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BackgroundBackground
EvenEven thoughthough thethe existenceexistence ofof cellcell--freefree DNADNA inin bloodblood plasmaplasma waswas discovereddiscovered muchmuch earlier,earlier,
itsits usefulnessusefulness inin diseasedisease diagnosisdiagnosis andand prognosisprognosis waswas notnot veryvery wellwell understoodunderstood untiluntil 19771977
whenwhen LeonLeon etet alal.. ((11)) demonstrateddemonstrated thatthat cellcell--freefree plasmaplasma DNADNA isis elevatedelevated inin cancercancer patientspatients..
AfterAfter thisthis initialinitial observation,observation, cellcell--freefree DNADNA inin thethe plasmaplasma wherewhere itit isis freefree ofof cellularcellular
genomicgenomic DNA,DNA, hashas beenbeen examinedexamined byby manymany ((22)) forfor possiblepossible usesuses inin cancercancer diagnosisdiagnosis asas
wellwell asas manymany otherother potentialpotential diagnosticdiagnostic usesuses.. TheThe discoverydiscovery ofof thethe existenceexistence ofof circulatingcirculating
cellcell--freefree fetalfetal DNADNA inin maternalmaternal plasmaplasma byby LoLo etet alal.. inin 19971997 waswas aa newnew milestonemilestone inin nonnon--
invasiveinvasive prenatalprenatal diagnosisdiagnosis ((33)).. ThisThis methodologymethodology cancan provideprovide thethe muchmuch neededneeded fetalfetal
nucleicnucleic acidsacids forfor crucialcrucial prenatalprenatal diagnosisdiagnosis byby aa simplesimple bloodblood drawdraw fromfrom thethe mothermother.. AA
numbernumber ofof studiesstudies ((44)) describedescribe thethe importanceimportance ofof gettinggetting cellcell--freefree plasmaplasma DNADNA devoiddevoid ofof
cellularcellular DNADNA forfor thisthis purposepurpose.. TheThe usualusual methodsmethods involveinvolve carefulcareful centrifugationcentrifugation andand
handlinghandling ofof thethe bloodblood.. Here,Here, wewe describedescribe anan alternativealternative methodmethod thatthat providesprovides cellcell freefree DNADNA

PregnantPregnant donordonor recruitmentrecruitment
PregnantPregnant donorsdonors werewere recruitedrecruited fromfrom MethodistMethodist Hospital,Hospital, OmahaOmaha NE,NE, USAUSA.. ThisThis studystudy waswas
approvedapproved byby thethe institutionalinstitutional reviewreview boardboard ofof thethe MethodistMethodist Hospital,Hospital, OmahaOmaha NENE andand
informedinformed consentconsent waswas obtainedobtained fromfrom allall donorsdonors priorprior toto bloodblood drawdraw..

BloodBlood collectioncollection
TwoTwo 1010 mlml bloodblood samplessamples werewere drawndrawn intointo twotwo differentdifferent bloodblood collectioncollection tubestubes fromfrom eacheach
donordonor.. OneOne tubetube waswas aa regularregular KK33EDTAEDTA bloodblood collectioncollection tubetube (BD(BD vacutainer)vacutainer) andand thethe otherother
waswas aa vacuumvacuum bloodblood collectioncollection tubetube developeddeveloped byby StreckStreck IncInc.. (Cell(Cell--FreeFree DNADNA BCT)BCT) whichwhich
containedcontained chemicalchemical compoundscompounds inin orderorder toto stabilizestabilize nucleatednucleated bloodblood cellscells andand inhibitinhibit plasmaplasma
nucleasesnucleases.. BloodBlood waswas mixedmixed wellwell immediatelyimmediately afterafter drawingdrawing intointo thethe tubestubes byby invertinginverting thethe
tubetube severalseveral timestimes..
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fromfrom maternalmaternal bloodblood whichwhich utilizesutilizes aa vacuumvacuum collectioncollection tubetube containingcontaining stabilizingstabilizing agentsagents
andand nucleasenuclease inhibitorsinhibitors toto obtainobtain cellcell--freefree plasmaplasma DNADNA freefree fromfrom postpost--samplingsampling
contaminationcontamination withwith cellularcellular genomicgenomic DNADNA..

ObjectiveObjective
ToTo developdevelop aa standardizedstandardized bloodblood collectioncollection devicedevice thatthat preservespreserves fetalfetal cellcell--freefree DNADNA fromfrom
nucleasenuclease mediatedmediated degradationdegradation andand minimizesminimizes maternalmaternal cellcell--freefree DNADNA backgroundbackground inin
maternalmaternal plasmaplasma atat roomroom temperaturetemperature..

MethodsMethods
BloodBlood samplessamples werewere drawndrawn fromfrom healthyhealthy pregnantpregnant donorsdonors intointo regularregular KK--EDTAEDTA andand StreckStreck--
developeddeveloped CellCell--FreeFree DNADNA BCTBCT (blood(blood collectioncollection tubes)tubes) andand keptkept atat roomroom temperaturetemperature untiluntil
furtherfurther processingprocessing atat differentdifferent timetime pointspoints PlasmaPlasma waswas separatedseparated byby centrifugationcentrifugation thethe cellcell--

SampleSample processingprocessing
AliquotsAliquots ((11..55 ml)ml) ofof bloodblood werewere removedremoved fromfrom eacheach tubetube atat 33 hours,hours, 2424 hours,hours, 4848 hours,hours, 7272
hours,hours, 77 daysdays andand 1414 daysdays.. BloodBlood samplessamples werewere centrifugedcentrifuged atat roomroom temperaturetemperature atat 16001600 gg
forfor 1010 minutesminutes.. TheThe upperupper plasmaplasma layerlayer waswas carefullycarefully removedremoved withoutwithout disturbingdisturbing thethe buffybuffy
coatcoat andand transferredtransferred toto aa newnew tubetube usingusing aa pasteurpasteur pipetpipet andand thenthen centrifugedcentrifuged atat 1600016000 gg atat
roomroom temperaturetemperature forfor anotheranother 1010 minutesminutes.. TheThe cellcell--freefree plasmaplasma waswas carefullycarefully removedremoved fromfrom
thethe tubetube withoutwithout disturbingdisturbing thethe cellcell pelletpellet andand transferredtransferred intointo aa newnew tubetube..

PlasmaPlasma cellcell--freefree DNADNA isolationisolation
CellCell--freefree plasmaplasma DNADNA waswas purifiedpurified usingusing aa commerciallycommercially availableavailable NucleoSpinNucleoSpin®® PlasmaPlasma XSXS
kitkit (MACHEREY(MACHEREY--NAGELNAGEL IncInc..,, Bethlehem,Bethlehem, PA)PA)..

Figure 1. Total plasma cell-free DNA concentration in first trimester maternal
blood samples drawn into regular EDTA blood collection tubes and stored at
220C.

Figure 2. Total plasma cell-free DNA concentration in first trimester maternal
blood samples drawn into Streck Cell-Free DNA BCT and stored at 220C.
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furtherfurther processingprocessing atat differentdifferent timetime pointspoints.. PlasmaPlasma waswas separatedseparated byby centrifugation,centrifugation, thethe cellcell
freefree DNADNA extractedextracted andand thenthen thethe totaltotal andand fetalfetal cellcell--freefree DNADNA inin plasmaplasma waswas quantifiedquantified byby
quantitativequantitative realreal timetime PCRPCR usingusing thethe hypermethylatedhypermethylated RASSFRASSF11AA genegene promoterpromoter regionregion asas
anan indicatorindicator forfor fetalfetal cellcell--freefree DNADNA..

ResultsResults
MaternalMaternal bloodblood drawndrawn intointo Streck’sStreck’s CellCell--FreeFree DNADNA BCTBCT showedshowed nono changechange inin thethe relativerelative
percentagepercentage ofof fetalfetal cellcell--freefree DNADNA duringduring 1414 daysdays ofof storagestorage atat roomroom temperature,temperature, whereaswhereas
bloodblood drawndrawn intointo regularregular KK--EDTAEDTA tubestubes showedshowed aa reductionreduction inin thethe relativerelative percentagepercentage ofof
fetalfetal cellcell--freefree DNADNA overover thethe timetime periodperiod.. CellCell--freefree DNADNA extractedextracted fromfrom bloodblood storedstored inin
CellCell--FreeFree DNADNA BCTBCT forfor 1414 daysdays waswas amplifiedamplified byby wholewhole genomegenome amplificationamplification whichwhich
resultedresulted inin atat leastleast aa 8080--foldfold increaseincrease inin fetalfetal cellcell--freefree DNADNA inin maternalmaternal plasmaplasma..

Real Time quantitative PCRReal Time quantitative PCR
Primers and probes for the real time PCR quantification of βPrimers and probes for the real time PCR quantification of β--actin and RASSF1A sequences actin and RASSF1A sequences 
were prepared as described by Chan et al. (5). Primers for the Ywere prepared as described by Chan et al. (5). Primers for the Y--chromosomal sex chromosomal sex 
determining region (SRY) were prepared as previously described (6).determining region (SRY) were prepared as previously described (6).

UsingUsing Streck’sStreck’s CellCell--FreeFree DNADNA BCT,BCT, itit isis possiblepossible toto preservepreserve fetalfetal cellcell--freefree DNADNA forfor
extendedextended timestimes asas wellwell asas minimizeminimize postpost samplingsampling maternalmaternal cellcell--freefree DNADNA backgroundbackground..
ThisThis helpshelps toto keepkeep thethe relativerelative percentagepercentage ofof fetalfetal cellcell--freefree DNADNA inin maternalmaternal bloodblood

Conclusions
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ConclusionsConclusions
UsingUsing Streck’sStreck’s CellCell--FreeFree DNADNA BCT,BCT, itit isis possiblepossible toto preservepreserve fetalfetal cellcell--freefree DNADNA forfor
extendedextended timestimes asas wellwell asas minimizeminimize postpost samplingsampling maternalmaternal CellCell--freefree DNADNA backgroundbackground
whichwhich helpshelps toto keepkeep thethe relativerelative percentagepercentage ofof fetalfetal cellcell--freefree DNADNA inin maternalmaternal bloodblood
unchangedunchanged.. FetalFetal cellcell--freefree DNADNA soso preservedpreserved cancan bebe amplifiedamplified byby wholewhole genomegenome
amplificationamplification technology,technology, thusthus providingproviding thethe fetalfetal nucleicnucleic acidsacids asas aa startingstarting materialmaterial forfor
nucleicnucleic acidacid basedbased prenatalprenatal diagnosticdiagnostic teststests..
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Figure 3. Cell-free fetal plasma DNA concentration in first trimester
maternal blood samples drawn into regular EDTA blood collection
tubes and stored at 220C.

Figure 4. Cell-free fetal plasma DNA concentration in first trimester
maternal blood samples drawn into Streck Cell-Free DNA BCT and stored
at 220C.
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inin maternalmaternal plasmaplasma byby LoLo etet alal.. inin 19971997 waswas aa newnew milestonemilestone inin nonnon--invasiveinvasive prenatalprenatal
diagnosisdiagnosis ((33)).. ThisThis cancan provideprovide thethe muchmuch neededneeded fetalfetal nucleicnucleic acidsacids forfor nonnon--invasiveinvasive
prenatalprenatal diagnosisdiagnosis byby aa simplesimple bloodblood drawdraw fromfrom thethe mothermother.. AA numbernumber ofof studiesstudies ((44))
describedescribe thethe importanceimportance ofof gettinggetting cellcell--freefree plasmaplasma DNADNA devoiddevoid ofof cellularcellular DNADNA forfor thisthis
purposepurpose.. TheThe usualusual methodsmethods involveinvolve carefulcareful centrifugationcentrifugation andand handlinghandling ofof thethe bloodblood.. WeWe
describedescribe anan alternativealternative methodmethod thatthat providesprovides cellcell freefree DNADNA fromfrom maternalmaternal bloodblood whichwhich
utilizesutilizes aa vacuumvacuum collectioncollection tubetube containingcontaining stabilizingstabilizing agentsagents andand nucleasenuclease inhibitorsinhibitors toto
obtainobtain cellcell--freefree plasmaplasma DNADNA freefree fromfrom postpost--samplingsampling contaminationcontamination withwith cellularcellular genomicgenomic
DNADNA..
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Figure 5. Amplification of fetal cell‐free DNA in Maternal Blood Stored in Streck
Cell‐Free DNA BCT for 14 Days by Whole Genome Amplification. Y chromosomal
SRY region sequence was used as an indicator of fetal cell‐free plasma DNA.
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