TWO STAGE ENRICHMENT OF CELL-FREE FETAL DNA IN MATERNAL PLASMA Though fetal
DNA is present in maternal plasma, the levels are relatively low to enable routine prenatal genetic

analysis. Wikgédogiorgihound to any theory, we believe that a portion of fetalBNAdmHBagckaged and
thus protected from plasma endo-nucleases. We propose a novel enrichment technique that combines
two distinct methods. Separated plasma is first treated with DNase to effectively decrease the
percentage of contaminating cell-free maternal DNA fragments. Subsequent increase of fetal

sequences is achievdd{{3iAd ArRoBNEd GHHYIENTe it EAAPIRES S TE ANdchnique. Methods:
Plasma was isolated from maternal whSI¥MpdddR{kal2 B hENiteated with increasing concentrations of
DNase. DNase treated DNA was further processed using the piagen DNA extraction mini kit prior to a
modified WGA {iiatogofiaidbrichi smaliertDNAsfeagiheiate. £ taseéness af- fetahvequenses was confinned
using real-time Tagman P RTPCR) to measure P-Glohin and DYS |, sequence levels. Results:
Fetal DN%%@SJ%%%%%%%%%%%S & %ﬁ%ﬁhﬁﬂlﬂﬁggg%re%%n etﬁt%? %’ﬁ%%’t Wéetgﬁlh%\/‘? gfaﬁnale fetuses
was achieyedimalf zimhplais\copficheddaithis apmadetédtiernpliO) botidbefatesand &fter WGA. In
addition rect.ge inati es.(n=7) that were subjected to tqe ighest amount
of DNasé_g a nglté% t%f;&r{g% | é{c{it] \{/év%é%{%}%]%éoi ge%ﬁﬁoerg\gwgtég%gcﬁﬂ%éﬁtg é’ncréle %aé% 8‘? il
sequencéstigtaieirng S0toheiaDNaTectiv@pdetosionticResititgonfinvnthatfetal A frgplasma is

protected, ARdhasistaNtA depeadafinniem RNase HERISol, Less oo atp also suggest

that an optimal level of DNase treatment can be achieved th ows further enricfiment using WGA.
The obsépgsticefithdiotniasesrhmaldicatioadMindntschmgemal sequences suggests that cell-free fetal

DNA is packaged differently than the maternal counterpart aIIowirFlg1 preferential enrichment of fetal

sequences. INTHEPUIE TIBRME Wi isakasr JEomdeatahodieln alorsiatr of thadiveisstaettiures such

as amnidgenigsis ebehatianinyHoDN sampling: (G S While thesarpracaduies have pravided reliable
results fo#many ??g%rs the){],istill Carr[%( a slight risk g) he fetus (1). Since the discovery of amplifiable

fetal cell-ffE& SASHAP AR AP PRSI A TR VR 100 HarTs i sarliardR N med at
determinfrgzthenpoteriieh fo b inidalegominyasive prenatagensticitests. Miierpary (@frthese studies
have sh great romiﬁe } e smﬁlﬁgﬁtirﬁn%q%uamltie of fetal DNA has made it difficult to implement

clinically: rie g%ee,tsvi\lllée 'a(,i}/é) getide ?ﬂﬁ% Mé&thods of fetal DNA isolation and enrichment.

Without being 0 any;t Vo it lieved that th circula cleatides are the result of
fetal cells unde%%&%ép%%%%@gﬁﬁé#ﬁéﬁ%%ﬁg Es?ﬁ%ﬁ?é%#%&’l- e%?%ﬁus%g "%Rﬁﬁtfn plasma, which is
known toCsurrelidaiestiensésidadyosts wistatissedicislcanidssame Simuathting withinatedaniorane bound

vesicles funergsaesylef dhe rshans el pfegapned spll deal (. Jess elal A

fragments are also distis{r‘la%uishable from maternal fragments based on size, fetal ragme%ts generally

smaller (4500 B) tdn swRitstpdigdghehes(sponmp) B awraey dles the wodified WGA

protocol demonstrated significant enrichment of fetal sequences, attaining 50% fetal DNA.

Conclusions: Results confirm that fetal DNA in plasma is protected and resistant to
degradation from DNase treatment. These preliminary data also suggest that an optimal leve]
of DNase treatment can be achieved that allows further enrichment using WGA. The
observation that DNase eliminates predominantly maternal sequences suggests that cell-free
fetal DNA 15 packaged differently than the maternal counterpart, allowing preferential

enrichment of fetal sequences.
INTRODUCTION

Prenatal genetic diagnosis has relied on invasive procedures such as amniocentesis or
chorionic villous sampling (CVS). While these procedures have provided reliable results for
many years they still carry a slight risk to the fetus (1), Since the discovery of amplifiable
fetal cell-free nucleic acids in maternal plasma (2), there have been numerous studies aimed

at determining the potential for clinical non-invasive prenatal genstic tests. While many of



We describe a novel two stage method for enrichment of fetal fragments. The first stage involves
treatment of total maternal plasma (containing both maternal and fetal DNA fragments) with DN ase.
Given that fetal fragments are more stable and likely packaged by membrane bound apoptotic bodies,
we hypothesize that DNase treatment would deplete the overall (unpackaged) maternally derived

sequenqes, Thepecond siads Dualves s ol npals gename Amplieaion NGA) prefocol
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wherein & first percen age fétal nucleic aci fological sa or to the treatment is lower
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distinguishable from matemal fragments based on size, fetal fragments generally smaller

(<300 bp) than maternal fragments (>500 bp) (3; Jorgez C et al., 2007).

We describe a novel two stage method for enrichment of fetal fragments. The first
stage involves treatment of total maternal plasma (containing both maternal and fetal DNA
fragments) with DNase. Given that fetal fragments are more stable and likely packaged by
membrane bound apoptotic bodies, we hypothesize that DNase treatment would deplete the
overall (unpackaged) maternally derived sequences. The second stage involves a modified
whole genome amplification (WGA) protocol designed to amplify smaller fragments,
presumably fetal.

SUMMARY

In a first aspect, there is provided a method for enriching fetal nucleic acid comprising
treating a biological sample of a maternal host containing cell-free fetal

nucleic acid with a composition comprising an agent with DNase activity,
wherein a first percentage of fetal nucleic acid in the biological sample prior to

the treatment is lower than a second percentage of fetal nucleic acid in the biological

sampie after the treatment.

In a second aspect, there is provided a method for detecting the presence or absence
of a marker in fetal nucleic acid comprising
treating a biological sampie of a maternal host containing cell-free fetal
nucleic acid with a composition comprising an agent with DNase activity,
amplifying fetal nucleic acid in the biological sample after the treatment, and
detecting the presence or absence of a marker in fetal nucleic acid during or

after amplification.



Following IRB approval and written infolined consent, a total of 24 whole blood samples (10 confirmed
male pregnancies, mean gestational age 18 1/7 weeks ranging from 11 4/7 to 25 2/7 weeks; 12
confirmed female pregnancies, mean gestational age 20 1/14 weeks ranging from 9 6/7 to 37 4/7
weeks; and 2 non-pregnant controls, 1 male and | female) were collected. For each, approximately 30
ml of blood drawn in ACD vacutainers was pMESSHEHSy an initial centrifugation at 800g for 10min to
separate plasma from the cellular fraction. The plasma fraction was removed and centrifuged again at
16,000g for 10FnhvtdrfgiRBragmow sty voottarifating coliatat, paieley. 2Phighfrkdilondvas then
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quantificatidatef 13:@tddior (BGL0B54R (Bich GACSTIE AGTHGOT G ABSBAGNYBEROAEERICCT TGA
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Level ofeenrcméntsasidettinindd babetloh.24GatabDNwoitinich Swaepded cutsgdtcabaderhtio of DYS1 to
13-G'°b§30r§%?§ PQ&%{%@E&%G@&&%%{@ %omgﬂnwﬁgégﬁgg%t mateal Bnshatal yuiis,in the

confirmed male pregnancies DYST represents the a DNA present in the sample.
RESULTiSng thedlawindlitatDBlasé Masitfisrifsairtéd hiiol srshepregnant fsehpidsniseth £3-Globin and
DYS | leyels de S finetal fthe ® ively eliminated
by DNasf(/e&tSPe%trﬁg%. %g%gﬁrr%o%?ﬁ%@n%%éé%a@@ﬁ%?&@ﬁ%?%ﬁ%%%eﬁev %?5@8&4 lobin were
decreasentimesdtepbitcoiare YBfsstént tagpite GalrSNECPRI&GSex b aan oo QI E sedn 2 Geg/ml for
male MalSiUR 3SR 6108 LIASAR SEA (30 Paln melaialicapon. Nafese posiive DYSI
levels were detected Iin any of the known female pregnancies. However, among pregnancies with
known male fetuses (n=10), there was 100% detection of DYS1 sequences at all treatment increments
(Opt: 127.4 + 72.3 Geqg/ml, 1p.1: 71.4 57.3 Geqg/m1, 5111:71 + 58.6 Geqg/ml, 101d: 57.1 46.6 Geqg/ml,
301(.1: 154 + 179.6 Geg/ml). - WGA was performed on seven DNase treated maternal samples (3
female and 4 male). Though fetal sequences are detected in all samples, increased levels of fetal
DYSI sequences were only observed in the samples that were subjected to 30 pl of DNase (Opt: 1979
+ 2083.9 Geg/ml, Itd: 1.62 + 1.6 Geq/m1, 5111: 723.5 + 875.7 Geq/ml|,0.83 + 1.22 Geqg/ml, 30td: 7025
+ 4381 Geg/ml). Thus indicating that more stringent DNase treatments were necessary to diminish
maternal sequences (based on f3-Globin) to the extent that they were not present in levels that
out-compete amplification of DYS1 sequences. In the samples that were subjected to 30111 of DNase
followed by the modified WGA protocol, we were able to achieve a mean value of 49.96% fetal DNA.
In the samples that were not treated with DNase and only subjected to the modified WGA, the mean
percent fetal DNA among samples was 11.16%. The samples that were treated with either 1, 5, IOplof
lunit/til of WO 2009/097511PCT/1152009/032614
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DNase all had mean values of 0.01%, 3.5%, and 0.01% fetal DNA respectively after WGA. Prior to
WGA the samples had percentages ranging from 0.05% to 0.17%. DISCUSSION Our results
demonstratevthadeoak-fsee fetal DNA is resistant to degradation by DNasepsgapasingheghypothesis
that cell-free fetal DNA is packaged in membrane bound vesicles. We effectively removed maternal

sequences as wel’@ any contaminating seguences that.may lead to false-positive results. The levels
of cell-frdbtetarD A%pr%tr)éls ?nnﬁrg%%lﬁ}asar%% ergr\isél%eg’%grr? % seann%’BPer%l.anki%%%ﬂ?ﬁ KHHrms that fetal
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sequence on the end which is used to am E%all the fragments by polymérase chain reaction (PCR).

We elimiftsBnsat irag freiptaiont SessdahThe 3 lobet tiidieh prevekularbrmansinal BBknces from
fragmentipg forosubsgaseiampification dhisRentiatitprevides smakpraexisting fragmented fetal

sequences an advantgge during amplification. WGA increased the fetal to maternal ratio in samples

that unddhintRETmeEIaisgeRt R YRhImEsmE P H- e AL fHel HYh v vrtdBIDNA was

<1% at alhtrpaiment levels. However, 50% fetal DNA was achieved in samples that underwent 30 pl of
DNase along with the modified WGA protocol, suggesting that this is a viable method of enrichment of
cell-free fetal DNA in maternal plasma. Base®R&$1IEGRKbin levels, DNase appears to reduce the
guantity of maternal sequences present in the sample, allowing fetal sequences to be amplified. The
degradation of fradterat mitiaiObeiisprevernisicompatltion guengEsylificationiof felabsequences in

the PCR ieassg: THhesamiples AL ARNeR ety 3 LAAMONASS tgairans displayed lower

fetal to maternal ratios after WGA than samples that were not se. One possible

explanatidfeidi vaht shaneseshphiseieiansat mtewral sehusatesaherepiegribedgbut not completely
e"mi“ate&%vt@&t@ﬁ“ﬁ%(?Biﬂfﬁ@%f{i&?M@d@&@%@ﬂﬁé&%ﬁ&Efé@%@%%&@%ﬁ%e%&’ﬂ%ﬁ?&o” step of the

original WGA protocol which allowed more efficient amplification of the matérnal sequences. We

describe A tsmBRIENEM D Hfethbdd thaeamsvier ieds Bveresatwerdb eampheatioeg/ it has

limited ngg-iRvasivepeenatal:DNAgenaticestivg Hiew fetaliomaternaltatia andsmall quantity of fetal
DNA. Overall, this novel two stage enrichment process shows great potential in selective enrichment

followed ]&pm &m&}ﬁwﬁ%@%mm%@m@ﬂq@mgnaﬂmes with known male fetuses (n=10),

there was 100% detection of DYS1 sequences at all treatment increments (Oul: 127.4 + 723
Geg/ml, 1pl: 71.4 + 57.3 Geg/ml, Spl: 71 £ 58.6 Geg/ml, 10ul: 57.1 +46.6 Geg/ml, 30ul: 154
+179.6 Geg/ml).

WGA was performed on seven DNase treated maternal samples (3 female and 4
male). Though fetal sequences are detected in all samples, increased Jevels of fetal DY S1
sequences were only observed in the samples that were subjected to 30 ul of DNase (Opl:
1979 +2083.9 Geg/ml, 1ut: 1.62 + 1.6 Geg/ml, Sul: 723.5 + 875.7 Geq/mi, 10ul: 0.83 +1.22
Geg/ml, 30ul: 7025 1+ 4381 Geg/ml). Thus indicating that more stringent DNase treatments
were necessary to dimmish maternal sequences (based on $-Globin) to the extent that they
were not present in levels that out-compete amplification of DYS1 sequences. In the samples
that were subjected to 30l of DNase followed by the modified WGA protocol, we were able
to achieve a mean value of 49.96% fetal DNA. In the samples that were not treated with
DNase and only subjected to the modified WGA, the mean percent fetal DNA among

samples was 11.16%. The samples that were treated with either 1, 3, 10ul of Tunit/ul of
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prenatal @Q@Wﬁe%&i&xﬂc%ﬁ?n FheliB98s 82 LPCHRe fetal DNA persist in patient samples

versus control samples. This finding confirms that fetal sequences are resistant to
degradation and protected or packaged differently than maternal sequences. £-Globin levels
represent total DNA (maternal and fetal), thus failure to detect complete digestion of p-
Globin is not surprising given that a portion is likely to be fetal. Fetal sequences appear to
have a unique molecular characteristic, differentiating it from maternal sequences and
enabling enrichment. Detection of all male cases and no false positives suggests that DNase
treatment has a novel application in eliminating unwanted maternal sequences that have been

degraded further while in circulation.

The GenomePlex® Complete Whole Genome Amplification Kit (Sigma-Aldrich)
amplifies genomic DNA by first randomly fragmenting the DNA and then attaching a
comimon sequence on the end which is used to ampiify all the fragments by polymerase chain
reaction (PCR). We climinated the fragmentation step from the procedure to prevent larger
maternal sequences from fragmenting for subsequent'arnpﬁﬁcation. This potentially provides
small pre-existing fragmented fetal sequences an advantage during amplification. WGA
mncreased the fetal to maternal ratio in sampies that underwent the most stringent DNase
treatments. Prior to WGA, the mean % of fetal DNA was <1% at all treatment levels.
However, 50% fetal DNA was achieved in samples that underwent 30 pl of DNase along
with the modified WGA protocol, suggesting that this is a viable method of enrichment of
cell-free fetal DNA in maternal plasma. Based on B-Globin levels, DNase appears to reduce
the quantity of maternal sequences present in the sample, allowing fetal sequences to be
amplified. The degradation of maternal mucleic acids prevents competition during
amplification of fetal sequences in the PCR reaction. The samples that underwent milder (3,
3, 10pl) DNase treatments displayed lower fetal to maternal ratios after WGA than samples
that were not treated with DNAse. One possible explanation is that in these samples the larger

maternal sequences were degraded but not completely eliminated, in effect replacing the



WO 2009/097511PCT/U52009/032614 7. Tuangsit Wataganara, Erik LeShane, Antonio Farina,
Geralyn M. Messerlian, Thomas Lee, Jacob A. Canick, Diana W. Bianchi. Maternal Serum Cell-Free

DNA Levelsggedngieased in Cases of Trisomy 13 but not 18. Hum Gene&,@ﬁ%%;&?ﬁg Claims: 1.
ple

A method for enriching fetal nucleic acid comprising treating a biological sample of a maternal host
containing cell-free fetal nucleic acid with a composition comprising an agent with DNase activity,
wherein & fREIPERREN e re @I Bl GRiBHarR BRiIBYitarsh e sHBF /e tABRIEERIBR is lower
than a segund pergantagaafdeatal nucleic acid in the biological sample after the treatment. 2. The
method of claim 1, wherein the biological sample is a blood sample of a maternal host. 3. The method
of claim 1, wherwin dbetiielogicabsampieisapesninoil ke sampeaha mataual host. 4. The
method ()cjo%%ﬁriga%b\Illvsht?lg%lhnam?n%%%r};[ovr\llﬁgv%l}lw?esgr&%’ggll%ﬁADgNeggt?é testing: low fetal to

materpal ratio and small quantity of fetal DNA. Overall, this novel two stage enrichment

process shows great potential in selective enrichment followed by amplification.
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5. The method of claim 1, wherein the agent with DNase activity is DNase and the amount of DNase is
from about 10 to 200 unit/y.l 6. The method of claim 1, wherein the second percentage is from about
10% to 50%yg.z8¢vmethod of claim 1, wherein the second percentage isgetgashik@¥es20%, 30%,
40%, or 50%. 8. The method of claim 1, wherein a first percentage of maternal nucleic acid in the
biological samp ; rior to %{[ e treatme Sf“%ﬁ r than a second percentage rnal nucleic acid in
the biological s mﬁ‘f&%ﬁ’é ﬁéahaé’gfﬁ‘lgﬂi gl‘HT(S’818f & ﬂ&é?ﬂ? t %@g}% Eigamplifying fetal
nucleic a@ld)maﬂﬂbebjdkngimal iémmle Bfterathie B&atmeMaﬂ@nﬁf&mat@@mﬁf@@mﬁLwﬁlgmomprISIng
e e 2o e D19 ple P RIS S TS HFRITEBba/ @ Whole Genome

Amplificati



11. The method of claim 10, wherein the WGA method is conducted without fragmentation incubation.
12. A'method for detecting the presence or absence of a marker in fetal nucleic acid comprising
treating a biological sample of a maternal host containing cell-free fetal nucleic acid with a composition
comprising an agent with DNase activity, amplifying fetal nucleic acid in the biological sample after the
treatmenbﬁﬂgsdetecting the presence or absence of a marker in fetal nu<_:leic acid during or after
amplification. 13. The method of claim 12, wherein the biological sample is a plasma or serum sample.

14. The method of.claimy ks WHEKE!D 16 39S NS RN  prising
treating & biological sample of a maternal host containing cell-free fetal
nucleic acid with a composition comprising an agent with DNase activity,
wherein a first percentage of fetal nucleic acid in the biological sample prior to
the treatment is lower than a second percentage of fetal nucleic acid in the biological

sample after the treatment.

2, The method of claim I, wherein the biological sample is a blood sample of a maternal
host.
3. The method of claim 1, wherein the biological sample is 2 plasma or serum sample of

a maternal host.
4, The method of claim 1, wherein the agent with DNase activity is DNase,

3. The method of claim 1, wherein the agent with DNase activity is DNase and the

amount of DNase is from about 10 to 200 unit/ul
6. The method of claim 1, wherein the second percentage is from zbout 10% to 50%.

7. The method of claim 1, wherein the second percentage is at least 10%, 20%, 30%,
40%, or 50%.

8. The method of claim 1, wherein a first percentage of maternal nucleic acid in the
biological sample prior to the treatment is higher than a second percentage of

maternal nucleic acid in the biological sample afier the freatment.

9. The method of claim 1 further comprising amplifying fetal nucleic acid in the

biological sample after the treatment,

16.  The method of claim 1 further comprising amplifying fetal nucleic acid in the
biological sample after the treatment via a Whole Genome Amplification {(WGA)
method.

11. The method of claim 10, wherein the WGA method is conducted without

fragmentation incubation.



15. The method of claim 12, wherein the amplification is conducted via Whole Genome Amplification
(WGA) method. 16. The method of claim 15, wherein the WGA method is conducted without
fragmentation incubation. 17. The method of claim 12, wherein the percentage of fetal nucleic acid
after the amplification is at least 10%, 20%, 30%, 40%, or 50%.

12.

13.
14,
I5.

16.

17.

A method for detecting the presence or-.absence of a marker in fetal nucleic acid
comprising
treating a biological sample of a maternal host containing cell-free fetal
nucleic acid with a composition comprising an agent with DNase activity,
amplifying fetal nucleic acid in the biological sample after the treatment, and
detecting the presence or absence of a marker in fetal nucleic acid during or

after amplification.
The method of claim 12, wherein the biological sample is a plasma or serum sample.
The method of claim 12, wherein the agent is DNase.

The method of claim 12, wherein the amplification is conducted via Whole Genome
Amplification (WGA) method.

The method of claim 15, wherein the WGA method is conducted without
fragmentation incubation.

The method of claim 12, wherein the percentage of fetal nucleic acid after the
amplification is at least 10%, 20%, 30%, 40%, or 50%.



