NUCLEIC ACID ANALYSIS CROSS REFERENCE TO RELATED APPLICATIONS [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
100021The 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, frorypugreycsAtad BREKESROUND [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 SMROSHEHMT-BESHRd QBRSSP RdGBENEYS his results in the formation of a
multivesicular body (MV éﬁden with small lipid bilayer vesicles (-40-100 nm in dlameter each of

which contaih®4 ample F\é@&?&ﬂ%@ﬁ?g’“@ﬁ%‘iﬁ%ﬁ? I‘é%@é?v@{jﬁ’laé?ﬂ?lm%@‘?‘*) Eaeiitofite MVB

with he cell R e fesule I e 185651 155 ARSI SRARILAIF SRl R gk defvery o
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



[0004]Another category of cell-derived vesicles are known as "shedding microvesicles" (Cocucci et al.,
2009). These microvcsicles, 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 microvesicles co-isolate using ultracentrifugation and
ultrafiltration isolation techniques and will, therefore, be collectively referred to here as microvesicles.

100051 Recenfigimdiag ¢sevealdaat Rugieitrastei G M Qvesities haxelaitleambjamankers. For
example, Skog et. al. describes, among other things, the use of nucleic acids extracted from

microvesiclesviil, @BiMf patient dbretimelgrefiedicab Hagrosier@rageiasis and therapy evaluation (Skog et
al., 2008). The use of nucleic acids extracted from microvesicles is considered to potentially

circumvent tr[ﬁo'ﬁgjlfd for bippsisdigRlighting G RN MAHSHIRgNARIGRAtGAlRLfSRigrQyesicle

biology (Skog et al., 2008). 100061In research and development, as well as commercial applications

of nucleic acisihiRmarkers: ixsngesile 40 £XIEa6tbigh AUAN RY eRic Qadsfeamaiaiagicalssamples
in a consistent and reliable manner. The present invention provides compositions of high quality

nucleic acid extraatiofisfoncroverilesicle8 knphttheschialdgiaat diazh plegy wiethadawismaking such
extractions, and methods of using these high quality nucleic acids in various applications. BRIEF
SUMMARY ORrapiEhvaENTI NS 000, 20080nEhaspe of thd dinvsindionk inctaddvehmicheicsicieh extraction

from one or
is considered to potentially circumvent the need for biopsies, highlighting the enormous

diagnostic potential of microvesicle biology (Skog et al., 2008).

[0006] In research and development, as well as commercial applications of nucleic
acid biomarkers, it is desirable to extract high quality nucleic acids from biological samples
in a consistent and reliable manner. The present invention provides compositions of 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



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, scrum or plasma, and preferably, are from a
mammal, partiekdany Bofuarsaalr of &pdilyofiuid GarmpleSuniier adipiRicRRReNKaAIIgR[ffless than 10
mg/ml, such as urine, the novel nucleic acid extraction may further comprise a nucleic acid extraction
having an RNA tiitefjsitidicalbangiin afltesasthas elbiqinbd 60 @rinAgibeniBigAfbalyaslydivd equivalent
thereof) of greater than or equal to 5 and/or may further comprise a nucleic acid yield from 20 ml of
biological samipielesf yrdaerdisanconesgtraticn sOgtatltiBinilang/nibrshddily skoich sariptervith a protein
concentration of greater than 10 mg/ml, such as scrum or plasma, the novel nucleic acid extraction
may further rigelein RN AP RY I BB oG HIAR PN b FERFIRY (S uBefdrb eSS thather
comprise a nucleic acid yield from 1 ml of biolggical sample is greater than or equal tg 50 p?/ml.
100081In andifaFE4BEA Y ML HIBITTE UGB BHSHTE 8F Hudrdeed' fPHrﬂfé’h%O&Crﬂ&Fé“p ¢
microvesicle§ is%%%er gon} a gaﬂlb%ar ﬁic rt%ilological sample, wherein 18S rRNA and 28S rRNA are
detectable in the profi & Prefera Py egquantitative ratio of 18S rRNA to 28S rRNA detectable in the
novel profile is within the range of approximately 1:1 to approximately 1:2; and is preferably
approximatelydog] Biologicalzamspiesctiomounchitheiwusl Aralie iy ke.pbiginadinsidde, among
other things, any bodily fluid, preferably urine, scrum or plasma, and preferably, is from a mammal,
particularly arhornaicrbasiotdilyoliuid Sampleskaifbti picigiitdcacpids athersaf 18SsRINGN21hA 28F/mI, such
as urine, the novel profile may further comprise an RNA Integrity Number of greater than or equal to 5
and/or may fuRiNérarodutriseb e mubleicadid Vieldritdm R0 qubwithiviogicalo§dRTIB A gee2s®r than or
equal to 50 pg/ml. Similarly, for bodily fluid samples with a protein concentration of greater than 10

mg/ml, such BNt giscEriraBrha NN liBoBlqorofith i Hie faperee fepnipriseatshy RN ACIntegrity Number of

greater than or equal to 3 and/or may further comprise a nucleic acid )ile|d from 1 ml of biological

sample is gréRREPTHAHDY &qualddsgusigatly 1oRies A slsdahofilegicpbammes HoBBishds method of
evaluating the lity of a nucleic acid extraction from microvesicles isplated from.a cukaryotic
biological sertiD RO RAhg e S () BRI e G BT S E Aeh e} Weasuring
the quality of A e inpg,the. ity of ng- tNA in t iqn. Preferably,
the quantitatiS\’/‘ﬂ’(::'}’ﬁrnal;:%J %1§J %618% %%5@\6%%%%% lrgllzﬂl\l%% g%?rﬁf%é %ﬂlﬁlﬁegéggsgmmethhfg%%ﬁiﬁﬂtﬂe range of
approximately, L4 do.appioxinaatebhds AN isrRQTREAPY aRprxinataluiR; Riolggisalsamples on
which the novel method may be performed include, among other things, any bodily fluid, preferably
urine, scrum gepR&MA cangRkederRRlY, lifdEam Runsmdalaiticeasheguamaanior hagily fluid
samples with a protein concentration of less than 10 mg/ml, such as urine, the novel method may
further resultfunttive @xtracitcmotniccleid deid faavig ahdRBAd pied raynPle othecaodrgheaterdinah or equal
to 5 and/or may further result in a nucleic acid yield from 20 ml of biological sample of greater than or
equal to 50 pig/A pSimlila¥ipikotyb defilgofidicBadmproglevitrith provtim concatiratonicfeptenttanhan 10
mg/ml, such as serum or plasma, the novel method may further result in the extraction of nucleic acid
having an RNA Rgdrity N airiserdropéatas. thandekpiealed aiiats srypiserarkbulipeshucleic
acid yield from 1 ml of biological sample is greater than or equal to 50 pg/ml. [0010]In a further aspect,
the invention \&'B4Heth8¥® r&B?&iﬂfﬁ&%Eﬁ@%&I FPa¥ Y BRSBTS AP EBRHYISIAJ AR Steps of:
(a) obtaining a.biplogical sample; (b) performing an extraction enhancement operation on the
biological sanr%Pef;)b éﬁagfgéesﬂﬁ 2 ilé Ir%it(:‘alretlﬁclzaglc|de %%?f?e(zé B%?%qg'ical sample. The extraction
enhancement operation is comprised of: (a) the addition of one or more enhancement agents to the
biological sanugi@ijor (b) the ReHRanss-6f aRamtMorseNRRNABEALHeRsRAOYteIetaic acid
extraction; or (c) a combination of enhancement agents and enhancement steps. The enhancement
agents may inatideadiy Bitaseoinfribitenjcioy pyioteaielaftl) fiedusinidagetid bip glesioymplstrate, such as
synthetic RNA; (v) soluble receptor; (vi) small interfering RNA; (vii) RNA binding molecule, such as
anti-RNA antioouyisohethertere pfotein cotrantilNESs fnbribitdesopeatdes; {id) (RNesewmgahering
substance, such as high osmolarity solution or detergent. The extraction enhancement steps may
include: (x) wshtigf thp BI74-Be gaietmgirnisseu ity ofd SanndeSHaihifée threRiNe4endenaturation

through a phiésical change, such as by decreasing temperature, or executing a
referably, the quantitative ratio of 18S rRNA to 28S rRNA determined in the novel method



freeze/thaw cycle. The novel method may be performed on a biological sample including, among other
things, any bodily fluid, preferably urine, scrum or plasma, and preferably, is from a mammal,
particularly a human. In one embodiment, a derivative is obtained from the biological sample and
subjected to the extraction enhancement operation before extracting nucleic acid. Preferably, the
derivative is a microvesicle fraction from the biological sample. In one embodiment, the microvesicle
fraction is obiaipgs i arfilisativappenaantcaion eehpidvrhawevensiheplsra@uslyisolation techniques
may be utilized as well. In a further aspect of the inventive method, the derivative may be treated with
a ribonucleasgpdaemytihohaclBadegioslacopihinatidricthtreafy gricstho pedphmpateratdhe enhancement
extraction operation. In some aspects, the extraction enhancement operation includes the addition of
an RNase inhibltgictorticagidiotitaizs sany ko doly tBuid epdefrinabliv et ipeicetorestileting mutleic acid;
preferably the RNase inhibitor has a concentration of greater than 0.027 AU (1X) for a sample equal to
or more thanPIaferaMsristioay Hraurel featcsledyadig . 155 Restils Kb s BIEheORQIFE or more

than 114 alternatively, greater than or equal to 0.27 AU (10X) for a sample equal to or more than 114

alternatively, QRESEERHORP H%Sqt&}%ﬂl {§ &}6%17,&@1(2%}{51‘?& tges%ﬁﬁﬂIglgaﬁ%ﬂ@'cﬂl%féeﬁlfgﬁqﬁhean d
alternatively, greater than or equa| o 1.35 far a sample equal to,or more than_lid, wherein
e L ot B R S e AT e orotenco i

used to treat fpiggpesisles PolalRAOMAL LRGN Sy 18 S AURISASR CONGRNICRon refers

to an enzymatic condition wherein 0.135 AU or more protease Is used to treat microvesicles isolated
from lilt or megg.RRAbAwits 3/ A XPRARRS S MR RIIP R AGTRISH RN R Bk RRREIHYR Wherein
0.27 AU or more protease is used to treat microvesicles isolated from lit" or more bodily fluid; the 25X
protease congeni¢aiian [6feks 1, anck az ymati o cpmsdhiin hwhereimSibiaAY fannepra feiaase is used to
treat microvesicles isolated from or more bodily fluid he 50X protease concentration refers to an
enzymatic condgitigionlieneleida8bl Alyiog andr& Arbtegsty iISwskd td great miarovesioa sidolated from Ijtl
or more bodily fluid. Preferably, the RNasc inhibitor is a protease. 100111In a still further aspect, the
invention is sapdvenkiy fortbnaimignueleieiaenis frdmiraierovd sichieloewe priviplg ingerscoihgiore
containers: (a) a nucleic acid extraction enhancement agent; (b) DNase, RNase, or both; and (c) a
lysis buffer. THRERBVE Wtﬁg/é&l-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;

() reducing gaf; () desoy mhalralE: e SUNRIR RSERBEAOIPAINSISING RAS (GhRNA binding

molecule; (h) RNasc denaturing substance; or (i) any combination of any oregoing agents as a
mixture or i”@ﬁ%gﬁWsmlﬁdﬁﬁ{%M@%?%%)mm&&%@ig{&ﬂéﬁcﬁ%ﬁlﬂﬂé%ﬁﬂ%%ﬁﬁﬂg’zing RNA
from microvesicles, comprising the steps of: (a) obtaining a sample of microvesicles; (b) treating the
sample with BN&sedeoaliimaaienahosRehssactialy sliegemsinpiasatedauisite; oborrméihe surface
of the microvesicles in the sample, (c) extracting RNA from the sample, and (d) analyzing the
extracted RNfforT e hiovetinabthogmathbexperidrmedaccabio lggieabsamplaprictddifgaathong other
things, any bodily fluid, preferably urine, serum or plasma, and preferably, is from a mammal,
particularly adddimemnof004 sjimerderthancespeictethts invenbivtozicalnewmelnethivdiopdiagnaging,
monitoring, or treating a subject, comprising the steps of: (a) isolating a microvesicle fraction from a
urine sample6Rf 8Td0jRERNAY eMBEEEHRPS t(PAOp fe SuRlsE 3FIISSEARICBT o HOATYREIHIEN P the

microvesicle fraction; wherein the biomarker is selected from the group consistin C(1)1: i) a species of
ﬁ%ﬁi‘ Yhe-l

nucleic acid, (1} IAETREIGFUR BASEIBHGIRCALYRER: dORISHIAPSTRIEAE d"0Y (iv) any

combination ny.of the foregoi 'anéi.. herein the biomarker is ociated with t resence or
R asé/ lghlﬁi)lFO é% I‘OQ%SG llol\é\]/l(']ﬁlaucm I@%ﬁ%{, \ﬁiil COX lal§S§I‘a {3 such as I.SI%I}IEI[E 1

absence of a disease or 0 edical on, ity Of & eatment optron. in some aspects,
the bI0markeﬁﬁA@Qﬂ%Nﬁlé@@aﬁggtﬁ\@'émall interfering RNA; (vii) RNA binding molecule, such as

anti-RNA antibody, chaperone protein, or an RNase inhibitory protein; (ix) RNase denaturing
substance, such as high osmolarity solution or detergent. The extraction enhancement steps
may include: (x) washing; (xi) size-separating RNase from the sample; (xii) effecting RNase

denaturation through a physical change, such as by decreasing temperature, or executing a



instance, the mRNA transcript may be selected from the group consisting of : NPHS2 (podocin),
LGALS | (Galectin-1), HSPG2 (heparin sulfate protcoglycan); CUBN (cubilin), LRP2 (mcgalin), AQPI
(aquaporin 1), CA4 (carbonic anydrasc 4), CLCN5 (chloride channel protein 5), BDKRB | (bradykinin
Bl receptor), CALCR (calcitonin receptor), SCNNID (amiloride-sensitive sodium channel subunit delta),
SLCI2A3 (thiazide-sensitive sodium-chloride cotransporter), AQP2 (aquaporin 2), ATP6VIBI
(V-ATPase Birgibumit), Stie 138 hikidnaydsResificod golidahsy BipoBelosRRInRIR R RiagAmped
MRNA); more preferably, the mRNA transcript is AQP2 (aquaporin 2) or ATP6VIB1 (V-ATPase BI
subunit). In furteg agpedingl, thy hovity feth petsetiidyhianarkamandpilisease o patfeerbinedical
condition are selected from the group consisting of (a) NPHS2 (podocin) and glomerular disease, such
as steroid-res$istantmrphatioayindesine hipha@ U BN (e aibiod imautpr desivairia isseshined ifjom the
Imerslund-Grasbeck syndrome; and (c) AQP2 (aquaporin 2) and diabetes insipidus. [0014]In yet
another aspeiflfgicihvennisiid abistrstétitpofiaeloarabarssaen @Rf‘é%ﬂﬁ?i?ﬁ%rﬁ HEGiEleotide

sequence that is at least 90% identical to a second nucleotide sequence selected from the group

consisting of SEEIBFOECIZ0Y AHTRYAH S Sy hED IS R SRPIEING A YedlR SY S2Mbdfeotide

sequence selected fr mSEQh'I| NOS: 1-29; or an isolated polynucleotidc comprising a sequence of at
et 13 muct b oS Al e st e e, e R R SRS b Noe:

1-29. In particiigr; (e {oreaeing, POBUSI RIS MOIRRIIES MAY R AIJXY URANYFICAHAR OF a

ribonucleotide. In other aspects the invention is a vector comprising any of the foregoing isolated

nucleic acid mplecylage inilatherRPart schadIvention isabesheell mprisiag any of the
foregoing vectors or any of the foregoing isolated nucleic acid molecules. [0015]In a further aspect, the

invention Is alesvelbneifles©bassesmngibe gurlily pia Pudgisasidexthetomiemeatbiological
sample, comprising: (a) providing a biological sample; (b) obtaining an extraction of nucleic acids from
the biologicaksambe; (eiratieaslmi sgnéthspamo tint oftapoly ruicdectidennopleatilde comessing a segment
having a nucleotide sequence selected from SEQ NOS: 1-29 in the extraction; and (d) comparing the
amount of theddsipneélkoBiesnmlkibiiie gambiotosien damplo erdodhe daevgtigditprofritte nucleic acid
extraction. The novel method may be performed on any biological sample, for example, a bodily fluid,
in particular, BHFEHRSANHGT ik prsiosbhe Ap RO R mbARR SORFPAEE W &IFtFhiE%ovel method
may be used i%&conjgjre%t%io? with any of the fore oin%ﬁnove nycleic acid extractions or noyel extraction
IO Iit

methods. In Paric Fott P SR 1l QLU T JHAI TN Ru SR ETANe PR RO may be
derived by m I mount of a polynucleotidc malecule comprising a segment haying the
v y 8??51 Aqg ?orc?#%molfgﬁ%a’l%/‘gugr Iil?]éigﬁ}%nq uf:%ll?emagw%&,rl §%a er?l%n or equ Ylt

. . a
nucleotide sequence selecte nucleic acid e lons from more ﬁ1an 5

biological samples ATMETRESERIE LIANO& HHE RRAWINGSIA040)GIGHRE & framesa to f, are

electron microscopy pictures of urinary
0.675 AU (25X) for a sample equal to or more than 1ul; and alternatively, greater than or

equal to 1.35 AU (50X) for a sample equal to or more than 1ul, wherein the 1X protease
concentration refers to an enzymatic condition wherein 0.027 AU or more protease is used to
treat microvesicles isolated from 1l or more bodily fluid; the 5X protease concentration
refers to an enzymatic condition wherein 0.135 AU or more protease is used to treat
microvesicles isolated from 1pl or more bodily fluid; the 10X protease concentration refers to
an enzymatic condition wherein 0.27 AU or more protease is used to treat microvesicles
isolated from 1ul or more bodily fluid; the 25X protease concentration refers to an enzymatic
condition wherein 0.675 AU or more protease is used to treat microvesicles isolated from 1l

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



multivesicular bodies. Multivesicular bodies (MVB) can be identified in various regions of the nephron
and collecting duct (see arrows). Podo - podocytc, 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, c, d, c, f; 500 nm for b. [0017]FIGURE 2 is an electron microscopy
picture of isolated urinary microvcs cles. Human urinary microvesicics isolated via differential

ultracentrifugatieoRiand ymagedvire Privbaising . paasphatuigsicadid asiatsdaidming scalsrbar = 200
nm. [0018]FIGURE 3 is a plot depicting RNA profiles generated with a method of 1001cDa MWCO

filters. An Agtiedil Bitwihdtyferabigsthks 8N isegemnbratctheplots0019)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-processih@Phléthod ofl% gﬁfﬁ?B&S?R%GEFébYﬁP’é‘PfHlb?glﬁYﬁl%ﬁé‘ffd?Ji"@&‘}fn&Wﬂeéc acids

from microvesicles, comprising in one or more containers: (a) a nucleic acid extraction
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

6



one step pre-processing method of only a 0.8 pm filtration (B), in each case followed by
ultracentrifugation. An Agilent BioAnalyzer was used to generate the plots. [0021]FIGURE 6 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 pm filtration (A), or with a one step pre-processing method of only a 0.8 pm
filtration (B), in each case followed by filtration concentration. An Agilent BioAnalyzer was used to

generate theiptatsed 082 AIRIGAURE: it anflpve GoRE: dppishifg: aroeycoieiing of nualeiszacid extraction
from urine with an extraction enhancement operation. [0023]FIGURE 8 is a pair of plots depicting RNA

profiles genefpidocimiti. meiiRidSGukictin X WSRG2S (hepadorakEntr atet @igteased BNCfatekinles were
isolated via filtration concentrators from 20m1 urine samples. Plot A represents the profile obtained
with 5X protdalB?2 RisBinephétintatiae grofile Obtdicrabowithm@xegréteaEENA (3hiprodeghennel
concentration refers to an enzymatic condition wherein 0.027 AU or more protease is used to treat
microvesicle®ie6iatel Bk 1kspdmbimnB iscapier) A 5% GRoedcioriiessticitior TR to an

enzymatic conditjon wherein 0.135 AU or more protease is used to treat microvesicles isolated from Ipl

or more bodil§MURTISAEHRE SiHE SharassR Bl A ar Fdaed S PatrdS oSN A MY Beids and

tid ding to 1 timol i mninut F 9] ir. of icti
RNA profis Lk ataa NS oL ST TR oSt SESC LN ca et b Ak S esicios
were isolated yia tialion consenania M AGErLoerns: sARARR-FINkA sAEseprsrthg profie

obtained with 25X protease. Plot B represents the profile obtained with 50X protease. IX protease

refers to 0.0ZKAMQDEMNDiSIRS)PItRASF.RGIDI Y abeeieases fRiipREOBIIVRRIHNOACIDS and
peptides corresponding to 1 timol tyrosine per minute. 100251FIGURE 10 is a plot depicting the RNA

profile of melanoeiapRewdf Hamplel ndRbA, WasbexiEartediiaRchsabsemsmmwitiza sordiash using a
RNasc inhibitor, Superase-In
are selected from the group consisting of: (a) NPHS2 (podocin) and glomerular disease, such

as steroid-resistant nephritic syndrome; (b) CUBN (cubilin) and proteinuria , such as in

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 ID 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



(Ambion, Inc). The final concentration of the RNasc inhibitor is 1.6 units/pi m croves cic suspension
buffer. [0026]FIGURE 11 is a plot depicting the RNA profile of melanoma scrum, Sample 2. RNA was
extracted from 1 ml scrum with a method using a RNasc inhibitor, Superase-In (Ambion, Inc). The final
concentration of the RNasc inhibitor is 1.6 units/pi m croves cic suspension buffer. [0027]FIGURE 12
is a plot depicting the RNA profile of melanoma scrum, Sample 3. RNA was extracted from 1 ml

scrum with atmpethoghysingpaliRNasstnhibirtuupaiRsankha(fghianninms 1 hecfinaleapgamyation of
the RNase inhibitor is 1.6 units/p1 microvesicle suspension buffer. [0028]FIGURE 13 is a plot depicting

the RNA profildcofeth&tan SR Nersin; 23 amtplec draRNA waly éxtragiednfr o dmmbgerie with a method
using a RNase inhibitor, Superase-In (Ambion, Inc). The final concentration of the RNase in inhibitor is
1.6 units/pl nighowssiclals nspenwdicisdutferstfodad) P GUREEA I8 ipidtiepictingathe Riwatpmofile of a
melanoma serum, Sample 5. RNA was extracted from 1 ml serum with a method using a RNase
inhibitor, SupEta8evRl PsthedoRayRePeriumehreshediniegied sripke RN ssampkinitbeddahidnits/pl
microvesicle suspension buffer. 100301FIGURE 15 is a plot depicting the RNA profile of a melanoma
serum, Sam P& RN SCEKT SERIE ARt AT RIE TR GiRRE T (5B Bty RaRnAYS MiRditor,

Superase-In S’f‘rﬂgéni%%g;fe) The final. concentration of, t{ﬁg Nase inhibefiltor i%i’é.g y@itg{{gi microvesicle

suspension bufrer = ﬂ]}lflgnilgl%l%npcl) c?gﬁi%{ing he RN npOrVo ile 6t norma Xser%t}ﬂ?SSample 7.

RNA was eXt&f"ﬁB‘%.glfé%’%&igﬁ'ﬁ%’&%%ﬁ%%ﬁfﬂ?ﬁ;@&ﬂ%ﬁﬁk‘&%.H%Eé?étf?{e qURE/ 3PN (Ambion,

Inc). The final concentration of the RNase inhibitor is 1.6 units/pi microvesicle suspension buffer. RNA

was extracted #Rip deinbeeibm it MRINA YpingARNage Ribics: SpPgrasRIRIAMbIon, Inc). The
final concentration of the RNasc inhibitor is 1.6 units/pi microves cic suspension buffer.
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



[0033]FIGURE 18 is a plot depicting the RNA profile of normal scrum, Sample 9. RNA was extracted
from 1 ml scrum with a method using a RNasc inhibitor, Superase-In (Ambion, Inc). The final
concentration is of the RNasc inhibitor 1.6 units/p1 microves cic suspension buffer. [0034]FIGURE 19
is a plot depicting the RNA profile of normal serum, Sample 10. RNA was extracted from 1 ml scrum
with a method using a RNasc inhibitor, Superase-In (Ambion, Inc). The final concentration of the

RNase inhibifak isieh BroipiséBlsmICHRUBSICH SHFReNSION AuHeL] 0BBRAFUMNERE 20iisRPigt depicting the

RNA profile of normal serum, Sample 11. RNA was extracted from 1 ml serum with a method using a
RNase inhibitofaSsapefiasedn (Amnkigrni Bi)ALRR finalsaneeniratinref theRNase inhibitor is 3.2

units/pl microvesicle suspension buffer. [0036]FIGURE 21 is a plot depicting the RNA profile of normal
serum, Samy2g. RNA WaSEXE adctedpaons plot depicompRiNA meftiodusirged Ritasthiahibitor,
Superase-In (Ambion, Inc). The final concentration of the RNase inhibitor is 3.2 units/pi microvesicle
suspension bidferrcPOsFt RSB DH 1S 80fonichd it 0¥y stimg mdew mnefhitetion ndeleicratid extraction
from a biological sample using an extraction enhancement operation.

one step pre-processing method of only a 0.8 um filtration (B), in each case followed by

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 1l 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



100381FIGURE 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 - profile with DNasc digestion using RNeasy Micro
Kit. C- profile without DNasc digestion using MirVana Kit. D - profile with DNasc digestion using

MirVana Kit. (Meigitheiabpnoestin.stdal-Rivfidaesihaight anghisrea indicaied pyntheasemein. D
suggests that there are some carry-over of DNA into the sample following phenolichloroform based

extraction [OG3HEIGIdRES24 is a pair of plots depicting RNA profiles generated with methods with or
without DNasc treatment. DNA not located inside the microvcsicles was removed by DNasc digestion
of the microvi¥6¢ pellet ISEIARE frbmasiaiesminsdee R0 tor dfidisof n Ianwies s caeid, Sxtpabtion. A -
profile without DNasc digestion. B - profile with DNasc digestion. C - A pseudo gel showing "apoptotic
body"-like laddePNAHTEn frlpstcbiiematmlyri Setiffhadasied Wikg SRR S TOT20RIPSIE DS is a pair
of plots depicting RNA profiles éenerated with methods with or without RNase treatments. RNA not

located insid& Y2 Ak e Sha sl s rsniaiian i NS diui ok skl SUsERi IS Kllet isolated

from urine samsplgnsé.grrli rH%rIysis and nucleic acid extraction. A- profile without RNase digestion. B -
profile with RNEHEE |geslhon'. [0041]FIGURE 26 is a pair of plots depicting RNA profiles generated from

urinary microygsigles and;iat sidngy Hissye: friBEAlIS TR SANSY fiSSHSB RIS, ffom urinary
microvesicles. 100421FIGURE 27 is a pair of plots depicting RNA profiles generated from urinary
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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microvesicles and rat kidney tissue using methods that can enrich small RNA extraction A-profile from
rat kidney tissue. B- profile from urinary microvesicles. 100431FIGURE 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.

[0044]FIGUR®B039)is a pairrfphats venigioci i afd exgepermtes frasmiinanmnsaryrsicles. A-
nucleic acids isolated from urinary microvcsicles without DNasc treatment. B- nucleic acids isolated
from microveRisitsvas thx isiad ditrealtmé sisurf0R4Ab eI REN80g s Bigaic ohjiats, depictissgliRNA profiles
generated from nucleic acids extracted from the pellet formed during the 300g spin. A- nucleic acids
isolated from(30@yospinpeldtstwituc Natsentod dtendNes Binhiktteidsacfdsnisold tad fesesido0g spin
pellets with DNasc treatment. [0046]FIGURE 31 is a pair of plots depicting RNA profiles generated
from nucleic S#ERRERREEEE from the pellet formed during the 17,000g spin. A- nucleic acid profile
from 17,000&15 in pellet without DNasc treatment. B- nucleic acid profile from 17,0009 spin pellet with

DNase treatrhiht [0047]FiESYRE 55 2P 0h Bt et BRAL BrEMES géRe iR dm

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

[0034] FIGURE 19 is a plot depicting the RNA profile of normal serum, Sample 10.
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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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 intramicrovesicular 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 infrarpicoy GsiE WA RNRES YL aSH R MeatiFRIf aGid rilgiwinaiduiniRamRierguesicular DNase
digestion. B- nucleic acid profile with intra-microvesicular DN ase digestion. On plot B, the peak just
after 20s is redingedicomp&tiedthemiketvitg PEak idigetoioA udihe MdvatioKisuygesis: tttahgesmall
amount of DNase digestible material is present within exosomes. 100491FIGURE 34 A) are
BioAnalyzer gesreshit Peralidoighl'apdofitasmtichie pasiveigentifidatiogsoftRikw Alrens arnpliied mMRNA
transcripts for beta-actin and GA PDH in urinary microvesicles by RT-PCR; B) is an illustration of the
nephron and &t tREMVhigHiGKtHRERNS &QWH&i%W@QIHéW@Q?@%?’it.r'@%crulus; 2. Proximal

Tubule; 3. Thin Descending Limb; 4. Medullary Thick Ascending Limb; 5. Distal Convoluted Tubule; 6.
Collecting DdBPé?ﬂooso]Fté@TFﬁ%Es"é‘ 13 pRAMERTE BT ARe Bratile sERTIASLEIBBRIBLf the

identification of mMRNA tr ipts encodin ecific genes from regions 1 and 2 of the nephron and
ot dos A R RO T R AT RIS RS SRLIRREPIOn A

Glomerulus: Hﬁﬁ@3%&88'1?8?1}1&%&%0%&{&%‘8?&%&até%%?oﬁ%érﬁ&%%ﬁ%le%‘ﬂﬁ%ﬂet&[%fé%'é{ca” 2.

Proximal Tubule: CUBN - cubilin, LRP2 - megalin, AQP1 - aquaporin 1, CA4 - carbonic anhydrase 4,

CLCNS - chigridriehsanstreeisin R [BRFHRISHIRDRAKERRSENS BlopalkasigpRaated pseudo gel
profiles of the identification of mMRNA transcripts encoding specific genes from regions 3-6 of the

nephron and ggderimngrdustdeiasiad dyRigPegB8pastRibeAmprsa RiNAViRImighecy-MitHavesicles,
specifically: 3. Thin Descending Limb: BDKRB1 - bradykinin B1 receptor. 4. Medullary Thick
Ascending Liwith €AbCRrivedloifonvesebaptor, SCNN1D - amiloride-sensitive sodium channel subunit
delta. 5. Distal Convoluted Tubule: SLC12A3 - thiazide-sensitive sodium-chloride cotransporter. 6.
Collecting DUBBONQP2 - BYeldRERT & 90PP iR depicring SaNBIPsfemiersia@daxith mibiedsy-specific
Na-K-Cl symporter. o ' '

with or without RNase treatments. RNA 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.
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100521FIGURE 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 B1 KO (B1 -/-) and vv-ild 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 +/+) mice by real-time PCR analysis.
"NS" - not statistically significant. 100531FIGURE 38 is a trio of plots depicting RNA profiles generated

from urinary [oEpvesicleFIHURY TG pYRICIRSIVRISAAE WRRNER leireatadwiithoanyrxiaction
enhancer before the microvesicle membranes were broken for nucleic acid extraction. Three samples
were used inrttitsogesidfrof AxtiactiansidHsoprtodiidsmreishouwridovesiBlandiGoucbpastively.
[0054]FIGURE 39 is a trio of plots depicting RNA profiles generated from urinary microvesicles.
Urinary micrdwasietat Bereuglotogeidh e lated\iiore msatechinith wiR PassditsdsitontttNase-In (Promcga),
before the microvesicle membranes were broken for nucleic acid extraction. Three samples were used
in this group B08Xtraction§IFHE Brffiles pie ehan deptiBedY A RIdpeetRAENC BB BRIYRE 40 is a

trio of plots depict rofiles generated from urinary microvesicles. Urinary microvesicles were

washed but HD FRCFEABAMR BHJHESS FRBROFSIRRERe AvcHNIES B0 SN B ere
broken for nuieic aed e TiNes. saaies viers red in s oy o erfactiosa He profies
are shown in"A, B Bhd , respectively. fﬁ BIFFGURE #1154 rio of)p ots d)eplc n%g R profiles
generated fr%ﬁ’t}yﬂ%@é treatment.
[0046] FIGURE 31 is a pair of plots depicting RNA profiles generated from nucleic
acids extracted from the pellet formed during the 17,000g spin. A— nucleic acid profile from
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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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 chromigereAahsagien. frRsRxamIRHeNlgidn9 162881625 41ormiersiediRereginn on
human chromosome 1 between nucleotide nos. 91625366 and 91625741. The corresponding SEQ ID

NOS are als®indindieg L0058 N GIlRE ARcis Astistdif pfiinérsS uBathf @R GiRi relHTtiarictwamply
sequences in 10 chromosome regions as indicated. For example, "chrl.-1.91625366.91625741" refers
to the region ©ellketmaPetitomosome 1 between nucleotide nos. 91625366 and 91625741. The primer
pair used to amplify this region was "tccagctcacgttecctatt IL and ccaggtggggagtttgact IR". Primers run
from 5' to 3' 4808y go frdf{iEREAGRITTOsHGUIRE R R BARSSr BiGAAReT psBfdo gels

depicting the result of PCR amplification of 10 spike-rich chromosome regions. The numbering of the

lanes at the 455FISARAPE ASSSHBE fEAEnS RS e B R ARSI SbARE fefilss shown in
Figure 43.111 Ah a nuc eicﬂactid extr %ti%)ntfr(?gw ﬂlﬁ}hﬁl&)ﬁmﬁ‘{%v sicleg was i ed as.a template for the
n ron and.coliceting . HC% CLeCle ?’ - O 1 O%Iélge {Il 5 IéO]fIé}l{ng%CR

C
PCR.InB, a ncieIC ACid extraction from renal tissue was use a temp

[0060]FIGURK & ARf AT SRR ARP UG IR ARKES IR 29 SOIQMOSRME §8910N%:cfiq regions are

indicated at the top of each plot. For example, the plot in Figure 46 refers to the region of "chrl .-1.9I

623396166%32211?@14@2"%@191}415 {heategionQiommanchiegaseme thsiveemnuciertde nos. 91625366
an .

megalin, AQP1 — aquaporin 1, CA4 — carbonic anhydrase 4, CLCN5 — chloride channel
protein 5.

[0051] FIGURE 36 represents BioAnalyzer generated pseudo gel 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, SCNNI1D - amiloride-sensitive
sodium channel subunit delta. 5. 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 +/+) 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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DETAILED DESCRIPTION [0061]Microvesicles are shed by eukaryaotic 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
compositionsamgiiiods and dsehidesaipettheeivRrerad paliyiapplicablenth migavawsles of all sizes;
preferably 10 to 800 nm; and more preferably 10 to 200 nm. 100621In some of the literature, the term
"exosome" alespreferdito protein complexes containing exoribonucleases which are involved in mRNA
degradation and the processing of small nucleolar RNAs (snoRNASs), small nuclear RNAs (ShnRNAS)
and ribosomd0®KIAs (rRNAGURE D as. 2 2006 plats DijkatingIRIZOTYiBa chnsrateidreomplexes do not
have membranes and are not "microvesicles" or "exosomes" as those terms are used here in.
[0063]The prEdeiRt firitti G iRepaitig BERddes i e Wistavhsd ity daderded radordidiicprevent an
effective extraction of nucleic acids from a biological sample and that novel and unexpected agents
and steps may B e SN ST ARRE#Fe RFERES the BGURcla BsPD TS St P LIS t5roving the
quality of the expracted,UCiaic acide, As such one aspect of fis invention ars oyl methods for
extracting higah gqua fy nucleic acids from & %loﬁoglca S pPe. e high qua |%Pexfrac?llons obtained by
the novel methods ﬁile&cﬂl?iﬁg @’e{&ilgb@tqgegharacterized by high yield and high integrity, making the
extracted nucleic acids useful for various ‘applications in which high quality nucleic acid extractions are
preferred. [0GfgdBroadly deseribedothe pRyst mathriRincrdes (oo sxampiGathemisngialgbtaining a
biological sample, mitigating or removing the adverse factors that prevent an effective extraction of
nucleic acidsniiorsvas iRk Jicalspmpievanaexiaeting iRl deicvaidstfreamdheibiapgroehsample
followed, optionally, by nucleic acid analysis. [0065]Applicable biological samples Include, for example,
a cell, a grouplobtellssfiverghrantsrof salls noetibprocuetse hoblichingrfondsiamde miarove siches; cell
cultures, bodily tissues from a subject, or bodily fluids. The bodily fluids can be fluids isolated from
anywhere in ta@edy it thedsalifaeerpvefer akiciiprsvipHeratdbleatonsinedint Bunddt.limited to, for
example, blood, plasma, serum, urine, sputum, spinal fluid, pleural fluid, nipple aspirates, lymph fluid,
fluid of the re@ﬁﬂ“éfb‘f?}’intestinal, and genitourinary tracts, tear fluid, saliva, breast milk, fluid from the
ymphatic oY g{Em, Semen, e pRroRPInal i R AR DR i Basiic i e gyst fuid

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 ID
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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[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. [0067]A biological sample may optionally be processed to obtain a biological sample derivative
before, after, o ieraRBIJURPH RS, BAMTYich itistheca iR Ao flgaiing Gid epagvingtheratherse
effects. The biological sample derivative may be a cell, cell debris, a membrane vesicle, or a
microvesicle.l[RO6Bjitnbiotogitaisimple is homnstifnes lpfetpripbessed before a biological sample
derivative such as a microvesicle is obtained. In some instances, the pre-processing step is preferred.
For example |@8ine sampl&iskmdy be pra-pfdiiedselyzer obtadle aelndepinticgdhresicldio TR
pre-processing may be achieved by techniques known in the art such as low speed centrifugation and
pre-filtration. Fret dieaHaiafl LQinilsarish ey emeyurtisons firse ééﬁ’ﬂ?ﬁﬂ’@%lﬂ%ﬂl%%é‘ﬁ%?@b@@)t’cp%et rid of
large particles in the samples. Urine samples may undergo a second centrifugation step of 17,0009 to

get rid of smARE? FARAES PSS RIS EETRAL 108 BE COMPCEMRRAD A KD, B Eahiptes may

further undergo,a pre-fiiaon sien, 0;, 3,0, 8um pre-flation step, Alernatyely uriges samples may
be pre-processed by a - pre-filtration step without first tndergoing the one of more of the céntrifugation

steps. [006OIMGMbIANE;VESiFISS: &ifhn MIGIUEHIBIES. DAY, 8risOlaled, TR, 2 hiojkgical sample. In

some instances, such isolation may be carried out without pre-processing the biological sample in

some instanqggedn other ingtanges 4suchisriiompampasapiied aulcaties Higlrielrgical sample is

pre-processed. The isolation step may be advantageous for high quality nucleic acid extraction from a
biological samplecdionsexampleattdaisiationiary give Hsedmaguamiagrs BUcihas 4 tkeropportunity to
selectively analyze disease- or tumor-specific nucleic acids, which may be obtained by isolating
disease- or tumaorgspectiichnicloVEsiGkes .8 b6l 1o wtidr inilr ovgsictestwithinctienthsichgaimple; 2)
significantly higher yield of nucleic acid species with higher integrity as compared to the yieldlintegrity
obtained by éxtrerstintpelaelidicrasids @isdetiypioM by Alid sample; 3) scalability, e.g. to detect nucleic
acids expressed at low levels, the sensitivity can be increased by pelleting more microvesicles from a
larger volume of scrum; 4) purer nucleic acids in that protein and lipids, debris from dead cells, and
other potentig| contaminantg nd P(ﬁl; inhibitors are excluded from the microvesicle pellets before the
nucleic acid BZ%FB%%F%@E §§}%')F dte choices in nucleic acid extraction methods as microvesicle

pellets are of{aﬂagfrﬂ smallq\p[.voég@l% l%rg%gets %%9%?1\%%3‘599% Sr%n]?_ ma irﬁgg%ﬁ%?lble to extract nucleic

acids from these rhicrovesicle pellets using sm me column filters. thods of isolating

microveSide%lféﬁma%Q%I%%Ql[&%p@%@@lkn?ﬂ@gei'ﬂlgﬁ@orane 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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art. For example, a method of differential centrifugation is described in a paper by Raposo et al.
(Raposo et al., 1996), a paper by Skog et. al.(Skog et al., 2008) and a paper by Nilsson et. al.(Nilsson
et al., 2009). Methods of anion exchange and/or gel permeation chromatography are described in US
Patent Nos. 6,899,863 and 6,812,023. Methods of sucrose density gradients or organelle
electrophoresis are described in U.S. Patent No. 7,198,923. A method of magnetic activated cell
sorting (MAG@)és|describepkipras aapevdayiohayipirandcaree khaios ivkay bk aie &aerelofkayder, 2008).
A method of nanomembrane ultrafiltration concentration is described in a paper by Cheruvanky et al.
(Cheruvankypet-aint 206} cturthenomerofesitiescds foevddridfgit dndnpddatatifioo mobddiy fluid of a
subject by a newly developed microchip technology that uses a unique microfluidic platform to
efficiently andmalmstivbdgadpardtécnsmes-te Hvatimitrgetsiclen(@hér edwltye Bathsoflitrebioregoing
references is incorporated by reference herein for its teaching of these methods. [0071]In one
embodiment YRR IFABYHEWS QYEse sy by aThthhexteirsvasicis esibtatbtsadhracssas flihiare
enriched for t,hose-originatingl from a specific cell type, for example, lung, pancreas, stomach, intestine,
bladder, kidnBy R ¢aSS! Bigthods) 8F§éf5ﬁ?t8}%g§gcl} Aralif ‘?ﬁiﬁ?@%%ﬁh@ﬁ@}?ﬁ)@?} placenta, fetus
cells. Because th?e icr vie}sliclef, often c [y s, rfac% olecules suc%ﬁo%g gergtciggn from their donor cells,

surface moletules mayebegugél S 18Rt , 1ISO % gl%nc??oreerhor}lgh?gr microvesic egefrr%nrlnagespecific

donor cell typg (Al Neday RERYiAPR TN AR GRIRE): Y 2008 DR A R FQVesicles

originating from distinct c€ll populations can be analyzed for their nucleic acid content. For example,
tumor (malignantangRAdNR BINANBhRISKANRRISI SR FANYIHMAassaciatdayrface antigens and may
be detected, isolated and/or enriched via these specific tumor-associated surface antigens. In one
example, the[gogfce antigrpaifyepitogtialceladbesiaRomalesude, Cp&advhlehicheis specific to
microvesicles from carcinomas of lung, colorectal, breast, prostate, head and neck, and hepatic origin,
but not of hentaiologiedlicleltionigin(Bal patigitalg, k398 p et ehdvsr@0dorintan pthernexample, the
surface antigen is CD24, which is a glycoprotein specific to urine microvesicles (Keller et al., 2007). In
yet another estfariple crtacsionadavaitigenids Serectbvorilsyrolsp vilmureetnescicls as D70,
carcinoembryonic antigen (CEA), EGFR, EGFRUVIIl and other variants, Fas ligand, TRAIL, transferrin
receptor, p38BMge tintpeiabempAintionedyorichpis Pl crivasitrss may be characterized by
the lack of surface markers, such as CD80 and CD86. [0072]The isolation of microvesicles from
specific cell tjgsS]can be appbimaplishiethgioxlexaplpienddydesiiogeantiiptciesslaptarogrsfapliamer analogs
or molecularly imprinted polymers specific for a desired surface antigen. In one embodiment, the
surface antigépgivenpeefficliorealbpiedestsyieluingriotvapmmbodimesetictpe eilfaderanthydiys specific for
a cell type which is not necessarily cancerous. One example of a method of microvesicle separation
based on celligifaEematiytiss prootdlvdy. 3 hphediyNiyid sdboSyids dsglatedified in, e.g., U.S.
Patent Nos. 5,840,867 and 5,582,981, W0/2003/050290 and a publication @y,]ohnson et al. (Johnson
etal., 2008),%%&?&&% iPAHSS %b@éﬁ%&‘i‘i&lxyb%%r%ﬁ%éo%%mé Une i Ye used as a
separation tool for.retrieving cell type-specific microvesicles. Molecularly imprinted polymers also
cpocifcally RS L A R el R h B T a0 B N AR 730,553
and 7,384,589 and,a puRlication Bosslelih (RG8IEHA medR%) and fifduasdorietisving and
isolating cell type-specific microvesicics. Each of the foréegoing references is incorporated herein for its
teaching of thgse MEMIOSis40RTIS HisdnstaneesMhBR NG IteNdaskhioloaisal ferivatiye isa membrane
vesicle such as a microvesicle, a step of removing nucleic acids that are not inside the microvcsicle is
sometimes petfafingtsVikihh dscofcrama\iingon ggie Ruadisaraseional i knanstibiheiait. thaeexample, to
remove such nucleic acids from a sample, an enzyme digestion step may be performed. Such

enzymes majhisp type ohrpanuelnass At satalyesn hesnaxmRUS sigeston.atibonyglele acids or

a type of deoxyribonuclease that catalyzes the enzymatic digestion of deoxyribonucleic acids.

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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[0074]In one aspect of this invention, the novel nucleic acid extraction methods include a step of
removing or mitigating adverse factors that prevent high quality nucleic acid extraction from a
biological sample. Such adverse factors are heterogeneous in that different biological samples may
contain various species of such adverse factors. In some biological samples, factors such as
excessive extra-microvesicic DNA may affect the quality of nucleic acid extractions from such samples
and contamingégPNA extrasiaddiammpimmcsprasiaiebdpRtei-aanwiess BsigtgRuch@apiexcessive
endogenous RNasc may affect the quality of nucleic acid extractions from such samples. Many agents
and methodsdmaptbe bsketkiafiemove tiesemadverse taetprg dlhdsestetiiods gindggents are referred
to collectively as an "extraction enhancement operation.” [0075]In some instances, the extraction
enhancementcoperagidre adayrivvdivethéhadditiogicof sarhdéclatidtextraetibn esiandbdebris.agents to the
biological sample or derivative. To remove adverse factors such as endogenous RNases, such
extraction enfi§AGEHRRHEsgerREBigeNREg hiere may include, but are not limited to, a commercially
available FtNase inhibitor such as Superase-In (Ambion Inc.), RNaselN (Promega Corp.), or other
agents that fyemigin in a siblaroigsiliennglproieasemasipdyting sagebtf@cdesiojogidhsinaipisuch as a
synthetic RNA; a soluble receptor that can bind RNase; a small interfering RNA (siRNA); a RNA
binding moledefizatuckugk @ ant-RiMcRntibbdyedr dncloaparoteqsrotbémre-Piiesegeratsring
substance, such as a high osmolarity solution, a detergent, or a combination thereof These
enhancemen?'St&ists HielcsxBPIeheIF RMEATBNIS ihoayibuBivBIRScrepdiR0PIB WSROt limited to, through
inhibiting RNasc activity (e.g., RNasc inhibitors), through a ubiquitous degradation of proteins (e.qg.,
proteases), JPHIBEYRIS cHAP BFERERTSTEM a8 ARREDINdRTY BBt A bRt b hPdtects
RNAs. In all ilnstanc%s su};lrcp e>%tracti nen n%:emefnt agenq remove or f“”é%?ge spme or. ag of the
adverse factors ifl the bio 6&%% Osnaar%pfgethh "Wolld otherwise ’pur%{l/%%at%? terrere With t elri%lgh quality

extraction nugleig A6iR3, a0 the diopaicalaamals. [OATAIN ANeLIARRIEmNG SXlERGlion

enhancement operation may Invoive the performance of one or more process steps. Such processes

include extenﬁjggrég §H&%M@Wﬂfg@%ﬂ%’fbﬁ¥é’§fﬁm® RUeit %@@ﬁﬁﬂé}tﬁgﬂi%m{%’@{%&@ th‘?
sample, such as microvesicles; size separation of RNases from the biological sample; denaturation of

proteins in tha feiptagicabsaeplafhyavian et technigupsinatidinghduhaaiimised fargenstaiing a
particular pH condition, a temperature condition, (e.g., the maintenance of a decreasing or lower
temperature)s.fre e defithapreyittesioanticombinadiondythenecf0piéy jwd sprppsiacsspdhifestation of the
use of extraction enhancement operations, as described herein, is the ability to detect in an extraction
of nucleic acirdrlmatmordve sicha tiies exidrpen ohsigmifiganegudhitiesn tffrigssoaabRNA (rRNA). No
prior studies are known to have demonstrated the detection of 18S and 28S rRNA in microvesicle

nucleic acid gaedgtions. QucthBraQNisaeRIQY. SHiciessuggasiohEnatinedoditile sRNAidsI present in
nucleic acid extracts from microvesicles (Skog et al., 2008 Taylor and Gercel-Taylor, 2008; Valadi et
al., 2007). sample. In some instances, such isolation may be carried out without pre-processing the

biological sample in some instances. In other instances, such isolation may be carried out

after the biological sample is pre-processed. The isolation step may be advantageous for high

quality nucleic acid extraction from a biological sample. For example, the isolation may give

rise to advantages such as: 1) the opportunity to selectively analyze disease- or tumor-specific

nucleic acids, which may be obtained by isolating disease- or tumor-specific microvesicles

apart from other microvesicles within the fluid sample; 2) significantly higher yield of

nucleic acid species with higher integrity as compared to the yield/integrity obtained by

extracting nucleic acids directly from the fluid sample; 3) scalability, e.g. to detect nucleic

acids expressed at low levels, the sensitivity can be increased by pelleting more microvesicles
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[0078]In another aspect of this invention, the performance of an extraction enhancement operation will
improve the quality of extracted RNA in terms of RNA integrity number (FUN). Designed by Ag lent
Technologies
(http://Iwww.chem.agilent.cona/enusiproducts/instrumentsilab-on-a-chip/pages/gp14975.aspx,
accessed July 15, 2010), the RNA integrity number (PN) is the product of a software tool designed to
estimate the friggrip e tadalNAeamp Bputdasativaseaitamaiicaly arsigisadebiegoly number to
an eukaryote total RNA sample. Using this tool, sample integrity is not determined by the ratio of the
18S and 28Sdribsdmaindaricts, fotinityl e @ntinenedeatt ofongtibitoaceroétbie ddiNAosathple. This
includes the presence or absence of degradation products. The assigned RIN is independent of
sample concantratienclingthgthbaforani anelgistacid dxtematsmrviera gl StanoksrehfoecR AuAkagrity. [0079]In
yet another aspect of this invention, the performance of an extraction enhancement operation will
improve the geidrriRetiShansBedsarapied yastalsipcalsts area anuah preallesivi) uare dhapbabol dithancement
operation, as described herejn, one may obtain a nucleic acid yield of greater than or equal to 50 pgiml
from a 20 mI T PFSEETLIBISHIB A RAWIDIR S GEHASE WIS K AR/ BG CIRE MY I6ESHS nucleic acid
yield of greater. than 9 goclHaletgo?O %qjlﬁllrgrom 1 ml of a high protein biological sample, such as serum
or plasma. [o‘b%?ﬁﬁfgva hig quaﬁ@ huclelc acid extractions obtained by the methods described herein
may display a combination of the detection of 18S and 28S rRNA, preferably in a ratio of
approximatellf78lto apprdiathedeRf SaatrEmisrasiere o 2inlpsismh atena e SR hSyrity
number of greater than or equal to 5 for a low protein biological sample, or greater than or equal to 3

for a high prot&int SISy -<amed diE ey j@i(f%f&f&lﬁiﬁé‘it?‘bfsg‘?%séf&iﬁm&?8?%3§I%p§60®/m1 from

a 20 ml low protein biologi ple or a 1 ml high pratein biglogicgl sample. [0081]High quality RNA
excractons aFE HgH) RSl DeSE0H FAK HeqraUSHaR St bty SHSEr dom ey
assessment Qféﬁﬁ%?&ﬁra%ﬁ%ﬂﬂﬁ'ﬁ‘é&!&fﬁfoﬂ%ﬂ%x%ﬁ%&?%&%o?ﬂr& B&%ﬁﬂ%@%ﬁa@%ﬁ’ﬁl as

analysis of non-coding RNA such as small RNA and micfro RNA. The novel methods deéscribed herein

enable one tQ,@xaciioh eably-AUCIRIGRo6IS Ty RiIegical RRRIR BUNRS daigrQvcesicles so that
an accurate analysis of gene expression and mutational level within the exosomes can be carried out.

In one embodiaiesissfor @xanmelwhephiiciRasedsomsanitalisnBafpraieage 9X3. 1@xaiedused as an
extraction enhancing agent, the amount and integrity of RNA isolated from urinary microvesicles is
increased sigfifieantiyc activated cell sorting (MACS) is described in a paper by Taylor and Gercel-

Taylor (Taylor and Gercel-Taylor, 2008). A method of nanomembrane ultrafiltration

concentration is described in a paper by Cheruvanky et al. (Cheruvanky et al., 2007).

Further, microvesicles can be identified and isolated from bodily fluid of a subject by a newly

developed microchip technology that uses a unique microfluidic platform to efficiently and

selectively separate tumor-derived microvesicles (Chen et al.). Each of the foregoing

references is incorporated by reference herein for its teaching of these methods.

[0071] In one embodiment of the methods described herein, the microvesicles
isolated from a bodily fluid are enriched for those originating from a specific cell type, for
example, lung, pancreas, stomach, intestine, bladder, kidney, ovary, testis, skin, colorectal,
breast, prostate, brain, esophagus, liver, placenta, fetus cells. Because the microvesicles often
carry surface molecules such as antigens from their donor cells, surface molecules may be

used to identify, isolate and/or enrich for microvesicles from a specific donor cell type (Al-
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[0082]Another aspect of this invention provides methods of extracting high quality small RNA from a
biological sample such as urine. Small RNA, such as miRNA is particularly susceptible to degradation
and loss during the process of nucleic acid extraction. In the novel methods here disclosed, a high
concentration of protease is used to remove or mitigate adverse factors that prevent high quality
extraction of small RNAs. In one embodiment, a method to extract nucleic acid, particularly small RNA,
uses 25X anci&i¥ Rroipasm@sTexisacHo G avhansng, 2088y andnis able iacebiairisigsiiaaniy increased
amounts of small RNA. As used herein, expressions such as 5X, 10X, 25X and 50X mean 5 times, 10
times, etc. théantivstinte vell pbputitase autkentlyyuseé ¢ othedcarvivie acddd inteamFoe ksialylavailable
nucleic acid extraction kits such as the QIAamp MinElute Virus Spin Kit. [0083]When the adverse
factors affectingaxtrabtivenhaivknoeenatiameavedioonvitigasted mieiie-awsier riolecufess eahdoasisolated
from a biological sample using any number of procedures that are well-known in the art. Persons of
skill will selecd ﬁaﬁmmﬁref‘ééﬁaw@%ﬁﬁ%@d@ﬁéna%ém& Hispi opsratis femaigpartitedarBisibgical sample.
Examples of methods for extraction are provided in the Examples section herein. In some instances,
with some €8 R1HSPRIRE LR sEEaRs aTesh Ay PERAE @ sttt e &tctibh-from the
microvesicle. 40Q8411n. ope embodiment, the extracted.tuelelc acils, Ingluding BNA ngion RNA, are
analyzed directly WIthout an amp fcaton s ep.cl_a)lrec% ana?yss%‘nayqbe per ormed wft% ditferent

methods i”C'%%cE%ﬂ%teltj%%‘i‘ié‘?n %’E‘Réﬁ%?Qeﬁﬁ%ﬁ@f&gycéﬂ%@%ﬁi?gﬂéﬁ%'&?!%é?%‘&l‘?ét

identification and quantification of mdividual target molecules in a biological sample by attaching a

color coded flglosegeeni eRAMG IQ.apRNHRIAsHCIeEME i biSAPRIGaCR isgnilabiadhs.canrcept of
measuring inventory by scanning barcodes. Reporters can be made with hundreds or even thousands

of different ceglesllawiogcianighbienuttiplexd analystsndthe taehipdlogy isascifigenin a publication
by Geiss et al. (Geiss et al., 2008) and is incorporated herein by reference for this teaching. [0085]In
another embedivtedfrénmaay dwp bemeficidkorather@WidE0desivalokentoamiplifytite (LIERICEAHIR of the
microvesicle prior to analyzing it. Methods of nucleic acid amplification are commonly used and
generally knd¥at Ry tHerdtotheangriaxdripiesshd HiBh Hretdaseribe trereteind IR desiéandiESEiiplification
can be performed such that it is quantitative. Quantitative amplification will allow quantitative
determinatiof BB WReURCHHECTAYSIFhAL ke sBrICtes grdyy e lach rdffier8scdescribed

below.
markers, such as CD80 and CDg6.

[0072] The isolation of microvesicles from specific cell types can be accomplished,
for example, by using antibodies, aptamers, aptamer analogs or molecularly imprinted
polymers specific for a desired surface antigen. In one embodiment, the surface antigen is
specific for a cancer type. In another embodiment, the surface antigen is specific for a cell
type which is not necessarily cancerous. One example of a method of microvesicle
separation based on cell 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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[0086]In one embodiment, the extracted nucleic acid is RNA. The RNA is then preferably
reverse-transcribed into complementary DNA (cDNA) before further amplification. Such reverse
transcription may be performed alone or in combination with an amplification step. One example of a
method combining reverse transcription and amplification steps is reverse transcription polymerase
chain reaction (RT-PCR), which may be further modified to be quantitative, e.g., quantitative RT-PCR
as describedrfickbScRatantien SieROHRBoMhichisnsaspREaiRsHal Birddy fefrrencaigrdhis teaching.
chain reaction (PCR) (US Patent No. 5,219,727) and its variants such as in situ polymerase chain
reaction (US tRatenkiiod5,538,871), quantitative polymerase chain reaction (US Patent No.
5,219,727), nested polymerase chain reaction (US Patent No. 5,556,773), self-sustained sequence

replication anggis variants( GuatRll &hibh thO9n anssligtional Amplilicalion ¥R and.its variants
(Kwoh et al., 1989), Qb Replicase and its variants (Miele et al., 1983), cold-PCR (Li et al., 2008), or

any other nugleic Addhampilicatianepshrdsiloweribydae detersinn phifemmpitiedmalecules

using technigues well known to those of skill in the art. Especially useful are those detection schemes
designed for tbadieiectionopmadicidialadidohelecuiles it duiheiblecives] dreprasaht antvEky low
numbers. The foregoing references are incorporated herein for their teachings of these methods.
[0088]The aralymidotnioieic asitigprsentiiy themispbsiolenis yadisitdiivne apdiay brialitative. For
guantitative analysis, the amounts (expression levels), either relative or absolute, of specific nucleic
acids of interB&HQUsth thechfitrpvssitteshsre hinsafurean veigr v BnicakirewhciAdEarc (described
below). For qualitative analysis, the species of specific nucleic acids of interest within the
microvesicleS §GHARRAEE ARGk A A PSR ArortTiBeP AR RALTRARFSIRS S TRE™NC [0089] The
invention disc(‘llosetd heﬁjﬁalso .itg\clu es as a novel composition of matter, a nucleic acid extraction from
microvesicles i which 188 and’28S TRINAs 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 nuclel®&tl extrachiopneratpestier e sizrasion. dhsiroglaarckaemsid sxtamesipamestivdhany instances.
In some instances, a tissue sample is nat easily accessible. For example a brain tumor sample can not

usually be obBSHER WHHRGITBRAN S8 RGN SRt 2t Aniestve iRl Sarib lagh sivrtive B fior patient

serum is easilz acces?ble. IQ. olrder Eo anz;}lbyz§ cleic acids in bra{ln tumor cells, it is g%fier to analyze
. . _extraction rom a bio og}ca ?ﬁ . ouch a V%fsg ctors are heterogeneqys 1n that ditterent
nucleic acidsin S€rum microvesicleés that are secreted by Draih tumor cells.” Therefore, In‘instances

where nucleig;aeidia, 'si&vsgatgig%ﬁtlﬁgsﬁc\tg}ﬁ UG R ARAEG DU

Qﬁgenm%igglacids from
tissue cells, it Is desirable’to o qguality nucleic aci Ike those obtained from tissue

cells directly (eopiainmiglrclapie.aualincoRrIRISRUGRaR 1L BNANHABHERNA. JIpLP6F isigaces, high

guality small RNA is desirable. Nucleic acid extractions disclosed herein contain such high quality
small RNA togethetridtionk 8k angici8hmipiilandeehthighaauaiiy sualtBiNA s wipartant for the accurate

assessment of nucleic acids for various purposes, e.g., the expression level of a particular miRNA.
[0090]The inwentiensitikcl s ethhrarenpinh dudtaciudels @ oxestitighdqpalitys Rddtike ofay 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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nucleic acids from microvesicles in a biological sample. Such profiles are generated by analyzing
nucleic acid extractions that contain 18S and 28S rFtNA. Such profiles may be obtained with the novel
methods disclosed herein. High quality nucleic acid profiles are highly desirable for many uses, such
as for use as a biomarker for a medical condition or therapy selection. It is desirable in that such
profiles are consistent between samples. Such consistency can hardly be achieved without high
quality nuclebagidupxtrehenshcansimoedinenihef inis-ionep o aNsfile efinueisisdagids can be
obtained by analyzing nucleic acids in microvesicles that are secreted by those cells of origin. Such
microvesiclesnodwriie, isolaiedftomh RN £asilpaigcessitieporotegicatisampRiesse . denattiieg serum or
plasma. Such profiles of nucleic acids many include small RNAs, messenger RNA, microRNA,
non-coding RNA&uIcasgohisimatibroshereufy veolationthetctargsodivnenbwbthisionvberioh, Buwsk profiles of
nucleic acids may be combined with other biomarkers to more accurately achieve certain results.
[0091]The preflan6EHERI SRS BN SKFHSRATRIRAIR B hVEHEE s of Jertate lanit agbhitithich is used
herein to refer tg the nucleic acid amounts _as well as nucleic acid variants within the microvesicles.

Specifically, Aot ELER BB NG ES W RN SR IANBTRR b f el s bANgthe (e.g.,
oncogenes) or a el of.genes, under-expression,of a gene (e.g., tumor suppressor genes such as
253 o R3) oF LA o L e B e e s Rt genes,

gene copy number varianis(GRY) e PRA dgubie minuies). daln, dAanyclsic, agis modifications

(e.g., methylation, acetylation and phosphorylations), single nucleotide polymorphisms (SNPs),
chromosomaldealEangements dador KIVEreHRNAyeRletiensanthduplisaianamardmnuiatiens (insertions,
deletions, duplications, missense, nhonsense, synonymous or any other nucleotide changes) of a gene
or a panel of geaessdpNsBnsHatiansiviRany K asqealilinrateyoaffrcidbaastitiynans function of the
gene products, lead to alternative transcriptional splice variants and/or changes of gene expression
level. [0092] Bidagitarsamgltion of such genetic aberrations can be performed by a variety of
techniques known to the skilled practitioner. For example, expression levels of nucleic acids,
alternative Sﬂﬁ@iﬂq variants, GRPRASRINE FRAANIRM SR ARChRANS SRRV HNPRIS ca ke determined
by microarray analysis (US Patent Nos. 6,913,879, 7,364,848, 7,378,245, 6,893,837 and 6,004,755)
and quantitaiheerdraimcP artiaulariogopy dsmbes CRasiges caayshacdrkestea it tRabdtanmig Infinium |
whole genome genotyping assay or Agilent Human Genome CGH Microarray (Steemers et al., 2006).
Nucleic acid thadifgtatiesisngat beckésagidd itaineth odsgesorshedhingangle Y& Patent No. 7,186,512
and patent publication WO/2003/023065. Particularly, methylation profiles may be determined by
lllumina DNAMNeehgtation ORER003tQant&MNemdToBNRD mhekieal tsaians: daraheatietedietbisyns
hybridization with allele-specific probes, enzymatic mutation detection, chemical cleavage of
mismatched HeltsBinlpsise| eambnbervariorosshnipyshincliding debieidivriieristerdisases (Myers et
al., 1985), mass_ spectrometry (US Patent Nos. 6,994,960, 7,074,563, and 7,198,893), nucleic acid
sequencing, BAGTEI&HRIA GRS HIP i ABR YR SIRHTLeH: §§Cf|57 {’@H}?I@Pﬁ?,o%gg")fe%ﬂ%ﬁfring gradient

gel electrophpresis (DGGE)(Fischer and Lerman, 1979a; Fischer and Lerman, 1979b), temperature
gradient gel gfg&rriep oerrggfgéf’rts Efgﬁ/)t%s@ﬁcg?sa%n fgrrnr%gﬁﬁfl Igf?@%tr;el(}l%cher and Lerman, 1979b),
restriction fragment length polymorphisms (RFLP) (Kan and Dozy, 1978a; Kan and Dozy, 1978b),
oligonucleotid®fightion as3ay (RIS MABUSHaHEFDRUE SPRERIHIS ABFNGS! SD63H 1), ligation
chain reaction (LCR) and its variants (Abravaya et al., 1995; Landegren et al,, 1988; Nakazawa et al.,

1994), flow-cStIREHRE hRtET B She Bl Sl SISO B0EHE886) Brdorisiiaio AU RSETifStions
thereof. Notably, gene expression levels e.determi serjal analysis of gene expression
(SAGE) teohiTa e e ara S o R R AL P S R ST e atione

are reported jp pumeraus RURliGALADRNGS limiied.io sk ier hRtsin.and Alaavaligble to skilled

practitioners. The appropriate method of analysis will depend upon the specific goals of the analysis,
the condition/isienyRf g MrUSHiANP e sREslfic cancar(sd fisgasas @roithepraedical conditions to
be detected, monitored or treated. The forgoing references are incorporated herein for their teachings
of these methacisid QAR trshotiichb e isrdersiReddnat ¢his. iInvesitiney isr Aol rsitet teyiloe peygcular
methodologies, protocols and reagents, described herein, which may vary. The terminology used
herein is for tHelpliese200describing particular embodiments only, and is not intended to limit the
scope of the present invention, which is defined solely by the claims. [0094]Examples of the presently
disclosed subject matter are set forth below. Other
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features, objects, and advantages of the presently disclosed subject matter will be apparent from the
detailed description, figures, examples and claims. Methods, devices, and materials substantially
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 I: Renal cells contain niultivesicular bodies [0095]To examine whether
renal cells shgg7gyicrovesiglagotve bigrd: bransmissiaon-ireparoMisroscopy ddtkMicip determine
whether renal cells contain multivcsicular bodies that can give rise to microvesicles. Rat kidney was
fixed by intravelscickange dpsiaivnwiil 2008t gluterqldBlyyele xord AR S@dinmareacd®aicilegieys, pH 7.4
(Electron Microscopy Sciences, PA), and kidney slices were further fixed overnight at 4C. The sample
slices were rimgabei{ RINMRodined badaalphit€ dshifdpgpodhfiRea im cbomasiiuimotateoxide in
cacodylatc buffer for 1 h at room temperature, rinsed in buffer again, then rinsed in distilled water
(dH20) and staipfeduer BigemanalaerardisaaEs bt ¥ b Wradgtusetdidyids LAbUr Be room

temperature. The samples were rinsed in distilled water and dehidrated through a graded series of

ethanol to 10096} THERERMRRHAET BN PSRE WRHOER S vedn prLirBEicd © A IRAVEight immersion
in a 1:1 solution of E :C [. The following.day samples were placed in fresh Epan for several
ours and e e o e e S B S oL A

ultramicroto ”éﬁkﬁ?ﬂ%%%,%f@@ﬂ@%é@l\%ﬁf Alds, AN Wi HAY RAEiGiRAP AR Filiate.

Samples were examined in a JEO 11 transmission eléctfon microscope at'80 kV. Images

were collecteg ysingrmAMS (Bovanaad MicrasspRy. LreRNIAesNALHIGIRl Imaging gystem. As
shown in Figure 1, transmission electron microscope (TEM) images of MVBs are seen in rat renal

tissue cells. MinhipveSTritandaaie heiMEncaorhesigrbiiffeddndaivaysiagions i ihegnepRioniand
collecting duct, including the podocyte, the proximal tubule, thin descending limb, thick ascending limb,
collecting dudiqennciped celhnaric colbectiagoduos interoalatddicdiistThis demonstratesahhtei@somes
can indeed be released from various regions of the nephron as well as both intercalated and principal
cells of the cBNestinggiiEt. Example 2: Alicrovesicles exist in urine 100961 To examine microvesicles
themselves, we examined human urinary microvesicles by TEM. Human urine was obtained under the

approved | RB@widelines mfjthehassastussefttis anenabhlappalfddinenathanpieprocessed by a
method consisting of three steps: centrifugation of the urine at 300g for 10 min at 4C, centrifugation of
the supernatahbatch®eQPgriciod Oviflimatdd € tanghfitigtionyeldhd superadtantcibreughfar0.8 pm filter
(cellulose nitrate membrane filter unit, Nalgene, NY). Alternatively, urine was preprocessed by a
one-step filtratiomdxresiig i righriod. snharacfittat vithdismany dsserbed thiftagation Bwpebtingither case,
the filtrate then underwent ultracentrifugation at 118,000g for 70 min at 4C, the supernatant was
removed andHEinAGiSvadibRi-state HiAg qseq%@b&aé@/@&?wé&?ﬁlp@%rah@‘vdzﬁé%tbwlaglfils,OOOg for 70

min at 4C. : : . L
sample such as urine. Alternatively, one may obtain a nucleic acid yield of greater than or

equal to 50 pg/ml from 1 ml of a high protein biological sample, such as serum or plasma.

[0080] Novel high quality nucleic acid extractions obtained by the methods described
herein may display a combination of the detection of 18S and 28S rRNA, preferably in a ratio
of approximately 1:1 to approximately 1:2; and more preferably, approximately 1:2; a RNA
integrity number of greater than or equal to 5 for a low 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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[0097]Instead of ultracentrifugation, filtration concentration was also used to isolate microvesicles from
pre-processed samples. The filtrate concentrator (100kDa MWCO) (Millipore, MA) was prepared
according to the manufacturer's instructions. Pre-processed filtrate was added to the filtration
concentrator and centrifuged at 4,000g for 4 min at RT. A 15 ml PBS wash step was included.
[0098]Microvesicle pellets were fixed, 1:1 with 4% paraformaldehyde in dH20. Ten (10) pl drops were

pipetted onto§psTvar-coatgghRimesi goldgeidmand Biamndelf-atiebenasniante iSampies were
rinsed 2 times with drops of dFLO. Agueous 2.0% phosphotungstic acid (PTA) was applied (10 pl) for

10 sec, drawcaoffeaindstinstfctoiwwenvitharildksB@nSanoplas exenetak@Metdh @ dEgohe HxpledQdd
transmission electron microscope at 80 kV. Images were collected using an AMT (Advanced
Microscopy Raedmiduésnmys)sdigivetlirangiaky sy stewn-asisigdiinklyesrenltifNpediat wissoindeed rich
in microvesicles. The microvesicles sometimes aggregate together or remain singular in the TEM
image. iprovés Metheatheds faserdied ergiE saRitionrefio A ErEibloyfusliSaMmpiRic BSidnple 3:

Ultracentrifugation js replaceable with filtration concentrator for purposes of microvesicle isolation

100991We sHOW AEIYRSE HEERGT COHETHFARSFS Cah ille STaiE Mg APESIEIBESTIRNA extraction

similar to the ultracentrifugation m rguo . We.pre-processed 75 ml urine by centrifugation at 300g for
0 mmeres 2T B e R e Y TR BN

detailed in Exampl6, 2: W, (e splaled ISTAYSRICIEs yia,a L0 MWERO, lration congentrator

(Millipore, MA) and via ultracentrifitgation both with FiNase digestion respectively, and with and without

DNasc digestipnieifgmaye srapitiovRsicinueielcacid.contminaing mis-shwndnsFigures 3 and
4, the ultracentrifugation method and filtration concentration method yielded similar RNA
concentrationgcfeagadbgniBidatiyiine samples with ultracentrifitgation (Figure 4) at 410 28 pg/ml, and
filtration concentrator (Figure 3) at 381 47 pg4l (Mean SD). There is no statistically significant

diference befygs the twa,yiglds, These dia demansials.tiatiese. ol MRURNFRDERYUators s &

reliable method for solating urinary microvesicles for analysis.
small RNA from a biological sample such as urine. Small RNA, such as miRNA is

particularly susceptible to degradation and loss during the process of nucleic acid extraction.
In the novel methods here disclosed, a high concentration of protease is used to remove or
mitigate adverse factors that prevent high quality extraction of small RNAs. In one
embodiment, a method to extract nucleic acid, particularly small RNA, uses 25X and 50X
protease as extraction enhancing agent and is able to obtain significantly increased amounts
of small RNA. As used herein, expressions such as 5X, 10X, 25X and 50X mean 5 times, 10
times, etc. the activity level of protease currently used or recommended in commercially

available nucleic acid extraction kits such as the QIAamp MinElute Virus Spin Kit.

[0083] When the adverse factors affecting extraction have been removed or mitigated,
nucleic acid molecules can be isolated from a biological sample using any number of
procedures that are well-known in the art. Persons of skill will select a particular isolation
procedure as being appropriate for the particular biological sample. Examples of methods for

extraction are provided in the Examples section herein. In some instances, with some

24



Example 4: Sample pre-processing with only a 0.8um pre-filtration step is sufficient for purpose of
micro vesicle isolation 1001001Further, we found that the low speed centrifugation steps at 300g and
17,0009 could be eliminated because urine pre-processing with just a 0.8 pm pre-filtration step was as
effective as methods including the low speed centrifugation steps. As shown in Figures 5 and 6, the
nucleic acid profile using a method of low speed centrifugation coupled with 0.8 pm pre-filtration (A) is
the same as thanebile ibsing & ietbediefcan yniE.pmdrecidiratinEo k xampla » rdimalgic acid
extraction from urinary microvesieles with methods that include removal or mitigation of adverse
factors' 100181dWesieked an improved method for nucleic acid extraction from microvesicles. In this
method, we removed adverse factors for high quality nucleic acid extractions before breaking

microvesiculaggggmbranes; &S SHEVERHRTIg Exfu i s RATRIESL ARWERS PIRRIARESSRERY filtering

through a 0.8 jun filter membrane 110. The microvesicles in the filtrates were then isolated either by
ultracentrifugatian0y Y fitcatioR rRasentEaimmdan\Wikh. detals simjlal tethassdessebagin Example
2. The isolated microvesicles were then subjected to RNase and/or DNase digestion to remove nucleic
acids not conitdibedtinsitiedhmdhidioy dsiaieslikdid:dSpacificatygtie hmitsguesinicS wiege resuspended in
1 pl/m1RNase A (DNase and protease free) (Fermentas, MD) in PBS and incubated for 1 hr at 37C.
The samplestevbnelpgypalibletlidetif@ 0009 fd i ud iicairoPBEndon ddh deedt diglstibn the pellet was
resuspended in 500 pl PBS and DNase | (RNase free)(Qiagen, CA) diluted in RDD buffer (according to
manufactureiptegicrt tamsicdirifrcbeta Aot el EnapestirsTortdorsash THecs aivlsfadewere
re-pelleted at 118,000g for 70 min in PBS. For RNase A and DNase | digestion of microvesicles
isolated via filtPAHREBALEHAIBISOHE S LOHREHYEIB NS FHNTA LY SABNIRBYE WSS used and

incubations were carried put in the flation goncentrators, f.step al,exradion eahangement 140 was
then performed, e.g., three resuspension/wash steps wi mlo alone, or coupled with a

protease treaimant, AiSf.m giauRsicles wergiselalsdadignsied wilmusieasesand thegted with

protease, nucléeic’acids were extracted 150. The RNA extraction was performed using the RNeasy
Micro kit (Qigggiys G/ 28664 ing 10if6-poRmsaciiehs Rt ensmBrigininp0 pl RLT buffer (with 10
pl betamercaptoethanol per ml FtLT) was used to lyse exosomes and 16 pl nuclease-free water was
used for eluti ﬂe RNeasy Plus Micra kit (Qiagen, CA) is.designed to remove gcnomic DNA (gDNA)
anc was carUOPS i acco AL T AHAC P T DAL R A PR FET ke e

water. For smgll RN saletpnsing e aUNARSMiere ik o RNARSY BEMER the miRNA
I u

isolation method was followed according to the manufacturer's instructions. Isolated RNA was
analyzed 160,p3:GBM BICeAMNGENRIAHIER GA) ingAAdlaRt Biodnalyzsk{ABisit, CA) which
generated an electrophoretic profile and corresponding 'pseudo gel' of the sample [00102]As shown in
Figures 8 and:8 dtherabalibytdin teraesiefl yirldaprioieaiitn ob A mdiasipmiramsurine microvesicles
increases as more protease is used to treat microvesicles before breaking the membrane of
microvesiclesubmtitigivee Quanitigiceaigsifieniomiciibebsiclpaint@Ovnietcimenvtoe eftehtied using the
above improved method except that the RNA extraction was performed using the Qiagen Qiamp
minelute virusmepintkitf Theartine Bl eaviastegreanteatet ilithsidgsaitacorioentration and eluted in
200 pl PBS. Here, we define IX protease as 0.027 AU; 5X protease as 0.135 AU; 10X protease as
0.27 AU; 25X qusgpase asiP dhéhbbdanchb® asrhedfl MtidS & and RER . rRIVRpeaksiphgreater
integrity were observed when the concentration of protease was increased from 5X (A) to 10X (B).
Likewise, as phésabin reigtnetBinatrighanconapiiraicing ONpr (tbase) RIxrd Ajrtiac 50X (B), we
observed 18S and 28S rRNA of higher integrity, in addition to increased small/miRNA levels. These
data suggestathplifisatiadditiorh ofysrotéasecoananorenbe nkhidoyiedd slnucinteykiombink 88 antl 28S rRNA
as well as small RNA and microRN A. We suspect that the effect of protease may be due to its ability
to digest awmﬁggggwﬁ)ol(ﬁ@@ ?ﬁhﬁﬁ?ﬂéi?f 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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factors. 1001031 The addition of a step of washing microvesicles multiple times also dramatically
improves the quality of nucleic acids extracted from urinary microvesicles. The washing step can
effectively remove adverse factors that prevent high quality nucleic acid extraction from urinary
microvesicles. Urine samples of 20 ml each are used for four groups of nucleic acid extraction tests
following the above method with except some modifications. For group 1, isolated microvesicles were
directly used fsygnpcleic asigeRirastiamplithaubAameniasading, steRsuFighBies goliHctauesicles were
treated with RNasc inhibitors before nucleic acid extraction. For group 3, microvesicles were washed
without any RMNasectokiibitMGRe dtiSdhitdne fdoe il eiz7aaid] xtradtiom skdr graupidpshierauesicles were
washed and treated with RNase inhibitors. As shown in Figure 38, for group 1 tests, the quality of the
extracted nuchsin agdstipaEirePptpadr avitld RIRT bF, 31684 >3/ andlRNAsoheanteatiom (U S Fatent 27.6
pgipt. For group 2 tests (Figure 39), the quality of the extracted nucleic acids was roughly similar to
that in group M%estd With MIgETdngly mepase shelRIRES ks {EEhEUERIANGF 201%7 Fes PhietEBGroup 3
tests (Figure 40), the quality of the extracted nucleic acids was improved dramatically with RIN of 9.2 +
0.0 and RNASESHESRIRIGATSR 847 H Yo7 h i For Grodp A teGasEER AT AR E ity of the
extracted nucleic acids.was similay to th t jn g{g%% \ﬁith RIN of 7.43 +0.2 mﬁé\l&ﬁo%ﬁ tration of

346.3 +32.7 PUATT. ThaSe data Showad That WItRGUT WASHING St th extrACHon GLality from

minOVGSiC'e%é’i’cﬁf%i@%BP&iﬁf.‘?Qbo‘é’j'}r%laaﬁ@%‘é?%Pﬂ&@%Eiﬁ%%iﬁﬁ&ﬁ&?&ﬁ%%ﬁ&ﬁ?o‘?ﬁ@d“ﬁ'y ere

microvesicles had been washed before nucleic acid extraction. Example 6: Use of RNase inhibitors' for
nucleic acid gxiEacHROBfIRMMphHY MINRYRSIGIES; IQRAAIWItT the Rhayebnsevead meatbed, high
guality nucleic acid extractions can also be obtained from serum microvesicles. Here, we obtained
serum from bodhemnglpnoma aaehoq Maldpatiethaata @R usedRiNasesibibioneesktaild
SUPERaseInTM (Ambion, Inc.) to treat microvesicle pellets by resuspension. In one batch of tests, we
isolated microvdsiclesifrorhfoutedulplicat@scadnt imlenelawomatsesufhsdmgdes anddreatedikthe m
crovesicle pellets with 1.6 units STIPERase-Iniml at a final concentration. The microvesicle isolation
method was UlecapentedUystiohoatidineaghinesvelsictecpedibesisvere treated with DNasc for 20 minutes at
room temperature. As shown in Figures 10-13, the quality of RNA extraction from the four melanoma
scrum samplamsggs low anpkingonsisteatcwithatie Py iRlthbeingn43dng4RuAahpa/R1, 1084
pg4R1, 1090 pg4R1, and the RNA integrity assessed by the 28s/18s ratio being 1.7, 1.8, 1.3, and 0.6,
respectively. dndanapingitddatc hFof tesis]tae tsoldiad nhicrorvasitlésinemitwicdelp)j cittes wfatival
melanoma scrum samples and treated the microvesicle pellets with 3.2 units SUPERase-In pill at a
final concentraibpelis, sthepeaifie Riglhesdids s dntdBesthei timihy mioRN# bt atstionafiand tightwo
melanoma scrum samples treated with 3.2 units SUPERase-In/1.11 was generally better than the
quality of RN &asH frinthasselersshed Wﬂ-.@ehﬂ%aéf@tpfe%é&m%@ IR NBSHFEIETor the two
melanoma serum _samples.is 3433pa/pl and, 781pg/pl and the 285/185 ratio.is 1.4 and 1.5,
respectively. 166%@#&%@%&%&&3@8 %%W&%Yﬁ?é‘i@& SR ROHHEPS R 88 ﬁféédﬁf“i.?’é%nits
SUPERase-I\Q]/. .116%%(38 dg\glicaéﬁgc, 391’{ 1 ml normal serum samples at 3.2 SUPERase-In/i.d. As shown
in Figures 161 ,I{he quality of RNA &Xtraction at 1.6 units SUPERase-Iniii.d is low with the RNA yield
being 995 pg/1.11, 1257 pg/pl, 1027 pg/pl, and 1206 pg411, and the 285/185 ratio being 1.3, 1.6, 1.6,
1.8, respectiv8R$%in contré‘gﬁ HY GRS et PeEe 25 aHG 4 estARagLeaRhyF O PININOBRFARHEH 8t 3.2 units
SUPERase-In/ul increases with the RNA yield being 579 pg/ial and 952 pg/R1, and the 285/18S ratio
being 1.6 and¥ 5GP EEMEN" EXBRPRECTSULE o BRiFACHBHBARAR Bt dgerittiolrbtieic acid

extraction from a biological sample . . . . L
Ao BGan 2 RSEacid 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 casily accessible. In order to analyze nucleic acids in brain tumor cells, it is easier to
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1001061In Examples 3 and 4, our test results suggest that treatment with extraction enhancers can
increase the quality of RNA extraction from microvesicles. It is expected that such extraction
enhancers will have similar effects on other biological samples. As shown in Figure 22, a novel method
of nucleic acid extraction in this invention will require a step of performing an extraction enhancement
operation on the biological sample. Such method may be exemplified in the following conceived

nucleic acid gxiaetiancRxPefimentcAMasiabasRIRS adestela byppibigmarkarfor a patient. A5 ml
blood is then drawn from the patient. The blood sample 200 is sometimes pre-processed to get the

blood scrum. TAareohancemeantcoparatianckidds dhannperformidds egstahbappropricie amoudt of
extraction enhancer is added to the serum and the mixture is incubated for 30 minutes at 37C. Nucleic
acids from thie tréutdutsevaleicredhénresiyastedlasing deguakle éxobietidnghathbtiseabicasidetailed in
Example 5 220 and analyzed using Agilent BioAnalyzer 230. Such extraction is expected to produce
high quality ntitiiclksidhoseabis bitnpyiisatseshpiretliclerstaigidsteiaple OrHER AEbveBles As
Biomarkers Example 8: Urinal. cellular DNA 1001071 mjcroves, ticrovesicles are contaminated by

free, extra-mitrO Ve REHEN Sond SHhsTdaHBRES WDt QALY pTRATh IRV Lo ls nIRISS ASid
extracted nuclic geids from Uy teated mierovgsicles as delald aove In Angihersubysample, we
& 785 with DRIESE At e Huch the un

did not treat ﬁ1e microvesicles w SC and extracte eic acids from untreate

microvesicles S SR ISR eS8 TR SIAVES AIE ORGElRLPNA potRminated

isolated urinary microvesicles. When RNeasy micro kit was used for the nucleic acid extraction (Figure
23 A and B), iy erui Shayerhiial Borenpuclsicasidswuese.sasinthaiRRieated

[0090] The invention disclosed here further includes a novel, high-quality profile of
nucleic acids from microvesicles in a biological sample. Such profiles are generated by
analyzing nucleic acid extractions that contain 18S and 28S rRNA. Such profiles may be
obtained with the novel methods disclosed herein. High quality nucleic acid profiles are
highly desirable for many uses, such as for use as a biomarker for a medical condition or
therapy selection. It is desirable in that such profiles are consistent between samples. Such
consistency can hardly be achieved without high quality nuclei acid extractions. In one
embodiment of this invention, a profile of nucleic acids can be obtained by analyzing nucleic
acids in microvesicles that are secreted by those cells of origin. Such microvesicles can be
isolated from an easily accessible biological sample, ¢.g., urine, serum or plasma. Such
profiles of nucleic acids many include small RNAs, messenger RNA, microRNA, non-coding
RNASs or a combination thereof. In a further embodiment of this invention, such profiles of
nucleic acids may be combined with other biomarkers to more accurately achieve certain

results.

[0091] The profile of nucleic acids for instance can be a collection of genetic
aberrations, which is used herein to refer to the nucleic acid amounts as well as nucleic acid

variants within the microvesicles. Specifically, genetic aberrations include, without
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sample (A) than the treated sample (B) since the peak in (A) was generally higher than the peak in (B).
[00108]In another test, we performed a similar test except that scrum samples were used instead of
urine samples. As shown in Figure 24, free, extra-microvcsicle, non-cellular DNA also contaminated
the isolated scrum microvesicics. More nucleic acids were seen in the DNasc untreated sample (A)
than the DNasc treated sample (B) since the peak in (A) was generally higher than the peak in (B).

Similarly, whamMiManadityyasusedosthe @ucloitacidextactiar ashewaninFigyradsiC) and (D),
the result also showed that more nucleic acids were seen in the untreated sample (C) than the treated

sample (D) sirfeegtine eakiim{(Cyuymsgengradtystighepiian #ig) pealpimd D) Jeneseadtranaticteic acids
from the untreated sample were likely from DNa.se susceptible "apoptotic bodies" because DNa.se
susceptible "ppdpedito bbdibe® Viketdtoer swers sperrbel showrgimereysauder yedriantiglreVva4 C. In
both the urine and the serum samples, the amount of the free, extra-microvesicle, non-cellular DNA

varied betwe&resibjectsuhls triawrre GRimis HNA Malinarid nadificaialsprekimatBi28smto 1500 base

pairs. [00109]Example 9: Urinary mjcrovesicles are mostly not contaminated by free, extra-
mierovesicle HGHEOR AL RIFPRI131H e Lags EEeL 4ol Dmbismiie Me) 28 FiRatinehte samples

and isolated microvesicles from. the two syb- ample differential (i:engrifu ation as detailed above. In
reFrrag\l,%e cnts @ ., INVErs1ons, deletions Fin hcatlo S 1 udatlo msertions
one sub-sample, reate e microvesicles wit sSe an racted nucleic acids from the treated

microvesicles s detalieheye InanatieraubieamAls: e (IR URRL R (G YRRIRIRS Yih RNase

and extracted nucleic acids from the untreated microvesicles. As shown in Figure 25, almost no free,

extra-microvesielR, fonpsriibaLENAGaBtaminatd thedsalatedsmirrayesiclasciihecums ehdhe RNase
untreated sample (A) mostly overlapped with the curve of the RNase treated sample (B), suggesting

there is no freaexdreomityguesitiriusenteaitelandiAvassaciaiatbudtiopihe splatechniicrovesicles. This
may be due to the presence of ribonucleases in urine. Example 10: Nucleic acid profiles are similar in
urinary microchesictas gad kepalsselislendasured by *Beni Biailnalyzer.

[0092] The determination of such genetic aberrations can be performed by a variety
of techniques known to the skilled practitioner. For example, expression levels of nucleic
acids, alternative splicing variants, chromosome rearrangement and gene copy numbers can
be determined by microarray analysis (US Patent Nos. 6,913,879, 7,364,848, 7,378,245,
6,893,837 and 6,004,755) and quantitative PCR. Particularly, copy number changes may be
detected with the Illumina Infinium IT whole genome genotyping assay or Agilent Human
Genome CGH Microarray (Steemers et al., 2006). Nucleic acid modifications can be assayed
by methods described in, e.g., US Patent No. 7,186,512 and patent publication
WO0/2003/023065. Particularly, methylation profiles may be determined by Illumina DNA
Methylation OMAOQOO3 Cancer Panel. SNPs and mutations can be detected by hybridization
with allele-specific probes, enzymatic mutation detection, chemical cleavage of mismatched
heteroduplex (Cotton et al., 1988), ribonuclease cleavage of mismatched bases (Myers et al.,
1985), mass spectrometry (US Patent Nos. 6,994,960, 7,074,563, and 7,198,893), nucleic acid
sequencing, single strand conformation polymorphism (SSCP) (Orita et al., 1989), denaturing
gradient gel electrophoresis (DGGE)(Fischer and Lerman, 1979a; Fischer and Lerman,

1979b), temperature gradient gel electrophoresis (TGGE) (Fischer and Lerman, 1979a;
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1001111We extracted nucleic acids from both urinary microvesicles and renal (kidney) tissues and
compared their profiles. The method of extraction from urinary microvesicles was as detailed in
Example 5. The rat kidney samples were processed via the RNeasy Mini kit and the RNeasy Plus Kkit.
To determine the amount of small FtNAs in the rat kidney sample, they were also processed by both
kits using the miRNA isolation method according to the manufacturer's instructions [00112]As shown

in Figure 26, theifepeatilesrthnkidosyb) Bunticravesisimenaradrposimdiphinalairgthecaresrnce and
integrity of the 18S and 285 rRNA peaks. Such 18S and 28S rRNA peaks had not been seen in
previously reported Stk ademdddboay, dSlT hiltuhgimediatdieriigad inicray e SICIe s Jl00d-3Rdifiaddition to
the similarities in rRNA peaks, urinary microvesicles also contained similar small RNA profiles to those
obtained fronR¢& FNB) AdSsPrasont v RigdFeo27), bgttiariciaty redchondsicsa(@)itavdrremal tissue (A)
contained small RNAs (about 25-200 base pairs) and shared similar patterns [00114]These data
suggest that Uiy ie idvel Misibro ratrestctidftmstkerr tistiakell i thidomvaitiBrhe profiles in

urinary microvesicles may be used to examine the profiles in the renal_cells from which the
microvesicleSFGIHREY AR HY QLKA HrEtaad Samhiarsp ry el Bsiew therentreladthom those

from whole urine. 1001151\/(\3/\(;e gisco%%rgg[ that R(”)@ erofile in Lirinag_/f z(rgréicrovesicles (asrggggerent from

gene’ expression may ermine ¢ serial analysis ne expression
technique (Velculescu et al., 1995). In general, the methods for analyzing genetic aberrations
are reported in numerous publications, not limited to those cited herein, and are available to
skilled practitioners. The appropriate method of analysis will depend upon the specific goals
of the analysis, the condition/history of the patient, and the specific cancer(s), diseases or
other medical conditions to be detected, monitored or treated. The forgoing references are

incorporated herein for their teachings of these methods.

[0093] It should be understood that this invention is not limited to the particular
methodologies, protocols and reagents, described herein, which may vary. The terminology
used herein is for the purpose of describing particular embodiments only, and is not intended

to limit the scope of the present invention, which is defined solely by the claims.

[0094] Examples of the presently disclosed subject matter are set forth below. Other
features, objects, and advantages of the presently disclosed subject matter will be apparent
from the detailed description, figures, examples and claims. Methods, devices, and materials
substantially 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
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those from hole 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 4C, centrithgation of the
supernatant at 17,000g for 20 min at 4C, and filtration of the supernatant through a 0.8 pm filter
(cellulose nitrate membrane filter unit, Nalgene, NY), followed by the steps as detailed in Example 5.
RNA from whole urine was isolated using the ZR urine RNA isolation kit (Zymo Research, CA)
according to the:manviaeiiasyys inainyetignsnfias smaeve RNAGIRheiL yriraeassecdsample, the
eluted RNA was resuspended in 350 ul ALT buffer and processed via the RNeasy Plus Micro kit,
which used DiNasantgiediminatemassosiried RhiAjdrd ehstéekihblGnitavagiehspcifasiovatéth 1001161As
shown in Figure 28, a large amount of nucleic acid could be isolated using the ZR urine RNA isolation
kit when no BNaselwarsldeadl¢A) . OHoWevdinmhaqudittcppiennetd hroddeainen| Xokedcb88 and 285 rRNA
peaks. Further, the profile changed significantly (B) when DNasc was used, suggesting most of the
extract was r&mm&%ﬁtﬁ}e%nmlﬁgreﬁyﬁeea%m%ﬁhm Bigdreyoighea NG prbfife s hsrerddssicles from

the same urine sample was generally very different fram the praofile from the whole urine extraction. In

the microvesiéisSHrgld, Yheedinm racpduatn Bubtss skt ofhin A itoy BRI RO dn iR Gr8gidRS was
more abund ntf}hﬁ ti%t ftrom th[e whole urine. QN%s%fdigestio of the raxtr ci;[i g@ frotm microvesicles
did not affect the rRN p%af erfglgr?ﬁllggrrﬁlt yr%vﬁgshewlél c%rrﬁr)a%gl’t él’rb%]ﬁfe wit ISc’nl:ill N&SE treatment (A)

to the profle Wi PNRe EatmE (B The RV pinflss fomahe A00acaelersi Fige A and the

17,0009 pellets fFigure 31) were similar to that from the whole urine extraction. In both of these
profiles, the paaksrslgrrearechaiphsiantialivation BNage ertmeniwheaweasenpareddbe profile
without DNase treatment (A) to the profile with DNase treatment (B). These data suggested that DNA
was the predamiganteREcIeS 100M1e TXYaGtipRs Ak Meilttandi? 8porRdi peaksdaigre Algigctable.
Therefore, together with the data in Example 10, RNA profiles from urinary microvesicles is more
similar to renavaelgprofitesrthanita profivdsinont Alvoletbaind. Fhietfodiowine: iddp gainplek RBEA extraction
from microvesicles was at least 10 times better than that from whole urine. Example 12: Urinoy
microvesiclepleeetaifisshrE R Aoapey @M Aourdend Fmpdddé tarkneieavamethicat af{aiylitrovesicles
contained RNA, DNA, or both by treating the pellets first with both RNasc and DNasc to remove free,
extra-microveSFERNSHBHCRIAR &ﬁ*&%‘?ﬁi%’é‘ﬁ%ﬁﬂ% FonGraisisirriisslestngop Mrmeagrystisidss
intra-microvesicle nucleic acids during column based nucleic acid isolaéion. Ft%ase digestion (B)
almost comp A AU UFY RS RIS S BRI I 52 c8BAIA i thle Uhall Rnase
digestion (A), These data suggest that RNA sents the most abundant nucjei id withi
ierovesice A I e L S S R AR TR

DNasc (B), theaealopist iiflaaldS MAGAHEReiafehHIRRD 'X%%ﬁcﬂi&i%tﬁd@uifﬁg?riﬂsﬁﬁ{%ﬁ”SO” with

the peak before further DNasc digestion (A). This reduction demonstrated that a small amount of
DNase-digestibie-snateialvpspregs hythisy micmvasiclesiprabanly RN A dsampled3ickianary
microvesicles contain mRATI4 transcripts encoding specific genes 'kin various regions of the nephron
and collectingddist (10081 8JAssTdendtitd xaimipie rtRionk okaie: aejthpiofds dfecsipiacin urinary
microvesicles and renal cells measured by Agilent BioAnalyzer. Here we further show that
microvesiclesncbriiamtmeRMdady &n doriptsemadddindg sthecifiscgedieg iroh thankouserslingisndf the nephron
and collecting duct. Urinary microvesicles were isolated from 200 ml urine from four human subjects
(23 to 32 yeatallsetipeushareinaldiglbstediophis im duet Arerpidedhiorht dspgpiiiaityshatand RNA
extraction as detailed in Example 5. The extracted RNA underwent two rounds of mRNA amplification
using RiboARPPIRMRAREEIdPEsEYREET @y o e AbERpHTIRAIST Bl tPRarée YRR BE the in vitro
transcription steP sam Ie;twere inkcu ated at 42C for ?1 hours and for the second in vitro transcription
|

step samplesmvt\?e?% TELBSRETSIA 18 P tﬁ%ﬁ?s?%% Hed RNA was denatured for 5 minutes at 65C

and subjected to firlgtzstr@?d CDNA synthesis as described in the Qiagen Omniscript protocol (Qiagen,
e

CA). Both GAPDH and betaactin eﬁeﬁgsl\’;vg?léi?dentlfled in all samples (Figure 34A). We examined 15

transcripts chagagferistic of yariaus aaions ot tharmeRbrR andcolleriing, AustFigyre 34B). These

included proteins and receptors implicated in various
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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renal diseases including podocm from the glomerulus, cub 1 n from the proximal tubule and aquaporin
2 from the collecting duct. 1001191For 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--CAATGATAGRIGEA IR BAAGR bGALShEN HINIHR - GRAMEGT GTRBCABAGRETGTG-3-,
reverse 5-- TTGATGGCCTCCAGGTTG-3'; HSPG2 UTR, 5.-AAGGCAGGACTCACGACTGA-3',
reverse 5-AT{REr (Rl dseAteftel el hbel fiterGabiB N@éné@mfd@ternatwely, urine was pre-
CAGCTCTCCATCCTCTGGAC-3, reverse 5'-CCGTGCATAATCAGCATGAA-3'; LRP2 EX, forward
5.-CAAAATGGRATD BE T R kep GGrBlonelrersy BirGICORAGTMMCAGTIE IGGTF-3'; AQP1 UTR,
forward 5.- TTACGCAGGTATTTAGAAGCAGAG-3', reverse 5'- AGGGAATGGAGAAGAGAGTGTG-3;;
CA4 UTR, foeamrdugatinl ST GIG 0 TeAeTTETHCACIRY redersens uir@xT@OSTamAGTCCCACCT-3;
CLCNS5 EX, forward 5'-GTGCCTGGTTACACACAACG-3', reverse 5.-
AGGATCTTGEPPGEaCATOTRE: B BkRBEX IR ryERESiGTEETTICCGTTECTGOTE -3, reverse
5-ATGAAGTCCTCCCAAAAGCA-3, CALCR UTR, forward 5'-ATTTTGCCACTGCCTTTCAG-3,
reverse 5'- ATFETesorSSGTER Godmactetgtn NESHOF forfdhward st C.
GCGGTGATGTACCCATGCT-3, reverse 5-CTGAGGTGGCTAGGCTTGA-3'; SLC12A3 EX, forward
5- AGAACAGMTICAAG Tiestsed aictaseraifagaton. it mefQrers At TEATHREEA SN2 U TR,
forward 5' - GCAGTTCCTGGCATCTCTTG-3 ', reve GCCTTTGTCCTTCCCTAACC-3'; AT P6V1
31 EX, forwa?&%%&%@%&é‘?&@ﬁ%@%@&’é@?ﬁe éﬁ Flf@%ﬁ%‘éoéce@@ﬂ%@ﬁ% VBT AGGG-3"

SLC12A I E ward GATGC TGG

GO GO DAL A S S e e B S Rasiome USRS refers
primers des'%&Q@%@%ﬁ@@&%%hJﬁﬁrE’S&BHBE%%l&’@Ed%Eﬁmfﬁée‘%ﬁa@4‘690%%%ﬁhn%q RPLE5C; 1 mm
at 65C for 30 cycles; and 68C for 4 min. For mouse samples the primers used were AQP2: forward
5-GCCACCTS T P SchAVR] iRcliguerse 5-TCATCAAACTTGCCAGTGACAACS'; V-ATPase Bl
subunit: forward 5-CTGGCACTGACCACGGCTGAG -3, reverse 5- CCAGCCTGTGACTGAGCCCTG
-3'. The PCR[go9gpcol was/ficronead194Clcd0scat 84€d, 3Q svah 3% patatvimat@dcfar 89,0yclies; and 68C
for 4 min. 1001201As shown in Figure 34, Panel A, RiboAmp amplified mRNA transcripts for
beta-actin and @ ARDigswene paadity dettetiathierioditedBidAmadyizel gendr atddipseudd ek ionarinary
microvesicles from the four human subjects. For clarification purpose, the six regions of the nephron
and collecting s avanzplewriclis Figede Smep il o bR ATRIUPER diwipisteigtisoAmped

MRNA from urinary exosomcs, the followin ranscrlpts in the six regions are also readily detectable:

region 1 GloraffREANEH @pplithom) TorlRies drevceiand riapry prspesh dhsthr SAlfste
protcoglycan (Figure 35); regl Tubule: CUBN - cubilin, LFtP2 li P1-
Caaponn 1 CHI GBI ARG HrSY A eI ERTOQ S aHEr SOl s (ke 35); region
3 Thin Descendln b BDKRB Kinin tor (Figure 36); n.4 edullary Thick
Ascending Limb: gokL%‘fg Sln%cnonln reggéptélrceng 8%?@1 am %ersld% %8&}3{:' oditim channel

subunit delta(fighire, 3% JeAINFR ISR YRS b R PRGHA iazidgesensitive
sodium-chloride cotransporter (Figure 36); region 6 Collecting Ducts: AQP2 - aquaporm 2, ATP6V1B1

- VATPase B ridbiiibi @andnrldmbe AdorcKien@ycsRe GfifeNairksibdaxmp arter K gmeg 36).

[00121]Therefore, mRNA transcripts from all renal regions examined could be
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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identified, suggesting that microvesicles containing mRNA are released from all regions of the nephron
and collecting duct, and microvesicics can be a novel non-invasive source of nucleic acid biomarkers
for renal diseases. Example 14: Some mRIVA transcripts inside urinary micro vesicles are specific to
renal cells 1001221If nucleic acids in microvcsicles 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 arg [ppepdiaiwenaleslis Weasrtknoeiputaiea yanyRiah MecMrfifigasshBdsubunit is
absent. The absence of V-ATPase B1 subunit leads to renal acidosis in the mice (Fin berg KE,
Wagner CA, Bahll®NutA dajeation! hesiiddtisulyymikdof thetd (witholPBdRds degstikactjifemavdmatairinary
acidification. Proc Nall Acad Sei USA 102:13616-13621, 2005). [00123]All animal experiments were
carried out innzicsosands widhempord vettamintibetespridalidéguaesifeambdsdshusetts General
Hospital. V-ATPase B1 subunit knockout animals have been described (Finberg KE, Wagner CA,
Bailey MA, ettareirByastisnmethothenfifiyatrmponqenterionanefiie frasidsd s timiairBdidification. Proc
Nall Acad Sei USA 102:13616-13621, 2005). For urine collection, animals were caged in metabolic
cages in groSECSRIRECH Comdhfrais g sveit Pirrsa et guiiart N Atan also be
obtained by caging one animal per cage, and urine was collected for microvesicle isolation and
analysis as de¥Hfilad Bl3UeT6rHHE U  FoDIatH iy eldmrtb MVaHm S Wl &id8thetized using
pentobarbital sodium (Nemhutal) (Abbott Laboratories, IL) (65 mg/kg body weight i.p.), and kidneys
immediately PEEE yaﬁ%%“fﬁ??@hdﬁﬁ fiseg RevsgeAP ARy lﬁqgsesﬁ e%#}%g?fﬁ?rfﬁtrﬁtﬁd]ﬂﬁa%?trogen bath

the frozen kidng s r%ucnglcugfrg Sus f”‘i‘% én lgt[}\ll)%?@%é%% er;in(é‘,A) rr?nd SJSE%C'}’I(} Laliquots at
-80C. For RNA extrac%o%, ana Iquot was {fawed on ice an [%]Ilyse in lﬁgbvpi L burer (with 10
pl beta- mergg,g;gghanol per ml RLT). Mouse kidney samples were processed via the FtNeasy Mini
kit (Qiagen, CA) with the inclusion of the DNA digestion step. [00124]For real time PCR analysis, RNA
extracted from mouse urinary m crovcsicles was denatured for 5 minutes at 65 C and subjected to
first strand cDNA synthesis as described in the Qiagen Sensiscript protocol (Qiagen, MD). For the
Sensiscript reverse transcription oligo-dT primers were used at a final concentration of | pM (Applied
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 prcamplification
product was then diluted 1:20 with IX TE buffer (Promcga, WI). The resulting cDNA was then used as
a template for real-time PCR according to Tagman 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/pl. 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
Omnisciipt reverse transcription oligo-dT primers were used at a final concentration of 1pM (Applied
Biosystems, CA) and 1 iil 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
MmO00431996 mH) on an ABI 7300 Real Time PCR System (Applied Biosystems, CA).
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1001251We extracted RNA from kidney tissues as well as from urinary microvesicles from the
knockout mice. We examined the expression of the V-ATPase Ell subunit and aquaporin 2 (AQP2)
MRNA using RT-PCR. As shown Figure 37, Panel A, V-ATPase BI 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 Blzubpnittr ansgsippwas eiesertinibe ikdney.antanzronssics sanpies:fipm the wild-type
mice (B1/1-El+). AQP2 mRNA was readily detected in both the kidney and the microvcsicle sample
from mice wihipotla tie:Bilokmokksuk:coAd-type mice, which is expected because the V-ATPase Bl
subunit deletion does not affect the expression of AQP2. Further, as shown in Figure 37, Panel B, the
expression |d0818AIV-AT Pasé&2vsubounit thentierbbvesiclebciaimitbetiBl skerock 00wl Adt00R4istically
different from the level in microvesicles from the wild-type mice. Such was also true for the expression
level of V-ATRakER 2lgninaied hesauiraiise PROTPEAS IRATEKbIE hi e it BrapAIdEN WiRP e %vel in
kidney cells from the wild-type mice. Therefore, transcripts present in kidney cells can be detected in
urinary microfv/iRGENGA8 GBRNY By Engithsdg e snec i HEAP teRps AitshP R HEI8RIS San not be
detected in urinary microvesicles secreted by th%bléﬁine cell. Accordingly, transcripts in urinary
microvesicle@ %@ PE YRS 76 é?@é%“ﬁﬁ’& 4ra nﬁé?WeSB?S%ﬁmgF%%}%ﬁ%p&ig s fderipts.

Example 15: Urinary. microvesicles contain non-coding.RNA transcri té] %Zg]Uri_ ry microvesicles
wore tsolated BT O T B s b A I S8 A T B 4 o Example 5.
We performe&;)’;} 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 positign A ihe.cRiRMeRMe RS ARNR CHpES-RRREBIEH AS WiRikeShodN@ae HanscTipts were
more abundantly expressed than well-know endogenous markers such as GAPDH or actin, and were

generally in nensadingragiens of theeshramoesome. The relatively high expression levels of these
spike sequences suggest that these sequences may also serve important roles in chromosome
activation angh@&ililar regWaticed 0027V nokeindifiéot 28 iagmmnsovhargothEomweceomsikdethan 500
spikes. The 29 regions are shown in Figure 42 and correspond to SEQ ID NOS. 1-29. The plotted
spikes in these tho pegiiods veg ecsroiithady Fitpfestonsfor highGRatinanysisiofeibestegimmedsfofehe most
highly expressed spike transcripts demonstrated that they were indeed present within both human
urinary microVSeiES A VS iIsHA RRAFBREEIsAS TH R ER gt thauir s serise d Qe pre-

processed by filtering through a 0.8 um filter membrane 110. The microvesicles in the
filtrates were then isolated either by ultracentrifugation or by filtration concentration 120,
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 I (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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not an artifact of deep sequencing. The primers used to amply the 10 such spike abundant regions are
shown in Figure 43. PCR was performed according to the following program: initial denaturing at 95C
for 8 minutes; 30 cycles of three steps of denaturing at 95C for 40 seconds, annealing at 55C for 30
seconds, and elongation at 65C for | minute; final elongation at 68C for 5 minutes; and on hold at 4C
before BioAnalyzer analysis of the reaction. As shown in Figure 44, the amplification of each of these
10 regions ganpPEEIIYS kMR YsRgLNRiaies iF B0l Rinandinnt. M e veisichesichs and human
kidney cells (B), suggesting that these spike transcripts were indeed present within microvesicles and
human kidney«reliso1a60,1A8dsTdhiesahanwhaat Spike dxansati pis tease hacisieddnlassasscthwetegdiality of an
nucleic acid extraction from a biological sample. For example, the amount of any of the spike
transcripts caidbeliisdtiNG exsensionhveas peifoyro¢hesdheichaRdsdw Mligrinkity @derovEidles in place of
common markers such as GAPDH or ACTIN polynucleotide molecules. The amount of GAPDH or
ACTIN RNA #Sefitaghiferainasferdysiad sy wsirtnatals Bt a0athPhfichuider stap Bl beRiboAMP, was

required for measuring thejr amount, In contrast, the amount of ang/ one of the spike transcripts was so

high that no S&FERINTEIARSHBLE - hhayadsel e marersvnt d ULy f e s S $iScripts can

make the assesgrpenf 9f nuglei id e Era tion quali more. f;fi.ci nt an ime%Iler. Hence, another
LA 0{.61110 . as us MICTO K1 agen 18 esgne or OV(?t er*omlc . .
aspect of the'inventions described herein is a novel method of assessing the quality of a nucleic acid

extraction frog\a BiBlRaiGa GaMPIE:£.6 . RUDAALINGSAMBIS. RS Mmethedisan,e ageamplished by

extracting nucleic acids from a biological sample, measuring the amount of any of the spike

transcripts, ang, GoMPAIR & Amernt ip ehatardard snalhasikean /staRstiias thedqatieslar biological

sample. The establishment of such standard can be, for example, an average amount of such spike

transcript extragiatidromt 1A @Rk vsndid bt SemRlesped iRy antexprieRcetebiotechnology
professional. 1001291While the present invention has been disclosed with reference to certain
embodimentsystoriensud svladifiBatio neys aliehatid i$ 0amch dheh geso tatifechipddr ibledt eitbadiments are
possible without departing from the sphere and scope of the present invention, as defined in the
appended claimgilomeEopdingkzen (4 sHeanh ded) thibictheeprededarpleativonaieicrr dftitelto the described
embodiments, but that it has the full scope defined by the language of the following claims, and
equivalents thefetIRErERENBES, AR, 1.3, Carrino, S. Muldoon, and H.H. Lee. 1995.

Detection of oin@j\utations wijth_a modified Ii%a%e chain reaction ( %CR). Nucl);i(c@cids Res.
7367582, AL wi, K.,/ ORSghF guRsr S AR 3 DA EYL(}IM%S?}SA‘?% AR 008,
Intercellular transfer, of the Pncolgrcnic receptor EGERVIII by microvesicles der&veq from tumour cells.
: %%razc 100 from wine miCrovesicles incréases a$ more protease 1s used to trea

Nat Cell Biol. 10:619-24.

microvesicles before breaking the membrane of microvesicles. In Figure 8, nucleic acids

from microvesicles in 20 ml urine were extracted using the above improved method except

that the RNA extraction was performed using the Qiagen Qiamp minelute virus spin kit. The

urine sample was concentrated with filtration concentration and eluted in 200 ul PBS. Here,

we define 1X protease as 0.027 AU; 5X protease as 0.135 AU; 10X protease as 0.27 AU,;

25X protease as 0.675 AU; and 50X as 1.35 AU. 18S and 28S rRNA peaks of greater

integrity were observed when the concentration of protease was increased from 5X (A) to

10X (B). Likewise, as shown in Figure 9, at higher concentrations of protease, 25X (A) and

50X (B), we observed 18S and 28S rRNA of higher integrity, in addition to increased

small/miRNA levels. These data suggest that the addition of protease can increase the yield

and integrity of 18S and 28S rRNA as well as small RNA and microRNA. We suspect that

the effect of protease may be due to its ability to digest away RNases and other inhibitory
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Balzar, M., M.J. Winter, C.J. de Boer, and S.V. Litvinov. 1999. The biology of the 17-1A antigen
(Ep-CAM). J Alol Med. 77:699-712. Bossi, A., F. Bonini, A.P. Turner, and S.A. Piletsky. 2007.
Molecularly imprinted polymers for the recognition of proteins: the state of the art. Biosens Bioelectron.
22:1131-7. Chen, C., J. Skog, C.H. Hsu, R.T. Lessard, L. Balaj, T. Wurdingcr, B.S. Carter, X.O.
Breakefield, M. Toner, and D. Irimia. Microfluidic isolation and transcriptomc analysis of scrum
microvcsiclegadtaR chip. 10:505-11. Chcruvanky, A., H. Zhou, T. Pisitkun, J.B. Kopp, M.A. Knepper,
P.S. Yuen, and R.A. Star. 2007. Rapid isolation of urinary exosomal biomarkers using a
nanomembrgae10Bfafiltratite edfidentréiortep\of JRhygioli&tenaldrRiysidti@ORket@l0-61. Cocucci, E., G.
Racchetti, and J. Meldolesi. 2009. Shedding microvesicles: artefacts no more. Trends Cell Biol.
19:43-51. Cotramarc@ly MiRoRes driguieditantinReDic@Geidiptxelictdgi rRemetivityioforysosdine Bied thyminc
in single-base-pair mismatches with hydroxylaminc and osmium tetroxide and its

washing step can effectively remove adverse factors that prevent high quality nucleic acid

extraction from urinary microvesicles. Urine samples of 20 ml each are used for four groups

of nucleic acid extraction tests following the above method with except some modifications.

For group 1, isolated microvesicles were directly used for nucleic acid extraction without any

intervening steps. For group 2, microvesicles were treated with RNase inhibitors before

nucleic acid extraction. For group 3, microvesicles were washed without any RNase inhibitor

treatment before nucleic acid extraction. For group 4, microvesicles were washed and treated

with RNase inhibitors. As shown in Figure 38, for group 1 tests, the quality of the extracted

nucleic aids was very poor with RIN of 3.63+2.3 and RNA concentration of 101.3 +27.6

pg/ul. For group 2 tests (Figure 39), the quality of the extracted nucleic acids was roughly

similar to that in group 1 tests with RIN of 1.83 + 2.2 and RNA concentration of 101.6 + 88

pg/ul. For group 3 tests (Figure 40), the quality of the extracted nucleic acids was improved

dramatically with RIN of 9.2 + 0.0 and RNA concentration of 347.7 +97.7 pg/ul. For group 4

tests (Figure 41), the quality of the extracted nucleic acids was similar to that in group 3 with

RIN of 7.43 +0.2 and RNA concentration of 346.3 +32.7 pg/ul. These data showed that

without washing steps, the extraction quality from microvesicles were inconsistent, with a

relatively higher variation than those extractions where microvesicles had been washed

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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being 1.7, 1.8, 1.3, and 0.6, respectively. In another batch of tests, we isolated microvesicles
from two duplicates of I ml melanoma serum samples and treated the microvesicle pellets
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/ul 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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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
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biological sample is from a mammal.

measured by Agilent BioAnalyzer.

[00111] We extracted nucleic acids from both urinary microvesicles and renal (kidney)

tissues and compared their profiles. The method of extraction from urinary microvesicles

was as detailed in Example 5. The rat kidney samples were processed via the RNeasy Mini

kit and the RNeasy Plus kit. To determine the amount of small RNAs in the rat kidney

sample, they were also processed by both kits using the miRNA isolation method according

to the manufacturer’s instructions.

[00112] As shown in Figure 26, their profiles (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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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 Numbgéraigneaiouihaod gauldq&igiotbainuelgienasitheRiractian Rhrlais) Nywherein the
biological sample is a bodily fluid with a protein concentration of greater than 10 mg/ml, such as serum
or plasma, arfidltive:éyiralotictephas dmaRddAnlBtagrity 5luRBNer ofgrehdr dhao wisasplaletbusing0. The
nucleic acid extraction of claim 8, wherein the nucleic acid yield from 20 ml of biological sample is
greater than theeduating BO'pgiaiition kitiéymue Réscatsith €xXvactioniog tidita 9apwientainrihe 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 MHSHGHtYovERTERES s SRR dTRBh a iR RTetRE SibrogIRk: Sieralisd ihEYeTds185 rFtNA and

28S rRNA are detectable in the profile. 13. The profile of claim 12, wherein the biological sample is a

bodily fluid. 1#REHFoe’o? Bk 2 h PSR E RIS HiSid Retirdus Micro kit, whtich used

DNase to eliminate associated DNA, and eluted in 16 ul 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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15.The profile of claim 13, wherein the bodily fluid is serum or plasma. 16.The profile of any of claims
12-15 wherein the biological sample is from a mammal. 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 careentratigRiRtdens: han slhmoa, SuabNs dnemand the, Buslaicasiddas an RNA
Integrity Number of greater than or equal to 5. 20.The profile of claim 18, wherein the biological

sample is a hadilyeflular withamproieis tooeedibationed gréatddihaan digesriginf, isttehnis sexitte or

plasma, and the nucleic acid has extraction has an RNA Integrity Number of greater than or equal to 3.

21.The profileustatzdondd duwterelmnthdased lvicleieistidatdlitom INaveckigiiogiddl almost
completely abolished the nucleic acid profile (Figure 32) compared to that without RNase
digestion (A). These data suggest that RNA represents the most abundant nucleic acid within
microvesicles. As shown in Figure 33, after on-column digestion of the RNase treated
samples with DNase (B), the peak just after 20s is reduced after further DNase digestion
inside in comparison with the peak before further DNase digestion (A). This reduction
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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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
guality 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 biglagicalsampledia@jadiiy feid. (RSsThecrmeathedwickrim 84 prherainibabadily fluid is

urine. 26.The method of claim 24, wherein the bodily fluid is scrum or plasma.
aquaporin 2 from the collecting duct.
[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 S’-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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27.The method of any of claims 23-26, wherein the biological sample is from a mammal. 28.The
method of claim 27, wherein the biological sample is from a human. 29.The method of any of claims
23-28, 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. 30.The profile of claim 29, wherein the
biological sample is a bodily fluid with a protein concentration of less than 10 mg/ml, such as urine,

and the nucleiGacid Ga3 a0 TR Auegrity:Sumie ofk greateadnan 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 G2 6ATGHOXasSaTRGand tematlaiccarid’has ARICHRIDA AGS AL RNEGIGgHty Number of

greater than or equal to 3. 32.The profile of claim 30, wherein the nucleic acid yield from 20 ml of

biological ~ “UTR? refers to primers designed in the UTR and “EX” refers primers designed across
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-ClI 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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sample is gi eatei 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 (c) extracting nucleic
acid from the biological sample. 35.The method of claim 34, wherein the extraction enhancement

operation is GamRpBRMA efd (@I theadditionf are.vtsorieaf Ha fR)lening-agents todhe biological

sample.

nucleic acid biomarkers for renal diseases.

Example 14: Some mRNA transcripts inside urinary microvesicles are specific to rvenal 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 B1 subunit is absent. The absence of V-ATPase Bl subunit leads to renal acidosis
in the mice (Finberg KE, Wagner CA, Bailey MA, et al., The Bl-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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(i) RNase inhibitor; (ii) protease; (iii) reducing agent; (iv) decoy substrate, such as synthetic RNA;
(N.")soluble receptor; (vi) small interfering RNA, (vii) RNA binding molecule, such as anti-RNA
antibody, chaperone protein, or an FtNase inhibitory protein; (ix)RNasc denaturing substance, such as
high osmolarity solution, detergent; or (b) the performance of one or more of the following steps prior
to nucleic acid extraction:

was denatured for 5 minutes at 65 °C and subjected to first strand cDNA synthesis as
described in the Qiagen Sensiscript protocol (Qiagen, MD). For the Sensiscript reverse
transcription oligo-dT primers were used at a final concentration of 1uM (Applied
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/ul.
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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(x)washing; (xi)size-separating RNase from the sample, (xii) effecting RNase denaturation through a

physical change, such as by decreasing temperatuie, 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 ehtringdJromdhg binlegicaligampipend sehijectat o NEpedRCloheRdaREeMeNt
operation before extracting nucleic acid. 40. The method of claim 39, wherein the derivative is a

microvesicle drastiondffoon threckpodedicad Sagpite Hitthdhessiethodhdfiglaierd 2 aubEBe ih¢he microvesicle
fraction is obtained by a technique selected from the group consisting of differential centrifugation,
affinity purificatiorssfiltrktiochod ohéditastiBa shioaytint msnsityigiediont tmiBrokiuidio weparagion,
chromatography, affinity chromatography, ion exchange, and any combination of any of the foregoing.

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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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 p.m. 44.The method of any of claims 34-43, wherein the
biological sample or the derivative is treated with a ribonuclease, dcoxyribonuclease, or a combination
thereof; prior to performance of the enhancement extraction operation. 45.The method of any of claims

32-44, whereipitheaexiacsiangltgneamentioperation capiaasyhaadditionspiieniiiase inhibitor to
the biological sample, or to the derivative, prior to extracting nucleic acid. 46.The method of claim 45,
wherein the Ridase anhibiton ha¥iguweride mMRionoigfeated thewrdlXd tothedoiitatian pabiaanatively,
greater than or equal to [5X] concentration; alternatively, greater than or equal to [10X] concentration;
alternatively, igregitéangianngrabdral for[25xjwencOmyeliont tie attpreftilrahtugngatétstitafrotequal to

[50X] concentration. 47.The method of claim 45 or claim 46, wherein the RNasc inhibitor is a protease.
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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48.A kit for obtaining nucleic acids from microvesicles, comprising in one or more containers: (a) a
nucleic acid extraction enhancement agent; (b) DNase, RNase, or both; and (c) a lysis 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;

[00129] While the present invention has been disclosed with reference to certain
embodiments, numerous modifications, alterations, and changes to the described
embodiments are possible without departing from the sphere and scope of the present
invention, as defined in the appended claims. Accordingly, it is intended that the present
invention not be limited to the described embodiments, but that it has the full scope defined

by the language of the following claims, and equivalents thereof.
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(d) analyzing the extracted RNA. 52.The method of claim 51, wherein the microvesicles are isolated
from a biologic& 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 diagoging. IM@iYlNgeo dhaatinePaugHbioot. CRmMPRISINg:IbG BirReieks (ahizalating a
microvesicle fractiogytphsatici Beosampletiiains ansubjectn various mRNA decay pathways. RNA.
13:1027-35.
Velculescu, V.E., L. Zhang, B. Vogelstein, and K.W. Kinzler. 1995. Serial analysis of gene
expression. Science. 270:484-7.
Went, P.T., A. Lugli, S. Meier, M. Bundi, M. Mirlacher, G. Sauter, and S. Dirnhofer. 2004.
Frequent EpCam protein expression in human carcinomas. Hum Pathol. 35:122-8.
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(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 gminRMAtangeript. 60.The method of claim 59, wherein the mRNA transcript is selected
from the group consisting of : NPHS2 (podocin), LGA LS1 (Galectin-1), HSPG2 (heparin sulfate
proteoglycan); CUBMNnaiididindid dr P2 (orefjatin)n & Ribragiaparniividy il {dashontalanydiase 4),
CLCNS5 (chloride chann otein,5) yKinin El e toré Igitonin receptor),
SCNN1D (amiIoridZ)-lé)eorgziftgl\fltséas§<ljﬁi5 U%ﬁ%ﬁn&é gu gnaﬁl%g]ﬁg)ljl{&%gg %ﬁ@%?‘eﬁ%ﬁ%&oa
sodium-chloride cotransporter), AQP2 (aquaporin 2), ATP6VIBI (V-ATPase B1 subunit), SLCI2Al
(kidney-specific Na e PLSiipard SRR IoERER RipdRrmBdbeirRas b s ahnddof¥idim 60,
wherein the mRN A transcript is AQP2 (aquaporin 2) or ATP6V1B1 (V-ATPase B1 subunit). 62.The
method of cldim 58 Tiherdiricthelbistrasticar disthdisbasectsiothebadid fbeH 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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condition are selected from the group consisting of: (a) NPHS2 (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

polynucleotidetmolegidlgrititiainiifies Werginthepehdiyaratidenelecule is an deoxyribonucleotide.
65.The isolated polynucleotide molecule in claim 63, wherein the polynucleotide molecule is an

ribonUdeOtid?S. The profile of claim 13, wherein the bodily fluid is serum or plasma.

16. The profile of any of claims 12-15, wherein the biological sample is from a mammal.
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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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 comprging thadsalated sTealaicacidnaeie e ®in slrNGRp kA bast Bethaomprising the isolated
nucleic acid molecule in claim 68.

29. The method of any of claims 23-28, 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.

30. The profile of claim 29, 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.

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;

(il)  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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73.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. 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 7&NBAIMShaE ohirgaRssinehtheskBiHnhehatpYelgiacid extraction

from a biological sample, comprising:
9 P P (feteggent; or

(b) the performance of one or more of the following 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 34-3%, 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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a. 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 fluighis uring. Bdmbae nsshatiefiiamZswdiereiftbriberiysingidopaiumaplasma. 82.The
method of any of clalms 781%1 her ein the |olol%?cal slagn le is frorgta mamr mal. 3 .The method of

claim 82, wherein i ao‘?glgglcal SRMBIETE HOM A KU atclloln cf’aﬁ% "W Wiferein the
extraction is an extrzefiomancelafithd enhancement extraction 0perat10n.

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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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 selected from SEQ NOS: 1-29 in
nucleic acid extractions from more than 5 biological samples.

52.

53.

54.

55.

56.

57.

58.

59.

60.

(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 method of claim 51, wherein the microvesicles are isolated from a biological

sample.

The method of claim 52, wherein the biological sample is a bodily fluid.

The method of claim 53, wherein the bodily fluid is urine.

The method of claim 53, wherein the bodily fluid is serum or plasma.

The method of any of claims 51-55, wherein the biological sample is from a mammal.
The method of claim 56, wherein the biological sample is from a human.

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.

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

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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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

(aquaporin 2), ATP6VIBI1 (V-ATPase Bl subunit), SLC12A1 (kidney-specific Na-K-
Cl symporter via RT-PCR of RiboAmped mRNA).

The method of claim 60, wherein the mRNA transcript is AQP2 (aquaporin 2) or
ATP6VIBI (V-ATPase B1 subunit).

The method of claim 58, wherein the biomarker and discase 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-Grisbeck syndrome;

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

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.

The isolated polynucleotide molecule in claim 63, wherein the polynucleotide

molecule is an deoxyribonucleotide.

The isolated polynucleotide molecule in claim 63, wherein the polynucleotide

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

An isolated polynucleotide comprising a segment of a nucleotide sequence selected

from SEQ ID NOS: 1-29.

The isolated polynucleotide molecule in claim 68, wherein the polynucleotide

molecule is an deoxyribonucleotide.

The isolated polynucleotide molecule in claim 68, wherein the polynucleotide

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

A host cell comprising the isolated nucleic acid molecule in claim 68.
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73.

74.

75.

76.

77.

78.

79.

0.

81.

82.

&3.

84.

85.

86.

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.

The isolated polynucleotide molecule in claim 73, wherein the polynucleotide

molecule is an deoxyribonucleotide.

The isolated polynucleotide molecule in claim 79, wherein the polynucleotide

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

A 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 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.
The method in claim 78, wherein the biological sample is a bodily fluid.
The method of claim 78, wherein the bodily fluid is urine.
The method of claim 78, wherein the bodily fluid is serum or plasma.
The method of any of claims 78-81, wherein the biological sample is from a mammal.
The method of claim 82, wherein the biological sample is from a human.
The method in claim 78, wherein the extraction is an extraction in claim 1.
The method in claim 78, wherein the extraction is obtained with a method in claim 34.

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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