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Abstract

|l sol ation met hods -atvhaaitl adrhel odyn exgadisliwe supplies on
reliabl e, as wel |l as economical, such as nucleic acid
technol oggesionrkewresearch settings (LRRS) that meetis th
a noninvasive diagnostic colon <cancer screen in stool
mi cr o fblawsiedi cMi RNA st ool test with a reliable rolling ci
guanti fication of mi RNA mol ecul es, result in an af|[forc
noninvasive quantitative detection of mi RNAs in LRRS.

Scientists and engineers have become interested in
apply emerging simple detection tools to the i mpe2rétant
nt Il ong molecules. Some of the proposed approaches inco
met hods based on microfluidic technology, whil e others
mol ecul es, such as forming branched RCA structures, all/l
an attomolar "aM" concentration | evel, using | ow cost e

We have been interested in studying colorectal can
mal i gnancy worl dwi de, and stool can be obtained noninyv
research on colon cancer (CC) because it is more common
our approach Ilies in the exploratory wuse of an afford
sampl es i n LRRS, whose extracted fragile total RNA i
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commercially available kits, so it does not ever fragmei
are neither | abor intensive, nor requir@aaeaepemdsi neovieh s mi
for the noninvasive diagnostic screening of early left &

hi gher sensitivity and specificity than any other col on

To show the <clinical sensitivity and specificity o
met hodol ogi etshei nmi RRRRS,results are to be correlated with
Standardi zati ond epéemabodoi maescse testteria (sampl e sel ectior
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Edi tYircheng Long, University of Colorado Boulder, Unit e
I ntroduction ( NAs) t hrough i sot her mal m

Nucleic acid amplificatd®®R!litlicGaiigersaniahfyepmegdiat
becoming an increasingly 8inhB& tGhteSpalrd’ I8 ScFRARiI Lifa et
tool box. Nucleic acid det%@?ﬁBHm?rbtd’dWea(ﬁiaaétmngai%mlibfeiecna
confined thus far to wealthf}]'dMQEFB}.’)@H’cto ?1?‘?“3@'6‘-55‘ R
| arge centralized faciliti 88§"fhtithe HWhyvieMRipPingorsrlyan ¢
can afford resources requRQW¥Rr Of LABPFyUMEMNt St RESe T EAL

met hods . be stored in reaction tubes w
) ) avoiding the wdadnf durangotbd]l
Economic and infrastructur al realltlt?s dictate
. . storage. se o0 englneered p
t hat d|agnostl—rcessofumrceth;etrgeg/%mss)gléﬁS)as cal cium oxide
need to be affordabl efrsendl j ve, speci,fd , .user
d _ " q I'f tle%;’)?ratu de So@Ni&p@.IS dhfeab5 so
ra , eQué @ meam e er a 0 en ser s
P q e P l?_A(?\A-Pto manuf%cture exot her mal
(ASSURED) [ 1] . NAAT assays t hat use qéjantdtatlv.e
) units has produce _Gtoennspi esrt aetnut r
pol ymer ase chain reaCtloni&85lg:§gorasmp#(|);|(fastolt%nermal N A
capable of providing excelIS%Pttagng]ig}vgtgaralngtspoefC||fSioc
within about 60 min, but generally fail t o meet t he
ASSURED guidelines for simplichtylamadmMPdni(hHadtl Fagphiqgrs
and robustnessf,reeequoippemeantt! o594 &§g @ heat sou-depenfdernt

deliverability because ofisqthréerngedampb}"ctﬁl‘%‘:'agéio@é\lAHA@i
temperature control (use d%f "a lthetWbiycier9f akRAliYeR ©
personnel and very cleansSadndiaCionsdt edhakphfon;¢ cellu
challenging to utilize qPCRXRAS&fhnlyo LCR)Syg[eZn].'nRec}b%tGI"r,’
there have been significant"dBU0efPEPmMBREID ¢ nl §acligkn. ofkh
NAATs that does not reqU|reheteCn"F‘prebr ntu%e'ervceyscllchgd'[sspjerse
These isothermal amplificatliSéd t2c hthf qu%%“'u%tora Yarmety
of reaction principles to @fdciceld I iosanmps i& yf inlulcqrei ¢Sl
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inside the commercially availodall eantdo eanwaaaneo mpaarney i fnigx eah
the duration of the reactilaveasr endeucletda st hieh etsi dideg oene dafy ¢
heat generated wildl mainly achedpemadr emaslaidyashrpfc bteli @& @mnabe

humi dity supply. Rel ati ve muwurdiidiatcy iivel ympabehed becaods

water on the surface of i ron pcairotniicnlgeswé:ganOﬁ@haonfcet'iléoq
oxidation and therefore generajes «MAr emihENA s [V\ihf]n this

toe warmer is put i nside atrcgy&ﬁe%uﬁtyarnoaf|cyasmsc_:upA thPrt e
has holes in it, the amount@f V%P?%géhﬁ]fRNﬂte%%?‘i%IWitz
iron particles is dependentexBlnegg]ieonnu[nlbdfe]r_ of holes on

the Styrofoam cup; the more hol es, the more vapor can
. . M|1croarr8 s all owed, SImL|q|
be trapped to react with iron.. hus, ¥ controlling the
. mul tipl.e samp , but #ac

number of holes in the cup, t he temp and_ duration o
. . speci ficity [ 15]. Recent am,

the reaction can be manipul ated 6] .

mi croarrays using fluorescenc

Mi cr ofelnwmibdiead testing g 1287 Pé’(ﬁlholned ”cotn{‘erx protoco
devel opment of atp@da);plriaitia,gn@s&lsiyc t h PCR H 8
. . omogenous e 0 u
technologies in LSR. It affords,seg\/eraﬂ argvant{gges gu,ck‘Bl
. modi fied invader assbaayse#dl%%ga
as | ow cost, energy efficiency, capacity to pertor
. _ _an?pllflc_atlon _[20[] h.ave beedﬁ
compl ex functions in a single device, |l Pfght wei ght an
C g - . sshort .Ienqth o f erRNA:? make t
portabilfiiteyl df otresitni ng, high sen3|t|v,t%/_W|t smal |
ver?/ sfogh|s i cated, adbfr;hj@ailbk
sample volumes and a relativefly st out put 71 .. ese
) . . LNA probes make detection  exfg
characteristics mak e microfluidics a natur a fit for
. . _ detection of mi RNAs showed a
portabl-efc ®roe ndi agnostic syst ems A common ) .
. . fm.423£. Rolllng C|r?le agﬂpll
approach for maki ng dlagnostlb t chnologlI S aI feaS|t,e
. . . .probes, sever a ification
option in LRS is to mmmtalrﬁeemj compl et ely Sea]r?p
. ampl i fication met hods has b e
and/ or purely disposable. I n” addition to beln(t;_5|mple
) ultrasenS|t|v% det ec +2c7r],_ofar]nh
and reliable, they must be robust enoug so. that ittt ] e
. ) i s emgl.oged in this research
mai ntenance i s needed, and opler t{ ns cgriln otc,clu_rt at fa
. _ a icati ut il or
wide range of amb|ent°Ct)empaenPdgtures ?'10 to 40 y i
. I sothermal. detect i on of mi RN
the device should be functlborlmal within the infrastructul
ow,. .
of a LSR [8]. Hence, t he (fevelopment and use of
i sother mal amplification deviclhd RBkemgckery, dRsCcqgvseryp
attractive option. herein has Dbeen designed to
. AQuanti tative measur ement of
Mi cr oRNAs ar e short enn%ogesnolubsfnglncod??g £ f o
. arefte e ane 0 ew mi
RNAs -2616nucl eoti des) t hat %av,e been asgo_cLated
: reljiabl e, sensitive, and s,?ecn
wi t h cancer [ 9] . Sever al uni que characteristics, @
. : . _ ealr/y/_nnvoarzs/ve screenin CﬁofToco
mi RNAs, including their s ma l Si ze, sequence homol ogy
. prove this hYﬁothe5|s, it mu
among family members and |OV\tl adbundance totalh RNA Wi
. . st.u , as ropose erein.
samples make them difficult toyanalyzpe. pNort%ern %I_ot I
about . theé mer i ts of vesisawg a
t he standard met hod for analysis, but it _has l ow
. . . . _ retrospective desi gn, we wi ||
sensitivity, is time consumi n_gcI an_dIreqmres_largtehatmount
epi.demi o, es . a em
of samples [10]. Locked nuclpelc_ aci g(yLNg\) h%Br|d|zat|or
. speci men c,\?llectlon, retrosp
probes wer e applied t o tradrtional orthern bl otting
(PRoBl?) %f hfalthg ntrol’s
protocol s t o assuage several o t he aforementi oned
Pat|ents [.54], as .specificall
probl ems [11]. I ncorporati_on of d’i OX|?en|n into .
Canger Bn 4/ uEear/Ny Det ect i ¢
compl ement ary RNA strands use to visualize orthern
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Net wor k ( EDRN) htt pf:o/rv¢ 2mecant oof , nifmlgowed by <calling t
bi omarker discovery studiespick up the sample by next mo

Thénnovat iome presentedVabhbrBgcht Pl g80G g nousrmalldb salatc
the exploratory wuse of aR®€€&&d, q¥WhepB, rgadneiftcatiapal)
mi RNA profiling in easily 98btashed aloni hAMshi §BP . stfooit ©
samples, whose extracted fPYgiPOOfGIATYRRA $8NRelpdG i GE
shortly after stool excf &MPY¥ R ye PbEmMmMEFY¥RLIVE and
available kits so it does R¥tTa¢eiron afgmetttal tRNA owhldl bl
quantitative analytical t &dds Sitpagndagdigzefe; ppder | phémn
intensi ve, nor require exﬁ@ﬁgir\g@nq%stwljﬁﬁen@%@rﬂ%ﬁw,s‘iit@lpe
initdeddlyop a panel offaoved®mEBNACHeASLPs) for the ha
diagnostic warBehtnmndf ri gt eE§h8tadic

Freely Available Online

col on cancer mor e economical IM ,RNAndatwi tadr ehitgohelre anal
sensitivity and specificituysith@gn8@%ypmwder i Awcdaldycsuitsah c e |
screening test cura.ently avdaeitleachtl ediifnf elrReShnces i n express
Materials and Methods NeedeSdNtdrolt ndirs® Uy pdloat ! arger sta
) ~reduction in the difference,

Standardi ze Sampl e Acqui si tion, ProceSS/nuq . and
] ) size of contr ol sUbjects and

Handl i ng; Justify Number o.f Selected Subjects &
Epid o/ ) / o J ,dlffser/entt,stagesf OfStCOa’lon can

fdemi ol ogi ca andomi ze el ection o
p ] g 4 0-1 ; TNM stage 11 ; ancfj J/TNM st
Popul ation .

randomly is an adequate numbe

Acqui sition of Patients andg npaliiPekse Har th1a&! ¥sSiusdy .

Collaborating cliniciangsmyshi Ped Masre Arvad e SF contr
the constraints imposed by -cwepkpppeg, whtbh RNA, and the

need to preserve it so it does not ever fragnngent affter
) An adequat e nu er 0] b
extraction of thesd onlgormole2Wwlrscl eoti de
¢ h ) | ATt have cotl,on cancer nete,dotmvlmedw
rom uman stool . er consent.i,n rospective,
) . . bi as, and genspur_e pthat bi omar k
individuals when they report to the c¢clinic for consul t
] ] ) assessment does not influence
those individuals (age 18 to 90 é/ears ?Id)_not showi ng
| . ) b spleC|_m n col echtlon rle_t{_ospen
0 s, or in ammat or 0 i_sease .suc as, coli s 0
p. yp ) ) ] ) y VXePRo E% design randqmlzeol_ sel|
diverticulitis, wi || be asked. by thEIé’ Eh¥3|0|an.s i f t
Csh ot (i e ) . t h suttmj%ctslfanth ase patl?nts 1
wi s o} articipate in e st . e agree,. . e (
) P . p. popula/tlon arethogaepmmmx% st
their guardian will be con%ente " each given, a .stool
) ) ] wha't ifagnosi s; and wi || war
collection kit and detail ed or al and. written collect%o
, ) speci men prior to removal 0
instructions. Each study subject wi || coll ect one 10 ¢
] col'l' ected consenting speci men
st ool sampl e, in a standard|%ed fashion, IP a |l arge 40
) , ) colJonhoscopy t'o orm a “suitahb
plastic jacket prior to any Powel prﬁgaratlon..The stud
) selected t appropriate numb:
nurse wil/ show and ask paré|C|'%ants to obtain samdples
, | | i a e]rgo a Cbast%S tahre mat che t
usin a clean astic spoan r o 0 € mucinous .
g ) _p } p_ %or ag% (y®elar s) gender, clin
|l ayer, whi ch i s rich i n _colonocytgs,. anF th%
, diagnosi s Irmilarly, the nor
no-muci nous part s of stool i n order to . have a
) col l ect ed speci mens ar e mat c |
representation of t he entlrg col on éboth (#ght and .| ef_
i d | ) [33.51,55] ) abenoma c seg._ tthe_rle IS . n
side col on , , , o, beg reserye i n eri.le urin
) ) Ilberpal|zeal—_2tomoenlt?hcsw_ 4+ /n orde
vial s overnight at room temperature in t he fi ative
R . col l ect ecch s rctarseel group nestec
RNAaEer(l nvitrogen) added at 2.5 ml er 1 q f
colonoscop cohor t hat i's C
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mi RNA analysis by RCA is tmadecasirmpelde olbty owms alulsi agdeidm

sampl es at once, wi t h t havaiinlvaebsitei grad aagesnt bl iamdl kbts
knowl edge of O6tdheagnpoastiise,nt spuatl hat tnoot al RNA from an env
analytical bias is introdud¢8&8d] ; Whihlues ,t hsehraet treayi nlge tshcemem
volunteer bias present, whe mpl onga yRNaAf faesct a t si@r esetnuidnige ds u
mi RNA mar ker s, it i s recsammended ttotalkcoRNAcsbdortly a
demographic and <clinical dfait ai nogn staontph egr onpa ¢Ehhoseopi

who participated and those RWNAo dodied mott) eawmedr cformp@amen t t
for the following factors:RNaAger,esqdrndgeri,n rpaocoa/ ectcthNMA cs Y 1y
reason for colonoscopy, leagnobdas, opsa matlh aRRCA aaaimp | i f i

assessment can be made at t he -le:ootnamlu§}\|gncgi1 tbl'ée msatnqudaﬁly
as to what degree selectiongmgy E%}S?uraéferﬁ|tc?rdods|ssdeycte(

resul ts. from stool by uBNegsyQi hgehat
A six aims and a proposeQi agene,)] i WValfemrci achi @A) ngont a

t hese ai ms i n a 5 year chiuminc alh ansreeds esaoricunt i shydgpccarredi r
detailed in Table 1 below: instructions, getting t ha ad
1.Standardize sample acqui®Sittdbln shedq,yaddidpd i gmgand g
handling: justify number! N®reB¥| gichCrgeasifPeclts® gproba

epidemiologically randomPgBerad |l get iteont alogs RN& jppl at ed
amplification of mi RNAs by R

further purify mRNA blecause

popul ati on.

2.Standardi ze tot al RNA extractlon f room stoa) .
| ) b . . ) alddt onal steps, A t,rt1e i nc
colonoc es stric ual i assurance cri er. i ,
y y ) .q balaynced f.or by (t )Botentlae\
and perform Rolling Circle Ampl|f|cat|on t
study microRNAs gene expressféﬂ'ﬁEeQ/_arRN«f‘ufs"msetQ‘Qjaétlserase’
(01 V) of colon cancer (cCcypt BF@'&W@&%W%W. needed. It can
3 E | ) ‘i ¢ h dpecttroph[otdometric§[:1l_ly at 260
.hm:) oy epllgieneb ch met fo ??NA tsossglfjl?/l}; zgeehnferoltrrg st ool 0
eterogenei i ent i i ) no es, .
9 y y yfeagmele, as egcﬁ c_e)fl? cont ai
as we | | as investigating qrorpoter methglat|on i n
) ) only ew nanograms are needed
mi RNA genes at various stages of CC Progression
) ) ) Preparation of dsDNA Templ at e
4. Finalize accessing test performance characteristics of
the proposed RCA diagnostic PAagPltPdchnofsfo?0 cRhMegh of f
cancer . oligonucleotides (lnvitrogen)
5 U ¢ ati ¢ | t hod fof dthte |nt|errogated mi RNA,
.Use st a S ca me ods or at a a S .
! ! |ncubat|°®nf art S?Emin and then

6. Provide and carry out RddBrPemperattandardiggdemecn) o
technical met hods for achigg\y NPs pINe tadPmPpvi€atdl MSan Nhe
the wunlikely event that {Hpumd oP®Ptedi ndilang’, 01280 mmIMOTIN & 6 |
the outlined methods failpmydg@ achmpmverTstudy H50ah- dNTPs

Extraction of Standardize8r aiganedifs @RmpA [fMeow ESgdemrd Bi

Colonocytes by Strict Quaf pryl Clv/ ohbewt &ebhe pryeast fBar mi

Qual ity Assurance ( QA) Cri tfeorri 220 min to inactivate the

RNA isolation procedure'[s0 (rboootmhta?tﬁntp(?rlhgttiuéeaﬁgr dscDN
manual ), compared to thosel'ﬁ*selt‘ipqeorr l eIla)t‘ion of DNA
from stool sadi@)l,esare54s,t7a2ndar di zed and
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Table 1. Proposed timeline for accomplishing research ai
. Aim 3: B .
. Aim 2: g . Ai m 4: .
Aim 1: ; epi genet : Aim 6:
ardize t accessiorn i
Standard study ge : Provide| &
RNA extr performgAi m 5
sampl e het er og ¢ carry out
: : by QA m¢g ) charact gUse
Met holacqui sit by ident , lalternate
. | & perfor & numeristat.i .

Ai m/ processi MS31S | . , standar di zed
Mont hfjhandl i n RCAs to henot und-prnnlmethomethods to
L d mi RNAs p _ypof t he for d :

epi dieml o i nvestig achieve |[stud
expressi proposedanaly :
cally se ; promoter goal s, if
various approac.
study po met hyl at needed
stages ccC
CC st age€
1-4 LLLPLLELL L
5-8 LLLLLL|LL L L
9-12 LLLLLIL L L L L L L
1316 LLbbbbLLELL L
1720 LL LLLE LL L L
2124 LLLLYL L L L L L L
2528 LLbbbbLELL L
2932 LLLbbLLL[LL L L
336 LLLLYL L L L L L L
370 LLbbLLbLLbELLa L
414 4 LLLLLLLL L L
4 948 LLLLlbL | L L L L
4 5 2 LLbbbbLELL L
5387 LL LLLE LL L L
57 0 LLLLYL L L L LL L
%: Refers to potential frequency and/or |l evel of effiort
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/I'n vitro Transcription Reacntuconeases in which one target

A total of 20 Ol of ther%ebvdeRedNAN empFhease cle
mi xture can be addedi/rtammsoc rd®tOBHSPUL signal amplificati
buffer containing O0.&HCMmM BTf&, @H2TM enrij £atalyzes the
Mggl 10 mM dithiothreitol (MBffpUcheqfy d@Icunfioggrihecesse
100 U ribonuclease inhibiQfrduplfx sBNAy Thi sgparbased p
polymerase (New England Bi CEfE) al rpwedeaicti i § che pw de
run & f30r 4 h, thdmet DNafdéRMNR§gsSevemscenl eUvV SPR) and al
added to digest DNA templ aBB®Plikhi¢alhieqngyl rurtihg cdeh@qt
of precursor mi RNAs in trmMPdE&EN! $Si dB2hi xHAWEV eyit hbeca
phenol/chloroform extracti®n.therramrRlirfiipgatipoRcprQegess,
mi RNAs can be examined bydelt&shifg i d§ardssdhe pico
gel , and t he concentratontNg sl i miei€d pijmtergi Nsic pro

spectrophotometrically at h%\)’aevemlagﬁgteharolfi ey oCRMMs not

) t gets [83].
Phosphoryl ation and (R’i’é"yeRsectT/rmmscr/pt ase

) ) Genomi ¢c DNA Extraction
Bef or e mi RNA i s rever se transcri bed, t he RT

primer is to be chemicakhy phosdPhof®¥ic ?%td'oari ?fhegenomic
by heating a 0.5 fdnoflorRTs pmtifpert fteola/sual extraction for
chilling on ice prior to tPe2!mMBAP BNAKRSKkPAlhsMi NniphKi t5 ol
reaction volume cokCGlai@pk gsPsm)UmiNi%brr i s

mM MgCI5 mM DTT, 2 mM DTT, 1 mKW Affeést 20 clbnivdeni ent -f rneeet h
polynucl eotide kinase and ONAeptobae fodr manpildrd i ean mae ker
carried °@uf oat 23 h, foll owedarbryi ednaout yatuisaimgofgenomi c C
the T4 polynucl é®»tfiodre 2kO nmaispeo lacdn ocsyt es by the DNA Extrac

RT reaction for formatitoh® o0 cBNAN &S han MATRE S recor
can be carried out in a 1'0hegee rdQed VR volldhé&EethdENO
contains 101 o f tot al RINBAZTS 826mp3d48) 8pg thypyee dinucl
5@hosphorylated RT primers(DP2528, vR9$34@,pBdpPRES250),
(Applied Biosystems, FosterSEestiytivdad)y o059 >4 % NTPLEd afd !
1X reaction buffer-HClpH B5 3hMs@EIMMY PPt umors with MMR d
and 3 mM , Mgl |l owed by theMI¥dFPIbR! ifesy with an older
Ribonucl ed@ef ¢ir a20 3in for PheS@RGgfafbtitddnogss in the pr
mi RNA strandDNA fhyter iRNA Thefe sthepislicaonf 30% for markers
be followed up by probe I'i%atf6n T&dd CloasiSiinfgy-He sl kg gme

amplification (see Figure LBaba{er{lcFez)amplification with re;

, ) aqg_ Ki ( A p plied Biosystems)
Ligation Foll owed by Ro///ng fcélrecn/ce 1a£/3 124] UPER ¢ o

JonstarplaZa] [Figure Z]amB?VfH@B?ijonas i n foam cups
l'inearly amplified simple ogg@hecithgoin i gyalemaRyl eudhd® b
mi RNA as a template to cygliczer8pgRbPELi Pralengasn DNA
primer for RCA, achieving %g‘i"?te%‘ftiZQ’Oolme"anﬁfyi‘erlo[lpf's

However, whi |l e t he met ho , Iin ar .
oo . BNA Mez‘hsypcfl) / on An ysis by M
amplifications by itself cannot sati sf t he reqU|rement

for high detection senassstnwtletcy.MOd_AfY'?_ngxotnhuecl%%g%mPCR DN/
cyclic enzymatic (CEAM) amPPiEfbaeiban iky pPddd mopet al

and MS
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Figure 1. Principle of i sot her mal rami fid¢ameonuamplif
analysis of mi RNA. (A) This ass)ayptrtihradi plse .balste dh aa tttirae
1. Reverse transcriPpboibenl|l ogami BNA, aggd . Rami fication
and sensitivit¥a off rSoon’t%@epiiecs Ipdr reaction, 10 nM to 1
A B e D
/ % / %Y
- - = |
o"" “‘s 0",
Figure 2. Principle of a mi RNA detection system based
circle amplification (RCA). (A) Padlock probes are | in
specifically recognize and hybridize to two adjacent s
annealing to the perfectly matching mi RNA termpl ate ar
l'igation the anneal ed mi RNA serves as a primer for I
pol ymer ase. (D) The phi 29 DNA polymerase facilitates |
product containing multiple copies of the mi RNA sequenct
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can be employed, foll owed ody iAo rrecovearsysi gsiimegqt a amon ¢
modi fied Qiagen Viral RNA méinntis ) Kican[ 12189 q Bend astaeasedd
DNA sampl es can b-&0C stumnfelddl#s ay} , as it could reflect
needed. Met hyl Light analtysits beaausgeroffortrheed nded t o d
fluorebaeedeassayctiusmiamgyg apoeferemese The number of opti
normalization gene. The % ofo fadhiyevreet Ayl adpetdi nmuonh e ge h e

at a speci fic |l ocus, cal lcecdr cPMBgenesitsheinn catlcwll attad
[129, 130]. SAS software cast di sitsiedalt omedtehtoedrsmi ne t he

statistical significance of thg, rter?é‘l&érreTch\teaaId'iW%tdi@&rjlo[
mol ecul ar CC subgroups (Ms§aﬁ”BeM§ls1edC96:bﬁrﬁ{Hg{eggain
in selected mi RNAs, at varigoedsistp9¢essofyi €F Q%ngeﬁﬁko%
in stool samples as a complygXx {nogl enqudea”, sh9fhaleEe,rhsheoy
factor anal ysi s (FA) [ 134 leeqgEP Mhignedy Wéémcelrinsetade,

discriminate analysis (LDA)oploh33]lond Qxipr §ehielshy clomfnon
can&@emol ecul ar characterisqing%penden,”y randomly select
Use Statistical ndMevamedsDrfokiobgbtea MAet ween 20% and 50%

Predictive Mi RNA | ndex (PMIT) bshirani [ 149] suggested di

If the difference in MARBRRA BBHES e&Ddec¥sSipHg one pa
between healthy and cancerP Pdiceft PYahbheambRET ¢ hiene:
stages of cancer at the enbNgflPhoatlgygLirosssprgyydesn
as informative for muwligtgiepl€eShhmMBNR gEndde misclassifica
that classification procedbbP&s ROFuICH T Spasleld oUNiveah v &

exceeding a themstophistichtBELeFssMeGlLiiqigthy) ], can b
would not be needed to di d€SEgliPeEnotife bipgareenpnsepqbt i vi
study groups. However, i f [ilPOord2ildtent di fferences on
| arge samples are found, then RFPdweérs raencaolnynseinsd ed atho bee i

predictive classification mesthomds, ngs shenpdiel sd zleeli aw.suc
The goal in predictivep%W%rssia_ﬁiaéé(lsiiém_\ﬁisllweolel tdS

assign cases to predefinedV@IIééié‘ééOﬁ‘assetd“do'nesi.n‘f%?mgteiocna

collected from the cases. de@T€Re fi mpiePs add O ngnd ¢ He

classes (i.e., tumor s) ard®t 3 albk32ld- cancerous and

no-nancerous. Statistical analPysaesi pfadr cpmednenitveanal )
classification of t he i nwfhoircnhatiisona ool t e vaed at (i .de.mer
mi croarrays and gPCR on mi @NAsigehéesy agtrtoamptngt oof gene
approxi mate an opti mal cl assprfée®si orCl &6 mf itdatsieo nnocta ns hb
l'inear, nonlinear, or nonmpual mee du ced] ledxOp, rledslsli.on T he an

mi RNA expression data are wherbe sanmelptediehiesstbywitthhe ms
parametric statisttiest sachdiast iSHusdde& t ctear separation |

of variance (ANOVA) i f d atcaa sdeiss tirni bsutta ocoln siasmprl eersd o m, pare
with nonparam@alkl ics-Wh Mshkay manpwdnot be needed.
Fisher exact tests, i f distribluftigy k $enN Bty gl agd oMy d 1421,

needed, complicated modelsparﬁ%|mutlotrivgridaetrqvgaalp/mi)s i s
and logistic discrimination.[%43] n‘@anmeatlhsoodsbe £mrl oy edn
Fal se positive discoveruserdattes @espesct etdieptombid®@h i so0
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concern. The | evel of geneerkpressbohavahydes dinstph adge dwi

in a database wusing parallgl,goprddnate. plot sygA15%,L56]
produlyedthe lattice packagg,hgs R WS¢ hy 9Me24&P8 Met hod

Freely Available Online

The R Foundation for Statistical Computing, http://
. In_v%r¥ ﬁew samples, i nhi'l
craproject.or-g)us asdf tSar e (I'nsightTu ,

. maes ma ke it di fficul t o i s
Corporation, Seattl e, WA) . « tthetrh Qackage_sd sutc# asd 1
GESS (Gene Expression Statlsltiscal, aSyStpél’%)VIDl?bLi seheg g)?n

established validation and C

NCSS (www.ncss.com) can also be employed, with each
: : . cag.es, RNA c an %e manue}]lly
subject having his or her medi cal record number as the.
. . modi fi cation of the cl assi

key I D for merging various tables in the data

_thlocypahneamdellqroform (A SPC) me
It results show that iynging duRdoPioRNA GUNMHS dinium
of fer distinct and clear sgRatptiQPedetWEENY L10dd Pd 2
cancer, there wildl be not Uneedfto d/erfive a pre;dlcttlvde
mi RNA index (PMI) [157,1589%¢ P{ %aly! 208 @S58, 1851 YUY
necessary to do so if data werSd 9R®S! SupportNGe: 1 n IHLNT

case, results of the quan(tWWWtSiivleNOgk gt BE§sCOM) ofl Nt hadlL
mi RNA genes can be used t oPldttCerdmisay af Qrut@epi fnrimg ir
positive result. PMI resul ttsheapeed ofr0 CeAlfdw tOnded cdu tRolf I e
to considered positive or tnhegalPhéges cRpebtableyyhypbpi di
ubsequent studies. ResulthMalgecgialiea a&mth thencC PRt krpegpol i

s
used to check the sensitiviitOf Mnd shpYeberiifd chetyween hike j M
using a two by two matrixdetegdiieonz)ol jg9g9] Thes hyhgid
sensitivity falls below 90% BNA{ S ddpdcief jicgty MmPjidige
95%, forthcoming data usin$etadcdtiedi oR ¥ I &me RN e Htag wighi npe
can then be wused with | in€8PJ] Wwgatiegg@ngd jcchednid dumipiesg !
analysis to refine the inddxader. One oligonucleotide d
Al ternate Standardized Tecgg/rgqaa}lﬁ/lgz-‘htog’gs m'rRuch/evf/%rgm
the Above Research Ai ms Carry out mi RNA Measurements

Mi crovessicl es EXfracz‘ed from
Above methods represent the most practical

l east -i habonsive and economicaMi Rd\‘pqpsr@dcehretso'Sta”t to ri
accomplish research aims. HéWO&Ver Primbabelwy pbypiiensadtlisc on
samples (< 5%) i n-macloingtnraonftO© MBokreé X §¢ e[ 161] in either mic
mal i gnant cases, it may b@8r nlelt essMally megnbgyapge gienseirc! es
met hods. However, because ¥3he¥PPBPOP &0 d 162] smdihie
and would occur in control "#d®ac®s Osf, MidRNAS nfgr AT 8% AT

Table 2. Predictive MicroRNA Index (PMI)

Cancer Cates Positive (|TFR)) se Negative|l (FN)

Nor mal SulrFra¢stes Posi ti ve|T(rruRR) Negative |( TN)

% Sensitivity = TP/ TP + FN x 100

% Specificity = TN/FP + TN x 100
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Figure 3. Principle of rolling circl easagpdtidd caycbinc ce
(REGAEEAM) dwual amplification method for highly sensitive
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Figure 4. Sensitive and selective mi RNA detection wusi
spectra before and after RCA reaction. ( B) Fl uorescenc
target mi RNA concentrations. (C) The relationship be
mi RNA concentration. (D) The dual si7fgrdalmidmpl!l iFfrioana tried re
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of conventional RCA, or @trreern ses i gineamMtpeaamplir &€i cadmtomol

met hods. Therefore, the duaheamptiytl eat ioon aret hbdecnanat e
easily dist-¥nopuRBA f ami7Tlegta(oebpgabl d edf functioning at a w
| eftf , which differ from targkilled pgar bgnmoell yarndev dray eg |,

as shown in Figure 4D [27] .challenging to utilize qgPCR
Use of Inexpensive Centrifygesi Wby d”'es”p‘?oes'abt/hee /ﬁieﬁyl\‘i”/lOpn_q
Amplification Platforms Suitt®aWPed ator €, psi sot hermal ampli

, . i been an attractive option.
Di agnostic technol ogies have been devel oped

and have been applied iotLEL/oggdabdgadpic&o Wwyhgr/c chips

modi fi edpoawehraendd egg beater intoAalewnthribdbugkpub (LT) mi ¢
i solate human plasma from whA9I| & ob Iboeo du s[e8d6 Jir i sRa hgiruer eek irS5e]d, e a
which can be employed in tkri sconseseactledasram ssimplleayer
centrifuge suitable for us (GQOR)RSfi Il m (Zeon Chemical s,

Latédriaolw tests are now wWiideof W dd € n¢ hraghgnejlsg ar e mad
of genetically modified or ga@f shis! ™% P8bBI[ #7104l e RRBO
due to several JlimitationsP! Ootdedr LICTAPHNEG ARG ST CcBa nlnoG
provide sufficient sensitivineFtandi 5PebtNtPtifpdreytlfbd
accurate diagnosi s in marfHt chisle®s [agge) stagkefda@and th
papleased microfluidic devi cPels®ShsavieHendetetnd (Pel oSSt e?ed 8i6°F Car
use in bioanalysis to detect®lgi2P o¥e" aMid Mprlotde itn® N Sy HO fa nh
alkaline phosphatase [89].°LaBHFIFBY9 adtt h3Is0o & oWiitelyWlesan
validated a fi-rs¢t comonteed, hUnidikli cPhic§f¢ye channels are 168
amplification temedi(anAead )i fBthh ehr@ma@m I 0ng. The reaction
amplification assay (LAMP)X mad® X rlo®dm M ¢ adpesphegn| dde ng 4hiesloit
nsulated soup thermos cont&MPleiffijcsgtion (HAD) reaction -

Nucl ei ccbhasaecd d assays have” Mhig@ly throughput (HT) mi
successfully implemented iMBleddfd f&dr L& dsHdny Nrsechs
exploiting their rapid and TacddedtMPPLRASE)Ei sZ2§hNeXey 9P
areas such as medi cal by sydd i eemMBY¥p s bygshatsbl ank 0O
environment al anal ysis a nZd® © NEiXo dhelfhk& U§ighg 9d . epoxy
Standardhasedbermal qPCR carn D& TMBylulcYe sealing the imprint
results within 30 min [92P!ankgof&QneX GR%elneedd PrdO4] -

Figure 5. Plasma isolation using an egg beater cenﬁtrifu
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chip were fitted with nanaogoyrtod ogdbbp Cvpr wlr Boixe matsi fa cCo
Oak Harbor, WA) using epoxW/  gtaék/ aiodifachdiuitadse | oading
t he Sspeci mens, addi ng reagemtss S aBH iCr9||Fe|Cgtuir”eg 7 an
amplification product s. Thgi &Nt dshi el Pfced aMm inbus
l ength, 25 mm in width and blo'x4, mm i Ny H“ﬁé&d]ﬁcpth and high

The integrated chip condsevsitcse sof rtehspeec tfiunecltyi.onhbi re
chamber s: a solid phase extoroancttiompe(rSaRE)r ecolnuoninhi mgr el
sample preparation and RNA eaxtia@aaosi GgeqUBBjuigla®7 RTum a
chamber, and amplification ucsheadnnad s hasat s hsocowrr cien Flimuae p
6B. The SPE column was madeambiitehnta tnme mpeurraet uwrfe s1,6 % ivjJjui d
v ethylene dimethacryl ate, uh4s%altbutey! hmett a&rpkeateal B st
ldodecanol , 18% cyclohexanmluchaedt il4g pshiotteosi nfiari adroyst al
2-di met hy-4-(ame tagolyd ny | goprhiemm)l . aSimeicchaani c al shock, l'i ke dr o}
mi crospheres were added i ntcoontthaeg nmanoilniitthi astoelsutexmt h enr mi
1:1 ratio (v/v). mi xed with a 25% aqueous solu

The monolith was cross 93G%%ed &P eV €idd Ya fitati 3’ 0C [
using an Ultraviol®AO0,CruRY ! iimicer t aCsk system, NaAc ac
Upl and CA) for 5 min throuegxhothbhetrimi €i deesacofant handhi e e
Silica microspheres (0.7 OmtePolays iEPCAMO s, 96hc) Thiiex esy

prepared by centrifugationbeaitng6,r6eOgle nepmblfe®r ( f5ormiex ampl
aspirating the suspension BaAcdtionbantdi g ywagero)n aredti s
bl ock overnight to remove i sgtbhesmalat eamplThe cahnen me
channel surface was gr aftteendp e r wit tulr €é&,9 D&s owe IMI5 as for ¢
met hyl acryl ate and 3% v/ v baepnpzloipchaetnioonnes, W& qilir r%u g DOtAekcht iF
for 10 Imi2e®atin an Ul travi otl emp eOraotsusrP@ sn kbedrO ~&s55 be used |

descri bed above to faCiIitat%orcoé’lﬂﬂleinftica{FﬁﬁQmerrbtquir
bet ween the SPE col umn and6§che ai npgek p,vlaqgnteirc ccohnatnanienli ng
surface. carbon, cellulose and vermic

Reagent s for SPE <col umime afta bargi csaotuirocne dame the t he oxi
purchased from Sigma (St Loiun san M&)o.t hBeerfrmoirce rfeaabcrtii coant i[ o6
of the SPE col umn, t he Cha””eITeWn"?‘pSerCalteuar”eedco"‘hittrho|50duq|ing

RNAse Away (Mol ecul ar BioPrCoadnucﬁes,g§@é1rpéggBy GANudbE r

t hen rinsed wi t h 100 Ol ngggaﬁ)angﬁéeda o tiey o o'Brp-osite

Catherine M Kl apperich OfcuBeB?rtbr@?(r.‘tThoef mgpétﬂﬂles, t

University Mechanical Engirbeeertirr‘bgpplg%patrot Meagtct BAStho Ny on

MA provided us with prototypes n9fhpbhess 4eYeSeHnt @ nkl Bt

during the dat a generatingtpehn"i‘pseeraotfurtehea?lHUdd/uration of
I n the proposed researemiani pwel ahtaesvde. si mpl i fi ed

making these microfluidic deVi/Qe?hQde“ce&mp?Ides SEFRcCRSY 1
using sharp bl ades for cugtingont r&‘ﬁarﬁbheerr,moipnlsatsetaidc o f
polymers, using double adhpsdqyeroshfofndGhs the Ri ddéMOui

pol ymer s, instead of emplo[)/'//ing a hot press to make
. S . hy " Use a MicroRNA assay f[o
t hese microfluidic devices mor e amenabl e t o
Cancer Screening

manufacturing in LRS.
Review of Wor |l dwi de sci el
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Figure 6. Microfluific devises employed in this réseam
(HT) device showing three sections: sampl e prepajratio
channels. Plug to seal inlet and outlet of the device i

§Figure 7. Styrof%oa.‘ :
the nmiTcrofluidic, dFigure 8. Styrofoam box containg th

ther mometer thermometer
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uncl ear, although an apopt octonep Ideemhe nvteaaryy c aoditdlhag e LIMB, s ha
from cells during apoptosithooulséa3nds BXoddmsse tL&Bemsedcu
from human and murine mast celly 'tiW@ss@’EBﬁdsg?‘@fﬁhét%smms
contain mRNAs and miRNAs J,064] .. MiiRNAS LPonMieteasktac
crovessicles regul ate Ce"Ur'eadrucdeidffseérP§ittiiaJiit°W Ple P 04
and certain metabolic pathwgys.gtqahd W%%&ﬂ',a#%piﬁ‘t’f‘?ﬂﬁ Exo
functions [165] . MiRN—Aersiivqeqda,tLErx%s),kohitCunmohrydro'yzes mo
exosomes function as di agngstiCosegd@ieli€diS oD dcb‘fofl”eixarbNA,
cancer, a-d dr itvuendor mi RNA prGFliE%f)NAa,rere%%‘its in the dige
significantly di fferent frs°e”|oa‘?’é?§%'ﬁ‘alofm{r?é\lAflpuroorfoiplheosre
[166] . Exosomal mi RNAs Wa?eaedxitnrgacttoe‘jfIfuroﬁ"@scsetrpcoé emi s s
colonocytes by differentialyCcenteidygagi gRit FPb! awed ho,
filtration through 0. 22 Omné%'thresavta%erepr?oovcees%‘?l'Fldueobrrei
total RNA extracted by Trizqlecg 6pPna8pbmatipPRampysuree
spectrophot oddme2t8r0i c[all6ldy] .at wavel engths were set at 490 a
Conclusions Through such a chygldirol hyi

Cuiet [@a2 7] combined RCAr owietshs, CeEAMh RCA product Wi
developing a dual ampl i f ieaathi aumi tmedadrm di noce tthhe <cl ea
ultrasensitive detection CMBsmitRONAIsi b i ahe exuareelrloaurst f | L
sensitivity, and successfulhliyghapyp!|dfefdi ditentto fdli ddreexmndntat
| eta expression | evels of Mop ®tovrma , c eslilnsc ea ntdh en oRG¥Wa | e mp |
hepatocytes, demonstrating mi RNApotsenttheal papméi ¢cathigdppnm odi

this method for early cancdrostdiiaagimo@BMNiS, -l leibgant § tomwsoitdReNe b
performed by taking 10 Ol @ffeRUrpooduotr amaé mhdlc hofmi RINA

probe to be employed in surcdacteiserarcfihusuchyasombmneamg
mol ecul ar beacons (LMBs), whrioclte sisawe bteleen gpepesail ftiicnagl | g ue
designed for the CEAM met hprdoviFdiegdur @n3]exclehd efntgusensi |
shows t h-EEAMRCAONt ai ns ci rsceulleacrt i Yietmp!| &be, mi RNA anal ysi
phi 29 DNA pol ymerase, dNTRH, s andse@BAM fo®acttihen sensi ti
substrates (exonucl ease, rmeipPOoNAs . probe) . To i mprove

hybridization kinetics and re?‘HEepé?’rafC&rgﬁé’ﬁ‘é‘éj S IR@A us
specdakigned linear moleculparri efracpds he&MBs) cRRYUE . As s
been wused as the report pr§@l§R[érdflaenAd)'réﬂBp?és@ntlipﬁarth

oligonucleotide probe with fa [fgl U0 :0aP N0 €5 paencdt rdg AUENENE T a
attached to the terminal ang@dg i Rg B! toismatEe N chie®NA desn
respectivel y. The circul ar ;thempliatss 0 fi WRCA WS nqaqjsipger}q:do
t o embed t he compl ementar y; tsheqi”nec”rceeassiﬂé ttaarrggeett concen
mi RNA and reporter LMB [85]3 gradual increase in fluore

I n the first step, bi ndimgerofed aflgiegume RMRBR)t o ltmheFi g
circul ar templ at e permits inéephiscatyi ocrhanfe thleoweidr caul B
template with the help of tmplwiar BMA tpalgyemer ms BNA RCA,ncent

being an i sot her mal nucl ebet meand 2(5NA)M dmplli fgM,at wiotnh
process produces a |l ong ssDNAanwiltzh M.umletr ous kcopéeesstifng
t he compl ement ary sequencecaonf omheg achpgewal acdetceattiron
templ at e, consisting of MRCYWEABMpeat t umndd sortdleats af emag

66 DP21ISY | OOSLAEN Izd O SWNEM M n o n H KAy 203pykim Ry th +2d LaadzsS-pw t3AP



http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/ijn
https://openaccesspub.org/journal/ijn/copyright-license
https://doi.org/10.14302/issn.2379-7835.ijn-20-3418

=)
(jpeﬂ

shown that for colon canceensgreenhmadg, wmi RANA ncahrokoesrisng
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Table 3. DNA promoter methylation analysis of mi RNA gen

Genef miR-1993-3p miR-196a miR-96 miR-214 miR-21 miR-20a miR-1063
miR-127-5p miR-222 miR-146a  miR-143
Stage %t5ens. Spec. Sens. Spec. Sens. Spec. Sens. Spec. Sens. Spec. Sens. Spec. Sens. Spec.

Do5ens.Spec. Sens. Spec. Sens.Spec.  Sens.Spec.

Contral 3 93 4 0 6 89 3 9 b a0 3 94 5 89
7 a3 5 92 g &8 4 86

Stage 0-1 29 89 35 95 3% 86 i3 79 32 88 41 89 16 Q0
27 a0 19 90 13 84 11 &7

StageII 49 87 46 93 47 89 44 B8 36 9 45 93 24 92
42 a1 30 93 20 86 22 80

Stage III 55 a0 50 96 33 &7 52 90 58 93 30 96 0 94
46 o4 3 9 33 89 20 88

Stage IV 65 02 38 94 69 90 60 92 61 89 4 91 EST |
31 94 46 92 8 90 33 90

Tabl e 4. Numeri cal Underpinning of mi RNA markers as a f
Patient # Diagnosis Total RNA cp*
(Hg/g of stool) Sample Group
2 Healthy control 0.28 25.99
5 Healthy control 0.30 27.21
8 Healthy control 0.29 25.96 26.05
14 Healthy control 0.31 25.09
17 Healthy control 0.32 26.01
ab Stage IV carcinoma 0.31 20.18
37 Stage IV cardnoma 0.32 22,03
28 Stage IV carcinoma 0.31 22.43 21.90
39 Stage IV carcinoma 0.30 21.37
60 Stage IV carcinoma 0.31 23.49
*CP: Crossing point value calculated by an algorithm in
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Detection in Colon Cancer | ocated at fragile sites, as

|t i s i mportant to defv el bt €F 7Y GBFlet YangOr ampl

economical nucl eic acid BMmHakRichli 6689 P8Shni[UEEeEsSt i
(NAAT) & other isolation/ S@&p&1 8CI9ERNE e nlot&l - MW RNAs D
reaciviay | able inexpensive i8St PdMdPtEedrd T2t 0GaHRDETe di @
mi cr ofblawiedi ct echnotegbascens@dhPAge t 0 t-hefapyr ¢B3lL ey
(LRS) that meets the ASSUR®DPTESSH PrNdadiifel erseheiyper, no
Specific-friengddry, Rapid '%“R@S, ragfysgvidence suggests
Equi pfneee, and Deliverable POr@féh&sSuLdM) CdHisdeili neismi I ar
published by WHO for diagn@S€ild adel vcelshangreyry escepifeimngpp
countries [1]. We have bed@BRNRGoI&NAY [o% SPdveloping

I

I
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reliable diagnostic methods founlsgkreeemsicmgemiehodsorf orl a
colon cancer during the pastesg2@ngenr § mi KRNMg , mRN Amoadneds t

mi cro(mi) RNA molecul es. used to differentiate cancer

We are interested in cblloirk® tBRNA g MieRNASCR@) St OO

because it '9mesttheommon miifBhgnégr detection [33]. Th
worldwide, with an estimatBu eSdd efmitPi FdeendRWrcdsyglopi
and half million deaths yJ%lad9no0S}thg] SCregeingelnfiiol ©ylitn ¢
anatomical, cellular and mdUY%lcudbhi B9 iqehceablggestt UALE
colon cancers (CCs) and reff&§MCeeaRBEROPRCRNNGR LREHGT
two distinct types of tumorSENSId] Ve weechhalied Yo c4el &8+

earch on employing coIor??‘@éﬁéé?OB_e@é‘ﬁégrpF _F‘gemSP@ S
abundant in the USA, and mudns edsreed dd Spadt€ive ritSs | e p°d 010 |
to our clinics @d@ihpamwddctho wRCI ]| POobhedpast twenty year s,

ﬁ
D
n

researchers al | needed CC estgmmlees st oasacwa lelv ea ss thuidoyme d i
aims in reasonable ti me. Wenamreasiinngtlhye ionpieriecsnt etdh atn ami
combination of basic chdratsreridfdiges sand mmipeprd ogf leuriedrigci ng s ey
mi RNA st ool test wi t h at hreeslei aibmgortahti nmmghd cbrobapraly

amplification/ detection metnoddkecuéeéeslt Soime déveéehepengppf
an affordable sensitive antatericalfi and soehgembas methoda:
for t h-ex preorsi v e and noni ndveavsii cvees dd s g ncoesnttirci f uges, and
screening of colon cancer itnecthRnSol ogy, whil e others hav

I nnovation of the Proposed PWio% rPRBRNA2'ap B F 8REFSUICens aosf  froirk
branched RCAalsltowiciagrtor t he

The di scovery of smal | noncoding protein .
] detection. of t hese bi omar ker
sequenc-2€3, nbc¢leotides l ong RNASs LmlcroRNAs :
. concent atiron l evel usi ng I
(mi RNAs) ], has opened new .opportunities f.?r. a, .non
i sot her mal ampl i ication meéhn

invasive test for early diagnosis of many cancers [ 3

There are mi RNA sequences QUi i 850V ey M FiSdRs.€s to be
38,589 pragawprimmor s, and 48, 860 nTahteurree hrmaisRNoAesen nt hree pri n

t he Octobertt R:0/1/8mi [ Bd$e. oMagRMNiAeved by the end of this r
functions seem to r¢ bl at & gdegvpeyl ,00p me

n

a
De1|vat|o
C y

apoptosi s [ 36], and specific mi RNAs re fcriticatl)I in
. ! . 0 wo.r kK a e mi
oncogenesis [37], ef feecdtZ]ve& in assi f Png solLJ( [ 38
. . g\ ternatively a PMI in stool |
l'iquid tumor s [ 43, 44], an serve as oncogenes or
mi

suppressor genes [45]. Mi RNA TgheinSe s Miglf&stomeq yieht cyonsid
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achieved, if 81 (90%) of theD9@2padi)emtiagwiotsh i €€ ¢Manrc drh
has a mi RNA panel t hat gave RewmuMei c@BD/RCA value in

stool by a microfluidic methofh:shed M G Lee M K J
Mi | estone 2 | saRent on J L (2007) Mol ecul

Accessing TPC & Provi%lliin'biCanlumin"‘.PEElF‘t_ory: Fepmssp
underpinning of the method asg ™My Mol P CgiBR.O/ 31 RNA

Test performance charact&nNdersed PrpRPmehe okk,idd cand
mi RNA approach can be deter(Ri%Pd HEelPicnapat i agpplificat
quantitative RCA values of mfRNA G8RELTLBRLTI RBg ®ffdo GO te
stool samples of normal subdiexdnBOSENPSRRY oWV BEH OS]

patients wi t h | HC FOBT te4tToamda wNt h Macmril oNps Kamygbda H
results obtai dmedifcadalm pad oreddil viempe d hat &d i sot her mal ampl |
colon cancer patients. gene sequences and simpl e

A numeri cal underpinningprocf’duf\cﬁtés'/?nreqth%@zmpcsan
determined by calculating thhéaBmpbpuat Pgf Haowvikailn sSRNKR Rn 1Ge
g of stool and determining tBeeddaowerfhge SRGCAHI etadbmme Jf orBoy
the mi RNA gene(s) per a knowh2Oalnio)unA (spgnpbre, ngi)nexfpensi

tot al RNA. acid amplification Titwiwahrodut
Mil estone 3 instrfimeet mol ecul ar di ac
) ) ) ) IowesourcePsLeDtSt|Orng[s973_8 . )
Establishing the clinical sensitivity and specificit
of mi RNA gene panel, or a P6MIHU""ng S, DO J, Mahalanabis
. epeal L, Singh S K and KI a
a.Perform | HC FOBT in parallel with the mi RNA ganel
for each stool sample of cggt 1%xtreancrt0||olnedan t | pother
) P % |n?ectious dpémgﬂ\é&a‘VEm
subjects (50 healthy control6sooan9d 90 CC patients).
b.ﬁ_eview tchollono_scopy restul%.ss,ifaanss KChaenCdk /Ktr)li ICT(_%.edI 3 (2
stopa ol o c reports 0 opsjes/ sur
! _p g P p o |m-f¢ar|eptéab|a.gu1£| /?%/&302823
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patidmetscal records. We|gh B H (2006) Microf
chnologles for oMaao huérde2 :p u b

c.From the RCA resoplatns;elofseﬂhi;«i:ltgglel8

(or a PMI) obtained from stool sampl es of_ nor mal

and cancer patients, consititdct) aCG8tx GvelHpgake dEa  Fa L

3) was to determine the cPI&CK ¢RI CEWEeTQ i At yEbLId B
a
€

specificity of the mi RNA asfk§rrando AA, Downing JR, J
Gqub(IROS) Mi cr oRNA %Q)N?A

d.Th I | at ed t ty/ he
e calcul at e sensi i Vi y Fgecll¥|ch %‘wlnel/eéneﬁa’,@gn
assay are then compared to he FOB method and

colonoscopy resultsomé)dlaa]m%-oag‘@r’sbﬁtﬂﬁf’He'vh*tsRaUh“t R, L
records to establish TPCs. TUSCNhe Tr §20083 4denhtfieat
as specific as the FOBT (95®), SdAd |t k& FE&pBeeE -FPPS - |
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mil estone is considered to Miacvreo bNefen dad¢ lRiceved. by nort
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