I?éehzl?ﬁg(ril and may
gi ve ffoln%gvsposi tives or fal se negatives. The exosone nethod provides a nore
accurate neans for diagnosing nel anoma. As di scussed above, the nethod is

conprised o e f isolating exosones froma bodily fluid of a
subj ect dﬁ%(iéq %’/@%ﬁ&ﬁiteﬁe nucleic acid from sai d exosones. [00148] To

deteimn et her nmes_ sh cells contain BRAF nRNA, we
cul tur ed%preﬁ‘%ﬁo?wr@ﬁ%ﬁg%H&%Pﬁgbllgérgomrgmqgi a suppl enented with
exosone-depl eted FBS and harvested th sones in the nmedia using a
simlar probsepere A E‘i%ﬂeélﬂﬁf"?}a%ﬁ&@%% The primary cell lines were

Yunmel and MB4. The Yunel cells do nq v VGOOE nut ati on in BRAF,
whil e NB4¥-CEWS@HW@]EAthFé“VBG@ﬁT\H‘B}aﬁté%"ﬁﬁf‘sﬁs &iﬂ RNAs were extracted from
t he exosones and then anal yzed for the presence of BRAF nRNA by RTPCR The
priners usebBxfomeAORAL N nprredtiugnge8! BRAF forward (SEQ I D NO 55) and
BRAF reverse (SEQ ID NGO 56). The anplicon is 118 base pairs (bp) |ong and
covers the QandmiofDMRAFTOBMSOGUence where the VB600E nutation is |ocated.
As shown in FIG 16a, a band of 118 bp was detected in exosones from
primary mel gegsiec®ntsl (Yunel and M34 cells), but not in exosonmes from
human fi broblast cells or negative controls. The negative detection of a
band of 1183ppeffsRnAr ?@h&:cztmﬂaiﬁfidmbn.dmbe lanesarariisted kdemtiRRAT@lotwsact i on si nce
GAPDH transcripts could be detected in exosones from both nel anona cell and
human fi Qro%@tMg\eialdgm( FIG 16b). The 118 bp PCR products were further
sequenced 't tect the V600OE nutation. As shown in FIGS. 16¢c and 16d, PCR
products frem Y _ . @yn wild type BRAF nRNA. In

2 BB S st Ehorfial AR BEf s (FRTUE)

contrast,™ C as expected, contain nutant BRAF

MRNA with a_T-A poi.nt nutatjo [e{aPRet: 1V Aphe amino acid Valine (V) to
be repl acedEbORERILM ?:e“érgi(hm?(ﬁ)c\égtf&tgﬁe aﬁ?%o aci d position 600 of the BRAF

protein. Furthernore, BRAF nRNA cannot detected i n exosones from nornal
human fi t’ilr-oEF%?é’fneéé‘iofrés,e“érﬂéﬁﬁotricﬁ@%ie%ém%@%q is not contained in
exosones of all tissue origi nsd ’\g\gﬁZOOQI é(%?@%QPCT/ US2009/ 032881

[ 00149] THesBxergs SegyRenay At ePERomE €EI1 ¢ shed exosomes into the bl ood
circulation and thus nel anoma can be di agnoﬁ%ol b% i sol at%n(g tfhﬁses,exosorres
from bl ood eeFrampaseblahieyizgipgertaniificre B areREr BEPSHTF B R pr esence
or absence of nutations (e.g., V600E) in BRAF. The method descri bed above
can al so thel@iplMypetidtler. di agnose nel anomas that are associated w th other
BRAF mut ati ons and mutations in other genes. The nethod can al so be

enpl oyed % oEgb@grASN Anedramonmasl v sarwen.associ ated with the expression
profiles of BRAF and ot her nucleic acids. Exanple 15: Detection of MW

| evel s f roNpEeXReRTBN Al forfmBihgrhupastiitrodrgpl ant ati on conditi ons.

[ 00150] Organ transplants are usually effective treatnments for organ
failures., Klfig Yool BNAULS chR@Nbbidits@ase25end- st age | ung di sease and
cirrhosis of the liver are all conditions that can be effectively treated
by a transplant. However, organ rejections caused by post-transplantation
conplications are major obstacles for long-termsurvival of the allograft
reci pients. For exanple, in lung transplantations, bronchiolitis obliterans
syndronme is a severe conplication affecting survival rates. In kidney
transpl ants, chronic allograft nephropathy renmai ns one of the major causes
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i nduceé%[i‘ g@?lﬂgtiztgeageﬁidmg[glg)ﬂc\)%ér%g%?@% n'?ﬁng cancer. Int Cancer. 113:752-60.
32. JohRS®VMa the.uppér fanangferSto thadeensonpclBic aPalal Theypaak apay nkis an ptgnal
Ferrigno, and C. Walti. 2008. Surface-imobilized peptide aptaners as probe
mol ecubtesd®@dr protein detection. Anal Chem 80:978-83. 33. Jones, S., X
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I\K/Bi t L _ado@lile ét%ﬁq@@cﬂﬁﬁ@&la naidy getegtc&by BN ArRAQ Cs.pETlhK@ﬁ?l\,N IRFcHPERERIER
archin, N Papadopoul os, G m gi ani, o) tein,. escu,

and K. mﬁexxitmﬁlleéiﬁt.ectzé@we&ﬂ%dssﬁ%ﬁ%W‘? Pﬁj!ks %/% 326‘0%?’93’@8 @%ﬁﬁfﬁg%fg@%%gl
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patient. Sanples from 30 patients were analysed in a blinded fashion and

PCR reacti Omsﬁé@%gg%ﬁdﬂ% Ek&%ﬁies}dﬂfa?_@eﬁﬂdﬁ&sl for each sanple. No

EGFRvI | | ound in serum mcroveSicles from 30 nornmal controls, PPl

ori mer pai 1 oo bRao R TR R e R e 2 M S TG et
Ser um oxos SHEVEEHRLFFPTRPIY <o I ER st LRI EEINTE 3 o Ves ves 2
L No No PR 36 Mitovealivponseriet R i KNG herbifoffhed® o750 %
No Yes ;daf eirdBed S M criRSsidids Bhdfrdih gYi@Blad@tha cells from two different

patients (GBM1 and GBM2) 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



1302 m No Yes 14 02 m Yes Yes 150 2 m No No 1
1 m YesW®009/800020 8 mi Yes No 19 0 1 ml No No 200‘%1'041”3@’&%&8‘?2 olzo
m NoNo 2201m NoNo 2301 mi NoNo 2401m NoNo 25071 m No

No 26 14 053l Y8RolRuIRR 283 At ANA, BirafRplioay 28 14 0.8l Yes No Yes

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 (24“%-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
EGFERvIII 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
ioaded.

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

PCR of GAPDH (226 bp) was included as a control.
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PCR. The transcripts thus idenfified were: Aquaporin 1 (AQP1); Aquaporin 2 (AQP2);

Cubuhn (CUBN); Megalin (I.RP2); Arginine Vasopressin Receptor 2 (AVPR2);

Sodium/Hydrogen Exchanger 3 (SLC9A3); V-ATPase Bl 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 T, MPRSS2-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. Pl, P2, P3 and P4 refer to

urine samples from patient 1, patient 2, patient 3 and patient 4, respectively. For each
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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.
() Purified microvesicles were labelled with membrane dye PKHG7 (green) and added to
HBMVECSs. 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. {¢) 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 microvesicies, The results are

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

FIGURE 18. Glioblastoma microvesicles stimulate angiogenesis in vitro and contain
angiogenic proteins. (a) HBMVECs were cultured on Matrigel™ in basal medium (EBM)
alone, or supplemented with GBM microvesicles (EBM+MYV) 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
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microvesicles (MV) from these cells (I mg each) were analysed on a humnan angiogenesis

antibody array. {¢) 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 87 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 pg 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=6).

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] Tn 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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found to potently promote angiogenic features in primary human brain microvascular

nrw

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.

[06027] 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,

[6029] 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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[0030] Indeed the isolation methgds 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 seram, 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 systemn 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.

[6033] Methods of isolating microvesicles from a biological sample are known in the
art. Por 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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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 tumnor 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 rumor-associated surface antigens and may be detected,
isolated and/or enriched via these specific tumor-associated surface antigens. Inone
example, the surface antigen is epitheliai—cell—adhesion—molecuie (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 CD86.

[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 ancther embodiment, the surface antigen is specific for a cell type which is

not necessarily cancerous. One example of 2 method of microvesicle separation based on cell

16



LA 00 "f E) LA Co T- ¢'3) CO On -
pa , C GO BOIRIBEGC rer' 6.40.2 b b 2\a H k nﬁ(ﬁﬁéﬁ?@:m&%l('ll A

PCT/ US2009/ 032881 54-1,- ,52Sr-57:99. ra .roP 454..i51%t-T1, 9bH ; a8

frnrt 1S BRYidcR % Byche 87719899 A%d%c%b@d 3. PatbiR
Ot Et g ggfacéanugse 18 &f in f§ i é 0 , g 8'5 15 rﬁgg%p%- le-a(c)t V\?OEZSP

E 999Rt&g§~ 31840, Eﬁéﬂz@ﬁg':tmpm WEB@OO?r/@S@@anéwﬂ!BH&C%t@aIPWQOh@OH et al.
rcar

E. - - 0t Uph ng)ntet pl 32008) taptag\grszz{nd%‘mr ana%%é1SB?C1%gqlllyéf(1f§?Q§urfach _nbﬁecggﬁza%ﬁ cdnl

thr' S18( fised as A 4Bpaadch tooliof Reridvinglcdll 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. (Bosst 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 microvesicie
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
biclogical 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 mto complementary DNAs before further amplification, Such
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incorporated herein by reference for this teaching.

[6040] 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] “(jenetic aberrations” is used herein to refer to the nucleic acid amounts as well
s mucleic 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 (€.g., tuMOr SUPPIESsOr 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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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, 7,378,243,
6,893,837 and 6,004,755) and quantitative PCR. Particularly, copy number changes may be
detected with the Illumina Infinium I 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
WO/2003/023065. Particularly, methylation profiles may be determined by Numnina DNA
Methylation OMAQ03 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 (LCRj and its variants
(Abravaya et al., 1995; Landegren et al,, 1988: Nakazawa et al,, 1994), flow-cytometric
heteroduplex analysis (WO/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 avatlable 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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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 (€.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. Inyeta
further embodiment, the nacleotide 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 p33 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. (Furnasi 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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aberrations, such as mutations (e.g., missense, nonsense, insertions, deletions and

duplications), gene expression level variations (mRNA or microRNA), copy number

varations 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. Sucha
screen can be as wide or narrow as determined necessary or desirable by the skiiled
practitioner, It can'be a wide screen (set up to detect all possible nucleotide variants in genes
nown 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 cai be specific to that cancer or
disease. One exampie 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 canbea
genome wide profile (set up to detect all possible expressed genes or DNA sequences), Itcan
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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with various clinically distinct subtypes of that cancer or known drug-resistant or sensitive

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 ofa
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 EGFRvII 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.

[6052] 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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chemical cleavage of mismatches, mass spectrometry or DNA sequencing, including
minisequencing. In particular embodiments, hybridization 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 détermination 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.

[60653] 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, Illumina 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 methed
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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[0055] Analysis of amplification products can be performed using any method capable
of separating the amplification 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.

[0657] 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 13, 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 tamor 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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(00591 Identification of genetic aberrations associated with specific diseases and/or

medical conditions by the methods described herein can also be used for prognosis and
treatment decisions of 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 flaid.

[0660] 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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8 bs. %r% ﬂ's o%%ept%ﬁ%ncd by the skilled practitioner. Such a method would prove extremely
beneficial when analyzing a nucleic acid from a gene that is associated with the therapy
undergone by the subject. For example, a gene which is targeted by the therapy can be
monitored fo;" the development of mutations which make it resistant to the therapy, upon
which time the therapy can be modified accordingly. The monifored 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-B 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 I,
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 III 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 vascalitides, polyarteritis nodosa, Wegener's granulomatosis, polyarteritis,
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injury, irritable bowel syndrome, hemolytic-uremic syndrome, acute corticol necrosis, renat
thromboembolism, trauma and surgery, extensive injury, burns, abdominal and vascular
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.

100641 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
‘nereased 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.

[06066] 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. Alsc included are
gastrointestinal cancer, head and neck cancer, non-small cell laung cancer, cancer of the
nervous system, kidney cancer, retina cancer, skin cancer, liver cancer, pancreatic cancet,
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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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, Tnoperable 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 particuar 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,

[0670] 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 incorpofated 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 glioblastorna 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.

[06071] In one embodiment, microvesicles are depleted from a bodily {luid 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.

[0672] 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 microvesicies, to the individual such that the
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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),
tocked nucleic acid (ILNA) 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 RNAI, shRNA, siRNA, miRNA, antisense oligonucleotides,

and combinations thereof,

[6076] 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.

[6677] 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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[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

pharmaceatical formulation) to the subject by any suitable route for delivery of the active

compound to the desired Jocation 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] Tn 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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specimens were dissociated into single cells within 1 hr from the time of surgery using a

Neural Tissue Dissociation Kit (Miltenryi Biotech, Berisch Gladbach, Germany) and plated in
DMEM 5% dFBS supplemented with penicillin-streptomycin (10 TU m!I™ and 10 pg 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 turnor 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, whichis 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, aﬁd 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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microvesicles. Total RNA was then extracted from the microvesicles using the MirVana
RNA isolation kit (Ambion, Austin TX, USA) according to the manufacturer’s protocol,
After treatment with DNAse according to the manufacturer’s protocol, the total RNA was
quantified using a nanodrop ND-1000 instrument (Thermo Fischer Scientific, Wilmington,
DE, USA).
[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. Ic). 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.
[6088] 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 183 and 288 the ribosomal RNA peaks
characteristic of cellular RNA (FIGS. 1d and le).

Example 3: Microvesicles contain DNA.

33



2.05 NM 18 8% 142C ubi qui tin-confu [
1 ’ _ gating enzynme7C g S
PCOLCE pw&%zﬂ ?é‘a)g#sc endopept i dase enhancer 2.02 NM 033_%’2/@5%}#)8@%2?{1;’:%%

1, apoptosis-related cysteine protease (interleuk
. _ _ in 1, beta, conve ese
2.02 NNgROB870 Th QeAPImitQvamitlef alcontmiiniligA GiRaswenwtievsiiad apr ot et n 1)2. 02

NM_ 005563 STMNL hmin i ' i ni
> 01 NweoOOIFIGn EEAMPRLZ B %'ﬁr'hg?ég(g‘;vg%‘ﬂgﬂarséﬁs,é:ﬁ%é@@'&"ﬁ%%%?@%ﬁegkéﬁ%dgfdgg' 7 .

2 (X) M DR f}igl}'ﬂ ' i
& eat tSAROR Bmbve PAK GutsRIEROtHE dReSEhes 5. tAM AKDBBEY
PSVD14 pr%t easone (pr 0%1 rnrélc?%pai n)HSGS subunon- ATPase, 14p2. 008

NM_0062Q#1in Skl hesplosombawel GoattedaSperifiealivofc(@NrsesHatt§Nty*St ype 1 1. 98

NM 004024 ATF3. acti ' WelN >

Fhosphsafwais@g&fw%ﬁ?@*-?%%%%%%%&%%@%%% dlaofiuai 0025%  FRCH

- COMTRK: ASR00hE BRI Ch @RI MANEIDER SBEMhd DIN A puriBdatih/; i ' i

I nterme Pate fil arrgnt_ bigﬁdi ng p;'?otei n 5001?1 la.t 7jﬁ%ﬂ1§8%ﬂ18?8%§?;@'&@§’; Iotneiln

tyzgﬁl :amsphms?tgaﬂﬁs@,m ﬂllibléylﬂséﬁrbqfké,thatwf.s gt %t_}t‘& @68?1{ ﬁlaﬁﬂ? gnn, beta

: eq. ) 100 | A e A0 iropiAgE: ant |

1 ( ggcgf%q et A Ry e GRS R B A Y oot ot ot ki nace.

2 h@&%&g%%éxdﬁéﬁEﬂNAnmnﬁaﬁmmés¢@mnnm$tbﬁme) protei nase inhibitor, clade
(al pha-1 antiprotei nase, amd), nenber 1 1.96 NM 183001 SHC1 SEC (,Sre

honol o domai i : ot :
0] dOMRIrY CARIRIWHBE) (HeleRBrEEt0d DINYg cartaine comin :

cal modt | n-dependent 1.96 1.95 NM 005019 POELA NMOgrgggggB@Réc%@ ase 1A

L%lﬁpth%ﬂggwtww irgngrsire specifiq - ph B HP“W@B‘*%WEW@@“%.%@ LI M dorai n

onlY 4 i T Ee], YR YNPB RO BRI g CFiXled 420A1S0) 1. 93 10N

1 rm-ng gro actor beta-stinulated protein TSC- 22

.92 N, QOATAPDHnew (SEQ ID NO: 1) and Rev3GAPDHnew (SEQ ID NO: 2). The primer pair

amplifies a 112bp amplicon if the template is a spliced GAPDH cDNA and a 216bp amplicon

if the template is an un-spliced genomic GAPDH DNA. In one experiment, isolated
exosomes were treated with DNase before being lysed for DNA extraction (FIG. 3a). The
112bp fragments were amplified as expected from the exosomes from the tumor serum (See
Lane 4 in FIG. 3a) and the primary tumor cells (See Lane 6 in FIG. 3a) but not from the
exosomes from normal human fibroblasts (See Lane 5 in FIG. 3a). The 216bp fragment
could not be amplified from exosomes of all three origins, However, fragments of both
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

¢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

‘solated and treated with DNase, and used as the template for PCR amplification. As shown
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LINE-I fragments could be amplified trom the exosomes trom tumor cell§ and norma

human serum but not from excsomes from the normal human fibroblasts.

[0093] To test if exosomes also contain Tenascin-C DNA, the following primer pair
was used to perform PCR: Tenascin C Forw (SEQ ID NO: 7) and Tenascin C Rev (SEQ ID
NO: 8). The primer pair amplifies a 197bp amplicon. The template was the DNA extracted
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 serurn 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 shownin
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. 31).
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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pol ypef’édq&? To demonstrate that single stranded DNA exists in tumor cells but not in normal

human fibroblasts, nucleic acids were extracted from exosomes from either glioblastoma
patient serum or normal human fibroblasts. The exosomes were treated with DNase before
lysis and the purified nucleic acids were treated with RNase before analysis. As shown in
FIG. 3i, exosomal nucleic acids extracted from glioblastoma patient serum could be detected
by a RNA pico chip. In contrast, only a very small amount of single stranded DNA was

extracted from normal human fibroblasts.

[6097] Accordingly, exosomes from tumor cells and normal human serum were found
to contain contain single-stranded DNA. The single-stranded DNA is a reverse transcription
product since the amplification products do not contain introns (FIG. 3a and FIG. 3b). Itis
known that tumor cells as well as normal progenitor cells/stern 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 tamor 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 rnRNA as biomarkers for tumors. In addition, the use
of exosomal cDNA is advantageous over the use of whole serum/plasma DNA because
serumn/plasma contains genomic DNA released from dying cells. When testing amplified

whole serum/plasma DNA, there will be more background.
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Example 5:  High efficiency of serum extracellular nucleic acid extraction is achieved by

incorporating a serum exosome isolation step.

[0099j Whole serurn and plasma contain large amounts of circulating DNA and
possibly also RNA protected in protein complexes, while free RNA have a half-life of a few
minutes in serom. Extracellular nucleic acid profiles in serum vary between normal and
diseased mammals and thus may be biomarkers for certain diseases. To examine the profiles,
nucleic acids need to be extracted. However, direct extraction of nucleic acids from serum
and plasma is not practical, especially from large serum/plasma volumes. In this case, large
volumes of Trizol LS (a RNA extraction reagent) are used to instantly inactivate all serum
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,

[6010¢] 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

37



NM 001757 CBR1 carbonyl reductase 1 sorcin 1.58 1.57 N
NM_00676%/0 20%¢®0%umor suppressor candidate 3 1.57 NV %@%ﬁ%ﬂ:}%@%P I
protein kinase C binding protein 1 1.57 NM 005333 HCCS hol ocytochrone c

synt hase (GYFAGHIONE (G RETR HNA S kackdd) i i d bi nd
protein 3 ?pgﬁgr | éﬂégﬁg-qagfg@ci at e%)%g%%@%ﬁ%ﬂﬁ%ﬁ;%%ﬁéﬁ?ﬁlgﬁﬁﬁyggaigIngelrallt nding

ki nasecompvBll® thanmitiothe Menopushodellivs, the dlepE LKW RIM) COPIBARNP 001539

DNAJAI Dual (Hsp40) hot nol ubfam |y A er 1 1.57 L
flotil Fheﬁf@iﬁﬂ%’ﬁfﬂﬁ}i%b%%%ﬁ%ﬂ‘?ﬁ&ﬁ“%Oﬂﬁgogg%se acti Vg{\/l r3843r7§t e::ho-{zl. 56

NM 002388 MCMB MCMB i ni chr omgs mai nt enance deficient 3 | Si
_ C\VB M [ S cerevisiae
mterf&ﬁﬂnﬂl@.@dl}é@é})waﬁé‘ﬁ%’%gﬁg{@?‘otei n2 (1-8D) ' 1.56 L.(56 NM 006435 :

| FI TMR NM 000454 SCD i de dj [
Sl or oBON] ( adhupyira, 56 LR N KRB B R PRI RC BT act or - ke 6

Interactin rot gi.n Sfite W FHNOA NG
pr ot ei H’-l‘ffﬂ%’é%é%t%%ﬁée%ggge@g%s)z%ﬁ%goﬁ%@%267 J%%%t?&g%{f} syﬁtcr%tgiﬁ) 1.56
NM_ 002833 RTENRnpRoRs Huinyin Gehome pliosphray asd4Korve edlept®ry- thfe 9 1.55

NM 001753 CAVI caveolin | cayeol ae ot ei 2kDa
P99 . ) . 86 T
t OpOi SBMEPAERY PPNAY WasPesiHTg 9@8’6%@?%&’5‘2?&‘% Bed alé%laggﬁlé%{l Rt h” moder Sto é

simlarty &0 Pratein ¢h: BFALeehdikk sambakicHEMN YN Gicarprephedubi ni e aci
synt haéé, %Sonspemsf I C rﬁBT ochondri a preculrsor. 1.55 NM Bo@g%ng RXE:BEII erZﬂAd

bi ndi ngeseribédkinrExhniplédl id 2.0009dma weppBtyxred using; the FRAEBHEF I8 re
: : 2 _ ly 23)
catal ytic subupnit p saf,or. cal ci i NM- £ 337 1
) . 74
VDACI (/‘6112{(1&6%5&@8%@]&13%' gﬁ‘%‘ﬁkﬁﬁ%{"? ﬁ""éﬁ%ﬁ_‘@%"%@% ) &58%23%% cmgg%nt i gen
genes readily detected on both arrays. The microarray data have been deposited in NCBI's

Gene Expression Omnibus and are accessible through GEO series accession number

GSE13470.

[00102] We found approximately 22,000 gene transcripts in the cells and 27,000 gene
transcripts in the microvesicles that were detected well above background levels (99%
confidence interval) on both arrays. Approximately 4,700 different mRNAs were detected
exclusively in microvesicles on both arrays, indicating a selective enrichment process within
the microvesicles. Consistent with this, there was a poor overall correlation in levels of
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 corresporiding 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.

[66103] 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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into microvesicles, possibly via a “zip code” in the 3’UTR as described for mRNAs
translated in specific cellular locations, such as that for beta actin (Kislauskis et al,, 1994).
The conformation of the mRNAs in the microvesicles is not known, but they may be present
as ribonuclear particles (RNPs) (Mallardo et al., 2003) which would then prevent degradation

and premature translation in the donor cell.

[60105] Microarray analysis of the mRNA 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
Whole-Genome cDNA-mediated Annealing, Selection, Extension, and Ligation (DASL)
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 llumina’s
HumanRef-8 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 nsed 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 11/5¢ are clustered with a distance of about 0.06.
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[60107]  Mature miRNA from microvesicles and from donor cells was detected using a

quantitative miRNA reverse transcription PCR. Specifically, total RNA was isolated from
microvesicles and from donor cells using the mirVana RNA isolation kit (Applied
Biosystems, Foster City, CA, USA). Using the TagMan® MicroRNA Assay kits (Applied
Biosystems, Foster City, CA, USA), 30 ng total RNA was converted into cDNA using

specific miR-primers and further amplified according to the manufacturer’s protocol.

[60108] A subset of 11 miRNAs among those known to be up-regulated and abundant in
gliomas was analyzed in microvesicles purified from two different primary glioblastomas
(GBM 1 and GBM 2). These subset contained lét—7a, miR-135b, 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 pug 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 lumina 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 prepar;ltions from primary glioblastoma cells, microvesicles from

glioblastomas celis (derived using the method described in Examples 1 and 2), melanoma
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0105C and 0664C are clustered together with a distance of around 0.17. Thus, exosomes

from glioblastoma and melanoma have distinctive microRNA expression signatures and that
the gene expression signature of exosomes differs from that of their original cells.
Furthermore, as demonstrated herein, microRNA expression profiles from microvesicles may

be used in the methods described herein for the diagnosis and prognosis of cancers.

[60111] The finding of miRNAs in microvesicles suggests that tumor-derived
microvesicles can modify the surrounding normal cells by changing their
transcriptional/translational profiles. Furthermore, as demonstrated herein, miRNA
expression profile from microvesicles may be used in the methods described herein for the

diagnosis and prognosis of cancers, including but not limited to glioblastoma.

Examples 8-15, These exampies 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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AD(P) gdeQend iRtonsh@kedi thedndiued epapfided thefsteps of isolating exosomes from the
bodily fluid of a subject and analyzing microRNA-21 expression levels within the exosomes
by measuring the copy number of microRNA-21 and comparing the number to that within
exosomes from a normal subject or to a standard number generated by analyzing micro-
RNA-21 contents within exosomes from a group of normal subjects, An increased copy
number indicates the existence of glioblastoma in the subject; while the absence of an
increased copy number indicates the absence of glioblastoma in the subject. This basic

method may be extrapolated to diagnose/monitor other diseases and/or medical conditions

associated with other species of microRNAs.
Example 9: mRNAs in microvesicles can be used as sensitive biomarkers for diagnosis

[00114] Nucleic acids are of high value as biomarkers because of their ability to be
detected with high sensitivity by PCR methods. Accordingly, the following tests were
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
EGFRvII 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
fumor is conventionally required for detecting EGFRvIL mutations. As detailed below,
nested RT-PCR was used to identify EGFRvIIl 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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Forward (SEQ ID NO: 9) and GAPDH Reverse (SEQ ID NO: 10). The EGFR/EGFRvII
PCR1 primers were SEQ ID NO: 11 and SEQ ID NO: 12. The EGFR/EGFRvII PCR2
primers were SEQ ID NO: 13 and SEQ ID NO: 14. The PCR cycling protocol was 94 °C for
3 minutes: 94 °C for 45 seconds, 60 °C for 45 seconds, 72 °C for 2 minutes for 35 cycles; and

a final step 72 °C for 7 minutes.

[00116] We analyzed the biopsy sample to determine whether the EGFRvIII mRNA was
present and compared the result with RNA extracted from exosomes purifted from a frozen
serum sample from the same patient. Fourteen of the 30 tumor samples (47%) contained the
EGFRVIII transeript, 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/EGFRvVII 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 EGFRvIIT mutations (Table
1), EGFRVIII could be amplified from exosomes in the six patients who was identified as
negatives with the old pair of primers EGFRvIII 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 EGFRvII mutation, suggesting an increased sensivity of EGFRVIII
mutation detection using exosomes technology. From the exosomes isolated from 52 normal
control serum samples, EGFRvII 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 EGFRvIH expression in the glioma tumor.

Furthermore, our data also showed that intact RNAs in microvesicles were, unexpectedly,
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2004). Here it is demonstrated that brain tumors release microvesicles into the bloodstream

across the blood-brain-barrier (BBB), which has not been shown before, It is further

demonstrated that mRNA variants, such as EGFRvIII in brain tumors, are able to be detected

by a method comprising the steps of isolating exosomes from a small amount of patient

serum and analyzing the RNA in said microvesicles.

[00118] Knowledge of the EGFRVIII mutation in tumors is important in choosing an
optimal treatment regimert. EGFRvIII-positive gliomas are over 50 times more likely to

respond to treatment with EGFR-inhibitors like erlotinib or gefitinib (Mellinghoff et al.,
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.

[60120] 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 hepeidin, 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

44



PCA17 p3Q0/ CBP-associ ated factor 0.73 0.73 NM 003884 TN
destri advi%ma%bgzﬁi}’neri zing factor) PAX6 paired box gweﬁg@gﬁsrzﬁi a
keratitis) 0.72 NM. 001604 CACNA2 DI cal ci um channel voltage-dependent
al pha 2468kt wstlbat dideafes AadNVIHQQARZRNIRRER 4udli Hdisteradnyirotieind 824 0. 72

0.72 NM 033022 004563 NM PCK2 phosphognol '
(7  oosHGnti. &)acsr, AELCRRFODE GUEoT PSP O EBL SEe! £10P APBC aa e

phosph .gi est.er R & e WO N eyl AN /2 NM
0018895 E@ﬁ%‘gﬁasgr%%do%‘yf‘e- saglg}c{i% icgsr??gpgiéﬁﬁ%ggg}% o tﬁél\j/lbl%gZBBQ’&éHCB src

honol oginellc Honaidticantiebs sugh bis basdicuyhagoghroneiosisCBappr7niapy 098848  RDX
racii xin NM 002906, WAP2 Nedd-4-11ike cgag I tin-pr.ot efi n Iif g_g 71

NM 00 78/paess 198y eE fipar Ry eraeae Pl b )“‘“‘g%’ﬁ Hogehasg i @5’% 0.71
N'V'_OOO%@n tﬁ}!é@m%%}%ral 82 dSRIHRbAkHR 5 0B ENatdd ibglemid asodiarmil tvid. 70
NM_0011. M mesoder m speci fic transcript honoi og (nmouse) NM 002402
RPL13 c¢lirbais disahseprutdeivm-ieg@a@d 70 hipdB32SesisNM 139069  MAPK9 B

m togen-activated protein Idnase 9 0.70 NM 002913 RFC1 replication factor
C (actjoeartr 1)QurrdndSkiBarcds 16 sNMbROS4STIo (hRSAativaly sulasue Asrcidindevel 1. 70

VT GRET Wi OhOh v B (A REeb SHUBEFRAL BB R b Bgag SRR MsP oo
which needs highly specialized equipment, and therefore is not readily accessible. Recently,
the method of Enzyme Linked ImmunoSorbent Assay (ELISA) has been proposed (o
quantitatively measure hepcidin hormone levels but this method is not consistent because of
the lack of clear correlations with hepcidin (Kemna et al., 2005; Kemna et al., 2007} and

other iron related parameters (Brookes et al., 2005; Roe et al., 2007,

[06122] Hepcidin mRNA was detected in exosomes from human serum, as foilows.
Exosomes were first isolated from human serum and their mRNA contents extracted before
conversion to cDNA and PCR amplification. PCR primers were designed to amplify a 129
nucleotide fragment of human Hepcidin. The sequences of the primers are SEQ ID NO: 57
and SEQ ID NO: 58. A hepcidin transcript of 129 nucleotides (the middle peak in FIG. 13D)
was readily detected by Bioanalyzer. As a positive control (FIG. 13B), RNA from a human
hepatoma cell line Huh-7 was extracted and converted to cDNA. The negative control (FIG.

13C) is without mRNA. These Bioanalyzer data are also shown in the pseudogel in FIG. 13A.

[00123] Hepcidin mRNA in microvesicles in circulation correlates with hepeidin 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 mmicrovesicles 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 hernochromatosis, the copy number is decreased relative to the mRNA in a

normal subject.
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exosomes to obtain transcriptional profiles, which can be used to examine molecular changes

being made by kidney cells in diabetic individuals and provide a 'snap shot’ of any new

proteins being made by the kidney. State-of-the-art technologies to obtain exosomal

transcription profiles include, but are not limited to, contemporary hybridization arrays, PCR

based technologies, and next generation sequencing methods. Since direct sequencing does

not require pre-designed primers or spotted DNA oligos, it will provide a non-biased

description of exosomal RNA profiles. An example of next generation sequencing

technology is provided by the Nlumina 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 mi 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 s];:tin 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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(SEQ ID NO: 19) and AQP2-R (SEQ ID NO: 20); CUBN-F (SEQ ID NO: 21) and CUBN-R
(SEQ ID NO: 22); LRP2-F (SEQ ID NO: 23) and LRP2-R (SEQ ID NO: 24); AVPR2-F
(SEQ ID NO: 25) and AVPR2-R (SEQ ID NO: 26); SLCOA3-F (SEQ ID NO: 27) and
SLCY9A3-R (SEQ ID NO: 28); ATP6V1B1-F (SEQ ID NO: 29) and ATP6V1B1-R (SEQ ID
NO: 30); NPHS1-F (SEQ ID NO: 31) and NPHS1-R (SEQ ID NO: 32); NPHS2-F (SEQ ID
NO: 33) and NPHS2-R (SEQ ID NO: 34); CLCNS5-F (SEQ ID NO: 35) and CLCNS-R (SEQ
ID NO: 36).

[00129] The expected sizes of the PCR products for each gene are AQP1-226bp, AQP2-
208bp, CUBN-285bp, LRP2-220bp, AVPR2-290bp, SLCY9A3-200bp, ATPOV1B1-226bp,
NPHS1-201bp, NPHS2-266bp and CLCN5-204bp. The PCR cycling protocol was 95 °C for
3 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 288 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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exosomes pellet which is ready for nucleic acid extraction. Nucleic acids were extracted
from the pelleted exosomes using the Arcturus PicoPure RNA Isolation kit and the nucleic
acid concentration and integrity was analyzed using a Bioanalyzer (Agilent) Pico chip. As
shown in FIG. 14e, nucleic acids isolated from urinary exosomes vary from individual to
individual. To test whether the presence of renal biomarkers also varies from individual to
individual, PCR amplifications were carried out for Aguaporinl, Aquaporin2 and Cubilin
gene using a new set of primer pairs: AQP1 new primer pair: SEQ ID NO: 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 ampl-i-fiéd 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 200m! 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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within exosomes, the nucleic acids extracted from the DNase treated and non-treated
exosomes were dissotved in equal volumes and analyzed using a RNA Pico chip (Agilent
Technologies)., As shown in FIG. 14h, the concentration of the isolated mucleic acids from
the DNase treated sample was 1,131 pg/ul and that from the non-treated sample was 1,378
pg/ul. Thus, more than 80% nucleic acids extracted from urinary exosomes using the above

method were from inside exosomes.

[00134] To identify the content of urinary exosomes systematically, nucleic acids were
extracted from urinary exosomes and submitted to the Broad Institute for sequencing.
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 elernents. 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.

[G0135] 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 1s 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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TMPRSS2-ERG and PCA3, two of the newly identified biomarkers of prostate cancer. For
amplification of TMPRSS2-ERG, the primer pair for the first amplification step was
TMPRSS2-ERG F1 (SEQ ID NO: 47) and TMPRSS2-ERG R1 (SEQ ID NO: 48); and the
primer pair for the secoﬁd amplification step was TMPRSS2-ERG F2 (SEQ ID NO: 49) and
TMPRSS2-ERG R2 (SEQ ID NO: 50). The expected amplicon is 122 base pairs (bp) and
gives two fragments-(one is 68 bp, the other is 54 bp) after digestion with the restriction
enzyme Haell. For amplification of PCA3, the primer pair for the first amplification step
was PCA3 F1 (SEQ ID NO: 51) and PCA3 R1 (SEQ ID NO: 52); and the primer pair for the
second amplification step was PCA3 F2 (SEQ ID NO: 53) and PCA3 R2 (SEQ ID NO: 54).
The expected amplicon is 152 bp in length and gives two fragments (one is 90 bp, the other is

62 bp) after digestion with thé restriction enzyme Scal.

[00139] As shown in FIG. 154, in both patient 1 and 2, but not in patient 3 and 4, the
expected amplicon of TMPRSS2-ERG could be detected and digested into two fragments of
expected sizes, As shown in FIG. 15b, in all four patients, the expected amplicon of PCA3
could be detected and digested into two fragments of expected sizes. Therefore, PCA3
expression could be detected in urine samples from all four patients, while TMPRSS2-ERG
expression could only be detected in urine samples from patient 1 and 2 (FIG. 15¢). These
data, although not conclusive due to the small sample size, demonstrate the applicability of
the new method in detecting biomarkers of prostate cancer. Further, the exosome method is

not limited to diagnosis but can be employed for prognosis and/or monitoring other medical

conditions related to prostate catncer.
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 ceils 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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_and some epigenetic information, both of which may not represent the dynamic gene
expression profiles that are linked to fetal medical conditions. The discovery of circulating

fetal RNA in maternal plasma (Ng et al., 2003b; Wong et al., 2005) may be the method of

choice for non-invasive prenatal diagnosis.

[60141] Several studies suggest that fetal RNAs are of high diagnostic value. For
example, elevated expression of fetal corticotropin-releasing hormone (CRH) transcript is
associated with pre-eclampsia (a clinical condition manifested by hypertension, edema and
proteinuria) during pregnancy (Ng et al,, 2003a). In addition, the placenta-specific 4
(PLAC4) mRNA in maternal plasma was successfully used in a non-invasive test for
aneuploid pregnancy (such as trisomy 21, Down syndrome) (Lo et al., 2007). Furthermore,
fetal human chorionic gonadotropin (hCG) transcript in maternal plasma may be a marker of
gestational trophoblastic diseases (GTDs), which is a tumorous growth of fetal tissues in a
maternal host. Circulating fetal RNAs are mainly of placenta origin (Ng et al., 2003b). These
fetal RNAs can be detected as early as the 4th week of gestation and such RNA is cleared
rapidly postpartum.

[00142] Prenatal diagnosis using circulating fetal RNAs in maternal plasma,
nevertheless, has several limitations. The first limitation is that circulating fetal RNA is
mixed with circulating maternal RNA and is not effectively separable. Currently, fetal
transcripts are identified, based on an assumption, as those that are detected in pregnant
women antepartum as well as in their infant’s cord blood, vet are significantly reduced or
absent in maternal blood within 24 or 36 hours postpartum (Maron et al., 2007). The second
limitation is that no method is established to enrich the circulating fetal RNA for enhanced
diagnostic sensitivity since it is still unknown how fetal RNA is packaged and released. The
way to overcome these 11mitations may lie in the isolation of microvesicles and the analysis

of the fetal RNAs therein.

[00143] Several facts suggest that microvesicles, which are shed by eukaryotic cells, are
the vehicles for circulating fetal RNAs in maternal plasma. First, circulating RNAs within
microvesicles are protected from RNase degradation. Second, circulating fetal RNAs have

been shown to remain in the non-cellular fraction of maternal piasma, which is consistent
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capable of shedding microvesicles, Thus, a novel method of non-invasive prenatal diagnosis
is comprised of isolating fetal microvesicles from maternal blood plasma and then analyzing

the nucleic acids within the microvesicles for any genetic variants associated with certain

diseases and/or other medical conditions.

[66144] 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 contentis
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 farther 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..

[60145] This prenatal diagnostic method may be extrapolated to the prenatal diagno'sis
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
agsociated 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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the earliest and most common genetic abnormality detected in the genesis of human

melanoma, Activated BRAF promotes melanoma cell cycle progression and/or survival.

[00147} Currently, the diagnosis of melanoma is made on the basis of physical
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 V600E 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
V60OE 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 acic (E) at the amino acid position 600 of the
BRAF protein. Furthermore, BRAF mMRNA cannot be detected in exosomes from normal

human fibroblast cellé, suggesting the BRAF mRNA is not contained in exosomes of all

tissue origins.
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{e.g., V60OE) in BRAF. The method described above can also be employed to-diagnose
melanomas that are associated with other BRAF mutations and mutations in other genes. The

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 Jong-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.MMPQ 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., 2003).

[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 Exampie 4 and Table 10. The present
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acid contained within exosomes are detailed in Example 9. A significant increase in the
expression level of MMP-2 after kidney transplantatmn will indicate the onset and/or
deterioration of post-transplantation complications. 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
mortitor 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.

[60154] 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 medivm only (EBM) (Lonza Biologics Inc., Portsmouth, NH,
USA), basal medium supplemented with glioblastoma microvesicles {(EBM+ MV) (7
ng/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. HBMVECs 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 cultared 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.

[06155] 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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antibody array (Panomics, Fremont CA, USA) according to manufacturer’s
recommendations. The arrays were scanned and analyzed with the [mage J software. As
shown in FIG. 18b, of the seven of the 19 angiogenic proteins were readily detected in the
microvesicles, 6 (angiogenin, IL.-6, IL-8, TIMP-1, VEGF and TIMP-2) were present at higher
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,
I1-6 and 1L-8, all of which have been implicated in glioma angiogenesis with higher levels

associated with increased malignancy (25-27).

[60156] 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 pg microvesicles isolated from primary
glioblastoma cells. After three days, untreated US7 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 87 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 microv'esicles are able to be taken up by
hurnan 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
1g/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,

[60158] Similar results were obtained when adding the fluorescently labeled

microvesicles to primary glioblastoma cells.
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delivered to and expressed in recipient cells, primary human glioblastoma cells were infected
with a self-inactivating lentivirus vector expressing secreted Gaussia luciferase (Gluc) using a
CMV promoter at an infection efficiency of >05 %. 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.

[06160] 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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s A . L e DL
gggglggggN T e é??figg‘%g% ?ﬁi é’%%’%%ﬁ%iﬁ@%ﬁi%ﬁggg%ﬁ |
001335758?“F“t %ﬁ?ﬁ e il Zﬁ%ﬁa [ Gene

synbol  ACTBELPY an

ncrmal controls P fers X pnmer pair composed of SEQ I NOs: 13 and 14. PP2 refers
to primer pair composed of SEQ D NOS: 15 and 16, “-* refers to “not available”.

. ) Serum Serum
, Time of serum Serum Biopsy
Patienti coliection™® volume EGFRvill exasome exosome
EGFRvili(PP1)  EGFRvHI{PP2)
1 0 3mi Yes Yeas -
2 0 2mi No No -
3 o 2.5mi No No -
4 0 imi Yes No Yes
5 0] Imi Yes : No Yes
6 it 1mi No No -
7 0 0.6 ml Yes Yas -
8 0 iml No No -
9 5 1mi Yes Yes -
10 0 1ml No Yes -
11 0 2mi Yes Na Yes
1z G 2mi Yes Yes -
13 0 2mi No Yes
14 0 2 mi Yes Yes
15 G 2 mi No No -
16 0 Zmi No No -
17 0 “iml Yes No -
18 0 0.8 mi Yes _ No -
18 0 imi No No -
20 0 imi No : No -
21 ¢ 1 mi No No -
22 0 iml No No
23 0 1mi No No -
24 G Imi No No -
25 0 imi No No -
26 14 0.6 mi Yes No Yes
27 14 1.2mi No No No
28 14 0.8 mi . Yes ~ No Yes
20 14 0.9 mi . Yes No -~ . No
30 14 0.6 mi Yes No . Yes

*Days post-surgery of tumor removal
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CCDSZ?,?%E 0 Co05 745 ) RENGE K005,1808, 40415240 020890 | DH
e;;!,cy},@aﬁﬁéé 6 NM 020927 |1 E144

B-ALL B- ccll acute lymphocyte leukemia

B-CLL B-cell Lymphocytic Jeukemia

B-NHL B-cell Non-Hodgkin Lymphoma

CLL chronic Iymphatic leukeniia

CMIL. chronic myeloid leukemia

CMML chronic myelomonocytic Jeukemia

CNS central nervous system

D large deletion

DFSP dermatfibrosarcoma protuberans

DLBL diffuse large B-cell lymphoma

DLCL diffuse large-cell lymphoma

Dom dominant

E epithelial

K frames

GIST gastrointestinal stromal tumour

IMML juvenile myelomonocytic leukemia

L leukaemia/lymphoma

M mesenchymal

MALT mucosa-associated Iymphoid tissue lymphoma

MDS myelodysplastic syndrome

Mis Missense

MLCLS mediastinal Jarge cell lymphoma with sclerosis

MM muliiple myeloma

MPD Myeloproliferative disorder

N nonsense

NHL non-Hodgkin lymphoma

NE/T natural killer T cell

NSCLC non small cell lang cancer

O other

PMBL primary mediastipal B-cell lymphoma

pre-B All pre-B-cell acute lymphablastic leukaemia

Rec reccesive

s splice site

T translocation

T-ALL T-cell acute lymphoblastic leukemia

T-CLL T-cell chronic lymphocytic leukaemia

TGCT testicular germ cell tumour

T-PLL T cell prolymphocytic leukaemia
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No number of studies (types of cancer) which have available expression data on a test gene.

Up # or down # number of cancer types whose expressicn of the tested gene is up or dowa ~regulated.
Al thiese genes are sigaificantly consistently up-regulated (P<10) in a large majority of cancer types.
doi: 10.137/journal pone. 0001145601
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All these genes are significantly consisteady down-regulated {P < 10%) in « large majority of cancer fypes.
doi: 10,137 /journal.pone.0001 148.¢002
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CCDS 14781 C03psqTam) A4 Cropyei Hopeosenepfeiiriin a3 048975 e o TV
N O1 A ST A PREeTP o T NI UL6I 7o P53—CODS T 1T 1T 181 STAB
| 01554580 THRA e DD Dnddt gubae dicieoibdciendNEde TF3353 WD 2009/.100029..GeHé synbol
Accessi ot bdis TPRUNV_ ()30 2enidpaiTD (v DS Hhggsgegpmgiex. 7, 18kDa 2.79 y
NI 003037 | RYNU  — | Kyoureninase (L Kypurenine bvdrolase) - 277
NM 902574 | PRDX1 Peroxiredoxin L 2,77
NM 002444 | MEN moesin 273
NM 002001 RO reticniocalbin 1, EF-hand calcium binding doinain 273
NM 605165 | ALDOC aldolase C, fructose-bisphosphate 17
NM 902204 | ITGA3 integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VL.A-3 receptor) 1,72
NM 033138 | CALD! caldesmon 1 291
NM 003816 | ADAMS = disintesrin and metailoproteinase domain 9 (meltrin gammaj 269
NM 173843 | ILIRN interleukin 1 receptor antagonist 166
WM 000602 | SERPINE 1 serine (or cysteine) proteinase infubitor, clade E (nexin, plasminggen activator inhibitor type 3}, 2.65
member 1
NM 002213 | ITGBS integrin, beta 3 2.64
NM 004447 | EPS8 epidermal growth factor receptor pathway substrate 8 2.64
NM 002928 | RGS16 resulator of G-protein singatling 16 2.62
NM 001288 | CLICI chicnde intracellular changel 1 3.61
NM 015996 | TAGLN ansgein 2.57
NM 002087 | GRN granviin 255
MM 001183 | ATPBAP] ATPase, H+ mansporting, lyscsomal accessory protein 1 2.54
MM 001730 . | KLF5 Kruppel-like factor 5 {intestinal) 2.51
NM 003516 | HISTZH2 hisone 2, H2aa 2.50
AA
NM 014736 | KIAAQL01 KIAAQLD] gene product 2.49
NM 002290 1 LAMA4 laminin, alpha 4 249
NM 001826 | CK31B CDC28 profein kinase reanistory subupit 1B 2.48
NM 001814 | CTSC cathepsin C 2.45
WM 176825 | SULTICI enlforansterase family eytosolic, 1C, member 1 243
NM 002862 | PYGB phosphoryiase, glycogen: brain 2.41
NM 000817 | PaHAL procollagen-oroline, 2-oxoghitaraie 4-dioxygenase {proline 4- hydroxylase}, alpha polypeptidel 243
NM 061428 { ENO2 enofase | (aipha) 2.40
NM 001425 | EMP3 epithelial membrane protein 3 2,40
NM 019111 § HEA-DRA maiar hislocompatibility compiex. class (I, DR alpha 238
NM 001387 | DPYSL3 dihvdropyrimidinase-like 3 2.36
NM 006471 | MRCL3 myosin regulatory light chain MRCL3 2.34
NM 006332 ¢ [FI30 interferon pamma-inducible proteip 30 234
NM 001312 | CRIP2 cysteine-rich protein 2 2.33
NM 502224 | ITPR3 Tnositol | 4 5-mphosphate receptor tvpe 3 231
NM 053025 | MYLK myasin light peptide kinase 2.29
NM 002785 | P8G11 pregmancy specific beta- 1-glycoprotein 11 2.27
NM 000%80 | MGFP mairix Gla protein 2.26
NM 000962 | PTGSL prostaglandin-endoperoxide synihase 1 {progtagiandin G/H syothase and cyclooxyenase) 225
NM 005915 | MCMG mnichromosome maintenance deficient 6 (MIS5 homolog, 5. pombe) (S, cerevisiag) 224
NM 001967 | TOP2A opoisomerase (DNA) IT alpha 170xDa 2.23
NM 001878 | CRABP2 cellular retinoic acid binding protein 2 223
NM 006745 | SCAMOL sterol-C4-methyi oxidase-like 2,22
NM 003528 | HISTZH2 histone 2, HZhe 222
BF347579 Transcribed sequence with srong similarity to protein pinI38500 (H.sapiens) [38500 interferon 2.21
EaTna FECeplOr accessory factor-l precurser - juman
NM 005261 | GEM GTP hinding protein overexpressed in skeletal muscle 2.19
NM 021874 | CDC25B cell division cycle 158 2.18
NM 022350 | XRCC4 X-ray repair complementing defective repair in Chinese hamster cells 4 217
NM 020250 | GSN celsolin {amyloidosis. Finnish type) 2.17
NM 002016 | RFCH replication factor C (activator 114, 37kDa 116
NM 005606 | LGMN jegumain 2.14
NM 006762 | LAPTMS Tvsosomal-associated multispanning membrane prowein-3 2.14
NM 002727 | PRGI proieoglyean 1, secretory prasule 2.14
NM 002605 | PDGFRB platelet-derived growth factor recepior, beta polypeptide 2.14
NM 001424 | EMP2 epithelial membrane protein 2 2,12
NM 005022 | PFN1 profilin 1 2.12
NM 001657 | AREG amphirepulin amphireanlin (schwannoma-derived growth factor) 241
NM_005100 | ARAPLZ A kinase (PRKA) anchor protein (gravin} 12 211
NM_0G086G | HPGD hydroxyprostaglandin dehydrogenase 15 (NaD) 2.10
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CCDS 3707.1 TRAPPC3 CCDS404.1 TREM.2 CCDS4853. |

TREML3

ENST00000332842 TRIM 14 CODS 6734.1 TRUVI 42 CCDS3113.1 TRL5145 CCDS893. 1

TRE5446 CODS 1097.1 TRLMbS 00056186.1 | R1IMb6 NM 030961

TRI M5& CODS 1636. 1

TRI O CODS 3883.1 TRL013P NM 007032 TRIPS 2 | NK/ 004238

. TRI PS CODS 5708,
TRMTS5 NM 020810 TRPCAAP CODS 13246.1 TRPC6 CCDS8311.1 TRPM2 CCD5137(1)3 i
TRPMB 00086634. 1 TRPN14 NM 017636 TRPMG 5/ M 014555 TRPMB CCDS6647.1 TRPM?
75. | TRRAP CODS 5659.1 TSAP6 CCDS-Rid3buibs#8C2 CODS

NM 017672 TAM_CO
10458. 1 TSC@?ZQ‘EE%%§

786.1 TS GAI O CCDS2037.1 TTA 2_CODS 8360. 1 .TTC

CCDS7 3rd o115 | TNERr NN n0@ 3681y #D5 piffinfiukeD pr N A1CA7o] 20
13337 RNMLIONP3AINEFAR 334 :;@[i“'!ﬁll s F.WEQE L TLID AODA AR ,.I_.U-LJU Y NM
oCDS4 T, 001946y DERRGe — - L dual specifigit HSigr ozo T TTOUDb GO0 ULUS 140071 ik
B Tisksod KNIWEReS X 1. LYRIECDS 8784, 1 UBAP2]  CODS 1063 Z0UBE2( 32
CCDS1 Bt 402%3 UtddLde & -efjdo RE}puRcrONS 0420 1. LICPD11--CePEALE 202,
OCDS2 ER.CH25T | PP OO cepsserl g1poploy sy 4801 Ui eebh3455 1 YGT1 A6
PRM 603870 L IQUAPT o T 1Q-ntd T dontatoin iteerbeb U1 202
NM_005563 | STMNI stathrnin 1/oncopyotein 1 2.01
NM_005558 | LADI ladinin 1 2.01
NM_001776 | ENTPDY ectonucleoside triphosphate diphosphohydrolase 1 2.00
NM_001269 | CNNi calponin 1, basic, smooth muscle 2.00
AK055128 PSMD14 proleasonie {Prosome, macropain} 265 subunii, non-ATPase, 14 2.00
NM_006304 | SHEM1 split hand/foot malformation (ectrodactyly) type 1. 1.98
NM_004024 | ATE3 activating transcripijon factor 3 1.98
NM_000291 | POKI phosphoglveerate kinase 1 1.98
NM_006520 | TCTE1L -complex-associated-testis-expressed 1-like 1.97
NM_ 201380 | PLECT pleetin | intermediate filament binding protein 300kDa 1.97
NM_002838 | PTPRC protein tyrosine phosphatase, receptor type, [ 1.97
NM_000211 | ITGB2 integrin, beta 2 (antigen CD18 (p93), lymphocyte fanction-associaled antigen 1; macrophage 1.57
antigen 1 (mac-1) beta subunity .
NM_002577 | PAK2 p21 (CDKN1A)-activaled kinase 2 1.90
NM_O00205 | SERPINA 1 serine (or cvsteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, antiirypsin), member 1 1.90
NM_ 183001 | SHCI SHC ¢Src homology 2 domain containing) transforming protein I 1.96
NM_00501% | PDE1A nhosphodiesterase 1A, calmodulin-dependent 1,95
NM_0022g8 | LCP1 lymphocyte cytosolic profein 1 (L-plastin] 1.95
NM_006769 | LMO4 LIM domain ooly 4 1.94
NM_001465 | FYB FYN binding protein (FYB-120/130) 1.93
NM_183422 | TSC22 transforming growih factor beta-stimulated protein 1SC-22 1.52
NM_001777 ; CD4a7 D47 antigen (Rh-related oofigen, integrin-associated signat transducer } 1.92
NM_001755 | CBFB core-hinding factor, beta subunit 1.0
NM_005544 | IRS) insulin receptor subsirate | .88
NM_000698 | ALOX3 arachidonate 5-lipoxygenase 1.38
NM_006086 | NDRGY N-myc dowastrean regulated gene | 1.88
NM_001105 | ACVRI activin A receptor, bype 1 1.87
NM_003105 | SORL! sortilia-related receptor, LIDLR class} A repeats-containing 1.85
NM_001998 | FBLNZ fibulin 2 1.85
NM 014791 | MELK malernal embryonic leucine zipper kinase 1.85
NM 003052 | SNRPB2 small auclear ribonucleoprotein polypeplide B 1.84
NM_00112C | TETRAN tetracycline ransporter-like protein 184
NM_182643 | PLOD2 procoilagen-lysine, 2-oxppluarate S-dioxygenase (ysine hydroxylase) 2 1.83
NM 181862 | BACH brain acyl-CeA hydrolase 1.82
NM 021102 | SPINT2 serine protease inhibitor, Kunitz type, 2 182
NM_004415 | DUSPS dual specificity phosphaiase 5 181
NM_006482 | DYRK2 dual specificity tyrosine-(Y)-phosphorylation regulated kinase 2 1.81
NM_ 145660 | YWHAZ tyrosine 3 monooxygenase/lryptophan 5-moncoxy genase activalion protein, zeta polypeptide 1.81
NM_000714 | BZRP henzodiazapine receplor {peripheral) 1.8%
NM_013995 | 1.AMP2 lysosomal-associated membrane protein 2 1.80
CA450153 ACYPI acylphosphatase 1, erviiirocyte (common) type 1.80
NM_000405 | GM2A GM?2 ganglioside activator protein 1.79
NM_ 139275 | AKAPL A kinase (PREA) anchor protein 1.79
NM_001679 | ATP1B3 A TPase, Na+/K+ ransporting, beta 3 polypeptide 1.79
NM_016343 | CENPF centromere protein F, 350/400ka {mitosin} 1,79
NM 002201 | ISG26 interferon stimulated gene 20kDa 1.7%
- NM_002403 | MX2 myxovirus (influenza vitus) resistance 2 (mouse) 1.7%
NM_006820 | Clorf29 chromosome | open reading frame 28 1,79
NM_201397 | GPX1 giusthione peroxidase | 1.79
NM 005728 | ARLA ADP-ribosviation factor-like 4 178
NM_001038 | SCNNIA codinm channe} nonvoliage-gated 1 alpha 1.78
NM_002863 | PYGL phosphorylase, glycogen: liver (Hers disease, glvcogen storage disease lype VD) 1.78
NM_001281 | CKAPL cytoskeleton associated nrotein 1 177
WM 003879 | CFLAR CASPS and FADD-like apoptosis regulator 1.76
NM_ 182948 | PREACB protein kinase, cCAMP-dependent catalytic, beta 1.75
NM_G06008 | TUBA3 rbulin, alpha 3 1.75
NM_20i444 | DGKA diacviglycerol kinase, alpha 20kDa 1.74
NM_005471 | GNFDAL <lucosamine-6-phosphate deaminase 1 .74
NM_001451 | FOXT1 forkhead box F1 1.74
NM 001988 | EVPL envoplakin 1.73
NM_021724 i NR1D1 nuclear receptor subfamily 1, group 1 member | 1.73
NM_006364 | SEC23A Sec2d homolog A (S. cerevisiae) 172
NM_002128 | HMGBZ high-mobility group box 2 172
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2009/ 100029PET1432009/ 032881 Gene Synbol ANAPCA Acces&FBRSPBHEY53434. 1

Gene Svynbhal 5 Pékj Accessi-on—-D-CoRS—1149—1-ANKI—CECD}7
ANKAR E ‘\ﬁga_ 50 u?i:agu;r famiLy L tgﬁﬂ'ﬁ\jgh Aﬁrfﬁ'@ @ﬂtﬁaﬁﬂaﬁ'@;ﬁr&%@& £ 58 1tBCHB 0005 198.1
| R 2087 GOSN 03y Bet ad(al NAc-T4 _ ANLELD2Y
NM 032189 0080057694 1 l:ANKRDG:NND. 014942 . BVPR2 NM-0601204--ANKRDP9—6 NN 73
N T e B NN T T e oM NP S A el 4 C: Kl gl 1
000593 S 133425 | TRADD SPMV S Aot DBmain IS 152 T T AOXT NM 001168 BRCA2
PR oda7edt £oi NIV Adbe 3o ORE28060 s dodd0P CCDS12068.1 3
NM_001 8128@@5 5\ - E) mPEPiids NM—OO04-01--0896 Ann;ﬂ- N -
Cl Cbr f : M A BA )GB'XQ 27 i homgliEs DIoseD -1.1- AV v N UOUU' Arb . [ 33 1
el .7 DT £,93 00057672 1 APX[ P CCDS416
: ORI Y rNBUS [ 4 ) VIEl f16_CCDS77941-NREGAP |
CCDS| 35 4800463 ({13520 1 3 provagapsamigeoxs syt ' : LT AR S
000594~MMﬁmwg APLEI : \2) precurzor-1i ‘ a U 25
D 00PN FCRIAL L | s 5y diid “ 138360 ARHGAP28 NM@01010000
Cl  4or {1 28:sNVI020 105 ARFIGEES herOPSrat 1 @@ty iy igly| pegoigimmerinog 4 | L83
NM_002417 K167 m@an@mmeymwmbmummme37‘“”""' = OTrOYEV LT 6
NM_000175 | GPI glucose phosophate isomerase 1.63
AF179563 SEPTR sepiin & 1.62
NM_004121 | GGTLAL eamma-glutamyltransterase-like activity 1 1.62
NM_002620 | POLE polymerase (DNA dirceted), beta 1.62
NM_604334 | BSTL hone marrow stremal cell antigen 1 1.61
NM_001892 | CSNKiAlL casein kinnse 1, alpha 1 1.61
NM 014670 | BZW1 basic leucine zipper and W2 domains 1 1.60
NM G0I1I0 | ADAMIC a disintegrin and metlloproteinase domain 10 1.60
NM_005792 | MPHOSP HS | M-phase phosphoprotein 6 1.60
NM_001126 | ADSS adenyiosuccinate synihase 1.59
XM 376039 | SERTAD2 SERTA domain containing 2 1.59
NM 001664 | ARHA ras homolog gene family, member A 1.59
NM_ 002475 | MLC1SA mvosin light chaln i slow a 1.59
NM_014408 | GOLPH4 golgi phosphoprotein 4 1.56
NM_005964 | MYHIG ‘myusin heavy polypeptide 10 non-muscle 1.59
NM 003330 | TXNRD] thioredoyin reductase 1 1.59
NM_001757 | CBRI carbonyl reductase 1 1.58
NM_003130 | SRIL sorcin 1.57
NM_006765 | TUSC3 tumor suppressor candidate 3 1.57
NM_183047 | PRKCBP 1 protein kirase C binding protein 1 1.57
NM_005333 | HCCS holoevtochrome ¢ synthase {cytochrome ¢ heme-lvage} 1.57
NM_00i444 | FABPS farty ncid binding protein 5 (psoriasis-associated) 1.57
NM_001799 | CDK7 cyclin-dependent kinase 7 (MO15 homolog, Xenopus laevis, cdic-sctivating kinase) 1.57
NM_001335 | DNAJAL DnaJ (Hsp40) homelog subfamily A member 1.57
NM_004475 | FLOT2 Hotillin 2 1.57
NM_004308 | ARHGAP 1 Rho GTPase activating protein 1 1.56
NM 002388 | MCM3 MOCM?3 mimchromosome mainfenance deficient 3 (3. cerevisiag) 1.56
NM_006435 | IFITM2 interferon induced transmembrane protein 2 (1-81)) .56
NM_000454 | SODI supercxide dismutage 1, soluble {amyolrophic latera] sclerosis 1 (adult)) 1.56
NM_015161 | ARLGIP ADP-ribosylation factor-like 6 interacting protein 1.56
NM_078480 | SIAHBP1 fuse-biading protein-inferacting repressor 1.56
NM_025207 | PP5S1 FAD-synthetase 1.56
NM_002833 | PTPNG prutein tyrosine phosphatase non-receptor type 9 1.35
NM_001753 § CAV1 caveolin | caveolae protein 22kDa 1.55
NM 003286 | TOP1 fopoisomerase (DNA)Y 1 1.35
BU739663 Transcribed sequence with moderate similarlty © protein sp:P13196 (H.sapiens} HEMI1_HUMAN | 1.55
5-aminolevelinic acid syothase, nonspecific mitochondrial precurser
NM_ 006788 | RALBPL ralA binding protein | 1.54
NM_ 000944 | PPP3CA protein phosphaiase 3 {formerly 28), catalytic subunit, alpha isoform {calcinenrin A alpha} {54
NM_003374 | VDACI yoltage-dependent anion channel 1 .54
NM_000560 | CD53 CI353 antigen 1.54
NM_002037 ; FYN FYN oncogene related 1o SRC FGR, YES 1.54
NM_002885 | RAFIGAL RAP1 (TPase activating protein { 1,53
NM_018979 | PREKWNK 1 Iprotein kinase. lysine deficient 1 1.53
NM_002833 | PTPNI2 protein tyrosine phosphatase, non-recepior bype 12 .53
NM_007315 | STATI signal ransducer and activalor of wanseription 1, 91kDa 152
NM_014546 | KIAAQ196 RIAAQ196 pene product 1.52
NM_001237 | CONA2 cyclin A2 1.52
NM_004396 | SNRPA small nuclear tibonucleoprotein polypeptide A 1.52
NM_00279C | PSMAS proleasome (prosome. mAcropodin) subunit, alpha type, 5 1.52
NM 013361 | RIHDM R3H domain ¢binds single-stranded nucleic acids) confaining 1.52
NM_ 001665 | ARHG Tas homoiog gene family, member G (tho G) 1.51
NM 002788 | PSMAJ proteasome (Prosome Macropai) subunit, alpha type, 3 1.50
NM_0065%04 | PREDC prolein kinase, DNA-activated, catalytic polypeptide 1.50
NM_003400 | XPO1 exportin 1 (CRM1 homolog, yeast) 1.50
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CCDS952

. Cl5o0rf4l NM 032499 ARE OFF?

ARHGEF9 NM 015 185 017orf 27

NM 0209 14 ARID | A CCDS285.1 C170028 NM 001010855 ARMC7 CODS 117 14.1 Cl

90r 120 NM 03 35 13 ARMCX
NM 014862 Cl
CODS 14100.1 Cl9orf6 CODS12052.1 ARSI

CODS 14487.1 Cl9orf22 CODS12048.1 ARLINT2
9orf28 NM 174983 ARRDC2 CODS 12370.1 Cl9orf 35 CODS12087.1 ARSA
NM_ 001012301 C orf113 NM 024676

ARTS-1 00054085.1 Clort129 . NM 025063 ASB2 000599 15. 1 C | orf14 NM 030933
A. SXL2 NN1_0%826@e/@0261E2. 5 CODS 1366. 1 ATF2 C0D52262. RCTHS:@9pPR%H1
NM 001025231 ATM L_NNI_.001940 CQL2-NM-182528-ATP—10A-NM-024490-CLRt
CCDS8E 73 ) R Wi R A = e "o o oy WEDZS4 90 Ty
ST Bqk st e CNSTERD 527245 C200T T134" NM 001024675 _ATP T 0D [CBDS3476. 1
C20ori | m{%nbnﬁ?B?? oA o Bso: G B dBAS C200rt 26.. NM 015585. ATPLAZS
B - 7 - - A
ACES;Z.'IZSQM‘ =2 c‘mg f' 2 N"‘i"ﬂt‘gn\?;g?gm;iw{%;FPl B2—NM-8616+-8—C200r-F77-060051 f%i%)i 1
- IR0 T CP ek G ORL AT £ dkeadd TRZBS: SIS cibde 2 ddrohe. G2 1 401 63
000513614. 1 ATP6VOALA CERRSESA80] C2ort...10 CCDS2291...1 AZUL CCPS12044 1
C2or f 291 AN PRI ADP ribosvitransferase (MAD-; poly {ADP-riooses polymerase ke L TETOLE U gt
NGS5 | PRER- protein kinase, interferon-inducibie double stranded RINA dependent 1.48
NM_014669 | KIAADQSS KIAAQD9S gene product 147
NM_003391 | WNT2 wingless-lype MMTV integration site family member 2 L7
NM 004305 | ARHGDIA Rho GDP digsociation inhibitor (GDE) aloba 147
NM_000418 | AR interleukin 4 receptor 146
NM_003352 | UBL1 ubiguitin-like 1 {sentnin} 1.46
NM_006200 | TNFAIP3 tumor necrosis factor alpha-induced protein 3 143
NM 004763 | ITGB1BP1 integrip bewa 1 binding protein 1 1.45
NM 065754 | G3BP Ras-GTPase-activatng protein SH3-domain-binding protein 1.45
NM 021960 | GABRE samma-arinebutyric acid (GABA) A receptor, spsilon 1,44
NM_001379 | DNMTI DNA (eytosine-3-}-methylirapsferase | 1.44
NM 001154 | ANXAS anpexin AS .44
NM_0043354 | CCNG2 cyelin G2 i.44
NM_005002 | NDUFAQ NADH dehydroaenzse (ubiquinone} 1 2ipha subcomplex, 3, 30kDa 1.43
NM _001931 | DLAT diftydrolipoamide S-acetyltransferase (E2 compenent of pyruvate dehydroaenase complex) .43
NM 005902 | MADH3 MAD mothers agzinst decapentaplegic homolog 3 (Drosophila) 1.43
NM_006110 | DPYD dihydropyrimidine dehydrogenase 1.43
NM_001316 | CSEIL CSE] chromosome sepregation 1-like {yeast) 1.43
NM 000167 | GK alycerod kinase 1.43
NM_001924 | GADD4S A growth arrest and DNA-damage-inducibie, alpha [.42
NM_014225 | PPPIRIA protein phosphatase 2 (formerly 2A), regulatory subunit A {PR &5), aipha isoform LA
NM_DDI233 | CAV2 caveopkin 2 1.42
NM 176863 | PSME3 profeasome (prosoms, wacropain} activator subunit 3 (PA28 gamma; Ki) 1.42
NM_ 01905 ¢ CTPS CTP synthase 1.43
NM_ 005633 | TFCP2 ranscription factor CP2 141
NM_003405 | YWHAH Tyrosine 3-monooxygenase/Typtophan 5-monooxygenase activation protein, eta polypeptide 1.41
NM_003392 | WNTSA wingless-type MMTYV integration site family, member 3A 1.40
NM (02375 | MAP4 microtubule-associated protein 4 1,40
WM 006353 | HMGN4 hign mobility group nuclensomal binding domain 4 1,38
NM_0063527 | SLBP stem-loop (histone) bindine protein 1,36
NM_ 000517 | HBA2 hemoglobin alcha 2 1.38
NM_002661 | PLCG2 phospholipase C, gamma 2 (phosphatidytinositol-specific) 1,38
NM_001493  GDI GDP dissociation inhibifor 1 1.38
NM 181430 | FOXK2 forkhead box K2 1.38
NM 002086 | GRB2 rrowth factor receptor-bound protein 2 1.38
NME_(02868 | RABSB RABSB, member RAS oncogene family 1.37
NM_002768 | PCOLN3 procollagen {type [[) N-endopeptidase 1.37
NM_014742 | TMOSF4 transmembrane 9 supertamily protein member 4 1.37
NM_ 004344 | CETNZ 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_004048 | STOM stomatin 1.36
NM_031844 { HNRPU heterogeneous nuclear nboaycieoprotein U {scuffold attachment factor A) 1.36
NM_00043C | AMPD3 stenosine monophesphate deaminase {(isoform B) 1.35
NM_006561 | CUGBP2 CUG triplet repeat RNA binding protein 2 1.35
NM_ 152870 | DGKD diacylglyeerol kinase delta 130kDa 1.35
NM_138558 | PPP1RS protein phosphatase 1 reQuiatory (inhibitor} subunit 3 1.35
NM_004941 | DHXS DEAH (Asp-Glu-Ala-[is) box polypepride 8 1.34
NM_ 021079 | NMT1 N-myristoyltransferase 1 1.33
NM_ 004622 | TSN ranslin 1.33
NM_002473 | MYH9 myvsin, heavy polypepiide 9, non-muscle 1.33
NM_006889 | CDEG CDR6 antigen (CD28 antigen ligand 2, B7-2 antigen) 1.33
MM _004383 | CSK ¢-5re tyrosine kinage 1.33
NM 004317 | ASNAL ars A arsenite fransoorter ATP-binding homolog § (bacterial) 1.33
NM_024298 | LENG4 leukoeyte receptor cluster (LRC) member 4 1,32
NM_001912 | CTSL ~ cathepsin L 1.32
NM_001357 1 DHXG DEAH { Asp-Glu-Ala-His) box polypeptide 1,32
NM 006849 | PDIP protein disulfide isomerase, pancreatic ) 1.32
NM_018457 | DEKFZP36 DKFZ, (35647157 protein 1.31
41157
NM_024880 | TCF7L2 transcription factor 7-like 2 (T-cell specific, HMG-box) 1.31
NM_002081 | GPC1 glypican 1 1.31
NM_004235 | KLF4 Kruppel-like factor 4 (gui} 1.31
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NM_ 001010852 33Al AP2L2 NM 025045 Cé6orf54 000S5 304.1 341493 CODS10434.1
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2009/ 100029PCT/ US20091032881 Cene Synbol Accession I D Gene Synbol Accession
| D Gene Synbal,Ae&Resson | D C9602138 00056487. 1 6: FMA eiviusD@BE8841 CTAG
000514759. 1 (3964539 N VI _017738 CO -09 CODS 13093.1 CTNNA2 304 004389

C9cOf 45 00056850. 1 CON 0005999. 1 CTNNA3 CCD57269. 1 C90091 00056808. 1 0001

NM 001270 CTNND2 00353881.. €901198 a: 0569544 S CeD EUBN-68687113. 1
CAB_LESZ KNI 034315 04 a0 gl #966  COL AT N 003558 CACKATA T e NT 00060
0005 143500 e Z Pt O YT b bl Y 13000068
T I T bl ECCDS A2 o cvdSAlsPNA T E NM 000721 .CLEVI.P1B NM-020 2 |CX40. 1
0005719 [BMACEENAID]  OC ﬁvﬁmm@g@%@.@ggﬁﬂ%aw hNOC 409 4 P it - :
NM_002863 | RABZ SRR momber RAS oheopehe iy DO JU L0z 1 €-X8059 {20
NM 002806 | PSMC6 proteasome (prosome macropain} 263 subunit ATPase & .29
NM_00424) | TRIP1O thyroid bormone receptor interagtor 10 ) 108
NM 003760 § EIF4G3 cukarvotic {ransiation ipitiation factor 4 gamma. 3 128
NM_005151 | USP14 yiriquitin specific protease 14 (IRNA gquanine ransglycosviase) 1.28
NM_015922 | HL105E3 NAD(P) decendent stercid dehvdropenase-iike £.27
NM_033306 | CASP4 caspase 4 apoplosis-related gysieine protease 1.27
NM_19818% | COPS8 COPY constmiive shotomorphogenic hornolog subunit 8 (Arabidopsis) 1.27
NM (01933 | DLST dinvdrolipoamide S-succinyltransferase (E2 companent of 2-oxo-glutarate complex}) 1.27
NM_015004 | KIAAGLLG | KIAAQLLG protein ] 1,27
NM 033362 | MRPSI2 | mitochondrial ribosomal protein 512 1.27
NM_(04180 | TANK TRAF family member-agsociated NPKB activaior 1.26
NM 814734 | K1AA0247 KlaA02a7 1,20
NM_005271 | GLUD{ glutamate dehydropenase [ 1.25
\IM_GGQO{)Q SEPWI selenoprotein W, | .28
M _182641 | FALZ fetal Alzheimer antigen 1.24
NM_007362 | NCBP2 muciear cap binding protein subunit 2 20kDa .24
\IM 004292 | RINI Ras and Rab interactor 1 1.24
NM 014608 | CYFIPL cytoplasmic FMR1 interacting protein } 1,23
NM_(22333 | TIALL TIAL cviotoxic oranuie-associated RINA binding protein-like 1 1.23
M 003126 | SPTAI spectrin alpha ervihrocytic | {elliptocytosis 2] 1.22
NM_(14602 | PIK3IR4 phosphoinositide-3-kinase reguiatory subunit 4, piS0 1.18
NM_002194 | INPP1 inositol polyphosphate-1-phosphatase 1.16

Note: Accession 1D “NM_CXX0C” are uniquely assigned to each gene by National Center for Riotechnology Information (NCBI)

(hetp:/fwww.nchi nlm.nih. gov/sitesfenirezdb=nuccore).



000514614. 1 CACNGS 000511666. 1 COST! 000S79
. ! 13 .1 CYFLP1 CODS1
888§1é§§211c33?iiobo§3%332é6? gXFIPZ NM 014376 CALB | 00D56250209i105A551
. . LCR C0D055631.1 CUP COOS 102011 D (
14455. 1 CAVMBAPL NM 015447 CKLFSF4 000S108 1 ARy
3 7.1 DAXX 0019547764 CAMTA
015215 CLECAM 000S12187.1 DOT 0003767.1 CA W
. . ND2 ENST00000295989 CL| PR-
8883%$¢§611C2c01 CCDS6330. 1 CAPNI 2 000512519A CLIC | 00052331. 1 550??
. ARRG997. 1 CLSTN2 00053 112.! DCHS2 00@8BPSBIYSBASKEN?

0013511723. 1 CLUAPT NM 015041 DOT CCDS9470
A 1 CcA
OCDS8696. 1 00451 NM_ 175066 _CAT 00057891 1 1 CASP 1 0 CD052338. 1 C54AS

00056528 1 CB_ 17 A2 [PalrhxfiommponlyDaypearhleqeiess Smaaip CaNCEe o o2 o)\
COOS 13448=1"CW, : i TEozgol—bhrcz—Car 502U L ke
o5 13 ag=1 ) 15NV 153615 009005 NM 014662 CCDCL | 000511940 1/CNGB 1 NM
RSV DA F096 keSO 6886 ONGB3 000562441 DENB3+—066568
CCKAR CErMSB4ESE PAXTCNTN eroxisome biogenesis factor 1 = OE A EENDI T UYY Y 06.1
NM_002766 | PRPSAP] phosphoribosyi pyrophosphate synthetase-associated protein 1 0.81
NM_147131 | GALT galactose-1-phosphate uridylybransierase (.30
NM_002101 | GYPC glycophorin C {Gerbich blood group} 0.80
NM 002880 | RAFI v.ral. | murine leukemia viral oncogene homolog 1 0.80
NM_00464¢ | C218:33 ehromosome 21 open reading frame 33 .80
NM_(02262 | TLOCI rranslocation protein | 0.79
NM_ 147223 | NCOAL nuclear receptor coactivator § 0.79
NM_007062 | PWP! wuclear phosphoprotein similar to S, cerevisiae PWP1 .79
NM 005501 | 1 AMPY lysosomal-associated membrape proteia 1 .79
NM_006810 | PDIR for protein disuifide isomerase-related .78
NM_033360 | KRASZ v-Ki-ras? Kirsten rat sarcoma 2 viral oncogene homolog 0.77
NM_001513 | GSTZ1 glutathione ransferase zeta 1 (naleylaceloacelate isomerase) 0.77
NM 006184 | NUCBI nucleobindin 1 0.77
NM_ 001634 | AMDI1 adenosylmethicnine decarboxylase 1 0.76
NM_006749 | SLC20A2 solute carrier family 20 (phosphate transporter), member 2 0.76
NM_003144 | SSR1 signal sequence recepior alpha {fransiocon-associaled protein sipha) 0.76
NM_004606 | TAFL TAF1 RNA polymerase [I, TATA box binding protein (TBP-associated factor 250kDa 0.75
BX648788 MRNA: cDNA DKFZPG86MI2163 (from clane DERZPE36M12165) 0.75
NM_004035 | ACOX]1 acyl-Coenzyme A oxidase 1 palmitoyl 0.74
NM 000287 | PEX6 perexisomal biogenesis factor 6 .73
NM_003884 | PCAF p300/CBP-assaciated facior 0.73
NM_006870 i DSTN destrin (aciin depolymerizing factor) 0.73
NM_ 001604 | PAX6 paired hox gene § {anindia keratitis) 0.72
NM 000722 | CACNA2 D1 | caleium channel voltage-dependent alpha 2/delta subunit 1 2,72
NM_033022 | RPS24 ribosomal protein 824 .72
NM_004563 | PCK2 phosphoenolpyruvate carboxykinase 2 {itochondrial) 0.72
NM_002602 | PDEGG phosphodiesterase 6G cGMP-specific, rod, gamma 0.72
NM 001880 | CRYZ crystalline, zeta (quinone reductase} 072
NM_(02339 | L8P Tymphocyte-specific protein 1 0.72
NM_016548 | SHC3 ‘stc homology 2 domain containing transforming profein C3 0.71
NM_002906 | RDXX radixin 0.7%
NM_007014 | WWP2 Nedd-4-like ubiguitin-proiein ligase 0.73
NM_000414 | HSD17B4 hydroxysteroid (17-beta) dehydrogenase 4 671
NM_001127 | APiB1 adaptor-related protein compiex 1. beta 1 subunit (.71
WM_002402 | MEST mesoderm specific iranscript homoiog {mouse) 0,70
NM_(33251 | RPL13 yibosomal protein L13 0,70
NM_139068 | MAPKS mitogen-actvated protein kinase 9 0.70
NM_002913 | RFC1 replication factor C (activator 1)1, 145kDa 0,70.
NM_000487 | ARSA arvisulfitase A 0.7
NM_0005973 | ZNF32 zinc finger protein 32 (KOX 30) 0.70
NM_005310 | GRB7 erowth factor receptor-bound protein 7 0.70
T NM_005962 | MXI11 “MAX interacting protein 1 0.62
NM_005359 | MADH4 MAD. mothers against decapentaplegic homelog 4 {Drosophila} .69
NM_002340 | 1SS lanosterol synthase (2 3-oxidosguaiene-lanosterol cyclase) 6.69
NM_003684 | MKNE1 MAD Kinase-mteracting serine/threonine kinase 1 .68
NM_005671 | DBS2298 I reproduction 8 0.68
NM_000309 | PPOX protoporphyrinogen oxidase 0.68
NM. 000994 | RPL32 rihosomal protein L32 .68
NM_000672 | RPLTA ribosomal protein L7a 0.68
NM 005101 | G1P2 Interfercn, alpha-inducible protein (clone [FI-15K} 0.67
NM_001129 | AEBP] AR binding protein 1 0.07
NM 001011 | RPS7 ribosomal protein 87 0.67
NM_001133 | ANXA4 annesin A4 0.67
NM_(12335 | MYODLF myosia IF (.66
NM_005007 | NFKBILI uciedr factor of kappa light pelypeptide gene enhancer in B-cells 0.60
inhibitor-like 1
NM_001870 | CPA3 carborypeptidase A3 (mast celly 0.60
NM 181826 | NF2 neurofibronmn 2 (bilateral scoustic peuroma)l .60
NM_000285 | POPD neptidase D (.66
NM_006180 | NTRK2 neurolrophic tyrosine kinase, receptor type 2 0.66
NM_000543 | SMPDL sphingormyelin phosphodiesterase 1, acid lysosomal {acid sphinagmyelinase) 0,66
MM _001459 | FLT3LG fms-related tyrosine kinase 3 ligand .65
NM_003750 ; BIF3510 cukaryotic franslation inittation factor 3, subunit 10 theta, 150/170kDa 0.65
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CCDS2558. 1 DGKA 001358896. 1 CCU CC DS11277.1 CI NTE15 NM 014361
00082504. 1 CCNB3 000514331.1 CNTI S6 00052557. | LI GKK NM 001013742 CCNY133
ENST00000332505 CNTNAP2 00055889.1 DGKZ 000579 18.1 OCR | 00082737.1
CNTNAP4 000310924.1 DI | CR24 0003600.1 00055523.1 CCDS2223.1 DEDC33 CCM
1072.1 CET6A CCT6B NM 006584 COCH 00059640.1 0048 000311464.1 CD 163
00058578. 1 COM CCDS6280.1 DI CERI 00089931.1 CD1A CCDS1174.1 COL11A1
CCDS778.1 DI P213 NM 173602 CD200RL CCD52969.1 C DL 14 A | _NM 021110
DKF73931301735VCOOSH0723. 1 CD4-4 CCD57897.1 COL17A1l Q005 7REAUS009/032881

OKE2P43431306335 01539
xPsen TIVRE o3 006008079991 CO-22A1-CCDS6376. 1T 010 ZP4340 1415
00058743y _toadks (MK AT dystbh B AenDLIOSh 2680, 1 000595 111 _QRLT1PA341 19737
000S3 805YMLIAPRECBEN53 ssimvolianepagd duanelagaake WNnACo7  conaolddbn
CDCA2BP ACBREE - { LAY ages, e X1V o iy 06527 CCBS2Aa0-1
PPVl [IRFF0- T i leiDdanbiodalle! prolife 015459 0.65
NM_000884 | IMPDH2 MP (inosine monophosphate) dehydrogenase 2 0.64
NM_ 001885 | CRYAB crystallin, alpha B 0.64
NM_000240 | MAOA menoamine oxidase A 0.64
NM_003136 | SRP54 sigual recognition particle 54kDa (.63
NM_D002Z81 | PCBD 6-pyruveyl-tetrahydropterin synthase/dimerization cofactor of hepatocyte muclear factor 1 alpha 0.63
(TCF1)
NM_005729 i PPIF peptidylprolpyl isomerase F {cyclophilin FY .63
NM_ 006481 | TCF2 transcription factor 2, hepatic: LF-BJ' variant hepadc puclear factor 0.63
NM_002089 ¢ CXCl2 chemokine (C-X-C motif} ligand 2 0.63
NM_001961 | EEF2 cukaryotic iranslation efongation factor 2 0.63
NM_061801 | CDOI cysteine dioxygenase type | .63
NM_006389 | HYOQU1 hypoxia up-regulated 1 0.63
XM 167711 | ITGAS integrin, alpha 8 0.62
NM_014765 1 TOMM?20 wanslocase of outer mitochondrial membrane 20 homolog {yeast) .62
NM 006714 | SMPDL3 A sphingomyelin phosphodiesterase, acid-like 3A .62
NM_000016 | ACAOM acyl-Coenzyme A dehydrogenase C-4 10 C-12 straight chain 0.62
NM_003624 | PHOX2B paired-like homeobox 2b 0.62
NM 002078 | GOLGA4 golgi autoantigen, goigin subfamily a 4 0.62
NM_002736 | PREKARZ B protein kinase cAMP-dependent, requlatory, type I beta 0.62
BQ217468 KlAAQLN4 KIAAQLI4 gene product 0.61
NM_006307 [ SRPX sushi-repeat-containing protein X-linked 0.61
NM_002184 | IL6ST interlcukin 6 signal trensducer (gp130 oncostatin M recentord 0.61
NM_i153186 | ANKRO15 ankyrin repeat domain 13 0.61
NM_003038 | SiC1A4 solute carrier farnily 1 (giutamate/neuiral amina acid transporter), member 4 0.60
NM 006185 | PBX3 re-B-cell leukemia transeription factor 3 0.60
NM_000327 | ROM1 retinal outer segment membrane prolein 1 0.6
NM_003463 | PTP4A] protein lyrosine phosphatase type IVA, member 1 0.60
NM_ 001520 | GTF3C! general transcription factor i{iC polypeptide 1 alpha 220kDa 0.60
NM_006277 | ITSN2 intersectin 2 0.59
NM_000985 | RPL17 ribosomei protein L17 0.59
NM_000909 | NPYIR neuropeptide Y recepior Y1 0.59
NM_001034 | RPSI0 ribosomal protein S10 0,59
NM_022307 | ICAL isfet cell autoantigen 1 69kDa 0.58
NM_002567 | PBP prostatic binding protein 0.58
WM_012324 | MAPKSIF 2 | milogen-activated protein kinase § interacting protein 2 0.58
NM_00449C | GRB14 growth factor receptor-bound protein 14 0.58
NM 004733 | SLC33A1 solute carrier family 33 (acetyi-CoA Fensporfer), member 1 0.57
NM 002387 | ACOL aconitase 1, soluble 0.57
NM_0003505 | Fi2 coagulation factor Xii {Hageman factor) 0.57
NM_005010 | NRCAM neuronal cell adhesion molecuie (.56
NM_006963 | ZNF22 zinc fnger protein 22 (XOX 15) 3.56
NM_006827 | TMP21 ransmembrane wrafficking protein 0.35
NiM_004394 | DAP death-associated protein 0.54
NM_00108% | ABCA3 ATP-binding cassette, sub-family A (ABC), memtber 3 0.54
NM_004470 | FKBP2 FK.506 binding protein 2, 13kDa .53
NM_005749 | TOBI transducer of ERBB2, 1 0,53
NM 0013155 | BDT D-dopachrome fautomerase 0.53
NM 002113 | HD huntmgton (Hontingion disease} 0.53
NM_(02635 | SICZ5A3 solute carrier family 235 (mitochondrial carrier; phosphate cavier), mermber 3 (.53
NM_0055396 | NFIB nuclear factor VB 6.53
NM_006273 | CCL7 cherokine (C-C motif) ligand 7 0.53
NM_001013 | RPSY ribosomaj profein 59 (.52
NM_ 001551 | IGBP1 immunogiobulin (CD79A) binding protein 1 0.52
NM_004498 | ONECUT } one cut domain, family member 1 0.52
NM_004484 | GPC3 glypican 3 (.52
Ni_130797 | DPP6 dipeptidyipeptidase 6 0,52
NM_000746 | CHRNA7 cholineragic receptor, nicotinic, alpha polypeptide 7 0.51
NM_001756 | SERPINA & serine (or cysieine) proteinase inhibitor, clade A (alpha-1 antiproteinase antitrypsin}, member 6 0.51
NM_001327 | CTAGI cancer/testis antigen 1 4,51
NM_003651 | CSDA cald shock domain protein A 0.50
NM 005848 [ IRLB ¢-mye promoter-binding protein 0.50
BC0D40073 H1Y HI0, imprinied matemally expressed untranslated mRNA 0.50
NM_002228 | JUN v-jun sarcoma virus |7 oncogene homolog (avian} 0.49
NM_000795 | DRD2 doparnine receptor D2 048
NM_002084 | GPX3 glntathione peroxidase 3 {plasma) 0.4%
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CDHI COOS 10869.1 COL6A3 NM 004369 DKEZ656600
(5 84 000S11215.1 000 10

00053292. 1 6C7O§EC§II.-2D{\IE/IIE7;I.13(7328|6A8é492P586P0123 N51_015531 00020 0010511977.1
CORO2A CCD5 . , 2 000514313.1 0007 CODS 11993.! CPA '
EI\N%O%_ggggogé?gg5CaC{:)g§9§Sl\9ﬂ4og?2(g£21AC200865 10.1 CPLX2 EN8T00000274615 DLNDEC I

1 NI CCDS7486. DL& NM 001364 CEBPZ COOS
1787.1 CETI C COOS 12779.1 DLG3 000514403.1 CE o

. . ECAML
00033404. 1 DFEABP IS 11836.! CEL NM 001807 CABE BPCE(P]%%@%%?))QQ@%PZ

14228. 1y F ST 46 : P ks QOG5 3623, 1
053441 i/ GSNDI AR 033285 DA eENERADABD 358410 Cop—-02 -NM—032 1425 £< pL oC
000538(1&%};! AIA ops S ooorto—oepTiIz TV _Uos 1 20 9VD2
0005 38§33, SRS AL NS (R 40 V175856 DNATGH
Sv: 176730 SR @ OLEZY PCH S22 D00 3IRRRY I Baepanii Sy ol —Accessio 2V N e
Synbol [Agoessi arTl D CopmseCupplouREEps BraRitin a5 e o raa o 2047 ne
13 08 EFMP%HasHDlERaag ey, eemoiCiA PR P (atiny DTV &0 000848381 ERPKIL NM 03
208570008677, o NS RS dbdbUsid EPS8T. 2 NM 022/72 EL320580
NM_001152 | SLC25AS solute carvier family 25 (mitochondrial carrier; adenine nuclectide wanslocator. member 3 0.46
NM 002729 | HHEX hematopoietically expressed homeohox Q.46
NM_002847 | PTPRN2 protein tyrosine phosphatase, receptor type, N polypeptide 2 0.44
NM_000447 | PSENZ presenilin 2 {Alzheimer disease 4) 0.44
NM_152868 | KCNi4 potassium inwardly-rectifying channe!, subfamily J, member 4 .44
NM_001759 | CCND2 cyclin D2 0.44
NM_000316 | PTHRI purathyroid hormone recepior 1 .44
NM_001612 | ACRV1 acrosoma| vesicle protein i 0.43
NM 002467 | MYC v-mc myelocylomaiosis viral encogene homelog (avian) .43
NM 004454 | ETVS ais vanant gene 3 (ets-related moleculie) 043
NM_002846 | PTPRN protein tyrosine phosphatase, receptor type N 0.43
NM_005622 | SAH §A hypertension-associated homolog (rat} 0.42
NM_(01989 | EVX] ave, even-skipped homeo box homolog 1 {Drosophiia) 0.42
NM_000166 | GIB1 gap juncrion profein, bets 1, 32kDa (connexin 32, Charcot-Marie-Tooth neuropathy, X-linked) .42
NM 014685 | HERPUD § Romocvsteine-inducible, endoplastic reticulym stress-indueible, ubiquitin-like domain member 1 0.42 .
NM 001735 | C5 complement componens 5 0.41
NM 005504 | BCATY branched chain aminotransferase 1, ctyosolic 0.41
WM 006808 | SEC61DB SecHi beta subumit 0.40
NM 006751 | SSFAQ2 sperm specific antigen 2 0.39
NM 005947 | MTIB metallothjonein [B (functional) .38
NM 005576 | LOXE] Iysvi oxidase-like 1 0,37
NM 005627 | SGK sertim/glucocorticoid regulated Kinase 0.36
WNM 004683 | RGN reghcaicin (senescence marker protein-30) 0.36
NM 00918 P4HB procoilagen-proline, 2-gxoglutarate 4-dioxygenase (proline 4.hydroxylase), beta polypeptide 0.36
{protein disulfide jsomerase; thyroid hormone binding protein p353)
BCO44862 Macrophage stimulating 1 (hepatoeyte arowth factor-like), mRNA (cDNA clone .35
IMAGE:4821043), with apparent retained infon
NM 05932 | MT1X mefaflothionein 1X (.33
NM 000429 | MATIA ‘methionine adenosyltransferase 1, alpha (.35
NM 004010 | DMD dystrophin (muscuiar dystrophy, Duchenne and Backer fypes) 0,34
NM 000689 | ALDH1AL aldehyde dehydrogenase 1 family, member AL .34
NM 002889 | RARRES?2 retinoic acid receplor responder, (taZaroiene induced) 2 (.33
NM 006280 | SSRA signal sequence recepior, delta {wanslocon-associated protein delta) 0.33
NM 003819 | PABPC4 polv(A) binding protein, cytoplasmic 4 (inducible form} 0.32
NM 000755 | CRAT carnitine aceltyltransferase .32
wNM 015684 1 ATP3S AP synthase, M+ transporting, mitochondrial F0 complex, subunit s [factor B) 030
NM 033200 | BC0Q2842 hypathetical protein BC002942 0.30
BLGY86T LT Transcribed sequences 0.29
NM 148923 | CYB3 cytochrome b-3 0.29
NM 000698 | CXCL1Z chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1) .20
NM 001970 | EPHX2 epoxide hydrolase 2, cytoplasmic 9.28
WM 001332 | CTNND2 catenin {caberin-associated protein), delta 2 (neural plakophilin-related arm-repsat proiein} 0.27
NM 001831 | CLU chusterin (compiement lysis inhibitor, SP-40, 40, suifated glycoprotein 2, testosterone-repressed .27
prosiate message 2, apolipoprotein J)
NM 005080 | XBP1 ¥-box binding protein 1 0.27
NM 000156 | GAMT puanidinoacstate N-methyltransferase 0.27
NM 182848 | CLDNIO claudin 10 0.26
NM 000065 | C& complement componant § 0.26
NM 000128 | F11 coagulation factor X1 (plasma thromboplasin antecedent) 0.24
NM 003822 | MRSAZ muclear receptor sublamily 5, group A, member 2 0,24
NM 006406 | PRDX4 peroxiredoxin 4 (.21
BM7T00844 BNIP3 BCI 2/adenovirus E1B 19kDa interacting protein 3 0.21
NM 018646 | TRPVE ‘ramsient Teceptor potential cation channel, sybfamily V, member § 0.21
NM 005013 | NUCB2 nucleobindin 2 .21
NM 000624 | SERPINA 3 serine (or cysieine) proteinase iohibitor, clade A (alpha-1 aptiproteinase, antiorypsia, member 3 0.19
WM 005065 | SEL 1L sel-1 suppressor of lin-12-like (. elepans) (.18
WM 108235 | RNASE L Ghonuciease, RNase A family, 1 {pancrealic) 0.17
NM 006498 | LGALSZ lectin, galactoside-binding, soluble, 2 {galectin 2} 0.16
NM 002899 | RBP1 retinol binding protein 1, celluiar 0.12
NM 004413 | DPER1 dipeptidase 1 {renal) 0.12
NM 021603 | FXYD2 FYYD domain contanig jon tansport regulator 2 0.09
NM 133038 | PAP pancreatitis-associated protein 0.08
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0005576. 1 DNAPTP6 NM 015535 ER 002 NM 0004 00 FLJ21628 CCDS4440.1 DNHD2
NM 17 8504 ER 004 NM 005236 FLJ21816 NM 024675 DNIvt |L CCDS8728.1 ERCC6
00057230. | FL:21986 NM 024913 DOCK2 CCDS437 1.1 EST | B CODS 1137.1

El - 123420 CCDS12 1 89.1 DOT |L NM 0324 82 ETS 2 CODS13659.1 95223577
E45T00000303 168 DP58 NM 001004441 ETV6 00058643. | FLI 23588 CODS 14049. 1
DPP6 NM 130797 EVI 1 CCDS3205.1 FLJ 25006 CCDSI 1237.1 DRRZ/350b8:s361. 1 EVPL
CODS11737. 1 B{O¥%548%?H0088456. 1 DRD3 CODS29711.1 EXOC2 NM 018303 FLJ26175
71M 00 100 1668 DUOX2 00051 0117.1 EXOSC8 NM 181503 0523 1295 CCDS8763. |
DUSP15 CCDS13 1931. F O 00D8953 O | FL: 32110 000556 13.1 DUSP19 00052289, 1

FI 3A OCDS44967;1-E1-22%% m 02416
CCDS1 2088 2L SE o beh- 84 3 e, PATE S, TCTSAZBrE FI82685 (CTS0645.1 5583
N34_001005468 - , = - FADS'
Cal : 680 \Ectgoﬁa&.;ﬁif%%px = I;D 5 jel h A Conler AR Zin0l0gy Information (NCBI)

(hitp:/fwww.nebinlm. aih. gov/sites/entrez2db=nuccore).
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00088012. 1 FLIR5343:1606959151. 1 EHMI1 CCDS7050. 1 FAN113213 ENETOBOUUE44533
FLJ36180 CCDS3851. | EI F2AK2 CODS1786.1 FAMA7B ENST00000329357 FLJ36748

NM 152406 ELF5 CCDS9980.1 FAMSOB 00054487.1 FLT37396 CCDS5072.1 ElI F5113

NM 015904 FAVB3B CCDS7641.1 PLI3 8020 NM 001039775 ELA2 000512045.1 FAVB4B
NM 019557 0013 8377 COD52164.1 ELAV 54 CCDS533.1 FAMB5C 00082945. 1
F14139155 CCDS3924.1 SUN CCDS5562.1 FAT NM 005245 FL.1395 OE CCDS12331.1
EME2 NM 0010 10865 FAT3 ENS T00000298047 FLJ395 02 CCD52281. | EMDINI CCDS
1733.1 PAT4 CCD83732. | FL140235 CCDS12827.1 W.ILI NM 004434 FBN2

N791 4301999 95241046 NM 207479 ENCL 00054021.1 FBN3 CODS 12196.1 05241993
NNLOOlOg b1eG0 A ENFIO0O 02 X468 p- EXEFOA10 (HOMBEBIEBRYS CODS 12002. 1 9524523!
| LM 001038778 E49ST00000298876 ENST00000298876 FHX03 000578 87. | FLJ45909
CCDS | 25 22.1 ENST00000309390 ENST00000309390 FBX044 ENST00000295 133

FLI 46072 CCDS6410.1 ENS 70000032249 3 ENST00000322493 FB X09 NM 033481
FLJ46365 CCDS6144.1 1545700000324303 ENS T000003243 03-K13 VAG CCDS3777.1
FU46481 0CDS3384.[ TEEtPZRANGE376382 microRNA

Up 10X miR-10b, miR-10a, miR-96

miR-182, miR-189b, miR-21, miR124,
miR-199a, miR-199-s, miR-199a,
miR-106b, miR-15b, miR-188, miR-
148a, miR-104, miR-224, miR- 363

- miR-23a, miR-210N, miR-183, mi

Ve 2 10X o5 miR-200eN, miR-373, miR-17-5p,
let-7a, miR-16, miR-19b, miRk-26a,
miR-27a, miR-92, miR-83, mif-320

and miR-20

miR-143, MiR-186. MiR-337, MiR-
Up 1-2 X 30a-8p, miR-355, MiR-324-3p etc.
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ENST00000326382 mb% @9{;59182 1 FL146536 NM 198483 ENST00000326852:009/032881
ENST00000326952 0084829. 1 FL1908 05 CCDS12603.1 EN5' 100000332477
ENSTC0000332477 FOD5 NM | 52536 084242 NM 020066 ENST0000033397 1 .
ENST0000033397 1 Pl CK? CODS 12691.1 F.MNL 1 CCDS11497.1 1545700000334548
ENST00000334548 PKS G44 COD58! 02.1 EM LL3 NM 175736 HNST0000033 6 168
E245700000336168 FLJ10324 NM 018059 FMR1 CCDS14682. 1 ENST00000340260
E245700009 3410 26 fhi froRNMOTh 20 APES88n Le FNRRAGE alis bl t@ra ¢elBNST00000356555
EN5T00000356555 F1210521 CODS 182.1 FNI CCDS2399.1 ENTH NM 014666 FLT 10647
CODS 406.1 FOX]! NM 001454 59300 0008140 10.1 F1.112886 NM 019 108 PDXF2
CCDS5760. 1 EP1341L1 000S1327 1.1 ELI 14011 CODS 12944.1 FREM. NM 144966
EPC2 NM 015630 ELT14299 00056094.1 FREM2 NM 2073 61 EPHA3 00052922.1 ELI
14490 0005446.1 FRVPD4 NM 014728 EPHA7 0005503 1.1 FLJ 14640 NM 032816
FSTL5 CODS3 802. 1 I REGE (ghé\m@o-LM | FL/ g3 BDS3666. 1 | FLCD CCDS |
3731.1 59552 0005229t Ft126635 M 017631 CCDS 14227 1 FTHL17
miR-218, miR-124a, miR-124b, miR-
137, miR-184, miR-129, miR-33, miR-
139, miR-128b, miR-128a, miR-330,
Down 10X miR-133a, MiR-203, MiR-153, MiR-
326, miRk-105, miR-338, miR-133b,
miR-132, miR-154, miR-29bN

miR-7N, miR-323, miR-219, miR-328,
miR-148, miR-122a, miR-321, miR-
Down 2-10X 107, miR-18¢, miR-29¢cN, miRk-95,
miR-154, miR-221, miR-289, miR-31,
miR-370, miR-331, miR-342, miR-340
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59556 CCDS5873.1 F1-12 0244 CODS12293.1 GAB RAl C0D84357. / EPMA
CCDSSZQG. 1 F1J20245 CCDS7041.1 GAB R121 CCDS50 19.1 WO 2009/100029
Accession Gene Synbol I D Gene Synbol Accession | D PCT/US2009/ 032881
Accessi on Gene Synbol 1D GALNTI 3 CCDS2199.1 ELLS CC 058976.1 KBTHD I 1
Nlvl 014867 GALNT4 NM 003774 HFJ 7 NM 014877 KCNA3 CCDS828. 1 H P1
GALNT8 CC 1)58533. 1 NM 005338 KCNA4 NM 002233 GAS7 CC DS 1 152. 1

HI STI 113 A BCDS#P@29 KCCB 1 CODS 13418.1 GBP3 CC 057 Pf?’Usiﬂ"H’%"Plll 141
CC0S4620. | KCgl32 CCDS6209.1 GDF6 NM 001001557 HKR2 CCObl 2975. 1 KCNC2
CCDS9005. 1 GFAP CCDS11491.1 11MECLL 1 NM 019036 KCNC3 CODS 12793.1 HOXC10
GFRA | (4P %enem&@&vithan MM i 12 R0 Brotn dibBidstbha EE1h648. 1 HOXCO
CCDS8869 1 KCNKl CCDS9880. | GLMAP7 CCDS5903.1 110X134 CCDS2269.1 KOWA
CCDS7352. 1 3 A3 CCDS9289. 1 HPCAL1

Gene Symbol Accession [D Gene Description

MMP1 AK0O97803 Homo sapiens cDNA FLI40486 fis, clone TESTI2043866. [AK097805]

Homo sapiens matrix metallopeptidase § (neutrophil eollagenase}
MMP§ NM_002424 (MMP8), mRNA [NM_002424]

Homo sapiens matrix metallopeptidase 12 (macrophage elastase]
MMP12 NM_002426 (MMP12), mRNA [NM_002426]

Homo sapiens matrix metallopeptidase 15 (membrane-inserted)
MMP153 NM_G02428 {MMF13), mRNA [NM_002428]

Homo sapiens matrix metallopeptidase 20 {enamelysin) (MMP20},
MMP20 NM_004771 mRNA [NM_004771]

Homo sapiens matrix metallopeptidase 21 (MMP21), mRNA
MMP21 NM_147191 [NM_147191]

Homo sapiens matriz metallopeptidase 24 (membrane-inserted)
MMP24 NM_0066%0 (MMP24), mRNA [NM_006650]

Homo sapiens matrix metallopeptidase 26 (MMP26), mRNA
MMP26 NM_021801 [NM,_021801]

Homo gapiens matrix metallopeptidase 27 (MMP27), mRNA
MMP27 NM 022122 [NM_022122]

Note: Gene symbols are standard symbols assigned by Entrz Gene {http: Jiwww,nebionlm.nih.gov/sites/entrez ?db=gene).
Accession IDs are uniguely assigned to each gene by National Center for Biotechnology Information (NCBI)
{https/fwww.nchbi.nkm.nik.gov/siles/entrez Tdb=nuccore).
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CCDSI 671.1 1CCNT1 NM 020822 GLB | L3 EN5T00000299136 RPS5 CCO57836. |
KGL1.115 CCDS12434.1 GLI1 CCDS8940.1 HRB2 CCDS9012. 1 KEAP CCDS| 2239.1 OW
CCDS5465. | 1- IRPT2 CCDSI 382. 1 KI AA0082 CCDS4835.1 GLP1R CCDS4839. 1 1153ST2
COOBI 0606. 1 KI AA0317 EN5T00000338772 GLTSCR | NM 01571 115351'5 NM 153612
KI AA0367 ntois22.5 ON AT 1 CCDS2812.1 1LSGT1 CC DS7321.1 KI AAD372
CCDS4072. 1 GOLG A3 CCDS9281.1 RIR | A NM 000524 KI AAO590 CCDSI 0439. 1 GPC2
CCDS5689. 1 HYBG,@5idk58789. 1 Kl AAD774 NM 001033602 OFRGRRSONEE: 1 LERS
CCDS1343.1 KI'AAI 024 NM 015206 GPRI 10 1NST00000326374 | L12RB | NM 153701

KI AA1086 EN5T00000262961 GPR | 33 CCDS9272.1 IL | 7RB CCDS2874.1 1 Cl AAl 102
N 014988 GPRIS1 NW 19425 EL17RC OODS2590. 1 K AXLL09 ENST00000264501
GPR154 i‘sgiéésja’%ﬂ%k N%%fiﬁ%% KI AAI 219 CCDS13305..1 GPR158 NM 020752
EL2RG 240601 543 E 0016Q208 dRRRE 11 EkkeeCORB7268. |

1

Kl AAL7 Q4 vt o4 rlgaRo4 CCD&t2049. 1 | MPS Nide35l 75882HHKRAL 751 14200
ENSTOO Qgszgzizﬁt ! We%eﬂ. BCLITA 53335 CHEK2 11200
(McLendon et al., 2008). BCL11A 53338 CHEKZ2 11200
BCLI1A 53335 CHEK?D 11200

Hugo Gene BCL11A 53335 CHEKZ 11200
BCL2L13 23786 CHEK? 14200

Egﬁm' E“*’ez—Ge"e—'g aca 613 CHEKZ 11200
o ; BMER1A 657 CHEK?2 11200
sy 5 BRCAT 672 CHEK?2 11200
ABCAS » BRCAZ 675 CHEK?2 11200
ABOCa \cosy BRCAZ 575 CHEKZ 11200
BRCA2 675 CHISL2 1117

ABCCA 10257 :
ABCOA iondl BTK 695 CHIC2 26514
ADAM1Z a0as C18arf25 127339 CHL 10752
ADAM1 S 571 C200r160 140705 CHL 10752
. , C200rt160 140706 CMTM3 123920
ADAMTSL3 57188 Cozorza 25775 CNTFR 1271
ADAMTSLS 57188 ‘ > : ‘
ADM e Corfse 79632 COL11AY 1301
A _ s101 CHorfsa 79632 COL1AT 1277
AKAP2 il Coon7e 203228 COLTA 1277
AP o CAND1 55332 COLIAT 1277
ALK oo CASPY 842 COLIAT 1277
ANKZ o7 CAST 831 COL1AZ 1278
NKe el CAST 231 COLiA2 1278
ANKe pol CAST 831 COLIA1 1281
K 267 CBL 867 COL3A1 1281
ANK2 o caL 867 COL3A1 1281
CCR5 1234 COL3A 1281

ANXAT 301 CD46 4179 COLBAT 1289
222‘;‘7 agég CDC123 . 872 COLBA2 1292
COKLS _ 5792 CoLeA2 1292

ﬁ(ggg P 533?2 CDKN2A 1029 COLBAZ 1202
o S0 COKN2A 1029 CRLFY 9244
fring o COKN2A 1029 CSF3R 1441
el sEante CENPF 1063 CSF3R 1441-
psity Seane CENPF 1063 CSMD3 114788
oL oo CENTG1 116986 CSMD3 114788
oLt o109 CENTG! 116986 CONKIE 1454
AT o CES3 23491 CTNNB1 1499
CES3 23491 CTSH 1512

ATM 472 CHAT 1103 CTSH 1512
ﬁ};hpﬂaw . é’g‘;' CHAT 1103 CYLD 1540
ATR " gas CHDS 26038 CYP27B! 1504
VL b CHEK! 1111 CYP27B! 1534
' CHEK! 1111 CYPaA4 1576

AXL 558 CHEK1 1111 DOX 1841
:i:g _' g;; CHEKA 1111 DOIT3 1849
i R CHEK?2 11200 DDR2 4921
BALE, 25305 CHEK2 11200 DDR2 4921
CHEK? 11200 nBR2 4921

ggﬁgl oo CHEK2 11200 DES 1674
BOL A soa05 CHEK2 11200 DES 1574
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CC DS13089.1 | NHBB CCDS2132. 1 Kl AA1755 NM 001029864 GPR82 CCDS14259. |
114080 CCDS 10071.1 KI AA1944 CCDS9266.1 GPRC5C CCDS11699.1 2177513
MC001017915 KI AA1957 ENS 100000332235 GPS2 CCDS11100.1 114152 NM 020748
CCDS10362. 1 KI AA2013 ENS _
KIF2 A NM 017641 OR HLI

Kl AAI 961 NM 133372 GPX6 NM_| 82701 | QGAPI

100000329923 CGRCA CCDS8563.1 | RGQ NM 00100756 |
NM 198182 11154 CCDS14544.1 |1 ClT25 CCDS5305.1 GRI A3 CCDS14604.1 | RX1

NM 024337 | Cl F3A NM 007054 GRI K2 CCDS5048.1 | SYNA1 CCDS_ 1237
CCDS7080. 1 HRERBAYMPDS6758. 1 1TGA |
ENST00000273083 11043 CCDS 11557.1 KI T CCDS3496. |
NM . 000885 KLF5 CCDS9448.1 GRMB CCDS5794.

NM . 0%?2@16 KPNB1 ccoéiaigsm 1EP§jj=

DHTKD1
DMBT1
DMRT3
LOCK1
DOCK!
DOCKH
DOCK3
DOCKS
CPYSL4
DPYSL4
DsT
DST
DsT
DST
DST
DST
ST
bST
DTX3
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
ELAVL2
EP300
EP300
EP400
EP400
EP4CO
EPHAZ
EPHAS
EPHAS

55526
1755
58524
1793
1793
1793
81704
81704
10570
10570
667
667
667
667
667
667
667
867
196403
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1856
1956
1856
1956
1956
1956
1956
1856
1956
1956
1956
1956
1983
2033
2033
57634
57634
56734
1969

2042 -

2042

EPHAG
EPHAY
EPHA7Y
EPHAZ
EPHA8
EFPHBI
ERBB2
ERBB2
ERBB2
ERBB2
ERBB2
ERBBEZ
ERBB2
ERBB2
EABB2
ERBB2Z
ERBBZ
ERBB3
ESAT
ETNK2
EYA1
EYA1
F13A1
FBXW7
FBAWY
FGFR1
FGFR?
FGFR2
FGFR3
FKBPY
FKBPY
FKBP2
FKEBP3
FKBPg
FKBPS
FKBPY
FKBPS
FKBPS
FKBPZ
FKBPS
FKBP2
FKBP?
FLI
FLi
FLT1
FLT4
FN1
FN1
FN1
FN1
FN1

163

1 N1V_001004439 KFREEt?
ORMB CCOS4442.1 | TGA4

KI N
'172.1 GRIP2

| TGA9 CCDS2669. 1 KLHDC |
CCDS968130 keeSOVL CCDS11354. 1 HigesaB NM 002208 KLEDCAu@OES$:0963. 1 GSR
NM_00088Pol| TGB4BPeCCPSLY249. 18ymbgt0S1298¢¢a CevpPd C 1 SYPB015205194-$4-

3 3 ccps23fiol TTLN £oDS1211. 1 KRA

285220
2045
2045
2046
2046
2047
2064
2064
2064
2064
2064
2064
2064
2064
2064
2064
2064
2065
2089

55224
2138
2138
2162

55294

h5284
2260
2260
2263
2261

11328

11328

11328

11328

11328

11328

11328

11328

11328

11328

11328

11328

11328
2313
2313
2321
2324
2335
2335
2335
2335
2335

FOX03
FOXO3
FRAP1
FURIN
FURIN
FURIN
GARNL3
GATA3
GATA3
GCLC
GDF10
GLiM
GLI3
GLTSCR2
GNAIN
GNAS
GNAS
GPR78
GRIAZ
GHLF1
GAN
GRN
GSTMB
GSTMS
GSTMS
GSTME
GSTMB
GSTMS
GETMS
GS5TMSE
GSTM5
GYPC
HCK
HCK
HELB
HLA-E
HLA-E
HLA-E
HLA-E
HS38T3A1
HSPI0AAT
HSPYCAAT
HSPASB
HSPAS
HSPAS
HSPAS
HSPAS
rHSPAS
HSPAB
I3
IFITM3

2309
230¢
2475
5045
5045
5045
84253
2628
2628
2729
2662
2735
2737
29997
2770
2778
2778
27201
2891
2909
2886
2886
2043
2349
2949
2949
2949
2948
2948
2949
2949
2985
3085
3055
2797
3133
3133
3133
3133
9955
3320
3320
3312
3312
3312
3312
3312
3312
3312
3389
10410



CCDS8702. 1 GUCAZA CCDS465.1 |1 TPRL NM 002222 10. T13 CCO611396. 1

CC0S8335. | 1XL NM 017592 KRT9 NM 000226 11112 CCDS8762.1 JAG ggggi3?i§ 1
KRTAP 11-1 CCDS13608.1 HAPLN4 CCDS12398.1 11/111 CCO514316.1 L3MBI L4
CCD511839.1 HAS 1 CC DS12838.1 . 11MLD3 ENST00000254846 LAM Al NM 005559 FI B
X | P CC DS824.1 17113 CC0510962.1 LAMAA NI 4 002290 FI CK NM 002110 17114 CC

DS 9603.1 LAMAS NM 005560 HECW | CCD55469. 1 K6l RS2 CC0S8833. | LAM C3
C00S6938. | RECW2 NM 020760 KALI CCDS 14130.1 LAM 8105 00
2009/ 100029 WRPEYWIBR Gene Symbol | D Gene Symbol Accession fi"%’)‘m

PCT/ US2009/ 032881 Accessi on Gene Synbol I D LASS 3 000510384. | LRRIES3

CCDS5754 MORC CCDS2955.1 LOT CCD821781 LRRT544 NML/ 249 93 MORC2 NM 014941

LENGS 0065%2894. 1 MAGEE 1 CC B&iofi#8e 3.
I\/ANI OCSymiE4 18238%—%199441$PH13

MOXD |

57407. Eﬁ!tf1§€§O ng)g 4

CCDS5

B e

P RR

12444, 1

1004372

IF%%B LI.G3 chgj‘gl‘284 é’r P TA 4057 NF1 476
IFITM3 10410 LTF 4057 NF1 476
IFITM3 10410 LYN 4067 NF1 4781
IFITM3 10410 MAG 4099 NF1 4761
iIFITM3 10410 MAP3KB 9064 NF1 4761
ILIRLY 9173 MAPK13 5603 NF1 476
L3 386653 MAPKY 5698 NF1 476
K 3611 MAPKSIP2 23542 NF1 4786
ING4 51147 MAPK8IP3 23162 NF1 - AT6:
ING4 51147 MAPKY 5601 NF1 4761
ING4 51147 MAFPKS 5601 NF1 4761
INHBE 83729 MARK1 4139 NF1 4760
IQGAP? 5826 MARK 4139 NF? 476!
IRAK3 11213 MDMm2 4193 NMBR 4821
RS 3667 MDM4 4194 NMBR 482!
RS 3667 MEOX2 4223 NOS3 4841
1S 3670 MET 4233 NOS3 4841
TGAL 3683 MET 4238 NOTCH1 485
TGB2 3689 MET 4233 NOTCH1 485
iTGB2 3685 MLH1 4292 NRXN3 936!
TGB2 3689 MLH1 4262 NTRKS 491t
TGR3 3690 MLH1 4292 NUMA1 492t
iTGB3 3690 MLL4 9757 NUPZ214 802
iTGB3 3690 MLL# 9757 ONECUTZ 5481
ITGB3 3690 MLL4 9757 OR&P2 120086
ITGB3 3620 MLLTY 4303 PAX5 507
JAGH 182 MMBP2 221938 PDGFRA 515
KIAA1632 57724 MN1 4330 PDGFRA 5150
KIF3B 9371 MSHZ 4436 FDGFRA 515
KIT 3815 MSH2 4436 PDGFRB 516
KIT 3815 MSHS 2956 PDGFRB 518
KIT 3815 MEHSE 2956 PDKZ2 516
KLF4 9314 MSHS 2966 POPKA BT
KLF4 9314 MSHE 2956 PDZDZ 2303
KLF& 1316 MSH 4440 - - PRZD2 2303
KLF& 1316 M 4440 PHLPP 2323
KLK8 11202 MTAP 4507 PHB 5105
KPNAZ 3838 MUSK 4593 Plt5 5105
KPNA2 3838 MYCN 4613 PIK3C2A 528
KRAS 3845 MYCN 4613 PIK3C2B 528
KSR2 283455 MYLKZ BE366 PIK3C2G 528
KSR2 283455 MYO3A 53004 PIK3C2G 528.
KTN1 3885 MYST4 23522 PIK3C2G 528
LAMP1 3916 MYST4 23622 PIK3C2G 528
LAMP1 3916 MYST4 23522 RIK3C2G 528
LAXY 54900 MYST4 23522 PIK3CA 529
LCK 3932 NBN 4683 PIK3CA 529
LDHA 39839 NDUFA10 4705 PIK3CA 529
LDHA 3939 NEK10 152110 PIK3CA 529
LGALS3BF 3958 NELL2 4753 PIK3CA 529
LGALS38F 3959 NF1 4763 PIK3R1 529
LGALS3BR 39568 NF1 4763 PIK3R1 529
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NM 002373 MPN2 CODS1563.1 LLMR 00058780. | MAP!? CCDS40 12.1 MPO CODS
11604. 1 LI PH 003272.1 MAP2 CODS2384.1 MPZ CCDSI229.1 IMODD | NM 012134
MAP2K6 00DSI 1686. 1 MR OP RD ENST00000309106 LNI TI C2 CCDS5654.1 MAP4K. 2
CCDS8082. 1 MRGX1 CCDS7846.1 LMX | A CODS1247.1 MAP41C3 CODS1803.1 MRPL38
CODS11733.1 LOCI 13179 CCDSI 2076. 1 MAP4K4 ENST00000302217 MRPS7 CCDS11718.1
LOC113 386 NN 1®ST7B129NMAPKBPL NM 014994 MSLIV NM 0134047 PR3 0%5
CODS10943. 1 MAPT CODS11499.1 MIFI NM 005955 LOCI 26147 NM | 45807 MARLI N
CCDS3 385.1 VITMRL2 NM 019061 LOC 28153 CCDS15 19.1 MARS CCB38942.1 MINR2
CCDS830fRgdcdn©C130951 NML38804 HvScdra CODS 123 .1 MIOH§DS4879.1 LOCL13 1873
ENS?OO@@@BSSll XSS EerdV 032 1 BImdE? wlqanz_lﬂocm@m@i NM_Core0s8s.id

MAST2 NM3B15112 MUCL CEI9S| 098.PIEN.OC167 127 CCHS3914. T2B CCDS4 36 53].
CQD: 2.1 MJCl6

MUCI 5 GEPB7859. | L00229@§7 ENg 000297 186 r\?;% i
_02469@@@*328321 9 NV 0§110298 CCDS5683475d 41302, N002. 457 LOg283398

5292 FTEN 5728 SNF1LKZ 23235

F’LAG“! 5324 PTEN 5728 SNX13 23161
PMIL 5371 PTEN 5728 S0Cs 8681
PMS2 5385 PTEN 5728 SOX1 5664
POUZF 5451 PTEN 5728 SOX11 6664
PRPP2R5D 5528 PTEN 5728 SPARC 6678
FRKCA 5578 FTEN 5728 SPDEF 25803
PRKCA 5578 PTEN 5728 SPN 6683
PRKCE1 5579 PTEN 5728 SPRED3 399473
PRKCE1 5579 PTKZ2B 2185 SRPK2 6733
PRKCD 5580 PTPNT1 5781 ST7 7982
PRKCD 5580 PTPNTT 5781 STATH 6772
PRKCD 5580 RADIL £56588 STAT3 6774
FRKCD 5580 HADIL 55698 STK328 55351
PRKCD 5880 RB1 5825 STK38 27148
PRKCD 5580 RB1 5825 SYP 6855
FRKCZ 5580 RB1 5925 TAF1 6872
PRKCZ 5580 RB1 5925 TAF? - 6872
PRKD2 25865 RB1 5925 TAOK3 51347
PRKD2 25865 RB1 5925 TASTH1 80838
PRKDC 5591 RB1 5925 TBK1 29110

. PRKDC 5591 AB1 5925 TBK1 28110

PEKDC 5591 RB1 5925 TCF12 6938
PROX1 5629 RINTI 60561 TCFi2 6938
PSMD13 5719 RiPK4 54101 TCF12 6938
PEMD13 5719 RNF38 152006 TERT 7015
PEMDI3 5719 RCR2 4920 TERT 7015
PTCH? 5727 RCR2 4920 TGFBR2 7048
PTCH1 727 ROSH1 6098 TIMP2 7a77
PTEN 5728 ROS1 6098 TNC 3371
PTEN 5728 RPN 6184 TNC 3371
PTEN 5728 RPSEKAS 6197 TNG 337
FTEN 5728 RTNt1 6252 TNFRSF11B 4982
PTEN 8728 RUNX1T1 882 TNK2 10188
PTEN 5728 AYR3 6263 TNK2 10188
PTEN §728 RYR3 6263 TNK2 10188
PTEN 5728 SAC 55811 TNKZ2 10188
PTEN 5728 SAC 55811 TOP1 71560
PTEN 5728 SEMAZE 7869 TP53 7167
PTEN 5728 SERPINA3Z 12 TP53 157
PTEN 5728 SERPINE! 5054 TPE3 7157
PTEN 5728 SHH 6458 TPE3 7157
PTEN 5728 SLC12A86 3980 TPS3 7157
PTEN 5728 SLC12A6 $980 TPE3 767
PTEN 5728 SLL.C2EA13 10165 TPE3 7157
FTEN ~. 5728 SLC2BA13 10165 TP53 7157
FTEN 5728 SLCzAZ 6514 TPS3 7157
FTEN 5728 SLiT2 9363 TPE3 7157
FTEN 5728 SLiTZ 9383 TPE3 7187
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ENSTOOG 03 42 823 MCTP2 NV1015349 M.1171 CCDS533.1 LOC284434 P‘E’%R%@%%@ﬁ%
| VI EGF11 00051093208/ MOR°LI NM 52423 LOC339768 CCDS2525.1 MEPI

8.1 MyBL1 ENST0000033 1406 LOC34057 8 NM 001013628 METTL3 NM 019852
MYBP111, NM 00 10 10985 LOC342979 EN5T30000340790 M3C10731 CCDS171.1
MYCBPAP 035133 LOC343521 NM 00 639, MSC13 125 CCDS8374.1 MYH2 CCDS11
156. 1 L U°NM 001,01 2633 1dVGC! 552 @nel-D51178Rd:_GareYH3 CCDSI 1157. 1
LOC388 ?(g vt _001 039614 NEC 1587fd3CDS44341 MYI 16 7€@DS9630. LOC392617
ENST00000333066 M3C20806 0005} 1797.1sdyVHO COD513927. 12490C399706

NM 00101093& M3C2494 CODS 10423.1 MECE CCDS4536.1 LOZa41136 NM 001013719

| vI GC26598p£CDS9036. 1 MYO10+BiM 012334c LOC441476 NM 0030804353 MGEC26988
00054335. ThsaWYO15A F1\1_ 016289 LOCA4F222 ENSTO00903E6AT61 MG 029 649
0CD58033. Th53aWYO | D NM 03 30547 LOO51¥3F42 CCDS4127. 1 M2EZ3407 CODS12207. 1
MYO3A CCDS7#48. 1 LOC63920 NNED22090VAMRC34713 CCDS40734MY06 NM 004999 LOC89
944 NM | 31842 MGC35 138 00ME7701. VLOMYO7B ENS T00006‘23ﬁ2666 LPAL2
ENST0001308#2479 M3C35555 CCBS6307. WNTWogA

TP53 7157 6935
TPS3 7187 ZEBI 5935
TP53 7157 ZNF384 171017
TP53 7157 ZNF384 171017
TRE3 7187
TP53 7187 Note: Huge Gene Symbols are
TP52 7157 assigned [0 individual genes by
TRR3 yakiv EIUGQ Gene Nemenclaiure
ormmittee
TPss 7157 (hitp://www. genenames.org/).
TPs3 7157 Farrez_Gene_Ids are assigned (o
P33 7157 individual genes by Entrz Gene
TP53 7187 (http://www.ncbi.nim. nib.gov/sites/ent
TP53 7157 rez’db=gene).
TP53 757
TP53 7157
TP53 7157
TPS53 7157
TP53 7167
TP53 7157
TP53 7157
TP53 71587
TPE3 7187
TP53 7187
TP53 7157
TP53 7157
TP53 7157
TP53 7157
TR53 7157
TP53 7187
TP53 7187
TP53 7157
TP53 7157
TP53 7157
TR53 7167
TPE3 7157
TP53 157
TPBG 7162
TRiM24 8805
TRIMS3 10612
TRIM33 : 51582
TRIPG 7205
TRRAP 8295
TRRAP 8285
TSCH 7248
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00DS10239. 1 LPEIN3 NM 015236 M3C3 958 1 CODS 12149. 1

CCDS60 12.1 M3C4266 00058522.1 MYST3 CC D56l 24. 1 CCDI\S/g% TM_I\/GCSOO 83223055;
10602. 1 NAALAD2 CCDS8288.1 ERN CCDS8932. 1 MOOS 297 CCDS3873.1 NAALADL2

NM 207015 LRP113 CCD52182. | M DI CODS 14138.1 NALP 10 CODS7784.1 LRP2
CCDS2232.1 M ZE 00D584 14.1 NALP13 NML76810 LRP3 00DSI 243 0.1 NKL2

NM 014048 NAL®boo#10@CDS77761 LRP5 CCDS8181.1 | VELCI CCOSIA$EYY13%8ALPa cC
DS129 36.1 LRRCI6 NM 017640 Ma NM 005933 NAV2 00DS7850. t LRRC18

NM 001006939 M.L2 NM 00 3482 NAV3 NM 014903 ML13 LRRC3B_CCDS2644. 1

CCDS30 aﬁ Elzl & t 92. 1 T kﬁs sy?:gy(é;[)357 gs (;IﬂINLLS N g 8&)1 N%esiion i1y
DS30 athc LiRREAR iNM 0 1294 VRYES 13580™ Bedeiey
2009 /1 lé’%%gigipmgﬁl' sziﬁgg 9(9@8 £539 NGD ﬂgAmlz\JM 0 )65&953323\/}0 APOB CCDS1M03.1
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ABCAT CCDS12055.1 ) )
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ABCAS9 CCDS11681.1 :
ABCBI CCDS3608.1 ARDCI NM_H01029832 ASCLA NM_203436
ABCEE CCDS?ASGIi AHIL NM_D17651 ASCLS ENSTOU000344317
! AIMIL NM_017977 ASGR1 CCD§11089.1
ABCCIO CCD54896.1
AKAPIL CCD$9383.1 ASHIL CCDS1EI31
ABCCI1 CCDs10732.1
ARCCS — AKAPI3 NM_007200 ASTP CCDS13232.1
ABCCS N‘MMODSGSS AKAP4 Cons14328.1 ASTN CODS1319.1
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ABHDT CCDSTI ALDHILI CCDS3034. ¢ ATP1A2 CCDS1196.1
ABL2 O 0073i4 ALDH2 CCD§9155.1 ATP2AL CODS10643.1
ABTE-2 c.:cs;svsgm ALLC NM_018436 ATP2A3 CCOSII041.1
ACADS CCDS3E)53‘1 ALOX12 CCDS11084.1 ATP2BL CCDS9035.1
ACADS CCDSQ207.1 ALOXE3 CODSIIL30.1 ATP2B2 CCIS2601.1
' ALPT CODS2492.1 ATPEVIG3 CCDS1396.1
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12036.! COD55638. | CCDS3667.1 NM _003625 CCDS8160. 1 00051445.1 WO
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200000328980 RYRXchM®©01035 PREXs1 CODS EB#T0. 1 QeoowsﬁquwAN CeDs12989.1
ENSTO00002#2365 SATCS CCDS9300. PR 0r 3 BB0E8751. | Q8REFO S7828.1
ENST0006{37888| 1 SARE? NM 017827 PRKACG (56625 | QINIS6_ Huwpﬁtﬁémoooos
14272 SAHT3 CODSQILr, 1 PRKCG DS 12867 .1s00P169_HUMANENSTDO0GR34233 8
SELF CCDgl 840 1eBR:M | 00050634 1 PPLO3sHJIVAN E34STiH00359406:8CAP2
000554001 CODS6864.1 CRERI CODS2ITAL DHPS CODRSI2276.1
CKILFSFE5 CCDE0560.1 CRIMZ ENSTOC0OG237704 DHX29 NM_019030
CLASP] NM_ 315282 CRISPLDT CCDS6219.1 ™MO3 NM_001362
CLASP2 NM_015097 CRRY CCDs3862.1 DRFZp434 1099 CCDS10787.1
CLCN1 COD85881.1 CRX CCDS12706.1 DKFZp347A023 CLDS8as. !
CLOCNS CCNS14328.1 CRY2 CCDS79158.1 DKFZpS4 781713 CCDsisoil
CLDN11 CCDS32{3.2 CRYAA CCDS13695.1 DKFZP564B1023 CCPS51403.1
CLECLA CCDS86121 CSK CCNS10269.1 DRFZps56411522 CORs14124.1
CLEC2E CCNsSesesl CSMD1I NM_033725 DEKFZp761L1417 CCDS5638.1
CLECTA CCNS8s13.1 CSN3 CCDS3538.1 DKFZp761Ni114 ’ CCD51455.1
CLICS CC813638.1 CSNEK2A2 CCRSI0704.1 DLD CCIs5749.1
CINE CCD85956.1 CSPG2 CCDS4060. 1 DLEC] ENSTO0000337335
CLSPN CCDS396.1 CS8PGS LCD82757.1 DLGAPZ NM_004745
CLSTN2 CCDS3112.1 CSPG6 NM_005445 DMN NM_D15286
CLTA CCDSE600.1 C8TF1 CCDS134352.1 DMTF1 CCDsse01. L
CMIFP NM_198390 CTEN CCDS11368.1 DNAYL NM_015512
CMYAL CCDS52683.1 CTNNAZ NM_004389 DNAHLD CCDS9255.1
CMY A4 CCDsi11292.1 CTNNAZ CCI87269.1 DNAHILL NM 003777
CNNM2 CCDST343.1 . CTSW CCDS581iT. DMNAIIZ CUNsS105%4.1
CNOT1 CCDEICToN.1 ) CUBN CCDS7113.1 DNAHS CCDS3882.1
CNOTI0 CCDs2655.1 CuGeet CCDS7938.1 DNAHS CCDS4838.1
CNOTT TCCD86000.1 CuUGHEP1L CCDS793%.1 DNAFS CCDSLELA0.L
CNR2 CCDs245.1 . CUi4B MNM 003588 DNALDR CCHS11697.1
CINTNG CCDS2558.1 CUTL] CCDSS5721.1 DNCHI ' CCD5%966.1
CNTNAP2 CCNS5880.1 CX40.1 CCDS7i91.1 DNCLIZ CCDS10818.1
COCH CCNS%6e40.1 CXCR3 CCDS14416.1 DNHD3 NM_020877
COGS CCDS5742.1 CXorfl7? CCDS14356.1 DINTTIF1 Crs13368.1
COGS CCDS3742.1 CXorf20 Copsiglgdd DOCEK4 NM_014705
COH1 CCIIS6280.1 CXorf27 ENSTO0000341016 DOCKSE CeD86440.1
COLI4Al NM_021L110 CXorfd7 CCI814322.1 DOCKS NM_(015296
COLI8A] NM_030582 CXXCE MNW_018463 DOX4E NM_152721
COL23A1 CCN84436.1 CYRR CCDS14242.1 DONSON £Cnsizese.l
CQOLI4AL NM_152890 CYPI6CI CCDS7425.1 DRCTNNBlA CCDS5377.1
COIL3AL CCIxs2297.1 CYPAICIS CCDS8T7436.1 DRD3 CCDS2978.1
COoLAAZ NM_001846 CYP2R1 CCDSTRI8 DRGI CCDS13897.:
COLAA4 NM_000092 CYP4F12 NMW 023944 DSGL CCDS11896.1
COLAAS £CDS14543.1 DAR2IP CCDS6832.1 ! DSG2 NM_001943
COL3A3 £CD812223.1 DEBLD2 NM_080Y27 DSG3 CODSTIg%8.1
CGLEAS NM;004369 DCC CCD811952.1 DSG4 CCDS1i897.
COLeAd MNM_057 167 DCT CCDES4T0.1 D&SPP NM_014208
COLBA2 CEDS403.1 DCTNG CLD84310.1 DST CCD84Ysa. 1
CcOPB CCns78isd DDB!I NM_001923 DTX1 CCDS89164.1
COQ2 NM 015697 ODR1 CCDS54680.1 DTR4 ENSTOGO00227451
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ENST00000246798 QY6V0- 3 ENST00000333 891 SOON CCDS4561. 1 PRSS23 00058278.
I QRIC712 NM 032134 SCNI 1A NM 014139 PSMD3 CCDS | 1356.1 RAB6B 00053082. 1
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BCHIXC2 CCDSE571.1 ETV1 NM_004956 PFLI20035 NM_017631
ECOP NM 030796 EVil CCDS23205.1 FLIZO097 ENSTODO00317751
EDDIL NM_OL3%02 EVPL CCDS811737.1 FLI20186 CUDS10289.1
EDGS CCD86680.1 EXOCHB ENSTO00C0272427 FLI2232 CCDS13995.1
EDGS CCDS12240.1 EXTLL CCDS271.L Fly20272 NM_DI'T735
BEFTAL ENSTO0000331523 Fi3B CCDS1388.1 FLIZG204 NM_ 017749
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HEIFAG2 . NM_001418 FAMABA ENSTOO000360252 FLIZ3790 CCDS6346.1
BEME2 NM_D01010865 FAMOGIB NM_019052 FLi25715 NM_i8257¢
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ENPP6 CCDS3834.1 FAT NM_005245 FLJ31438 NM_152385
ENPPY CCRS11763.1 FBN3 CCDS12196.1 FLI32796 CCDS 15071
ENSA © CCDS958.1 FRXO40 NM_016298 FLI32934 CCI¥S1082.1
BNSTO0000294635 ENSTOR000294635 FRXWT CCDS3IT777.4 FLI33i67 CCDEI8yTy
BNSTOO000310882 ENSTO0000310882 FCGRP CCDS1A546.] F1333387 CCDSY783.L
EMSTO0000326382 ENSTO0000226382 FCHSDI NM_033449 FLI34512 CCDS10424.1
EMSTC000G328067 ENSTOC000328067 FECH CCDS11964.1 HLI34658 CCR819idl
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EPHaZ CCDS169.1 FLiil644 CCRs12843.1 F1.240869 CCDSi6912
EPHAS CCDS3513.1 FLI12671 CCDS1153.! PLI4LI70 NM_001004332
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NNL_015267"ECT2| NNLOTEN98. 4 CHDS . RIM 020920,,6¥P1 AL NM_000499. 2| EDEMw :
N114_0141§a LIC:HDg NM©O29134 CYP Az ENSTO0000270201 ZRTB24 NM_014797
TRAPFC3 CCDS4a04.1 USHZA CCDS1516.1 ZBTR4 CCDSi1107.]1
TREML2 CCDS4853.1 USP11 CCDS14277.1 ZBTRY NM_008772
TREML3 ENSTO0000332842 UsP26 CCDS14635.1 ZC3HE NM_198381
TRIM14 CCDSE734,1 USPE CCPS10137.1 ZFPMi MM _153813
TROVI42 CCDSINTAL VANGLI CCDS88s. L ZFYVES CCDSS63.1
TRIVIAS CCDS8ns.l VCAMI CCDSTT3E ZIC1 CCD§3136.1
TRIMA46 CCDS1097.1 VCIP135 CCDS6152.1 ZIK ) NM_001010879
TRIMSS CCDS6186.1 YCL CCDS7340.1 ZMATE NM_024645
TRIMS6 NM_030961 YDP NM_DC371S ZNF1C CCDS9283.1
TRIMSE CCDS1636.1 VDR CCDSET57.1 ZNF150 CCDS12859.1
TRIO CCDS3883.1 VGONLL CCDY9498. | ZNF17 NM_00695%
TRIOBP NM_007032 VGLLZ CCDS5115.1 ZNF18 NM_144680
TRIP12 NM_004238 VIPRZ CCDS5es0.1 ZNF183L1 CCD§Y456.1
TRIPS CCDS5708.1 VMD2 NM_D04183 ZNF188 CCDS6754.1
TRMTS NM_020810 VN2RIP ENSTO0000312652 NP5 CCDST195,1
TRPCAAF CCOS13246.1 VPl NM_(21728 ZNE286 CCDS1721
TRPCE CCDSY3LLY VPILIA CCDS6655.1 ZNF294 NM_015565
TRPM2 CCDS1ATI0.1 VPS24 NM_001005753 ZNF293 CCDS13678.1
TRPM3 CCDS6634. 1 VP54l CCDSI457.1 ZNF30 NM_194325
TRPM4 NM_017636 VPS45A CCDSg44.1 ZNF31 NM_145238
TRPMS NM_D14555 VSIG2 CCDS8452.1 ZNF313 NM_018683
TRPMS CCDSE647,1 VWF CCDS3539.1 ZNF313 CCD54895.1
TRPMT NM_017672 WBSCR17 CODS5340.1 ZNF333 CCDS12316.1
TRFVS CCDS5875.1 WHSCR27 CODSSs61. ZNFI39 CCDS13132.1
TRRAP CCDS5659.4 WOFY3 CCDS3605.1 ZNF343 CCDS13028.1
TSAPE CCDS2125.1 WDR2! €CDS9809. 1 ZNF358 NM_018083
TSC2 CODS10458.1 WDR22 NM_003861 ZNF366 CCDS4015.1
TSCOT CCDS6786.1 WDR24 COPS10420.1 ZNF406 NM_001029939
TSGAID CCDS2037.1 WDR27 NM_182552 ZNF440L NM_G01012753
TTCI2 CCDSE360.1 WDR22 CCDS6613.1 ZNF473 NM 015428
TTCIS CODSTIZA.] WEHR34 CCDS6906, ZNF487 ENSTO000031 5429
TTCG NM_001067795 WDR42B ENST00000329763 ZNF496 CCPS1631.1
TTLL2 CCDS5301.1 WDRS2 CCDS2972.1 ZNF497 CODS12077.1
TTLLS NM_OL5072 WDR6 CED$2782.1 ZNF507 NM_D14910
TTN NM_133378 WDR70 NM_018034 ZNFS45 CCDS12493.1
TIN NM_133432 WDTCL CCDS206.1 ZNF547 NM_173631
TUBGCF3 CCDS9525.3 WEE! CCDST800.1 ZNIS58 CCDS12208.1
TUBGCTS CCDS14087.1 WFS1 CCDS§3386.1 ZNFS85A CCDS12499.1
TULP1 CCDS4807.1 WNKI CCDS8506.1 ZNF628 NM _033113
TRNDCS CCDS5452.1 WNK2 CCDS6704.1 ZNFGT ENST00000323012
TYR CCDS8284.3 WNT9A NM_003395 ZNFT9 CCDS6871.1
UBAPIL CCDS1063.1 XAB2 NM_020196 7P2 CCDS10596.1
UBE2(2 CCDSIITI4 XDH CCDS1775.1 ZSCANZ CORS10329.1
UCHL1 COnse2.L XPOl NM_0034C0 ZSWINi4 NM_023072
UGCaL2 COUDSY4E0.1 XPOT7 NM_015024 2W10 CCDSBI6E.1
UGDH CCDS3435.4 KR_016172.1 ENSTO000035501 3
UGTIAG CODS2510.1 HR_017335.1 ENSTO0000314295 Note: Gene symbols are standard
ULKI CCDS9374.1 YNOGH_HUMAN ENSTO0000281 581 symbols assigned by Entrz Gene
UNG2446 CCDS10850.1 YTEDCZ CEDS4lln.1 (http://www.ncbi.nlm.nih.govlsitcs/ent
UNQ3020 CODSIHS.E YWHAH CCps13901.1 rez?db=gene). Accession IDs
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NM 000761 EDNRA NM 001957.1 CHRND NM 000751. | CYP26A1 NM 000783.2 EEF1G
NM 001404 GG M 8&025. 2 CYP2D6 NN1_000106 EGFL6 NM 015507CHUEIIERS RN

4 006536.3 CYP4A22 NI V1_001010969 MEM NM 015252 .2 CLCNL NM 000083.1 DACHL
N vl 080759 EHMII NM 024757.3 CLCN3 NM 001829 DAZAP | NM 018959.2 El F4A2
NM 001967 .2 CT Fnk NM 001007033 DEN1 NM 004395.2 El F413 NM 001417 CLSPN
NM 02211 .N oqgéégi 24 Bl BS NM 183004. 3 CLUAPL NM 015041 DDO
NN1_003649, 7. M%{Hﬂ 003971 3 CMYAL NM 194293. 2 DDX10 NM 004398.2 ELAVL3
NM 001428} SMVAG, MkAdalscal DDX18 NM 006773 .3 ENTEP NM 001977.2 CNGA2
NM_0051 4@ li+R43n o NMiH0248085s01. BUMPS NM 005442. 2 CNGB | NM 001297 DEFB 128
NM_0010377:32mER4).. AQ=sHM 1915409 CNNMA NM 020184. 2 DENNMA NI N 4015689 EPC2

NM_0156 36" CORTRS NI 10" %@@B NM 004080 ERCC3 Nyl 000122.1 CNTN5 NM 014361
DUKE NNLY© (365788 PNM°6D0124. 1 CNTN6 NM 014461. 2 DGKG NM _001346. 1
EREG NM [pi432it® °

(http://www.ncbinlm.nih. gov/CCDS/)
. Accession s
SENSTH IO KKK X are
uniguely assigned to individual genes

by Ensembi
(htepi/fwww.ensembl.org/index. htmi)
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NM 031431. 2 DHX32 MV 1_0181801 ETV5 NM 004454 COHL NM 017

NM 015124 EVI ZA NM 001003927 WD 2009/ 100029PCT/ US2009/ osgggiB g—)ﬁe

Synmbol Accessi on | D EVI 5NM 005665 EXOC2NM 018303 EX005NM 006544 EXOS

C3NM 016042 FAAHNM 001441. 1 FABPANM 001442. 1 FAVA4ANM 148894. 1

FAMA7BNM 152631. 1 FAMBO13NM 020734 FANCANM 000135 FANCVMNM 020937 FARP

1NM 005766 ), FBXQAQNM 016298 FBXO8NM 012180. 1 FBXWL1NMAkAB0B:s51

FCHO NM 015122 FCVONM 0067311 3011113NM 052939. 2 FEMLCNM 020177. 2 FERLL3NM

&IﬁﬂsggglgﬁN&ﬁﬁfoggoi?w 018351 FCFRZNM 022970. 1 FHODINM 013241. 1

4342 31.110241NM O

0324r\'f\ﬂb611§0 @‘eftf_"f?f‘“ﬁﬂ%SNM owm&mm&no%‘% ?"1? i éigéfgéwﬁ?lzgo%“gféswl

31. 1%] m%jiggh 37L513089MNM 024953c2:F4:.013231NMa923073 3141B479NM

024 %E@ FihiM.gz2744. 131 2145030362780 2 37 114624NMDI2813. 1
N

3121 BoIE5E P, 120152MN1_ 0190005 Y2501 84NT CEDSI0NL
FLI 28 617814A;ce;)53,2.20584mﬁ%7 01789172"¥1220604N %%A%éégollmsm‘
31, 32F ¥21831. 30 3L1 219488025203 11 . 323584%&024588 i
3L325%5N|v| 1788299281, 3314130, 152557, 3 Blad32115NVh&52321. F1ocB32363NM

5
198566:%1 F1232440N) 473685 . lxFL332830NM.@52781. 1 sGene Synmbolosi:334521
31. 336°180 31236748 ELI40342:F1240869 32844821 F11#8455 F1, 34632 F1146354
FLI4625] " 31. 390508, BLNA FLNBAFLNC FMNL3FIVED FNI FNEEIB FOLR2 BEREF“FOXP4
FREM FRVP DI FUGAS»RUS FXRI “035 32 0630 ALY GABl GRBRA4 GABRE (ALK2
GALNT1Z5GALNTS GALMT. 2 GARNEY GDF6 GGAL G MABJms Gl MAPS &Gh&m1 01303
WAS GhBle GKNL 01w0%end | 1 GLT2AL2 GVOL1L. GhBLL G\IPATCI;;:Aacesm Oncckr
NM G01039787 NM F78556. 3 NMikb2406 NM db2347. 3 NM 82625 .2 NWPO®1001697
NM 207386 NM oo%ﬁ@gw 198547, | NM 207465 .1 NVE:1 735971 . 1°RIFO01456

N114_(Q{1457.1 N _AGETBP36 NM 0O2O23 NV 002026, 2 NM_

0
NM 000803. 2 NM 014494, 1 NM | 38487 1 NMEE44966 NM O 9617 1N GLL 4% 2
NM_004960. 1 NNI_@65687 .1 N 05. 1 NOLUOOT51. 1 NMLDO6360. 2 NM02039. 2

NM_00@889. 2 NM 0%42d%: 1 NM 00,[001556 NMR01034845 NM:RA14568

. LeNM9054110
NNI_184801 NM 00¥801557 NV 013365 . 2 NI 8/ dx®14001, 2N 130759, 2 NIVE 175571
NV~ 153987 NM_1339%4'NM _00526:NM 00016852 5NM 019617702 NM 01 220L0%s
NM 005284 1 NM 015101, 1 NV 022471, 2 NM ©53004. 1 NIVE*G14236. 1 Do

ADAMTSLS CCDS8488.1 ARMCXI TOCDS14487.1 CCDS12048.1
ADAMTS16 NM_139056 ARNT2 NM_014862 C190rf28 NM_174983
ADAMTS!8 CCDS10026.1 ARRDCZ CCDS12370.1 C190rf33 CODS12087.1
ADAMTSZ CrDSadad. | ARSA CCDS14100.1 C190:t6 CCDS12052.1
ADAMTS20 NM_I'75851 ARSI NM_001G12301 Clorf1id NM_029576
ADAMTS20 NM_025063 ARTS-1 CCDS54085.1 Clorf129 NM_025063
ADAMTSS CODS12579.1 ASB2 CCDSHE15.1 Clorfi4 NBM_030933
ADAMTSL3 CCDSI0326.1 ASX12 NM_018263 Clort2s CODS1366.1
ADCY2 consIsTal iﬁ i;gff)igj; gorf: ﬁf(;gffx
ADCY# CCDseeT. Aj;,IOA 1‘41»&—024490 c1§1, ‘ccésas'r;_l
ADD2 CODS1906. -

ADPRIHL2 CODS402.L ATP10B ENSTO0000327245 C200rt'134 NM_ODH24675
AFE3 NM_001025108 ATPI0D CCDS3TEL C20orf161 CODSIZITT
AFNAK NM_024060 ATPLLE NM_014616 C200ri26 NM_015585
AHNAK NM_001620 ATP1AD CCD812594.1 Catorfad CCDS13098.1
AHR CCDE5366.1 ATP1B2 NM_001678 C200rf77 CEDSIZI]
ATCDA NM_020661 ATP2AL CCDS10643.1 C2larf29 CODSISTILI
AM2 CCDS1181.1 ATP2B3 CCDs14722.1 C2lorf63 CeDS6ial
AK3 CCDS629.1 ATPEVOAL CCDS5849.1 C2ocf10 CUD82291.1
e e, SRy 20
ALDH18AL CODS7443.1 N
ALDHIA3 CCDS10389.1 BIGNTLL NM_ 001009905 Cloef1S CCD§2994.4
ALDH3A? CODS1I12121 B4GALT7 CCDS84429.1 Clorf18 CCDs2829.1
ALDH3EL NM_000694 BACHZ CCDS5026.1 Clorfy NM_003703
ALDHEAL CCepssiTyLL BAIl NM_001702 Chorfl03 BNSTDO000326916
ALGS CCDS8258.1 Bal CCDS4568.1 CBorf213 NM_001010852
ALMS] NM 015120 BAIAPZL2 NM_(25043 Clorf54 CCDS5304.1
ALQOXS copsyaiz BALAP3 CCDS10434.0 Chorfad NM_024581
AMIGO3 NM_108722 BCI7295.3 NM_001 065850 CTom2l CCDSSIs41
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Gene Synbol Accession | D GOLGA7NM 016099 GOLGB 1NM 004487.1

GOLPHANM 014498. 2 GORASP2NM 015530 035NM 004483. 1 GPCLNM 002081.1 0302NM_
152742.1 GPHBS5N1\ 4 145171 GPNM 3N1\ 4 002510.1 0311115NM 153838. 1
031145NI VI _007227 .3 03117NNI _005285. 1 031181NNI _032554. 2 GRI K2NM 021956. 2
GRI K3NM 000831. 2 GRI N2CNM 000835 GRI N20NM 000836. 1 GRI PAP1INM 207672 '
GRVBNM_ 000843 302 NM 018530. 1 GSNNM 000177. 3 GTF2AidNk2046869. 2
GTF3C1NN1_ 001520 GUCYZFNM 001522. | HAD HBNM 000183.1 HCN3NN1_020897. 1
HDACANNL_006037.2 HD AC7ANM 015401.1 HDLBPNN/ _203346.1 HEBP 1NM 015987
1131. 308NM _133636. 1H ST1HALNM 003546. 2 H ABNM 175065. 2 11K30NM,A02115
.1 HLCSANIsyB80411. ASFT"3NI M 68BEgEbal 2 | | ﬁ@i M 00166368 T°9HOVER2NM 199331
HOOKLNM.035888. 3 HOGsA( 2NNL_022312 HOOK3NMe@32410. 2 HOXANM 15368151
HOXA4NEod 002141201 HS3STANM 086040 HSDIdBINRM 181755cm4F| SD| 7BSNMPE14234. 3
HSHI N1r4:199324. 1cF$s8RA14NL14®16299. 1 IW%BNM 005348™HISPCO49NKP T4 149
HTFOCNW-282984. 2 FIONEYT2ANM 015848, 1 HUVE-I'RiY 0314075 WD 2009/ 100029 Gene
Synbol Ae€essi on | H™ CAVENM oo%gg .2 1FNAZRN, 000605. w}%NB 1NMJQ,DOZ33826 1

| KBKAPK 3640. 2, TKR KBNM 001556. 1 | L 1 BARPL2NM 017446 . 1 EL7RMM-002185 . 2
NANM 032427. 2 | NHRENM: 031479. 3ndRLA2( OAMMAREAM 015723c#007NM _00638:s:.:

| QSEC2NMLOA5075 | RESMNM 002163 cikee] RSANM 068664, 1 | RTAZNM 031281, GEpsisia

| TGAONMc892207. 1 &TEAENM 0022087 [ GALNM 882209 | TGB2RIF 000211, 1St

| TPRLNMP002222 | TRRMIZE 8 09 878RY 3 | AR ITM 006618 F1 M D | ANBEGTB433. 3
| M DLCR¥'004241 ' (PKKI°021991. “KONASNM 002234, 2 KCNCZRM 139136, 2grarss
KCNJ 1NV §00220. 2 N[, T5NM 170 7.1 KCNOBNM. 904519 KEARINM 20350@0skrs.

KI AA0L0JRIM 014680,KIAA0143NM 625137 KI AAGRSSGNM 014708s7KI AA0284NMB15005

Kl AAO36£MM 01522 5ekhohid@427NM 824372, 1 Kl AA0467NM 015284 Kl AAO51BNF014732
KI AAOS28MNM 014802cckiAN0664NM 046229 KI AABBT2NM 01485% Kl AA0676NIFT15043. 3

CARDY CCDS86997.1 CL3TNZ CCDSsizg CCBS1785
CASKIN2 CCD81723.0 CLUAPL MM_015041 DCT CCTIS9470.1
CASPI0 CCDS2338.1 CMAS CCDS8696.1 DDX31 NM_IT5066
CAT CCDS78%1.1 CMYAl CCIxS2683.1 DDX38 CCDE6526.1
CBPAZT2 CCDS13221.1 CMYA3 NM_L52381 DEPDC2 CCD86261.1
CRLN4 CCDS13448.) CMYAS NM_133610 DEPRICS NM_014662
CCDCll CCD811946.1 NGB NM_Q01297 DET1 NM_017996
CCDCI8 NM_206886 CNGB2 CCD86244.1 DFNB31 CCDS6806.1
CCRAR CCDS3438.1 CNTM4 CCDSZ558.1 DGRA CCDSB866.1
CCL2 CCDs11277.1 CNTNS NM_014361 DGKD CODS2504.1
CCNB3 CCDSH43311 CNTNG CCh82357.1 DGKE NML001013742
CCNYL3 ENSTO0000332305 CNTNAIZ CCD83885.1 DGKZ CCDSTI8.L
CCR1 CCDS2737.1 CNINADPE CCD510924.1 DHCR24 CCDS600.1
CCTeA CCDS85523.1 COBLLL CCDS2223.1 DHXE3 CCDSII0T2.1
CCTeB NM_006584 COoCH CCD89640.1 DHXS CCDS11A64.1
CE163 CCIDS8578.1 COHL CCDS86280.1 DICER] CCD8993Ll
CD1A CCDS1174.1 COLILAL CCDET78.1 DI2B NM_173602
CE200R1 CCN52069.1 COL14AL NM_021110 DEFZp313G1715 CCOS4073.1
Chaq CCD87897.1 COLI7TAL CCD8T554.1 DKFZP434BG335 NM_015393
Cha CCDS7999.1 COL22AL CCD8E376.1 DETFZP434G1415 CCLS88743.1
CD78A CCD812589.1 COLAAlL CCIS9s1td DKFEZP43411717 CCDS3805.1
ChE6 CCDSAKL COLAAS NM_0G0092 DEFZp43200527 CCDR82430.1
CDC42BPA CUDSISEL COLSAL CCDSE982.1 DKFZPS56410863 NM_015456
CDHI CCDS10869.1 COL6A3 NMI_00436% DRFZp5660084 CChSi1215.1
CDHID CCNS3892.1 COLEC12 NM 130388 DKFZP586P0123 NM_015531
CDH20 CCDS11977.1 CORQZA CCPS6735.1 DKFZp761A052 CCDS14313.4
CDH7 CCDS11993.1 CPAMDE NM_O15692 LC] CCDS598s.1
CDENZA CCpsesiod CPLX2 ENSTO0C00274615 DLEC? ENSTO0000337335
CDEN NM_001264 CPNI CCDS7486.1 DLG2 NM_001364
CEBPZ CCDS1737.1 CPTIC oStz DLG3 CCDS14403.1
CEECANMI1 CCDS6801.1 CPZ CCOE3204.1 DLGAPI CCDS11836.1
CEL NM_001807 CREBEBF CCDS10508.1 DMD CCD8i4228.1
CEL3R1 CCNSi4nT6.1 CSFIRB CCD813936.1 DMF] CCDS3623.1
CENTD1 CCDS3441.1 CSMD1 NM_033225 DMNAZL ENSTO00R0358410
Cepls2 NM_032142 CsMD2 CCDE380.1 DNAHLL NM_003TT?
CEP2%0 NM_025114 C3583 NM_175856 CNAHS CCRS3gsL.l
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KI AAO703NM 014861 KI AAO774NM 001033602 Kl AAO789NN1_014653 Kl AAO863NM 014913

 KI AAO913NM 015037 KI AA0934NM 014974. 1 Kl AAO999NM 025164. 3

KI AAL012NM 014939. 2 Kl AA1117NM 015018. 2 KI AA1161NM 020702 Gene Symbol

Kl AA1324 Kl AA1377 Kl AA1414 Kl AA1632 Kl AA1797 Kl AA1826 Kl AA1914 K1AA1946

KIBRA KIFI4 | CIR2DS4 KLHL | 0 KULL 15 KLK15 Accession | D NM 020775 .2

NM 020802 NM 019024 NM 020964.1 NM 017794 NM 032424 W@g@@g@p NM 177454

NM 015238. WINNPUHHE75 NM 012314. 2 NM 152467 NM 03062

NM_002269. 2 NM 198695. 1 NM 181615.1 NM 182926. 1 NM 005559 NM 000426. 2

NM_002290 NM 007356 NM 015602.2 NM 002300.3 NM 018192.2 NM 006498. 1

NM_OO%%’%%W;I, b NM_ 053&5@@ NM _00535dkc2 NM_ e@wwo NM_ 0863 50t NM_14082581¢n

NM 13 17NM 1384351 NN1_001010845 NV 17; .2 NWL145300 NN, L§2755. 1

NM 198181, 1 NM 203: “7‘ NM 17851%. 2 NM_ 0 20 NM 091001664 NMc£91012418

NNL_1 .1 NV QD1013641 NM.001010902 NV01013650: Mk 001024683 0.

NM 001043712 NM Q03013713 NM:=001013715 NM<@01039790-PET/ US2009M082881 Gene

Sy b obmduOC652968-ch:®E88523 LOBBO529 LOCIE4Er: LOXL2 LPOFRB A LRRCIH LARC4

LRRCABckRRC7 LRREW:1LILUZPS LY¥ST LYST LZTS2UNACEL MAGEASI MAGEAL WA %

Acces&Tén | D NNI™0U1037666 NMI? 033 111 WNL<178122. 138370 NM.002318

NM _00BT51 NM 00672 %g%““mm 017640 NM 022144%,3 NI V1_152759 NM 02Q794. 1

N1T4_f§4735. T NMLDLZ760 NM 0QG081 NM 1004005736 NM 032429. 1 NM0%2090. 3

NM 004988. 3 NM _002362. 3 NM 282506 NM 046249. 2 Nr M 204222. 1 NWMVO209382. 1

NM 178645 1 NM 0246411 2 N1\ 4:000240. 2 NM-©92373 NM 004672. 3 NNFS002754. 3

NM 014894 NM 00187 M 002388 NM_006500°NKkF033412. T {IP 1 _ 015of§55§“

NM 020533. 1 NM 0FZ82%F NM 005320 NN1_ OOﬁW%NM 0034852 NIv1_032718. . 2

NM_ 14%126 1 NM_ 1%&5693* 3 NN4 840.2 NML1A%705.2 N ;§é773 NM ££3807. 2

NrM_ 29996 NN, 152377. 152383 Nl\&m@l%ogl 2 NMEB54024. 3 :MW022765. 2

KPNAS5_ APlO 8 4@5{%@20 1 KTNis: LAVAL LANMAR:LAVAG LAMB4s LAP1B LB1E8 LEPREL |

LGAL S2ulsHOGR LI PSodusTE LLOL1mbMO6 LOCL 127 lLOCl1313958%001138238”5*{66123876

LOC126@48 LOC200420:d10C220920x8C25301 210255374 L 0L283849 L6€E§

LOC339745 LOCS4O¢P5~‘6735L0C37495%~“LBCS88595£NEE?@‘$§§§15 LEE389151 LGE3

LOCA4B925 | OCA40TER* 1 0CA410701H0646870 o, , GED2 IVA%E&LQMGI

MANEAZTRIOA VAP | R RiRP3Ke MAPKILZ, MAPKBP 1, MASP1 NAZ NGAM NCART Lok 2 L 2
YPC1 MED Dgg@:zc MEAPSWMEC1 1332 MBEL7299 NGORA688 MGC240#F:MEC27019

M3C33242 MEC3337Q0MaC33657 MaE34837 MEG4R474 MIC5297:Wk A2 M CALEIZILWD

2009/ 480029 GenewSyniel Accessiton | D Ger@sByfilisl  Acceg8fon ID 70"

PCT/ US2009/ 032881>®arie Synbol*ccessi on M CAL- L1 “RET

033386. 1, NEL

4
NM 008267 . 1 OSBP2*RM 030758™M CLI N1 113255 NF2, N§L 000268..2 &BPL1 |
NM 02%@&294635 la%Dmg 427 B‘?ASC NM_ 015696, OTC NM 900531, 3 Mxbsbiosrs
TNSTO000C258876 ENSTO0000298876 FBXO3 CCDSTEsT.L PLI4590% CCDS§12522.1
" ENSTO0000309390 ENSTO00003093590 FRXO41L ENSTOO000255133 FLI46072 CCDS6410.1
ENSTOO000322403 ANSTO000G322493 FBXO9 NM_033481 FLI46363 CCDS6144.1
ENSTO0000324303 ENSTO0000324303 FB W7 CCDS3777.4 FLI46481 CCNS3384.1
ENST00000326382 ENSTO0000326382 FRXWE CCDS%182.1 FLI146536 NM_198433
ENSTU0000326952 ENSTDO000326952 RGD2 {CCDSaszg.! FI.180803 CCDS12603.1
ENSTO0000332477 ENSTON000332477 FGD3 NM_152536 FMN2 NM_020066
EMNSTD00003335971 ENSTOHO00033397 1 FKRP CCDS5126911 FMNLI CCDS11497.1
ENSTO0000334548 ENSTOO000334548 FKSG44 CCDS8I0L FMNL3 NM_173736
ENSTO0000336168 BNSTO0000336168 FLIT0324 NM_018059 FwviR CCDS14682.1
ENSTO0000340260 BENSTO0000340260 FLII407 {CCDE583.1 FNMR2 CODS14684.1
ENSTO0000356555 ENSTOO0003565553 FLI0521 CCDS182t N1 00823890
ENTH NM_014666 FLJ10647 CCDE406.1 FOXH NM_001454
EP300 CCD&14610.1 FLJ12886 NM_019108 POXP2 CCDS576G.1
EPR41L] CCDSiazTLg FL114081 CCDS12944.1 FREM NM_144966
gpcz NM_G15630 FLI14299 CCDSE094.1 FREMZ NM_207361
EPHAS COpS2922.1 FLI14450 CCDS446.1 FRMPDA4 NM_014728
EPHA7 CODSs03Lg FLJ14640 NM_032816 FSTLS CCns3goet
EPHBL NMWMI‘ FLIZ003Z CUDS3666,1 FICD CCD513731
EPHB2 CCns22s.1 FLI20033 Ni_O1TE3 L FTHL17 CCDSI4227.]
CCDSI2I03 GABRALI CCDS4357.1

EPHBG
EPMIA

CCDS3873.d
CCDS5206.1

F1J20244
FLI2G245
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SLC22A9 SLC25A3 0 SLC35A2 SLC35FI SLC38A3 SLC39Al 2 SLC4A3 SLC6A3 SLCGA5S

SLC7A7 SLCBA3 SLCBA3 SLC9A10 SLC9A2 WD 2009/100029 PCl71:52009/ 032881
Gene Synbol Accession ID Gene Synbol Accession I D Gene Synmbol Accession |ID
SLCO2B 1 NM 007256.2 TACC2 NNI _206862.1 TREM.1 NM | 78174.2 SLFNI 3

NM 144682 TAF | NM 004606.2 TREM . A NM 198153 SLICK NM 198503 .2 TAFI B
NM 005680 T 7116 SMARCAL1 NM 014140.2 TA-KRP Pwlg TRI P
NM | 82919. %F%ﬁ&l 005496 2 TAS2R13 NM 023920.1 TRI leégéN%l%O%S%Z 3
SMO6L1 NM 024624.2 TAX | BP | NM 006024. 4 TRI N129 NM 012101. 2 SMOX NM
175839. 1 TBCI D19 NM 018317 1 TRIM36 NM 018700, 2 SN NM 023068.2 TBC | D2B
NM 01500 SRIGBP NMFSEEED39141 @Naaand 018F6ESTEX1 NVEgES98RI 1 TRIPES"
NM_004238..SNX25 NM-Q31953 TBXASl: NM 001061ss2s. TRPCA NM,Q16179. 1 SGHLEL, NM
001012415:4CEALS NM221012979 sERPVMB NM 0145555 SORB S hieM 01538500« CF1
NM 000545243 TSN NMeB84622 SO RG»8» | NM 052888.2 TCF7LiveilRM 031283 ck»FTC 15

NM 0160805 SORL1 SNWPE03105. 3 STRRE| NM _005997. 1 TMEMI325 MMLos2007
SILC2BAZ COPSE670.1 STARDS T CCDS14390.1 TMEMISA NM_018043
SLC2A1 CCDS477.1 STAT4 CCDs23ed TNVEMI6C NM_031418
SLC2AZ CCDS8586.1 STIM1 CCD87749.1 TMEMI6G NM_C01001891
SLC2AS CCnss9.1 STXI10 NM_005990 TMEMGEIB NM_018426
SLC3I3AL CCR83173.) STK23 NM_014370 TMEMS CCDSR10407.1
SLCI0ALD NM_020342 STK33 CCDSTT80.1 TMEPAIL CCDS13462. 1
SLC3vAS NM_0123{9 STMN4 CCDS6635.1 TMPO CCRS59064.1
SLC45AlL ENSTO0000289877 STNZ CCDEY8TAEL TMPRES13 NM_032048
SLC4AL0 NM_022058 SULF1 CCDSs204.1 TNE CCD84702.1
SLCSAS CCDS8814.1 SULE2 CCDS13408.1 TNFRSF8 CCnS144.1
31LC3A9Q NM_031467 SV2A CCDS%40. 1 TNK1 NM 003983
SLCBALS CCDS9026.1 SYNEIL CCDS5236.1 TNNI3 NM_000363
SLCBALT NM_DOIDIN898 SYNE! CCDS5237.1 TNR CDSI3i38.1
SLCGAZ CCDS10754.1 SYNE2 CCDS8e781.1 TORIA CCBS1329.4
SLCAAZ CCDS83863.1 syp CCDsI4321.1 TPS3 (065229030501
SLLCOAS NM__ 004594 5YT1 CCDSS0ET. L TP53BP! CCDS5100%6.1
SLCOLA2 CCDSa686,1 5YTé CCDS8711 TrG CCDSIs42.1
SLLCOI8 CCHS8685.1 sSYT? NW_ 04200 TREH NM 007180
SLCOLCT CLDS368. L T CCDS5290.4 TRERF] CCDs4867.1
SLCO4AC NM_180991 TAFIB NM_005680) TRIVIAT NM _001065207
SLITRK2 CCD814680.1 TAFIL NM_ 153809 TRIMSS CCDS81636.1
SLITRK3 CCDS3197.1 TAF4 NM_003185 TRPMIL CCDS10024.1
SLITRES CCDES465.1 TAS2R41 NM_I76883 TREM2 CCRSIa710.1
SMAD3 CCnsn22Ll TATDN2 NM_D14760 TRPMAI CCDS6634.1
SMAD4 CCDS11950.8 TRCID14 CCDS3394.1 TEC2 : CCDS10458.1
SMARCA4 CCRS812253.1 TRXIS NM_152380 TSP-NY -~ CCDS8e237.1
SMOC] CCD8Y798.1 TBX18 ENSTO0000330469 TSTA3 CCDS6408.1
SMTN CCDS13886.1 TRBXS CCD89173.1 TTBKZ NM_173500 -
SN CCHS13060.1 TBXG CCDSI10670.1 TI‘CIIZ CCDS8360.1
SNCAIP CODS41311 TCER3B CCPS11933.!1 TTC21B MNM_024753
SNRPC NM_003093 TCFL.1 CCB8989.1 TTC24 ENSTO0000340086
SNX1i6 CCDS6234.1 TDRD7 CCDS8E725.1 TIFL CCDS5948.1
SNX28 CCDS12477.1 TENC? CCDSR842.1 TTK CCD84993.1
SORLL1 CCD58436.1 TESSP2 NM_132702 TN NM_ 133378
S0¥3 CCDS14669.1 TEX14 Nu_ 198393 TTN NM_133437
5Py CCDRS37L] TFCMLI CCDS2134.1 TUBB3 CCDS10988.1
SPAP1 CCDS81168.1 TFF2 CCD813684, TXNBCS £CN83089.1
SPATAL3 ENSTO00C0360220 TFPE2 CCDS5632.1 UBE1L CLDE2805.1
SPINLWI CCDR1559.1 TFR2 NM_003227 UBE2M CCD812087.1
SPTAN] LCDS6905.1 TESMI1_HUMAN ENSTO0000314720 UBQLN4 CCD51i27.0
SPTBNZ2 crnsaiso.l TG NM_003233 JBR2 CCDS4870.1
SR1z0_HUMAN ENSTG0000319822 TGEFBR2 CU82648.1 UBXI? ENSTO0000206318
SRCRB4D CCD55385.1 TGIF2 CCDSI3278.1 UCP3 TCB88229.1
SRRM2 NM_016333 THNSLE CCIST147.1 ULBPI CCDS85223.1
SST CCDB3288.1 THSDYB ENSTO0000272643 UNC13C ENSTO0000260323
STEGALZ CCDS2073.1 TIMELESS CCDS8918.1 USP0 NM_D01008363
STOGALNACS CCDS673.1 TIPL NM_175610 USP3t CCDS10607.1
ST8SIAS CCD8i1930.4 TLL2 CCR8§7440.1 TUSP3g CCDS37IR.L
STABI NM 015136 TMTSF: CCDSE301.1 UsP42 NM_G32172



TTC213 NM _024753 OX 13 NM 005686 TCP1 NM 030752.1 TTC3 NM 003316.2 SOX' S
NM 006942 T %]OWQ&61O TTC7A NM 020458 SPI 10 NM 004509. 2CTDRDG/032831
NM_ 001010870 1133378 SP AG6 NM 012443.2 TECTA NM 005422.1 TI NDC3

NM 016616.2 SP AT 82 NM 023071 NM 000459.1 UBE2l NM |194261.1 TEX

SPCS2 NM 014752 TESK | NM 006285. | UBE20 NM _022066 3PEN NM 015001.2 TESK2
NM 0073'ET0 g(%m. 9 NM H2:6adn . 2 SP&4, 4946 ABcesqN031276 UNQI356

NM 207 ) EX] 1 DSPINK5 NM 006846 TFAP2D NI “172238. 1 UCR

NM 006830 2 SPO11 NM.47'912444. 2 FONM 003235%%15%
NM 14458923 TGMB NNEBOB245 USP3471 Nt 014709 s?i“”“r&)i
NM 007 F¢2E8 USP54 NPE89586. 2 SPTANL NM_ 0031, o

NM 021625 SPTHNI . NEPL78313 T AM- 22 NM 001010,

NM_ 020903 SPOCDL
NM 003126 TH1333
'THG- | NM 030935. 3 UTP | 4C
LUTS2R MN/'1_018949. 1 SPTLCL

NM_0064T5 . 2
VLDLR C‘CDSﬁdAG 1 ZNF560 CCDs12214.
VMDA2LI NM_ 017682 ZNFG L4 CCDS12847.1
VPSI3A CCDSE655.1 ZNF638 CCDS1617.1
VPS13D NM_018156 ZNF645 CCDS14205.1
VPS16 CCDS13036.1 ZNF648 ENSTO0000330948
VPS39 CCDS10083.1 ZNF682 NM_033196
VSIGE CCDs14335.1 ZYCGLIB MM _024646
VWE CODS8539.1
WAST3 CCDSG318.1 Note: Gene symbols are standard
WHBSCR14 CCDS5553.1 symbols assigned by Entrz Gene
WBSCR17 CCDS5540.1 (btpy//www.ncbinim.nih.gov/sites/ent
WDR1 NM_O05112 rezTdb=gene). Accesgion s
WORY ceosons | by Nations Center for
ggzzB 2;48_'15(?5233329763 Biotechnology Iz}formﬂt;ion {NCBI)
{herp:/fwww.nebi.nlm.aih.gov/sites/ent
WDR CeDS14572.) rezdb=nuccore). Accession IDs
WHSCI CCDS3357.1 “CCDSXXXX” are uniquely assigned
WIRE CCD811364.1 to individual genes by National Center
WNTOA NM_003393 for Biotechnology Information
WRNIP1 CCDS4475.1 (NCBE)
KKR4 NM_052898 (http://www.nebi.nlm.nih.gov/CCDS/)
XPNPEP! CODST360.1 . Accession [Ds
XPOT7 NM_015024 VENSTXXXXXXKXXXX” are
¥R OLT918.1 ENSTO000025865 uniquely assigned fo individual genes
- by Ensembl
XYLT2 CCDS11563.1 (hitps/fwww.ensembl org/index htmi).
YLPM]1 ENSTO0000238571
YNOO2_HUMAN ENSTO0000334389
ZAN NM_172059
Z3TH24 NM_014797
ZBTB33 CCDS14596.1
ZRTB7? CCDsi2liad
ZC3H123 NM_001610883
ZC3HDRCT CCns10550.1
ZDHHCA CCDS5352.1
ZFHX1B CCDS2186.1
ZFP36 CCDs12534.1
ZHXS CCDS813315.1
ZIM3 NM_0352882
IMATA NM_024643
TNF1Y3 CCDS13124.1
ZNF136 NM_.003437
ZNF148 CCDS3031.1
ZNF238 CCRS1623.1
ZNF253 ENSTO0000327867
INF3L NM_145238
ZNF333 CCDS12316.1
ZNF334 NM_199441
ZNF365 CCDS7264.1
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UFA NM 052864 VAV3 NM 006113.3 SPTY2D1 NM_ 194285 TI MELESS NM 003920. 1

VEPH NM 024621.1 SREBF2 NM 004599.2 TLLI NM 012464.3 VGCNL1 NM 052867. 1
SRGAP3 NM 014850.1 TLN1 NM 006289 VW NM 000552.2 SSEA2 NM 006751.3 TI N2
NM_ 015059 WARS NM 173701.1 SSNA1 NM 003731.1 TMASI R7 NNI _003271.3 WL3P4

NM_007187. 3 ST8SI A3 NM 015879 TMED1 NM 006858.2 WBSCR28 MV 1_182504

TMEML23

TMEM 3213 NNWDEYY

STAB 1 NM 015136 NM 052932 WDR48 NM_ 020839
53 NM_I 82627.1 STAT | NM 00731

ser el K 015666

WDR60 NM 018051 STAT4 NM 003151.2 TMEMB7 MV 1_183240 WDSOF1 NM 015420
NM 018255.1 TMEM39A NM 018266.1 WDC1 NM 021197.2 STATTP1
NM_ 018387.2 TMEM6Z NM 024956 WAL siiMc® 18 RkBssdioSIBX 12 &hXBynisoNM _latédedn it

STRBP

NNI _003pbls 1% FHEMPBRITNPRSS3 NM. 014698 N 4022. 1 | XAB2 NM,003391. 1
NM_020 FgBRUSRytationg jrpsest NM 018837. 2 NM 132377 T}\Axr%gses TNERSH ’
NM | 536&@ftseradapted from the - — D 06129.2
- O iper by Weod er. al. (Wood APBB1 NM_145689 BOC NM_033254.2
ot al., 2007). APC2 NM_005883.1 BRCAL NM_007296.1
APCS NM_001639.2 BRCAZ NM_000059.1
Gene Symbol Accession D APOC3 NM_001646.1 BSPRY NM_017688
13 1 1 1
wow: owomeo MR Mumen o ame e
ABCAS NM_001089.1 APXL NM“001649:2 Cl0uef39 NM_ 1943031
ABCAs NM. 000330.L AQPS NM_001169.2 1000145 NM 0314512
ABCBL NM_ 012089.1 ARC N'M_Olilg’j 2100754 NMﬁGZZIS;m
ABCES NM_ 056891 ARFGAF3 NM_014570.3 C100r756 NM_L53367.1
ABCRS NM_007188.2 - ) - :
ABLS M 007314 ARFGEF2 NM_006420, 1 C10orf64 MM _173524
ABLIMI NM_0023}3.4 ARFRPL NM _003224.2 Cllorf3? NM_001007543
AP NM_001091 ARHGAP11A NM_014783.2 Cllord NM_013279
ACADM NM,_000016.2 ARHGAP2S NM_001007231 (130724 NM_006346
Oy M 0016982 ARHGEF4 NM_615320.2 Cl4or100 NM_036475
ACTL NM. 0006661 ARIDIB NM_017519.1 Cl4orf161 NM_017795.2
ADAMIZ M 003474 2 ARRB1 NM_020251 Cldorfl21 NM_138360
ADAMTSIS NM_139056 ARRDC3 NM_020801 Cl4orflss NM_032135.2
- ARV1 NM_072786.1 Cldorfi6l NM_024764
ADAMTSELG NM_133638.1 .
ADAR M 0011112 ASB11 NM _0B0873.1 Cidorfz! NM_174913.1
ADHIB NMWGOOGGS ASGRL NM_001671.2 Cldorf2o NM 1818141
ADHFEL M. LA4650.1 ASL NM_000048.2 C1400fd6 NM_001024674
ADRALA N 033302, ASTN2 MM_01401C.3 Cl7ortd7 NM_001038704
AECP NM_2(36920.1 ATCAY NM_033064 Cl7orf64 Nu 181707
AGBLA M 032785 ATF2 NM_001880.2 C18orf19 NM_152352.1
‘ - ATN1 NM_0G1940 C190:f28 NM_174983
AGCL NM_001135 ATPI0A NM_024450 C1%0rf6 NM_033420.2
:ggf: :ﬁﬁﬁi Zf ATP12A NM_001676 Clorfi50 NM_B01013615
AHSA2 NM. 1523921 ATPZA3 NM_174955.1 Clorf2 NM_006589.2
M MM 001624 ATPEAPL NM_001 183 C1GB NM_(00491.2
AKAPG NM 0042743 ATP6VOR NM_004047.2 C200r13 NM_012261.2
AKAPS NM 0058552 ATPEB1 NM_005603.1 C20orf121 NM_024331.2
- ATPEB4 NM 024837 C280rfi6l NM_033421.2
2523{ xﬂggzz;ﬁ ATRN NM_139321.1 C200sf177 NM_022106.1
- - ATXNZ NM_002973 C2007£23 NM_024704.3
ALMSI NM_OLS 120 AVPIL NM_021732.1 C200ridd NM_018244.3
ALS2 NM_020919 AVPR2 NM_00D054.2 C220rf19 NM_003678.3
ALSZCL NM..147129.2
" B3GALNT2 NM_152490.1 Corfl4 NM_032313.2
i;;giig Nﬁ“iiéiﬁ' : B3IGALT4 NM_003782 CSarfld NM_074715.2
- BAIL NM_001702 Corf102 NM_145027.3
AMFR NM_001144.3 .
AMIGOL MM 520703 BAPI NM_004656.2 Chorf145 NM_183373.2
- BAT2 NM_080686.1 CHorf174 MM, 001612279
AMOTL NM_130847 BAT3 NM_080703.1 Chorf204 NM_206921.1
AMPD2 NM_139136.1 BAZIA NM_013448.2 Chorf21 NM_001003693
AMPDZ NM_004037.5 BAZ1B NM_(32408..1 Chorf213 NM_001010852
ANAPCS NM_ 016237 3 BCG02942 NM_033200.1 Chorf31 NM_030651.2
ANANQ ﬁ*gggig' i BCARL NM_D14567.2 CTorfl1 NM_138701.1
’ - - BCCIP NM_016567.2 Co0rf126 NM_173690
ANKRD2S NM_D:5199
X BCL1IA NM_018014.2 CYorf37 NM_032937
ANKRLZS NM_L73505.1 BCORLI NM_021046.2 COorf67 NM_032728.2
ANKRD30A NM_052997.1 BGN NM_001711.3 CACNAI1B NM, 000718
ANKRDS NM_198798.1



NM 003790.2 XBP1 XD11 NM 005080.2 NM 000379.2 SUPT3E1 SURF | SUSD3 SUV39H2

NM 181356 NM 003172.2 NM 145006.2 NM 024670.3 TNS TOP | TOP2B TP53

NM 022648 2 NM 003286.2 NNl _001068 NM 000546.2 XKR7 XPOs5 XPO7 YY2

NM 001011718 NM 020750 NM 015024 NM 206923.1 SYNE2 NM | -82914.1 TPM4

mm 822;28 éY%ETss NM 024784.2 SYT3 NM 032298.1 TPTE NM | 99261. ZBTB39

2 NM 032943 TRAD NM 007064.1 ZCCHC14 NM

NM 170685 TREN'KIPY1i8643. 2 zCcSL3 NV 181706.3 WO 2009%%8%%9%3%04

PCT/ 1 JS2009/ 032881 Gene Synbol Accession | D Gene Symbol Accession | D Gene

Synbol Accession | D ZDHHC4A NM 018106.2 ZNEI 42 N191 005081 ZNF281

W %Sj&;@% éﬁ&;ﬁgﬂ%&@gg%zgﬁﬁﬁw 007:k4BsidNE318 NBArd 5¢ddb. 1 ACEREE I
37A N )Q7094 ZEYVE26 NM 2

ZNE22 r\éﬁé {gg’ 963 2 é‘;25 NM oﬁg 1661 z%ﬁﬁﬁl 00341%5?551@525 q;fiffl

N1%4 14504152 ZNF432::NM 014650:2:5dNFI 0 NM_9%5394. 4 Zra6dndM 0084d4osZNF436

NM 030634~724F 1240\IMo@8431 ZMERF7 NM 0240@u921 ZNES 28 MM 2095 MMZNFE32

NM 01818ENZD3 ZNESA$9NM 032265741 NM_000094,72 DKFZp779B1540 NM_001010903
- CAMTAL NM_ 015215 COMMD7 NM_053041 DRX3 NM_015881.4
CAPNLL NM_007058 COPG - NM_016128 DLEC! NM_007335.1
CBFB NM_001755.2 coQs NM_(20312 BMD NM_004606. 1
CCDels NM_052857 CPA3 NM_001870.1 DNAH17 NM_003727
CCDC18 NM_206886 CPAMDS NM_615692 DNAHS NM_001365.1
CCDCE6 NM_001012506 - CPER! NM_{130594 DNAHY NM_061372.2
CD2 NM_001767.2 CPS1 NM_001875.2 DNAJA3 NM_005147.3
CD74 NM_001025159 CPSF3 NM_016207.2 DNAJAS NM_104283.1
cDY7 _ NM_001784 - CROCC NM_014675 DNAJC10 NM _018981
cpeR? NM_001256.2 CRRY NM_030782.2 DNAICI3 NM_015268
CDHI10 NM_006727.2 CREP2 NM_004229.2 DNASEIL3 NM_004944.1
CDHZ0 NM_031891.2 CRTCL NM_025021 DNM2 NM_604945
CDHS NM_001796.2 CRX NM_000554.2 DNM3 NM_015569
CDKL2 NM_003048.2 CRYAA NM_000394.2 DOCKL NM_001380
CDON NM_016952.2 CSEN NM_013434,5 DPAGT? NM_001382.2
DSt NM_001263.2 CSMD? NM_033225 DPAGT! NM_203316.1
CENPE NM_001813 CSNID3 NM_198123.1 DPP1O NM_020868
CENTE! NM_014716.2 CSNKID NM_001897.3 DPPE NM_130797
CENTDS3 NM_022481.4 CSPP1 NM_024790 DPYD NM_000110
CENTGL NM_014770.2 CST4 NM_001899.2 DRIM NM_014503.1
CEP290 NM_(25114 CTF8 NM_001039690 DSCRS NM_(18962.1
CFHLS NM_030787.1 CTNNAL NM_001903 DSG2 NM_001943
CFL2 NM_138638.1 CTNNAZ NM_(04389 DTNA NM_032578.4
CGi-14 NM_D15944.2 CINNDL NM_001331 DTX3L NM_138287.2
CGL-37 NM_016101.2 CUBN NM_001081.2 pUoOX1 NM_017434
CHD1 NM_001270 CuTC NM_015960.1 DVL3 NM_004423.3
CHDS NM_015557.1 CUTLL - NM_001913.2 DYSF NM_003494.2
CHD? NM_01778C CUTL2 NM_015267 ‘BCT2 NM_018098.4
CEDS NM_620926 CYP1Al NM_000499.2 EDEM1 NM_014674
CHDY NM (25134 CYP1AZ NM_000761 EDNRA NM_001957.1
CHRND NM_000751.1 CYP26A1 NM_000783.2 EEFIG NM_001404
cIC NM_015125.2 CYP2DE NM_000T06 EGFLS NM_015507.2
CLCA2 NM_G06536.3 CYPaA22 NM_001010969 EHRP! NM_015252.2
CLCN1 NM_000083.1 DACHIL NM_08075% EHMT1 NM_024757.3
CLCN3 NM_001829 DAZAP1 NM_018959.2 EIF4A2 NM_001967.2
CLECSA. NM_001007G33 DENi NM_004395.2 EIF4B NM_001417
CLSPN NM_022111.2 jtov) NM_021227.2 EIFS NM_t83004.3
CLUAP: NM_015041 BhO NM, 003649.2 ELAT NM_001971.3
CMYAL NM_194293.2 DDX10 NM_,004368.2 ELAVL3 NM_001420
CMYA4 NM_173167.1 DDX18 NM_G06773.3 ENPEP NM_001977.2
CNGA2 NM_005140.1 DOY3X NM_024009.1 EOMES NM_005442.2
CNGB1 NM_(01297 DEFB12% NM_001837732 EPADN NM_01.5400
CNNM4 NM_020184.2 DENND2A NM_015689 EPC2 NM_01563C
CNTN3 NM_020872 DGKB NM_004080 BRCC3 NM_000122.1
CNTNS NM_014361 DGKEH NM_003647.1 BRCCSE NM_000124.
CONTNG NM_014461.2 DGKG NM_001346.1 FREG NM_001432.1
coas NM_031431.2 DHX32 NM_018186.2 BTV5 NM_004454
COH! NM_017890.3 DIp NM_015124 EVI2A NM_001003927
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Z. NF674 NM 001039891 ZI NF546 NM | 78544. 2 ZNF694 NM 001012981 ZNF548

NM 152909 ZNF707 NM 173831  ZNF569 NM 152484.2 Thl F75A NM 153028. 1

ZNE644 NM 201269.1 ZENH T2 NM 014205.2  ZNF646 NM 014699. 2 Not e: Cene
synbol s are standard synbols assigned by Entrz Gene

(http://wmv. ncbi. nl.mih. govisites/ent rez?db=gene). AcLesabRfoshids " NVLXXXX"
are uni quel Wadg'gHeétl t o each gene by National Center for Biotechnol ogy

I nformation (NCI31) (http://ww. ncbi.nimnih.goy/sites/ent rez?db=nuccore)

WD 2009/ 100029PCPUS2009/ 032881 ABCA1 ABCA6 ABCB | AS CB 11 A13035 ABCCS

ABCD4 ABI %BP ACAC%[SA%QFIR ACS kA kS ARRSBIARAMLO ABheANRE ADAMBESSADRVG
ADAMT SE* ROAR 15 TS18 ADAlvrr§2o ADANT S200,- ADAMT SL3 ADARB2  ARCY8sADCY9
ADD3 ABEGRA | AFN[LW%? B Pl A 6 " ‘Al CAP1. Ag,ﬁ%os AKABRG AKAP9 AL Dihoadst AL GO
ALK AL | ALS2 Aj\mco AVDT2: AVPD ANP 18385 ANAPCA oA ANKFNW_SIARIKRDL 1
NNI oog 2,2 NMO %> 2 NM_060827. 3 NLVAMODOB742 NM K7BS59 . 3 NWI-005688
NM 00505@. 1 NM 015428:NM 19883%wse NM 0149T.T2%5NM 022977. L NM 0 3

Nl Y1_020683.5 NN x038274. 1 NVE@1%269. 2 NW-02%8220. 2 NM.001109 N ,818

NM 139685+ \ 4108855 1 N RFE95003 NMI7HH5R1, NM 204517, 1 NVI1w018£02. 1
NM 001¥#878 NM 00T448%NM 0168 2 N1M 000§ (ds.4; NNI _ 004640982 NMn@1B289. 1
NM_00162%°NM 0051 {02, .M M_006 375 NNL_0Q¥274s3 NNL_085751. 3 N19910%2190. 2
NM_024 740 NM 004304 Mk | 52525.:@s:NM 024744 159M | 98498%1 NM 016267773

NM_000Q36: 1 NM 000488241 NM 013367. 2 NNI _ D048, 2 NM_ 153228 NM 0 ! Gene
Synbol =ANKR 026 ARRB0B2s APC APGBE AP 5 APFWO%PGB AP ' AQR ARAL, Ak SQEF |
AR - | GEFch AR HGEFMROUARHGEFO "ARR3 ASCC3L, 17 ASE-1 AT ATP | AuAbRiz | C

ATP12ATRIPI 3A1 ATBLAS ATP13AS ATPOVIEL AIBEAS ATP SBANAVPRIB ARLInBCAP29
BCAS2 Bl 11 B B9 BiCD BVPGBVPR2 BPI kel wBRAF RFI BrRUNOL6 BTBDMUBTF3LA C
1 Oor f {37, O Cor f 25, G4A00r f 64 Cierd 72 C 1xdorfsit C 136K Cldor f ¥487CH Sor t 2
C 1701 C 7or f 4@ ofl77or t 149 rohgcessi on¥M000s03.2 | D NFE14915 N ;
NM 000038::2 NM 004848:31 NM 006595 NM 0178851 NM 000384, 1 NV 1 7
NM 0146 NM 001654-KF 006421 F9%9* NM_ L9900~ T "M 014629:,NM 015188 assso2

NM 00433, 1 NM 01282425 NM 015889 1 NM 034810, 2 NM 032489 NI V1_$W3694. 2
NNI_O0TEF6 NM 020 g % R 198505, MM 198505 bty D01696 c2c3aM 016525M V2024837
NM_0007157 NM 0010 NM_ 00108405 NM 0658%%0.1 | NV 02298, NM_ UM%’? !

NM 001714 1 NN1_OQd#d&«2: NNI _085204 NM OFBZZE 1 NM_ oe*&@% 2 NM_
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SREBF2 NM_004595.2 TLLI NM_012464.3 VGONLI NM_052867.1
SROAPI NM_014850.1 TILN1 MM _006289 VWE NM_000552.2
SS5FA2 NM_006751.3 TL.NZ NM_015059 WARS NM_173701.1
SSNAL NM_0G3731.1 TM4SF7 NM_003271.3 WRP4 NM_007187.3
STBIIAB NM_(15879 TMED1 N _0068358.2 WRSCRZS NM_i82504
STAB1 NM_015136 ThEM123 NM_052932 WDR48 NM_020839
STARDS NM_014725.2 TMEM132B MM_052907 WDRS3 NM_182627.1
STATI NM_007315.2 TMEMZ8 NM_D15686 WDRS0 NM_018051
STAT4 NM_003151.2 TMEMI7 NM_183240 WD30F1 NM_015470
STATIP] NM_018255.1 TMEM39A NM_018266.1 WFDC1 NM_021197.2
STREP NM_018387.2 ' TMEMG2Z NM_024956 WNK1 NM_018979.1
STXiz2 NM_177424.1 TMEME3A NM_014698 WNT2 NM_003391.1
STX5A NM_063164.2 TMPRES3 NM_024022.1 XARZ NM_0201%6
SULF2 NM_(18837.2 TMPRSSE NM_153608.1 XBP1 NM_003080.2
SULT6B1 NM_0061032377 TNFRSF2S NM_003790.2 XDH NM_(00379.2
SUPT3IH NM_181356 NS NM_(22648.,2 KKRT NM_001011718
SURTY NM_003172.2 TOP1 NM_003286.2 XP0O5 - NM_0207530
SUIED3 NM_145006.2 TOP2B NM_001068 XpO7 NM_015024
SUV3I9H2 NM_024670.3 TP53 NM_000546.2 YY2 NM_206523:1
SYNE2 NM_182914.1 . TPM4 NM_003290.1 ZBTB3 . NM_024784.2
8YT3 NM_032298.1 TPTE NM_199261.1 ZBTR39 NM_014830
SYTL.2 NM_032943 TRAD . NM_007064, 1 ZCCHC4 NM_015144.1
TACY NM_170685 TREM1 NM_018643.2 ZCSL3 NM_181706.3
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KCNC4 KCND3 KCNH4 KCNQB KCNT1 KCTD 16 KDR KI AA0182 KI AA0367 KI AA0415
Kl AA0528 Kl AAO555 Kl AA0556 KL4A0789 KLkA0934 Kl AA1078 Kl AA1185 KI AA 1285
Kl AA1409 Kl AA1468 Kl AA1529 KI AA 1727 KI AAI 875 KI AA2022 KI F13A KLF5 KLRF1
KRAS KRT20 KRT AP |. 0-2 Accession | D NM 006040 NM 005529 NM
130770.2 NM 024012. | NM 03 1407 NM 005896.2 NM 000598.2 NM 173588

NM_ 020789. 2 NM 006083 NM _002184. 2 NNL_015232 NM 1814%%15%%&9%49. 2

NM 003604. 1 RRF2H1%B%26. 1 NNI_002208 NM 000212. 2 NM 00 068. 2
NM_005549. 2 NM 004770. 2 NM 004978.2 NM 004980.3 NM 012285. 1 NM 019842. 2

N M 020 822 NM 020768 NM 002253. 1 NM 014615.1 NM 015225 NM 014855

NM 014802 WML 14788 eRiohM 015202 shithdd 146/&3esblivh B 4974 cdneNhid) 34 58 ceskion 1D

NM_ 020 1 NV mm gg/l ozoSéﬁ%} NM_020, ABS(éSNM 1 020893, NM 0333935515

NN 03%%? NNI 00 7 NM 113 NM.ADATO5. 2 NM 2001730 . 2 Mih4es016523
NM 004985, 3 NM 019¢ sh0::1 NM 198693 Genewbymhal KRTARw740-8 KS R2ooladMAL
LAVAA bANBs3 LAVBAv hAMG | LASzietz LCNI O LGN®sk:DB1 LDLRARS LEF1 LCOMBWLEER LI G
| LI G3zEl LRB | LNEMB2:1MO7 LO@I222258 LOMCEPEER47 LOCEZ9531 LOCIBYZEeY:
LOCL67 270 LOC2230P5 66388 1997091807 PPN 1 LP PRIVELRCHA LRP-{™1‘Rp2
LRRCA ERRN6D LRTNI2'TSP 1 LzT83*avDel NEANZAZ ‘MAP1B AB2 MAP2K Pkl P2
MARLYN%@&SH MCFL 2 MOVBAP NGRMCRS 1 MgDolieddk M EF2C MEGF6  Accessi on
ID NM_ 95. 1 NMyk #3098 NM 085559 NM 0022980::MV 000228. 1 NM 007356

NM 002293:. 2 NN1_@8:56206. 2 NMz6@7 100171200 1001676 NM 003893. 3

NM 0010&6978 NN1 1016269. 2 NM B21636. 1 NVM-G82310. 2 NM 000234. 1 NN1_013975.
L NM 086669 NM 0322372 NM 0053528 .3 N W-i#5248. 2 NM | 45807 NM |38798. 1
NM 2073825 L NM I'P481%2%2 NM 194300. 1 NM 001013638 NM 182493. L NM 145693. 1
NM 022737. NM 002319 NM 002332.1 Nm 004525. 1 NM 022143.3 NM 001004432
NM_ 001039029 NNI__00 1013253 NM 032429.1 NM | 82830 NM 006122 NNL_005909. 2
NM 0023;24332% m@%i 5 NM 012324 NM | 44720.2 NM 014975 NM 015078. 2

NM 0038063, :MMid #2858:s2xN1\ 4_006337. 3 NM 053002 NM 002397 NM 001409 WD
2009/ QU2 ACF’@’FI*@SZOQIQI 032881 Gene Synbol Accession | D Gene Synbol
Access) on 113 GahE SVIH0!I Accession ID MET NM 000245 NI D NN4_002508. | PQZD2
NM 1728t MENE-NM OA8540. 2 NLGMX NM 181332. 1 PDZRN3 NM 015009 MoC] 3125
N 54 0827252 NODALMe018055. 3 PDZRNA NM 013377 .2 MGCL5730 NM 032880. 2
NOS 3 "RKitfO66BD3. 2 PE BP4A NM_ 144962 MG3C16943 NM 080663. 1 NR3C2 NM 000901. 1
PEG3 NM 006210.1 M3C20470 NM | 45053 NTNGL N151 014917 PERI NM 002616. 1
MEC26733 NM 144992 NUP210 NM 024923 PERQL NM 022574 MGC29671 NM 182538. 3
NUP210L
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NM 207308 PEX5L NM 016559. 1 M3C32124 NM 144611.2 OBSCN NM 052

NM 206996. 1 54GC33407 5. 1M | 78525.2 ODZI NM 014253.1 PHI P EMBSE'?%?,Z.FS
MGC33846 NM 175885 OLEMR2 NM 058164. 1 PHKB NM 000293.1 M3C39325 NM 147189.1
OVAL NM 145243.2 P100 NM 032634.2 M3C39545 NM 203452. | OR 1003 '
NM 001005465 PI K3CA N54_ 006218 M3C48628 NM 207491 OR131' 1 NM 001004485 Pl K3
R5 NM 1143080 400d¥e652022 NM 198563. 1 ORI E2° NM 003554, IPCRIISDOY I | 38694, 2
MGC52282 NM 178453. 2 OR2T33 NM 001004695 PKHD | L | NM 77531 M3C5242
NM 024033, | OR2T34 NM 001001821 PKNOX1 NM 004571.3 M3C8685 NM_ 178012. 3
OR4A 1}806%%081%052 4 PLA2GAB NM 005090 M{RNR,N54_005664, 1 ORAKLAccession
NM_oo%g 12 Bl R 17803%emSPPbaiM 005489. 1 OR5 TR SKIRP°' 1524300 PLB 1
NM_15 é%(y‘ ‘%er 70606. 1 ORSkAn2d| NMROOE0O4759 PLCERUNM 0028612KPMP 11
NM_oo]u@{) A 3 b& DM 0010054 FBEPLECL NWE-2UT378 MVP2 CKINE 0253?3&%;T 92

NM_00 .95&,91 HLAPL NM 0151034BAMRN2 NNUBZHTE6. 1 ORS CKT-M 00
PNLI PRP @M 09539%5“5] 1 APGSL _00454Y. citorf1g" —
Gene Symbo D API5 NM_006595 C2 108029 NM_144991.2
ABCAL NM._005502.2 APIN \Nliddmmgsgs.z (;2101;1t’88 m_1537.:4
ABCAS NM_080284.2 Ag 824 N M~?gzz{}ji g"“ﬁg NM_194250.1
- ABCB1 NM_000927.3 APOBASR L4691 czmm NM_032266
ABCBII - NM_005742 AERF NM_001654 Camp iM_Oggé?j;
ABCES NM_178559.3 AR;GEH NV 0064212 ca ff; ;‘Tﬁ-g 1
ABCCS NM_005688 ARFGE M_UES1 or NM_02451
ABOD4 NML005050.1 ARHGEF1 NM..199002.1 CHorf191 NM_001010876
ABIAEP NM_ 015420 ARH(EEI?T.G gm_ong Cgort29 NM_025257.1
ACACA NM_198839.1 igggaﬂg Nﬁﬁéﬁ?; ! g9B £21 Eﬁﬁggggg
ACIN1 NM_014977.1 8 N : o S
ACSLA NM. 002977 1 ASCCaLl NM_014014.2 Cab4s NM_016547.1
Acsu NMﬂ01g234.3 ASE-1 NM_012099.1 CACNALA NM_D00068
ADO2S NM”020683'5 ATADI NM_(532810.2 CACNAILB NM_000718
ADAMIO NM_ 033274 1 ATP1LA NM_{32189 CACNAZD? NM_ 018358
ADAMI9 NM 0142692 ATP1IC NM_173694.2 CACNB1 NM_199247.1
ADAM?3 NM_()zszzdz ATP1ZA NM_N01676 CACNB2 NM_2015396.1
ADAMS NM_ 001100 ATPI2AL NM_(20410 CAD NM_004341.3
ADAMTS: NM 06085 ATPLI3AS NM_198505 CAPN10 NM_023086.1
ADAMTS15 NDS_135055.1 ATP13AS NM_198505 CAPN13 NM _144575
ADAMTS!E NM._ 16935 5'1 ATPEVIEL NM_001656.2 CAPNG NM_(114289.2
’ . - | ATPSA2 NM_016529 CARD12 NM_021209
ADAMTS20 NM_025003
: ATPRB4 NM_024837 CBFA2T? NM_005187.4
ADAMTS20 NM_175851 )
AVPRIB NM_000707 CCARI NM_018237.2
ADAMTSLE NM_207517.1 , ‘
ADARB2 N 0187021 AZI NM_001009811 CCNB3 NM_033031.1
ADCYS NM_001115.1 RCAP29 NM_0D010084058 CI109 NM_133493.1
ADCYO ier_{)om 6’ BCAS2 NM_005872.1 CD248 NM_020404.2
R NM 0168242 RCL11E NM_022888.1 CDOGL2 NM_134445.1
ADORAL NM._00067 4‘1 BCLY NM_004326 CDCI4A NM_003672.2
‘ - ) BICD1 NM_001714.1 CDHI3 © NML_001257
AFMID NM_001010982 = )
AGTPEP! NV 0152391 BMP6 NM_001718.2 . CDH18 NM_004934.2
ML ' ;IMmam o BMPR2 NM_001204 CDH23. NM_022124
- BPILI NM_025227.1 CDHG NM_004932 2
AKAPIZ NM_005100.2 i
AKAP3 NM_006422.2 BRAF NM_004333.2 CDKLS NM_003159.1
AKAPS NM._ 00427 P BRF1 NM_001519.2 cpol NM_001801.1
ARAPO NM 0057513 BRUNOLG NM_052840.2 DSl NM_001263.2
ALDEALI NM_0121L9,0‘2 BTAD4 NM_025224.1 CEACAM20 NM_198444
ALGO ' NM. 0247 40‘ BTF3LA NM_152265 CENPF . NM_016343
ALK NV 004304 C100tf137 NM_{15608.2 CENPH NM_022509.3
ALSPCR11 NM 162525, C100rf28 NM_(14472 CENTB1 NM_(14716.2
ALS2CRE ) ;\IMmoz 47 44' C10orfd4 NM_173524 CENTR2 NM_012287
o . C100:£72 NM_144984.1 CENTD3 NM_(022481.4
AMACO . NM_108496.1 '
. © Cl2orfil NM_018164.1 CGL14 NM_015944.2
AMOTLZ NM_016201 :
AMPDL NM._ 0000361 13017 NM_024546 CHDY NM_017780
AMPD3 Nt\/i—OOOf-‘t-B{)‘l Cléerfils NM_018228.1 CHD8 NM_020920
ANAPCA w;v;—om‘m‘z Cl3ef2 NM_018958.1 CHL1 NM_006614.2
ANKS ;,M5011 452 C170xt27 NM_020914 CHR4158YT NM_001014372
A;\;KFNI ]‘\?M'l 53225; C1Torf46 NM_152343 CHSTE NM_(22467.3
- - ; ; N ;
ANKRDL! NM_013275 C170rf49 NM_1748973 CINP NM_032630.2
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NM 002430 OR6C1 NM 001005182 PNVA3 NM 013364 MPO Nivl_000250.1 OR6C6
NM_ 001005493 PNPLA | NM 001039725 NI PP3 NM 001932 OR6C75 NM 001005497 PPM
| F NM 014634. 2 MRGPRE NM 001039165 OR8K3 NM 001005202 PPPI R1I2A NM 002480
MRPL23 NM 021134 08131) NM 002556.2 PORN NM 005710.1 MS4A5 NM 023945. 2
OSBPL5 N M 020896 PQLC1 NM 025078.3 MIFEEDI L NM 015440.3 0513PL5 NM | 45638
P RDVD NM 0208 2:69Mdek32 NM 002456. 3 OTOP2 NM_ 178160. 1 PcRAISkoopd2805041. 3
MUC16 NM 024690 OVCHL NM 183378 PRG2 NM 002728.4 MYADML NM 207329.1 OVGP1
m_gggigg.g m) 2@] NM 178013. 1 NEY01813 NM 032608 OXCTI NM 000436, 2 PRKCE

1 . 223.2 P2RX7 NM O PRKCZ N\ 002744
015194 PoEywbg 14&%%%79. 2 BRI RN Eo%%g% 1r4|v| Y%éeWﬁTéUSAI%ﬁ;%@ W
NM 020168. 3 PRKDG:NM:©06904 DpMDPRNPI P \Mv@HD1 NM 00TB83579 PARK4121572
NM 01821621 NM S240683MYR8 NWMO15011 PRORM 207128 FAXGARON1 4G M 0321453

FBXW7T

CLSTNZ NM_022131.1 DMRTAIL NM_022160.T NM_033632.1
CLSTN3 NM_014718.2 DNAHI1 NM_015512 FCN NM_002003.2
CMEOR! NM_D20311.1 DNAH11 NM_003777 FCN2 NM_004108.1
CNESRZ NM_014927.2 DNAH3 NM_017539.1 FERD3L NM_152898.2
CNOTEL NM 144571 DNAHS NM_001371.1 FGF13 NM_033642.1
CNTN1 NM_001843.2 DNAJCIO NM_018981 FGOFi4 NM_175929.1
CNTN4 NM_175613.1 DNAICS NM_014787 FHOD3 NM_025135
COL12A% NM_004370 DNALI NM_003462.3 FIGN NM_018086.1
COL3Al NM_00009C.2 DNAPTPS NM_015535 FLJ10241 NM_018033
COL4AS NM_001847.1 DNASEIL3 NM_004944.1 FLJ10404 NM_019057
CORC1H N 0204471 DPEP1 NM_004413.1 FLJ104G0 NM_018111
CORC2ZB NM_006091.1 DPP10 NM_020868 FLI10321 NM_018125.2
CPAMDS Nivi_015692 DPYSL2 NM_D01386.3 FLIT10560 NM_018138.1
CPE NM_001873.1 DSCAML1 NM_020683.2 FLJ10665 NM_,018173.1
CPO NM_173077.1 DSTN NM_006874.2 FLF10996 NM_019044.2
CRB1 NM_201253.1 DTNB NM_183361 FLI11000 NM_018295.1
CRINKI.1 NM_D16652 DUSP21 NM_022876.2 FLI12770 NM_032174.3
C3DA NM_003651.3 DUXAC NM_001023569 FLI13303 NM_032180
CSELL NM_001316.2 EbaA NM_001399.3 FLJ14803 NM_032842
CSMDI1 NM_033225 EDD1 NM._ 015902 FLi16171 NM_001004348
CSMD3 NM_198123.1 EFS NM_003864.2 FLI16542 NM_001004301
CSNK1AIL NM_145203.2 EIF252 NM_003908.2 FLJ20294 NM_017749
CTCHL NM_D80618.2 EIFAGI NM_198241.1 FLI20726 NM_(17953.2
CTEN NM_032865.3 EMILL NM_ 004434 FLI21019 NM_024927.3
CTNNAL NM_D01903 EML2 NM_012155.1 FLI21986 NM_024913
CTNNDZ NM_001332.2 ENI NM_001426.2 FLI22679 NM_032227.1
CTSH NM_004380.2 ENPP2 NM_006209.2 FLI25477 NM_199138.1
CUBN NM_(01081.2 EPHA3 NM_005233.3 FLJ3zzs2 NM_18251C
CUTLL NM_(01913.2 EPHA4 NM_004438.3 FL.J32312 NM_144709.1
CX40.1 NM_153368.1 EPHAT NM_004440.2 FLI33534 NM_182586.1
(Xorf33 NM_(24332 EPHB1 NM_004441 FLI34633 NM_152365.1
CYP4R3 NM_0067253 EPHBO © NM_004445.1 134622 o NML_152270.2
DACT? 4 NM____OEééS}..d‘ ERCCSH NM_000124.1 FLI35834 NM_178827.3
DBC1 NM_014618.1 ESSPL NM_183373 FLI36115 NM_153254.1
DCC NM_005215.1 ETAALS NM_019002.2 FLJ38964 NM_ 173527
DCHS! NM_003737.1 ETFDH ) NM_004453.1 FLI40142 NM_207433.1
DDEFLL NM_017707.2 EVC2 NM_147127.2 F1.742418 NM_001001695
DDHD2 NM_015214 EVL NM_016337.1 FLJ43339 NM_207380.1
DIt NM_001001711 EYA4 NM_004100.2 FL}43980 NM_001004299
DDIT3 NM_004083.3 E7H2 NM_0D04456.3 FLJ44653 NM_001001678
DDN : NM_015086 3 NM_000130.2 FLI45273 NM_198461.1
DDX53 NM_18269% 3] NM_000132 FLJ46082 NM_207417.1
DEFA4 NM_001925.1 FAMH)2B NM_0031010883 FLI46154 NM_198462.1
DEFB111 NM_001037497 FAMI9AS NM_015381 FLNC NM_001458
DENNDIC NM_024898 FAM26A NM_182484 FMN2 NM_D20066
DEPDCZ NM_024870.2 FAM3A NM_021806 EN1 NM_002026.2
DGCR2 NM_005137 FAM40A NM_033088 FNDC1 NM_032532
DHRS2 NM_0057%4.2 FANCG NM_004625.1 FOLH1 NM_004476.1
DITG7ALS NM_018982.3 FAT NM._005245 FRAS1 NM_023074
DKFZp76112123  NM 031449 FBN1 NM_000138 FRASI NM._032863
DLG3 NM_021120.1 FBNZ NM_D0199% FRMPDZ NM_152428.2
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NM 014117.2 NALP7 NM | 39176. 2 PARPS NM 024615.2 P ROL

NM 176811. 2 PBEF1 NM 005746.1 PROS | NM 000313.1 NAV] NMloTlé\l%ggllié)S@N AP S
NM 025245.1 PRPS 1 NM 002764.2 NBEA NM 015678 PBXI P NM 020524. 2 PRSS |

NM 002769. 2 NCDN NM 014284.1 PCDH I | X NM 032968. 2 PRTG NM 173814 NCR1

NM 004829. 3 PCDHA9 NM 014005 PSMA2 NM_ 0D2787,3 N DST? NM 004784. 1 PCDHGA?
NM 032087 PSbEmoNb®R02805. 4 ND UFAL NM 004541. 2 PCDHGE@T W@?ﬁbS PTEN NM
000314 NEB N54_ 004543 PCP4 NM 006198 PTPRD NM_ 130391.1 ' CELLI NM 006157.2
PCSK2 NM 002594. 2 PTPRE NM 002842 NEUGRLN NM 616645 1 PDE | IA NM_016953-
PTPRN2 I:IM 002B47. 2aMHsdM 000267, 1. POGED Nidk£884.35. 2 REERe KbV 1308580
NFATC Ferihe'162.3 BD I LT NV EXGYIET PTPRO NM 005704, s 2009 029
AccessiramriBene Symbni28 D Gene "Syithol Act¥ ID PW{%\D/ Q Sq

AccessifBh Gene SyMEBI”1 D PTP 0028515

NM 001G92843 PzP NNEGZ864. 1 %{;}W 3 P2 M 9.2 SLokwh
FZD4 NM_ A ' A NM_024{)1 2. 1 LAMA4 NM_002290 -
GAB4 NM_001037814 HUWEI] NM_031407 .AMB3 NM_000228.1
GABPB2 NM_016654.2 IDHI NM_005896.2 LAMB4 NM_007356
GABRAG NM_000811.1 IGFBP3 NM_000598.2 LAMC1 NM_002293.2
GALGT?2 NM_153446.1 1GSEF22Z NM_173588 LASIL NM_031206.2
GALNS NM_000312.2 HGSF9 NM_020789.2 LCNIG NM_001001712
GDAPIL] NM_024034.3 K NM_006083 LCN9 NM_001001676
GFI1 NM_003263 0.68T NM_002184.2 LDB1 NM_003893.3
GFI1B NM_004188.2 IQSECE NM _15232 LDLRADI1 NM_001010978
GHRHR NM_000823.1 IREN2 NM_181449.1 LEF1 NM_016268.2
GIAZ NM_003267 RS2 MNM_003749.2 LGRG NM_021636.1
(GLB1 NM_000404 IRS4 NM_003604.1 LIFR NM_0023102
GLI3 NM_000168.2 ISLR NM_201526.1 LIG1 NM_000234.1
GLIPR1 NM_{06851.1 ITGAE NM_002208 1IG3 NM_013975.1
GMCLIL NM_(22471.2 ITGR3 NM_000212.2 LILRBI1 NM_006669
GMNAS NM_000516.3 ITPR1 NM_002222 LMNB2 NM_032737.2
GNRH1 NM_D00B2S KGIRS3 NM_175068.2 LMO7 NM_005358.3
Gruel NM_ 022913 KCNA1OQ NM_005549.2 LOCI22258 NM_145248.2
‘GPR11Z NM_153834 KCNB2 NM_004770.2 LOCI26147 NM_145807
GPR124 NM_032777.6 KCNC4 NM_004978.2 LOC129331 NM_138798.1
GPR158 NM_020752 KCND3 NM _004980.3 LOCL57657 NM_207332.1
GPRS30 NM_004224 KCNL4 NM_012285.1 LOC167127 NM_174914.2
GPRE NM_003286.2 KCNQGS NM_019842.2 LOC223073 NM_194300.1
GPRE7 NM_023915.2 KCNTY NM_020822 LOC388199 NM_0010134628
GPX1 NM_000581 KCTDo NM_020768 LOCo1807 NM_182493.1
GRID1 NM_017551 KR NM 0022331 LPIN] NM_145693.1
GRID?Z NM_001510.1 KIaA0182 NM_014615.1 LEPRY NM~022737.1
GRIK1 NM_175611 Kiaa0367 NM_015225 LRCH4 NM_00231%
GRIK3 NM_000831.2 KIAAQ415 NM_014853 LRP1 NM_002332.1
GRM1 NM_000838.2 KIAADS28 - NM_014802 LRPZ NM_004525.1
GTF2B NM_(01514.2 KIAAQS55 NM_014790.3 LRRC4 - NM_022143.3
GUCY1AZ NM_(00855.1 KIAADSS6 NM_015202 LRRNG6D NM_001004432
HAPIP NM_003947.1 ' KIAAQ789 NM_(014653 LRTM2 NM_001039029
HAPLNL NM_D01884.2 KIAAQQ34 NM_014974.1 LSP1 NM_001013233
HAT1 NM_003642.1 KIaA1078 NM_203459.1 LZTs2 NM_D32429.1
HBXIP NM_006402.2 KIAAL185 NM_020710.1 MAMDC1 NM_182830
HCAP-G NM_022346.2 KIAA1285 NM_015694 MAN2AZ NM_006122
HDC NM_002112.1 KIAAL1405 NM_020818.1 MAPIB NM_D05908.2
HECTD1 NM_015382 KIAAL468 NM_020854.2 MAP2 - NM_002374.2
HIC! NM_006497 KIAALS2S NM_020893 MAPZKT NM_145185
HISTIHIB NM_003322.2 . KIAALYTZT NM_033393 MAPKSIPZ NM_012324
HISTIHIE NM_005321.2 KIAAL873 NM_032529 MARLINI NM_144720.2
HISTIH2BM NM_003521.2 KIAAZ022 NM_001008537 MAST1 NM_014975
HIVEP1 NM_002114 KIF13A NM_022113 MCEF2L2 NM_015078.2
HIVEP3 NM_024503.1 KL NM_004795.2 MCM3AP NM_003906.3
HK3 NM_002115.1 KLF3 NM_001730.2 MCP NM_172330.1
HOXCY NM_{06897.1 KLRF1 NM_016323 MCRS1 NM_006337.3
HFPS3 NM_032383.3 KRAS NM_004985.3 MEDI1ZL NM_053002
HR NM_D05144.2 KRT2Z0 NM_019010.1 MEF2C NM_002387
HRH1 NM_000861.2 KRTAPIO-2 NM_198693 MEGF6 NM_001408
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NNI _| 52744 SYNEL NM 182961.1 QKI NM 006775.1 SEC24B NM 006323 SYNPO
NM 007286. 3 RAB38 NM 022337.1 SECSL | NM 021807.2 SYT9 NM_ 175733.2 RAB5C
NM 201434. 1 SEMA3D NM 152754 S YTL2 NM 206927 RABEP1 NM 004703 SERPI NA3

NM_ 001085 T3JAM NM 025228. 1 RALGDS NM 006266.2 SETBP1 NM 015559. TAP IL
NM | 53809 RAPGEF4 NM 007023 SEZ6 NM_ 178860 TAF2 NM 003184 RARB NM 000965. 2
SF3 A 1 NM 005877.3 TAIP-2 NM 024969. 2 RASAL2 NM 170692. 1 SFMB T2

NM_ 00102988 NM 032505. | RASGRF2 NM 006909, 1,SERSG.MAL06275. 4
TBC1D2B NM_ 8‘¥§07W§@PI NM 005739 NM 015595 TBXI NM_ 0059@2 | SGEF
RASSF2 NM 170774.1 SH3TCL NM 018986.2 THX15 NM 152380 RASS F4 NM 032023.3 S
HANK! NM 016148.1 ' r BX22 NM 016954. 2 RA VER2 NV 018211 SHQL NM Q18130
TCEB3B avh4 96427, 2FISTBC1 NV Gdrgingl GLECT SN 01438%ede SYGERG L. K"

74937. \fzy SKIP o RBA | O pp NM_002508.1 PDZDY NM_178140
MENT NM _033340.2 NLGN4AX NM_181332.1 PDYZRNE NM_D13009
MGC13125 NM_032725.2 NODAL NM_018055.3 PDZRN4 NM_013377.2
MGC15730 NM_032880.2 NOS3 NM_000603.2 PEBP4 NM_144962
MGC16943 NM_080663.1 NR3C2 NM_000901,1 PEG3 NM_006216.1
MGC20470 NM_145053 NTNG1 NM_014917 PER1 NM_002616.1
MGC26733 NM_144992 NUP210 NM_024923 PERQL NM_(22574
MGC29671 NM_182538.3 NUP210L NM_207308 PEXAL. NM_(16359.1
MGC32124 NM_144611.2 OBSCN NM_052843.1 PF6 NM_206996.1
MGC33407 NM_178525.2 ODZ1 NM_014253.1 PHIP NM_(17934.4
MGC33846 NM_175885 QOLEMZ NM_(58164.1 PHKB NM_000223.1
MGC39325 NM_147189.1 OMALI- NM_145243.2 PIGO NM_032634.2
MGC39545 NM_203452.1 OR10G3 NM_001003465 PIK3CA NM_006218
MGC48628 NM_207491 OR13F NM_001004485 PIK3RS NM_014308.1
MGC52022 NM_198563.1 CRIE2 NM_(03554.1 PKHDI NM_138694.2
MGC52282 NM_178453.2 OR2T33 NM_01004655 PKHDILL NM_177531
MGC5242 NM_024033.1 OR27T34 NM_(01001821 PEKINOX1 NM_004571.3
MGC3685 NM_178012.3 OR4A16 NM_001005274 PLA24B NM_005090
MERN3 NM_D0S664.1 OR4K14 - NM_001004712 PLA2G4D NM_178034
MLEZ NM_(0543%,1 ORS51E: NM_152430 PLRI1 NM_153021
MLL3 NM_170606.1 ORS1TI NM_001004759 PLOGE NM_(02661
MMPi1 NM_005040.2 CRSHG NM_001005479 PLEC] NM_201378
MMP2 NM_D04530.1 ORSI2 NM_001003482 PLXND NM_015103
MMRN2 NM_024756.1 ORSK: NM_001004736 PNLIPRP2 NM_005396
MN1 NM_002430 OR6C1 NM_001005182 PNMA3 NM_013364
MPO NM_000250.1 OR6CE NM_001005493 PNPLAI NM_001039725
MPP3 NM_(01932 OR6CTS NM_001005497 PPMIF NM_014634.2
MRGPRE NM_0D1036165 ORSK3 NM_001005202 PPPIR12A NM_002480
MRPL23 NM_021134 QSBP NM_002556,2 PQBP1 NM_0053714.1
MS4AS NM_023045.2 OSBPLS NM_020896 BOLCI NM_025078.3
MTHFDIL NM_015440.3 OSBPLS NM_145638 PRDMY NM_(020227
MUCH NM_002456.3 OTOP2 NM_178160.1 PRF1 NM_005041.3
MUC16 NM_024690 OVCH!L NM_183378 PRG2 NM_002728.4
MYADML NM_207320.1 OVGP1 NM_002557.2 PRIMAL NM_178013.1
MYOL8B NM_032608 OXCT1 NM_000436.2 PRKCE NM_005400.2
MYOLB NM_012223.2 P2RX7 T NM_002562.4 PRKCZ NM_D02744.2
MYOLID NM_015194 PIRY14 NM_014879.2 PRKD1 NM_(02742.1
MYOSC NM_018728 PAKS NM_020168.3 PRKDC NM_006904
MYQHD1 NM_001033579 PANKA4A NM_018216.1 PRNPIP NM_024066
MYRS NM_015011 PAOX NM_207128.1 PROO149 NM_014117.2
NALPT NM_139176.2 PARPS NM. (24615.2 PROLI NM_(21225
NALPS NM_176811.2 PREF] NM_005746.1 PROS1 NM_000312.1
NAV3 NM_014903 PBX4 NM_025245.1 PRPS1 NM_002764.2
NBEA NM_015678 PBXIPE NM_020824.2 PRSSI NM_(002769.2
NCDN NM_(14284.1 PCDHIIX NM_032968.2 PRTG NM_173814
NCR1 NM_004829.3. PCDHAD NM_014005 PSMAZ NM_002787.3
NDST3 NM_(04784.1 PCDHGAT NM_032087 PEMCS NM_002805.4
NDUFAL NM_004541.2 PCDHGE4 NM_032098 PTEN NM_000314
NEB NM_004543 PCP4 NM_O06198 PTPRD NM_130391.1
NELIL1 NM_006157.2 PCSK2 NM_002504.2 PTPRH NM_002842
NEUGRIN NM_016645.1 PDELIA NM_016953 PTPRNZ NM_002847.2
NF1 NM_O00267.1 PDGFD NM_(33135.2 PTPRS NM_130853.1
NFATC1L NM_006162.3 POIOLT NM_174924.1 PTPRLI NM_005704.2
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NM 005676.3 NM 030623 TCF3 NM 003200.1 RE P3 NM 002900.1 SKI V2L NM _006929
.3 TCF7L2 NM 030756.1 RCNI NM 002901.1 SLB NM 015662.1 TCFL5 NM 006602.2 RD
F113 NM 138412 SLCI 1 A2 N M 000617.1 TCOF1 NM 000356.1 RELN NM 005045
SLC12A5 NM 020708.3 TFEC Nlvi 012252.1 RET NM 020975.2 SLCI 2A7 NM 006598
TFG NM 006070. 3 REV3L NM 002912.1 SLCL A7 NM 006671.3 TGFB R2 NM 003242. 3
Ell\z/lcgsglzl\sﬂeelsmg?g 1 SLC22A 15 NM 018420 TGV2 NM 004613.2 NM 005614.2 SLC22A9
003245 RHEB RHPNL NM 052924 Sh&a6:A3#0 133489. 1
THAP9 NM_024£§£.6§5JI§ NM 024557.2 SLC29 A 1 NM 004955.1 ' LI Mﬁf&ﬂbNdl%/l Jo5121
RLMB P2 NM 015347 SLC33A1 NM 004733.2 TIAML NM 003253. | RLMS2 NM 014677
SLC37A4 NM 001467 TLR8 NM_ 138636. 2 RNF18 NM 152737.1 SLC39A7 N Q, 6979

TLRO NMe8A4hex2 RAPIISTIM J179@emeSv@dnd NVEGETAE7 T Spae swvp@30788 g RN
PEEL NM£48226. 2 Sk GfllA2 NM 134431, 1 TMVEh 3}83%57 SUHW4 NM_001002843
PZP NM_002864.1 SDK1 NM_152744 SYNE! NM_182961.1
QKI NM_006773.1 SEC24B NM_006323 SYNPO NM_007286.3
RAB38 NM_022337.1 SECSL1 NM_021807.2 SYT9 NM_175733.2
RABSC NM_201434.1 SEMA3D NM 152754 SYTLZ NM_206927
RABEP1 NM_004703 SERPINA3Z NM_001083 T3TAM NM_025228.1
RALGDS NM_006266.2 SETBP1 NM_015558.1 TAFIL NM_153809
RAPGET4 NM_ 007023 SEZ6 NM_178860 TAF2 NM_003184
RARB WM, _000965.2 SE3AL NM_D05877.3 TAIP2 NM_024965.2
RASAL2 NM_170692.1 SEMBT2 NM_001028880 TA-KRP NM_032505.1
RASGRF2 NM_006909.1 SFRS6 : NM_006275.4 TBC1D2B NM_015079
RASGRP1 NM_005739 SGEF NM_015395 TBX1 NM_005%92.1
RASSF2 NM_170774.1 SH3TCI NM_018986.2 TBX15 NM_152380
RASSF4 NM_032023.3 SHANK1 NM_016148.1 TBX22 NM_016854.2
RAVERZ NM_018211 SHQ1 NM_018130 TCER3B NM_0164272
RB1CC1 NM_014781 SIGLEC? NM_014385.1 TCERGIL NM_174937.1
RBMI10 NM_005676.3 SKIP N 030623 TCF3 NM_003200.1
RBP3 NM_002960.1 SKIVZL NM_006529.3 TCF7L2 N _030756.1
RCN1 NM_002901.1 SLB NM_015662.1 . TCFLS NM_006602.2
RDH13 NM_138412 SLCLLIAZ NM_900617.1 TCOF1 NM_000356.1
RELN NM_005045 SLCI2A5 NM_0207C8.3 TFEC NM_12252.1
RET NM_020975.2 SLCI2A7 NM_006398 TEG NM_006070.3
REV3L NM_002912.1 SLCIA7 NM_006671.3 TGFBR2 NM_003242.3
RFC4 NM_181573.1 SLC22A13 NM_018420 TGM2 NM_004613.2
RHEB NM_005614.2 SLC22A8 NM_080866.2 TGM3 NM_003245
RHPNI NM_0352024 SLLC26A10 NM_133489.1 THAPY NM_024672.2
RIC3 NM_(24557.2 SLC29A1 NM_004955.1 THRAP1 NM_ 005121
RIMBPZ NM_(15347 SLC33A1 NM_004733.2 TIAM1 NM 0032531 .
RIMS2 NN_(14677 SLC37A4 NM_001467 TLRE NM_138636.2
RNF182 NM_152737.1 SLC3%A7 NM_006975 TLRS NM _(17442.2
RNF31 NM_ 017999 SLC4AS NM_031467 TM78F4 NM_30788.2
. RNPEPLI NM_018226.2 © SLCO1AZ NM_134431.1 TMEM132ZB NM_(52807
ROBO1 NM_002941 3L.CO1B3 NM_(19844.1 : TMEMIGB NM_020373
ROBO2 NM_002942 SLITRK4 NM_173078.2 TMPRSS4 NM_{(19894
RORA NM_002043.2 SLITRXG NM_032229 TNFRSF9 NM_001561.4
RPA3J NM_002947.2 SMADZ NM_005901.2 TNN NM_022093
RPAP1 NM_015540.2 SMAD3 NM_005%02.2 TNNI3K NM_015978.1
RPL4 NM_000970.2 SMAD4 NM_0053559.3 TOPZA NM. 001067
RPS6KB1 NM_003161.1 SMTN NM_006832.3 TPs3 NM_000546.2
RREB1 NM_001003659 SNRPB2 NM_198220.1 TPS3BP1 NM_005657.1
RTN4 NM _207521.1 SNTGZ NM_018%968 TPX2 NM_012112.4
RUNXITI NM_175634.1 SNX5 NM_152227.1 TREXZ NM_D80701
RYR2 NM_001035 SNX3 NM_13321.1 TRIM3 NM_(33278.2
SACS NM_014363.3 80CSsa NM_004232.2 TRIMT1 NM_001039111
SALL2 NM_0035407 SORL1 NM_003105.3 TRMTS NM_020810
Sall3 NM_171999.1 SPOCK3 NM_D16950 TSKS NM_021733.1
SCN1RA NM_006514 SPTBNZ NM_006946.1 TSN NM_004622
SCN1A NM_006e920 ST831A4 NM_005668.3 TSP-NY NM_032573.3
SCIN3B NM_018400.2 STAB1 NM_015136 TSPYL3 NM_ 033512
SCNTA NM._002974 STAM NM_003473.2 TTID NM_006790.1
SCNN1B NM_000336.1 STX32C NM_173575.2 TTLL3 NM_15644.1
SCNN1IG NM_001039.2 STMN4 NM_030793.2 TN NM_133378
SDBCAGS4 NM_015966.2 STX17 NM_(17919.1 TTYH2 NM_032846
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NM 052907 RO13Q01 NM 002941 SLCOLB3 NM 019844.1 TMEML6B NM 020373 ROB02
NM 002942 SL1TREZTRIPHS078. 2 TMPRSS4 NM 019894 RORA NM 00294BCDUSHSTIRE 1
NM 032229 TNFRSF9 NM 001561.4 RPA3 NM 002947.2 SMAD2 NM 005901.2 TNN

NM 022093 RP APl NM 015540.2 SMAD3 NM 005902.2 TNI NI 3K NM 015978.1 RPL6
NM_000970. 2 SVMAD4 NMQQ&3R%. 3 TO P2 A NM 001067, iégKB | "NM 003161.1 SMIN
NM_00693 5% 521 NM 000846, 2 RREB GenRIfynB* 003699 ,g{] B2 NM 198220.1 T P53B
P1 NM 005857 1 RTNAMNER07521. 1 SMEE24N V1_018968-cFPX2 NM 012112. 4 RUNXI T1
NM_ 175634sMDISNX5 NMr152227. | TRENR:IM 0807Qi; RYR3 | NM 001035 SNX8
NM_01332LBICTRI M3 Ni10B382178. 2 SACSNMLO014363n8 5066 NM 004232. 2 TRI M1
NM_001039GDH|  SALLRMNM3905407 SORNEnNM 003188 SeFeRMIS NM 020810 S ALL3
NI M 1719982 SPOCKNNANGBI6950 TSKBNRIM 021733nt_SCNbOA NM 006514

NM 00694BNAI3FSN NV 0040622  SPTBXICANS SCN | MviNik@86920 STSS1A4

UNC84B NM_015374.1 2773 NM_015534.3
UNQ68/9 NM_212557.1

UQCRC2 NM_003366.1 Note: Geune symbols are standard
USP28 NM_02088¢ symbols assigned by Entrz Gene
USP32 NM_032582 {(hetpi/fwww.nebi.nlm nih, gov/sites/ent
USps2 NM_ 0148712 rezdb=gene). Accession IDs
UTPLI4C NM 021645 “NM_XXXX” are uniquely assigned

to each gene by National Center for

g}z;('l‘l E;Ia“ggééggi Biotechnology Ix‘lformation {NCBD
- ' (http:/fwww.nebinbm.aih gov/sites/ent
VIM NM_.003380.1 rez7db=nuccare),
VPS13A NM_033305.1
WAC NM_D16628.2
WDR19 NM_025132
WDR49 NM_178824.3
WNKI NM_018979.1
WNTL6 NM_016087.2
WNTEB NM_003393.2
WRN NM_000553.2
XKR3 NM_175878
XPO4 NM_(22459
XRCCE NM_006297.1
YEATS2 NM_018023
ZAN NM_173039
ZBTBE NM_144621.2
ZD32F10 MNM_033317.2
ZDHHCT NM_017740.1
ZFHX1B - NM_014795.2
ZFHX4 NM_024721
ZFPM2 NM_012082
ZNF155 NM_198089.1
ZNF217 NM_006526.2
ZNF232 NM_(14519.2
ZNF235 NM_004234
ZNF262 NM_005095.2
ZNF291 NM_020843
ZNF43 NM_003423.1
ZNF435 NM 0252311
ZNF442 NM_030824.1
ZNF4TY NM_020813.1
ZNF480 NM_144684.1
ZNE521 NM_015461
ZNF536 NM_014717
ZNF540 NM_152606.2
ZNF360 NM_152476.1
ZNF368 NM_198539
ZNF572 NM_152412.%
ZNF382 NM_ 144690
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NM_005668. 3 TSP-NY NMJ32573. 3 SCN3B NM 018400.2 STAB | NM 015136 TSP YL5
NM 033512 SCN7A NM 002976 STANI NM 003473.2 NM 006790. 1. TTID SCNN1B
NM 000336. 1 STK32C NM | 73575.2 TTLL3 NM 015644.1 SCNN10 NM 001039.2 STM4
N111_030795.2 fI N NM.I 33378 SD B CAGB4 NM 015966.2 STX17 N%%ég@;ﬂ 1 TTYH2
NM 032646;,i&ene Synbol  TXLNB TYSND1 UBE3C UODH UHRF2 UNC13 48 UNQ689
UQCRC2 US P28 USP32 USP52 UTP | 4C UTX VEST1 VIM VPS | 3A WAC WDR19 WDR49
WAK1 WNT16 WNT8B WRN XKR3 XPO4 XRCCl1 YEATS2 ZAN ZBTB8 ZD52F10 ZD HHC/

2rioas gt e L A AR ANEE R s AR AL AN s

Accessi Gfl a human male kbbb, 453838 nNMelsf@R5H: NM 01467 | NM_003359. 1
NM 152896.1 NM 006377.2 NM 015374.1 NM 212557.1 NM 003366.1 NM 020886

NM_ 032582 NM(01487platingy) '0z1@2s NP homp wiposagsairamaviiosedsge 1

NM 033305. 1 'é'%yﬁ%tﬁ .2 NM 025132 NM 178824.3 NM 018979.1 NM 016087. 2

M 1 _003393. 2 NM 000553.2 NM 175878 NM 022459 NM 006297.1 NM 018023 NM
173059 NM 144621. 2ndivkidd 38N AZnkM D1cFddSicle NVERIADS Thedridvh @26 7H2dendIM 012082
NM_198089. 1 NM 006526. 2 NM 014519. 2 NM 004234 NM 005095. 843

NM 0034211 NEPEHEDSPIQSIRIEHESH .e&eimmf@e@@%%%@%%&ﬁ% 51
NMLOL4717 NMykaAR0By 2 M 5RAGE. dr MAEIBE 3R MM ABALE o WMcld- 4690 NCSLLP
Claims 1. A nmethod for aiding in the diagnosis, prognosis, or nonitoring of
a prostate cancer in a human nmal e subject, conprising the steps of: (a)
isolating a mcrovesicgle fraction froma urine sanple froma human mal e
ub] oot 2 and 1% BFURTATSHRG. HRRAT 1R Ho TSP E0eL PERE Frdon for t he

pr esenC@hx@tna@o;&%%% SRRRY %fe@ieh@c@ﬁ@@gm@, aAnea tal Yae Ribitidn) 8ar@enentrgnePCA- 3
and/ or TMPRSSZ-ERG, to thereby indicate the_presence or absence of prostate
cancer iuhrafifeatiogbjmuagnoapsorhent geptgdalbnity paitheationwmeqreflydistsepargtion, py

perfor n%&'m?%at%r{sg%l%%(&. usi on chronmat ography, density gradient

centri fdgati on, efential centrifugation, nanonmenbrane ultrafiltration,
i mmunoabsor bent capture, affinity purification, mcrofiuidic separation, or
conbi nati ons_t hereof 3. The nethod of claiml or claim2, wherein step (b)

i s perfér med TBymshod@hrlay 1ara1ajRi%s Wheter sieR SDilapeirmea bimigroarray

allel e- kS benp 1471 ST IO i e i jgat 4 .chai n

Feact | on LRy EREhPE e PRAIE e B R T b o B BRAGLR D

het er odligdtex camalrysiisn (CORM adgbnicl@adadeatofn ayspn@che fpwrasenagpect ronetry,
nucl ei ¢, aci equenci.n singl e strand. conformati on pol ynorphj sm ( SSCP),
Gonat ur PGP s G Phamseq b GonisTeRaREy Tt S5 SPuEly aRglhShe oo

el ectr Oﬁqgéﬁﬁg?_siﬁﬂg_%)and 6&%%&%}%1%5&9&%%(88@&%%ﬁﬁ&iﬁﬁépad&ﬁ{ g@' anal ysi s
of gene expression (SAGE), or conbinations thereof. 4. The nethod of any

pr evi ouslecttephogesiaiBOgiD), tehvpersdak arddmnt gtlepedmepherdss (FOGGERrestgetia®. The net hod
of cl aipn4 herejn fil.teri nﬁ i.S throE h a 0. .8.m ;i |ter,.6.The nmet hod of
o ai m 4TBEng RGP s SR A PR VMG P oY EPPIRESS | on
concent fi@tcbon. 7. The nethod of any of clains 4 to 6, wherein filtering is
foll owed by ultracentrifugation.

4, The method of any previous claim, wherein the isolating step includes filtering.
5. The method of claim 4, wherein filtering is through a 0.8 micron filter,

6. The method of claim 4 or claim 5, wherein filtering is followed by ultrafiltration
concentration.

7. The method of any of claims 4 to 6, wherein filtering is followed by

ultracentrifugation.
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