WO 2011/ 009104PCT/ US2010/ 042365 NUCLEI C ACI D ANALYSI S CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains priority to US

provi si onaib 2applopmat i ons 61, 226, 025 and 61, 226, 106, bot rcritusedoom3dul y 16,
2009, each of which is incorporated herein by reference in its entirety.
FI ELD OF | NVENTI ON [ 0002] The present invention relates to the general
fields of nucleic acid analysis in human or other animal subjects,

particularly the procurenent NHGLEASIASIBAYALYSIR quality nucl eic acids

froma biological sanple, and in particular, frommcrovesicles. BACKGROUND
[ 0003] Smal I microvesicles shed by cells are known as "exosonmes" (Thery et
al ., 2002). Exosones are rﬁforted as having a dianeter of approxi mately

30- 100 nmEHISUREFERENGE § lﬁHﬁTEin“?%?]emA 1Ystypes under both normal and

pat hol ogi cal conditions ?Thery et . . o
[0001] This application claims priority to US provisional applications 61,226,025 and

61,226,106, both filed on July 16, 2009, each of which is incorporated herein by reference in

its entirety.

FIELD OF INVENTION

[0002] The present invention relates to the general fields of nucleic acid analysis in
human or other animal subjects, particularly the procurement and analysis of high quality
nucleic acids from a biological sample, and in particular, from microvesicles.
BACKGROUND

[0003] Small microvesicles shed by cells are known as “exosomes” (Thery et al.,
2002). Exosomes are reported as having a diameter of approximately 30-100 nm and are
shed from many different cell types under both normal and pathological conditions (Thery et
al., 2002). Exosomes are classically formed from the inward invagination and pinching off of
the late endosomal membrane. This results in the formation of a multivesicular body (MVB)
laden with small lipid bilayer vesicles (~40-100 nm in diameter), each of which contains a
sample of the parent cell’s cytoplasm (Stoorvogel et al., 2002). Fusion of the MVB with the
cell membrane results in the release of these exosomes from the cell, and their delivery into

the blood, urine or other bodily fluids.

[0004] Another category of cell-derived vesicles are known as “shedding
microvesicles” (Cocucci et al., 2009). These microvesicles, formed by directly budding off
of the cell’s plasma membrane, are more heterogeneous in size than exosomes, and like

exosomes, also contain a sample of the parent cell’s cytoplasm. Exosomes and shedding



al ., 2002). Exosones are classically formed fromthe inward invagi nation
and pinching off of the |ate endosomal nenbrane. This results in the

f or mat i orwof20u/aepdotti vesi cul ar body (MVB) | aden w th smalPCTIUSpé1d/0i3bRay er
vesi cl es (-40-100 nmin dianeter), each of which contains a sanple of the
parent cell's cytoplasm (Stoorvogel et al., 2002). Fusion of the MWB with
the cell nmenbrane results in the rel ease of these exosones fronlthe cel
and t hei r THEPYSHELS) cpritolts pranggilGreantrifieptien 49¢ ultafliFatip iplajjort feglndgues and

[ 0004] Anot her category of cell-derived vesicles are known as "sheddi ng

m crovesi ¢Vikg er%%h‘%:‘éq“e@tVehﬂfefe“Q@@QTﬁre aFHEeevaicdsovesi cl es, formed by
directly budding off of the cell's plasma nenbrane, are nore heterogeneous

in size thggyspx0SOoMR&en@idick k& BalSHARMIES acid] whhif AMrdd dicks RARR! Ble@f the
parent cell's cytoplasm Exosomes and shedding microvesicles co-isolate

using ul t Lagemtdd fﬁ&@%dnﬁﬁe ape. éi' élrd%gérlb% %ﬂoﬁ’é‘oﬂh&%ﬁéé %&@Gﬂﬂfc&%ea&d@”d

will, therefore, be col l'ecti vel y ref erred her e as m crovesi cl es.

[ 0005] ReC g3 R RSBk M@Wg&ﬁé&g&umwﬁ ol BT SEOUESL ShpS have a

rol e as bionmarkers or exanpl e kog et ng ot

things, t t?l?e %S/ Vﬂflatﬂ)g%ﬁgcea?l;'ﬁ&ge)ﬁé ﬁls%to?quélélg Q& de%r%é{&ﬂr&h Oes%lyl

patient seru rognosi evaPuatlon ( Skog

et al., %080)851&;'_ h(? t e]n? gllynclill%ul%ventﬁflnga f%xﬁloﬁsc eﬁg%lﬁ%l%gqeh(sé eg%r IH?Q l'es I S

consi dere pg y “ci rcumen nee i ghting
t he enormgus di.a nost C. potent.i.a g crovesi ¢ blology (Skog et al.,
2008). [O %??SUC Qs 511% Odesdcéle 1080[%3% o8 eyel wg $ as conmmerci al
applicatlons of nucleic acid biomarkers, |t is desirable to extract high
qual ity nyedoé] c acLMSmkmoEHMi@depnahﬂmanmheswhmmahtqmﬁtabeﬂmﬁﬁmmmreIiable
manner. The present invention provides conpositions of high quality nucleic
aci d ext r acidibomsritergimigdsirtbles kires haphdudith aicléc adidgiraabiotgital @mpleet hods
of making such extractions, and nethods of using these high quality nucleic
aci ds i n v tendBteadld ir€ abicansnerBRihEpre R dVMREN i doXprohidies b OMENTHOGNOf high

quality nucleic acid extractions from microvesicles and other biological samples, methods of

making such extractions, and methods of using these high quality nucleic acids in various

applications.

BRIEF SUMMARY OF THE INVENTION

[0007] In one aspect, the invention is a novel nucleic acid extraction from one or
more microvesicles isolated from a eukaryotic biological sample, wherein 18S rRNA and 28S
rRNA are detectable in the extraction. Preferably, the quantitative ratio of 18S rRNA to 28S
rRNA detectable in the novel extractions is within the range of approximately 1:1 to
approximately 1:2; and is preferably approximately 1:2. Biological samples from which the
novel extraction may be obtained include, among other things, any bodily fluid, preferably
urine, serum or plasma, and preferably, are from a mammal, particularly a human. For bodily
fluid samples with a protein concentration of less than 10 mg/ml, such as urine, the novel
nucleic acid extraction may further comprise a nucleic acid extraction having an RNA

Integrity Number (in all cases, as obtained on an Agilent BioAnalyzer or an equivalent



[ 0007] I n one aspect, the invention is a novel nucleic acid extraction from
one or nore mcrovesicles isolated froma eukaryotic biological sanple,
wherein MEG20RMM9BAd 28S rRNA are detectabl e in the extPatitisono/oi23es er abl y,
the quantitative ratio of 18S rRNA to 28S rRNA detectable in the nove
extractions is within the range of approxinately 1:1 to approximately 1:2;

and is preferabl proxi mately 1:2. Biological sanples_ fromwhich the
novel ext e gFP&E} r fen gptRiphiad aﬂlﬂ/@m@éfu ﬁﬁfﬁglpaﬁ%vucﬂqlﬁ%&ywéﬁvnboduy
fluid, preferably urine, serumor plasma, and preferably, are froma

manmal ,  paP il efbilogieaksampleet gropise thB’é)@Fi qapalitp 39 ag/gén%m@ﬂw fonbaglily flgtdei n
concentratlon of less than 10 nmg/m, such as urine, the novel nucleic acid
ext ract i onamplgs Wit ¢ Hteitemeentigoofigcatesithan 40 im/ ik suches emIoaDiasa. Al RNA
Integrity Nunber (in all cases, as obtained on an Agil ent Bi oAnalyzer or an
equi val entmovdl heelaopgid extragﬁ@amesr furtherrcompriscpnaR N A dntgeran fumbenrd groater thaer
conprise a nucleic acid yield from20 m of biological sanple of greater
than or egueduat© 350djpghay furGenidnarisya nfcdgic sadlyicd ffdnul dl siplogisalwimplea
protein concentration of greater than 10 ng/m, such as serum or plasnma,

t he novel ingredtaitbanagiequadsict Y0afmbn nmay further conprise an RNA Integrity
Nunmber of greater than or equal to 3 and/or may further conprise a nucleic
acid yield from1l m of biological sanple is greater than or equal to 50
pg/ m . [ 00O®WB] n anolnhesthersiiesst, thetitreentionyie nmwsl prodilaofmuvlelc apiddfont enegfr nucl ei ¢
acid fromone or nore mcrovesicles isolated froma eukaryotic biol ogical
sanpl e, wheremrr@8ScicRNdlagd dro2BSukiRiystiarielodietleainplb] vehdrein 1 $ferRi¥dhnd 28S
Preferably, the quantitative ratio of 18S rRNA to 28S rRNA detectable in

t he novel rRNafard éetécgablwiin ldicrprofile Pafegeblyg theapputoativomitiol of 13S IRNA t@p§s oxi mat el y
1:2; and is preferably approximately 1:2. Biological sanples fromwhich the
novel proffRN& deaytable iotht abvie froffifecik wdt@in themang: dapebxinhategs ] tany bodily
fluid, preferably urine, serumor plasma, and preferably, is froma mamml,
parti cul akabprodinfatelBN2; dn@fis fre@iably dpbtokiinasadyphe Biolbdidul sanil@tfRindwlieh@RNt r ati on
of less than 10 ng/m, such as urine, the novel profile may further
conprise alavdﬁmﬁhdﬂﬁl@}gusd StaiNATREH deDdm@TRAkR kil RadhyWod @AEY, fréfcRbBNGhOr My
further conprise a nucleic acid yield from20 m of biological sanple of

greater tRamr pREMAland PreRPatg/irom Sintinindd] | partichRFly ROdinky, Fdrwbéiysmpl es with
a protein concentration of greater than 10 ng/m, such as serum or plasng,

the novel sﬂﬁﬁ%é Wh AB6titEdnBEHiraGATPH1E:8 a0 BWAM], BEBAE bifiXe, MemRes pRIfIQr eat er
than or equal to 3 and/or may further conprise a nucleic¢ acid yield from1

m of bi ol,0gisG@ler SAME ah RN BiRlfty M}ﬁ%r of gr@ﬁé@thantd? cqthl RO4 Mdsor [11%909] In yet
anot her aspéct, the invention iS a nmethod of evaluating the quality of a

nucl ei c a%&e?&frﬁ&%%hﬂﬂclé& QU lefd RS Gl %fblb%%’ﬁ lfero‘f" cBePHAPENQRAIC

bi ol ogi cal sanpl'e, conprising the steps o ext act ’ng RNA from

' om )
quant 1ty & SR kRS By RGN ¥ pleid A N o AR B! 1O (€
QUantltatqﬁﬁgyﬁf%&m9$ &%&o?@%@h ﬂm%%§T&I . & %ﬁﬁkpg)1n@e&?§5ﬂ9¥%%ﬁ99th0d

is wthin't range ‘of appr ter 1o a prOX|na

pr ef er abl [o i ical .s met hod

may be per POPRLS ot o sshG SeRd SPn R Ay RS b pa UL e aoty
ma, . and erab frov1a manmmal , partlcularly a

Elegﬁ Is:girm t%gliofaélcflfsﬁfl@lesl%%?t W?rl"f’qéﬂﬁ? ?S)Q B¥M-concentration of |ess than

10 ng/ M, such as urine, the novel nethod may further result in the

extracti O{EO(R)E] nucl efn ve anogl %sRect N9 Sy t10n 1snat nqgfloq[ .eva Hgmg tl?ef %Lﬁi(’ityf tfer t han

or equal and/ o resu I'n "a hucl eic acl ¥ 6m 20 m
bodi 1y 11 ares dnpretefin 08 FiFbraritash eed%%?.@ﬁ%%lgg}fﬁ% LOTARTANA Y
Xt raot| oR VORI PENEDa L) n&UHG SRR PR G ROABE sl or ¢ han
o oo o s SET AT b B o S5 TS ShS dlalom

Preferably, the quantitative ratio of 18S rRNA to 28S rRNA determined in the novel method



[0010] In a further aspect, the invention is a nethod of obtaining nucleic
acid froma biological sanple, conprising the steps of: (a) obtaining a

bi ol ogi cavo=anplogto4(b) perform ng an extracti on enhancemremtuSepenatsdn on

t he bi ol ogi cal sanple; and (c) extracting nucleic acid fromthe biol ogical
sanpl e. The extracti on enhancenent operation is conprised of: (a) the
addition of one or nore enhancenment agents to the biological sanple; or (b)
the per f ofviitie thsfranggof approrpmatelynnhiec@pieRtmadle he; etdllt)l?re &bRucl ei ¢ acid
extraction; or (c) a conbination of enhancenent ents and enhancenent
steps. ThaPRAKANESHEAt Bireitelsamplesion syhirhehe gqvyl ‘édemi%‘Pﬁ psirfomed (i)
protease; (iii) redUC|n agent ; éhh& decoy substrate, such as synthetic
RNA: (v) dusluds] amengegist ngS(a@inoo yid,ipraferelpls uringy sERNA;or Plapd, aRA bi ndi ng
nol ecul e, such as anti-RNA anti body, chaperone protein, or an RNase

i nhi bi t or proferali infrofpjayaniing searidhutealy @rhiumgn.s Beydrodie Buid sunesasitihg pietein
osnolarity solution or detergent. The extracti on enhancenent steps may

i ncl ude: (Cscemaasion nglesy thin 1(sing/er segarsatrinnghRivrseméthahmeh Birhenrpdudt; in thei i )
effecting RNase denaturation through a physical change, such as by

decr easi ngxtrenpepatulee, acolrhaging eu RiINAgIngegrifyr emrleet v hgreatentbdneor eqimd tmdvel net hod
may be performed on a biological sanple including, anong other things, any
bodi | y f| auhdlpr payefuehalybspltun & nacleis eridipiclrfrqpd 26 mbof lasidgipaledmeplabf greaters from a
mammal , particularly a human. In one enbodi ment, a derivative is obtained
from the bhaalodgiablo Hggnhle Sanithrtyr 8cdiBdididsantpées exithragebtedrosthaaaent
operation before extracting nucleic acid. Preferably, the derivative is a
m crovesi gkAtel thas 110 aig/hl; QEh tah&rith o Plaingathe @00 hethodmgrfertieraadi mené , t he

m crovesicle fraction is obtained by a filtration concentration techni que,
however  oteh@ictiknofucieficall a0Mg e RINN M@sity TRy obifredttzBsh Gteqiekd3 In a
further aspect of the inventive nethod, the derivative may be treated with
ari bonucIaﬁ@@ﬁmaﬁﬁ%wrbmnmh&%’i@w@me@ FFRTP L 3t hiBR glcheL APk is BEdt8 thdnO
performance of the enhancenment extraction operation. In sone aspects, the
extracti o, epApQAGeFRMI. operation includes the addition of an RNase
inhibitor to the biological sanple, or to the derivative, prior to
extracting nucleic acid; preferably the RNase inhibitor has a concentration

of greatenogippn 0. 02% ek ddpkctf AE ifveS@ANL £nRAAbf §aifing A8 bhi@ frodla
alternatively, greater than or equal to 0.135 AU (5X) ?or a sanple equal to

or nore thafoctdd dampd, E@ﬂlﬁ"i’stlﬂgvtﬁé é/tepsgffe ?-%Btafnri%rh HSloEH}AmAIS (B) effofking 10X)

for a sanple equal to or nore than 1p alternatively, greater than or

equal to QnB87PacAbh éhadbembRop @raﬁ@m 1‘1316 Sﬂ)%% hical é&n‘%[ i 25 >é)€) é}!@@&mjggruglelcaa@ﬂ

alternatively, greater than or equal for a sanple equal to

or more thap, %??%%Oﬁmv\ﬁe ir%gi'é trie eJ;ti‘acH&P&ﬁﬁ&%m%ﬁ’t ﬁo@ﬂ%&% ORpfi Rl &F Scaf @e AN

enzymati c con In 0.027 or nore protease Is use to treat
Concentr aft oo} %?éfet‘gteaeﬁﬂtt%#aﬁteﬁﬁéﬁl SR TN e
protease i r%)ﬁ(tjnotr?eﬁha&%hlem s?%?}éﬁ?ﬂtglnﬁael 34k t?a‘éuM %Fé ;LQ gm%atmﬁ bodi ly

fluid; the 1 prot ease conce ion re ers 0 an IC con tion
mhereln 0. %Z AU J or. no PLof tease L% ig tr ea% %rOVESIF|6% i sol at ed
from 1p. 1 BFIREPE %%’*8”“ P PEMEpHEePy s KOG DS TEN AS R Ay IEUSE Pef ers to an
enzynat|c e is . used o treat

mi ot ovesi & ”d'nbt??tﬁt@’ﬁnr? e fﬂ’?ted&?m%%eg%ﬁﬂt%ym RiFde: St%asets shdict{ case

nor e

concentra n ref to an enz tIC con U or

o eas e Rl iR b a o T B8 RAl R NS BifiDe okl & bodi 1 y
fluid. Preferabl se inhibitor is a rotease. [0011]In a stil
further agpediia %/%@0%9@% OBH PO, O R RNasgi! lrltﬂry Bistei; k‘F‘hBN]f‘ﬁ?éiF’éar tying i ds

from m crovesicl es ising in qgne or nore containers: (a) a nucleic

aci d ext r 88586 étﬂh&ﬁég#@ﬁtwla@wﬂutl@b?r dorqsecat. THQgsEactign elt«t@tlwmeamep@c) a

| ysis buffer. The novel kit may further conprise instructions for using the
Kit. In tFeyiesiee: KDresbinz(r size-peparing RNatefeomn the sampicd i kefegiinedthiase n
enhanci ng agent may include: (a) RNase inhibitor; (b) protease; (c)

reduci ng agearati groa@twllywb@tlmeewclt &9 bysdSTIighiRe CEPRIBREY OF PRJUtigEE] |
interfering RNA, (g) RNA binding nolecule; (h) RNase denaturing substance;
or (i) any conbination of any of the foregoing agents as a m xture or

i ndividually. [0012]In yet another aspect, the invention is a novel nethod
of analyzing RNA from m crovesicles, cdnprising the steps of: (a) obtaining
a sanple of mcrovesicles; (b) treating the sanple with DNase to elimnate
all or substantially all of any DNA | ocated outside of or on the surface of
the mcrovesicles in the sanple; (c) extracting RNA fromthe sanple; and
(d) analy2|ng the extracted RNA The novel nethod may be perforned on a



[0013]In a further aspect, the invention is a novel nethod for diagnosing,
nonitoring, or treating a subject, conprising the steps of: (a) isolating a
m cr ovesiwbDeofwmetoson froma urine sanple froma subj ecPCT(Uspo1d®sB6:i ng t he
presence or absence of a biomarker within the mcrovesicle fraction;
wherein the biomarker is selected fromthe group consisting of (i) a
species of nucleic acid, (ii) the level of expression of a nuclelc aci d,
(iii) a ndecresithawseycle Jdeingr megod A \PF parrﬁ?meéﬁﬁ?ﬁe?ﬂ%ﬁ Hpinclsdinghe
foregoi ng; and wherein the biomarker is associated with the presence or
absence ofMangpeiBiagernbbiiEy vk pretirabbopéic: jeoHn obplagnie ard Eﬁb’ﬁglamyylsof a
treat nent optlon In sone aspects, the biomarker is an nmRNA transcript; for
i nst ance, ftonea mRNAaL patiediipt hureap. beoreednehorlimeent. o daii vatiae igroblagned diegitie i ng of

. NPHS2 (podocin), LGALS1 (Galectin-1), HSP& (heparin sulfate

pr ot eogl y(bé)rh()gicauaﬁmlé( adisibieeiyd tOEmtrQMthamy@mmew@q@aﬁm ¢xtradting CA4
(carboni c anydrase 4), CLCN5 (chloride channel protein 5), BDKRBL

( br adyki ninnclBg agidc Brfayably, tigAleGRat{vead @inicomniesicle dpepndrom theGhlidiral sample.

(am | oride-sensitive sodi um channel subunit delta), SLC12A3

(t hi azi deds emsintiodencno dheumicoivbaele Gectootiy dhtsparbyerliratA@R@ndeagatapori n 2) ,
ATP6V1Bl1 (V-ATPase Bl subunit), SLC12Al1 (ki dney-specific Na-K-C synporter
vi a RT- PCiRcbhiqt, howeqee dthed8yvn isvbitien priefiguea lolay be titilizedBNAeH. r arssforthgpt 1s AQP2
(aquaporin 2) or ATP6V1Bl1 (V-ATPase Bl subunit). In further aspects of the
novel et hgest oftiantindnamkidod, addetivabaseyde teitbevithediboalcleae@ndi ti on are

sel ected fromthe group consisting of: (a) NPHS2 (podocin) and gl onerul ar

di sease, SuedyridsnBletdcObdr JoambimitiantheReH Pridtb GerSyrman@E the(dahanchBdit (cubi I'i n)
and proteinuria , such as in Imerslund-G asbeck syndronme; and (c) AQP2
(aquapor i rxidctiamOpitRB eIt nicniSpdRistUs exttddfdddnhncidbntapabhi@r inds@sele t he
invention is an isol ated pol ynucl eoti de nol ecul e conprising a first

nucl eot i dgq&gGHSNGRNNAIhibHoAb tﬁ@&&bgﬁg%@mﬂemﬂt&% dE@vaﬁv@ @66nd nucl eoti de
sequence sel ected fromthe group consisting of SEQ ID NOS: 1-29; an

I sol at ed @%ééﬂg%h&%é §18; PRTRABIF HRR s S e&im%; hfa cen&uﬁéte%w gRace@MENCE
sel ected from 1-29; or an isol ated pol ynucl eotrde conprising a

sequence @fpralath ﬁ%tfor]a%aﬁ%ﬁl %9}1 ltcd&%n&rtla{an aLe afté}ﬁ'aﬁf@l?'sgr@ﬁeﬁﬂéﬁ oh3qiie] eotide

sequence in any one of I'n particular, the foregO|ng

pol ynucl egtjsda TBha e LamiR%qhA t@orqg&éwahQBrluﬁérﬁaﬁfvlugggrggtea%@ agugheot i de.

I n other aspects the inve nis a vector éonpris any regoi ng

| sol at ed Busl el fAGkS (BhERML Ty bt i 16 DRIVARBS Sl Suc B Jilypptd o0, 15 2

host cell conprising any oregO|ng éctors o egoi ng

: :O;a;gsep%gﬁ%ﬁ:g‘g&? ‘tjor g%ll }gl%” (gusa }.? 0991‘90?% tIh?n 1f H{dtahtglrnﬁt?\?e?f%eag}‘ an o rlg\éf:’]glnon
f bi ql d | |
om0 oL g ol SER  FPUBASLIB oL A (AR B S22

d t
o ga;“%@gq%%{% Oaé&gréa%aéw&éyeﬁ e%f“ﬁﬁow %W@@%%%%P oG TR A %P o o

and (d) conp arin 0 ecul e agai nst a

o anda, d_CoRaueE e R o ok T Iai{fﬁﬁeﬂ R GRieR TSR e novel
nmet hod nay erformed on an i ol ogi_cal for, exanple, a bodily
fluid, in ifgrrsﬁ emfeymatwﬁ@tw%ag <9g1 BlA&% ngﬁprsﬂieﬁeﬁ |u9edrt9 YRita manmal ~ such
as a human.. This novel neth e used. in caonjunction with any of the

f or egoi ng THEFVBISIRsdtolated aulészm%%'?qd&ﬁélu@p the R reisase SRCFRRUARIHGUS. |
particular, the standard used to assess the quality of the nucleic acid
ext ract i o Ay M3EC aditip v hsIEimb A5 OFi K arhRroRATUNESCE IO EeapBIgATECkdt | de

nol ecul e conpr|3|n a segnent having the nucl eoti de sequence sel ected from
SEQ NOS: isolapagl frgin fiylear éoge basily flaids tha 26K awafedse epncaisradion FPANS © apicaryaRfitic al

sanpl es. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] FIGURE 1, franmes a to f,
are el ect conlitmnoylpsdn Py’ hAst amesse piotease i agey to treat microvesicles isolated from Lul

or more bodily fluid; the 50X protease concentration refers to an enzymatic condition



mul tivesicul ar bodies. Miltivesicular bodies (M/VB) can be identified in

various regions of the nephron and collecting duct (see arrows). Podo -

podocyt e, wBRotI/q@e%i nal tubule, TDL - thin descendi ng | iPe/UST/04236%i ck

ascending linb, CD-PC - collecting duct principal cell, CD-IC - collecting

duct intercalated cell. Scale bar = 200 nmfor a, ¢, d, e, f; 500 nmfor b.

[0017]FIGURE 2 is_ an electron m_croscopy picture of isolated urinary

ni crovesi cYheEin HhAR Qimosapipteaseds vigd & Eerigraspigieefolpied figny kid pemereal

ultracentrifugati on and i maged via TEM usi ng phosphotungstic acid as a

stai n. Th&odibaflud pRieferabhp thediyase OhEPHS GDRECASCi s a pl ot depi cting RNA

profiles generated with a nethod of 100kDa MACO filters. An Agilent

Bi oAnal yzer was used to generate the plot. [0019]FIGURE 4 is a plat

depi ct i ng [¥NAl pr of ilFlé‘sS“Hg‘H“é}eé%S@ﬁFtvﬂl% Rventiopitorpverkitfor pipiaing prgleig ation.  An

Agi |l ent Bi oAnal yzer was used to generate the plot. [0020]FIGURE 5 is a pair

of plots &P BITHEIRNACHPRISIE OBRIIRAE 6NN (2) A HEBE PPN pr ocessi ng

met hod of x300g spin, x17,000g spin, and 0.8 lamfiltration (A, or with a
enhancement agent; (b) DNase, RNase, or both; and (c) a lysis buffer. The novel kit may

further comprise instructions for using the kit. In the novel kits of this invention, the nucleic
acid extraction enhancing agent may include: (a) RNase inhibitor; (b) protease; (c¢) reducing
agent; (d) decoy substrate; (e) soluble receptor; (f) small interfering RNA; (g) RNA binding
molecule; (h) RNase denaturing substance; or (i) any combination of any of the foregoing

agents as a mixture or individually.

[0012] In yet another aspect, the invention is a novel method of analyzing RNA from
microvesicles, comprising the steps of: (a) obtaining a sample of microvesicles; (b) treating
the sample with DNase to eliminate all or substantially all of any DNA located outside of or
on the surface of the microvesicles in the sample; (c) extracting RNA from the sample; and
(d) analyzing the extracted RNA. The novel method may be performed on a biological
sample including, among other things, any bodily fluid, preferably urine, serum or plasma,

and preferably, is from a mammal, particularly a human.

[0013] In a further aspect, the invention is a novel method for diagnosing, monitoring,
or treating a subject, comprising the steps of: (a) isolating a microvesicle fraction from a
urine sample from a subject; (b) detecting the presence or absence of a biomarker within the
microvesicle fraction; wherein the biomarker is selected from the group consisting of (i) a
species of nucleic acid, (ii) the level of expression of a nucleic acid, (iii) a nucleic acid
variant, and (iv) any combination of any of the foregoing; and wherein the biomarker is
associated with the presence or absence of a disease or other medical condition, or the

viability of a treatment option. In some aspects, the biomarker is an mRNA transcript; for
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one step pre-processing nethod of only a 0.8 mfiltration (B), in each case
foll owed by ultracentrifugation. An Agilent BioAnal yzer was used to
gener at e wheoplowt®4 [ 00211 FIGURE 6 is a pair of plots depiratseewy/ RN
profiles generated with a three- step pre-processing nethod of x300g spin,
x17,000g spin, and 0.8 p.mfiltration (A), or with a one step
pre-processing nmethod of only a 0.8 p.mfiltration (B), in each case

fol | owed BRFANFY. theaRYA tRirEehnmabs BiFcteAdromghe eivtp mnsialing 8fZ NPHRE used to
generate the plots. [0022]FIGURE 7 is a flow chart depicting a new net hod
of nucl ei éPederia) Ervlad (Palactior TP $h ehepirinsulfpte gratsogbicibi Cﬁﬁﬁdﬁwﬁﬁm
operation. [0023]FIGURE 8 is a pair of plots depicting RNA profiles

gener at ed LAPRAMAEHNG dSRISRaGPEH LieFddcotpRices ot LI biobloeds gtannel

M crovesicles were isolated via filtration concentrators from 20mL uri ne
sanpl es. Prastin A), BéiikRdskethraslyking B gédptas), BtL&iRn@alcignihresopten). GCaRsd Pl ot B
represents the profile obtained with 10X protease. A 1X protease

concent r at@mitpridefsensgive sodinm ehanpptestbunitalshia)l 810 A Eriwide-OnG@7 sadjuor nor e
protease is used to treat mcrovesicles isolated fromlpl or nore bodily
fluid. A SKopdoteaspotancedRY @guapprin 2f ATE6Y B h(V-aAPywrdili aboondliGl@dAlwher ei n
0.135 AU or nore protease is used to treat mcrovesicles isolated fromlp
or nore baokidhey-shbaifidNa-BR€l syAlgoiter iR T MCR a0 AanpddvnRYAY; madre prefeeadbdye s
folin-positive am no acids and peptides corresponding to 1 pnol tyrosine
per m nut ehe thRE24tahd PR AR aquapaiit 2)air ATIPOY$B t €piAdtPasedd RNBuidn)ofii | es
generated with net hods using 25X versus 50X concentrated proteases.

M crovesi Gliéfer Wpe@s b AdveOmythadsf ihk bloataki@n aionGat drathef meditDFodddh uri ne
sanples. Plot A represents the profile obtained with 25X protease. Plot B

repr esent srdddrRcted &bl tee @btPédMeistind dfN(aPRXHPL Qlo@8&ER) ant Sl fakRadeefugk S t 0
0.027 AU. One nAU is the protease activity that releases folin-positive

an no aci ¢ssa0dl-REPhAGRFhrARLREHAOILNOUBR (dubRH hnd poR&IUAE, RRA adinnut €.
[0025] FIGURE 10 is a plot depicting the RNA profile of nelanona serum

Sanpl e Imerslund-Grisbeck syndrome; and (¢) AQP2 (aquaporin 2) and diabetes insipidus.
[0014] In yet another aspect, the invention is an isolated polynucleotide molecule
comprising a first nucleotide sequence that is at least 90% identical to a second nucleotide
sequence selected from the group consisting of SEQ 1D NOS: 1-29; an isolated
polynucleotide comprising a segment of a nucleotide sequence selected from SEQ ID NOS:
1-29; or an isolated polynucleotide comprising a sequence of at least 13 nucleotides that are
the same as any 13-nucleotide sequence in any one of SEQ ID NOS: 1-29. In particular, the
foregoing polynucleotide molecules may be a deoxyribonucleotide or a ribonucleotide. In
other aspects the invention is a vector comprising any of the foregoing isolated nucleic acid
molecules. In still other aspects, the invention is a host cell comprising any of the foregoing

vectors or any of the foregoing isolated nucleic acid molecules.

[0015] In a further aspect, the invention is a novel method of assessing the quality of
a nucleic acid extraction from a biological sample, comprising: (a) providing a biological

sample; (b) obtaining an extraction of nucleic acids from the biological sample; (c) measuring



1. RNA was extracted from1l m serumw th a nethod using a RNase i nhibitor,
Superase-In (Anbion, Inc). The final concentration of the RNase inhibitor
is 1.6 urwo0t1loomioar ovesi cl e suspensi on buffer. [0026] FPGORE2d10/08:368 pl ot
depicting the RNA profile of nmelanoma serum Sanple 2. RNA was extracted
from1l m serumwth a nethod using a RNase inhibitor, Superase-In (Anbion,
Inc). The final concentration of the RNase inhibitor is 1.6 units/tl
ni crovesi ¢leemausihiRdobRueeEftide Fnolqcebmlmﬂweg@ev@a&ms P HHCleRiIF 84AURRFCt he RNA
profile of nmelanoma serum Sanp RNA was extracted from1 m serum
with a mettededisengER Hkise?d lﬁﬁIFQﬁXﬁré‘Ftlonwﬁéﬂ)a@élp%ngtl\?rb‘in@‘ffﬂt ofhe) . The final
concentration of the RNase inhibitor is 1.6 units/t1l mcrovesicle
suspensi oolynrdentide motyowp FEa@yREstaglaydstogsysisohe geapitycafithpuckees RMexgrGion] e of
mel anoma serum Sanple 4. RNA was extracted froml1l m serumwth a nethod
usi ng a RN&seovchhicthiod oray bsppéraséon any(Yelbgion sample)for cRamplei abddily dhelent r at i on
of the RNase in inhibitor is 1.6 units/tl mcrovesicle suspension buffer.
[ 0029] FI GpREcdldr, bgne sqghtor dlepha prafigyalilh oRNAnpnoilisheh ofa el dhiemaveder um
Sanpl e
i method may be used in conjunction with any of the foregoing novel nucleic acid extractions

or novel extraction methods. In particular, the standard used to assess the quality of the

nucleic acid extraction may be derived by measuring the amount of a polynucleotide

molecule comprising a segment having the nucleotide sequence selected from SEQ NOS: 1-

29 in nucleic acid extractions from more than 5 biological samples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGURE 1, frames a to f, are electron microscopy pictures of urinary
multivesicular bodies. Multivesicular bodies (MVB) can be identified in various regions of
the nephron and collecting duct (see arrows). Podo — podocyte, PT — proximal tubule, TDL —
thin descending limb, TAL - thick ascending limb, CD-PC — collecting duct principal cell,
CD-IC — collecting duct intercalated cell. Scale bar = 200 nm for a, ¢, d, e, f; 500 nm for b.
[0017] FIGURE 2 is an electron microscopy picture of isolated urinary microvesicles.
Human urinary microvesicles isolated via differential ultracentrifugation and imaged via
TEM using phosphotungstic acid as a stain. The scale bar = 200 nm.

[0018] FIGURE 3 is a plot depicting RNA profiles generated with a method of
100kDa MWCO filters. An Agilent BioAnalyzer was used to generate the plot.

[0019] FIGURE 4 is a plot depicting RNA profiles generated with a method of
ultracentrifugation. An Agilent BioAnalyzer was used to generate the plot.

[0020] FIGURE 5 is a pair of plots depicting RNA profiles generated with a three

step pre-processing method of x300g spin, x17,000g spin, and 0.8 um filtration (A), or with a



5. RNA was extracted from1l m serumw th a nmethod using a RNase inhibitor
Superase-In (Anmbion, Inc). The final concentration of the RNase inhibitor
is 3.2 urwobt1loomioar ovesi cl e suspensi on buffer. [0030] FPGORE2d15/04:368 pl ot
depicting the RNA profile of a nmelanoma serum Sanple 6. RNA was extracted
froml mM serumw th a nethod using a RNase inhibitor, Superase-In (Anbion
Inc). The final concentration of the RNase inhibitor is 3.2 units/tl

m cr ovesi OhesterRsPHaeygiugtihclof oplyehg mmdleionsB). in epchrese fdllopicdbyng t he RNA
profile of normal serum Sanple 7. RNA was extracted froml ml serumwth a
met hod usiuligcentiigg®ni i AdilcorBioSuglercawes usad {(ogeberete thd plefy.. The fi nal
concentration of the RNase inhibitor is 1.6 units/t1l mcrovesicle

suspensi o0@2af f er . FIRORIDA k/a@RH DOAPCTENSRARIRNN0H2EBES Je0OBR] WitBaREcd7 is a
pl ot depicting the RNA profile of a normal serum Sanple 8. RNA was

ext r act ed sfep pra-frotessisgemetfivdbt A300g spei, x0T00®) spith, andRNBLaa filtrdtidai (AQror with a
Superase-In (Anbion, Inc). The final concentration of the RNase inhibitor

is 1.6 Un'ohe?étgﬁli?\r&p%c@is%‘é@ﬁétﬁdd%f%ﬁ@r&%Ltﬁrﬁltl?é’lfoil‘%ﬁ) i &Qﬁ@dsgkdﬂaa%d 48 is a plot

depicting the profile of normal serum Sa
filtration concentration. An Agilent BioAnalyzer was used to generate the plots.

[0022] FIGURE 7 is a flow chart depicting a new method of nucleic acid extraction
from urine with an extraction enhancement operation.

[0023] FIGURE 8 is a pair of plots depicting RNA profiles generated with methods
using 5X versus 10X concentrated proteases. Microvesicles were isolated via filtration
concentrators from 20ml urine samples. Plot A represents the profile obtained with 5X
protease. Plot B represents the profile obtained with 10X protease. A 1X protease
concentration refers to an enzymatic condition wherein 0.027 AU or more protease is used to
treat microvesicles isolated from 1ul or more bodily fluid. A 5X protease concentration
refers to an enzymatic condition wherein 0.135 AU or more protease is used to treat
microvesicles isolated from 1ul or more bodily fluid. One mAU is the protease activity that
releases folin-positive amino acids and peptides corresponding to 1 umol tyrosine per minute.
[0024] FIGURE 9 is a pair of plots depicting RNA profiles generated with methods
using 25X versus 50X concentrated proteases. Microvesicles were isolated via filtration
concentrators from 40ml urine samples. Plot A represents the profile obtained with 25X
protease. Plot B represents the profile obtained with 50X protease. 1X protease refers to
0.027 AU. One mAU is the protease activity that releases folin-positive amino acids and
peptides corresponding to 1 umol tyrosine per minute.

[0025] FIGURE 10 is a plot depicting the RNA profile of melanoma serum, Sample

1. RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In



RNA was extracted from1 m serumw th a nmethod using a RNase inhibitor,
Superase-In (Anmbion, Inc). The final concentration is of the RNase

i nhi bi t orw@.261wnoptog/ [ 1. 1 m crovesi cl e suspensi on buff er PCTAB3epBIBRE 19 i s
a plot depicting the RNA profile of normal serum Sanple 10. RNA was
extracted from1 m serumvvith a nmethod using a RNase inhibitor,

Superase-In (Anbion, 1nc). The final concentration of the RNase .inhibitor

is 1.6 unifEbpn, ohiThe Spalcopgeatratipn g theiRtpse ihtbiter 1s [l somey/pl wigrEesiglei s a pl ot
depicting the RNA profile of normal serum Sanple 11. RNA was extracted

from1 nl Se®ERANIUTET a2 net hod using a RNase inhibitor, Superase-ln (Anbion,
Inc). The final concentration of the RNase inhibitor is 3.2 units/[1.1

m cr ovesi d9@&6kuspendGoRE U i @ plot fanask thedIRE profil¢ of mclpiopta sgaipl, Seplg t he RNA
profile of normal serum Sanple 12. RNA was extracted from1l ml serumwth
a met hod dsiRgAavaRRiisstad divinhl mbserugupd rasahddmspamtiNase inhfatpr, STprsaseilmal
concentration of the RNase inhibitor is 3.2 units/[1.1 mcrovesicle
suspensi ofAmbiohelne). [1he InplFb@IREaRD of sheaR Ndsowhdhitar & 1depmitel megrevesielw net hod
of nucleic acid extraction froma biol ogi cal sanple using an extraction
enhancenentspepémdivifion. [ 0038] FI GURE 23 is a pair of plots depicting RNA
profiles generated with nethods

[0027] FIGURE 12 is a plot depicting the RNA profile of melanoma serum, Sample

3. RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In

(Ambion, Inc). The final concentration of the RNase inhibitor is 1.6 units/ul microvesicle

suspension buffer.

[0028] FIGURE 13 is a plot depicting the RNA profile of melanoma serum, Sample

4. RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In

(Ambion, Inc). The final concentration of the RNase in inhibitor is 1.6 units/ul microvesicle

suspension buffer.

[0029] FIGURE 14 is a plot depicting the RNA profile of a melanoma serum, Sample

5. RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In

(Ambion, Inc). The final concentration of the RNase inhibitor is 3.2 units/ul microvesicle

suspension buffer.

[0030] FIGURE 15 is a plot depicting the RNA profile of a melanoma serum, Sample

6. RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In

(Ambion, Inc). The final concentration of the RNase inhibitor is 3.2 units/ul microvesicle

suspension buffer.

[0031] FIGURE 16 is a plot depicting the RNA profile of normal serum, Sample 7.

RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In

(Ambion, Inc). The final concentration of the RNase inhibitor is 1.6 units/ul microvesicle

suspension buffer.
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with or without DNase treatnment. DNA not | ocated inside the mcrovesicles
was renoved by DNase digestion of the mcrovesicle pellet isolated from
uri ne sampbestobpwr to |ysis and nucl eic acid extracti oRCTAS20100¢f36%

wi t hout DNase digestion using RNeasy Mcro Kit. B - profile with DNase

di gestion using RNeasy Mcro Kit. C profile without DNase digestion using
MrVana Kit. D - profile with DNase digestion using MrVana Kit. Note the
changes i 0&%hl | RNAGHEIK! hgp gt d%ﬁlﬂé@ﬁ@f@%@%ﬂ%ﬂlﬁ%@ﬂ&b PHPIER. D
suggests that there are sone carry-over of DNA into the sanple follow ng
phenol / chiFOV st fitBese foaxdtplsetunpiyith p ondipf payrERMasq ighifitgaPypcipe-fl ot s
depicting RNA profiles generated with nmethods with or w thout DNase

t r eat ment (ADRIRNNGE). | Tde dnalonesairaeontof gheR Mase ipddiiter 8 d - Gunsts/ nEmV@EsiPY DNase

di gestion of the mcrovesicle pellet isolated fromserum sanples prior to

| ysi s and sppehseinduffei-d extraction. A - profile without DNase digestion. B -
profile with DNase digestion. C - A pseudo gel showi ng "apoptotic

body" - 1i kd003dtder s WRiLRE H ightlat depigmicdiceRMA phofdeinmrddsiwed Seple vesi cl es.
[0040] FIGURE 25 is a pair of plots depicting RNA profiles generated with
met hods WRNA ors etiatted froRNaslesctunewttive nteghod RNAg a8Nabwobibed, Susiradelit he

m cr o-vesi cl es was renoved by RNase digestion of the mcrovesicle pellet

i sol at ed f(Ambiourinoe Thafjphlesngenirationtioof ths Rawrishibitie 16 wnits/nl chiceostesialet i on.  A-
profile w thout RNase digestion. B - profile with RNase di gesti on.

[ 0041] FI Gypedfoni tauffar.pai r of plots depicting RNA profiles generated from
urinary mcrovesicles and rat kidney tissue. A - profile fromrat kidney
tissue. B[eo3af of i | eFIGURB Lk BRI dEPi@nQVIRSRICA @Sofild O0AZhilsGURESZple $0.2 pai r
of plots depicting RNA profiles generated fromurinary

RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In
(Ambion, Inc). The final concentration of the RNase inhibitor is 1.6 units/ul microvesicle
suspension buffer.

[0035] FIGURE 20 is a plot depicting the RNA profile of normal serum, Sample 11.
RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In
(Ambion, Inc). The final concentration of the RNase inhibitor is 3.2 units/ul microvesicle
suspension buffer.

[0036] FIGURE 21 is a plot depicting the RNA profile of normal serum, Sample 12.
RNA was extracted from 1 ml serum with a method using a RNase inhibitor, Superase-In
(Ambion, Inc). The final concentration of the RNase inhibitor is 3.2 units/ul microvesicle
suspension buffer.

[0037] FIGURE 22 is a flow chart depicting a new method of nucleic acid extraction
from a biological sample using an extraction enhancement operation.

[0038] FIGURE 23 is a pair of plots depicting RNA profiles generated with methods
with or without DNase treatment. DNA not located inside the microvesicles was removed
by DNase digestion of the microvesicle pellet isolated from urine samples prior to lysis and

nucleic acid extraction. A — profile without DNase digestion using RNeasy Micro Kit. B —
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m crovesi cl es and rat kidney tissue using nethods that can enrich small RNA
extraction. A-profile fromrat kidney tissue. B- profile fromurinary

m crovesiwDes11/qo@M43] FI GURE 28 is a pair of plots depi cecmgsSRNNom3esi | es
generated from whol e urine exclusive of mcrovesicles, which are not
captured by the isolation technique, with or without DNase treatnents.
A-nucleic acids isolated fromwhole urine wthout DNase treatnent.

B- nucl ei c PEIIe¥ith Dbjesg degestipppringioNesyiMi¢ie K Cn prre withous BNsasdigestiono

2011/ 009104PCT/ US2010/ 042365 [0044] FIGURE 29 is a\pai r of plots depicting

RNA prof i [vaigg fEREna KédDrrispdilg mithd»eseriligessign g5ing Mt

isolated fromurinary mcrovesicles w thout DNase treatnent.

ang Kify Nogg the gheapegs

B- nucleic

aci ds i solintredl RINArpes lenghy and arpacigdigitedibyDiig gwow i R fggess thpiObUSpRISGORE 30 s
a pair of plots depicting RNA profiles generated from nucleic acids
ext r act ed ctrppavar kEDpd intstth mpiedfotlewing ghenkEcldootprn hased cptractioe| ei ¢ aci ds

isolated from 300g spin pellets without DNase treatnent. B-

nucl ei ¢ aci ds

i sol at ed f903H 300g BIGIURH2 s etpsir wf plhts DNEsEgtRNA proditds gofd@dbifh GoRBIE1 is a

pair of plots depicting RNA profiles generated fromnucleic

with or without DNase treatment. DNA not located inside the microvesicles was removed by

DNase digestion of the microvesicle pellet isolated from serum samples prior to lysis and

nucleic acid extraction. A — profile without DNase digestion. B — profile with DNase

digestion. C - A pseudo gel showing “apoptotic body”-like ladders which might co-isolate

with serum-derived microvesicles.

[0040] FIGURE 25 is a pair of plots depicting RNA profiles generated with methods

with or without RNase treatments. RINA not located inside the micro-vesicles was removed

by RNase digestion of the microvesicle pellet isolated from urine samples prior to lysis and

nucleic acid extraction. A— profile without RNase digestion. B — profile with RNase

digestion.

[0041] FIGURE 26 is a pair of plots depicting RNA profiles generated from urinary

microvesicles and rat kidney tissue. A — profile from rat kidney tissue. B — profile from

urinary microvesicles.

[0042] FIGURE 27 is a pair of plots depicting RNA profiles generated from urinary

microvesicles and rat kidney tissue using methods that can enrich small RNA extraction. A—

profile from rat kidney tissue. B— profile from urinary microvesicles.

[0043] FIGURE 28 is a pair of plots depicting RNA profiles generated from whole

urine exclusive of microvesicles, which are not captured by the isolation technique, with or

without DNase treatments. A—nucleic acids isolated from whole urine without DNase

treatment. B—nucleic acids isolated from whole urine with DNase treatments.

12



acids extracted fromthe pellet formed during the 17,0009 spin. A- nucleic
acid profile from 17,000g spin pellet without DNase treatnent. B- nucleic
aci d profwbeofwoomod7, 000g spin pellet with DNase treat meor/USp@047I3F5 GURE 32
is a pair of plots depicting RNA profil es generated from m crovesicl es that
underwent RNase and DNase digestion on the outside prior to mcrovesicle
lysis, with or without intra-mcrovesicul ar RNase digestion, A- nucleic

aci d prof P4 t houtIGURE 22 i £ri6 9bRIPt drristingniis Peafilis Sencs#ed BomyiisyEi ¢ aci d
profile with intram crovesi cul ar RNase digestion. [0048]FIGURE 33 is a pair
of plots dEPPEEIcHy ANAUgeisREidiolged dogy wianrpisiayreslenedios B¥aschat under went
RNase and DNase di gestion on the outside prior to mcrovesicle |ysis and

i ntra-ni criggtesnic B-ancRiNasils dolgedtfropnmiofpvepielas wish Diasdergtments.

i ntram crovesi cul ar DNase digestion. A- nucleic acid profile w thout

i ntra-m cl®A8ki cul arlCGONEH digeis of Pnats depictmgdiNed prodidds geparaied fremwiglpic
intra-mcrovesicular DNase di gestion. On plot B, the peak just after 20s is
reduced congaeddctehgomghepallagfopaalduring gled00LspiThe- neditic sdidnsdughishs t hat a
smal | amount of DNase digestible material is present within exosones.

[ 0049] FI G3REg $in plleavathBitdANak yz@mente Bermatled acids suded dgehl 300g opin fpeldetof t he
positive identification of R boAnp anplified nmRNA transcripts for

bet a- act i witiaNGGARBMment. uri nary m crovesicles by RT-PCR, B) is an
illustration of the nephron and collecting duct highlighting its six
functi onaljbogetli st i NEGUREYS 108 S pait of §3be degictingRN AL profiled eemmdted i na¢leid. Thi n
Descending Linb; 4. Medullary Thick Ascending Linb; 5. Distal Convol uted
Tubul e; 6 .acidobidt@eted AGmBEHSlet foBR&IATuRhSURE 73804 . €% € RiliSeiBhddpalikZARIim

generated pseudo gel profiles of the
17,000g spin pellet without DNase treatment. B— nucleic acid profile from 17,000g spin
pellet with DNase treatment.
[0047] FIGURE 32 is a pair of plots depicting RNA profiles generated from
microvesicles that underwent RNase and DNase digestion on the outside prior to
microvesicle lysis, with or without intra-microvesicular RNase digestion. A— nucleic acid
profile without intra-microvesicular RNase digestion. B— nucleic acid profile with intra-
microvesicular RNase digestion.
[0048] FIGURE 33 is a pair of plots depicting RNA profiles generated from
microvesicles that underwent RNase and DNase digestion on the outside prior to
microvesicle lysis and intra-microvesicular RNase digestion, without or without intra-
microvesicular DNase digestion. A— nucleic acid profile without intra-microvesicular DNase
digestion. B— nucleic acid profile with intra-microvesicular DNase digestion. On plot B, the
peak just after 20s is reduced compared the matching peak in plot A. The reduction suggests
that a small amount of DNase digestible material is present within exosomes.
[0049] FIGURE 34 A) are BioAnalyzer generated ‘Pseudo gel’ profiles of the

positive identification of RiboAmp amplified mRNA transcripts for beta-actin and GAPDH

in urinary microvesicles by RT-PCR; B) is an illustration of the nephron and collecting duct
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identification of nRNA transcripts encodi ng specific genes fromregions 1
and 2 of the nephron and collecting duct detected by RT-PCR of R boAnped
MRNA f r orworzonzooyiom crovesi cl es, specifically: 1. G oneParoEs2018BHIES -
podocin, LGALS1 - Galectin-1 , HSP& - heparan sulfate proteoglycan 2.
Proxi mal Tubule: CUBN - cubilin, LRP2 - megalin, AQP1 - aquaporin 1, CA4 -
carboni ¢ anhydrase 4, CLCNS - chI ori de channel protein 5. %0051] FI GURE 36
repr esent @1@¥@ﬁ«W§Ilt§f’érfu%fé‘ﬁ’é'f’r“é{tdé%ﬂmﬁéf%% de@loﬁ}eﬁfl‘t"sl &s Proxingah fube it Thincat i on
of MRNA transcripts encodin eC|f| enes from I‘68I ons 3-6 of the nephron
i)

and col | edtepergdiagéimbid Me higkra langb@éplaﬁ@h PRI BibRlgE P-nar y
m crovesi cl es, Eec ifically: 3. Thin Descending Linb: BDKRBl - bradykinin

Bl recept iolledting Ilary Thick Ascending Linb: CALCR - calcitonin
receptor, SCNNLD - amloride-sensitive sodi umchannel subunit delta. 5.

Di stal CoiPlLt ed TRBURE 3Lmesas BioAmlyrer ghacrted phaudy gelsvefilenofdhd or i de
cotransporter. 6. Collecting Ducts: AQP2 - aquaporin 2, ATP6V1Bl - vATPase
Bl subuni tiJen8fi@lLaadf mRY Al renscgpie cichiling Mzeckic@enas yrpporegions 1 po0bHtht GURE 37 A)
is a pair of BioAnalyzer pseudo gels depicting the expression of the

V- ATPase Béplsobumicllemidg AgPdetodRdbiby T-RTRRER ibah ved TS A fiBin WDa(B1 -/-) and
wildtype (BL +/+) mce; B) is a pair of charts depicting the expression of
t he V- ATPaseroBRickshupndifically: LiGloaeryluri NRIOS2E s paloein, BAALKRI ddeleciel L s from

V- ATPase B1 KO (Bl -/-) and wld type (Bl +/+) mce by real-tinme PCR

anal ysi s. HING?2 —-heparan sitlfatd ([8dteagdyday 2SPrgxinfai Tetnifle: UG 3 LEHiIEJREP38 is a trio
of plots depicting RNA profiles generated fromurinary m crovesicles.
Urinary ningdg@ivie SiQr 1€ SaquiorinN ot Avashi®dnio bnityiess £CTVEN - alilyridxdhba@et i on
enhancer before the m crovesicle nenbranes were broken for nucleic acid
extractioprotdihsee sanples were used in this group of extractions. The
profiles are shown in A, B and C, respectively. [0054]FIGURE 39 is a trio

of plots qewiteti ng RNARY 8 fch@cnBENEA ML r EneMedph&AL Yel profiles of the
identification of mRNA transcripts encoding specific genes from regions 3-6 of the nephron
and collecting duct detected by RT-PCR of RiboAmped mRNA from urinary microvesicles,
specifically: 3. Thin Descending Limb: BDKRBI — bradykinin B1 receptor. 4. Medullary
Thick Ascending Limb: CALCR - calcitonin receptor, SCNN1D - amiloride-sensitive
sodium channel subunit delta. S. Distal Convoluted Tubule: SLC12A3 — thiazide-sensitive
sodium-chloride cotransporter. 6. Collecting Ducts: AQP2 — aquaporin 2, ATP6VIBI1 —
vATPase Bl subunit, SLC12A1 — Kidney-specific Na-K-Cl symporter.
[0052] FIGURE 37 A) is a pair of BioAnalyzer pseudo gels depicting the expression
of the V-ATPase B1 subunit and AQP2 mRNA by RT-PCR in V-ATPase Bl KO (B1 -/-) and
wild type (B1 +/+) mice; B) is a pair of charts depicting the expression of the V-ATPase B2
subunit in urinary microvesicles and kidney cells from V-ATPase B1 KO (B1 -/-) and wild
type (B1 +/4) mice by real-time PCR analysis. “NS” — not statistically significant.
[0053] FIGURE 38 is a trio of plots depicting RNA profiles generated from urinary
microvesicles. Urinary microvesicles were not washed or treated with any extraction

enhancer before the microvesicle membranes were broken for nucleic acid extraction. Three
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m crovesicles. Uinary mcrovesicles were not washed but were treated with
a RNase inhibitor, RNase-In (Pronega), before the m crovesicle nenbranes
wer e br okwo 20twoomes| ei ¢ aci d extraction. Three sanpl es ReTASAEIOM41365 t hi S
group of extractions. The profiles are showmn in A, B and C, respectively.
[0055] FIGURE 40 is a trio of plots depicting RNA profiles generated from
urinary mcrovesicles. Uinary mcrovesicles were washed but were not
treated WSHRPIEYCrRNERIdN rwram Srexpestighe thserefilesass BerainAnBapd Gnes wer e
broken for nucleic acid extraction. Three sanples were used in this group
of extract§®efivelThe profiles are shown in AL B and C, respectively.

[0056] FIGURE 41 is a trio of plots depicting RNA profiles generated from
urinary nﬂ@MﬁbeS|cI%@Hﬂﬂﬁﬂh@ﬁ?ﬂm@%ﬂ@vé@$%ﬂﬁg@%bW@ﬁhagﬁ@ﬂﬂﬁhﬂnmP@%ﬁbd with
RNase i nhi bitor before mcrovesicle nenbranes were broken for nucleic acid
extract i omicrppgsiséess Hmphrergniopor esialesekré mot akhed Groupe statekvithie RNesss. The
profiles are shown in A, B and C, respectively. [0057]FIGURE 42 is a |ist
of chr onosantEtor,diasedn (Pnomggag hefohethe mwoesinismecnithienss 506 brekendgmugleichi ts i n
a deep sequencing anal ysis of RNA extracted fromurinary mcrovesicles

(" spi kes" pcid EhgachombBrrse sanghies ateee ushéinshiagtovpndexdndtigel he pbfikaate
chronosomal region. For exanple, "chrl.-1.91625366.91625741" refers to the
regi on on shawmain A B oS aevpectivbigt ween nucl eoti de nos. 91625366 and 91625741.
The corresponding SEQ ID NOS are also indicated. [0058]FIGURE 43 is a |ist
of primer$008Sepd f or FIBCRE €8s b ittionoftpotadgpligting RemoéRs kehelddedofmo

regions as indicated. For exanple, "chrl.-1.91625366.91625741" refers to

the regi omiodvRIRN UEES MisoN®icleshaiyvwancdbig veed idacitebwitP 520866 and
91625741. The prinmer pair used to anplify this region was

"t ccagct cag@hiios 66bRlthe thlcr@Rdicle eREMEGIIFAbEIKERE) nddékic adll ex®icGod. Urhréd oM 5’
to 3" as they go fromleft to right.
samples were used in this group of extractions. The profiles are shown in A, B and C,
respectively.
[0056] FIGURE 41 is a trio of plots depicting RNA profiles generated from urinary
microvesicles. Urinary microvesicles were washed and treated with RNase inhibitor before
microvesicle membranes were broken for nucleic acid extraction. Three samples were used
in this group of extractions. The profiles are shown in A, B and C, respectively.
[0057] FIGURE 42 is a list of chromosome regions in which there were more than
500 transcript hits in a deep sequencing analysis of RNA extracted from urinary
microvesicles (“spikes”). The numbers indicate the start and end point of each chromosomal
region. For example, “chrl.-1.91625366.91625741” refers to the region on human
chromosome 1 between nucleotide nos. 91625366 and 91625741. The corresponding SEQ 1D
NOS are also indicated.
[0058] FIGURE 43 is a list of primers used for PCR reaction to amply sequences in

10 chromosome regions as indicated. For example, “chrl.-1.91625366.91625741” refers to

the region on human chromosome 1 between nucleotide nos. 91625366 and 91625741. The
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[0059] FIGURE 44 is a pair of BioAnalyzer pseudo gels depicting the result
of PCR anplification of 10 spike-rich chronosone regions. The nunbering of
t he | anesweatotim®otoep of each frame corresponds to the negibaseelg/oafict he
chronmosone regions shown in Figure 43. In A a nucleic acid extraction from
urinary mcrovesicles was used as a tenplate for the PCR In B, a nucleic
acid extraction fromrenal tissue was used as a tenplate for the PCR

[ 0060] FI GDREST Pt uasd toraannhifinthes reipn s eFaerercsinorial rlrl? AndeagHegimaetgst
regions. The regions are indicated at the top of each plot. For exanple,
the plot IR FPouee rusfiompetod’ ppthenego fragilefhtogight.chrl .- 1. 91625366. 91625741, "
which is the region on human chronosone 1 between nucl eotide nos. 91625366
and 91625TW691 DETAI FIEHRIERCRR PFir cRBooosYIavpequdy edds dipessing the repli@f BGR
eukaryotic cells, or budded off of the plasma nenbrane, to the exterior of
the cel | . apbSestioe abltaipekevsdichtoawsemercaone r tigenabeonng of thd laeeswi thh taidet er s
rangi ng from about 10 nmto about 5000 nm The snmall m crovesicles

(appr oxi maeal fyanieCrotresp@GOo thwy nuanbdrimgrfahaofhr@nosapp rapnyal@ynyin Fguraod200 nm i n
dianeter) that are rel eased by exocytosis of intracellular nultivesicular
bodi es ar &\, nefideic edd ertriction fremariharg milrexaetoyess tsclihe a conmpos for itlerXCR. net hods
and uses described herein are equally applicable to mcrovesicles of all

si zes; pr éf Bramickidrid ext@Cibnrfram sna tivnreevap uefdes abdmypldtd faroheZ2@R.Nm [ 0062] I n
some of the literature, the term"exosone" also refers to protein conpl exes
cont ai ni ngosepr i bonEIGURESess -Tihire ploardepictingothy gdkds in 2RNAodeghadatiosn and t he
processi ng of small nucleolar RNAs (snoRNAs), small nucl ear RNAs (snRNAs)
and ri bosamskegRINASre(ifi iR o thclopedf cath plot2 FQBexaviple, Bicjpkot & Fighre 4628060  Such
protei n conpl exes do not have nenbranes and are not "m crovesicles" or

" eX0S0NES 'theA8gibMOSRhEICN WB6E366. UERE741eT Rhibiis tQegiOd &4 BRI ARGATdLn2010/ 042365

between nucleotide nos. 91625366 and 91625741.

DETAILED DESCRIPTION

[0061] 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 10 nm to about 5000 nm. The small microvesicles
(approximately 10 to 1000 nm, and more often approximately 10 to 200 nm in diameter) that
are released by exocytosis of intracellular multivesicular bodies are referred to in the art as
“exosomes.” The compositions, methods and uses described herein are equally applicable to
microvesicles of all sizes; preferably 10 to 800 nm; and more preferably 10 to 200 nm.
[0062] In some of the literature, the term “exosome” also refers to protein complexes
containing exoribonucleases which are involved in mRNA degradation and the processing of
small nucleolar RNAs (snoRNAs), small nuclear RNAs (snRNAs) and ribosomal RNAs
(rRNA) (Liu et al., 2006; 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.
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[ 0063] The present invention is partly based on the discovery that adverse
factors can prevent an effective extraction of nucleic acids froma

bi ol ogi cavo=zanmplogioand t hat novel and unexpected agents anu/Gst@po42368y be
used to mtigate or renove the adverse factors, thereby dramatically
inmproving the quality of the extracted nucleic acids. As such, one aspect
of this invention are novel nethods for extracting high quality nucleic

aci ds from®3bi ol oglheairessyripyeationris gany based g therdjscayary g’éi"idd?ﬁ@,e Beosisied by

t he novel nethods described herein are characterized by high yield and high
i nt egrity Provakiangifedioe exracten efdupigicleids frawiaddologiesl samile and/tg?ti ngyel and
applications in which high quality nucleic acid extractions are preferred.

[ 0064] Br oas¢xpeeiedegenty and stensangydgaisedie mhbghic premenhe fdyerse fegtps. eherablie st eps
of obtaining a biological sanple, mtigating or renoving the adverse

fact ors t Wemapealyamprexmedhd @etityag thexxiragied olestacidec hebushagicdspett ofithia

bi ol ogi cal sanple, and extracting nucleic acids fromthe biol ogical sanple
f ol | owed, iophiiarat hgvel bythodsdbedxtractoigdiginpkltyingcleif 0065 dppibideditad bi ol ogi cal
sanpl es include, for exanple, a cell, a group of cells, fragments of cells,
cell produahgle. filed high qplifyorxtrestmnpbldaineclyotie siel msthodsaleberbad hereiesre bodi |y
tissues froma subject, or bodily fluids. The bodily fluids can be fl uids

i sol at ed fchamtairgivbehghiyield dnd hiphdytegfityt hekiguthy exttactepnedlar aditlyusafupéri pher al

| ocation, including but not limted to, for exanple, blood, plasma, serum
urine, spuwhticns aplicaddnsfin whidh highqualay niidi¢ic skid eitpplies aggirefatres, | ynph fl ui d,
fluid of the respiratory, intestinal, and genitourinary tracts, tear fluid,
sal iva, bnemwai m | kBrohdiyidekcfibImht hevdl yidpaal includy, SéreRample®dstegz@f ebr ospi nal
fluid, intraorgan systemfluid, ascitic fluid, tunmor cyst fluid, amiotic
fluid and op@mighatiblogisaltshapehitibQOGRF AenltividQlkt £Bkrss aikLthifycveR MRt | Mes cone
froma subject. The term "subject” is intended to include all aninmals shown

to or expegt@fctRrlavtoMuelRVERE GhAS: bibl0giPAKEhSIM] a0 cardRAM ARMiSacidshe
subject is a mammal, a hunman or nonhuman prinmate, a dog, a cat, a horse, a

cow, ot herrohahBbRAYERl SmpRr f_oﬁo_vl?éag@@fonﬁlﬁﬁ, By nfP4S £oid hiplysisQUi nea pig, etc.).
The term "subject” "and "individual™ aré used interchangeably herein. WO

2011/ 009104PCT/ US2010/ 042365 [ 0067] A bi ol ogi cal sanple nay optionally be
processed [995hbt ai nArPlispie B’QIO@H:PI Sg,ﬁ]ﬁiﬁp gclude, for example, a cell, a group of cells,

fragments of cells, cell products including for example microvesicles, cell cultures, bodily
tissues from a subject, or bodily fluids. The bodily fluids can be fluids isolated from
anywhere in the body of the subject, preferably a peripheral location, including but not
limited to, for example, blood, plasma, serum, urine, sputum, spinal fluid, pleural fluid,
nipple aspirates, lymph fluid, fluid of the respiratory, intestinal, and genitourinary tracts, tear
fluid, saliva, breast milk, fluid from the lymphatic system, semen, cerebrospinal fluid, intra-

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

2

[0066] A biological sample may sometimes come from a subject. 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. mouse, rat, guinea pig, etc.). The term “subject”

and “individual” are used interchangeably herein.
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derivative before, after, or at the same tine as, carrying out the step of
mtigating or renoving the adverse effects. The biol ogi cal sanple

deri vati weormaui/doe1oa cell, cell debris, a nenbrane vesi clPET/USR018/042365

m crovesi cle. [0068] A bi ol ogical sanple is sonetinmes pre-processed before a
bi ol ogi cal sanple derivative such as a mcrovesicle is obtained. In sone

i nstances, the pre-processing step is preferred. For exanple, a urine

sanpl e is [ be pr btﬂl%‘@k%ﬂl’lﬁtlﬁaBb‘PﬁtIQPﬁlylheiHﬁ%?ﬁ?eﬁlﬁoc‘?b&?‘égg’(‘?lo&c?l spRgle
pre-processln% may be achi eved by techni ques known in the art such as | ow
speed centdfiiYaiyabsfon. dise oppriehe sanicrtipq Bncarysie aakhapicr of MHICAESAMl es may
undergo a first centrifugation step of 300g to get rid of large particles
in the safph@dng thp pdverss ghprte sThedyolegierd paerladaimedreomaydivtardetluegl elyis. st ep of
17,0009 to get rid of smaller particles in the sanples. After the second
cent ri f ugaambmanstvesicle, pr e macreeasslees may further undergo a pre-filtration
step, e.g., a 0.8umpre-filtration step. Alternatively, urine sanples may
be pre-pr ed by, a: fihtrati 0, W | rS i.ng the
one or o BE the el S A R ek L o Ra Rl

m crovesi . ' - ' ' (A Lnst ances,
such | sol by onvEREngEe EAGLALER o B, 1h RO e Mo P B 1 ca
sanple in i . ln o . nst i sol at i may be carried
outaf t e PLRGT: OPbanaE o WPl 1S} BB D AR ERHER 1t ep ey be
advant ageous_ f or  hi uality.nucleic acid.extractiqn froma bi ol ogical
st ran ol ieite The i Bricki i e PEL DS LB abh B el ' 25 o)

the opportunity.to sel ectivel nal yze di sease-.or tunor-specific.nucleic
aci ds. - whiOh e CHUTHET L AREP g o S Suiss Sompley g st

m crovesicles_ apart fr other mcrovesicles wthin the fluid sanple; 2)
 onit 1 onRETgRgHorP Y ahE et ares S p i aeria K SO Y egr i £y as
conpared to the yield/integrity obtained by extracti ng nucl.eic acids
directly fPésme %éc‘f@rdtﬁeatr%%ﬂ%gtemf s g £y of el g BB £ SHIRIPR] o

aci ds expressed at |low | evels, the sensitivity can be increased b

pel | eti ng AHSF @eﬁw@flémfegaé@nﬁe@rﬂr@eP%{?@%ﬁrmwﬁt}hﬁ ugflergep %ﬁlﬁaﬂoamye@r
nucleic acids in that protein and |ipids, debris fromdead cells, and other
pot enti al ScortOhiptidiraien SPER Al§HIRBY o MEIng s PAY RS TS PIOFRST DY 2 -

m crovesicle pellets before the nucleic acid extraction step; and 5) nore
choi ces i mrafilEpeeostepeyighoaktintundegaingdhcring or mereraf gheppptsifygatondtiset s are of
much smal |l er volume than that of the starting serum naking it possible to

extract nygledj ¢ aci fsmblli&RES . & GIANEIHE, FraD 8l IsBlhafd YR Ibisi¥Rlch) Vol une
colum filters. [0070] Met hods of Tsolating mcrovesicles froma biol ogi cal

sanpl e ar %arﬁﬂ@.wﬂl dofhe lifk@anBdst sucf%'blaﬁériim A B PF@-%rB@e%ﬁﬁg inal

. eC
centrifugation i's described I'n a paper” by Raposo et a Raposo et al .,

19962le 3 ?Ni@)?og icawan%ffg,ss%s nga}léeg;gﬁ% %i%#mszglgmsogﬂgn glapgg%}'rrigyodt\li | sson

et. on et ‘a ani on exchange’ and/ or ge
t i 8 1 i. P - d
6. 512, 029 Mt BALIRF PR G SEREI Y e il SRR L LBy Ryt "

el ectropharesi s _are described.in .. Pat en . 1,198,923, A net hod of
enot | o SR Ryl adF PAERG ol MRl leRlbles Ot bR o WY 8, b

and Gercel Taylar (Taylor a Cercel -Tayl or,..2008 A.net hod. of nanonenbr ane
et gt RN St PRt etk g R R e et At AV
(Cheruvanky et al., 2007). Further, .mcrovesicles can be.identified and
ol it ea b B0t I e el s e S S P U BB B
technol ogy that uses a unique nmcrofluidic platformto efficienfly and

sel ecti ve|apar5§?}apﬁ%mf°ﬁ%ﬁ1&aw%%aherﬁw S ) Hgnifieaaty b era}11¢1§ .Oﬁ Each of the
foregoing references. is. incorporated by reference herein for its teaching

of these REEINEAS] SRSy Mith MebrenRHY S AeARarest tothitey ey oidiesd Wed herein,

the mcrovesicles = ) . )
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
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isolated froma bodily fluid are enriched for those originating froma
specific cell type, for exanple, lung, pancreas, stomach, intestine,
bl adder, WwOdneyo9myary, testis, skin, colorectal, breasPCTaSesAIBGS brain,

esophagus, liver, placenta, fetus cells. Because the mcrovesicles often
carry surface nol ecul es such as antigens fromtheir donor cells, surface
nol ecul es may be used to identify, isolate and/or enrich for nlcrove5|cles

froma spd©nf3 kregbrdymeef seruny ;%pm nuclicpgits ibthatgproteinznd Gpids Aoy frommg

Ger cel - Taylor 2008). In this way, mcrovesicles originating fromdistinct
cel | popuidstd sHs 2edptheeosmtiphronamimgnts epEPe R pldyiorcerasicidsé fiowrbe  For
exanmpl e, tunmor (malignant and non-malignant) mcrovesicles carry

t unor - ass dufravesHlapellpt deforathe gechc sordiextagtidhe tapetnslcd) arpre ¢hoiennawclgied/ or
enriched via these specific tunor-associated surface antigens. In one
exanpl e, tbid cxtrctige methads agemiciogeseghd pablets iaeg of ewich smelkes splome thsindlea b&th¢ EpCAM) |
which is specific to mcrovesicles from carci nomas of |ung, colorectal,
breast, psdgingtseumheakingrgosddkio catektheget rodoireryihese bigrovagele péllets
hemat ol ogi cal cell origin (Balzar et al., 1999; Wnt et al., 2004). In
anot her exsinpbkmall vdlemswlfme éltemt i gen is CD24, which is a glycoprotein
specific to urine mcrovesicles (Keller et al., 2007). In yet another

om0 car S Embr yor Aok Gy BEAGR B RO R ol P Ruhe 3 %%?wé%ff#%‘df? "
Fas Ilgand recep

Adi ] ona Fy]F'OI‘L sl RBRhR bt RrEE R BT R 3 %%Cf%ﬁi%na%ﬁeag? SRIBY Sthe | ack
i crovesi &l rm?%%aép@?wap&é YS?%%CP?@W% &*9 5@%?6! iﬁj@{é‘ftbyfolﬁvssg&%%gm e. by
oo BPfsfaet AP BB Mas R S greEh e rier Eo| oo BHRIGREM | he

surface antigen._i nc . her enbodi nent, the
surface aftS lei“’slﬁ 8?@?%“150489% &?glapg?ﬁi)%g%il%ﬁh‘?“@ %8{“%% SRy

cancer ous. Cne exanpl e of a nethod of nlcrove5|cle separation based on cel
surface astidifar qrgrgav%\ﬂe%féwonhﬁreﬂssre Jozgribpd iniyS. Fateng §ogh 893,98 de@ethpdhed i n,
e.g., US. Patent Nos. 5,840,867 and 5,582,981, WJ 2003/ 050290 and a

publ i cat i GhmBgelispsivatsd sell sorting YoMpadndeseribed in a pgughy Taperane Csrcshd t hei r
anal ogs specifically bind surface nol ecul es and can be used as a separation
tool for reyler enylegandefisreelyigelos gaeR)f Acmethed ofneseredrebsancbiraddudtiar| y i npri nt ed
pol ymers al so specifically recognize surface nol ecul es as described in,
e.g., US Parcsnirativess dogcrivpe imappperby3drrssgkyaidl 1Czgwasgoetahd087)publ i cation
by Bossi et al. (Bossi et al., 2007) and are a tool for retrieving and

i sol at i ng Foghdr, migpeg@ecdahibe idenfiftedomd siobitedgronEbahly dluid ¢fe stibjre dpiamgwly
references is incorporated herein for its teaching of these nethods.

[ 0073] | n idostde@mad escradhentetinelagp tlemdeed a bnighogiccaluidie phatfai twefficendy medrbr ane
vesi cl e such as a mcrovesicle, a step of renoving nucleic acids that are
not i nsi declthimelyisepatate sinwir-detiigd ot ¢sivks (Qkanf oo pinfe dachivit thofdsegoingr enovi ng
nucleic acids are well known in the art. For exanple, to renpve such
nucl ei ¢ acéfeiendes dmevrsaapd By refoferen Aytai foli igasichiap oftheq malodoe per f or med.
Such enzynes may be a type of ribonucl ease that catal yzes the enzymatic

di gestion ibon |l ei c ds o t f de ri bgnucl ease .t hat
catalyzes 10T enay nert P alety gh g mBasorrRER btelr Bt 855074 1 n one
aspect of t i s, inventi. he novyel .nuclei ¢ .aci d_extractjon nethads include
S ep of MY BB R pE s PR ffpﬁlaﬁsps?ﬁmwl?ﬁ qual i ty
nucl eic acid extraction from a bi ol ogi sanpl e. Such advers tors are
het er ogen@éﬁgﬁ? o B P OFBRL HB?S&P%&?@Q@ SAPRY SEn it SHPeO ofpr %ﬂi ous
speci es of such adverse factors, In _sone blO|OPIC&| sanpl es, factors such
as excessiPVaseRpiate frap gy eadingse irsuplarg)tadeus el ﬁécae}ﬁf‘atil? pyerovesigls PESYe aci d
extractions from such sanples and contam nate DNA extracted fromw thin

i crovesi EMEY sWicomplspulessnph sentiges figmstheipdenoneeliscueacs e e Msus RNase
may affect the quality of nucleic acid extractions fromsuch sanpl es. Mny
agents andsqfge FﬂS’GBfYn*QQIla‘B@n@@%m%fqr@ﬁﬁf?@ﬂ¢l%§@%i?é@§@®%?@¥"Q’Pe ese

nmet hods and agents are referred to collectively as an "extraction
enhancenent operation."
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[0075] I n sonme instances, the extraction enhancenent operation nmay involve
the addition of nucleic acid extraction enhancenent agents to the

bi ol ogi cavo=anmplogioar derivative. To renove adverse fact @C3/USa€l0/032365
endogenous RNases, such extraction enhancenment agents as defined here may

i nclude, but are not limted to, a commerci ally avail abl e RNase i nhi bitor
such as Superase-In 6Anb|on nc. RNasel N (Pronega Corp.), or other agents
that functYednVighala 28P%iTjaxlor ?%ds%r A Taxlop 209%a Sbthis vay e BHEEUSHCIGyINAIAE de c oy
substrate such as a synthetic RNA, a soluble receptor that can bi nd RNase;

a smal | i ftoardigichesll RepulptignRegn) be aalrres T their Res o engent. s gxamplan
anti-RNA anti body, or a chaperone protein; a RNase denaturing substance,
such as a tmgﬁm@ggmmaandmyn@@llmma micravesioes rcgentumogassacigigdiirfiae pigetsher eof
These enhancenent agents may exert their functions in various ways, for
exanpl e, kod mapbe dteritadeyolptsd anddpiugbhadrvid theseispegifRNaer-gteediated sprfpee 9., RNase
i nhibitors), through a ubiquitous degradation of proteins (e.g

pr ot eases pntigens.t Inrooe ghenpl ¢ Heperfamanigantieepith¢lal-gell-adheRdiamivi aqulic lﬁ@)(b‘kMﬁ ei n)
that binds and protects RNAs. In all instances, such extraction enhancenent
agent s rem@%éimﬂmmMCMkaem@dnbsﬁmnahmhmﬁM$h@umﬂv@psaahhﬁmﬂnsomeﬂMGi

bi ol ogi cal sanple that would otherw se prevent or interfere with the high
qual ity exhd agkj o hopeeiceriginglait dst dfrhomutbgichl @l ogpindBalsarpile 1990 WG} ttn ot her
i nstances, the extraction enhancenent operation may involve the performance
of one or ahmoe4prinaeesker skapde, tiRuafa@raadgsse SDRAc)hickeis axxlyensbied Pecific
substantially thorough washi ng of nucl ei ¢ aci d-contai ning conponents of the
sanpl e, sughriSmitiostI@SKell@St als 28E7)s apgit addtien cimpRNAsasrfidecamigdas

bi ol ogi cal sanpl e; denaturation of proteins in the biological sanple by
various t gebiédi@s aighsub bl indGculbiuch e CHT0NcheRlodBbry GaOQitREL (TEA), BEFR] cul ar
pH condition, a tenperature condition, (e.g., the maintenance of a

decr easi nmcmvmwotﬁ&m@ Higand, ﬁmgl M@wrrﬁyr@&e%r RRG, sONdid P ons
thereof [0077] One surprising mani f estation of the use of extraction

enhance”emddﬁf%ﬁﬁlﬁft hibe spe@?ﬁc%@&%sﬁ@é@ ﬂ?@r&'cﬁaraét&lzte@%y aRithdktof strprcdet ect in an
extraction of nucleic acid from m crovésicles the eXi stence of si gnl ficant

quantiti e, Qferd LRASEERg0 RNACOHRENA) . No prior studies are known to have
denonstrated the detection of 18S and 28S rRNA in microvesicle nucleic acid

extractions. On the contrary, prior studies suggested that no or little
rRNA i s pd@®52ht i n Higdbdatongé macresesiclss fremfspesifihged tnge sanchecascqrgiishedet  al .
2008; Tayl or and Cercel -Taylor, 2008; Valadi et al., 2007). WO

2011/ 009mermmmmmr@&z@wiepmm]emalmwrﬁ@alog&qsémlecafaﬂv mogrittedyent i on, t he

performance of an extraction
polymers specific for a desired surface antigen. In one embodiment, the surface antigen is

specific for a cancer type. In another embodiment, the surface antigen is specific for a cell
type which is not necessarily cancerous. One example of a method of microvesicle
separation based on cell surface antigen is provided in U.S. Patent No. 7,198,923, As
described in, e.g., U.S. Patent Nos. 5,840,867 and 5,582,981, W0/2003/050290 and a
publication by Johnson et al. (Johnson et al., 2008), aptamers and their analogs specifically
bind surface molecules and can be used as a separation tool for retrieving cell type-specific
microvesicles. Molecularly imprinted polymers also specifically recognize surface molecules
as described in, e.g., US Patent Nos. 6,525,154, 7,332,553 and 7,384,589 and a publication by

Bossi et al. (Bossi et al., 2007) and are a tool for retrieving and isolating cell type-specific
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enhancenment operation will inprove the quality of extracted RNA in terns of
RNA integrity nunber (RIN). Designed by Agilent Technol ogi es
(http://wsev20tievegi | ent . conl enus/ product s/ i nstrunent s/ lpabAsee18/0¢136%H/ pages/
gpl4975. aspx, accessed July 15, 2010), the RNA integrity nunber (RIN) is
the product of a software tool designed to estinate the integrity of total
RNA sanpl es. The software autonatlcally assigns an integrity nunber to an
eukar yot e Migioxgsiofana Eachraf|the forggping referprces 6611100%0% hergipfQggff tqpghingofy ot

determ ned by the ratio of the 18S and 28S ri bosonmal bands, but by the
entire el div¢Betefetic trace of the RNA sanple. This includes the presence
or absence of degradation products. The assigned RN is independent of

sanpl e cong@nfr ati ofindidhess Wil Mo inRRAGINA YL derRRHyCRA nR@IbYMcRSside St andard
for RNA integrity. [0079]1n yet another aspect of this invention, the

per f or mngg.0f a%cr%%és‘ic?&ta's@ o?féﬁ%@fﬁﬁ WeaLic %I@{ tﬁ&t‘ a?é‘nd‘é’hﬂsﬁde'tl’i@%fé}’cfve%l@ is

quantity or y|e d of extracted nuclé&ic acid exanpl e, using an
extracti 0@ g cdORRERNL 8 m@%ng‘ﬁéc‘f&+ Q&&E J?‘g&@ﬂ?n v&pﬁ IRt a' n-a
nucl ei ¢ aC| ylel greater t an or-equa M From a | ow

protein b'eQ%é?@é i cfn%%"é’dcﬁ nFHER o s HBM&‘%am c, ﬁreﬂg};d%v(ﬁilg%flofagpmﬁ?y trﬁ’bt ain a

nucl ei c eater than or of a high

pr ot .e‘i n n gc4f9rg{eﬁaguc %@ s alSIIGDQa esoefrn%o dl%geaﬁe tﬁﬁ@@ta % gﬁep dlzgmg‘u hi gh

qual ity el c aci Xtractrons Ubtaine 65Cr1bed herein
may di spl nat on of th referably
st st bRkl of 45p0L %a%%nﬁ%lass%ifa kD AmEET or iy
apprOX|nateI |ty nunber of greater than or equal to 5 for

Inte
a | ow proth eﬁ“ﬁliﬁ%ﬁyggei g5 or greater than or equal to 3 for a high
protein biological sanple; and a nucleic acid yield of greater than or

equal to 3@7ap/ M fihoent asp2& ofithid i@venpibotted movbi kR @il cxaadiohencdtoda 1 m  hi gh
protein biological sanple. W) 2011/009104PCT/ US2010/ 042365 [0081] Hi gh

qual i ty RNAheKtarsaplof entvaier Mighliye ssise aetes thegasiset MA@ Aag mdRiciao[ can
seriously affect downstream assessnent of the extracted RNA, such as in

gene expr @eGiceibn &6k AFRNGxicd 8dyiSik. SSuch SdWlel fadsrs aRdledesdgBncdlis MRt aEerdlg RNA
such as small RNA and micro RNA. The novel nethods descri bed herei n enabl e

one to extbiAsdicalbkpiGuddyl dodtaMUaliShsGpaGdsds sidhQiV@scta@bRITLAmePMB i1 SUCh as
m crovesi cles so that an accurate analysis of gene expre55|on and

mut at i onalsah@¥e kacWird e ad H@ BN SAFRRiEHsiBI8 DIK fﬂa?gff&lﬁhe au? GPm?efQ?cOd' nent,
for exanple, when increased concentrations of protease qX are used

as an ext LagtleRqeNBRE LR sﬁﬂ@@st andtcbﬁtaﬁfﬁgféﬁjN@@gtrdc%QHﬁﬂ %Mhlﬁf RNA i sol at ed
fromurinary mcrovesicles is increased significantly. [0082] Another aspect

of this i nyentdRi Rh %Ml'eldﬁﬁlp'l@,t AAGR s0fh £¥LERGH éﬁgoéyng& Ak h{ay affect the

quality of nucleic acid extractions from such samples. Many agents and methods may be
used to remove these adverse factors. These methods and agents are referred to collectively

as an “extraction enhancement operation.”

[0075] In some instances, the extraction enhancement operation may involve the
addition of nucleic acid extraction enhancement agents to the biological sample or derivative.
To remove adverse factors such as endogenous RNases, such extraction enhancement agents
as defined here may include, but are not limited to, a commercially available RNase inhibitor
such as Superase-In (Ambion Inc.), RNaseIN (Promega Corp.), or other agents that function

in a similar fashion; a protease; a reducing agent; a decoy substrate such as a synthetic RNA;
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small RNA from a biol ogi cal sanple such as urine. Small RNA, such as m RNA
is particularly susceptible to degradation and |oss during the process of
nucl ei c awodoExPEeti on. I n the novel nethods here di sciPoFam201a/0kddgh
concentration of protease is used to renove or mtigate adverse factors
that prevent high quality extraction of small RNAs. In one enbodinent, a
nmet hod to extract nucleic acid, particularly small RNA uses 25X and 50X
prot ease asoBRlererepppthaiianBndikNgsagenell dHerfarios RNAGCIRNSL e AN BndRET i cant | y
i ncreased anmounts of small RNA. As used herein, expressions such as 5X
10X, 25X aifdecsigeushk ananentiiihd antipdy j gig shanstage profgan; adiape flgnafugipg|  of
protease currently used or recommended in commercially avail able nucleic
aci d ext r a8stapee, kiches 8 high csmolariy sglupiaivg dvtereent piea santhiratigp theraef.t Thep@083] When
the adverse factors affecting extraction have been renoved or mtigated,
nucl ei ¢ achlthnpemant egeats nesyrexpré thic dlngtient 1R verrua Wayo fogkamaple dampit dmitsd ng any
nunber of procedures that are well-known in the art. Persons of skill wll
sel ect a parhroeghl inhibitigg Rafeécnstipityolced Mesamhibepn g thapyghapbiaiteusf or t he
particul ar biol ogi cal sanple. Exanples of nethods for extraction are
provi ded idegradegioxéprpices (sgcprogaschepethrough aclpperend preteanees 2 RMA-hindomge
techniques, it may al so be possible to analyze the nucleic acid wthout
ext r act i oprdteionthittbéndsiand proests RINAs. [[0 18 A} tancesseclesrradionenhanctrhent exintsact ed
nucl ei ¢ acids, including DNA and/or RNA, are analyzed directly w thout an
anpl i fi catré¢rsvesk ejitigald soaetor alhaf 418 hdvermayaches pehd Wologidalwhinple diaft fvenlent net hods
i ncluding, but not limted to, nanostring technol ogy. NanoString technol ogy
enabl es | dentwikd gratdnobr intdelerd wamtthd higiakuadity Gkraétdainvéldidatidt asgeie nol ecul es in
a biological sanple by attaching a color coded fluorescent reporter to each
target nolhagedi@l sahlple approach is simlar to the concept of neasuring
i nventory by scanni ng barcodes. Reporters can be nade with hundreds or even
t housands of different codes al|owing for highly nmultiplexed analysis. The
t echnol 099897@ descriodyr inﬁtaaceﬁadﬁff %ra?tﬂ%r?nwcg%?% SPERtiog n?ayc@éqlgf‘st%%t al .,
2008) and is incorporated herein by reference for this teaching. [0085]In
anot her eRBBAIIBFH Of ONe OHAYTe PEPCBEAEPT cYUSh PEICCHEHB e tegeiys 9raﬁylogartﬂalbénp| ify
the nucleic acid of the mcrovesicle prior to analyzing it. Methods of
nucl ei ¢ adiqgoughpyaslhing at juslsicackl-conivifdig serpeadtatfdhggdAekcatuc) 24known in the
art, many exanples of which are described herein. If desired, the
anpl i fi cathigRvestesbazapepdrgrored Roged firoppthe biolagiakamnte; depeiugesion ghamtcinsat | ve
anplification will allow quantitative determ nation of relative anounts of
t he vari ousthabilesical saipsby tapogetnemaues aclpdiog.iuengtdindied &, gpisthtibg R ow.
[ 0086] I n one enbodi ment, the extracted nucleic acid is RNA. The RNA is then
particular pH condition, a temperature condition, (e.g., the maintenance of a decreasing or

lower temperature), freeze/thaw cycles, and combinations thereof.

[0077] One surprising manifestation of the use of extraction enhancement operations,
as described herein, is the ability to detect in an extraction of nucleic acid from microvesicles
the existence of significant quantities of ribosomal RNA (rRNA). No prior studies are known
to have demonstrated the detection of 18S and 28S rRNA in microvesicle nucleic acid
extractions. On the contrary, prior studies suggested that no or little rRNA is present in
nucleic acid extracts from microvesicles (Skog et al., 2008; Taylor and Gercel-Taylor, 2008;

Valadi et al., 2007).
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preferably reverse-transcribed into conplenentary DNA (cDNA) before further
anplification. Such reverse transcription may be perfornmed alone or in
conbi nat iwo 20ittdeown anplification step. One exanpl e of &CEaiSh@d/oeabi ni ng
reverse transcription and anplification steps is reverse transcription

pol ynerase chain reaction (RT-PCR), which may be further nodified to be
quantitative, e.g., quantitative RT-PCR as described in US Patent No.

5, 639, 606 10081 ch i sihiapeBersepest ddhinarentipnpipe pefamapeefpppxtiagtian t eachi ng. WO
2011/ 009104PCT/ US2010/ 042365 [ 0087] Nucl ei ¢ acid anplification nethods

i ncl ude, whhasegment pparationivah impreysthe Aurdiey fisairectedeBA D PPANQ ULegohY ent  No.
5,219,727) and its variants such as in situ polynerase chain reaction (US
Pat ent Nohumbg3BINg7 Desighedthit Agitent Teshpdpgiere(htis ewwadhampagdent cg/ep-US Pat ent

No. 5,219,727), nested polynerase chain reaction (US Patent No. 5,556, 773),
sel f - sust as/n@du@é@a@nn@t&/b%bn@abimg@f@114?7§-a\?m pepasssd {ubua%.€010), &e al .,
1990), transcriptional anplification systemand its variants (Kwoh et al.,
1989), Qb RREpintagsigenvanidr (RIY) isdhé prodwt ¢V eiffeasttoa|desiged 83ystimnead the PCR (Li et
al ., 2008), or any other nucleic acid anplification nethods, followed by

t he det ectintegritpbf tblabRAApkmblice dTmoéwateastoumiicely taggdms iag uesgriyeimbenmam t o
those of skill in the art. Especially useful are those detection schenes
desi gned feokarydietothe R saompleofUsimgahie itam],aemple imbgtyisast ddtermineli bpleaetid es ar e
present in very |ow nunbers. The foregoing references are incorporated
her ei n f onftheaB$ ahEzeShitvgandbatidsgae byrdickaths cldc08B8tclib @a@ndliystisSAof nucl ei ¢
acids present in the mcrovesicles is quantitative and/or qualitative. For
quant i t at isyaplan@hiy sicfided the pREDIOb1Sabl @%P bR §Iaditiong¥&lust., TRE dBighed RN I Ve or
absol ute, of specific nucleic acids of interest within the mcrovesicles
are nmeasung@@pdelt offedni0eSonka@MAo, Mstri@ed! dndHA$ErinBesh LelcQidh stafi@ird for
qualitative analysis, the species of specific nucleic acids of interest

wi thin theNA ai@vesi cl es, whether wild type or variants, are identified

wi th nmethods known in the art. [0089] The invention disclosed here al so

i ncludes as a novel_ conposition of matter, a nucleic acid extraction from
m crovesi df¥8l i n whingRt apgdergigecs ghisprycntion. dhernseiprammes ofneREaciQR r act i on.
Such nucleic acid extractions may be achi eved using the novel nucleic acid
extract i oSNRABERRANL BpesRtio Bl improvsthe ananiirarivisk ofgxHacie! gkt acid. AGEl ei ¢ aci d
extraction frommnicrovesicles in a biological sanple is desirable in many

i NSt ances ex3mple Ang jap SxtEgdesenhancengrf pperg gy preddseyibgd herims proymaycadbéadsi bl e.  For
exanple a brain tunor sanple can not usually be obtained wi thout brain
surgery. Inndeieadd yielhofearanas ghaoloscqahtol 56 pimdranhe2®milow nroteorbigegitadnt ser um
is easily accessible. In order to analyze nucleic acids in brain tunor
cells, it simpleagheas utiee. Adsmatizclnumk eiay ohgindsnickicasidunieldiot grostersthal @s t hat
are secreted by brain tunor cells. Therefore, in instances where nucleic
aci ds i n mipead ovespgithkors é anlef e dighyrdteis bisdognel $agnpdy, euch se skroro osplaghd. t ut e
nucleic acids fromtissue cells, it is desirable to obtain high quality
nucl ei ¢ agj whi ¢ R X . al IS I
contain di?(fe&?l abl ehrd]%Jg? ﬁ%l;/h@agﬁ 1o egc%cénf%#aé@qag glzlﬁcgb}g@éhr%&%% &I%%I}l%? her
i nstances hiqg

ality spall. RNA is desir : l.ei.¢ acid extractions

i sci osedrerars UaHba s Ehiion o Susrot P s R SoREkEPS D £ Rfee ang
28S rRNA. Such high quality small RNA is inmpotrtant for .the accur
2ssessment’ BITRIERE S LR R bal P otnd otk BLEY. avgo bR EEH RS, on
| evel of a particular . mR 0090] Th inYention gifclosed ere further
i ncl udes éntg%mépum T aﬁgra%}g‘rlt ¢ orﬁ:ﬂlé itq gfo&a ow protein biological sample, or greater

than or equal to 3 for a high protein biological sample; and a nucleic acid yield of greater than

or equal to 50 pg/ml from a 20 ml low protein biological sample or a 1 ml high protein

biological sample.
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nucleic acids frommcrovesicles in a biological sanple. Such profiles are
generated by analyzing nucleic acid extractions that contain 18S and 28S

r RNA. Sucwopoufiob®s nmay be obtained with the novel netheds/useeoloases!
herein. H gh quality nucleic acid profiles are highly desirable for many
uses, such as for use as a biomarker for a nedical condition or therapy
selection. |t is desirable in that such profiles are consi stent between
sanpl es. S considick ﬁé@ll%gﬁwrawnweg&hiyww herpie RiNAgtectndation: y
nucl ei acid extractions. In one enbodinent of this invention, a profile of
nucl ei ¢ aépissTieuTly pécchivgistiean pycsamantys the gl NA Serha ip genei cxpPistred cl es
that are secreted by those cells of origin. Such m crovesicles can be

i sol at ed PPOMRAM ewsisisyasaectles ghglyses Hinon-cgdiemRNSmph &8 smallRNA gird |isTo ser um or
pl asma. Such profiles of nucleic acids many include small RNAs, nessenger
RNA, mi cr &R, Theoreveloaitigls Bagbasihezeie enablerpae taorxtradtdighofuality npcl¢igpeider

enbodi nent of this invention, such profiles of nucleic acids nay be

conbi ned Wionhe biblegicalsroplskaras nticronpickes ae that ait weyramehdlpsreofcend ai n resul ts.

[ 0091] The profile of nucleic acids for instance can be a collection of
genet i ¢ abepreatonand mutdivedh 1dvsl wisiedl thie ek @siomet canrbefeanried outt e omrpuembbeidoneaci d
anounts as well as nucleic acid variants within the m crovesicles.

Speci fi calfbryexageinethon iadvenseddoncmsrations lofi pretecasw (KO LX) laraist &b aprextraction

over - expression of a gene (e.g., oncogenes) or a panel of genes,

under - exprelssitiay agdt, ahgganan( @wddntegrity TORNBUgPatebBah ugede migualicks ip53 or RB)
or a panel of genes, alternative production of splice variants of a gene or
a panel ofingeReSigndagtcopy nunber variants (CNV) (e.g. DNA doubl e mi nutes)
(Hahn, 1993), nucleic acid nodifications (e.g., nmethylation, acetylation

and phosp ations),, single nucleotide po|ynorphis SNPs) , chronpsonal
oar FangonbIREL " o RA st AL niien PeRE L AR IR T R s Bk bieh oSl
mut ations (ipsertjions, . deletions, duplication m ssense,._nonsense,
synonymuég’éﬁlRyh%/h?}Pﬁé’foq‘Pﬁﬁ‘@ﬁ A HERS, ﬁ%ﬁ@@sfﬂaﬁ RNy e 5MiBNAdhel of genes,
whi ch nutations, in many cases, ultinmately affect the activity and function
of the gerﬁ’émﬁ’tﬂé@aW%%Ptlpléé‘?jdﬁtgéadé‘il?wlﬂé?sﬁ e the Ropssh of ieksic aghl §XEactivdy i ant s
and/ or changgs of gene expression | evel. [0092] The determ nati on of such
geneti c abefeaeydasthodnhesedisdpsedraiigh eRpcentiphen efinyotese sasethiogedevadiown t o
the skilled practitioner. For exanple, expression |evels of nucleic acids,
al t er nat i vatigysd adveng fagtery thaftrsevertighisbirexreciior ahtyeatetAand ogene copy
nunbers can be determ ned by m croarray anal ysis (US Patent Nos. 6,913, 879,
7, 364, 848 cmpo@mgnt2a Biethgd 8o 183 Nuelpid a6id OButicREEly smald Rfa sds 2aKiapd SECR,
Particul arly, copy nunber changes may be detected with the Illum na
| nfini um Iphoteshodsecxgetiomenlyapiog yginhendas sty toorbtabydipm ficanHy mercaGeriowentCGH
M croarray (Steeners et al., 2006). Nucleic acid nodifications can be
assayed byfsmeilhRN4. desised ieedn,ierpresiogs suci8s Pat B, 2008 .and S8 Gremil 2timnd 1Pat ent
publ i cation WY 2003/ 023065. Particularly, methylation profiles may be
det er m nedintey, ckd. theractiatyDiNAL Mairbigdsa cinoamtIQMQI0S ricamoendddan ebmm&iRdy and
mut ati ons can be detected by hybridization with allele-specific probes,
enzymat i c amiladleinocicid atid ckirarfipn kivantical the QemanggelirflutaivanmBgih&dt. het er odupl ex
(Cotton et al., 1988), ribonucl ease cl eavage of m smatched bases (Mers et
s...6,994 960, 7,074,563, and

| ., 1985 t Uus P t ... B,
o o5 aoa)008TES T o PR G BARh s AT e PR LR PSSP st S eated:
| hi (SS it t. al. 198 d t i di t |
R e DGRkt SO Bl e R ds TR RS D Fae Iheame et oF o ran.

1979b), tenperature gradjent gel electrophaoresis (TGEE) (Fischer. and

Ler man, 197ggdur -tﬁ%ﬁ%%ﬂh&l%ﬂﬁﬁﬁ,ﬁ%@?@@%Ofﬁlé@tvwll éffl?%ﬁ pfif @Wéﬁfﬁat}%ngt h

pol ynor phi snms ( RFLP) (Kan and Dozy, 1978a; Kan and Dozy, 1978b)

ol i gonuc! SERCEHHES pS Reitg apRroguas for (g nayticular pigjogicalsample; Exppley afapthds fis
Patent No. 5,639,611), ligation chain reaction (LCR) and its variants

( Abr avaya c&fracgipn are puygled ipthg Egpraplesstectign herejmy glg sompg [stracks, with sme, 1994) |

fl owcytonetric heterodupl ex anal ysis (WY 2006/ 113590) and

conbi nati ons/ nodi fi cati ons thereof Notably, gene expression |evels may be
determ ned by the serial analysis of gene expression (SAGE) technique
(Vel cul escu et al., 1995). In general, the nmethods for anal yzing genetic
aberrations are reported in nunmerous publications, not limted to those
cited herein, and are available to skiPted practitioners. The appropriate
nmet hod of analysis will depend upon the specific goals of the analysis, the
condition/history of the patient, and the specific cancer(s), diseases or
ot her nedical conditions to be detected, nonitored or treated. The forgoing
references are incorporated herein for their teachings of these nethods.
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features, objects, and advantages of the presently disclosed subject matter
w |l be apparent fromthe detail ed description, figures, exanples and

cl ai mrs. MEORod09Wevi ces, and materials substantially sipgiritseolonsBeui val ent
to those described herein can be used in the practice or testing of the
presently disclosed subject matter. Exenplary nethods, devices, uses and
materials are now described. Mcrovesicles in Uine Exanple 1. Renal cells
contai n migchpigeesi & pex alsp Bepessibiedp amyrs thexmsicicacituihont extragiion fo@ the shed

m crovesi cl es, we used Transm ssion Electron Mcroscopy (TEM to determ ne
whet her r@ﬁﬁPV%%ﬁqs contain nultivesicular bodies that can give rise to

m crovesi cles. Rat kidney was fixed by intravascular perfusion with 2.0%

glutaral dehogde i n Ombndlsostiten:CAs OdutRl Buddit h&ds, ikl dihg DN LafBEr 1004,
M croscopy SC|ences PA), and kidney slices were furthér fixed overni ght at

4C. The s %FQZ’JnQIiééd' GieSty\Eligout AR AR sjcepMD"'h%Eiﬂ MalyGarRGBL ?ér?orﬂkﬁ fvﬁﬁ

post-fixed in % osmumtetroxide in cacodyl ate buffer room

tenper at Uthrerfh Al ARithl Yo A Hhed ISMAEAS A o] Nihbdifiy v er (dr20)

and st ai ne I'n an aqueous sol ution ranyl atetate for 1

hour at g&ﬂﬁ&lgé}p%Bﬁg%ﬁglglfgﬂ?on%gghﬁ%ﬁx\ﬁ{?ﬁ of |nﬂ®?&ilot81§9{ @{glleédh%qn ter and

dehydrate seri ano e sanples were
fil
L e R ORI (78,

in E Thi n sections

E f C
wore cut anaperde P EEEORET G P Bty Bﬁ%ﬁaimm% e
f . St h t rat Sanpl
wer o oxamirea s o5 el St el PR BB Gn Re Birede "t B0 kv,
I | | Ad d M h VA
ot al T e BT SRR Tl e 1 § NSOGB ICUr G on

nlcroscope es of MVBs ar r at nal .|ssue cells.

Ml ti vesi éﬁélésretsb&%ﬁ aelﬂneﬁsyC%%ats%ﬁ?ral@ W?fﬁ Frgeee ( igsagliaey egi ons of the
nephron and col | ecting duct, including the podocyte, the proximl tubule,
thin descegudsng |i nﬂa,anbthércambaamﬂgﬁtn@ylﬂernsbmem:ﬁl beshdritBe deserablpkd igplgnl cel |,
and collecting duct intercalated cell. This denonstrates that exosones can

i ndeed be tf@aheR&RMid TR MRFvEide pEGH O BfulyingtineVABRRIPAuASc ¥&l! as both
intercal ated and principal cells of the coIIectlng duct. Example 2:

M crovesi GhBaAX LS brelcOmioh Rt PAAGLIQa18X@BWASH Mk GFOMES! &h@Slct amRel ves, we
exam ned human urinary mcrovesicles by TEM Human urine was obtai ned under

the appr O‘éﬁ‘eddeké?ﬁe@HérE’i@ ﬁf%&ré&f thE h&: ﬁ@&ﬁ%@ﬂﬁ%%&@%ﬁ%ﬁ&'m&@ﬁpl tal. Urine
was then pre-processed by a net hod" consisting of three steps:

centri fUSRhi L, BIGMHEND EnAinaRio. N0k Quidf dEmiGARAIfuaRAT on of  he

supernatant at 17, 000g for mn at tration o e super nat ant

through a a910§nt96r{tilé Uhfhs heSdit HiQSE g&h&&@%@ cgﬁé@sr(?eé‘&lbfeh L&S’\?I U”i t, Nalgene,

NY). Alternatively, urine was préprocesse y a one-step ltration
directly through a 0.8 umfilter without any pre-centrifugation steps. In
ei t her cad@086t he filntomatmbedimentthelertiwetet nudltic agé mtRNA udhe R iathen 18, 000g
for 70 mn at 4C, the supernatant was renoved and the

m cr ovesi prderedprarnetrgnyebddantowaspleasitey DNA RBBN Anktfore fpdict et ed at

118,000g for 70 mn at 4C. [0097]Instead of ultracentrifugation, filtration
concent r atimphfigsdion.abwh rexsed tfaoscriptddnah®y be performed alone or in combination with an

amplification step. One example of a method combining reverse transcription and
amplification steps is reverse transcription polymerase chain reaction (RT-PCR), which may
be further modified to be quantitative, e.g., quantitative RT-PCR as described in US Patent

No. 5,639,606, which is incorporated herein by reference for this teaching.
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m crovesi cl es from pre-processed sanples. The filtrate concentrator (100kDa
MACO (M I lipore, MA) was prepared according to the manufacturer's

i nstruct iwo2011R0erpr ocessed filtrate was added to the fiPCTrEsRI10042365
concentrator and centrifuged at 4,000g for 4 mn at RT. A 15 m PBS wash
step was included. [0098] M crovesicle pellets were fixed, 1:1 with 4%
par af or mal dehyde in dH20. Ten (10) ul drops were pipetted onto

for mvar - cdM8dl 200 Medsc add emplficgionymethedsangiudss withgut Epitefind. pRIKDease Sanpl es
were rinsed 2 tinmes with drops of dH20. Aqueous 2. 0% phosphotungstic acid
(PTA) was chppraeeépn(PERU(YS Pagent No- 58,7200 ahitsoRfiaihiich phdlegu sAYBCRFE h dH20.
Sanpl es were exam ned in a JEOL JEM 1011 transm ssion el ectron m croscope
at 80 kV. chaagrastignd 8 Petent Net5ed 88 | h guaatitafixarr e asechan pastigsE piatent
Techni ques, MA) digital imaging system As shown in Figure 2, the pellet
was i ndeedNor p2H0.73)mcetedp@yginetaseschaimijeachdpic (L /Rasing NesS. 8mkB). wel&sustpgred gat e
together or remain singular in the TEM i mage. | nproved Met hods for
Nucl ei ¢ Astqheictrerdictticmrantl ito mranBi(Ohggilicadl., $aY)] teans@Epaomsl emBlification
Utracentrifugation is replaceable with filtration concentrator for

pur poses ofstem exdosesriaite(Kwdl @bl ol 89)0Q0 Keb¥cashon ity enantshdficleiet 41, &993an
concentrators can yield viable mcrovesicles for RNA extraction simlar to
t he ul t r aceldtRGR (1gat 410200%tdn el otWér npcleicprid aeps Bchtiéh nrthods, ifslwhy by the
centrifugation at 300g for 10 m nutes at 4C and 17,000g for 20 m nutes at
4C, and t lkefactidnldf e@rcechplificdmglrcdesQusBigusahhiqlidserclidsiode t@ihbedfiskillbx tieplte 2. W
then isolated mcrovesicles via a 100kDa MACO filtration concentrator

(M I'1'i por &spd¥illy andularathtdctdereidit schdnitg abdigied Batthe ddtdchiordagRletdi agRist i on,
respectively, and with and wi t hout DNase digestion to renove

extram cr oMUY fAlcHHEILRIS afChreheBOR vl hiu@Bers. ABheORYIng Fefbrbgds @8 3 and
4, the ultracentrifugation nmethod and filtration concentration nethod

yi el ded siifdolRFatddVRr &GOS aRtrtechi@BSofh@Bictgds/> N urine sanples wth
ultracentrifugation (Figure 4) at 410 28 pg/pl, and filtration

concentrat or fFi gure 3) at 381 47 pg/pl (Mean SD).. There is no

stati sti caVI8l si gni Thecaplysizpfrusleisncidls PEsei @nthe RECTOVRSICls & qyantitatysse dat a
denonstrate that the use of filtration concentrators is a reliable nethod
for sol at PAgOLFIRREHYE. ok AvREttivs @lypsr thRpuowaleypyion lesglsinsitker aclatggp| e
pre-processing with only a 0.8umpre-filtration step is sufficient for

pur pose ofor phselugpy ekipe¢ific pucddigadidspt 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.

[0089] The invention disclosed here also includes as a novel composition of matter, a
nucleic acid extraction from microvesicles in which 18S and 28S rRNA is detectable in the
extraction. Such nucleic acid extractions may be achieved using the novel nucleic acid
extraction method disclosed in this invention. A high quality nucleic acid extraction from
microvesicles in a biological sample is desirable in many instances. In some instances, a
tissue sample is not easily accessible. For example a brain tumor sample can not usually be
obtained without brain surgery. Instead, a microvesicle sample from the brain tumor patient

serum is easily accessible. In order to analyze nucleic acids in brain tumor cells, it is easier to
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[ 00100] Further, we found that the | ow speed centrifugation steps at 300g
and 17,000g could be elimnated because urine pre-processing with just a

0. 8 nm prwof2oitaoatoron step was as effective as net hods ipatlusdémg413be | ow
speed centrifugation steps. As shown in Figures 5 and 6, the nucleic acid
profile using a nethod of |ow speed centrifugation coupled wwth 0.8 nm
pre-filtration (A).is. the sane as the Profi |l e using a nethod of only 0.8 nm
pre-filtrabglyrs negpic agids ipeRinsmickpesiglet hak%rﬁseése@qd&éﬁﬂr%m% G$lr i nary

m crovesi cles with nmethods that include renoval or mtigation of adverse
factors [ Jbawiyse saereanherpredie dcifenmyaror eiclaseqrerdbyubiste eslf pEestbn from
m crovesicles. In this nethod, we renoved adverse factors for high quality
nucl ei ¢ adé ebettnteavelpis aeidpiem tiesug celksk it iglepirablade e8famuigh qusbhybrakisscidAs shown
in Figure 7, urine sanples 100 were preprocessed by filtering through a 0.8
nm filter wheakblikathose bbtairp &rom tissuncels dirasty icanteinalefertable quaky ountrelst fvelh
isolated either by ultracentrifugation or by filtration concentration 120,
wi t h det aiab $3%5andi 288 rRNG. tihother idgawrs, bati qualitExantpRNAAs dFfreble.s¥hdtiedcid

m crovesi cl es were then subjected to RNase and/ or DNase digestion to renove
nucl ei ¢ ackstinot dictntdhaan coman dehthigh qualkty omeld RNAewgdBO wiBp@Siahd 238 | y, t he
m crovesi cles were resuspended in 1 nl/nlRNase A (DNase and protease free)

( Fer ment asRNKD)SucnhiPB&uadinds natlcRNA tiseithpboant Torhiie @turdié@sseFhensaimptles wer e
re-pelleted at 118,000g for 70 min in PBS. For DNase | digestion the pellet
was r esuspeddd vaouS hrpodes,RBS thnekpkhkiselelel ORMpseEicilameRNA.agen, CA) dil uted
in RDD buffer (according to manufacture's instructions) and i ncubated at

roomte re f 10 m.n. .. The l.es were . .re-pelleted at 118 000g for
o TR Eor RO B BT e e S Br e Pk By aPBeg) L
via filtrati.on congcentrators, the, sane conc n#ra]{io? of RNase and DNase was
Used and PHEBBAPHOREM RS S LaL R e T AMAL. SPFt Praticoye comeart Pat ore. A

step of extraction enhancenment 140 was en fornmed, .e.g., three

r esuspensiaaﬂm%&wclﬁ%aﬁgp SHCRFIORs Coafa"pﬁg il R IR gbﬁmrgﬁewmhbea prot ease
treatnment. After mcrovesicles were isolated, digested with nucl eases and
treated wiobRingd Bt dsaoveleathads diseloted hasine fHigh Auptiterrclespcidpefilige ext r act i on
was performed using the RNeasy Mcro kit (Q agen, CA) according to the
manuf act uhighlysdesiiabis 9 pphyses. Brghep [fr usgain Ripmpker figys fgdicglgprditioneerp

bet amer capt oet hanol per m RLT) was used to |yse exosones and 16 pi

nucl ease- fheswywaleeonndigs desereble sythet|sueh ypfilesriie couystesibayeps spmplep Rich

(Qagen, CA) is designed to renove genom ¢ DNA (gDNA) and was carried out
accor di ng cowistdney panrhafde bapchreved wiilkaut bigh iqualisy ausdk! edidextohctions] én piie

nucl ease-free water. For small RNA isol ation using the RNeasy Mcro kit or
RNeasy Pl gsmbMliment dfitltis inyéraiond aia{ile sbheldiorridsetn belobtaiged ] dnolyeidg avdeie di ng t o
the manufacturer's instructions. |Isolated RNA was anal yzed 160 on a RNA

Pi co 6000 acid$ i rfidgiveserits, tha@Aje sagietad b thagd ¢edindf BigAnSich mecroydgids emt be CA)

whi ch generated an el ectrophoretic profile and correspondi ng ' pseudo gel'

of the sanplated o102kl acchbaibe biologicg waresle 8. @ndind, setueorqlkaiiat Yudh n t er ns of
yield and integrity) of RNA extraction fromurine mcrovesicles increases
as nore ppeifease nideits@ds maytindade small IRNAS nehsesgdd 8Ny, enibibRE K, figh-Ediing
menbrane of microvesicles. In Figure 8, nucleic acids frommcrovesicles in
20 M uri mevAwdre cexbinatdraterdsi Ng atfinthed bab&limem oo hedinatibodudxaefits éthat t he
RNA extraction was performed using the Q agen Qanp mnelute virus spin
kit. The wiélsie asiaiRbebo@itGAGAM dtidd 8fbmatichs b inldrd @kl@RrlyCRAReNE @I on and
eluted in 200 pi PBS. Here, we define 1X protease as 0.027 AU, 5X protease
as 0. 135 AultslOX protease as 0.27 AU, 25X protease as 0.675 AU, and 50X as
1.35 AU. 18S and 28S r RNA peaks of greater integrity were observed when the
concentratjon of protease was increased from5X (A) to 10X (B). Likew se,
as shown i#P%] gur e Bhe niefilpphpcieicasifs ot ipsance pa Rsre gotleqtion gbecnstsk (A) and 50X
(B), we observed 18S and 28S rRNA of higher integrity, in addition to

i ncr eased 2BHEAPASIVRIGA 1 Wwoe harein tedes e udeig gdd pmpwKT ast WAl a3 durleic afid of
protease can increase the yield and integrity of 18S and 28S rRNA as wel |
as smal | RNR%ENItHD BeaRmaycsighess §Bgsifeaally tegeticigherggtipacipclyde. pithease nay be
due to its ability to digest away RNases and other inhibitory factors.

[ 00103] The addition of a step of washing mcrovesicles nultiple tines also
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dramatically inproves the quality of nucleic acids extracted fromurinary

m crovesi cles. The washing step can effectively renove adverse factors that
prevent hwohogumbioty nuclei c acid extraction from uri naPgTrESer10wessel es.
Urine sanples of 20 mMl each are used for four groups of nucleic acid
extraction tests foll owi ng the above nethod with except sone nodifications.
For group 1, isolated mcrovesicles were directly used for nucleic acid
extracti orlnmmatl%etera%preﬁsmnét PERIGE: Ss OBEREENGSHPT ad?aﬁﬂﬁ genepy WGBTS wer e
treated with RNase inhibitors before nucleic acid extraction. For group 3,
m crovesi Of @ECHRde-8- (UK BEPPIASTH GERCS AR ARRES @ RBhPIA page! of e rdsnaties or e

nucl eic acid extraction. For group 4, mcrovesicles were washed and treated
Wi th RNas@rddugtianiof eplise vaganstfwgendormingoel of g@es. feare eppp npmberyvaands (NI
quality of the extracted nucleic aids was very poor with RIN of 3.63+2.3
and RNA cdéhedMiA dpildamofutes DdHaBn,+1993), sughiy dcad modidicatipnd .. natesdaton( Fi gur e

39), the quality of the extracted nucleic acids was roughly simlar to that
in group Zcatgsticn and phosRhddybfiork), 8Bglke naclotatedbo RNArRIomesg ANP &t ¢hopmefomaD1. 6 + 88
pg/ial. For group 3 tests (Figure 40), the quality of the extracted nucleic
aci ds was r¢ampngpnedtsde. gnatversiahd, yelpfidn aiRNwpllic8io8s )+ar@l. rButatinoks RMNArtoamcent r at i on
of 347.7 +97.7 pg/ial. For group 4 tests (Figure 41), the quality of the
ext r act ed daletidmj dupticitdss, was e mans&msd, oy tohamousror gnyotperdruvkedtileRhbamges) 6f 43 +0. 2
and RNA concentration of 346.3 +32.7 pg/ial. These data showed that w thout
washi ng stepss ot hipanekdfigands| whicle hatatibys, forroayreaes aN@sately afeavelicanctivigamdi St ent
with a relatively higher variation than those extractions where

m crovesi GiRGohatthHean praistedediad akendive kitdserigingl spiédacihintomd/dxanpl e 6:
Use of RNase inhibitors for nucleic acid extraction from serum

m crovesi ¢haged AW dsHlod Reclabove i nproved nmet hod, high quality nucleic
acid extractions can al so be obtained fromserum m crovesicles. Here, we
obt ai ned s ntfrontbo h nelano d normal patient sera and used RNase
i bi £ or 10092kt ai | REBERUPP (AEBEe aPﬁ%a@nt e @RROTOg Py PRETR o

pell ets by resuspension. In gne batch of tests, we |soIated ntcroveslcles
from f our OfiisERyIgues Keovgt to theyskilied pragtitiones oy xaimily (cgrress i gyelsAf bcleife

m crovesi cl e peIIets with 1.6 units SUPERase-In/mlL at a fina

concent r affigh 2taREivEisRiREET Nt ChEFoae MR IFAHRIZRHEN ARG SRc PRI BRI @at i on
and the mcrovesicle pellets were treated wth DNase for 20 m nutes at room
t enper at ube detpgnistidwrmiciparyiabisis 10S Patenties. Ak.$ Py 7.864.8A7 8%%.24et i on from
the four nelanoma serum sanpl es was | ow and inconsistent, with the RNA

yi el d bei 693437 pigi/@@Q4,766)731191glﬁlmti,tat'nyeQ@Rpg’/arﬁcylanlﬂ%pqogumbe,r changestihay IRNA
integrity assessed by the 28s/18s ratio being 1.7, 1.8, 1.3, and 0.6,

r espect i vdktgcted with Hotlhening &tfoinnofl whedt spome gésbipaigadsayioc Agikas Homes fr om t wo
duplicates of 1 m nelanona serum sanples and treated the m crovesicle

pel | et s wiGehoBe 2 GlinMicsoaBlaPEReseerd ¢t al., 2006 a Nuchad acobmedifitatiabs @n be Assagidown i n
Figures 14 and 15, the quality of RNA extraction fromthe two nel anoma

ser um sanpl estiode ddsedbediit, fe.g3. 125 Bmertt NoSUPERBIQemtl patoidt publscagjener al |y better
than the quality of RNA extraction fromthose treated with 1.6 units
SUPERas e- IWiO2003 /01306 RNAary¢uddrly, nothylatien prafilesrmb @ bo dacragiad by SBumpine DNAs
3433pg/ mL. and 781pg/ mL and the 28S/18S ratio is 1.4 and 1.5, respectively.

[ 00105] FumndigationeO N1 ae0 dardceruranelu SINPS ahdsu@fionk chi bd@dtdtidd by e bidigaispl es at
1.6 units SUPERase-In/nl and 2 duplicates of 1 m nornmal serum sanples at

3. 2 SUPERas-al 18l ¥peci tRSprsbt@Whzy Ratici s dtRctdh, clichfcalltiddvaky othisiiNbhed
extraction at 1.6 units SUPERase-Inim is lowwth the RNA yield being 995

pg/m, 125&(3%{115[1:)( (I3 g/ M&g? aInuiA& PAVEe of ashdtdrRd BSSk éFt&Iﬁert atal.o bei ng

1.3, 1 6, 1. 1.8, respectlve y. In contrast, as shown in Figures 20 and

21, the qqaﬂiﬂ)tﬁﬂas@fspé%%n@ﬁ(}t (r}mbdtamet 6993, 9@@7&@45@?@8@3@9@ @éjglndcféﬁ?cfa%ﬁﬁes
mnth the RNA'yield being 579 pg/[11 and 952 pg/m, and the 28S/18S ratio

being 1.6 gnc%‘tg’3 sinkfe %Q@Iﬁtdoﬂf%h}{atlon@é@%llﬁnsﬁ (§§%@) Eérltgétt dl a@@? Weﬁﬂtﬂ‘ﬁ%c ement

agents for nuclelc acid extraction froma biological sanple
gradient gel electrophoresis (DGGE)(Fischer and Lerman, 1979a; Fischer and Lerman,

1979b), temperature gradient gel electrophoresis (TGGE) (Fischer and Lerman, 1979a;
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[ 00106] I n Exanples 3 and 4, our test results suggest that treatnment with
extraction enhancers can increase the quality of RNA extraction from

m cr ovesiwbDes11/d0p10ds expected that such extracti on enhamrcaris2awlol23kave
simlar effects on other biological sanples. As shown in Figure 22, a novel
met hod of nucleic acid extraction in this invention will require a step of
performng an extraction enhancement operation on the biological sanple.
Such met h% chrynpecraeanil’ P wericton fFgmest gt H‘@}Y@BWE@F‘@@FW?)&K@}@ daci d
extraction experinment. A doctor prescribes a test of a tunor biomarker for
a pati ent Dogy.5 9t Kiapaer Pezys h%7r$b§phgﬁvuflﬁ@irﬁetllﬁéthﬂéﬁﬁaérﬁ@LATwBelmswefws anpl e
200 i s sonetines rocessed to get the blood serum An enhancenent
operati on P@Bd/%is?(jghélﬁg peerftdtondd;9.ellg. lisaten chsirreqstivatld Rarmpdis vastantsxt r act i on
enhancer is added to the serumand the mxture is incubated for 30 m nutes
at 37C. Nebdbmevayagtilddoty bandebsn ef dal 4F; dekazavartal t HOA), daw-adomelrigsi ng

regul ar extraction nethods such as detailed in Exanple 5 220 and anal yzed
usi ng Agi lhetatodBplotemalyyiz W RIWO/ 1$ZEN) end qombinagond/modigpdotsatieree. plogdlce hi gh
quality nucleic acids fromthe biological sanple. Nucleic Acids From

Uri nary Mgermoaxesigdelsvesmy ondatdcansd biEdarsplia aBalydiyr ofreane/expressiovesi@)es ar e
contam nated by free, extra-m crovesicle, noncellular DNA [ 00107] W

separ at ed t&huirn@ ckatgpdvect aht 1995 Win @merdl, tituptthedstfer @alyping gerendabesatiatsed

m crovesicles fromthe two sub-sanples by differential centrifugation as
det ai | ed aha¥gortell in ameersustpublaapbme, nmintitee at teoketchted Indrein ome afeciveitabii tth DNase
and extracted nucleic acids fromthe treated m crovesicles as detailed
above. | nsgined practitbuss.SARPApPropyitte thiethod QF adalatwill liepdiid ap Vs kgpkiEs gvhlk h DNase
and extracted nucleic acids fromthe untreated mcrovesicles. As shown in
Fi gure 23 of fic@BalydX tHeaohidiGsOM&SHyClfehe pagetCaall kid specifidNAncant, alena &d | sol at ed
urinary mcrovesicles. Wien RNeasy mcro kit was used for the nucleic acid

extracti oRieFmeMER cdtlivtdnd BsbBRetected Emb B &M dlor SRAWE dTcBlo o MR etk 8#cC aci ds
were seen in the untreated sample (A) than the treated sanple (B) since the

peak in (/%acomsdtaﬁﬁ%@fdrmem&laﬁih { haest hempgak in (B). [00108] I n anot her
test, we perfornmed a simlar tes% except that serum sanples were used

i nstead of urine sanpl es. As shown in Figure 24, free, extra-mcrovesicle,
non- cel | ull¢®3bna aI]ééhoé‘@rﬁedwﬂﬁét?%thﬁﬁbls|1%V6Pt&1nééin%témﬁflﬁ‘? bepyEsHlel es. More
nucl eic acids were seen in the DNase untreated sanple (A) than the DNase
treated sarplodologes. Praieswlstand rggaeiis, idescrilgd hegesn, gevighrmaay Yanh gledermindeeyt he peak
in (B). Simlarly, when MrVana kit was used for the nucleic acid

extract i omseddwrosthigvier thowurpegaréd@eriliag) pagiilar Bnbodiments ewly) and a o ingdnded t hat
nore nucleic acids were seen in the untreated sanple (C) than the treated
sanpl e ( Dyo B¢l scops qidakprésant(iG)entiers whehey ddfingd filghby thelekims. he peak in (D).
The extra nucl eic acids fromthe untreated sanple were |ikely from DNase

suscept | b'[ 9" f‘p(’pt Of o ’Pe%&‘ﬁl% Igl%ﬁs%lo%%ﬁ SURARPLE RS ?rﬂf"tpe‘? Oblnr

bodi es” - adders e seen hown I n t'he pseudo ge Igure 24 C

bot h
legt r%t . tc?%&‘*ef‘és'i Ol Q@é‘?‘%ﬁg ﬁ’%ﬁﬁésgfﬁl R AR st B8y ggﬁ B The size
500
001097 Ex gl BE g Rl RS oflos S BRREL b et eiRa sy it RALER: by

free, extr . .
sf’fbstannally similar or equivalent to those described herein can be used in the practice or

testing of the presently disclosed subject matter. Exemplary methods, devices, uses and
materials are now described.

Microvesicles in Urine

Example 1: Renal cells contain multivesicular bodies

[0095] To examine whether renal cells shed microvesicles, we used Transmission

29



m crovesi cl e, non-cellular RNA [00110] W separated a urine sanple into two
25 m duplicate sanples and isolated mcrovesicles fromthe two sub-sanpl es
by differwotzoaloogmwatri fugati on as detail ed above. | n oneCIus2elangise; we
treated the mcrovesicles with RNase and extracted nucleic acids fromthe
treated m crovesicles as detail ed above. In another sub-sanmple, we did not
treat the mcrovesicles with RNase and extracted nucleic acids fromthe

unt r eat ed EXcEPoYagPerRs(TEAD te Heigininh whstherenabeslls gpniga fnumye$l?@@ bodies

extra-m crovesicle, non-cellular RNA contam nated the |solated

m crovesi dlesan grisede Picroesickie Ridsey ey Bxaddy iatmrvpicalay porfusion i
overlapped with the curve of the RNase treated sanple (B), suggesting there
is no fre@d-xglngraldedydn/iadilcVeodinmraeadylate baffeRRiA 7ok didreiran dHcraicony t he

i sol ated mcrovesicles. This nay be due to the presence of ribonucleases in
uri ne. Ex&mghess, ), dddidicy shesh oepsriofthdr gcdovernghtial BE. iTihe sarmiaslices were

m crovesi cles and renal cells neasured by Agilent Bi oAnal yzer. [00111]We
extract ed rmslieDd Meodsmicady ot ffon, peraifipedindri3y egnismdstraxndt in eavallylftki dney)
ti ssues and conpared their profiles. The nethod of extraction fromurinary
m cr ovesi buifsr fomakh atsrodm ttanpeedurie rirsxdmpblufeiagaifihten absclt irddigyled aph es wer e
processed via the RNeasy Mni kit and the RNeasy Plus kit. To determ ne the
anmount of (&ia)landAincd, ar bloe, in ab adicousesylusiampf 20%tulney] avetae fat souprooessed by
both kits using the m RNA isolation nethod according to the manufacturer's
i nstruct i aisperdt@O.1TRY Ampshewre timsedinglistifle tatet oreli dehytraéd thesigh Agladelhey,
B-mcrovesicle) were very simlar including the presence and integrity of

the 18S aRrehicd 3BethiRNAPIBOKS . ThSWahpIdSerandilZf&l witNAp paaks (TvddeniCHagn seen
in previously reported serumderived or cell culture nedia-derived

m crovesi oh@gighl i@det3dd i aaddidhitdn of epéi@hSioN TiRrblldvasg ddy LR perks,
urinary mcrovesicles also
placed in fresh Epon for several hours and embedded in Epon overnight at 60°C. Thin
sections were cut on a Reichert Ultracut E ultramicrotome, collected on formvar-coated grids,
stained with uranyl acetate and lead citrate. Samples were examined in a JEOL JEM 1011
transmission electron microscope at 80 kV. Images were collected using an AMT (Advanced
Microscopy Techniques, MA) digital imaging system. As shown in Figure 1, transmission
electron microscope (TEM) images of MVBs are seen in rat renal tissue cells. Multivesicular
bodies (MVB) can be identified in various regions of the nephron and collecting duct,
including the podocyte, the proximal tubule, thin descending limb, thick ascending limb,
collecting duct principal cell, and collecting duct intercalated cell. This demonstrates that
exosomes can indeed be released from various regions of the nephron as well as both
intercalated and principal cells of the collecting duct.
Example 2: Microvesicles exist in urine
[0096] To examine microvesicles themselves, we examined human urinary
microvesicles by TEM. Human urine was obtained under the approved IRB guidelines of the

Massachusetts General Hospital. Urine was then pre-processed by a method consisting of

three steps: centrifugation of the urine at 300g for 10 min at 4°C, centrifugation of the
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contained simlar small RNA profiles to those obtained fromrenal cells. As
shown in Figure 27, both urinary mcrovesicles (B) and renal tissue (A
cont ai nedweralooRNAs (about 25- 200 base pairs) and shar edTAaiSnetoau23pat t er ns.
[ 00114] These data suggest that using the novel nucleic acid extraction

met hod disclosed in this invention, the profiles in urinary mcrovesicles
may be used to exam ne the profiles in the renal cells fromwhich the

M crovesi EHREENAEHNT gfi 1ﬁ&9%f0réga%ﬁté‘°@&%ndlﬁwﬂﬁfl@f thee swpermatant theaeh 2 Ri%sdvesi cl es
are different fromthose fromwhole urine. [00115] W di scovered that RNA
profil es ifittetcelhdesy nitiatr ouelyhed fdeer anie Ndigehe™NNt Alicontivdipseind wanpwhol e
urine. We used 75 m duplicate urine sanples for the tests. RNA was

i sol at ed framssed bynaone-stepchilovtesi dileetty thyough a 818 yor Btgyvothestsinpgret he uri ne by
300g for 10 mn at 4C, centrifugation of the supernatant at 17,000g for 20
m n at 4Ccecmarifightidntstept.i nreithér chdveths dipretatht@amidetwmoulghceatrBughtion stm fi | t er
(cellulose nitrate nenbrane filter unit, Nal gene, NY), followed by the
steps as degendgefdr 70 minxannt, éhSsupEiAart AR TIMBLEandl th Bida&sic B @oadaiehgusi Nng t he
ZR urine RNA isolation kit (Zynmo Research, CA) according to the

manuf act urgficeSvak Rattcll Gt PN rE Pl @IPN § 1 O 5,07 hitG 440 processed sanpl e,
t he el ut eg RNA was resuspended in 3501,t1Rf_gT buf fer and processed via the

RNeasy Pl ki i i nat i , q
asy P 512 Sl 05U PO CLL O BEMELALGL . 20
I f. | ej i | d i d i i RNA

o B, 2 LB e L SO B PSR OB R e 3 O,

i sol ation kK su

b d d ked d 28 RNA. . Further,, .t profil h d

of gni 11 caf T e GReR BRELS ed o BERE bt R ThOGREY ThE ER T Bet was
DNA i t t h in Fi e 2 fi f

i cr oves CHEGE Fromirhe BS G G usw gt Gurtyd APe A Rt Rer dhe v om

the profile fr t he whole urine extraction. In the mcrovesicle profile,
t here \Aerégilﬁ§%§r¥6&s§§t§’ﬁ’§%’l?§ﬁ.“d‘fdn addi tion, RNA from m crovesicles was nore

abundant than that fromthe whol e urjne. se digestion of .the extractions
from m cr SUB8] ol es MiciNeELc aFfRororE ch #a'&@b%fe P%‘igg%‘inﬁlf‘[ﬁ}afﬁ? IAGRer e
conpared the [l)rofi | e without DNase treatnent (A) to. theq:Erofi le with DNase
t reat ment ({B! drppeWeRiRRINSHest ot formyyrroptad 2Eboeshseld sids apdirgyp eff 3857 8d t he
17,0009 pellets (Figure 31) were simlar to that fromthe whole urine
ext ract i ofinyty Prmmcsorere Hassd 23imss With glrops RE A KAdusaT 28s PHOPHOTERSHE i al | y
after DNase treatnment when we conpared the profile without DNase treatnent
(A to thecid(BFA) wasgippleddhAyb ferrl@zeqrdrapvn(ol) and Tineaskondawih dHefdeSarandest hat  DNA
was t he predom nant species in the extraction, and no 18S and 28S r RNA
peaks wer evegetxemingdiea JEDle HE¥IdP ] transpestior elegitanimichiscapaebl( IV .Bzagpd e 10, RNA
profiles fromurinary mcrovesicles is nore simlar to renal cell profiles
than to pmoefddodisctéd emarnotMTiAlvvaccdPdicrdyerpy Tehlmiques.@dgA) digitdimpg ext r act i on
frommcrovesicles was at |east 10 tines better than that from whole urine.
Exanpl e 12ystdin.i Aashowmiic Fignes? cheseliconisandeet athinRNArosexicléNAhe[ 00117] W
determ ned whet her urinary mcrovesicles contained RNA, DNA, or both
microvesicles sometimes aggregate together or remain singular in the TEM image.

Improved Methods for Nucleic Acid Extraction from a Biological Sample

Example 3: Ultracentrifugation is replaceable with filtration concentrator for purposes of

microvesicle isolation

[0099] We show here that filtration concentrators can yield viable microvesicles for
RNA extraction similar to the ultracentrifugation method. We pre-processed 75 ml urine by
centrifugation at 300g for 10 minutes at 4°C and 17,000g for 20 minutes at 4°C, and then

filtered through a 0.8 pum filter as detailed in Example 2. We then isolated microvesicles via
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by treating the pellets first with both RNase and DNase to renove free,
extra-m crovesicle, non-cellular contam nations foll owed by RNase and/ or
DNase di gwet2otmosfo4i nt ra- m crovesi cl e nucl ei ¢ aci ds dur iPag/usedvm3bised
nucleic acid isolation. RNase digestion (B) al nost conpletely abolished the
nucleic acid profile (Figure 32) conpared to that wi thout RNase digestion
(A). These data su est that RNA represents the nmpst abundant nucleic acid

within ni érl80d Ofy Agatlgheﬁmemwt%(w IEOY%WAé?Itde‘fla Biraesirigitian BElti on of
t he RNase treated sanples with DNase (B), thelglgJ ust after 20s is
reduced aftiBrRYase f1geTIODNEECtHicledtd Wifh 31dsTitheus FOSdRTAMAVR CXtFfe peak

before further DNase digestion (A). This reduction denonstrated that a

smal | anp@Heropdsicoia secleds @fé@@qnﬁﬂnénmpeﬁsého"vm@ Figureshandt e n mi crovesi cl es,
probably DNA. Exanple 13: Urinary m crovesicles contain nRNA transcripts
encodi ng pecentiiipggmnanctifadei Gilrationy soncenjiapors mothod hisldadpmilanRNAd col | ecti ng
duct. [00118] As shown in Exanple 10, nucleic acid profiles are simlar in
uri nary mcomcewtesiood Eem alred Srrelnadne sghplss widasltracedtribygafon (Rigitre B) atdify28er . Her e
we further show that m crovesicles contain nRNA transcripts encodi ng

speci fic @enesnl AAAVRAERkErfR gFighs Nht 1he MERMigNeand SOO! TRt smg duct .
Urinary mcrovesicles were isolated from200 ml urine from four human

subj ects @t%ﬁstkgllﬁggrﬁﬁ@aﬁlﬁd1%reﬁ&%t\€ééﬂ thawe yiligehed i ldPmBNaSR Bath.DNase
prior to exosone |ysis and RNA extraction as detailed in Exanple 5. The

ext ract ed N AR W n s RS OhelRMY, SR A B VARG B QAP
(Mol ecul ar Devices, CA). For the riboanp |f|cat|on for the first round of
the in vitpg transcription step sanples were incubated at 42C for 4 hours
and for the %econd in vitro transcri ption step sanples were incubated at
42C for 6 hours. Amplified RNA was denatured for 5 mnutes at 65C and
subjected to first strand cDNA synthesis as described in the Q agen

Omi script protocol (Q agen, CA). Both GAPDH and beta-actin genes were
identified in all sanples (Figure 34A). W exam ned 15 transcripts
characteristic of various regions of the nephron and collecting duct
(Figure 34B). These included proteins and receptors inplicated in various
renal di seases including podocin fromthe glonmerulus, cubilin fromthe
proxi mal tubule and aquaporin 2 fromthe collecting duct. [00119] For hunan
sanples, the PCR priners used were: ACTB UTR forward 5'-
GAAGTCCCTTGCCATCCTAA- 3", reverse 5- GCTATCACCTCCCCTGTIGIG 3'; GAPDH EX,
forward 5' - ACACCCACTCCTCCACCTTT-3', reverse 5 - TGCTGTAGCCAAATTCGITG 3';
NPHS2 UTR, forward 5' - AACTTGGITCAGATGICCCTTT-3', reverse

5' - CAATGATAGGTCCTTGTAGGAAG3' ; LGALS1 EX, forward

5' - GGAAGTGITCCAGAGGTGTG 3', reverse 5 - TTGATGECCTCCAGGITG 3'; HSP&X2 UTR,
5' - AAGGCAGGACTCACGACTGA- 3', reverse 5' - ATGGCACTTGAGCTGGATCT- 3" ; CUBN EX,
forward 5' - CAGCTCTCCATCCTCTGGAC- 3', reverse 5' - CCGTGCATAATCAGCATGAA- 3' ;
LRP2 EX, forward 5' - CAAAATGGAATCTCTTCAAACG 3', reverse 5'-
GTCGCAGCAACACTTTCCTT-3'; AQPLl UTR, forward 5'- TTACGCAGGTATTTAGAAGCAGAG 3',
reverse 5' - AGCGGAATGGAGAAGAGAGIGIG 3'; CA4 UTR, forward 5' -
ATGATGGECTCACTTCTGCAC- 3', reverse 5' - TCATGCCTAAAGTCCCACCT-3'; CLCN5 EX,
forward 5' - GTGCCTGGITACACACAACG 3', reverse 5 - AGGATCTTGGTTCGCCATCT- 3' ;
BDKRB1 UTR, forward 5'- GIGGITGCCTTCCTGGICT-3', reverse

5' - ATGAAGTCCTCCCAAAAGCA- 3'; CALCR UTR, forward 5' - ATTTTGCCACTGCCTTTCAG 3',
reverse 5' - ATTTTCTCTGGGTGCGCTAA-3'; SCNN1D UTR, forward 5'-
GCGGTGATGTACCCATGCT- 3", reverse 5' - CTGAGGTGGCTAGCCTTGA- 3'; SLC12A3 EX,
forward 5' - AGAACAGAGTCAAGTCCCTTCG 3', reverse 5 - TATGGGCAAAGTGATGACGA- 3' ;
AQP2 UTR, forward 5'- GCAGITCCTGGCATCTCTTG 3', reverse

5' - GCCTTTGTCCTTCCCTAACC- 3' ; ATP6V1B1 EX, forward

5' - AGCCAGTAGITGGEGAGGAG- 3', reverse 5 - CGAGCGGITCTCGTAGSG 3'; SLC12A1 EX,
forward 5' - CAGATGCAGAACTGGAAGCA- 3', reverse 5' - GGAAGGCTCAGGACAATGAG 3' .
"UTR' refers to priners designed in the UTR and "EX" refers priners

desi gned across exons. The PCR protocol was 5 mn at 94C, 40 s at 94C, 30 s
at 55C; 1 mn at 65C for
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30 cycles; and 68C for 4 nm For nouse sanples the priners used were: AQP2:
forward 5' - GCCACCTCCTTGGGATCTATT- 3", reverse 5' - TCATCAAACTTGCCAGTGACAACS' ;
V- ATPase B0 20uumios: forward 5' - CTGGCACTGACCACGCGCTGAG - BCT/USeMenss65’ -
CCAGCCTGTGACTGAGCCCTG -3'. The PCR protocol was 5 min at 94C, 40s at 94C,
30 s at 55C, 1 mmat 65C for 30 cycles; and 68C for 4 mn. [00120] As shown
in Figure 34, Panel A R boAnp anplified nRNA transcripts for beta-actin
and GAPDHEXEIFRIC Ao 8ATPY DEaR'QetsaBE &t anly W) Broradiiaen sy fevickd B5eudo gel
inurinary mcrovesicles fromthe four human subjects. For clarification
pur pose, PH@Osq I Higgvesicd istlaidie nephron and col | ecting duct are shown in
Figure 34, Panel B. As a result of RT-PCR analysis of R boAnped nRNA from
uri nary ex¢d8fes, thethepomedoundghat thgrdew spase §eritrmt}1/1g¢1@n§teps tegPoaisl 14:0g| so
readily detectable: region 1 donerulus: NPHS2 - podocin, LGALSI -

Gal ect i n- toyld dadikiBRER becaepaina prequbdesting pitlotuetad). & pamrd-Fltigtiorest@byas asegi on 2
Proxi mal Tubule: CUBN - cubilin, LRP2 - negalin, AQP1 - aquaporin 1, CA4 -
car boni ¢ affbyidt asmcthodsancudth€iNG low glebdedndefugdtian seps. prsahewvminsFifghteg8r e 35) ;
region 3 Thin Descending Linb: BDKRB1 - bradykinin Bl receptor (Figure 36);
regi on 4 Madel thanycldibbsié pAsicanthigngndthdibof CALGHBd ceaif@datiomtduple@eedtond , and
SCNN1D - am | oride-sensitive sodiumchannel subunit delta (Figure 36);
region 5 Rinspralfiltrion oA ik @ simbud @e pRIEELRAG a-méthidatiods- 58 M ipkd-Hration

sodi um chl oride cotransporter (Figure 36); region 6 Collecting Ducts: AQP2
- aquaporip).2, ATP6VIBl1 - vATPase Bl subunit, and SLC12Al - Kidney-specific
Na- K- synporter (Figure 36). [00121] Therefore, nRNA transcripts from al

renal regimgns,e%am.pRE &SRS A EHicrSHIQBSH iMBedOB RTINS Cl es
cont ai ni ng ndﬁA are released fromall reéegions of the nephron and

coIIectingagggqu%@%%g%q;gmggkgﬁggwcan be a novel non-invasive source of
nucl eic acid biomarkers for rehal diseases. Exanple 14: Sone nRNA

transcri pt[ﬁoﬂoplsi de i Qalh if#})fbw&’ﬁé&&? for nfili&ic §8&g}tiaicﬁo& forh %ﬁé}bvéé{%rés.s
[00122] I f "nucleic aC|3s n crovesicles are used to non-invasively
renal gengg th'isntn9[|1§da %@&noJﬁg ?g\‘&e&s\%’e}&gﬁs a&ﬁgg&u%%% b&l €S A dspe

specific to renal cells. 0 transcripts are specific

absent . T kb o ERtG ARBERHS Rl M iR 7 GNP PR RIS T o

m ce (Finberg K ner, CA bley.. VA et al e Bl-subuni.t of the H(+)
Mriase i o BidshafFoy MSRE nton {54 LM e ibraflt 120, THE nidraPesRiQU ) L 0E

USA 102: 1:§i?t:rl'a§és]i§e§ez tjh’en 128(0)8?621 ‘either by ultracentrifugation or by filtration concentration 120,

exani ne

with details similar to those described in Example 2. The isolated microvesicles were then
subjected to RNase and/or DNase digestion to remove nucleic acids not contained inside the
microvesicles 130. Specifically, the microvesicles were resuspended in 1 pul/ml RNase A
(DNase and protease free) (Fermentas, MD) in PBS and incubated for 1 hr at 37°C. The
samples were re-pelleted at 118,000g for 70 min in PBS. For DNase I digestion the pellet
was resuspended in 500 ul PBS and DNase [ (RNase free)(Qiagen, CA) diluted in RDD
buffer (according to manufacture’s instructions) and incubated at room temperature for 10
min. The samples were re-pelleted at 118,000g for 70 min in PBS. For RNase A and DNase
I digestion of microvesicles isolated via filtration concentrators, the same concentration of
RNase and DNase was used and incubations were carried out in the filtration concentrators.

A step of extraction enhancement 140 was then performed, e.g., three resuspension/wash
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[00123] All animal experinents were carried out in accordance with approved
ani mal ethics guidelines at the Massachusetts General Hospital. V-ATPase Bl
subuni t kwockoumomai mal s have been descri bed (Fi nberg KBCTM&Qme/042365 Bail ey
MA, et al. The Bl-subunit of the H(+) ATPase is required for naxi nmal
urinary acidification. Proc Nail Acad Sci USA 102:13616-13621, 2005). For
urine coIIectlon animals were caged i.n netabolic cages in groups of two (n
= 4 ani malSEPHBHh §F BBl PRv/alpnca Ob“é)r“P]@él with appoterse reAPEHf Pifer BiffORNElCtan al so
be obt ai ned by i ng one animal per cage, and urine was collected for
m crovesi Y& liS%létPgtdilgﬁ’ﬁte@lW&h andeapes @dé@atadayéh PI9éEdsa BeRIEc fgds Wereragicine. For
ki dney extraction, aninmals were anesthetized using pentobarbital sodium
(Nenbutalﬂ5QAB%ﬂ@NA@§%%¥@m®@$@%ﬂﬂmﬁgu%ﬁﬂﬂwﬁﬁNWQYB@@VLW%Q@RQJﬂmﬁ ), and
ki dneys i mredi ately renoved and frozen in liquid nitrogen. Using a pestle
and nor t arcdordiag 10j témmhuﬁwlrrergeelnstbeﬂmt Beicfly, 328 nl RLH hefferiagh ¢o oLiretk-up,
resuspended in RNAlater (Q agen, CA) and stored in 1 m aliquots at -80C
For RNA extaraptocthanol aer ml Riglotaswas! to hawexbsomed and laméingleasd-fréegaer was 350 nl
RLT buffer (with 10 nl beta- nercaptoethanol per m RLT). Muse kidney
sanpl es wesasl for dutams ddie RiNgatyHdusRMeaskit (QimgenkCA) & Geagred to €Apvegdnomice
i nclusion of the DNA digestion step. [00124] For real tinme PCR anal ysis, RNA
ext r act ed DOINA eDMAs@duvas nariyd otteravdsg © tesmamdstwenaihstruedofsand Blurddiut es at
65 C and subjected to first strand cDNA synthesis as described in the
Q agen Sensiusouddate-fecotaaolFof GhagRNA iddRtion kang the @ NBensSM&Es kipdr RIsey se
transcription oligo-dT priners were used at a final concentration of 1M
(Appl i ed Bileyistei® the GARNATREaticdShdthddPas FEINAVedascidiegtd the mbfufdagdbn PreAnp
Master M x Kit according to manufactures gui de using 14 preanplification
cycl es (Apptiu&ibnBi RSNGH RN whsnalyI&E1 G0rAARNA Pice D0®enip[AdreL CWasgsihdren
diluted 1:20 with I x TE buffer (Pronega, W). The resulting cDNA was then

used as a atRNRhHi6A RN zef @irchd GRK/E’/%%@M‘:@H A 1dcqofRaRDréteamp! i fication
gui de (Applied Biosystens use ki dney RNA concentration was measured

on a Snarggpgﬁoﬁg%ppgﬁ 5agnhg§%ﬂﬁgd all sanples were diluted to 90

ng/ 1. 11. Mouse mas denatured for 5 mnutes at 65C and subj ected

to first ?édlﬁﬁ']d CDNQS %%"H?Figﬁré%% HRASE HeREA | intdifas & RORAOMUFE) oPT

protocol (Q agen, . € Omiscript reverse transcription oligo-dT

pr i mers V\%I\?A ﬁjgﬁgnﬁlt flﬁ@ljlllcg&gﬁagst %a%ésgyasg‘horl: llpfA(‘MaFfiQ Bgédqﬁ tr@i‘toS yst ens, CA)

and 1 pi resu ting cDNA was then use In the subsequent

real - time ROR IGASHERR: br tﬁ/gﬁ%lg:tﬁﬁneﬁlbﬁg Et&ﬁcFo‘%@s%ésozsﬁ%-rE?I\%&l%Q usi ng

TagMan Gene pression ression use D Part

Aol ﬁ%@ﬁ@f&”g"@ K%@Pﬁtél‘?g . ?%fs?i’% R B R N
ki dney i AL e ractlon as rungeldrhas‘rn e\ﬁlr o 1|ar(1:1| eSmJl 1 QM ts 180G UL

ni ce. exam ne pr e §) SHMG Y A Pa %fl ubbni't® "Bk aqugpgrln 2
A mMRNA u 1 i

5 raqr?SZ:r AR W%feftoaeeflg?s? Wqﬁﬁf&]‘wﬁ@ﬁseﬁw& SRERY g0 RRES sy e

sanples fro e nut ant ce , ' nsi st ent ~the fact
Chat V- ATPRGIE 1% Gisti e ngelha Al Raipickiat 8&59 A 1R es 0 A ont r ast

V- ATPase Bl _subunit transcript was present in t ki dney and nlcrove5|cle
sanpl es f FOMPIHERSaA GO pE: dIS8X sl B2 1Y 1%&!@‘%@3@% #H94F det ected in
both the kidney and the mcrovesicle sanple fromnice with both the Bl
knockout &Mty yeteyheervRdEhen i @chnga@aﬁé@f%@%‘é%a%re%%@0&7 SK1Bade B1
subunit del etion does not affect the expression of AQP2. Further as shomn
in Fi gur e 19% (Bpahiewne. 3 novayisfagure §nat heghey coggenyatiopeg§ arofsases 2y

m crovesicles fromthe Bl knockout was not statistically different fron1the
level in APEHBYesiabbercedfi¥§mnd BES WA of Bigler ptegsity, Suedditigado mesasedr ue for the
expression |evel of V-ATPase B2 subunit in kidney cell fromthe knockout
mce in complimiBYN Inicish Thie detevseteciihiitihrrgyitior bf profepssree eroaic the Yigide ni ce.
Therefore, transcripts present in kidney cells can be detected in urinary
M crovesi ehémtegsitr @tled aid/ 28BN ahnest] ehial RNehehdtmigreRdNA. pis sedpse@hat i n

ki dney cells can not be detected in urinary m crovesicles secreted by the
ki dney celthe effactodipditeagd may be duvge rts ghibtyito digest amayRINeses avdeshaligsbimre speci fi ¢
to renal cells and are noni nvasive bi omarkers for renal cells transcripts.
Exanmpl e 15: Urinary mcrovesicles cont?in non- codi ng RNA transcripts



[ 00126] Urinary m crovesicles were isolated and nucleic acids were extracted
according to the above nethod detailed in Exanple 5. W perforned a

deep- sequenepnigroafo4uri nary m crovesi cle RNAs and found Prhatustéene3eer e
random areas on certain chronosones that exhibited extreme transcription
When plotted transcript nunber versus position on the chronosone, these
transcrlpts appeared as "Spi kes." These transcripts were nore abundantly
expressed factoin wel | - know endogenous narkers such as GAPDH or actin, and
were generally in non-coding regions of the chronosone. The relatlvely hi gh
expressiodmN8¥bls ofheraddidien 8} Kep dfevpbing BCravRygles Multipl imefede sequences may
al so serve inportant roles in chronobsone activation and cel |l ul ar

regul at i odranfagealyimpgoveépavlineef meoleicagids pgragisd fliom e merwcsidese Than 500
spi kes. The 29 regions are shown in Figure 42 and correspond to SEQ | D NCS.
1- 29. The wablong gep epickiegsiviely remewend@sq fagfiorsrikat arczen haghrquplity Fhgleir egd 45- 73,
PCR anal ysis of the sequences of the nobst highly expressed spike

t ranscri pestragmpfrenuaingy mitravesichesy Unee sanipriciad @0 prl esairare yvied firfodsgrdwuphunan
urinary mcrovesicles and human kidney cells, suggesting that these
sequences ofieudeinadtid exiragtidni ttacfollof ind dembsequethad wgh exthgt spme mexdgicused. t 0
anply the 10 such spi ke abundant regi ons are shown in Figure 43. PCR was
per f or med Facgondi rigplital miveovkgtlbomem dirprtiggsainfor nuidid alid dematanrvithguiadny95C f or
8 mnutes; 30 cycles of three steps of denaturing at 95C for 40 seconds,
anneal i ng i@trvabig §teps. BOr geqol dsicroadiit]s wang@ddatedrividt RIS Eifhiitols beforeit e; fi nal
el ongation at 68 C for 5 mnutes; and on hold at 4C before Bi oAnal yzer

anal ysi s aficltib@acid @agdction . FAAgrdup GWhidréveFitigiwere4¢hshddRathatink RNzad inGibitef each
of these 10 regions gave positive results using tenplates in both human
urinary nminghtenesictdresuddy acddektRbiign Hot gidey 4 Gictovedidls watiggast bnptrdadt t hese
spi ke transcripts were indeed present within m crovesicles and human ki dney

cellI's. [O0QiRHNResMiBHNIARhowPinkaglre3BSHF bldliS | €3N, BequsieoitiiR S%5886 the
quality of an nucleic acid extraction froma biol ogi cal sanple. For

exanpl e, %H&m@ﬁﬂgﬂhsQ&y%&&w@ﬁﬂhﬁﬁﬁ%RBKQ3%5@R§@J&Eéémﬁ@&uﬂﬁoy§3QUQP assess
the quality of nucleic acids fromurinary mcrovesicles in place of common

markers s K%!Fll alsor%Pplj t&dts @@r%&ﬂohﬁé '&H@lltﬁ" Of the ex el ﬁﬁ'c!l&@ ama_sh\?asqm?éhw of

GAPDH or IN R in urinary m'crovesitcles was so |ow that an

extra- a”p'sinﬁlla? ff th@Mn ﬁltoﬁg’l 1&tsvith RINAGAMD, 2§?§Rﬁ§%h£ Egat AlofTBAGURKNG their

anount. |In contrast, anount of any one € spl ke transcripts was so

hi gh that l?g}&t eﬁ‘&rr?o @ﬂl:étsf ng%tr @ﬁ%gﬁal}@%t‘éﬂ%ﬁ %%{Mtlclér P%Esf\%sq phf€q use  of

t hese spi ran pts C assessnent nucl el c aCI extractlon

! |
qual ity e, of Jny%ﬁlnﬁ%qg@cebl 21 H{aha%gm@e&%@emsagm%w%% Bl fPgrolyent | ons

asseSS|ng the cleic

aci d ext r?@:g% éﬁn f r%g} tﬁe tyby 0 xtraana)nuc’lelc %(?d 1m1 [TRR, ‘[HartI ngroﬁﬁ?‘%lt‘ﬁ The

met hod can 'S ract I ng nu d5 ' rom ol'ogi ca

he. anpuntaRd fZ%é%&aﬁ‘W%%%?%@#éEﬁéé ﬁﬂ 1508 %@M@ﬁ? o

bi ol ogi cal éanpleh The est abl i shrmen such standard .can be, aﬁexanple,
an aver age QREUMENGE SRR ReSpiracaor f c TPMMERYT S &&reflP‘%Pr’?Fli‘ﬁmn?ﬁt human
urine sanpl es performed by an eri enced blotechnolo rof essi onal . WD
2011/ 0001 BHPREPUSS B 398 H8n wﬁ%rrmnw ?rﬁémﬁmé%ﬂﬁs bt bsheiadifdhas been

di sclosed with reference to certain
before nucleic acid extraction.

Example 6: Use of RNase inhibitors for nucleic acid extraction from serum microvesicles
[00104] With the above improved method, high quality nucleic acid extractions can
also be obtained from serum microvesicles. Here, we obtained serum from both melanoma
and normal patient sera and used RNase inhibitor cocktail SUPERase-In™ (Ambion, Inc.) to

treat microvesicle pellets by resuspension. In one batch of tests, we isolated microvesicles
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enbodi nents, nunerous nodifications, alterations, and changes to the
descri bed enbodi nents are possi ble w thout departing fromthe sphere and
scope of wbeoprmsmwat i nvention, as defined in the appenaet/usb@ons2365
Accordingly, it is intended that the present invention not be limted to
t he descri bed enbodi nents, but that it has the full scope defined by the

| anguage of the follow ng clains, and equival ents thereof REFERENCES:

Abr avaya, fiem foyr dupligatgs of d gnl neglangmageryp, samplgs ppdireated dhe migesige paletsi on of
point nutations with a nodified |ligase chain reaction (Gap-LCR). Nucleic
Aci ds Res Withd. Gyt $PPERpseNa gt 2 final congentighieh ghie micronpsicg jselptionmethetbt ak, L.
May, A. Guha, and J. Rak. 2008. Intercellular transfer of the oncogenic
recept or EGFRpagqntiygation ped/ds nigrevesigleriicllets werediepted bt ONee¢ fog 20 panutee| |
Biol. 10:619-24. Balzar, M, MJ. Wnter, C J. de Boer, and S.V. Litvinov.
1999. The abiogmdgypaitutchds sownindrigurge - EpheCamlity of RN exvagtiononethe- 712,
Bossi, A, F. Bonini, A P. Turner, and S. A Piletsky. 2007. Ml ecularly

i npri nt ed fpoinampwa fopmtshepleewagnivtand mcofsigmo tvailrtbe RNAeyigd btieg 643 t he art .
Bi osens Bi oel ectron. 22:1131-7. Chen, C., J. Skog, CH Hsu, RT. Lessard,
L. Bal aj , p@ul\W07 di/ntyéb84 /18, 1008 pead, ankthORNB ewdgeifyi abalsedMy thwlterlSs mhd D.
Irima. Mcrofluidic isolation and transcriptone anal ysis of serum

m crovesi okiag.l.7LaB, Chiapd 0. 50rcsdbtively. Chesthardalcl of tsts, v isalitodimicfoveRicles t kun,
J.B. Kopp, M A Knepper, P.S Yuen, and R A Star. 2007. Rapid isolation of
urinary exosofml dupli@mabk et nitinoiga serindRanEabandneatall theahiclot ¢sidld @llets
concentrator. AmJ Physiol Renal Physiol. 292: F1657-61.

with 3.2 units SUPERase-In /1 at a final concentration. As shown in Figures 14 and 15, the
quality of RNA extraction from the two melanoma serum samples treated with 3.2 units
SUPERase-In/pl was generally better than the quality of RNA extraction from those treated
with 1.6 units SUPERase-In/ul. The RNA yield for the two melanoma serum samples is
3433pg/ul and 781pg/ul and the 28S/18S ratio is 1.4 and 1.5, respectively.

[00105] Further, we tested four duplicates of 1 ml normal serum samples at 1.6 units
SUPERase-In/pl and 2 duplicates of 1 ml normal serum samples at 3.2 SUPERase-In/ul. As
shown in Figures 16-19, the quality of RNA extraction at 1.6 units SUPERase-In/ul is low
with the RNA yield being 995 pg/ul, 1257 pg/ul, 1027 pg/ul, and 1206 pg/ul, and the
28S/18S ratio being 1.3, 1.6, 1.6, 1.8, respectively. In contrast, as shown in Figures 20 and
21, the quality of RNA extraction at 3.2 units SUPERase-In/ul increases with the RNA yield

being 579 pg/ul and 952 pg/ul, and the 28S/18S ratio being 1.6 and 2.3, respectively.
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Cocucci, E., G Racchetti, and J. Meldol esi. 2009. Sheddi ng m crovesi cl es:
artefacts no nore. Trends Cell Biol. 19:43-51. Cotton, R G, NR
Rodr i gueswoand/®94 Canpbel|l. 1988. Reactivity of cytosiPpag/tsadooisas ne in
si ngl e-base-pair msmatches with hydroxyl am ne and osmumtetroxide and its
application to the study of nmutations. Proc Natl Acad Sci US A
85:4397-401. Fischer, S.G, and L.S. Lerman. 1979a. Length-independent
separ at i od @A Use 8t 977 6€11081¢ 4 s GREA EECTIIOK s Ledi ¢rehaigrEn fier ¢
el ectrophoresis. Cell. 16:191-200. Fischer, S .G, and L.S. Lerman. 1979b.
Two- di mendiagagal e17gde r ophoreti c separation of restriction enzyme fragnents
of DNA. Methods Enzynol. 68:183-91. Ceiss, G K., R E. Bungarner, B.
Birditt, T00188h| , NnHzeuwplas andyjour Oefriesndy sugrpspthafiaqamenswithgtrasion R, D,
George, T. Gogan, J.J. James, M Mysuria, J.D. Mtton, P. Adiveri, J.L.
Gsborn, TenlPapgs can incredRathelquélite of RNA exyigdbion diom rEckvedDee. dsiorxpegted that Hood.
2008. Direct nultiplexed neasurenent of gene expression with col or-coded
probe pai ssch dxgactiBn enlwobtaroivill IRGe Sitiflap&fec@oatodick biologicd samidleM AVWHawhiie| d,
D.Y. Kwoh, K J. Barringer, D.D. R chman, and T.R G ngeras. 1990.
| sot her malFjgura 2%,iat mogclamghddf df matleio acid Extraggdreinghia oivelstiopywill revuirt b stag yfre
reaction nodeled after retroviral replication. Proc Natl Acad Sci US A
87: 1874- 8 peiflahting 4 ektradt BB Snhavbdnemu baratioh oh dgybiddgickd wdhde. nbuwehitngetigtdrmayo s ones.
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prescribes a test of a tumor biomarker for a patient. A 5 ml blood is then drawn from the

patient. The blood sample 200 is sometimes pre-processed to get the blood serum. An
enhancement operation 210 is then performed, e.g., an appropriate amount of extraction
enhancer is added to the serum and the mixture is incubated for 30 minutes at 37°C. Nucleic
acids from the treated serum are then extracted using regular extraction methods such as
detailed in Example 5 220 and analyzed using Agilent BioAnalyzer 230. Such extraction is
expected to produce high quality nucleic acids from the biological sample.

Nucleic Acids From Urinary Microvesicles As Biomarkers

Example 8: Urinary microvesicles are contaminated by free, extra-microvesicle, non-
cellular DNA

[00107] We separated a urine sample into two 25 ml duplicate samples and isolated
microvesicles from the two sub-samples by differential centrifugation as detailed above. In
one sub-sample, we treated the microvesicles with DNase and extracted nucleic acids from
the treated microvesicles as detailed above. In another sub-sample, we did not treat the
microvesicles with DNase and extracted nucleic acids from the untreated microvesicles. As
shown in Figure 23, free, extra-microvesicle, non-cellular DNA contaminated isolated
urinary microvesicles. When RNeasy micro kit was used for the nucleic acid extraction

(Figure 23 A and B), the result showed that more nucleic acids were seen in the untreated
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acid extraction, as shown in Figure 23 (C) and (D), the result also showed that more nucleic

acids were seen in the untreated sample (C) than the treated sample (D) since the peak in (C)
was generally higher than the peak in (D). The extra nucleic acids from the untreated sample
were likely from DNase susceptible “apoptotic bodies” because DNase susceptible “apoptotic
bodies”-like ladders were seen as shown in the pseudo gel in Figure 24 C. In both the urine
and the serum samples, the amount of the free, extra-microvesicle, non-cellular DNA varied
between subjects but the size of this DNA was in the range of approximately 25 to 1500 base
pairs.

[00109] Example 9: Urinary microvesicles are mostly not contaminated by free, extra-
microvesicle, non-cellular RNA

[00110] We separated a urine sample into two 25 ml duplicate samples and isolated
microvesicles from the two sub-samples by differential centrifugation as detailed above. In
one sub-sample, we treated the microvesicles with RNase and extracted nucleic acids from
the treated microvesicles as detailed above. In another sub-sample, we did not treat the
microvesicles with RNase and extracted nucleic acids from the untreated microvesicles. As
shown in Figure 25, almost no free, extra-microvesicle, non-cellular RNA contaminated the
isolated microvesicles. The curve of the RNase untreated sample (A) mostly overlapped with
the curve of the RNase treated sample (B), suggesting there is no free extra-microvesicle,

non-cellular RNA associated with the isolated microvesicles. This may be due to the

38



MWers, RM, Z Larin, and T. Maniatis. 1985. Detection of single base
substitutions by ribonucl ease cl eavage at m smatches i n RNA: DNA dupl exes.
Sci ence. BB UL2W218. Nakazawa, H., D. English, P.L. Ran@eius20d0/o0kBkazawa,
N. Martel, B.K Arnstrong, and H Yamasaki. 1994. WV and skin cancer:
specific p53 gene nmutation in normal skin as a biologically rel evant
exposure neasurenent. Proc Natl Acad Sci US A 91:360-4. Nilsson, J., J.
Skog, A. REPESE PhHRPIUCIcasEHARBS L. M ncheva-Ni | sson, X. O Breakefield, and
A. Wdmark. 2009. Prostate cancer-derived urine exosones: a novel approach
t o bi omar EswErie df: Nrdsie aeid redtiesare sipflaninegiregrmicrooericleead renabydlfa, M, H.

| wvahana, H. Kanazawa, K. Hayashi, and T. Sekiya. 1989. Detection of

pol ynor phimgasret bigign kpdbgeryel el ect rophoresi s as singl e-strand
conformati on pol ynorphi sms. Proc Natl Acad Sci US A 86:2766-70. Raposo,
G, HW NQkbn, W WstesitrctedgatlcicReids frejndnthakinery, microvesidisragil mpal @idpey)Mel i ef
and H J. CGeuze. 1996. B | ynphocytes secrete antigen-presenting vesicles. J
Exp Med. 18@eddmlicompareSkwg,prafilgs. The igthdid ofextractBn fpem uiigrnmidovdsichki j er, L.
Gai nche, M Sena-Esteves, WT. Curry, Jr., B.S. Carter, A M Krichevsky,
and X O Bragakddtiilell th E20Q®: 5. Glhicohl lkadtep samplecwav esicedhabvit thaisSyresyt MRNA and
proteins that pronote tunmour growth and provi de di agnostic bi omarkers. Nat
Cel | Bi ol kith@d hé RNcBsy Buelatrefsdetdrmihe, thdmdiinaeiymalbRNAsen tho. rht kiBayker , R
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M cr oRNA si gnatures of tunor-derived exosones as di agnostic bi omarkers of
ovarian caomee} Gynecowne€ Blgurddd) ihbFpddfiles (A-kidney, B-microvesicle) were very
similar including the presence and integrity of the 18S and 28S rRNA peaks. Such 18S and
28S rRNA peaks had not been seen in previously reported serum-derived or cell culture
media-derived microvesicles.
[00113] In addition to the similarities in rRNA peaks, urinary microvesicles also
contained similar small RNA profiles to those obtained from renal cells. As shown in Figure
27, both urinary microvesicles (B) and renal tissue (A) contained small RNAs (about 25-200
base pairs) and shared similar patterns.
[00114] These data suggest that using the novel nucleic acid extraction method
disclosed in this invention, the profiles in urinary microvesicles may be used to examine the
profiles in the renal cells from which the microvesicles originated.
Example 11: RNA profiles in urinary microvesicles are different from those from whole
urine.
[00115] We discovered that RNA profiles in urinary microvesicles are different from
those from whole urine. We used 75 ml duplicate urine samples for the tests. RNA was

isolated from urinary microvesicles by first pre-processing the urine by 300g for 10 min at

4°C, centrifugation of the supernatant at 17,000g for 20 min at 4°C, and filtration of the
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is claimed is: 1. A nucleic acid extraction fromone or nore mcrovesicles
i sol at ed firstrastwnaukaropore BNgi B dficcalimosprpgsseed syhele.dhmelt@ERNANBasand 28S r RNA
are detectable in the extraction. 2. The nucleic acid extraction of claim
1, wher ei mesptpendsidon ) W LISlutfer end proesisd dial the RNgasgl Plus Micro kit, which used

DNase to eliminate associated DNA, and eluted in 16 pl nuclease free water.

[00116] As shown in Figure 28, a large amount of nucleic acid could be isolated using

the ZR urine RNA isolation kit when no DNase was used (A). However, the profile appeared

broad and lacked 18S and 28S rRNA peaks. Further, the profile changed significantly (B)

when DNase was used, suggesting most of the extract was DNA in nature. In contrast, as

shown in Figure 29, the RNA profile from microvesicles from the same urine sample was

generally very different from the profile from the whole urine extraction. In the microvesicle

profile, there were 18S and 28S peaks. In addition, RNA from microvesicles was more

abundant than that from the whole urine. DNase digestion of the extractions from

microvesicles did not affect the rRNA peak significantly when we compared the profile

without DNase treatment (A) to the profile with DNase treatment (B). The RNA profiles

from the 300g pellets (Figure 30) and the 17,000g pellets (Figure 31) were similar to that

from the whole urine extraction. In both of these profiles, the peaks decreased substantially

after DNase treatment when we compared the profile without DNase treatment (A) to the

profile with DNase treatment (B). These data suggested that DNA was the predominant

species in the extraction, and no 18S and 28S rRNA peaks were detectable. Therefore,

together with the data in Example 10, RNA profiles from urinary microvesicles is more

similar to renal cell profiles than to profiles from whole urine. Further, the integrity of RNA

extraction from microvesicles was at least 10 times better than that from whole urine.

Example 12: Urinary microvesicles contain both RNA and DNA.

[00117] We determined whether urinary microvesicles contained RNA, DNA, or both
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3. The nucleic acid extraction of claim2, wherein the bodily fluid is
urine. 4. The nucleic acid extraction of claim?2, wherein the bodily fluid
is serumwo 2plia®omd 5. The nucl eic acid extraction of amgTafS2aloausss 1- 4,
wherein the biological sanple is froma mammal 6. The nucleic acid
extraction of claim5, wherein the biological sanple is froma human. 7.
The nucleic acid extraction of any of clainms 1-6, wherein the quantitative
ratio of PEECHRRANRSIISE Ery Rih bl RN EBIEDNM e ETORE et R GHTIGOWERi n ¢ he
range of approximately 1:1 to approximately 1:2; and is preferably
appr oxi matep-yeliplay cogamippigons died]ogicd by &iNgs ONaghdiggstien af iptrymigipesiglen t he
bi ol ogical sanple is a bodily fluid wwth a protein concentration of |ess
than 10 nareipic agidedurmg colupmdasedmgcleigacidxiotation. BNassakgeatonrRAalmpsegri ty
Nunber of greater than or equal to 5. 9. The nucleic acid extraction of
cl ai m 7, whaplicly abbshigd dlcaytleiglacid andile(Rigura 3powinippref] ftaithet withot RNpreot ei n
concentration of greater than 10 ng/m, such as serumor plasnma, and the
ext ract i odigestondA) RNA&s¢ detegpgizesy thauRB A rcnoéscfs dwtregst atuadeno nuadgeiadid wohid.  10.
The nucleic acid extraction of claim8, wherein the nucleic acid yield from
20 M of Mhiigbegichal AsamwreniFiguye 83tager drhaiunor digeptian of the BNaggrfaaied 11. The
nucl eic acid extraction of claim9, wherein the nucleic acid yield from1l
m of bi olsagpleavitls Bivpiea Bi),shgpeakjuat aftehads io redecpdalftet forthd Dpgpsartligestidn A profil e
of nucleic acid fromone or nore mcrovesicles isolated froma eukaryotic
bi ol ogi calinssript@nparke@r eitintht Sakriditie antie28Saske RBigdstme AgleTligctedbidtioni N t he
profile.

demonstrated that a small amount of DNase-digestible material was present within

microvesicles, probably DNA.

Example 13: Urinary microvesicles contain mRNA transcripts encoding specific genes from
various regions of the nephron and collecting duct.

[00118] As shown in Example 10, nucleic acid profiles are similar in urinary
microvesicles and renal cells measured by Agilent BioAnalyzer. Here we further show that
microvesicles contain mRNA transcripts encoding specific genes from various regions of the
nephron and collecting duct. Urinary microvesicles were isolated from 200 ml urine from
four human subjects (23 to 32 years of age) and were digested with RNase and DNase prior
to exosome lysis and RNA extraction as detailed in Example 5. The extracted RNA
underwent two rounds of mRNA amplification using RiboAmp (Molecular Devices, CA).
For the riboamplification for the first round of the in vitro transcription step samples were
incubated at 42°C for 4 hours and for the second in vitro transcription step samples were
incubated at 42°C for 6 hours. Amplified RNA was denatured for 5 minutes at 65°C and
subjected to first strand cDNA synthesis as described in the Qiagen Omniscript protocol
(Qiagen, CA). Both GAPDH and beta-actin genes were identified in all samples (Figure
34A). We examined 15 transcripts characteristic of various regions of the nephron and

collecting duct (Figure 34B). These included proteins and receptors implicated in various
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13. The profile of claim 12, wherein the biological sanple is a bodily
fluid. WD 2011/ 009104PCT/ US2010/ 042365 14. The profile of claim 13, wherein
t he bodi Iwyof2buvioiog urine. 15. The profile of claim 13, wahEUsS2aooBehHodily
fluid is serumor plasma. 16. The profile of any of clainms 12-15, wherein
the biological sanple is froma manmmal 17.The profile of claim 16, wherein

t he blologlcal sample i.s froma human. 18. The profile of any of clains
12-18, whéfe] Hsqepgs ltf&mg RogE§iY Eopthe @Oﬁlﬁmitﬁstwm&r%thm;@xqu%e ARt hin t he
range of approxi mat el 1 to approximately 1:2; and is preferably

appr oxi nata@mapoun%fromﬁmleﬁ%ﬂuwe of claim 18, wherein the biol ogi cal

sanple is a bodlly fluid with a arotel n
[00119] For human samples, the PCR primers used were: ACTB UTR, forward 5°-

GAAGTCCCTTGCCATCCTAA-3’, reverse ‘5-GCTATCACCTCCCCTGTGTG-3’;
GAPDH EX, forward 5’-ACACCCACTCCTCCACCTTT-3’, reverse 5’-
TGCTGTAGCCAAATTCGTTG-3’; NPHS2 UTR, forward 5°-
AACTTGGTTCAGATGTCCCTTT-3’, reverse 5’-CAATGATAGGTGCTTGTAGGAAG-
3’; LGALSI EX, forward 5-GGAAGTGTTGCAGAGGTGTG-3’, reverse 5°-
TTGATGGCCTCCAGGTTG-3’; HSPG2 UTR, 5’-AAGGCAGGACTCACGACTGA-3’,
reverse 5’-ATGGCACTTGAGCTGGATCT-3’; CUBN EX, forward 5’-
CAGCTCTCCATCCTCTGGAC-3’, reverse 5’-CCGTGCATAATCAGCATGAA-3’; LRP2
EX, forward 5’-CAAAATGGAATCTCTTCAAACG-3’, reverse 5°-
GTCGCAGCAACACTTTCCTT-3’; AQP1 UTR, forward 5’-
TTACGCAGGTATTTAGAAGCAGAG-3’, reverse 5°-
AGGGAATGGAGAAGAGAGTGTG-3’; CA4 UTR, forward 5°-
ATGATGGCTCACTTCTGCAC-3’, reverse 5S’-TCATGCCTAAAGTCCCACCT-3’;
CLCNS EX, forward 5’-GTGCCTGGTTACACACAACG-3’, reverse 5°-
AGGATCTTGGTTCGCCATCT-3’; BDKRB1 UTR, forward 5’-
GTGGTTGCCTTCCTGGTCT-3’, reverse 5’-ATGAAGTCCTCCCAAAAGCA-3’; CALCR
UTR, forward 5’-ATTTTGCCACTGCCTTTCAG-3’, reverse 5°-
ATTTTCTCTGGGTGCGCTAA-3’; SCNNI1D UTR, forward 5’-
GCGGTGATGTACCCATGCT-3’, reverse 5’-CTGAGGTGGCTAGGCTTGA-3’; SLC12A3
EX, forward 5S’-AGAACAGAGTCAAGTCCCTTCG-3, reverse 5’-
TATGGGCAAAGTGATGACGA-3’; AQP2 UTR, forward 5’-
GCAGTTCCTGGCATCTCTTG-3’, reverse 5’-GCCTTTGTCCTTCCCTAACC-3’;

ATP6V1BI EX, forward 5’~-AGGCAGTAGTTGGGGAGGAG-3’, reverse 5°-
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concentration of less than 10 ng/m, such as urine, and the nucleic acid
has an RNA Integrity Nunmber of greater than or equal to 5. 20.The profile
of cl ai mwe,2omweemwin t he biol ogical sanple is a bodily PCwius2ew2385 prot ei n
concentration of greater than 10 ng/m, such as serumor plasm, and the
nucl eic acid has extraction has an RNA Integrity Nunber of greater than or
equal to 3. 21.The 8rofi|e of claim19, wherein the nucleic acid yield from

20 M of BIHGGPEATCIGRTASGG3GSe4t A1 EXafertdequal to 50 pg/m . 22. The

profile of claim?20, wherein the nucleic acid yield from1 m of biological
sanple is %%T@@A@MT&G%GQA%’orewsep@’f(ﬁ@AAé%lC&" e oA GVaPuat i ng t he
quality of a nucleic acid extraction frommcrovesicles isolated froma
eukar yot i CUBROIrSgfs caprimanpisened oripe VSRegd tRE” sfesperingrs dgsignedsarpsict i ng RNA
from m crovesicles; and

exons. The PCR protocol was 5 min at 94°C; 40 s at 94°C; 30 s at 55°C; 1 min at 65°C for

30 cycles; and 68°C for 4 min. For mouse samples the primers used were: AQP2: forward
5’-GCCACCTCCTTGGGATCTATT-3’, reverse S’-TCATCAAACTTGCCAGTGACAAC-
3’; V-ATPase B1 subunit: forward 5’-CTGGCACTGACCACGGCTGAG -3’, reverse 5°-
CCAGCCTGTGACTGAGCCCTG -3’. The PCR protocol was 5 min at 94°C; 40 s at 94°C,
30 s at 55°C, 1 min at 65°C for 30 cycles; and 68°C for 4 min.

[00120] As shown in Figure 34, Panel A, RiboAmp amplified mRNA transcripts for
beta-actin and GAPDH were readily detectable in the BioAnalyzer generated pseudo gel in
urinary microvesicles from the four human subjects. For clarification purpose, the six
regions of the nephron and collecting duct are shown in Figure 34, Panel B. As a result of
RT-PCR analysis of RiboAmped mRNA from urinary exosomes, the following transcripts in
the six regions are also readily detectable: region 1 Glomerulus: NPHS2 — podocin, LGALS1
— Galectin-1 , and HSPG2 — heparan sulfate proteoglycan (Figure 35); region 2 Proximal
Tubule: CUBN — cubilin, LRP2 — megalin, AQP1 — aquaporin 1, CA4 — carbonic anhydrase
4, and CLCNS — chloride channel protein 5 (Figure 35); region 3 Thin Descending Limb:
BDKRBI1 - bradykinin B1 receptor (Figure 36); region 4 Medullary Thick Ascending Limb:
CALCR - calcitonin receptor, and SCNN1D - amiloride-sensitive sodium channel subunit
delta (Figure 36); region 5 Distal Convoluted Tubule: SLC12A3 — thiazide-sensitive sodium-
chloride cotransporter (Figure 36); region 6 Collecting Ducts: AQP2 — aquaporin 2,
ATP6V1B1 — vATPase B1 subunit, and SLC12A1 — Kidney-specific Na-K-CI symporter
(Figure 36).

[00121] Therefore, mRNA transcripts from all renal regions examined could be

identified, suggesting that microvesicles containing mRNA are released from all regions of
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(b) measuring the quality of the RNA by determ ning the quantity of 18S and
28S rRNA in the extraction. 24.The nmethod of claim23, wherein the

bi ol ogi cavo=zanmplogioss a bodily fluid. 25.The nethod of clpairmS2eio/outses ei n t he
bodily fluid is urine. 26.The nethod of claim 24, wherein the bodily fluid
I's serumor plasma. 27. The nethod of any of clains 23-26, wherein the

bi ol ogi cal s froma mammal WO 2011/ 009104PCT/ US2010/ 042365 28. The
met hod of thq I@gﬁrpwd HestERHluethandgnisroggiicdes cas Bappevel Borringin g spyRast 29. The
met hod of any of clains 23-28, wherein the quantitative ratio of 18S r RNA
to 28S r RRAClig a@WtbFﬂﬁﬁﬂfeFfefo’f@ﬁ@‘éhS@FS%pprOX| mately 1:1 to approxi mately 1:2;
and is preferably approximately 1:2. 30.The profile of claim?29, wherein
the bi ol odi@able dAngoime mRNAlresdiipty insidaiudngiy tHcravasics e qwpecific to rendl cells

[00122] If nucleic acids in microvesicles are used to non-invasively examine renal
genes in diseases, the transcripts in microvesicles should be specific to renal cells. Here, we
show that mRNA transcripts are specific to renal cells. We used knockout mice in which the
V-ATPase Bl subunit is absent. The absence of V-ATPase B1 subunit leads to renal acidosis
in the mice (Finberg KE, Wagner CA, Bailey MA, et al., The B1-subunit of the H(+) ATPase
is required for maximal urinary acidification. Proc Natl Acad Sci USA 102:13616-13621,
2005).

[00123] All animal experiments were carried out in accordance with approved animal
ethics guidelines at the Massachusetts General Hospital. V-ATPase B1 subunit knockout
animals have been described (Finberg KE, Wagner CA, Bailey MA, et al. The B1-subunit of
the H(+) ATPase is required for maximal urinary acidification. Proc Natl Acad Sci USA
102:13616-13621, 2005). For urine collection, animals were caged in metabolic cages in
groups of two (n = 4 animals per group) over a period of 72 hours (sufficient RNA can also
be obtained by caging one animal per cage, and urine was collected for microvesicle isolation
and analysis as described above for human urine. For kidney extraction, animals were
anesthetized using pentobarbital sodium (Nembutal) (Abbott Laboratories, IL) (65 mg/kg
body weight i.p.), and kidneys immediately removed and frozen in liquid nitrogen. Using a
pestle and mortar in a liquid nitrogen bath the frozen kidney was ground up, resuspended in
RNAlater (Qiagen, CA) and stored in 1 ml aliquots at -80°C. For RNA extraction, an aliquot
was thawed on ice and 50 pl lysed in 350 pl RLT buffer (with 10 ul beta- mercaptoethanol
per ml RLT). Mouse kidney samples were processed via the RNeasy Mini kit (Qiagen, CA)
with the inclusion of the DNA digestion step.

[00124] For real time PCR analysis, RNA extracted from mouse urinary microvesicles
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concentration of less than 10 ng/m, such as urine, and the nucleic acid

has an RNA Integrity Nunmber of greater than or equal to 5. 31.The profile

of cl ai mao,2omeemwin the biol ogical sanple is a bodily PCwius2ew2385 prot ei n

concentration of greater than 10 ng/m, such as serumor plasm, and the

nucl eic acid has extraction has an RNA Integrity Nunber of greater than or

equal to 3. 32.The profile of claim 30, wherein the nucleic acid yield from
(o)

20 m of biasHengiused fog & ppmudesias 63 iCetdepbiptethtodirste by CONA sthssis 4 . 33, The
profile of claim31, wherein the nucleic acid yield from1 m of biological
sanpl e i s dgicebedsin thehAinga@rScasjseaipt protosel (Rieed, MI3Y. BAr thetSanscabt rebstresi ni ng
nucl eic acid froma biol ogical sanple, conprising the steps of: (a)
obt ai ni ng tandetripti@giligald Tyameleyer¢ biedpes fioal cbmgntanios xt t@dt(Applicdnhancenent
operation on the biol ogical sanple; and
Biosystems, CA). The resulting cDNA was used in the TagMan PreAmp Master Mix Kit
according to manufactures guide using 14 preamplification cycles (Applied Biosystems, CA).
The preamplification product was then diluted 1:20 with 1X TE buffer (Promega, WI). The
resulting cDNA was then used as a template for real-time PCR according to Taqgman
Preamplification guide (Applied Biosystems, CA). Mouse kidney RNA concentration was
measured on a SmartSpec 3000 (Bio-Rad, CA) and all samples were diluted to 90 ng/pul.
Mouse kidney RNA was denatured for 5 minutes at 65 °C and subjected to first strand cDNA
synthesis as described in the Qiagen Omniscript protocol (Qiagen, MD). In the Omniscript
reverse transcription oligo-dT primers were used at a final concentration of 1uM (Applied
Biosystems, CA) and 1 pl of the resulting cDNA was then used per well in the subsequent
real-time PCR reaction. The real-time PCR reaction was carried out using TagMan Gene
Expression Master Mix and Expression Assays (Mouse GAPD Part Number 4352339E and
mouse Atp6v1b2 assay id Mm00431996_mH) on an ABI 7300 Real Time PCR System
(Applied Biosystems, CA).
[00125] We extracted RNA from kidney tissues as well as from urinary microvesicles
from the knockout mice. We examined the expression of the V-ATPase B1 subunit and
aquaporin 2 (AQP2) mRNA using RT-PCR. As shown Figure 37, Panel A, V-ATPase B1
subunit transcript was not detected in both the kidney and urinary microvesicle samples from
double mutant mice (B1-/-), which is consistent with the fact that V-ATPase B1 subunit gene
was knocked out in these mice. In contrast, V-ATPase B1 subunit transcript was present in

the kidney and microvesicle samples from the wild-type mice (B1/+/+). AQP2 mRNA was

readily detected in both the kidney and the microvesicle sample from mice with both the B1
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(c) extracting nucleic acid fromthe biological sanple. 35.The nethod of
claim 34, wherein the extraction enhancenent operation is conprised of:

t he addi tworrofoopree or nore of the foll ow ng agents to Phe/useabogisesl

sanpl e:

(i) RNase inhibitor; (ii) protease; (iii) reducing agent; (iv)
decoy substrate, such as synthetic RNA; (v) soluble receptor; (vi) small

interfering RNA

knockout or wild-type mice, which is expected because the V-ATPase B1 subunit deletion
does not affect the expression of AQP2. Further, as shown in Figure 37, Panel B, the
expression level of V-ATPase B2 subunit in microvesicles from the B1 knockout was not
statistically different from the level in microvesicles from the wild-type mice. Such was also
true for the expression level of V-ATPase B2 subunit in kidney cell from the knockout mice
in comparison with the level in kidney cells from the wild-type mice. Therefore, transcripts
present in kidney cells can be detected in urinary microvesicles secreted by the kidney cells,
and transcripts absent in kidney cells can not be detected in urinary microvesicles secreted by
the kidney cell. Accordingly, transcripts in urinary microvesicles are specific to renal cells
and are noninvasive biomarkers for renal cells transcripts.

Example 15: Urinary microvesicles contain non-coding RNA transcripts

[00126] Urinary microvesicles were isolated and nucleic acids were extracted
according to the above method detailed in Example 5. We performed a deep-sequencing of
urinary microvesicle RNAs and found that there were random areas on certain chromosomes
that exhibited extreme transcription. When plotted transcript number versus position on the
chromosome, these transcripts appeared as “Spikes.” These transcripts were more
abundantly expressed than well-know endogenous markers such as GAPDH or actin, and
were generally in non-coding regions of the chromosome. The relatively high expression
levels of these spike sequences suggest that these sequences may also serve important roles in

chromosome activation and cellular regulation.

[00127] We identified 29 regions where there were more than 500 spikes. The 29
regions are shown in Figure 42 and correspond to SEQ ID NOS. 1-29. The plotted spikes in
these 29 regions are shown in Figures 45-73. PCR analysis of the sequences of the most
highly expressed spike transcripts demonstrated that they were indeed present within both

human urinary microvesicles and human kidney cells, suggesting that these sequences were
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(vii) RNA binding nolecule, such as anti-RNA anti body, chaperone protein,
or an RNase inhibitory protein; W 2011/ 009104PCT/ US2010/ 042365 (i x) RNase
denat uri nyoxohgwarwge, such as high osnolarity sol uti on, Pdetuse@gent23cdr (b)

t he performance of one or nore of the following steps prior to nucleic acid
extraction: (x)washing; (xi)size-separating RNase fron1the sanple (xii)
effecting RNase denaturation through a physical change, such as

decr easi ngOt WrAsdiagiof fleep spqusagRg: tﬂmrw& wed toranply thg ) S‘&B‘ﬁﬁikﬁa‘?‘}néﬁ“of t he

foregoi ng agents or steps. 36. The nethod of claim 34 or claim35, wherein
t he bi ol odfeals geaﬁhﬁwé iny Bigures3qd |Ppy\ waspegformed according to the following program:

initial denaturing at 95°C for 8 minutes; 30 cycles of three steps of denaturing at 95°C for 40
seconds, annealing at 55°C for 30 seconds, and elongation at 65°C for 1 minute; final
elongation at 68 °C for 5 minutes; and on hold at 4°C before BioAnalyzer analysis of the
reaction. As shown in Figure 44, the amplification of each of these 10 regions gave positive
results using templates in both human urinary microvesicles (A) and human kidney cells (B),
suggesting that these spike transcripts were indeed present within microvesicles and human
kidney cells.

[00128] These abundant spike transcripts can be used to assess the quality of an
nucleic acid extraction from a biological sample. For example, the amount of any of the
spike transcripts can be used to assess the quality of nucleic acids from urinary microvesicles
in place of common markers such as GAPDH or ACTIN polynucleotide molecules. The
amount of GAPDH or ACTIN RNA in urinary microvesicles was so low that an extra-
amplification step, e.g., a RiboAMP, was required for measuring their amount. In contrast,
the amount of any one of the spike transcripts was so high that no extra-amplification step
was necessary. Therefore, the use of these spike transcripts can make the assessment of
nucleic acid extraction quality more efficient and simpler. Hence, another aspect of the
inventions described herein is a novel method of assessing the quality of a nucleic acid
extraction from a biological sample, e.g., a human urine sample. The method can be
accomplished by extracting nucleic acids from a biological sample, measuring the amount of
any of the spike transcripts, and compare the amount to a standard that has been establish for
the particular biological sample. The establishment of such standard can be, for example, an
average amount of such spike transcript extracted from 10 normal human urine samples

performed by an experienced biotechnology professional.
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37. The nethod of claim 36, wherein the bodily fluid is urine. 38. The
nmet hod of claim 36, wherein the bodily fluid is serumor plasm. 39. The
met hod ofwenyiigiwkai ns 34- 38, wherein a derivative i s @bTAiSa@d/08236f t he
bi ol ogi cal sanpl e and subjected to the extracti on enhancenment operation
before extracting nucleic acid. 40. The nethod of claim39, wherein the
derivative is a mcrovesicle fraction fromthe biological sanple. 41. The
met hod of [8014PIm 40, Wheths ipFPS%Iﬁ@Vﬁilttoald%éqee|déclpﬁe£c"(1ﬂbrﬁfer@%t9t°3ﬁﬁéd by a
techni que selected fromthe %roup consisting of differenti al

cent ri f ug&tmbadments.fugieraps BIediticatioas i alfarations) andghpngss todhedsiebedi on, buoyant
density gradient, mcrofl|uidic separation, chromatography, afflnlty
chronatogﬁHﬁh@ﬂwn©ﬂmé&@ﬁ@%@@hméﬁﬂw§ﬁ¥fﬁmhﬁﬁHQWﬁde@ﬂmaﬂﬁﬂ@mﬁﬁﬁé f or egoi ng.
42. The nethod of claim4l, wherein the mcrovesicle fraction is obtained
by a filt naehom, eotefieed indhq appended klaingju e\ ccadingiph & iymntehdad thyft thel pagsant4 2,
wherein the biological sanple is passed through a filter having a pore size
of | ess t hawenigm wgbalimitel © U8 denaribe\@nB@H QO OLOURATHWERTLD i @pR88Hed 4. The
met hod of any of clains 34-43, wherein the biological sanple or the

deri vat i véyitls language of the following claims, and equivalents thereof.
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treated with a ribonucl ease, deoxyribonucl ease, or a conbination thereof,
prior to performance of the enhancenent extraction operation. 45.The net hod
of any ofwolaimmInd2- 44, wherein the extracti on enhancemeo/usp@nasizoh
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to the derivative, prior to extracting nucleic acid. 46. The nmethod of claim
45, wherein the RNase inhibitor has a concentration of greater than [1X]
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(c) alysis buffer. 49.The kit of claim48, further conprising instructions
for using the kit. 50.The kit of claim48 or claim49, wherein the nucleic
aci d ext raotooogrwhanci ng agent is selected fromthe gr@ap/usensiosisshg of :
(a) RNase inhibitor; (b) protease; (c) reducing agent; (d) decoy substrate;
(e) soluble receptor; (f) small interfering RNA;
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(g) RNA binding nolecule; (h) RNase denaturing substance; or (i) any

conbi nation of any of the foregoing. 51. A nethod of analyzing RNA from

m cr ovesiwbDes11/@ompri sing the steps of: WO 2011/ 009104PETHUS200041342365 (a)
obtaining a sanple of mcrovesicles; (b) treating the sanple with DNase to
elimnate all or substantially all of any DNA | ocated outside of or on the
surface of the m.crovesicles in the sanple; (c) extracting RNA fromthe
sanpl e; anihat #)clamed $zi ng the extracted RNA. 52. The method of clai m 51,

wher ei n the m crovesicles are isolated from a biol ogica
. A nucleic acid extraction from one or more microvesicles isolated from a eukaryotic

biological sample, wherein 18S rRNA and 28S rRNA are detectable in the extraction.

2. The nucleic acid extraction of claim 1, wherein the biological sample is a bodily fluid.
3. The nucleic acid extraction of claim 2, wherein the bodily fluid is urine.

4. The nucleic acid extraction of claim 2, wherein the bodily fluid is serum or plasma.

5. The nucleic acid extraction of any of claims 1-4, wherein the biological sample is

from a mammal.

6. The nucleic acid extraction of claim 5, wherein the biological sample is from a
human.
7. The nucleic acid extraction of any of claims 1-6, wherein the quantitative ratio of 18S

rRNA to 28S rRNA detectable in the extraction is within the range of approximately
1:1 to approximately 1:2; and is preferably approximately 1:2.

8. The nucleic acid extraction of claim 7, wherein the biological sample is a bodily fluid
with a protein concentration of less than 10 mg/ml, such as urine, and the extraction

has an RNA Integrity Number of greater than or equal to 5.

9. The nucleic acid extraction of claim 7, wherein the biological sample is a bodily fluid
with a protein concentration of greater than 10 mg/ml, such as serum or plasma, and

the extraction has an RNA Integrity Number of greater than or equal to 3.

10. The nucleic acid extraction of claim 8, wherein the nucleic acid yield from 20 ml of

biological sample is greater than or equal to 50 pg/ml.

11. The nucleic acid extraction of claim 9, wherein the nucleic acid yield from 1 ml of

biological sample is greater than or equal to 50 pg/ml.

12. A profile of nucleic acid from one or more microvesicles isolated from a eukaryotic

biological sample, wherein 18S rRNA and 28S rRNA are detectable in the profile.

13. The profile of claim 12, wherein the biological sample is a bodily fluid.
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sanpl e. 53. The nethod of claim 52, wherein the biological sanple is a
bodily fluid. 54. The nmethod of claim53, wherein the bodily fluid is urine.
55. The nmewbadigfowkai m 53, wherein the bodily fluid is ferarseao/opl3asma.

56. The met hod of any of clainms 51-55, wherein the biological sample is from
a mamel 57. The nethod of claim 56, wherein the biological sanple is froma
human. 58. A net hod for djagnosi ng, nonitorin or treating a subject,
conpr|5|nd4theT§§@B§béfCh“¥a§‘W@E@h@?h@hafhi ByUBSicle fraction from a
urine sanple froma subject; (b) detecting the presence or absence of a

bi omar ker 184 t hiThe proglerBf Ry €3 vl thabdiBFluidv 8&@inMr hlaembi omar ker is
sel ected fromthe group consisting of (i) a species of nucIeic acid (i)

the | evel of expres nuchf cid a nuc variant
e ous! 8 SRR LIS B ol SRR B
17. The profile of claim 16, wherein the biological sample is from a human.

18. The profile of any of claims 12-18, wherein the quantitative ratio of 18S rRNA to 28S
rRNA is within the range of approximately 1:1 to approximately 1:2; and is preferably
approximately 1:2.

19. The profile of claim 18, wherein the biological sample is a bodily fluid with a protein
concentration of less than 10 mg/ml, such as urine, and the nucleic acid has an RNA

Integrity Number of greater than or equal to 5.

20. The profile of claim 18, wherein the biological sample is a bodily fluid with a protein
concentration of greater than 10 mg/ml, such as serum or plasma, and the nucleic acid

has extraction has an RNA Integrity Number of greater than or equal to 3.

21. The profile of claim 19, wherein the nucleic acid yield from 20 ml of biological

sample is greater than or equal to 50 pg/ml.

22. The profile of claim 20, wherein the nucleic acid yield from 1 ml of biological sample

is greater than or equal to 50 pg/ml.

23. A method of evaluating the quality of a nucleic acid extraction from microvesicles

isolated from a eukaryotic biological sample, comprising the steps of:
(a) extracting RNA from microvesicles; and

(b) measuring the quality of the RNA by determining the quantity of 18S and 28S
rRNA in the extraction.

24, The method of claim 23, wherein the biological sample is a bodily fluid.
25. The method of claim 24, wherein the bodily fluid is urine.
26. The method of claim 24, wherein the bodily fluid is serum or plasma.

27. The method of any of claims 23-26, wherein the biological sample is from a mammal.
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wherein the biomarker is associated with the presence or absence of a

di sease or other nedical condition, or the viability of a treatnent option.
59. The nmewbadiigfowkai m 58, wherein the bi omarker is an RRBASROIQO$I365 pt .

60. The net hod of claim59, wherein the nRNA transcript is selected fromthe
group consisting of : NPHS2 (podocin), LGALSl (Galectin-1), HSP& (heparin
sul fate proteoglycan); CUBN (cubilin), LRP2 (ne alln) AQP1 (aquaporin 1),
CA4 (car bdfic heylaﬁfagéofzalalmé_mser@eﬁhed%l?la%waéﬁ &fs finpp BVRas) | BDKRBL
(bradykinin Bl receptor), CALCR (calcitonin receptor), SCNN1D

(am | ori degsenshd inmo@@punyrasrelamrnsngswb&&htth&giahmuvesmﬁl&%s rRNA to
(thiazide-sensitive sodiumchloride cotransporter (aguaporin 2),

ATP6V1BL (V- ATPRSERBY Stitiihe yangepiappioximaiely d dyto §b@e¥lma@lyu\ia2 kel Ssynpor t er
via RT-PCR of RicheMmpgsrddihiily 161. The net hod of cl aim 60, wherein the nmRNA
transcript is AQP2 (aquaporin 2) or ATP6V1Bl (V-ATPase Bl subunit). 62.The

met hod of ¢l ai rejn 1 oma a sease or her nedi.cal
condi ti on § "E @eﬁ@ﬁwwﬁﬁ H@ebeﬂlb%{’ ﬁ%&ag iy bodily)fl Wﬁvﬁé‘%aw&a%ci n)
and gl oner ul ar cicsRA%i6n oBIUGE hh@qosﬁgﬁmlsgchra@@hﬁé, and the @Rkt béig hayMAOONE;

Integrity Number of greater than or equal to 5.

31. The profile of claim 29, wherein the biological sample is a bodily fluid with a protein
concentration of greater than 10 mg/ml, such as serum or plasma, and the nucleic acid

has extraction has an RNA Integrity Number of greater than or equal to 3.

32. The profile of claim 30, wherein the nucleic acid yield from 20 ml of biological

sample is greater than or equal to 50 pg/ml.

33. The profile of claim 31, wherein the nucleic acid yield from 1 ml of biological sample

is greater than or equal to 50 pg/ml.

34. A method of obtaining nucleic acid from a biological sample, comprising the steps of:

(a) obtaining a biological sample;
(b) performing an extraction enhancement operation on the biological sample; and

(©) extracting nucleic acid from the biological sample.

35. The method of claim 34, wherein the extraction enhancement operation is comprised
of:

(a) the addition of one or more of the following agents to the biological sample:

(1) RNase inhibitor;

(ii)  protease;

(iii)  reducing agent;

(iv)  decoy substrate, such as synthetic RNA;

(V) soluble receptor;

(vi)  small interfering RNA,

(vi)) RNA binding molecule, such as anti-RNA antibody, chaperone

protein, or an RNase inhibitory protein;
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(b) CUBN (cubilin) and proteinuria , such as in |Inerslund-G asbeck
syndrone; (c) AQP2 (aquaporin 2) and di abetes insipidus. 63. An isolated

pol ynucl ewOi2dei/aeplogcul e conprising a first nucl eoti de sequarse@ohsssi s at

| east 90% i dentical to a second nucl eoti de sequence selected fromthe group
consisting of SEQ ID NOS: 1-29. 64.The isol ated pol ynucl eotide nol ecule in
claim63, wherein the polynucl eotide nolecule is an deoxyribonucl eoti de.

65. The i sol ated pol @ﬂﬁucl‘?é%as? enatping sths@ngensuch &5 bk ssmelprdy eplptiehe

pol ynucl eoti de nol ecul e de&rRf; b# bonucl eotide. 66. A vector conprising the

I sol ated nucleic acid nolecule in claim®63. 67.A host cell conprising the

i sol ated nucl ej B€HGRARE YF Bnd dF ntdr@bMhERlowing steps prior to nucleic acid

extraction:
(x) washing;
(xi)  size-separating RNase from the sample;

(xii) effecting RNase denaturation through a physical change, such as by

decreasing temperature, freeze/thaw cycle; or

(c) any combination of the foregoing agents or steps.
36. The method of claim 34 or claim 35, wherein the biological sample is a bodily fluid.
37.  The method of claim 36, wherein the bodily fluid is urine.
38.  The method of claim 36, wherein the bodily fluid is serum or plasma.

39. The method of any of claims 34-38, wherein a derivative is obtained from the
biological sample and subjected to the extraction enhancement operation before

extracting nucleic acid.

40. The method of claim 39, wherein the derivative is a microvesicle fraction from the

biological sample.

41. The method of claim 40, wherein the microvesicle fraction is obtained by a technique
selected from the group consisting of differential centrifugation, affinity purification,
filtration concentration, buoyant density gradient, microfluidic separation,
chromatography, affinity chromatography, ion exchange, and any combination of any

of the foregoing.

42. The method of claim 41, wherein the microvesicle fraction is obtained by a filtration

concentration technique.

43. The method of claim 42, wherein the biological sample is passed through a filter

having a pore size of less than or equal to 0.8 pm.
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68. An i sol ated pol ynucl eoti de conprising a segnent of a nucl eoti de sequence
selected from SEQ I D NOS: 1-29. 69. The isol ated pol ynucl eoti de nol ecule in
cl ai m 68,wotrerigiopotthe pol ynucl eoti de nol ecul e is an deorpgmiusermuokses i de.

70. The isol ated pol ynucl eotide nol ecule in claim®68, wherein the

pol ynucl eotide nol ecul e is an ribonucleotide. 71. A vector conprising the

I sol ated nucleic acid nolecule in claim®68. 72. A haost cell conprising the
2ol ated Al eTbe BEPhel HoMEGhFEMsHA TSR Aty ogeal Ao oBEPISHRS] 042365

73. An i sol at ed PRl d0HEh B8 HuEIBase QMBL Y riHloREk1@sS SHA EMREnRon Alerdo® Fior 3
nucl eotides that are
performance of the enhancement extraction operation.
45. The method of any of claims 32-44, wherein the extraction enhancement operation

comprises the addition of an RNase inhibitor to the biological sample, or to the

derivative, prior to extracting nucleic acid.

46. The method of claim 45, wherein the RNase inhibitor has a concentration of greater
than [1X] concentration; alternatively, greater than or equal to [5X] concentration;
alternatively, greater than or equal to [10X] concentration; alternatively, greater than

or equal to [25X] concentration; and alternatively, greater than or equal to [50X]

concentration.
47. The method of claim 45 or claim 46, wherein the RNase inhibitor is a protease.
48. A kit for obtaining nucleic acids from microvesicles, comprising in one or more
containers:

(a) anucleic acid extraction enhancement agent;
(b) DNase, RNase, or both; and
(c) alysis buffer.
49. The kit of claim 48, further comprising instructions for using the kit.

50. The kit of claim 48 or claim 49, wherein the nucleic acid extraction enhancing agent

is selected from the group consisting of:

(a) RNase inhibitor;

(b) protease;

(c) reducing agent;

(d) decoy substrate;

(e) soluble receptor;

(f) small interfering RNA;

(g) RNA binding molecule;

(h) RNase denaturing substance; or

(i) any combination of any of the foregoing.

51. A method of analyzing RNA from microvesicles, comprising the steps of:
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the sane as any 13-nucl eoti de sequence in any one of SEQ ID NOS: 1-29.

74. The isol ated pol ynucl eotide nolecule in claim73, wherein the

pol ynucl ew0i2dei/aeplogcul e i s an deoxyri bonucl eoti de. 75. TIR€TIUSed 181082365

pol ynucl eoti de nol ecule in claim 79, wherein the pol ynucl eoti de nol ecule is
an ribonucl eotide. 76. A vector conprising the isolated nucleic acid

nol ecule in claim73. 77. A host cell conprising the isolated nucleic acid
nol ecul e i n cl &) m 7PRINEE AstpRlpelmisovaddessi ng the quality of a nucleic

g_ci |d extr ?ct i 0(b|)f I OfRafin PIhe L ARH1E Fith DATRL € iR d15drRGbstAtiall AVrdhg a
I Ol Ogl cal Sa e,
g P DNA located outside of or on the surface of the microvesicles in the sample;
(c) extracting RNA from the sample; and

(d) analyzing the extracted RNA.

52. The method of claim 51, wherein the microvesicles are isolated from a biological

sample.
53. The method of claim 52, wherein the biological sample is a bodily fluid.
54. The method of claim 53, wherein the bodily fluid is urine.
55.  The method of claim 53, wherein the bodily fluid is serum or plasma.
56.  The method of any of claims 51-55, wherein the biological sample is from a mammal.
57.  The method of claim 56, wherein the biological sample is from a human.
58. A method for diagnosing, monitoring, or treating a subject, comprising the steps of:

(a) isolating a microvesicle fraction from a urine sample from a subject;

(b) detecting the presence or absence of a biomarker within the microvesicle
fraction;

wherein the biomarker is selected from the group consisting of (i) a species of nucleic
acid, (ii) the level of expression of a nucleic acid, (iii) a nucleic acid variant, and (iv)
any combination of any of the foregoing; and

wherein the biomarker is associated with the presence or absence of a disease or other

medical condition, or the viability of a treatment option.

59.  The method of claim 58, wherein the biomarker is an mRNA transcript.

60. The method of claim 59, wherein the mRNA transcript is selected from the group
consisting of : NPHS2 (podocin), LGALSI1 (Galectin-1), HSPG2 (heparin sulfate
proteoglycan); CUBN (cubilin), LRP2 (megalin), AQP1 (aquaporin 1), CA4 (carbonic
anydrase 4), CLCNS (chloride channel protein 5), BDKRB1 (bradykinin B1 receptor),
CALCR (calcitonin receptor), SCNN1D (amiloride-sensitive sodium channel subunit

delta), SLC12A3 (thiazide-sensitive sodium-chloride cotransporter), AQP2
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b. obtaining an extraction of nucleic acids fromthe biological sanple; c.
nmeasuring the anount of a pol ynucl eoti de nol ecul e conprising a segnent

havi ng a wochaawdwe sequence sel ected from SEQ NOS: 1- 2®Cirruskée/0e286F act i on;
and d. conparing the anmount of the polynucl eotide nol ecul e agai nst a
standard to assess the quality of the nucleic acid extraction. 79.The
method in claim 78, wherein the biological sanple is a bodily fluid, 80 The

met hod of cl ai AAVOriRALASIPEVH RE (Bodifese B sHPaniDsSkiri24d. (k@EeYT?’@ClﬁéN‘ié‘&

claim 78, wher glgyn{@ﬁelb\qu@pCfﬁw[gbd,@mﬁﬁrmg pl asma. 82. The method of any
of clains 78-81, wherein the biological sanple is froma mamal 83. The

nmet hod of c¢laim 82, wherein the biological sanple is froma human. 84. The
met hod i n6di ai hher@cthogheldtim QOnwhaginhemRYA aascant BAQERLPIBROTH) X ai m 1.

85. The net hod mpeVas M A Truhes&uButiie extraction is obtained with a nmethod
in claim34.

62. The method of claim 58, wherein the biomarker and disease or other medical
condition are selected from the group consisting of:
(a) NPHS?2 (podocin) and glomerular disease, such as steroid-resistant nephritic
syndrome;
(b) CUBN (cubilin) and proteinuria , such as in Imerslund-Grasbeck syndrome;

(c) AQP2 (aquaporin 2) and diabetes insipidus.

63.  An isolated polynucleotide molecule comprising a first nucleotide sequence that is at
least 90% identical to a second nucleotide sequence selected from the group

consisting of SEQ ID NOS: 1-29.

64. The isolated polynucleotide molecule in claim 63, wherein the polynucleotide

molecule is an deoxyribonucleotide.

65. The isolated polynucleotide molecule in claim 63, wherein the polynucleotide

molecule is an ribonucleotide.
66. A vector comprising the isolated nucleic acid molecule in claim 63.
67. A host cell comprising the isolated nucleic acid molecule in claim 63.

68.  An isolated polynucleotide comprising a segment of a nucleotide sequence selected
from SEQ ID NOS: 1-29.

69. The isolated polynucleotide molecule in claim 68, wherein the polynucleotide

molecule is an deoxyribonucleotide.

70. The isolated polynucleotide molecule in claim 68, wherein the polynucleotide

molecule is an ribonucleotide.
71. A vector comprising the isolated nucleic acid molecule in claim 68.

72. A host cell comprising the isolated nucleic acid molecule in claim 68.
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86. The method in claim 78, wherein the standard is derived by neasuring the
anount of a pol ynucl eoti de nol ecul e conprising a segnent having the

nucl eot i cwoeUIBNE sel ected from SEQ NOS: 1-29 in nueCgius2@oioa2365
extractions fromnore than 5 biol ogi cal sanpl es.

73.  Anisolated polynucleotide comprising a sequence of at least 13 nucleotides that are

the same as any 13-nucleotide sequence in any one of SEQ ID NOS: 1-29.

74. The isolated polynucleotide molecule in claim 73, wherein the polynucleotide

molecule is an deoxyribonucleotide.

75. The isolated polynucleotide molecule in claim 79, wherein the polynucleotide

molecule is an ribonucleotide.
76. A vector comprising the isolated nucleic acid molecule in claim 73.
77. A host cell comprising the isolated nucleic acid molecule in claim 73.

78. A method of assessing the quality of a nucleic acid extraction from a biological

sample, comprising:

providing a biological sample;

b. obtaining an extraction of nucleic acids from the biological sample;

c. measuring the amount of a polynucleotide molecule comprising a segment
having a nucleotide sequence selected from SEQ NOS: 1-29 in the extraction;
and

d. comparing the amount of the polynucleotide molecule against a standard to

assess the quality of the nucleic acid extraction.
79. The method in claim 78, wherein the biological sample is a bodily fluid.

80.  The method of claim 78, wherein the bodily fluid is urine.

81. The method of claim 78, wherein the bodily fluid is serum or plasma.

82. The method of any of claims 78-81, wherein the biological sample is from a mammal.
83.  The method of claim 82, wherein the biological sample is from a human.

34. The method in claim 78, wherein the extraction is an extraction in claim 1.

85. The method in claim 78, wherein the extraction is obtained with a method in claim 34,

86. The method in claim 78, wherein the standard is derived by measuring the amount of

a polynucleotide molecule comprising a segment having the nucleotide sequence
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selected from SEQ NOS: 1-29 in nucleic acid extractions from more than 5 biological

samples.
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