NOVEL FETAL MARKERS FOR PRENATAL DIAGNOSIS AND MONITORING RELATED
APPLICATIONS [0001] This application claims priority to U.S. Provisional Patent Application No.
60/797,456, filed May 3, 2006, the contents of which are hereby incorporated by reference in the
entirety. BACKGROUND OF THE INVENTION [0002] Early detection of pregnancy-related conditions,
including potential complications during pregnancy or delivery and genetic defects of the fetus is of
crucial imporauvEl SPETADWARKERG HIOR FRENATiOD BIddENOFIHAND 34N BOSENEhe mother
and the fetus. Prenatal diagnosis has been routinely conducted using cells isolated from the fetus
through procedures such as chorionic villus sampling (CVS) or amniocentesis. These conventional
methods are, however, invasive and present an appreciable risk to both the mother and the fetus
despite most careful handling (Tabor %ﬁﬁ%ggc@ﬁﬁ@gﬁ@&gg, 1986). [0003] Alternatives to these
ithasive approaches have been developed for prenatal screening, e.g., to detecting fetal abnermalities,

following the Higetverdbis umtisetierlepe susmittin tbfiskamiperd e AnmieaineiNaulation
(Johansen et direnatsRiagny Rk Wl eckidm @f\@mﬂrsré@aeﬁgm&?&r&wé%g}g-free fetal DNA
can be detected in ’mqt’ernal p!asrﬁa and serum (Lo et al., Lancet 350:485487, 1997). The amount of
fetal DNA in A¥5HER4IIBIBSEHESBeen shown to be sufficient for genetic analysis without complex -
treatment of the plasma or serum, in contrast to alternative methods requiring steps for isolating and
enriching fetal cells. Fetal rhesusH> (RUEDQfENBHYIRATHE GNVENTROENgI. J. Med. 339:1734-1738,

1998), fetal s termination (Costa et az., N. l, J. Med 346:1502, 2002)..and diagnosis of
several fetal |sg%%erg]a(%\¥n#8%é§°&§?%. éeElrr?“n.t% 603%%%’ ?8%3%5?363}? %t, Lancet
356:1170,2000mptidadis diratg W%@@Q@Vimdmﬁhé@@mmwéved by detecting
fetal DIVA in alelfaligama ot seikiuesing aesmeraseRalndeachosdReRidgessd technique.

[0004] In addition, qu & abnormalities of fetal DNA in maternal plasma/serum have been

reported in prestraamstha anétha foust Cranielingsers §8s bogramnhsaaieeie uaine T. Obstet,

Gynecot 184414439, 2001, felabiisarmAbeaka seia G5 lds skh5ind 999 and Thong et
al., Prenat. Diagn. 20:795- 798, 2000) and yperemes%%awdarum (Sekizawa et at, Clin. Chen?.

47:2164-216%5CY80 25 ABIREHIASHT fERIPA GRREREHeL P ATRES 28 OBEVSr ’ﬁ?’é‘ﬁé’?a‘?zﬁ%netic analysis is
also discloseg i S Eiaridin SR8 thAaDHOR08]r ehdl t(RiNBuay eseriic moratersfl blood has also -

been established as iL%%nost'c ool for, Hr n y-% ciated conditions. For instance, U.S. Patent
08 f oo AL

Application N©~ gues based on detection of fetal RNA in

maternal bIoz@é(béﬁ.’ E%%% éﬁ@g&gﬁﬁ% g%fé%lzlgp%@ﬁefs rbgg%cgg%gﬁlﬁgggpr%a{g&gnt of certain

MRNA speci , LIPF12, and PLAC1) present in maternal blood can
be used as murkersfor. diatindsgraistlehnerelibrsdielinty peign sirepreisrdladmsarders such as

preeclampsia, fetal chrorosomahaneunloidy, ANHPISISIRHADEEHARORLAlthowghihe stability of DNA

provides an advantage for fetal DNA-based diagnosis, ong ma'lpr limitation does_exist for this-

approach: boﬁq%iaﬁ@h%&ﬁg?BW@mm SEenarRe S orR Priyh AR woman's blood,
e.g. serug_l ObplREMAd | Hlﬁfﬁaéh@ﬂep ll%s%z?@ﬁ@é&ﬁtﬁ&g ' ',ngaﬂzvl,f%wcawiofn@mmagl Ltlegg?j.m\;éelx_tﬁ e(;lsure
accurate diagnosis. It was first disclosed-in U. atent icatign ,951, published as
200300443Sﬂﬂgﬁ?@f\z%%@#é@rﬁﬁtﬁfgbﬁ?%%éL%?gﬂﬁggﬁﬁaé%qﬁﬂ%ﬁ%%?@%gﬁfmn%%thylation profiles.
Landes et al. ifaly<5s Walieot AppieatinmitishtioAtienNon2 008624, 1522russ prejiusethdifferential
methylation markers may. be used for prenatal diagnosis. | sent. di mber of
human genorﬁf%{%%ﬂs gglaﬁlgn%eeglooég gda%nr‘%c ‘r%%%%ﬁo% e? g%%’dfﬁ%#é%%%?% Irst time as loci

containing regowsydifie @atie f.obtEpigiell ife ¢ S30mTe DNA DGR Setd ot Seterignatieidom an adult
(e.g.,a pregngfgs %Q)MTEH&. ;ﬁWiﬁg&g@gl%m}%@ggWg@&@Mw proper identification
n e

or quantification of fetal and maternal DNA and therefore relia lagnosis of prenatal conditions.

BRIEF SUMMAR¥OEARIEuRay eNeh SR 600301 8 182 adif SaHR fidsertifiention refers to a

method for dejegtingotrizamya24 dha iatus, caniecsby: SopregImIUNDhat Sampesing the steps of:
determining the methylatjon statu '%l (-containing genomic sequence in a biological sample
obtained fronﬁfﬂ@\ﬁ%%’% ﬁ\'ﬁﬁ?&i‘%% § I%‘%e%%(ﬁ o EE 0P BIB.MTA Wherein the genomic
sequence fairtliie feittboa B iRe-pesrdmichsemaence from the woman are differentially methylated,
thereby distinguishing the genomic sequence from the woman and the genomic sequence from the
fetus in the sample, wherein the genomic sequence is at least 15 nucleotides in length, comprising at .
least one cytosine, and is within genomic locus Holocarboxylase Synthetase (HLCS)on chromosome
21; determining the amount of the methylated gemomic sequence from the fetus; and comparing the
amount of the methylated genomic sequence from the fetus with a standard control, wherein an
increase from the standard control indicates the presence of trisomy 21. 100071 In an example, a
method is provided for detecting or monitoring a pregnancy-associated disorder in a woman pregnant
with a fetus. The method comprises the following steps; (a) obtaining a biological sample from the
woman, wherein the sample is whole blood, serum, plasma, urine, or saliva; (b) determining the

methylation status of a Cp3-containing genomic sequence in the sample, wherein the genornic
canlience from the fatiic and the deannmic ceadiience from the woman are differantiallvy methvlatead



following step (b) to amplify the methylated or unrn ethylated genomic sequence. The amplification
step may be performed by FOR, such as methylation-specific PCR. [0019] There are various
possibilities in performing step (c) of the claimed method. For example, step can be performed by
mass spectipmgtryiPyaiRsingiextensibassaliiey teatnTeNICiR nbyepadynucleotide hybridization, or
electrophoresis. [00201 In spme exam 4es of thg%, melhﬁg tIZ]e ltw&diff(%ent U_qlf 3 8the genomic
sequence GHERAGHOBO RSP WP $eR I ESIABRSE H-Et nutfsoti oSN merphism, an _-
insertion-delesipg,poiumerahis ar.a GlnpleGpndemitpet-goORAbphikml HR62YLIn one example, a

method is provided for detecting.o itori pregpnancy-gssogiated disordesin.a-.woman pregnant
with a fetus(.L?ﬁé‘fgu’e Wdé%‘fﬁlpggcgj%ﬁéqﬁégslg)g? ?ﬁfc?’&%?%??g%’t%ﬁgaﬁ'ﬁa Hr‘ﬁ%q'en; fom the woman,
wherein thezsgmpie)isniheteizoests servidyrpiadinkavne of. séliva Uprddieptitiaiothe level of a
CpG-containing genomic se ce in the I ' [ is.at least 15
nucleotide%ﬁ%hgtﬁg,egé?ﬁﬁﬁsﬂé%qawgglsct agﬁcgfﬁuﬁnr%fgt %%%& %ﬁ%%ﬁ?iaﬁ%%ﬁigion on
chromosonie 24, éisdosereld.$h& aeyidincoashigd®f (1) a genoraic locus selected from the group
consisting of COI137, phosphodiesterase 9A gPDE9A),homo sapiens protein phosphatase 1,
regulatory (IAMBkorFsRbRNt DIsewds Hakes B Propsy besh SHAhkshES #5 EemlA (Cacnorhabditis

elegans), a@ﬂé&ésﬁ&%ﬁ*ﬁ%&@ghﬁﬁﬁfd&@o&&@ thamatnkb BpsreRmanIPdannstream from the
locus; and (c) comparing thé level of the genomig seoituenc with aﬁtag;f??rag gqltrol, wherein an
€

increase or4Etieznn o BS7 SE i SRE eS TR PSHIES TS, HrdHrass ) onbh

gression of a

pregnancy-asgogiaies diserder Lio022) In veme sxplivptes; Slepl () Bomipisekatreating DNA present in
the blood sainple with a reagent that differentjally modifies methyla ted cytosine.
This reagerftfayce ShapHES BILTH ,CSFﬁl%%ang?‘éJgs o6 ﬁ'g'gtrl mo:ié ge?%%n@fﬁ?tyéﬁéferentially
cleave DNATpEmprisi T methyiniaddytasicebbibodaycbrpriseomariembredagaysings that

preferentially cleave DNA comprising unmeth . gl] 09 &W examples, step (b)
comprises d%oﬁﬁ?ﬁﬁﬁ:éﬁéjﬁer%%c %Hfggﬁ%?}még%%tcﬁgln%%sg %ﬁgﬁ ﬁaetion P%R), especially a
methylation<spasifioRd RacThdmplificatitmedalziton may also be a nucleic acid sequence based
amplification, a strand displacement reaction, a branched DNA amplification reaﬁtion. In some

examples, tf96Vel HitoughahomrbibiALRNderey fet atssivimmaesyh Fd Pattdoresis or

polynucleotigie hybridization . [Q024)faeinetiod fssuitaiertacHiaiectifgDinnenitatiag a number of
prepa}ancyass’é'ciated disorders, ingluding ree?ampsi%g?reterm-,l 3%, h %]ersemesgjsI gravidaram,
ectopic pregiAdy FTSERhiR28S AT & BT TetaTdaON, 55%1 & 1urther example, a
method for deigelingiaimenicsingadtedhdangyitstdiabi disordertinnal Woidan gregnant with a fetus.
The method comprises the steps of; btaini lological t , Wherein the
sample is Wﬁ?ﬂ‘érﬁﬁ)%]&,g%%?ﬁmipp 555%%2 %ﬁ‘ﬁ%ﬁb@%&%&%ﬁﬁ“ﬁ%ﬁ%ﬁé tl?eg\//%fl%? iﬂCpG-containing
stenomic seguiihedinshecsanus Sytrerduteitodmatemic. S8g0enee bs dstaasishsdititieotides in length,
comprises apleast.one methviated cylgsine andds withim aTegiaRauGHRmesome 21, and wherein
the region CONSISS 6f (E) a genonaic locus selected from the group co,nsi%ér%g of CG-]009, carbonyl

reductase | FOBREY DO 8RR b ceioRmBIEh Hibeeial mueyAdiPhIeRi iHEeS e 21 open

reading fra’?ﬁc%% Z129)HiiqcathexyiaseSuathaiase { BEE): anthe@l 8Rxand (2) a DNA
sequence of no more than 10 kb upstream and/or dow&sﬁ%egg}%oraﬁt%locus; arild ga) comparing the
level of the JaRSmreEaGERIRERL PRL SRS CON S WWABTEH 'Sh McrEddetsr et ease from the

standard coniralindisales e Brasanseyoh sgeasiopeabmprbyiancziassddated Gisorder.  10026] hi

some examples, step (bﬁ comprises treating DN sentint load it a reagent that
differentially FnEaMeES Abth{fafed BWW%“&Wﬁeﬁ%o@éﬁ%. Qﬁﬁ%ﬂémaagfﬁ %angg ({:go&mprise bisulfite, or it
may comprisasigieldaiaenzymeddbstinaioenipiyitivatiernN ebmpmiryrHdtytated cytosine, or
{ may compise e £ ot RmERareleiaialleleave DA comprising immethyatec
cytosine. [0 Sofe examp‘iles’, step (b) comprises an amplification reaction, such as a
polymerase chain reaction (PCR), especially a methylation-specific PCR. The amplification reaction
may also be a nucleic acid sequgnes kesasamplification BstRNdisplacement reaction, a branched
DNA amplification reaction, In some examples, the level of the genomic DNA sequence is deteimined
by way of electrophoresis or polynucleotide hybridization. [00281 The method is suitable for detecting
or monitoring a number of preunancyassociated disorders, including preeclampsia, preterm labor,
h.yperemesis gravidarum, ectopic /pregnancy, trisomy 21, and intrauterine growth retardation. 100291
In practicing the examples within all aspects mentioned above, a CpG island may be used as the
CpG-containing genoinic sequence in some cases, whereas in other cases the Cp0-containing gnomic
sequence may not be a CpG island. [0029A] The methods in all examples, may be carried out without
any step performed on the woman. In these examples, the methods of the invention omit the step of
obtaining the biological sample from the woman, and,start with the first recited step that is carried out
on the sample. All other disclosure in this application applies equally to these examples, except where

the context clearly requires otherwise. [0029B] Thus, one example would become: a method of
AdAetectinn or Mmonitorina a nreanancy-acenciated dieorder in a woman nreanant with a fatiie ecomnricinQ



defined relative to chr21:46,249,636 (+1) of the Human May 2004 (hg17) assembly of he UCSC
Genome Browser. Each subsequent row depicts the methylation status across the CpG sites in a
single DNA molecule isolated by cloning. Filled and unfilled circles represent methylated and
unmethylated CpG sites, respectively. Clones from placental tissue samples are labeled with a prefix

"PLN” WJ;B@&P&S&H&%@&E%Q9@&9%&%@%@%%%%B@f&r@&é&mgiﬂstﬁga@? hia and mateinal

blood cells from the same pregnant individual are identified by identical sample number following the
"PLN" &¥ MEREMHOSIT #g EPET I B8X oL the ATETAARSHTAANEES BRI 4iF of thé BEftalite
clones ferihgplagenta ang maseraakbiood ¢elisantplestfer eacnphihestutiet GG sitaswibhind,

CGI137 (A). region A and (B). region B, Across the x-axis, the individual CpG si i tadwith
thoir m R HE ST A o L 10 BB Tt P P e e B e
of the URSEIBentrE Brohyberd]0bSRy FitRs3siBox Plot shHememyratofi tAdibes erengadl Bkthe

Sequergggxﬁ&e nesuiaedhe placentaandmatermnabblaed eell samplesiaeeach afithe studigehGrGisites
within PDE9A among third-trimester and first-trimester ‘glregnancies for redg&o A gg apd B), F{ﬁﬁgion B(C

and A) SRgPe iSRS, #olowiy O3n SR8, Boks THER BFOTHE 1RGP R iy aygrheiase
designatextwith theimycteotitledpesitiong thtativeut thiereversestrandnofnih@iuet2:0F8m 4 (eidy;of
the Human May 2004, (h ssemb : fQrFig. Drot
relativeat%aé;ﬁ%n%arl\?v%%h%t%%nzt% ngf%hrZ 19{2%1%%%&;%? %ﬁ%%?g}%? 5@%{3&}@2{ gt?\%gsi(?rtlﬁ% gfo%vgﬁﬁaﬁ 8 of
chr21:49l8T8r0Bs aregselions s HRGred Ao Iocertibemsprasdrimdied-among all of the
sequenced clones for the placenta and maternal blood cell samples for each of the studied CpG sites

within regipmAREPLEEIRZP2,AMRAGs (hvilitdirimesteland (B). first-trimester pregnancies, and (C).
within region B of PPPIR2P2 amongé i

rd-trimester. ncies. sdhe x-gxis, the individual CpG
sites ard ELHTRBRRATRREF OGS |£S%r£?t%r?s€é%qf%%rf§%ﬁf}%§%f% ,49%{%1) of the Human
May 2004 (hgl7) assembly of the UCSC Genorne Browser. (0034i Figure 5. Box plot of the :
methylation indices among all of the sequenced clones for the placenta and maternal blood cell
samples for each of the studied CpG sites within Similarity to FentlA (C elegans) (A). region A and (B).
region B. Across the x-axis, the individual CpG sites are designated with their nucleotide positions
relative to clu21: 14,056,070 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome
Browser. [0035] Figure 6. Box plot of the methylation indices among all of the sequenced clones for
the placenta and maternal blood cell samples for each of the studied CpG sites within CGI009. Across
the x-axis, the individual CpG sites are designated with their nucleotide positions relative to chr21:
25,855,701 (+1) of the Human May 2004 (hgl7) assembly of the UCSC Genome Browser. [0036]
Figure 7. Box plot of the inethylation indices among all of the sequenced clones for the placenta and
maternal blood cell samples for each of the studied CpG sites within Carbonyl reductase I. Across the
x-axis, the individual Cp0 sites are designated with their nucleotide positions relative to chr21.:
36,363,538 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome Browser. [0037]
Figure S. Box plot of the methylation indices among all of the sequenced clones for the placenta and
maternal blood cell samples for each of the studied CpG sites within Down syndrome cell adhesion
molecule. Across the x-axis, the individual CpG sites are designated With their nucleotide positions
relative to chr21: 41,139,872 (+1) of the Human May 2004 (417) assembly of the UCSC Genome
Browser. [0038) Figure 9. Box plot of the tnethylation indices among all of the sequenced clones for
the placenta and maternal blood cell samples for each of the studied CpG sites within C210rf29.
Across the x-axis, the individual CpG sites are designated with their nucleotide positions relative to
chr21: 44,953,288 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome Browser.
[0039] Figure 10. Cloning and bisulfite sequencing of CGI111 among paired placental tissues and
maternal blood cells. Individual CpG sites are numbered across the first row, with nucleotide positions
defined relative to chr21: 44,699,072 (+1) of the Human May 2004 (hgl 7) assembly of the UCSC
Genome Browser. Each subsequent row depicts the methylation status across the CpG sites in a
single DNA molecule isolated by cloning. Filled and unfilled circles represent methylated and
unmethylated CpG sites, respectively. Clones from placental tissue samples are labeled with a prefix
"PLN," while that from maternal blood cells are labeled with a prefix "MBN." Placenta and maternal
blood cells from the same pregnant individual are identified by identical sample number following the
"PLN" or "MBN." 100401 Figure 11. Box plot of the methylation indices among all of the sequenced
clones for the placenta and maternal blood cell samples for each of the studied CpG sites within
CGI121. Across the x-axis, the individual CpG si&wﬁs are designated with their nucleotide positions
relative to chr21: 45,262,112 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome
Browser. [0041] Figure 12. lllustration of the homogeneous MassEXTEND assay targeting the
unrnethylated form of CGI137. The nucleotide sequence spanning the amplified region is shown. The
original DNA sequence is aligned above the bisulfite-converted sequence. CpG sites are identified by

the "J.*" sip. The CpG sites are additionally numbered and the numbering corresponds to that in Fig.
IA and 2A and Tahle 2A Cvtnecine racidiiece which are not nart nof 2 CnC dinticleontide are identified hy A



[00591 The teiln "gene" means the segment of DNA involved in producing a polypeptide chain; it
includes regions preceding and following the coding region (leader and trailer) involved in the
transcription/translation of the gene product and the regulation of the transcription/translation, as well

as intervening sequences (introns) between individyal coding segments (axons). 100601 In this
application, th@?@%?ﬁ@%%éb%jg%&ﬁgﬁ%ﬂéséﬁag %@%%@%ﬂ%&ﬁéﬁﬁ%ﬁé‘éa ly herein to refer
to a polymer of,;aminc:aeigitesiduasichbeterim siaph yetomminamacidipelymessia dhich one or more
amino acid resjdue is an rtifig- |-chemic?l mig‘ue%ti;ﬁ%of a 1%orr.egpondinﬁ gﬂagéalg.o%eljrring amino acid,
as well as to rf%f'tﬁ?g’lw i BQ?R,?POS&H WB ﬁ/ BT and hom-Ratura y‘chcﬁll’flng amino acid polymers.
As used hereipaifitclehas@ngofapasi aminemaeitbai din setf comy izngrnometudingfotl dength proteins
(i.e., antigens), wherein the . amino.acid residu e link co tide.bonds. 100611 The
term "amino ablaEERsEs Cﬁaﬁ’] ?ﬁ@%@&%ﬁ%ﬁ%ﬁ saf/%%gfjlsf% |?1¥3a111 Tl gsgggvl;%élﬁ?agﬁl é’r%g}?qo acid
analogs and afrinotacichimimetichdhabfmctienrimes fvam ey Sivlar e taepaurdiyeactsrring amino
acids. Naturally occurring amino_agids S e the. ic: gode, as well as those amino
acids that are Ftermoditie ?eelfg??ﬁe?c?rg%(%é?grﬁr)?é, g-chai%%mta%&a%gé, and O;ghosphoserine, [0062)
Amino acids majokiecetsties/itbihenegidnovitheptite Borhomg KREH: e JEEetosyiiBols or by the
one-letter symbolp recomaRQed e LLIRACsH] LB Blacheriesh o pRpelaye Cammission

Nucleotides, |i wige, may be referred to by their commonly accepted single-letter codes. [00631 As

used in this applicRHEGAAhhomesaaiss? BrodTd SHURBEIEbrE ey 4 oot SRYABROBLEUE o negative

change in qua MJ&%@(FPF@W,@%@W&P@%% ALinGrRaBSiIS alpasikNecenge preferably at
least 10%, more preferably 50%, still more preferaply 2-fo|$, ven more pr fzﬁbcgg%lea t 5-fold, and
most preferabWﬁ@%&’ﬂe%ﬁﬁ%]&ﬁﬁ@!&o{?ﬁ?ﬂm&fﬁﬁﬁﬂ I‘ff,ﬁg‘ﬁ%f’é §ME fityHtithange

preferably at least}09%mMnQrerereteiahb R, BilCmnreame sy Bitplast 8pithand most preferably
at least 90% of the control. Other termsP inﬁl&z%t:n%quantitﬁ#ve cha@gtgﬁ@{caigesrt?gaggs from a
comparative bé@%@%aﬂdﬁeﬂﬁé’n&@ st NardJeRE s g‘rﬁ)ﬁica fon'in the same fashion as
described abowgd {064 el e e idekyl)dizatinnimethokvd o iifed:haveirr refEmto a method for
detecting the presence.and/or.quantity of a polynugleotide bas i il k) Watson-Crick
base-pairing, %lﬁéap%%spﬁ‘%% %ﬁ%’l%ﬂ%ﬁgéﬁ?ﬁ%%%e ?fﬁoéﬁ %o%%%%%%g%eﬁ q:FI(C()?be of aknown
sequence. Exanifhlesiefidud hdnybkidization metwdsdne ixtecsoithorthpSamgarreaeithern blotting.

%grg%gg%g%gggg@g@;‘g@gm&g@gmn amplification method,

[0065] "Primers” @s uUs deh rg%lgﬂzé tr
such as a poly%%‘%ga&ééesaﬁne react?o (PCR), to amplify a nticleotide sequence based on the :

polynucleotide sequence corresponding, to a particular genomic 2 ithy
CpG island coi?%ﬂ/ﬂ,lp‘@éﬁﬂ? P EBIGOIhihomosome 21, i%mvﬁ%%i&ﬁ%k%?g%%%%?ﬂ%ig&m :
of the PCR primsens:foe anmplificitisnsohagbijriad| dotiterseauelsedlis sequence-specific for the
sequence. [0066] ‘Standald conaliRsMseshe win seltrsD.acaspecepsigiagaganomic
sequence of a predetermined amount or methylation profile (which may include multiple different and
separable chardeEistitdetiiétito methylation) suitable for the use of a method of the present
invention, in order for comparing the amount or inethylation status of a artiaﬂlar genomic sequence,
e.g., one locatddWithif geeepeElsma Tl $PBBREA LI EEmIGY SHERFoMBSome 21, that is present
in a test sample: A-sanpeisenviagigsa sifadareintatdbpiavitet piated rage dimoratrgiesnethylatiou
profile of a gene of interest that is typi LE a defined time (e.q., first trimes r@ggye{ nancy in
the blood of an3RERRE REARRY %leﬁ%n @%%rﬁ’éé]%racra ?ﬁgé‘a% ort}%gﬁgeat%%égt %lféwho a}%gnot at risk
of developing ahy: prefnaniciisadsaciatethdisedBisArgdhiphegtivnsr {COBR FASIE AT aFerage,” as
used in the context of describing a.pregnant wo Je 0 C egman is free of at least
one condition o??@(&?ﬁﬁ%%%%%%%‘s a%ﬁéﬁﬁeaugﬁ%%‘%%gﬁgﬁﬂr%)%% fe ultgsL S\égguffering from a
pregnancy-ass@uiatedromndition gy diespipIsegRaiey, preeclarapsia or preterm labor). The term
"average," when used in other context, refers to certain characteristics, such as the rnethylation profile
of a particular ggnoshidsegusaceléeagnetnd loparadediftridaheiCp® island C0I137, PDE9A, or C0I009

on chromos'omg%gﬂi)f&%é% Iﬂuah%ﬁl d}%ﬁ@éﬁiﬁ’é@'}gﬁéﬁ%@ﬁﬁ%%ﬁhﬁ' gﬁ*h é@ﬁﬁﬁﬁﬁ'rﬁibbﬁd;sﬁhﬁhﬁre |
representative of a randomly selected group of healt en who are pregnant with chromosomally
normal fetuses %@%F%Egé?ﬁtﬁiféﬁ?f’éﬁ? é}aah%?%avg?gdn&&%%g?%&ééﬁﬁ%ﬁ%@fﬁis selected
group should cemprisestdficien:aipriiecoiblohed, seathst the, average sativurfobr methylation
profile of the genotnic sequence of interest among these women reflects, with reasonable accuracy,
the corresponding profile in the general population of healthy pregnant women with healthy fetuses. In
addition, the selected group of women generally has a similar gestational age to that of a woman
whose blood is tested for indication of a potential pre@nancy-associated disorder. The preferred
gestational age for practicing the present invention may vary depends on the disorder that is being
screened for. For example, a pregnant woman is screened for the risk of preeclampsia preferably
during the second trimester of the pregnancy, whereas fetal chromosomal aneuploidy is preferably

screened for and diagnosed as early as possible. Moreover, the preferred gestational age for testing
mav alen denend nn the adene Nf inftaract in tectina TONART The tarm "nreeclamnecia" ac j1icad harain



[0085] There are numerous known methods for extracting DNA from a biological sample including

blood. The qeneralimeiods.af DA MERAIASR o ghadssarined by Sampiaelcand Russell, Molecular

Cloning: A Laboratory Manual 3d ed.; 2001) can be followed; various commercially available reagents
or kits, such-zstiQiatmy ENAMIAPRIsED Glash rDNRIBIF0G MK A QRigeALEiEEn, Germany),
GenomicPrapTiBlogd, DNAselaln ik Bierena Madiaon. Wi ARt GRXT Geaomic Blood DNA
Purification |?C(%\lmer am, Piscataway, NJ), may also be used to obtain DNA from a blood sample
from a pregnamprisetridiraSonshtiint s BHOTE A @ﬁé}%ﬁh@g@fﬁ%ﬂ%glﬁﬁé@ also be used.
'V-Methy"’i“‘%&%ﬂ?&l@?&@ﬁ%ﬁk%ﬂﬁfé@%@ﬂ%&@&%yﬁ% beingoextrasied:from a blood

sample of a pregnant w8man, the DNA is treated with a reagent capable of chemically modifying DNA

in a methylaidHdifdsenaaivdinneised AdRiefady drerdisaRGHSHAb eHEREd St iictures will result

from a methy RS(0)siesie HDpetiniatesks residueiolowing the treatment.
Typically, sucgﬁa r%géyt@%t rea%té with th?ﬁ?%thy ated C residue(mnéi DN@/Qolecule and converts
K thyiate

each umnetfiyisret eS¢ 5% alPRusFesaie shréreas théh Y&&fdues remain
unchanged. Lhis - Hosomersienatonsdetestiomand comparisdmgfimethyation status based on
changes in the primary sequence of the nucleic g: ne y reagent suitable for this purpose is
bisulfite, suc{ﬁ:éz”ﬁga%uﬁ?‘ﬁ%ﬁﬁﬁ@lﬁéﬁﬂﬁgfﬁeﬁ% §sﬁf§§¢oﬂ%%e5f%?c%§)%§$ ication of DNA are well
known in theat(seef adndietiman Gt alpRrem hat cAdaenGekt) 84n9810821x9826, 1996) and will not
be discussed jn detajl here. [0 As a skilled artisan.will recognize, any ather reagents that are
unnamed he‘?’é%ﬁ?ﬁ&k}&%?&%% SOl %y%?dg ésrsn?énlafﬁﬁs c%lr %ﬁro%éﬁ%@é c‘)gt%uer i]eq anism) modifying
methylated d@rehukarfethy maiédDedAskfiegahti divebah theanglififoh pattcid dthecpradent invention. For
instance, methylation-specifi i E!g@ ol RNA pay.also he gecomplished by, methylation-sensitive
restriction er’?%?rY?ﬁne%? %%%%%%%m%%ht%%lca ly cleavg%n unmethylated DNA fragm%nt but not a
methylated BidAindgrb emiwliidiotive thy@rgscnse g1y Rt Hiepet dare srasiiasnss&McrBC) cleave
DNA containj 1_g&],‘gthylated cytosines but not unrnethylated DNA. In addition, a combination of
chemical modification and restriction enzyme treatment, e.g., combined biatilfite restriction analysis
(COBRA). magie wesshloRIACHKIng I PRSARIURRNAN. Y. Paliuclecids Seauanee Rinpidicatian
and Determination [00881 Followw:l.’gbthe chemical modification of DNA in a methylation-differential
manner, the HehrERomReHiERARs b Rbea a8l ubfice-based analysis, such that one or more of the

genomic Se%ﬁ{lﬁ?&@éﬂ@&@&sﬁ@m inveaton: {e.gudhosbecategiwithithe Eptdislands on

chromosome 21 such as C01137, PDEQAH ";% 0100 frgm thg g%t&:ILDNA may be distinguished from
their counterBSRERBIRRFE IR B4l rﬁﬁﬂé AP TRAPGERSHATE S5 % uence methylation profile may be
determined and compared to a standard control, Furthermore, once |‘§él%i%%teémmed that ong{partlc%éltﬁg

genomic seqli8hba]l drfacard rrechy BeiReY e S h Sone g hbaretdd i thatetha

ernal
counterpart, thgiameunpelibis feiakgenamitisgquerepscsh (bedeteinyiigiibasetivngisispegificobtained

methylation status. Subsequently, this amaunt can bg compared fo a standard coniral-value and s
as an indicat%%nfc%etﬁémﬁ%%’eﬁ%g%hfttcgrst%ﬁn q|c};'1r1ésgnancy-ass’ociate’dod|1?s,orde°r.€k2. Ampi%fication of B

Nucleotide SeduéiodEe000PATRENRLIfiE ATHH FertaroiTaciop el Briortd Segutic® HHaIVEPrargs ©

genomic sequence aftsiimethviationsractis-mesificationinizopssemihediments of his Mventianiddn
amplification is performed to i‘eferentiall amplify.a Ct%econtainin err]% Oigms 2QUBNCE O iase (HLCS)on
chromosomé%é?ﬁﬁgsﬁsﬁg fiRl R AR Pt SUeR that only the gendimic gequen_cé rom

one particulacisoitsese.yl; fnohwikesplacént oroththetivsusiot shdofistdy i te dhardramaysrarence
10090] A variety,of paunuieefide amaliicatioamethertmais e asiablishad and rguenibviserbinscy

research. For instance, the general methods of polymerase chain reaction (PCR) for polynucleotide ”:
sequence anfplifiéditioriaare deMPRAbWRSHT TS SH5ig SPaies At S B I Gt e F P gy 21
review of PCR methods, protocols, and principles in designing primers, see, e.g., Innis, et at, PC]?
Protocols: A Guide to Methods and Applications, Academic Press, Inc. N.Y., 1990. PCR reagents and
protocols are also available from commercial vendors, such as Roche Molecular Systems. [0091]
PCB__is most usually carried out as an automated process with a thermostable enzyme. In this
process, the temperature of the reaction mixture is cycled through a denaturing region, a primer
annealing region, and an extension reaction region automatically. Machines specifically adapted for
this purpose are commercially available. 10092] Although PCR amplification of a target polynucleotide
sequence (e.g., a CpG-containing genomic sequence on chromosome 21 where the fetal and maternal
sequence is differentially methylated) is typically used in practicing the present invention, one of skill in
the art will recognize that the amplification of a genomic sequence found in a maternal blood sample
may be accomplished by any known method, such as ligase chain reaction (LCR),
transcription-mediated amplification, and self-sustained sequence replication or nucleic acid
sequence-based amplification (NASBA), each of which provides sufficient amplification. More recently
developed branched-DNA technology may also be used to qualitatively demonstrate the presence of a

particular genet-rue sequence of this invention, which represents a particular methylation pattern, or to
arrantitatinrzelvy determine the amniint of thie narticiilar aenomic cearieance iNn the mMmaternal hlnnd Eonr a
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[6612] This method, as well as the method described in previous example, is suitable for detecting or

monitoring conditions such as preeclampsia,
nreterm . labor, hyperemesis gravidaram, ectopic pregnancy, a chromosomal

aneuploidy (e.g., trisomy 21), and infrauterine growth retardation.

[0013] In a further example, a method is provided for detecting and
monitoring & pregnancy-associated disorder. The method comprises the steps of: (a)

- ohtaining DNA in a biological sample from the woman, wherein the sample is whole
blood, serum, plasma, urine, or saliva; (b) treating the DNA from siep (2) with &
reagent that differentially modifies methylated and unmetiiylated DNA; (c)
determining the nucleotide sequence of 2 CpG-containing geﬁomic sequence from
step (b), wherein the genomic sequence is at Jeast 15 nucleotides in length, comprises

at Jeast one cytosine, and is within a region on chromosome 21, and wherein the

da
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206s0PILT: (z‘%%!‘giz.‘or) subunit 2 pseudogene 2 (PPPIR2P2), Similarity io F emlid

(Caenorhabditis elegans), CGI009, carbonyl reductase 1 (CBRI), Down Syndrome

cell adhesion molecule (DSCAM), chromosome 21 oper reading firame 29

(C2101f29), Holocarboxylase Synthetase (HLCS), and CGI132; and (2) a DNA

seqnenée of no more than 10 kb upstream and/or downstream from the locus; and (d)

comparing the profile of the nucleotide sequence from step {c) with & standard

control, wherein 2 change in the profile from the standard control indicates the

presence Or progression of a pregnancy-asso ciated disorder.

[0014] In some examples, the reagent comprises bisulfite; or the reagent may

comprise ong or more enzymes that preferentially cleave methylated DNA; or the
reagent may comprise one or more enzymes that preferentially cleave unmethylated
DNA.

[0015] Tn some examples, the method may further comprise an amplification
siep of using the DNA from step (b) and two primers to amplify the genomic

sequence. For instance, the amplification step can be performed by PCR, such as
methylation-specific PCR. In some embodirments, step (¢) is performed by mass
specirometry. In other embodiments, step {¢) is performed by primer exiension.
Other possible means for carrying out step (¢) includes polynucleotide hybridization,
by real-time PCR, and by electrophoresis.

[0016] In one example, a method is provided for detecting
irisomy 21 in a fetus in a pregnant woman. The method comprises the steps of: (a)

obtaining & biological sample from the woman, wherein the sample is whole blood,
serum, plasma, urine, or saiive; (b) treating the sample from step (&) with a reagent
that differentially modifies methylated and ummethylaied DNA; (c) anaiyzing the
alleles of a CpG-containing genomic sequence, wherein the genomic sequence 15 at
least 15 nucleotides in length, comprises at least one cytosine, and is within & region
on chromosome 21, and wherein the region consists of (1) & genomic locus selected
from the group consisting of CGI137, phosphodiesierase 94 (PDE9A), homo sapiens
profein phosphatase 1, regulatory {inhibiior) subunit 2 pseudogene 2 (PPPIRZP2),
Ssmilarity to FemlA4 (Caenorhabditis elegans), CGI009, carbonyl reductase
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Jocus; and (¢) determining the ra’mo of the alieles, wherein a deviation from that of a

woman carrying a fetus not havmg trisomy 21 indicates frisomy 21 in the fetus.

[0017] In some examples, the reagent comprises bisulfite. In other examples, the reagent comprises one
or more enzymes that preferentially cleave
methylated DNA. In the alternative, the reagent may COMPIise ONE GI MOFe SAZYMES

that preferentially cleave vmmethylated DINA.

[0018] In some exémples, the method further comprises an amplification step
- following step (b) to amplify the methvlated or unmethylated genomic sequence. The
amplification step may be performed by PCR, such as methylatiop-specific PCR.

[001%] There are various possibilities in performing step ( (¢) of the claimed method.
For example, step can be performed by mass spectrometry, bya prxme;r extension

assay, by real-time PCR, by polynuciectide hybridization, or electrc:phoresxs

[0020] In some exampies of this method, the two different alleles of the

genomic sequence o cHromesome 21 from the fetus comprise a gingle nuclectide
polymorphism, an insertion-deletion polymorphism, or & simple tandem repeat

polymorphism.

[0021] In one exampie, a method is provided for detecting or

monitoring a pregnancy-associated disorder in & woman pregnant with a fetus. The -
method comprises the steps oft (&) obteining & biological sample from the woman,
wherein the sample is whole blocd, serum, plasma, urine, or saliva; (b} defermining
the level of a CpG-containing genomic sequence in the sample, wherein the gendmic
sequence Is at least 15 nucleotides in length, comprises at least one unmethylated
cytosine, and is within a region on chromosome 2 1, and wherein the reglon consists of
(1) & genomic locus selected from the group consisting of CGI137, phosphodiesterase
94 (PDE9A), homo sapiens proiein phosphatase 1, regulatory (inhibiior} subunit 2
pseudogene 2 (PPPIRZPZ), and Stmilarity to FemlA (Caenorhabditis elegans), and
(2) 2 DNA sequence 0f n0 more than 10 kb upstream and/or downstream from the

Jocus; and (¢) comparing the level of the genomic sequence with a standard control,
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wherein an increase or decrease from the standard control indicates the presense or

progression of a pregnancy-associated disorder,

[6022] In some examples, step (b) comprises treating DNA present in the blood
sainple with 2 reagent that differentally modifies methylated and unm&ﬂlylateé
cytosine. This reagent may comprise bisulfite, or it may comprise one or more
enzymes that preferentially cleave DINA comprising methylated cytosine, or it may
comprise one or more enzymes that preferentially cleave DNA comprising

unmethyiated cytosine.

© 10023] In some examples, step (b) comprises an amplification reaction, such as
& polymerase chain reaction (PCR), especially a methylation-specific PCR. The
amplification reaction may also be a nucleic acid sequence based amplification, a
strand displacement reaction, a branched DNA ampliﬁéaﬁcn reaction. In some
examples, the level of the genomic DNA sequence is determined by way of

electrophorests or polynuclectide hybridization.

[0024] The method is suitable for detecting or monitoring a number of pregnancy-
associated disorders, including preeclampsia, preterm labor, hyperemesis gravidarum,

ectopic pregnansy, trisomy 21, and intrauferine growth retardation.

[0025] In a further example, a method for detecting or monitoring a
pregnancy-associated disorder in 2 woman pregnant with z fetns. The method
comprises the steps of: (2) obtaining a biological sample from the woman, wherein the
sample is whole blood, serwm, plasma, urine, or saliva; (b) determining the level ofa
CpG-containing genomic sequence in the sample, wherein the genomic sequence is at

gast 15 nucleotides in length, comprises at least one methylated cyiosine, and is
within a region on chromosome 21, and wherein the region consists of (1) 2 genomic
iocus selected from the group consisting of CGI009, carbony! reductase 1 (CBRI),
Down Syndrome cell adhesian molecule (DSCAM), chiromosome 21 open reading
Jrame 28 (C21orf29), Holocarboxylase Synthetase (HECS), and CGI132, and (2) a
DNA sequence of no more than 10 kb upstream and/or downstream from the locus;
and {c} comparing the level of the genomic sequence with 2 standard control, wherein
an increase or decrease from the standard confro] indicates the presence or

progression of a pregnancy-associated disorder.
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comprise one or more enzymes that preferentially cleave DNA comprising

unmethylated cytosine.

[0027] In some examples, step (b) comprises an amplification reaction, such as

a polymerase chain reaction (PCR}, especially & methylation-specific PCR. The
amplification reaction mey also be a nucieic acid sequence based amplification, a
strand displacement reaction, a branched DNA amplification reaction. In some -

examples, the level of the genomic DNA sequence is determined by way of

electrophoresis or polynucleotide hybridization.

[0628] The method is suitable for detecting or monitoring a number of ?regsxancy»
associated disorders, including preeclampsia, preterm labor, hyperemesis gravidarum,

ectopic prégnancy, frisomy 21, and intrauterine growth retardation.

[0029] In practicing the examples within all aspects mentioned above, a
 CpG island may be used as the CpG-containing genomic sequence in some cases,
whereas in other cases the CpG-containing genomic sequence may not be a CpG

island.

[0029A] The methods in all examples, may be carried out without any step performed on the woman. In
these exampies, the methods of the invention omit the step of obtaining the biological sample from the
woman, and start with the first recited step that is carried out on the sample. All other disclosure in this

application applies equally to these examples, except where the context clearly requires otherwise.

[0029R] Thus, one example would become: a method

of detecting or monitoring & pregnancy-essociated disorder in 2 woman pregnant with
a fetus, comprising the steps of: (a) {omitted]; (o) determining the methylation status
of a CpG-containing genomic seguence in 2 biclogical sample from the woman,
wherein the sample is whole blood, serum, plasma, urine, or saliva, wherein the
genomic sequence from the fetus and the genomic sequence from the woman are

differentially methylated, thereby distinguishing the genomic sequence from the
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(PPPIR2P2), Similarity to Feml4 (Caenorhabditis elegans), CGI009, carbomnyl
reductase 1 (CBRI), Down Syndrome cell adhesion molecule (DSCAM), and
chromesome 21 open reading frame 29 (C1101f28), Holocarboxylase Syrthetase
(HLCS), and CGI132; and (2) 2 DNA sequence of no more than 10 kb upstream
and/or downsiream from the locus; (c) determining the level of the genomic sequence
from the fetus; and {d) comparing the level of the genomic sequence from the fetus

with 2 standard control, wherein an increase or decrease from the standard conirol

indicates the presence or progression of & pregnancy-associated disorder.

[0029C] Similarly, the method of another example would become: a
method of detecting or monitoring a pregnancy-associated disorder In & woman

pregnant with a fetus, comprising the steps of: (2} [fjmiﬁcdl; (b) treating DNA of a
biclogical sample from the woman, wherein the sample is whole blood, serum,
plasma, urine or salive, with bisulfite; (¢) performing an amplification reaction using
the DINA from step (b} and two primers to amplify a CpG-containing genomic
sequence, wherein the genomic ssquence is atleast 15 nucleotides in length,
comprises at least one cytosine, and is within a region on chromosome 21, and
wherein the region consists of (1) & genomic locus selected from the group consisting
of CGI137, phosphodiesterase 94 (PDES4), homa sapiens protein phosphatase 1,
regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2), Similarity io Feml4
(Caenorhabditis elegans), CGI009, carboryl reductase 1 (CBR1), Down Syndrome
cell adhesion molecule (DSCAM), chromosame 21 open reading frame 29
(C210129), Holocarboxylase Syntheiase (HLCS), and CGI132; and (2) 2 DNA

 sequence of no more than 10 kb upstream aud/or downstream from the locus; and
wherein at least one of the two primers binds differentially to the genomic sequence
from the fetus; and (d) comparing the Jevel of the amplified portion of the g.enomic
sequence from step (¢) with a standard control, wherein an increase or decrease from
the standard control indicates the presence or progression of a pregnancy-associated
digorder.



11, 600100 | 113E10 nvosa 6 Z LEO 11-1.100 3Z 1100 1, KIAA0656 -1 region A | r-RIAA0656
region B HSF2BP region A IHSF2BP region F3 V uoi6at LW-100 COL6A1 region B [0104] Data
comparison and statistical analysis A CpG site was scored as methylated if the sequence was

cytosine; scor methylated if it was occypied b hymine residue (deoxy counterpart of macil).
The proportior&é@it%ﬁ%ﬁé%%%%%%@%gﬁiuét%grr %ngﬁ %Eﬁ Os},ﬁees‘v%qs determiheq among the placental
tissues as wethebdfdomitertiag bidotosimples: MpEdhsiribeticHGH tietrisatearamiiamiethylated

cytosines was com&g&iﬁ%i%ggg%h&m%qﬂl@it@%%&ggﬁm H%g%&%each CpG site by

chi-square an%ﬁ?ssls. ue o 5is considered as statistically significantly different. Statistical

analysis was pédfeimbd usipl; the/SignieSlateaospitiRr cSP S5% RESULTS R BIS CUSSION
[0105] Amon%ﬁﬁ?r&f?%ﬁ%ﬁ@@%&ﬁ?ﬁ@&ﬁ@%ﬂ%@ﬁ% from.ihe.eamputational search, 13
0

loci were the focus of the present investigation, The names, chromosomal location and GenBank
Accession numisieios tasenteciiarEHSteerialras B ROTEy WARRST HHRETSHREBN I FBulfite sequencing

was performeg, op.plagental issugs anckmaterankbleedcells:{0406}. 6GIA3Z Eheymethylation profile of

CGI137 was studied among placental tissues and the corresponding maternal blood cells collected

from 5 third-tri¥iestes sréghEREIES TTRETHIS LAt eI FH A6 T BT THE AHRIE S PRIl the 5 cases
are shown in ﬁggrg@@ﬁl@qgc@ skesRactivelhEaehy enninihe (gspentive anpipdeprasents the bisulfite
sequencing result for one clone while each_co%Jm re)!o’re ents an ind'v}?d. I§p0bdin}1gleotide within
the genomic s&d(ehEer e SHSROR S Wég@d éfoffe?%‘%f)ﬁi éﬁ 6$§?ﬁr §8q{{Ehted clones, the
methylation in%@&@@@@@@ﬂﬂezyyﬂﬁrdmemdﬁﬁg Baﬂ;&mmfjmktﬁsgman&@?ﬁwmal blood cell
samples. The data are summarjzed, in Figures 2A.an t can.be seen centa is _
hypomethylat&d' @8%’55&‘5& “ﬁﬁﬁ#@%@a@ﬁ?‘c’f& éiéiﬁlcsﬂ.n&ﬁfgéqaﬁﬁagﬁgogﬁgi%%%&%zg%z@ormed to compare
‘the distributionfptmettnialé drandaningthylatet? dotes BewdBrctinbopldeentaltistaws and maternal

blood cells at pG site-.The differen i Eg%q tion indice placenta and

maternal bIoog%c‘e% a%%d:#agllsl%%a?@és%n&]f%ﬁjrﬁ% a 281[%’%%6&%[%%2& Ckﬁaggjg??‘ Pégg.OOOL Tables 2A

and 2B). Tabln2/ar Gumsramndtdistiiitecseushishepaaeriaathelpiosduafcbamasisigidomparing the

methylation prof. gLt glacenis\ fissues andruaieuak o cellsakiindadhiguk GRG sies within
du

CGI137 Regiosril3 . The individual CpG sites are designated by their nucleotide positions relative to
chr21: 46,249 b86iadaisinioHofraieMbY ZOTRth S PP EESSIB RS BPIREEEEsEsshbithe Browser.
Samples MethytatlanNumber at crones at desEgnaled CpG Sites MAW aa.9 nard tamestar placenta
Methylated139394527 18 17 17 S| 27 UMnedtytaled66SG5552745 54 55 55 59 45 llard tameslar

maletnaablon. {00%%\%&1@@%@%&&?&% { %&ﬁe@éngxple becomes: a

method for detecting trisomy 21 in e fetus in a pregnant woman, comprising the steps
of: (a) [omitted]; (b) treating & biological sample from the woman, wherein the sample
is whole blood, servm, plasma, urine or saliva, with a reagent that differentially
modifies methylated and unmethylated DNA; (¢) analyzing the alieles of 2 CpG-
containing genomic sa;quenc& wherein the genomic sequence is at least 15
mucleotides in length, comprises at least one cytosine, and is within 2 region on
chromosorne 21, and wherein the region consists of (1} a genomic locus selected from
the group e.‘;onsisting of CGIB’I’, phosphodiesterase 94 (PDES4), homo sapiens
protein phosphatase 1, regulatory (inhibitor) subumit 2 pseudogene 2 (PPPIRZP2),
Similarity to Feml4 (Caenorhabditis elegans), CGI009, carbonyl reduciase I
(CBR1), Down Syndrome cell adhesion molecule (DSCAM), chromesome 21 open
reading frame 29 (C21orf29), Holocarboxylase Synihetase (HLCS), and CGI132; and
(2) 2 DNA sequence of no more than 10 kb upstream’and/or downstream from the

19
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sequencing data and chi-square analysjs comparing.the ngetgylatio%grofig c%f t@e placental tissues
and maternaVeRGd EaTs &e RV RS Sted WA CEHSRedioR B e individual CpG sites

are designated by their nucleotide positions relative to chr21: 46,249,636 (1) of the Human May 2004
(hgl assembl@%%@@gé’@éﬁ?ﬁﬁgﬁ dnfurher SHMMES=REW Bilion naltiber SEBUM h Mali trimester

peente ronistisss Yroneiylated ThirghHipasienmaeraebbioed dedisitded lyalexbh555 tinntellsylatelS44
555457 a52 101071 Phosphodiesterase 94 (PﬁI?DAE{Q The rr:ﬁﬂé\élﬁs%n tofile tgf FD 9A was studied
among placaresraEstih a6 TRFEpb HHiINGPR PRt HaP BISSE i

) Cl g8rom 5 third-trimester
and 5 first-trimestgr RIS ananees  Ginping antk bisuitdoatal eneirly fueretperformed and the
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maternal blood cells for region C are shown in Figur netal.the placeptads hypomethylated
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pregnancies Y64 J%%%’é”%%%fgi@ifﬁr%%%@%g ). 'F%J%@W&?nma f i

isulfite sequencing

ry o
data,methy1atiibiibidiGR8iaddohidegensd ﬁfﬁ&g@%@éﬁﬁﬁi@‘éﬁwetﬁy%%n profile of third-trimester
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Maternal Dm%{ﬁ%te with 2 standard control, wherein an increase or decrease from the standard |

control indicates the presence or progression of a pregnancy-associated disorder.

[6029G] Similarly, the method of a further example becomes: a
method of detecting or monitoring a pregnancy-essociated disorder in a woman
pregnant with a fetus, comprising the steps of: (a} fomitted]; (b) determining the level
of 2 CPG-containing genomic sequence in 2 biological sample from the woman,
wherein the sample is whole blood, serum, plasma, urine or saliva, wherein the
gepomic sequence is at Jeast 15 mucleotides in length, comprises at least one
methylated cytosine, and is within a region on chromosome 21, and wherein the
region consists of (1) a genomic Jocus selected from the group consisting of CGI0089,
carbonyl reductase 1 (CBR1), Down Syndrome cell adhesion molecule (DSCAM),
chromosome 21 open reading frame 29 (C210rf29), Holocarboxylase Synthetase
(HLCS), and CGL132, and (2) a DNA ssquence of no more than 10 kb upstream
and/or downstream from the loous; and (c) comparing the level of the EnOmic
sequence with a standard control, wherein an increase or decrease from the standard

control indicates the presence or progression of 8 pregnancy-associated disorder.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0030] Figure 1. Cloning and bisulfite sequencing of CGLI37 (A). region A
and (B). region B among paired placental tissues and maternal bicod cells,
Individual CpG sites are numbered across the first row, with nuclectide positions
defined relative to chr21:46,249,636 (+1) of the Human May 2004 (hgl7) assembly of
fhe UCSC Genome Browser. Bach subsequent row depicts the methylation status
across the CpG sites in 2 single DNA molecule isolated by cloning. Filled and
unfilled circles represent methylated and unmethylated CpG sites, regpectively.
Clones from placental Hssue samples are labeled with a prefix “PLN,” while those
from maternal blood cells are lzbeled with a prefix “MBN.” Placenta and maternal
blood cells from the same pregnant individual are identified by identical sampié
number following the “PLN or “MBN.”

[6031] Figure 2. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within CGI137 (A). region A and (B). region B. Across the x-
axis, the individual CpG sites are designated with their mucleotide positions relative 1©
chr21:46,249,636 (+1) of the Human May 2004 (hgl7) assembly of the UCSC

Genome Browser.

[6032] Figure 3. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within PDE94 among third-trimester and first-trimester
pregnancies for region A (A and ), region B (C and D) and region C (&), For
Fig. 3A and 3B, across the x-axis, the individual CpG sites are designated with their
nucleotide positions relative to the reverse strand of chr21: 42,978,424 (+1) of the
Human May 2004 (hgl17) assembly of the UCSC Genome Browser; and for Fig. 3C
and 3D, relative to the forwerd strand of chu21: 472,978,718 (+1); for Fig. 3E, relative
to the forward strand of chr21:42,978,005 (+1).

[0033] Figure 4. Box plot of the methylation indices among all of the

sequenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within region A of PPPIR2P2 among (A). third-trimester and |
(B). first-trimester pregnancies, and (C). within region B of PPPIRIPZ among

third-trimester pregnancies. Across the x-axis, the individual CpG sites are
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designated with their nucleotide positions relative to chr21 136,180,493 (+1) of the
Human May 2004 (hgl7) assembly of the UCSC Genome Browser.

{0034] Figare 5. Box plot of the methylation indices among all of the
sequenced clones for the piacenta and maternal bleod cell samples for each of the
studicd CpG sites within Similarily to FemlA (C. elegans) (A). region A and (B).
region B. Across the x-axis, the individual CpG sites are designated with their
nucleotide positions refative to chz21: 14,056,070 {(+1) of the Human May 2004
{hg17) assembly of the UCSC Genome Browser.

[0035] Figure 6. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for each of {he
studied CpG sites within CGI009. Across the x-axis, the individual CpG sites are
designated with their nucleotide positions relative to chr21: 25, 855,701 (+1) of the
Huran May 2004 (hgl7) assembiy of the UCSC Genome Browser.

[0036] Figure 7. Box plot of the methylation indices among ali of the
seguenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within Carbonyl reductase 1. Across the x-axis, the individual
CpG sites are designated with their nucleotide positions relative to chr21: 36,363,538
(+1) of the Human May 2004 (hgl7) assembly of the UCSC Genome Browser.

{0037] Figure 8. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within Down syndrome cell adhesior molecule. Across the x-
axis, the individual Cp@ sites aze designated with their nucleotide positions relative to
chr21: 41,139,872 (+1) of the Human May 2004 (hgl7) assembly of the UCSC

Genome Browser.

{0038] Figure 9. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for each of the

© studied CpG sites within C2ZIorf29. Acrossthe x-axis, the individual CpG sites are
designated with their nucleotide positions relative to ¢ 211 44,953,288 (+1) of the
Human May 2004 (hg17) assembly of the UCSC Genome Browser.

[0039] Figure 10, Cloning and bisulfite sequencing of CGI111 among paired

placental tissnes and maternal blood celis. Individual CpG sites are numbersd
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across the first row, with nucleotide positions defined relative to chr21: 44,699,072

(+1) of the Human May 2004 (hgl7) asserobly of the UCSC Genome Browser. Bach

subsequent row depicts the methylation status across the CpG sites in & single DNA

- mojecule isolated by cloning, Filled and unfilled circles represent methylated and

unmethylated CpG sites, respectively. Clones from placental tissue samples are

labeled with a prefix “PLN,” while that from maternal blood cells are labeled with a

prefix “MBN.” Placenta and maternal blood cells from the same pregnant individual

are identified by identical sample number following the “PLN" or “MBN.”

[6640] Figure 11, Box plot of the methylation indices ameng ali of the
sequenced clones for the placents and maternal blood cell samples for each of the
studied CpG sites within CGI121. Across the x-axis, the individual CpG sites are
designated with their nucleotide positions relative to chr21: 45,262,112 (1) of the
Human May 2004 (hg17) assembly of the UCSC Genome Browser.

[0041] Figure 12. Hlustration of the homogeneous MassEXTEND assay
tarveting the unmethylated form of CGI137. The rucleotide sequence spanning
the amplified region is shown. The original DNA sequence is aligned above the
bisuifite-converted sequence. CpG sites are identified by the “++” sign. The CpG
sites are additionally numbered and the numbering corresponds to that in Fig. 1A and
24 and Table 2A. Cyiosine residues which are not part of 2 CpG dinuclectide are
identified by a *:” sign. The depicted bisulfite-converted sequence is based on the
assumzption that all CpG sites are methylated. Alignments for the forward, extension

and reverse primers are shown below the bisulfite-converted sequence.

[0042] Figure 13, Mass spectrometric tracings of the homogeneous
MassEXTEND assay targeting the unmethylated form of CGI137. Results for the
pure placental DNA, maternal buffy coat DNA, 95:5 (maternal buffy coat

DNA placental DNA}) mixture, pre~ and post-delivery maternal plasma and no
template controls (NTC) are shown, For all mass spectra, the x-axis depicts the
molecular weight of the detected extension products (shown as sharp peaks), while
the y-axis depicts the intensity in arbitrary units. The expected position of the

unmethylated molecule is as marked.

[0043] Figure 14, Combined Bisulfite Restriction Aralysis {COBRA) analysis
of (A). Holocarboxylase Synthetuse region A, (B). region B1 and (C). region B2.

14



O.QO3 =90.001 Table 3B. Summary of bisullitte sequencing data, methylation indices and
chi-square analysis comparing the tnethylation profile of first-trimester placental tissues and maternal
blood cells at the individual CpG sites within PDE9A region A. The individual CpG sites are designated
by their nucleotide positions relative to the reverse strand of clu21: 42,978,424 (+1) of the Human May
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maternal blood cells (Buffy coat) were analyzed. PCR products were digested with
(+) or without (<) BstU I enzyme. DNA methylation was detected by the appearance
of the smaller size digestion products. Ore kb ladder (Invitrogen Carlsbad, CA) (M)

was used in gel elecirophoresis.

[6044] Wigare 15. COBRA analysis of CGI009. Two trisomy 21 placentas (T21
PLN), two 1% trimester normal placentas (Normal PLN 1%, two 3™ trimester normal
placentas (Normal PLN 3, and two 1% trimester maternal blood ceils (Buffy coat)
were analyzed. PCR products were digested with (+) or without (-} BsfU { enzyme.
DNA methylation was detected by the appearence of the smaller size digestion
products. One kb ladder (Invitrogen Carlsbad, CA) (M) was used in gel

electrophoresis.

[6645] Figare 16, COBRA analysis of CGI132. Two trisomy 21 placentas (T21
PLN), two 1% trimester normal placentas (Normal PLN 1%, two 3™ trimester normal
placentas (Normal PLIN 3™), and two 1% trimester maternal blood cells (Buffy coat)
were analyzed. PCR products were digested with (+) or without (-) BsfU T enzyme.
DNA methylation was detected by the appearance of the smaller size digestion
products. One kb ladder (Tnvitrogen Carlsbad, CA) (M) was used in gel

electrophoresis.

[0046] Figure 17. Cloning and bisulfite sequencing of HLCS region B2 among
placental tissues and maternal blood cells. Individual CpG sites are numbered
across the first row, with nucleotide positions defined relative to the reverse strand of
chr21:37.274,682-37,275 036 of the Human May 2004 (hg17) assembly of the UCsC
Genome Browser. Each subsequent row depicts the methylation status across the
CpG sites in a single DNA molecule isolated by cloning. Filled and unfilled circles
represent methylated and unmethylated CpG sites, respectively. Clones from trisomy
21, normeal 1% frimester and normal 3™ frimester placental tissue samples are labeled
with a prefix “T21 PLN,” “Normal PLN 1% and “Normal PLN 3, respectively,
while those from maternal blood cells are labeled with a prefix “Buffy coat.”
Placenta and maternal blood cells from different pregnant individuals are identified by

sample numbers following the prefix.
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[0047] Figure 18, Quantification of HLCS DNA from placental tissues and
maternal buffy coat. Methylation index was defined as the HLCS DNA
concenirations after restriction enzyme over total concentrations as determined in the
mock digestion control of the same sample. DNA from placental tissues is labeled as
“Normal PLN,” and thet from maternal buffy coat is labeled as “MBC.”

[0048] Figure 19, Fetal-specific HLCS detection in 3™ trimester materpal
plasma. HLCS signals were detecied in maternal plasma samples with (Figure 19A)
or without (Figure 19B) methylation sensitive restriction enzyme treatment. Pre-
delivery plasma sampies are labeled as “Pre,” while posi~delivery plasma samples are
labeled as “Post.” Restriction enzymes Hpa Il and BsfU I were used in digestion
reactions, and are labeled as “(+)” in the plot. Mock digestions without enzyme

treatment are labeled as “(-).”

DEFINITIONS
[0049] The term “pregnancy-associated disorder,” as used in this application,
refers to any condition or disease that may affect a pregnant woman, the fetus the
woman is carrying, or both the woman and the fetus. Sucha condition or disease may
manifest its symptoms during a limited time period, e.g., during pregnancy or
delivery, or may last the entire life span of the fetus foliowing its birth. Some
examples of a pregnancy-associated disorder include ectopic pregnancy,

preeclampsia, preterm labor, and fetal chromosomal abnormalities such as trisomy 21.

[0056] A "CpG-containing genomic sequence” as used herein refers to a segment
of DNA sequence at a defined location in the genome of an, individual suchasa
human fetus or a pregnant wotnan, Typicaily, a “CpG-containing genomic sequence”
is at least 15 nucleotides in length and contains at least one cytosine. Preferably, it
can be at least 30, 50, 80, 100, 150, 200, 250, or 300 nucleotides in length and
contains at least 2, 5, 10, 15, 20, 25, or 30 cytosines. For any one *CpG-containing
genomic sequence” at a given location, £.2., within a region centering around a given
genetic locus on chromosome 21 (such as a CpG island CGI137, PDESA, CGIG09,
etc.), nucleotide sequence variations may exist from individual to individual and from
allele to allele even for the same individual. Typically, such a region centering
around a defined genetic locus (e.g., & CpG island) contains the locus as well as

upstream and/or downstream sequences. Each of the upstream or downstream
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sequence (counting from the 5' or 3' boundary of the genetic locus, respectively) can
be as long as 10 kb, in other cases may be as long as 5 kb, 2 kb, 1 kb, 500 bp, 200 bp,
or 100 bp. Furthermore, 2 "CpG-containing genomic sequence” may encompass a
nucleotide sequence transeribed or not transcribed for protein production, and the
nucleotide sequence can be a protein-coding sequence, a non protein-coding sequence

(such as a transcription promoter), or a combination thereof.

{6(}51} A "Cp@ island" in this application describes a segment of .DNA sequence
found in a genome that has a minimal length, 2 minimal GC content, and a minimal
ratio of gbserved CpG frequencyfexpected CpG frequency (OCF/ECE). Yamada ef
al. (Genome Research 14:247-266, 2004) have described a set of standards for
determining a CpG island: it must be at least 400 nucleotides in length, has a greater
than 50% GC content, and an OCF/ECF ratio greatex‘ than 0.6, Others (Takai ef al.,
Proc. Natl. Acad. Sci. U.S.4. 99:3740-3745, 2002) have defined a CpG island less
stringently as a sequencé at least 200 nucleotides in length, having a greater than 50%
GC content, and an OCF/ECF ratio greater than 0.6, The concept of 2 "CpG island"
on chromosome 21, as used in this application, is one that fits the CpG island profiles
provided by any one of the currently available computational programs designed for
scanning chromosomes based on the above stated criteria, encompassing results
obtained when using window sizes of 100, 200, or 300 nucleotides and shift or step
sizes of 1, 2, or 3 nucleotides in the screening process. The individual CpG islands
named in this disclosure are further defined by their corresponding genomic contig
accession number, version and region at GenBank, chromosomal location relative fo
the chromosome 21 sequence of the Human May 2004 (hgl7) assembly of the UCsC
Genome Browser (genome.ucsc.edu), and their capability to be amplified by FCR

primers under given conditions, as indicated in Table 1 of this specification.

[0052] The term "epigenetic state" or "epigenetic status” as used herein refers to
any structural feature at a molecular level of a nucleic acid (e.g., DNA or RNA) other
than the primary nucleotide sequence. For instance, the epigenetic state of a genomic
DNA may include its secondary or tertiary structure determined or influenced by, €.£..

its mefhylation pattern or its association with celiular proteins.

[0053] The term "methylation profile” or *methylation status," when used in this
application to describe the state of methylation of a genomic sequence, refers to the

characteristics of a DNA segment at a particular genomic locus relevant to
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methylated C residue(s), percentage of methylated C at any particular stretch of

residues, and allelic differences in methylation due to, e.g., difference in the origin of
 the alleles. The term “methylation” profile” or “methylation status™ also refers o the

relative or absolute concentration of methylated C or unmethylated C at any particular

stretch of residues in a biological sample.

[00654] The term "single nucleotide polymorphism” or "SNP" as used herein refers
to the polynucleotide sequence variation present at a single nucleotide residue within
different alleles of the same genomic sequence. This variation may occur within the
ceding region or non-coding region {i.e., in the promoter region) of a genomic
sequence, if the genomic sequence is transeribed during protein production.

Detection of one or more SNP allows differentiation of different alleles of a single

genomic sequence,

[8055] The term "blood" as used herein refers to a biood sample or preparation
from a pregnant woman or a woman being tested for possible pregnancy. The term
encompasses whole blood or any fractions of blood, such as serum and plasma as

conventionally defined.

[0836] The term "bisulfite” as used herein encompasses all types of bisulfites, such
as sodium bisulfite, that are capable of chemically converting a cytosine (C) fc a
uracil (U} without chemically modifying a methylated cytosine and therefore can be
used to differentially modify a DNA sequence based on the methylation status of the
DNA.

[0057] As used herein, a reagent that "differentially modifies” methylated or non-
methylated DNA encompasses any reagent that modifies methylated and/or -
unmethylated DNA in a process through which distinguishable products resnit from
methylated and non-methylated DNA, thereby allowing the identification of the DNA
methylation status. Such.processes may include, but are not limited to, chemical
reactions (such as a C — U conversion by bisulﬁte) and enzymatic treatment (such as
cleavage by a methylation-dependemt endonuclease). Thus, an enzyme that
preferentially cleaves or digests methylated DNA is one capable of cleaving or

digesting a DNA molecule at a much higher efficiency when the DNA is methylated,
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whereas an enzyme that preferentially cleaves or digests unmethylated DNA exhibits

a significantly higher efficiency when the DNA is not methylated.

[0058] The term “nucleic acid” or “polynucleotide” refers to decxyribonucleic
acids (DNA) or ribonucieic acids (RNA) and polymers thereof in either single- or
double-stranded form. Unless specifically limited, the term encompasses nucleic
acids containing known analogs of naiural nucleotides thet have similar binding
properties as the reference nucleic acid and are metabolized in & manner similar fo
naturally oocurring nucleotides. Unless otherwise indicated, a particular nucleic acid
sequence also implicitly encompagses conservatively modified variants thereof (e.2.,
degenerate codon substitutions), alleles, orthologs, single nucleotide polymorphisms
(SNPs), and complemenitary sequences as well as the sequence explicitly indicated.
Specifically, degenerate codon substitutions may be achieved by generating sequences
in which the third position of one or more selected (or alf) codons is substituted with
mixed-base and/or deoxyinosine residues (Batzer ef of., Nucleic Acid Res. 19:5081
(1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608 (1985); and Rossolini ef al.,
Mol. Cell. Probes 8:91-98 (1994)). The term nucleic acid is used interchangeably
with gene, cDNA, and mRNA encoded by a gene.

[6059] The term “gene’” means the segment of DNA involved in prodocing a
polypeptide chain; it includes regions preceding and following the coding region
(leader and trailer) involved in the transcription/transiation of the gene product and
the regulation of the ranscription/transiation, as well as intervening sequences

(introns) between individnal coding segments (exons).

[6060] In this application, the terms “nolypeptide,” “peptide,” and “protein” are
used interchangeably herein to refer to a polymer of amino acid residues. The ferms
apply to amino acid polymers in which one or more amino acid residue is an artificial
chemical mimetic of a corresponding naturally occurring amino acid, as well as fo
naturally occurring amino acid polymers and non-patorally occurring amino acid
polymers. Asused herein, the terms encompass amino acid chains of any length,
including full-length proteins (i.e., antigens), wherein the amino acid residues are

linked by covalent peptide bonds.

[0061] The term “amine acid” refers 10 naturally occurring and synthetic amino

acids, as well as amino acid analogs and amino acid mimetics that function ina
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manner similar to the naturally ocourring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those amino acids that are later

modified, e.g., hydroxyproline, y-carboxyglutamate, and O-phosphoserine.

[0062] Amino acids may be referred to herein by either the commonly known thres
letter symbols or by the one-letter symbols recommended by the TUPAC-TUB
Biochemical Nomenclatere Commission. Nucleotides, likewise, may be referred to

by their commonly accepted single-letier codes.

[0063] As used in this application, an "inerease” or a "decrease” refersioa
detectable positive or negative change in quantity from an establishéd standard
conirol. An increase is a positive change preferably at least 10%, more preferably
50%, still more preferably 2-fold, even more preferably at least 5-fold, and most
preferably at least 10-fold of the control value. Similarly, & decrease is a negative
change préfembly at least 10%, more preferably 50%, still more preferably at least
- 80%, and most preferably at least $0% of the comtrol. O’iher terms indicating
quantitative changes or differences from a comparative basis, such as "mere” or

"less,” are used in this epplication in the same fashion as described above.

[0064] A "pelynucleotide hybridization method" as used herein refersto a
method for detecting the presence and/or guantity of a polynucleotide based on its
ability to form Watson-Crick base-pairing, under appropriate hybridization
conditions, with a polynucleotide probe of a known sequence. Examples of such

hybridization methods include Southern blotting and Northern blotting.

[0065] "Primers" as used herein refer to oligonucieotides that can be used inan
amplification method, such as a polymerase chain reaction (PCR), to amplify a
nucleotide sequence based on the polynucleotide sequence corresponding to &
parficular genomic sequence, e.g., one located within the CpG island CGI137,
PD’EQA, or CGI009 on chromosome 21, in various methylation status, At least one of
the PCR primers for amplification of a polynucleotide sequence is sequence-specific

for the sequence.

[0066] "Standard eontrol” as used herein refers to a sample comprising a genomic
sequence of a predetermined amount or methylation profile (which may include
multiple different and separable characteristics related to methylation) suitable for the

use of a method of the present invention, in order for comparing the amout o
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methylation status of a particular genomic sequence, e.g., one located within the CpG

island CGI137, PDESA, or CGI009 on chromosome 21, that is present in a test

sample. A sample serving as 2 standard control provides an average amount or

methylation profile of a gene of interest that is typical for a defined time (e.g., first

trimester) during pregnancy in the blood of an average, healthy pregnant woman

carrying a normal fetus, both of who are not at risk of developing any pregnancy-

associated disorders or complications.

[0067} The ferm “ﬁverage, " g5 used in the context of describing a pregnant woman,
refers to the fact that the woman is free of at leest one condition of relevance, such as
having a chromosomally abnormal fetus, or suffering from a pregnancy-associated
condition (e.g., ectopic pregnancy, presclampsia or preterm labor). The term
“average,” when used in other context, refers 1o certain characteristics, such as the

. methylation profile of a particular genomic sequence (e.g., one located within the
CpG island CGI137, PDEIA, or CGI009 on chromosome 21) of both maternal and
fetal origins found in the woman's blood, that are representative of & randomly
selected group of healthy women who are pregnant with chromosomally pormal
fetuses and not susceptible to any pregnancy-related diseases or conditions. This
selected group should comprise 2 sufficient number of women such that the average
amount or me:thyiatién profile of the genomic sequence of interest among these
women reflects, with reasonable accuracy, the corresponding profile in the general
poputation of healthy pregnant women with heaithy fetuses. In addition, the selected
group of women generally has a similar gestational age to that of 2 woman whose
blood is tested for indication of a potential pregnancy-asscciated disorder. The
preferred gestational age for practicing the present invention may vary depends on the
disorder that is being scrsened for. For example, a pregnant woman is screened for
the risk of preeclampsia preferably during the second trimester of the pregnancy,
whereas fetal chromosomal aneuploidy is preferably screened for end diagnosed as
early as possible. Moreover, the preferred gestational age for testing may also depend

on the gene of interest in testing.

[0668] The term "preeclampsia” as used herein refers to 2 condition that occurs
during pregnancy, the main symptom of which is various forms of high blood
pressure often accompanied by the presence of proteins in the wrine and edema

(swelling). Preeclampsia, sometimes called toxemia of pregnancy, is related to 2
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more serious disorder cailed "eclampsia,” which is preéclampsia together with
seizures. These conditions usually develop during the second half of pregnancy (after

20 weeks), though they may develop shortly after birth or before 20 weelks of
pregnancy.

[0069] The term "preterm labor" or "premature labor" as used herein refers to the
condition where labor that begins more than three weeks before the full gestation

perlod of about 40 weeks, which often Jeads to premature birth if not treated.

[0070] The term "hyperemesis gravidarum” refers o extreme, persistent nausea
and vomiting during pregnancy, particularly during the first trimester. The nausea
and vomiting may lead to dehydration and prevent necessary weight gain for the
Pregnancy. ‘

[0071] An "ectopic pregnancy” refers to an abnormal pregnancy in which a
fertilized egy has implanted outside the uterus. Although in most cases of ectopic
pregnancy the egg settles in the fallopian tubes, this ferm also encompasses abnormal
pregnancies where the fertilized egg is implanted in a woman'’s ovary, abdomen, or

cervix,

DETAILED DESCRIPTION OF THE INVENTION
I Introduction
[0672] The presence of fetal DNA in maternal plasma was first reported in 1997
and offers the possibility for nop-invasive prenatal diagnosis simply through the
analysis of a maternal blood sample (Lo ef al., Lancet 350:485-487, 1997). To date,
numerous potential clinical applications have been developed. In particular,
quantitative abnormalities of fetal DNA concentrations in maternal plasma have been
found to be associated with a number of pregnancy-associated disorders, including
preeclampsia, preterm labor, anteparium hemorrhage, invasive placentation, fetal
Down syndrome, and other fetal chromosomal aneuploidies. Hence, feta]l DNA
analysis in maternal plasma has been suggested as 2 potential marker for the

monttoring of fetomaternal well-being.

[0073] However, fetal DNA co-exists with background maternal DNA in maternal
plasma. Fence, most reported applications have relied on the detection of Y-~
chromosome sequences as these are most conveniently distinguishable from maternal

DNA. Such an approach limits the applicabitity of the existing assays to only 50% of
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all pregnancies, namely those with male fetuses. Thus, there is much need for the
development of gender-independent fetal DNA markers for maternal plasma

detection.

[6474] It was previously demonstrated that fetal and maternal DNA can be
distinguished by their differences in methylation status (U.S. Patent Application |
Publication No. 20030044388). Methylation is an epigenetic phenomenon, which
refers to processes that alter a phenotype without involving changes in the DNA
sequence. By exploiting the difference in the DNA. methylation status between the
paternally- and maternally~inherited alleles at H19, 2 locus exhibiiing genomic
imprinting (differential methylation and hence differential expression of two alleles of
a single gene, related to the parental origin of a particular allele), one (Y.M.D. Lo) of
the present inventors and his group first demonstrated the feasibility of using
epigenetic markers to detect fetal-derived maternally-inherited DNA sequence from
maternal plasma (Poon ef al., Clin. Chem. 48:35-41,2002). Landes ef ol. have also
proposed the use of epigenetic markers for non-invasive prenatal diagnosis (U.S.

Patent Application Publication No. 20030211522},

[0075] The present inventors have recently demonstrated that placenta-derived
RNA can be detected in maternal plasma (Ng et al., Proc, Notl. dcad. Sci. Us4
100:4748-4753, 2003). On the other hand, it has been shown that plasma DNA in
normal individuals is predominantly derived from hematopoietic cells (Lui ef al,,
Clin. Chem. 48:421-427, 2002). Thus, it has been hypothesized that the predominant
source of maternal DNA is derived from peripheral blood cells while the placenta isa
possible source of fetal DINA release into maternal plasma, Hence, one strategy for
the development of a generic fetal-specific DNA marker for detection in maternal
plasma is to identify a gene that 13 differentially methylated between the placenta and

the maternal peripheral blood cells.
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[6676] The present inventors demonstrated, for the first time, that a number of
genomic sequences located at specific genomic loci on chromosome 21 are
differentially methylated between the fetal DNA from the fatus (e.g., from the
placenta) and the maternal DNA from the mother's peripheral blood cells. This
discovery thus provides a new approach for distinguishing fetal and maternal genomic

DNA and new methods for non-invasive prenatal diagnosis.

il General Methodology

[6077] Practicing this invention utilizes routine technigues in the field of molecular
biology. Basic texts disclosing the general methods of use in this invention inclide
Sambrook and Russell, Molecular Cloning, A Laboratory Mewmal (3rd ed. 2001);
Kriegler, Gene Transfer and Expres.fion: 4 Laboratory Marmal (1990); and Current
Protocols in Molecular Biology (Ausubel ef al., eds., 1994)).

[0078] For nucleic acids, sizes are given in either kilobases (kb) or base pairs (bp).
These are estixﬁates derived from agarose or acrylamide gel electrophoresis, from
sequenced nucleic acids, or fiom published DNA sequences. For proteins, sizes are
given in kilodaltons (kDa) or amine acid residue numbers. Protein sizes are estimated
from gel electrophoresis, from sequenced nroteins, from derived amino acid

sequences, or from published protein sequences.

[0075] Oligonucleotides that are not commercially available can be chemically
synthesized, e.g., according to the solid phase phosphoramidite triester method first
described by Beaucage & Caruthers, T eﬁ‘a}zedrm Lett, 22: 1859-1862 (1981}, using
an automated synthesizer, as described in Van Devanter el al., Nucleic Acids Res. 12:
6159-6168 (1984). Purification of oligonucleotides is performed using any art-
recognized strategy, e.g., native acrylamide gel electrophoresis or anion-exchange
high performance liguid chromatography (HPLC) as described in Pearson & Reanier,
J. Chrom. 255: 137-149 (1983).

j0080) The genomic sequences of the present invention, e.g., those located within
the CpG islands on chromosome 21 such as CGI137, PDEYA, and CGI009, and the
polynucleotide sequence of synthetic oligonucleotides can be verified using, ¢.g., the
chain termination method for sequencing double-stranded templates of Wallace &7 al.,
(Gene 16: 21-26 (1981).
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L Acquisition of Blood Samples and Extraction of DNA

{00811 The present invention relates to analyzing the epigenetic status of fstal DNA

found in maternal blood as a non-invasive means to detect the presence and/or to

monitor the progress of a pregnancy-associated condition or disorder, Thus, the first

steps of practicing this invention are to obtain a blood sample from a pregnant woman

and extract DNA from the sample.

A. Acouisition of Blood Samples

[0082] A blood sample is obtained from a pregnant woman at a gestational age
suitable for testing using a method of the present invention. The suitable gestational
age may vary depending on the disorder tested, as discussed below. Collection of
blood from a woman is performed in accordance with the standard protocol hospitals
or clinics generally follow. An appropriate amount of peripheral blood, e.g., typicaily
between 5-30 ml, is collected and may be stored according to standard procedure prior

to further preparation.

B. Preparation of Blood Samples
[6083] The analysis of fetal DNA found in maternal blood according o the present

invention may be performed using, e.g., the whole blood, serum, or plasma. The
methods for preparing serum or plasma from maternal blood are well known among
those of skill in the art. For example, a pregnant woman's blood can be placed in a
tube containing EDTA or a specialized commercial product such as Vacutainer SST
(Becton Dickinson, Franklin Lakes, NI} to prevent blood clotting, and plasma can
then be obtained from whole blood through centrifugation. On the other hand, serum
may be obtained with or without centrifugation-following blood clotting. I
centrifugation is used then it is typically, though not exclusively, copducted at an
appropriate speed, e.g., 1,500-3,000 x g. Plasma or serum may be subjected to
additional centrifugation steps before being fransferred to a fresh tube for DNA

extraction.

[0084] In addition to the aceliular portion of the whole bicod, DNA may also be
recovered from the cellular fraction, enriched in the buffy coat portion, which can be
obtained following centrifugation of a whole blood sample from the woman and

removal of the plasma.



Table 3_D. Summary of p_isulfite_sequencing data, mcthylation indices and chi-square analysis
comparing the m_ethyla_lthn profile of first-trimester placental tissues and maternal blood cells at the
individual CpG sites within PDE9A region B. The individual CpG sites are designated by their

nucleotide positions relative to chr21: 42,978,718 (+1) of the Human Ma '
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sample including blood. The general methods of 'NA preparation (e.g., described by
Sambrook and Russell, Molecular Cloning: A Labaratory Manual 3d ed., 2001 ) can “
be followed; various commercially available reagents or kits, such as QiaAmp DNA
Mini Kit or QiaAmp DNA Blood Mini Kit (Qlagen, Hilden, Germany),
GenomicPrep™ Blood DNA Isolation Kit (Promega, Madison, WI), and GFX™
Genomic Blood DNA Purification Kit (Amersham, Piscataway, NJ), may also be used
1o obtain DNA from a blood sample from a pregnant woman. Combinations of more

than one of these methods may also be used.

Iv. Methylation-Specific Chemical Modification of DNA

[6686] Upon being exiracted from & blood sample of a pregnant woman, the DNA
is treated with a reagent capable of chemically modifying DNA in a methylation
differential marmer, i.e., different and distinguishable chemical structures will result
from a methylated cytosine (C) residue and an unmethylated C residue following the
treatment. Typically, such a reagent reacts with the unmethylated C residue(s) ina
DNA molecule and converts each uamethylated C residue to & uracit (U) residue,
whereas the methylated C residues remain unchanged. This C — U conversion
allows detection and comparison of methylation status based on changes in the
primary sequence of the nucleic acid. An exemplary reagent suitable for this purpose
is bisalfite, such as sodium bisulfite. Methods for using bisulfite for chemical
modification of DNA are well known in the art (see, e.g., Herman ef al,, Proc. Nail.
Acad. Sei US4 93:9821-9826, 1996) and will not be discussed in detail here.

[0087] As askilled artisan will recognize, any other reagents that are upnamed here
but have the same property of chemically (or through any other mechanism)
modifying methylated and unmethylated DNA differentially can be used for
practicing the present invention. For iﬁs‘tance, methylation-specific modification of
DNA may also be accomplished by methylation-sensitive restriction enzymes, some
of which tvpically cleave an unmethylated DNA fragment but not a methylated DNA
fragment, while others (e.g., methylation~dependent endonuclease McrBC) cleave
DNA containing mefhylated cytosines but not unmethylated DNA. in addition, a

combination of chemical modification and restriction enzyme treatment, e.g.,
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‘present invention.

V. Pelynucieotide Sequence Amplification and Determination
[6088] Fo 116wing the chemical modification of DNA in & methylation-differential
manner, the treated DNA is then subjected 1o sequence-based analysis, such that one
or more of the genomic éequemes of the present invention {e.2., those 1o cated within
the Cp@ islands on chromosoms 71 such as CGI137, PDESA, and CGI009) from the
-~ fetal DNA may be distinguished from their counterparts from the maternal DNA, and
that fetal genomic sequence methylation profile may be determined and compared to a
standard control. Furthermore, once it is determined that one particular genomic
sequence of fotal origin is hypermethylated or hypomethylated compared to the
maternal counterpart, the amount of this fetal genomic sequence can be determined
hased on its specific methylation status. Subsequenttly, this amount can be compared
1o & standard control value and serve as an indication for the potential of certain

pregnancy-associated disorder.

A. Amplification of Nucleotide Segquences

[0089]  An amplification reaction is optional prior o sequence analysis fora
genomic sequence after methylation specific modification. In some embodiments of
this invention, the amplification is performed to preferentially amplify a CpG-
containing genomic sequence on chromosome 21 that has a particular methylation
patiern, such that only the genomic sequence from one particular source, e.g., from

the placenta or other tissues of the fetus, is detected and analyzed.

[6090] A variety of polynucieotide ampﬁﬁcétion methods are well established and
frequently used in research. For instance, the general methods of polymerase chain
reaction (PCR) for polynucleotide sequence amplification are well known in the art
and are thus not described in detail herein. For a review of PCR methods, protocols,
and principles in designing primers, see, €.8., Tnnis, ef al., PCR Protocols: A Guide to
Methods and Applications, Academic Press, e, N.Y., 1990, PCR reagents and
protocols are also available #om commercial vendors, such as Roche Molecular

Sysiems.

[6091] PCR is most usually carried out as an avfomated process with a thermostable

enzyme. In this process, the temperature of the reaction mixture is cycled through a
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denaturing region, a primer annealing region, and an extension reaction region
awiomatically. Machines specifically adapted for this purpose are commercially

available,

[6692] Although PCR amplification of a target polyaucleotide sequence (e.g., 2
CpG-containing genomic sequence on chromosome 71 where the fetal and maternal
sequence is differentially methylated) is typically used in practicing the present
invention, one of skill in the art will recognize that the amplification of a genomic
sequence found in a maternal blood sample may be accomplished by any known
method, such s ligase chain reaction (LCR), transcription-mediated amplification,
and self-sustained sequence replication or nucleic acid sequence-based amplification
(NASBA), each of which provides sufficient mpiiﬁcation. More recently developed
branched-DNA technology may also be used to qualitatively demonstrate the presence
of a particular genomic sequence of this invention, which represents a particular
methylation ;pattf*m, or to quantitatively determine the amoumt of this particular
genomic sequence in the maternal blood. Fora review of branched-DNA signal
ampiification for direct quantitation of nucleic acid sequences in clinical samples, see

Notte, Adv. Clin. Chem. 33:201-235, 1998.

B. Determination of Polynucleotide Sequences
[0693] Techniques for polynucleotide sequence determination are also well

* astablished and widely practiced in the relevant research field. For instance, the basic
principles and general techniques for paIynucIeotiée sequencing are described
various research reports and treatises on molecular biclogy and recombinant genetics,
such as Wallace et al., supra; Sambrook and Russell, supra, and Ausubel ef al., supra.
DNA sequencing methods routinely practiced in research laboratories, either manual
or automated, can be used for practicing the present invention, Additional means
suitable for detecting changes {e.g., C— U)ina polymucleotide sequence for
practicing the methods of the present invention include but are not Hmited to mass
spectrometry, primer extension, polynucleotide hybridization, real-time PCR, and

electrophoresis.

VL Establishing a Standard Control
[0094] In order to establish a standard control for practicing the method of this
invention, a group of healthy pregnani women carrying healthy fetuses are first
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selected. These women are of similar gestational age, which is within the appropriate
time period of pregnancy for screening of conditions such as preeclampsia, fetal
chromosomal aneuploidy, and preterm labor using the methods of the present
invention. Similarly, a standard control is established using samples from 2 .group of

healthy non-pregrnant women.

[6095] The healthy status of the selected pregnant women and the fetuses they are
carrying are confirmed by well established, youtinely employed methods including but
not limited to monitoring blood pressure of the women, recording the onset of labor,

and conducting fetal genetic analysis using CVS and amniocentesis.

[6096] Furthermote, the selected group of healthy pregnant women carrying healthy
fetuses must be of a reasonable size, such that the average amount of a genomic
sequence of this invention that originated from the fetus in the maternal blood or the
methylation profile of the fetal genomic sequence in the maternal blood obtained from
the group can be reasonably regarded as representative of the normal or average
amount or methylation profile among the general pepulation of healthy women

carrying healthy fetuses. Preferably, the selected group comprises at least 10 women.

[0097] A standard control for 2 fetal genomic sequence methylation profile may
reflect multiple different and separable aspects of the methylation status of this
particular genomic séquence. For example, one aspect of a msthylation profile is
whether any given C residue is methylated or not; another aspect is the number of
methylated C bases within a particular genomic sequence; a further aspect of the
profile is the percentage(s) of methylated C at any given locations. Additional aspects
of a methylation profile may include, but are not limited to, the allelic difference in.
methytation, the ratio of differentially methylated aﬂeles, and the like. Fetal genomic
sequence methylation profile may alsc vary depending on the tissue type, 2.2.,
placental or other feta] tissue, Thus, separate standard controls may be established for

different fetal tissues used in testing.

[6098] Once an average level or methylation profile is established fora particular
fetal genomic sequence presexnt in the maternal blood based on the individual values
found in each woman of the selected healthy control group, this average or median or
representative value or profile is considered 2 standard conirol. Any blood sample

that contains a similar amount of the fetal genomlc sequence or a similar methylation
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profile of the fetal genomic sequence can thus be used as a standard control.
Furthermore, 2 solution containing a genomic DNA. sequence in the average or
median or representative amount or of the average or median or representative
wethylation profile can also be artificially assembled and serve as a standard control.
Tn addition, separate standard controls may also be established for different aspects of

the methylation profile of a genomic sequence of the fetal origin.

EXAMPLES
10095] The following examples are provided by way of illustration only and not by
way of limitation. Those of skill in the art will readily recognize a variety of non-
critical parameters that could be changed or modified fo yield essentially the same or

|

similar results.

Example 1

[0100] We aimed to identify epigenetic markers that are fetal-specific in maternal
blood. Previous data suggest that fetal DNA molecules in maternal plasma are
predominantly derived from the placenta (Chim et al., Proc Natl Acad Sci US 4.,
102:14753-14758; Masuzaki ef al., J Med Genet 41, 289-292, 2004; Fiori ef al., Hum
Reprod 19, 723-724, 2004}, while the backeround DNA in maternal piésma may
originate from maternal blood cells (Lui ef al., Clin Chem 48, 421-427, 2002). Hence,
to identify fetal epigenetic markers, the methylation profiles of genetic loci were
assessed in both placental tissues and maternal blood cells with an aim to identify loci
fhat demonstrate differential methylation between the two tissue types. Such markers

can be used for prenatal diagnosis and monitoring of pregnancy-related conditions.

MATERIALS AND METHODS

[0101] Identification of CpG-containing genomic sequences DNA methylation
refers to the addition of a methyl group to the fifth carbon position of eytosine
residues in CpG dinucleotides. Clusters of such CpG dinucleotides on chromosome
21q were computationally identified through the Genome Browser of the UCSC
Genome Bioinformatics Site (genome.ucsc.edw/cgi-binfheGateway) (Yamada ef al,,
Genome Res 14, 247-266, 2004). The CpG sites were further subselected based on

the criteria: a stretch of DNA sequence of at feast 400 bp in length with a mintmal
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guanine and cytosine content of 50%, and a minimal ratio of observed CpG
frequency/expected CpG frequency of at least 0.6, After CpG containing genomic
sequences are identified, we also branched out to Cp@G sites further up- and
downstream to the previously identified genomic region, e.g., PDESA regions A and
C.

[0102] Subject recruitment and sample collection Placental tissues and
corresponding blood samples were collected from women in the first and third
trimesters of pregnancy. Placental tissues were collected from the third-trimester
subjects after cesarean delivery and from the first trimester subjects after termination
of pregnancy. Maternal blood (10 mL) was collected into EDTA blood tubes prior to

the onset of labor or the performance of any obstetrics procedures. The blood

samples were centrifuged at 1600 x g for 10 min at 4°C. The buffy coat portion was

obtained after careful removal of plasma and stored separately at —20°C. The

placental tissues were rinsed in phosphate buffered saline and stored in plain

polypropylene tubes at —80°C.

[0103] Bisulfite sequéncing DNA was extracted from the placental tissues and
maternal buffy coat by using the QIAamp DNA Mini Kit and QlAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany), respectively, according to the manufacturer’s
instructions. For each sample, 1 ug DNA was subjected 10 bisulfite conversion,
which converts unmethylated cytosine residues to uracil but leaves methylated
oytosine residues unchanged, by the CpGenome DINA Modification Kit (Intergen,
Butlington, MA) according (o manufactarer’s instructions. The bisulfite converted
DNA was then subjected to PCR amptification with pairs of primers flanking the CpG
sites (Table 1), Some CpG-containing genomic sequences are investigated by two or
three PCRs, namely regions A, B and C. Primers were designed not fo bind to any

| ‘potentially maihylated cytosine residuss. These primers are shown by way of
Hustration and should not be seen to limit the range of primers which can be used for
this purpose. Reagents supplied i the TagMan PCR Core Reagent Kit {Applied
Biosystems, Foster City, CA) were used. Reagent compositions for each PCR are
detailed in Table 1. Typically, PCRs were performed in a fina! reaction volume of 25
wul, with MgCly, primers, TagGold, 1X Buffer II, 200 uM of each ANTP, with or

31



40 40 40140 40 40 40 40 40 40 40 40 MI= 88 25.128 30.142 Chl-Square 26,18 25.128
29.53528.16 31.488 22.362 p-value 44,0.00 -.c0.001 1 HO.001 =<0.001 "<0.001 ...<0. 0.00
c0.001 - 0.00 --.<0.0 r. Table 3E Summary of hisulfite sequencing data, methylation indices and
chi-square analysis comparing the tnethylation profile of third-trimester placental tissues and maternal

blood cells a%dgp&g& 1%%@@3@({@@ Bﬂ%&ﬁl&e@imt@rmhi@mﬂk@idwim@’é%s are designated

by their nucl e positions relative tg ch

21; 42,97 1) of hal?7
assembly of ﬂiﬁéﬁ@(@@&’@@ﬁéﬁﬁéﬁ@%\?/g& étgrrﬁﬁll éﬁg) RIpakurartey e dhot?)

range of annealing femperatures between 55 to 65 °C for 1 min (Table 1), 72°C for 1
min, and a final extension of 79°C for 10 min. To analyze methylation status at the
resolution of a single molecule, the PCR product was TA-cloned into a plasmid vector
using fhe pGEM-T Easy Vector System (Promega, Madison, WI). The inserts from
the positive recombinant clones were analyzed by cycle sequencing using the BigDye
Terminator Cycle Sequencing v1.1 kit (Applied Biosystems) as per the
manufachrer’s instructions. After purification by genCLEAN columns (Genetix), 8
ul of the samples were added to 12 pl of Hi-Di formamide and run on a 3100 DNA.
Analyzer (Applied Biosystems).
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profile of PPP1R2P2 region A was studied among placental tissues and the corresponding maternal
blood cells collected from 5 third-trimester and 5 first-trimester pregnancies. Cloning and bisulfite
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[0104] Data comparison and statistical analysis A CpG site was scored as methylated if

the sequence was cytosing; scored as wamethylated if it was occupied by a thymine residue
(deoxy counterpart of uracil). The proportion of methylated cytosine residue for each CpG
site was determined among the placental tissues as well as the maternal blood samples. The
distribution of methylated and unmethylated cytosines was compared between the placental
tissues and maternal buffy coat for each CpG site by chi-square analysis. P-value of <0.05 is
considered as statistically significantly different, Statistical analysis was performed using the
Sigma Stat 3.0 software (SPSS).

RESULTS AND DISCUSSION

[6105] Among the CpG-containing genomic sequences identified from the computational
search, 13 loci were the focus of the present investigation. The names, chromosomal location
and GenBank Accession numbers of these loci are listed in Table 1. For each of the studied

loci, bisulfite sequencing was performed on placental tissues and maternal blood celis.

[0106] CGI137 The methylation profile of CGI137 was studied among placental tissues
and the corresponding maternal blood cells coliected from 5 third-trimester pregnancies. The
bisulfite sequencing data for regions A and B of all the 5 cases are shown in Figures 1A and
1B, respectively. Each row in the respective panels represents the bisulfite sequencing result
for one clone while each column represents an individual CpG dinucleotide within the
genomic sequence. The proportion of methylated clones among all of the sequenced clones,
the methylation index, at each CpG site was determined for all 5 placental tissue and matemal
blood cell samples. The data are summarized in Figures 24 and 2B, It can be seen that the
placenta is hypomethylated compared with maternal blood cells. Chi-square analysis was
performed to compare the distiibution of methylated and unmethylated clones between the
placental tissues and maternal blood cells at each CpG site. The differences in the
methylation indices between the placenta and maternal blood cells are statistically significant
for ail 21 CpG sites (Chi-square, P<0.0001, Tables 2A and 2B).
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Table 2A. Summary of bisulfite sequencing data and chi-square analysis comparing the

methylation profile of the placental tissues and maternal blood cells at the individual
CpG sites within CGI137 Region A, The individual CpG sites are designated by their
nucleotide positions relative to chr21: 46,249,636 (++1) of the Human May 2004 (hgl7)
agsembly of the UCSC Genome Browser.
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Table 2B. Summary of bisulfite sequencing data and chi-square analysis comparing the

methylation profile of the placental tissues and maternal blood cells at the individual

CpG sites within CGI137 Region B. The individual CpG sites are designated by their

nucleotide positions relative to chrll: 46,249,636 (+1) of the Human May 2004 (hgl7)

assembly of the UCSC Genome Browser,
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[0167] P}’msp)'mdiesteé-ase 94 (PDE94} The methylation profile of PDES4 was studied
among placental tissues and the corresponding maternal blood cells collected from 5 third-
srimester and 5 first-trimester pregnancies. Cloning and bisulfite sequencing were perfcrme&
and the methylation indices of the studied CpG sites in the placental tissuss and maternal
Blood celis for the region A amplicon are summarized in Figures 3A and 3B. The
cotresponding data for region B are summarized in Figures 3C and 3D. Comparisons
between {hitd-trimester placental tissues and maternal biood cells for region C are shown in
Figure 3E. In general, the placenta is hypomethylated when compared to maternal blood
¢ells. Chi-square analysis was performed as described above to assess for statistically
significant differences between the two tissues, All but CpG2250 in the third-trirester
compatison are statistically significantly different in both the first- and third-trimester

pregnancies {Chi-square analysis, Tables 3A to E).
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Table 3A. Smmmary of bisulfite sequencing &ataf, me‘thylatmn indices and cb1~square
analysis comparing the methylation profile of third-trimester placental tissues and
maternal blood celis at the individual CpG sites within PDEJA region A. The individual
CpG sites ave designated by their mucleotide positions refative to the reverse strand of chr2l:

42,978,424 (+1) of the Human May 2004 (bg17) assembly of the UCSC Genome Browser.
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Table 3B. Summary of bisulfite sequencing data,‘methylatidn indices and chi-square
analysis comparing the methylation profile of first-trimester placental tissues and
maternal biood cells at the individual CpG sites within PDESA region A. The individual
CpG sites are designated by their nucleotide positions relative to the reverse strand of chrZ1:
42,978,424 (+1) of the Human May 2004 (hgl7) assembly of the UCSC Genome Browser.
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Table 3C. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of third-trimester placental tissues and
maternal blood cells at the individual CpG sites within PDES4 region B. The individual
CpG sites are designated by their nucleotide positions relative to chr21: 42,978,718 (+1) of
the Human May 2004 (hg17) assembly of the UCSC Genome Browser.
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-value 0.006 0. -<0.001 0902 0,019 1,000=<0.0111 ==0.001 -<0.001,..00.1011 Table 413. Summary
of bisulfite sequencing data, methylation indices and chi-square analysis comparing the methylatiou
profile of first-trimester placental tissues and maternal blood cells at the individual CpG sites within
PPP1R2P2 region A. The individual CpG sites are designated by their nucleotide positions relative to
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Table 3E. Summary of bisulfite sequencing data, methylation inéices. and chi-square
analysis comparing the methyiation profile of third-rimester placental tissues and
maternal blood cells at the individual CpG sites within PDE94 region C. The individual
CpG sites are designated by their nucleotide positions relative to chr21: 42,978,005 (+1) of
the Human May 2004 (hgl7) assembly of the UCSC Genome Browser. '
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[0108] Homo sapiens protein phosphatase 1, regulatory (inhibitor) subuuit 2 psendogene
2 (PPPIR2P2) The methylation profile of PPPIR2P2 region A was studied among placental
tissues and the corresponding maternal blood cells collected from 5 third-trimester and 3
first-irimester pregnancies. Cloning and bisulfite sequencing were performed and the
methylation indices of the studied CpG sites for region A in the placerital tissues and
maternal blood cells are szﬁnmarized in Figures 4A and 4B, In general, the placenta is
hypomethylated when compared to maternal blood cells. Chi-square analysis was performed
as described above to assess for statistically significant differences between the two tissues.
Amoﬁg the studied CpG sites, 23 are statistically significantly different in the third-trimester
pregnancies and 23 are staﬁsticaﬂy significantly different in the first-trimester pregnancies
{Chi-square analysis, Tables 4A and 4B). In addition, the meﬂlyiaﬁen.proﬁle of the CpG
sites in PPPIR2P2 region B were also analysed by cloning and bisulfite sequencing in
placental tissues and the corresponding maternal blood cells collected from 5 third-trimester
pregnancies. For most CpG sites in region B, the placental tissue is hypomethylated
compared to the maternal blood cells, The methylation indices in region B are summarized in
Figures 4C. Chi-square analysis was performed as described above to assess for statistically
significant differences between the two tissues. Among the 12 studied CpG sites, 5 are
statistically significantly different (Chi-square analysis, Tables 4C).
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Table 4A. Summary of bisulfite sequencing data, metbylation indices and chi-square
analysis comparing the methylation profile of third-trimester placental tissues and
maternal blood cells at the imdividual CpG sites within PPPIR2P2 region A. The
individual CpG sites are designated by their nuclectide positions relative to chr21:
36,180,493 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome Browser.
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(Caenorhabditis elegans (C elegans)) The methylation profile of Similarity to Fein IA (C. elegans) was
studied among placental tissues and the corresponding maternal blood cells collected from 5
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Table 4C. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation prefile of first-trimester placental tissues and
maternal blood cells at the individual CpG sites within PPPIR2P2 region B. The
individual CpG sites are designated by their nucleotide positions relative to cﬁle:
36,180,493 (+1) of the Human May 2004 (hgl7) assembly of the UCSC Genome Browser,
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[0109] Similarity to FemlA (Caenorhabditis elegans (C. elegans}) The methylation
profile of Stmilarity to Feml14 (C. elegans) was studied among placental tissues and the
corresponding maternal blood cells collected from 5 third-trimester pregnancies. Cloning and
bisulfite sequencing were performed and the methylation indices of the studied CpG sites in
the placental tissues and maternal blood cells are summarized in Figures 5A and 3B for
regions A and B, respectively. In gencral, the placenta is hypomethylated when compared to
maternal blood cells, Chi-square analysis was performed as described above to assess for
statistically significant differences between the two tissues. Among the studied CpG sites, §

. are statistically significantly different in region A and 7 are statistically significanily different
in region B (Chi-square analysis, Tables 5A and 5B), '
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0.36 0.36 0.41 Chi-square41,1 23.359 24.104 35.799 38.012 31.609 16.97 24.893 P-valueP=<0,001
P=<0.001 P=<0.001 P.<0.001 P=c0.001 P=.<0.001 P=<0.001 P=c0.001 Table 5B. Summary of
bisulfite sequencing data, methylation indices and chi-square analysis comparing the methylation
profile of third-trimester placental tissues and maternal blood cells at the individual CpG sites within
Similarity tqmmﬁ(gumm@saf@ﬁmfssamm\gidm Mﬂ&ﬁ%@&ﬁcﬂ@é‘d@ﬁdt@ﬁwqﬁmr nucleotide
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COCD  maternal blood cells at the individual CpG sites Wiﬂlln Similarity to FemlA (C, elegans)
region A. The individual CpG sites are designated by their nuclectide positions relative to
chr21: 14,036,070 (+1) of the Human May 2004 (hgl7) assembly of the UCSC Genome

Prowser,
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Table 5B. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of third-trimester placental tissues and
maternal blood cells at the imdividaal Cp( sites within Similarity to FemlA (C. elegans)
region B. The individual CpG sites are designated by their nucleotide positions telative to
chr21: 14,056,070 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome

Browser,
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[6110] CGI0G9 The methylation profiles of CGI009 from 2 maternal blood cell samples
were compared with those of 2 first-irimester and 2 third-trimester placental tissue samples
collected from normal pregnancies as well as 2 firsi-trimester placental tissue samples from
pregnancies where the fetus had trisomy 21. Cloning and bisulfite sequencing were
performed and the methylation indices of the studied Cp(G sites in the placental tissues and
‘maternal blood cells are summarized in Figure 6. In general, the placenta is hypermethylated

when compared to maternal blood cells.

[0111] Carbonyl reductase I(CBRI} The profiles of CBRI from 2 maternal bloed cell
samples were compared with those of 2 first-trimester placental tissue samples collected from.
normal pregnancies as well as 2 first-trimester placental tissue samples from pregnancies
where the fetus had trisomy 21. Cloning and bisulfite sequencing were performed and the
methylation indices of the studied CpG sites in the placental tissues and maternal blood cells
are summarized in F igure 7. In general, the placenta is hypermethylated when compared to
maternal blood cells. Among the 20 studied CpG sites, all are statistically significantly
different between the maternal blood cells and first-trimester plabamal tissues of both normal

and frisomy 21 pregnancies (Chi-square analysis, Table 6).

Table 6. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of normal and trisomy 21 first-trimester

~ placental tissues and maternal blood cells at the individual CpG sites within CERI. The
individual CpG sites are designated by their nucleotide positions relative to ohr21:
36,363,538 {(+1} of the Human May 2004 (hg17) assembly of the UCSC Genome Browser.
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0.86 0.82 0,82 0,68 0,82 Placenta C 2316 1411 12139109121214 T612141716 151918 19

16 16 14 Methindx 0.82 0.57 0.50 0.39 0.43 0.46 0.32 0.36 0.32 9.43 0.43 0.50 Chi-square 0.122
4.288 2.743 2.575 8.084 3.608 14.461 12.652

10112] Down syndroine cell adhesion molecule (DSCAM) The methylation profiles of
DSCAM from 2 maternal blood cell samples were compared with those of 2 first-trimester
and 2 third-trimester piacental tissue samples collected from normal pregnancies as well as 2
firat-trimester placental tissue samples from pregnancies whete the fetus had trisomy 21.
Cloning and bisulfiie sequencing were performed and the methylation indices of the studied.
CpG sites in the placental tissues and maternal blood cells are summarized in Figare 8. In
general, the placenta is hypermethylated when compared to maternal blood cells. Among the.
97 studied Cp@ sites, all are statistically significantly diffcz:ent_’oetwem the maternal blood
cells and first-trimester placental tissues of both normal and trisomy 21 pregnancies (Chi-

square analysis, Table 7).
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12.323 7,619 2.601 5.098 P-yalue 0.727 0.038 0,098 0.199 0.014 0.055 P0<0.001 P..<0.001
P=<0.001 0.005 0.107 0.024 [0110] CGI009 The methylation profiles of COI009 from 2 maternal
blood cell samples were compared with those of 2 first-trimester and 2 third-trimester placental-tissue
samples collected from normal pregnancies as well as 2 first-trimester placental tissue samples from
pregnancies where the fetus had trisomy 21. Cloning and bisulfite sequencing were performed and the
methylation i of.the studi sites in, th Iace a tlssue .and ernal blood cells are
summarized ?#ﬁg%?reé%nﬁl en?eérig %!u%é SIECRARS Lo "‘ii;%"é"g ! tmfé e[;&acaékrﬁﬂa?é‘a to maternal
blood cells. [mﬁimmﬁéHHMélqﬂ{GﬁRﬁlw pﬂ#ﬂ@s&nﬁ @B%ﬁbmg~mmm| blood cell
samples wer%@@ﬁﬂ@ﬁ%@d@@t&hﬁﬂ@ﬁﬁe%mg@wém%tﬁfeI@:!mﬁﬂaal igetigsamplesHatiegted from normal
pregnancies é} %DH (:}rtrlmest Iace éssue Ies from p h‘l{ nancies where the fetus had
trisomy 21. CIofiRy and breUite s &G & ”ﬂa@ ar Eﬁﬁtﬁf? BEG IR 8T ndices of the
studied CpG éﬁtéé%ﬂhé*‘ﬁ)]aéém&lm@éa@ﬁ%ﬂmﬁMkmmﬁéﬁsW%ﬁsﬁmmm@mm Figure 7. In
general, the placenta is hypeunethylated when compared to maternal blood cells. Among the 20
studied CpG sites, all are statlstlcally S|g°n|f|cantly dlfferent between the maternal blood cells and
first-trimester placental t&sugés of both nbrnfal ahd thisofy &1 p?egrﬁancﬂes {Ch¥-sqbard anlysis, Table
6). TabReg"Summgry of bisulfite sequencifg data,tinethylgtior) indices,angl chi-squarg analysis
comparing-the.Jmethylation profile of noymal ang trisomy 21, first-trimester placgental tissues apd
maternal blood celf§ at the individual CpG site$ within CBR1. The Indi¥idual CpG site$ aré désignated
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[0113]  Chromosome 21 open reading frame 29 (C21orf29) The methylation profiles of
C21orf29 from 2 maternal blood cell samples were compared with those of 1 first-trimester
and 2 third-trimester placental tissue samples collected from normal pregnancies as well as 2
first-trimester placental tissue samples from pregnancies where the fetus had frisomy 21.
.Cioning and bisulfite sequencing were performed and the methylation indices of the studied
CpG sites in the placental tissues and maternal blood cells are summarized in I:“;iguxe 9. In
general, the placenta is hypermethylated when compared to maternal blood cells. Among the
16 studied CpG sites, all, 9 and 10 sites are statistically significantly different between the
maternal blood cells and first-trimester placental tissues of trisomy 21 pregnancies, first-
trimester and third-trimester placental tissues of normal pregnancies, respectively (Chi-

square apalysig, Table 8).
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Table 8. Summary of bisulfite seqaencing data, methylatien indices and chi-square
anzlysis comparing the methylation profile of normal and trisomy 21 first-frimester
placental tissues and maternal blood cells at the individual CpG sites within C21orf29.
The individual CpG sites are designated by their nuclectide positions relative to chr2l:
44,953,288 (+1) of the Humar May 2004 (hg17) assembly of the UCSC Genome Browser.
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[0114] Genetic loci that showed no differentiol methylation patiern between placental
tissues and maternal blood cells Differential methylation between placental tissucs and
maternal blood cells was not universally observed for all studied loci. The methylation
profile of CGI111 was studied among placental tissues and the corregponding maternal blood
cells collected from 4 third-irimester pregnancies. Cloning and bisulfite sequencing were
performed and the results are shown in Figure 10. Clones from both the maternal blood cells

and placental tissues were predominantly unmethylated.
[0115] Simitarly, the methylation profile between maternai blood cells and placenta] tissues

of 5 third-trimester pregnancies were not significantly different for CGI121 exceptat the
CpG site 1603 (Figure 11 and Table 5).
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chi-square12.38312.383 P.value40.001<0.001 let trimester normal placenta vs maternal blood sells

ggl aquare9.567E.567 Ptvalue0.0020,002 memylatlon Index 1st trimester namtal placenta 6;35 0.31

Table 9. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of first-trimester placental tissues and
maternal blood cells at the individual CpG sites within CGIi21. The individual CpG
sites are designated by their nucleotide positions relative to chr21: 45,262,112 (+1) of the
Human May 2004 (hg17) assembly of the UCSC Genome Browser.
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[(}116] On the other hand, for KIAA40656, Heat shock transcription factor 2 binding protein
(HSF2BP) and COL6AI, the studied placental tissues and maternal blood cells were both

predominantly methylated with no significant differences between the methylation index.

Example 2

{6117} The CG-containing genomic sequences with differential methylation profile
between placental tissues and maternal blood cells are useful as fetal epigenetic ma:rkérs for
maternal blood detection. In order to distinguish the fetal-derived DNA molecules from
those that are matemaﬂy-derivad in maternal blood, assays should target the detection of the
placental-specific epigenetic form of each differentially methylaied locus. An assay has been
developed to target the placental-specific form of CGI137 (Figure 1), namely the

unmethylated molecules, and assessed its specificity.

MATERIALS AND METHODS

[0118] Sample processing and DNA extraction. A third-trimester placental tissue sampie -
and corresponding maternal blood sample were collecied from a subject undergoing delivery

by elective cesarean section. Maternal blood (10 mI.) was collected into EDTA tubes prior to
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lat trimester 721 placenta0,42310,4231 1st trimester maternal blood cells90 9.272 0.00

- : : : .002 6.287 0,012
2 0.2;27 0.3462 0 7.822 0.005 7.665 6.006 :2  4'0.3182 0.3077 0 $12 0.024 9.567 0,002 2' 0.3636
0.2308 0 6.499 0.011 7.586 0,035 2 0.31 82 0.2692 0 6.439 0.011 9.567 0.902 .20.3636 0.2692 0
3,866 0,049 7,865 0.005 a 02182 0.1923 0 10791 0.001 9,567 0.092 Er, 0.3636 0.3846 0 7.823 0.005

6.257 0.012. 20 2727000 T2.6-430 Ol 28550496 :rB1 @rA602 Og for 10 min at 4
°C. The buffy coat portion was obtained afier careful removal of plasma and stored
separately at—20 °C. The plasma was further centrifuged at 16,000 x g for 10 min and 1.6 mL
plasma was transferred to clean polypropylene tubes with care not to disturb the underlying
cell pellet. Placental tissue biopsies were rinsed in phosphate buffered saline and stored in
plain polypropylene tubes at 30 °C, DINA was extracted from the placental tissues using the
QIAamp DNA Mini Kit (Qiagen, Hilder, Germany). DNA from the maternal plasma and
buffy coat was extracted by the QlAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. For sach placental and buffy coat DNA sample,
1 ug DNA was subjected to bisulfite conversion, which converts unmethylated cytosine
residues to uracil but leaves methylated cytosine residues unchanged, by the Methylamp™
DNA Modification Kit (Epigentek Ine., New York, NY) according to manufacturer’s
instructions. DNA extracted from 1.6 mL plasma was also subjected to bisulfite conversion.
Additional aliquots of mixed bisulfite-converted DNA were also prepared comprised of

mixtures of the buffy coat and placental DNA preparations in the ratios of 95:5.

[0119] Homogeneous MassEXTEND assay As placental tissues are hypomethylated with
respect to maternal blood cells at CGIL37 (Figures 1 and 2), an assay targeting the detection
of the unmethylated form of CGI137 was designed. The assay is based on the MassARRAY
(Sequenom, San Diego, CA) platform. Methylation specific primers are designed for the
specific amplification of the unmethylated form of CGI137. An illustration of the location of
the primers is shown in Figure 12 and the primer sequences are listed in Table 10. The

' forward primer spans the Cp( sites 472, 477, 481 and 486. The reverse primer spans the
CpG sites 553 end 561. The amplicon spans between coordinates: 2742998-2743130 for the
GenBank Accession: NT 011515, A primer extension assay (Figure 12) based on the
homogeneous MassEXTEND (hME) protocol is designed to interrogate the methylation
status of the CpG site 541. Basically, the primer extension primer épans up to the nucleotide
3’ to0 the CpG site 541 {Table 10). An unmethylated molecule would be extended by one
nucleotide with the incorporation of a dd(2’,3 *.dideoxynucleoside)ATP, while a methylaied
molecule would be extended by two nucleotides with the incorporation of 2 dGTP followed
by a ddATP. The unmethylated and methylated molecules are subsequently detected and
resolved by their mass differences ona MassARRAY ™ Analyzer Compact (Sequenom)

mass specirometry.
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Table 10, Primer sequences of the hME assay targeting the unmethylated form of

CGI137.

Primer Seguence (5 to 31

Forward primer TGTTATAGGTAGGGATATGTTTTGTTTGACGT
Reverse primer TCTCTACCTACAATICTATAAAAAACACTTATCCA
Extension primer | ATCCCCAACATTTTCCC

[0120] Three pL of bisulfite-converted DNA from the placental (equivalent io 150 ng DNA
before bisulfite conversion), maternal buffy coat samples and mixtures as well as ten pL of
bisulfite-converted plasma DNA {equivalent o DNA extracted from 1.6 mL maternal
plasmaj were amplified for each 25 uL. PCR reaction. Fach reaction contained 1X PCR
buffer (Applied Biosystems, Foster City, CA) with 2.0 mM MgCl, (Applied Biosystems),
200 pM each of dJATP, dGTP and dCTP, 400 uM of dUTP {Applied Biosystems), 200 nM
each of forward and reverse primers {Integrated DNA Technologies, Coralville, IA)and 1 U
of AmpliTaq Gold® DNA Polymerase (Applied Biosystems), The PCR reaction was
initiated at 95°C for 10 min, followed by denaturation at 94°C for 30 sec, annealing at 60°C
for 40 sec, extension at 72°C for 40 sec for 40 cycles, and a final incubation at 72°C for 5

min.

[0121] PCR products were subjected to shrimp alkaline phosphatase treatment to
dephosphorylate any remaining dNTPs and prevent their incorporation in the subsequent
primer extension assay. For each 25 pLL PCR reaction, 0.34 pL of hME buffer (Sequenom),
0.6 ul of shrimp alkaline phosphatase (Sequenom) and 3.06 uL of water were added. The
reaction mixture was incubated at 37°C for 40 min, followed by heat inactivation at 85°C for

3 min.

[0122] For the primer extension reaction, 4 uL of base extension reaction cocktail

 containing 1500 oM of extension primer (Integrated DNA Technologies), 1.15 U of
Thermosequenase (Seguenom) and 64 uM each of ddATP, ddCTP, dTTP and dGTP
{Sequenom) were added to 10 uL. of the PCR products, The reaction condition was 94°C for
2 min, followed by 94°C for 5 sec, 52°C for 5 sec, and 72°C' for 5 sec for 75 cycles.

[0123} The final base extension product was cleaned up with the SpeciroCLEAN
{(Sequenom; resin to remove salts that may interfere with the mass spectrometry analysis.

Twenty-four microliters of water and 12 mg of resin were added into each base extension
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Example 3
[0125] An alternative method, combined bisulfite restriction analysis (COBRA) (Xiong and

Laird Nucleic Acids Res 25: 2532-2534, 1997), was used to assess for the presence of
differential methylation of 3 genomic sequences on chromosome 21 (Table 11} between

DNA from placentas and maternal blood cells.
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16 studied CpG sites, all, 9 and 10 sites are statistically significantly different between the maternal
blood cells and first-trimester placental tissues of trisomy 21 pregnancies, first-trimester and
third-trimester placental tissues of normal pregnancies, respectively (Chi-square analysis, Table 8).
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MATERIALS AND METHODS
[9126) Combined bisulfite resiriction analysis (COBRA). One g DNA was subjected
to bisulfite conversion by EZ DNA Methylation Kit (Zymo Research, Orange, CA) according
to manufacture:’s instructions. Forty nanograms bisulfite-converted DNA (based on original
unconverted DNA input) was then subjected to PCR amplification as was described in
Example 1, with some modifications, Reagents supplied in the HotStar Tag DNA
Polymeraée Kit {Qiagen, Hilden, Germany) were used. Reagent compositions for each PCR
are detailed in Table 11. Typically, PCR was performed in a final reaction volume of 20 i,
with MgCly, primers, HotStar Tag, 1X PCR Buffer, 50 yM of each dNTIP, and 2X PCRx
Enhancer {Invirogen, Carlsbad, CA). The thermal profile consisted of an initial denaturation
step of 95°C for 15 min, foiio{ved by 50-35 cycles of 95°C for 20 sec, 58 or 60°C for 30 sec
(Table 11), 72°C for 1.5 min, and a final extension of 72°C for 3 min. PCR products were

. then subjecited to restriction enzyme digestion. The restriction enzyme to be used for each
respective locus was chosen for its ability to distinguish between the methylated and
unmethylated séqaance after bisulfite conversion. In essence, restriction sites are only
present in either the methylated or unmethylated sequence but not both, so that one of the
sequences would be digested while the other would remain intact (Table 12). Restriction
enzyme digestions were performed in a final reaction volume of 20 pl, with 5 pl PCR
products, 1X appropriate buffer, and 10U restriction enzyme (or none for mock digestion),
under the manufacturer’s recommended temperatures for 2 br, All enzymes were purchased
from New England Biolabs (Beverly, MA). Digested products were then analyzed by gel

elecirophoresis.

Table 12. Result prediction for COBRA analysis

Logus name Enzyme cutfing status muthylation status products with complete digestion {bp)
HLES ragion A BstU | Mo cut ur-mathylated 338

aut methylaied 285, 83
HLCS region B1 BsfUd No eut un-methylated 310

cut methylated 48, 22,178, 20, 37
HLOS region B2 BstU No out unemethylated 413

eut methylated 34, 22,178, 30, 151
G009 gsti | No cut un-methylated 211

cut methylated 82, 63,51,18
caHa2 Bsfi} No cut un-methylated 210

cut methylaisd 60, 48, 58, 45
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[0127) Cloning and bisulfite sequencing. DNA from the same PCR amplification
reaction as desctibed in “Combined bisulfite restriction analysis {COBRAY” session shown
above was used for cloning and bisulfite sequencing. To analyze methylation status at the
resolution of @ single molecule, the PCR product was TA~cloned into a plasmid vector using
the pGEM-T Easy Vector System (Protega, Madison, WI). The inserts from the positive
recombinant clones were analyzed by cycle sequencing using the BigDye Terminator Cycle
Sequencing v1.1 kit (Applied Biosystems) as per the manufacturer’s instructions, After
purification by ethanol precipitation, the samples were resuspended by 10 pl of Hi-Di
formamide and run on a 3100 DNA Analyzer (Applied Biosystems).

RESULTS AND CONCLUSION
[0128] Holocarboxylase Synthetase (HLCS). The methylation profiles of the putative
promoter region of HLCS from 2 maternal blood cell samples were compared with those of 2
first-trimester and 2 third-trimester placental tissue samples collected from normal
pregnancies, as well as 2 first-trimester placental fissue samples from trisomy Z1 pregnancies,
COBRA assay was performed and the gel electrophoresis data for region A region Bl, and
region B2 are shown in Figures 14A, 14B, and 14C, respectively. In general, the placentais
hvpermeihylated when compared to maternal blood cells. Cloning and bisulfite seqguencing
experiment was performed on region B2 to further analyze methylation status at the
resohution: of a single molecule, and the result shown in Figure 17 confirmed that the

methylation in HLCS is placental specific.

10129] CGI009. The methylation profiles of CGIO0Y from 2 matei-nal blood cell samples
were compared with those of 7 first-trimester and 2 third-trimester placental tissue saroples
coﬂecteci from normal pregnancies, as well as 2 first-trimester placental tissue samples from -
trisomy 21 pregnancies. COBRA assay was performed and the gel electrophoresis data are
shown in Figure 15. In general, the piac:cnta is hypermethylated when compared to maternal
blood céHs.

[0130] CGI132. The methylation profiles of CGI132 from 2 maternal blood cell samples
were compared with those of 2 first-trimester and 2 third-trimester placental tissue samples
collected from novmal pregnancies, as well as 2 first-trimester placental tissue samples from

irisomy 21 pregnancies. COBRA assay was performed and the gel electrophoresis data are
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shown in Figure 16. In general, the placenta is hypermethylated when compared to maternal
blood cells. '

Example 4

[0131] Based on the differential methylation featurs of the identified markers in placental
tssues and maternal blood cells, an aliernative method using methylation sensitive restriction
enzyme digestion followed by real time quantitative PCR was developed to guantitatively
analyze the differential methylation of the genomic sequence of HLCS region B2 (Table 11)
between DNA from placentas and maternal blood cells. |

MATERIALS AND METHODS

[0132] Methylation sensitive restriction enzyme digestion. DNA was extracted from the
placental fissues using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). DNA from
the maternal buffy coat and plasma was extracted by the QlAamp DNA Blood Mini Kit
{Qiagen, Hilden, Germany) according to the manufacturer’s instructions. For each placental
and buffy coat DNA sample, 100 ng DNA was subjected to methylation sensitive restriction
enzyme digestion. Restriction enzyme digestions were performed in a final reaction volume
of 50 pl, with DNA, 1X appropriate buffer, and 25U of Hpa T and 50U of BsfU I (or none for
mock digestion), under the manufacturer’s recommended temperatures for at least 16 hr, For
cach maternal plasma sample, 1.6 ml plasma was used for DNA extraction, and was eluted in
50 ul of deionized water, 21 pl of which was subjected to restriction enzyme digestion.
Enzyme digestions were performed ina ﬁﬁai reaction volume of 30 pl, with DNA, 1X
appropriate buffer, and 20U of Hpa Il and 30U of BstU I {or none for mock digestion), under
the manufacturer’s recommended temperatuses for at least 16 hr. All enzymes were
purchased from New England Biolabs (Beverly, MA), Digested products were then analyzed
by real time quantitative PCR. The selected restriction enzymes only digest the unmethylated
DINA but not the methylated DNA. Since the data from Example 3 has shown that HLCS is
hypermethylated in placental tissues and hypomethylated in maternal blood cells, we expect a
proportion of DNA from placental tissues would remain detectable while most DNA. from
maternal blood cells would be digested and thus not detectable after restriction enzyme

iregtment.

j0133] Real time quantitative PCR. Real time PCR assay was developed for quantitative
analysis of HLCS genomic DNA with and without restriction enzyme digestion. 4 plof
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Chkquare 1,1651,737 1,165 0,943 2,273 3.230 0.825 0.094 0,116 1.45816 0.00.091 0.098
0.88410825 0.096 0.09055 p-vawa 10.280 0.188 0.280 0.332 0.132 0.070 0,3540.75970.735
0.2271,000 0.696 0.757 0.023 0.783 0.754 0447 0.364 .79410.75710417 101161 On the other hand,
for 1Cl14,40656, Heat shock transcription factor 2 binding protein (H9F2BP) and COL6A1, the studied
placental fissues and maternalbiomd celisdsetgbeatbrrenpiinanty diethy s divit AR significant

differences between the methylation i&dfg@ggé%gﬁa}p&y&ﬂ%gr%}eﬁ%%%Qm pRMIc sequences

with differesitial FeEARER FrofRhe ISsues and mater ood cells are’useful as
fetal epigenetic markess, fmaternaibiaccbdetediod A BREGECAMny (IS the Tetal abfioed DNA

molecules from those that -deriyed,inmaternal d:target the detection
of the plad@YRsk EpEETHC i é@%?%%?g‘g\gﬁ%\lﬁg? fig%f?} ggt ylz?tz?ﬁ)?ggg% Xgn %?;ay has been

developed o largel s pla CaGaGpEETE Rt LHERALSY (Figubermelmpiinvire dnfnEthlated

molecules, an ssed Its specifie] TERIALS ANRMETHEPSIG] 18] Sanipies preeessing and
DNA extréﬁ%gfﬁﬁri trimes ercgfggge/ﬁ%\a@ﬁissue sample and corresponding mate;&bz\lg lood sample

were collagieth tiopliats,ijd chenderypingtiseirs ks e RSEIRHY CHuLd BHECETITRS | blood (10

ml) was collectad Ina HRIAJ RSB, ARualasaies hedalenuiiinbloodatmpes were

centrifuge%ngftfta 00 X g for 10 mm at 4 C. The buffy coat portion was,obtained after cgrtggul removal of
plasma arttestewd ééﬁh?&i‘éﬁ?‘ébl?%Cﬁ%&?ﬁﬁ‘g@%ﬁg’w&%ﬁtﬁ?ﬁfﬁgaﬂf RE5606% 6 for 10 min

and 1.6 mg 13 pasianaensd o ¢laananlimeapyieteiubPSRyithoasthpbtite digtrb the
underlying cell pellet. Placental tissue hiopsies were,rinsed,in pho f%ﬁgeﬁﬁ &.and stored in
plain polyprapypehuatiseddexsd CSBRK ﬁéﬂg%i%‘g@[dd??oi%nl%%ﬁ%iacentalfi{t}%sues us#?g the QlAamp
DNA Mini Kit{Qiagen dRildem @atranystid fiohmibe rigstival plasma and huffy coat was extracted
by the QIAamp DNA Blood Mini Kit (Qiagen, Bilden, Germany) according to the manufacturer's

instructions. For each placental and buffy coat DNA sample, 1 ug DNA was subjected to bisulftte
conversioR NHICT S aNBrEEONaEHBEIA cytosine residues to uracil but leaves methylated cytosine

residues ”&i@%;‘g ie%%'i‘e%%@@@ﬁﬂ@d%%%&d@é’ﬂi@ﬁi&& Kib{EDigomek fngn NeweYatk, NY)
according t0"manu acturers instractions, DNA extracted from 1.6 nal. &%’nﬁ was also subjected to
bisulfite carvedsielhsauplitionecaiigupieedriieErsibomé SEiVEReT D 2aRE Brépared

comprised ?ﬁ&ﬂ%@&@ﬁﬂ?&l@k‘ﬁ&ﬂﬁ%@é@ﬂé@m&m@r%ﬁe@@mﬁiﬁﬂﬁommmsmﬁ%:5. [0119)
Homogené)ous MassEXI END assay As placental tissues ar hQé %et@ék% ﬂiﬁgéﬁgqgct to maternal
blood cellsfell@uad sy enl siared @%ﬁﬁ@%?‘éﬁ%%ggécﬁ?ae%gﬁ?e dge ection of the =niethylated form of

001137 wasidesigned: Fheassaiia kagadmorithedtansARRIEY(SEorasGiH S DTREs, CA) platfolin.

ethyiaion Shece TS i deoar o soonl anpligabanala araiiated o of

{51 orthe prlm%rsi Is shown in Figure 12 and the primer sequences
are listed ipaFgdle digedihe femmtdng nrimshgpteritdcapasinsdm 0477 8P%Nd 486. The reverse
primer spans the CpG sites 553 and 561. The amplicon spans between coordinates;,
2742998-2133B0 e the@enBapkeacbebsiarmiats B BSHSMAARHEPEHIRSH K& MM Pigure 12)

hased on the fomogcaeaus MassEXIEND AIME) paipeslis dasignsddanintemspe the methylaton

status of the %E%Ite sically, the primer extension prim%‘e}z;i s%)a]é?s ﬂgo t%(;egutg:][eotide 3'to the

CpG site 5datdatitein O)atumal mnanyl NubalisTecling heBIaBEEIRYd 8@5 She Atcleotide with the

incorporati%%g%%@'d%aﬁ@mmmwém while pimethyiatetdnoleoudgeseliicbe extended by
[

two nucleotides with the incorporation of a dGTP followed by a ddATP. The =methylated and
methylatedfragier erastaréiasiseRRAt LR gﬁgdmrgg%%%ncf %ﬁﬁ{gﬁcrh%%g%%erence% ona

MassARRAXEReAlyzeE&o mpash (Seglenbon) thassspeprprmetipdiTidons FerPRAEigequences of
the hME assay targeting the yunmeth d farm of P Lence- 51989 reforvard
primer TGW?%%?M%K@%W@&#@ %&%&%ﬁ%ﬁ%%er e

ave presented in Figure 19. The HLCS signal is shown 1o be positively detected in the

enzyme digested pre~-delivery 3" trimester plasma samples and reduced after delivery. The
median of HLCS concentration in post-delivery plasma samples after enzyme digestion was
8.1% of that the median HLCS concentration in pre-delivery plasma samples after enzyme

digestion (Figure 19A). The clearance pattern from enzyme treated pre- and post-delivery
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TCTCTACCTACAATICTATAA.AAAACAC 1 | ATCCA Extension primer ATCCCCAACATTTTCCC
[0120] Three pL of bisulfite-converted DNA from the placental (equivalent to 150 ng DNA before
bisulfite conversion), maternal buffy coat samples and mixtures as well as ten p.L of bisulfite-converted
plasma DNA (equivalent to DNA extracted from 1.6 mL maternal plasma) were amplified for each 25

pL PCR r@ﬁ@m@@ﬁﬁgg@w@d@m@m@m PGR bufferr@pplpdciosyStelmssdmoster ity CA) with
2.0 in_M MgC12 (Applied Biosystems%, 200 ach of dATP M of dUTP
(Applied mé;s@te‘(ﬁ%%% SouorEEEE Waclgé“a%%g ?@(v%?s%r%ar%r%%%{g r%%gggf%g%ﬁ%%r%chnologies,
Coralville, ¥} madikdstioh Amnid 8t Goltr DMrRolydignsisé apfsicwBisuypleriSEurnéoBER reaction
was initiated at 95C for 10 min, followed by denaturation at 94C for 30 sec, annealing at 60C for 40
sec, extengipmspt 7AGH et seefomslayides adobefipablictibationediz 20 ar8a#ia0121] PCR
products were subject c’ tq shrimp alkaline, pho ts remaining
dNTPs an@ﬁ?@%ﬁﬁ‘f%g? "‘?gcaé?%jrﬁﬁ}bé:lofnp %gngﬁi%%%%e%ﬁt&é%%%r%ﬁ%s'or?zgi{ggg.f %%tr&ééaé;%? 25 pL PCR
reaction, Qig4epiraf iddElnffers¢B8equenom), 0.6 tiL of shrimp alkaline phosphatase (Sequenom) and
3.06 ph, of water were added. The reaction mixture was incubated at 37C for 40 min, followed by heat
inactivation at 85C for 5 min. [0122) For the primer extension reaction, 4 pl of base extension reaction
cocktail containing 1500 n_M of extension primer (Integrated DNA Technologies), 1.15 U of
Thermosequenase (Sequenom) and 64 pM each of ddATP, ddC Ii', d1-1P and dGTP (Sequenom)
were added to 10 1.iL of the PCR products The reaction condition was 94C for 2 min, followed by 94C
for 5 sec, 52C for 5 sec, and 72C for 5 sec for 75 cycles. [0123) The final base extension product was
cleaned up with the SpectroCLEAN (Sequenom) resin to remove salts that may interfere with the mass
spectrometry analysis. Twenty-four microliters of water and 12 mg of resin were added into each base
extension product. The final mixtures were mixed in a rotator for 20 min. After centrifugation at 361 g
for 5 min, approximately 10 IL of reaction solution was dispensed onto a 384-format SpectroCHIP
(Sequenom) pre-spotted with a matrix of 3-hydroxypicolinic acid by using a SpectroPoint
nanodispenser (Sequenom). A Ma55ARRAYTM Analyzer Compact Mass Spectrometer (Sequenom)
was used for data acquisition from the SpectroCHIP. Mass spectrometric data were automatically
imported into SpectroTYPER (Sequenom) database for analysis. RESULTS AND CONCLUSION
[0124] Mass spectra for the MassARRAY analyses are shown in Figure 13. The primer extension
product for the munethylated form of CGI137 can be detected in the placental and pre-delivery plasma
DNA samples as well as the 95:5 mixtures of maternal buffy coat and placental DNA. These data
suggest that the assay is sensitive to the detection of the placenta-derived unmethylated form of
C01137 in maternal plasma and DNA mixtures down to a fractional concentration of 5%. No signal
was detected post-delivery maternal plasma sample which confirms the pregnancy-specificity of the
unmethylated form of CGI137. The lack of signal in the in the maternal buffy coat sample also confirms
the specificity of the assay towards the detection of the unmethylated form of CGI137. In summary,
due to the differences in the methylation profile of C01137 between placental tissues and maternal
blood cells, sensitive and specific assays could be developed to target the detection of the
placenta-derived form of CGI137 among a background of CGI137 methylated molecules derived from
maternal blood cells. As the placenta is a tissue source of fetal DNA release into the maternal
circulation (Chin et at, supra), in which the latter contains a high background of DNA derived from
maternal blood cells (Liu et at, supra), assays targeting placenta-specific epigenetic markers are useful
for the detection of fetal-specific nucleic acid molecules in maternal blood. Example 3 [0125] An
alternative method, combined bisulfite ‘restriction analysis (COBRA) (Xiong and Laird Nucleic Acids
Res 25: 2532-2534, 1997), was used to assess for the presence of differential methylation of 3
genomic sequences on chromosome 21 (Table 11) between DNA from placentas and maternal blood
cells. Cycle Number 199 99 I" ff 09 Annealing temperature'CC/ 119 09 139 119 99 HotStar Taq
(U)roVU 110 Patx Enhancer a a XZ XZ Inua Jeanid 00? 00? 00?' 00? 00?
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hounO ziocw 19-Z te- vvvoinviovviovo 01011000V101:10 - - CTAAACACCCR AATCCCCAAAA
CTAAAAAATAAAAAA CAAAATCCAAAACAAA AAACTAAAATCRACRTA CCTACAATACCAAAAA -
- CRAAAACRAAOR AACCAAACCTAA Cc -,$) GGAGTGTTWHIIG G1TA11111GITIGTTAT --
AGGAGTTAGAYGTT TrAGTTYGTGTGGT1' GTTTTAG[l YGTGT GGTTAGAGGTGGT
AMAGRHMBTTEGS ATNSSEFATGAGTTAT 11101d1LIVO900 AV11.000A011. location
chr21:37,275,090- 37,275,427 chr21:37,274,765- 37,275,074 chr21:37,274,651- 37,275,063
chr21:25,856,246- 25,856,455 cant( NT_011512.10: 24015427- 24015090 NT_011512,10:
24015074- 24014765 NT_011512.10: 24015063-24014651 NT_011512.10: 12596248- 12596458
esztaEz-agt tau 114-91911.0-IN

1. A method for detecting trisomy 21 in a fetus carried by a pregnant

woman, comprising the steps of:

determining the methylation status of a CpG-containing genomic
sequence in a biological sample obtained from the woman, wherein the sampie is whole
blood, serum, or plasma, wherein the genomic sequence from the fetus and the
genomic sequence from the woman are differentially methylated, thereby distinguishing
the genomic sequence from the woman and the genomic sequence from the fetus in the
sample, whereih the genomic sequence is at least 15 nucleotides in length, comprising
at ieast one cytosine, and is within genomic locus Holocarboxylase Synihetase
(HLCS)on chromosome 21;

determining the amount of the methylated genomic sequence from the

fetus; and

comparing the amount of the methylated genomic sequence from the fetus
with a standard control, wherein an increase from the standard control indicates the

presence of trisomy 21. -

2. The method of claim 1, wherein the genomic sequence from the

woman is unmethylated and the genomic sequence from the fetus is methylated.

3. The method of claim 1, wherein the step of determining the
methylation status of a CpG-containing genomic sequence is performed by treating the

sample with a reagent that differentially modifies methylated and unmethylated DNA.
4, The method of claim 3, wherein the reagent comprises bisulfite.

5. The method of claim 3, wherein the reagent comprises one or more

enzymes that preferéntial!y cleave methylated DNA,
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WAITE- FILCS region A HLGS region B1 HLCS region E32 600100 MATERIALS AND METHODS
10126] Combined bisulfite restriction analysis (COBRA). One ug DNA was subjected to bisulfite
conversion by EZ DNA 1Vlethylation Kit (Zymo Research, Orange, CA) according to manufacturer's

instructions. Forty ngnograrng kistifiteocomvariedRAN baseshaanotainsissconyerabRNA input) was
then subiected ogCIR ar&pl@ca]tion as wa de§crig%i in Example 1, with some modifications.
S prefere lated DNA

Reageerﬂsyrsnueppiilg metfﬁe 5t tgra?gamﬁ o?y?nerase‘ Kit (Qiagen, Bilden, Germany) were used.

Reagent compositions for each PCR are detailed in Table 11. Typically, PCR was performed in a final

reaction volume of 20 with M§methegim&rainHbratereiag th sierrebistemising. eomederedi’TP, and

2X PCiansnitanceGLinAtengng geasiahashduéned Repdiesrmaldmfiieeanaisiegpetmia itk denaturation
step of 95C for 15 min, followed by 50-55 cycles of 95C for 20 sec, 58 or 60C for 30 sec (Table 11),

72C for 1.5 min, an(% a ﬁna}\%%ﬁﬁé@@@é qugﬁr(rgrtﬁs% gﬁﬁ &ff%%%%ﬁ\é%:gg&:ﬁ %@%ﬂ?ted to

restriction enzyme digestion. The restriction efizym e use 7 ocus was chosen
for its WBME CHRBTYIBHBSiRREA the methylated and unmethylated sequence after bisulfite
conversion. In essence, restriction sites are only present in either the methylated or unmethylated
cequence but ot b0 CEARECHY bl A G AT LA BT b AT A BAPIO remain
intact (halplle E2)HRkeshimtbrsenaynoe gligesiions were performed in a final reaction volume of 20 id,
with 5 ul PCR products, IX appropriate buffer, and IOU restriction enzyme (or none for mock

digestion), under thébmiapaifag e PHifctemsiendeuvEnpisksitgedbr 2 hr. All enzymes were
purchased from New England Biolabs (Beveyly, MA). Digested products were then analyzed by gel
electrophoresis. Ta\@/ﬁf R%Fﬂgg'ﬂﬁ;t ?ﬂ@&.@fﬁﬁa@ﬂéﬁéﬁ?ﬁg&ﬁ%&% I%g%? ﬂ@rﬁ&e%é%%? g{l‘ﬂ?ting status

' methylatioersﬁatampiitwhlﬁa(ﬁmhmaimpmgemﬁgesﬁeqL(émr)a:lm@ariegmg&mm tétpientaiis-eethylated
338 ieagyﬁﬁ}%@h@@ﬁﬁgsziﬁ%@iﬁ LGk R0 §da B! mgmfeyamtwmﬁ@gé?o%a&mthy'ated 43,

22,176, 30, 37 HLCS region 62 asiU | No cut un-methylated 413 cut methylated 34, 22, 175, 30, 151
CGD@@@gqunpxylase Synthetase (HLCS} on chromosome 21;

and wherein at least one of the two primers binds differentially to the genomic

sequence from the fetus; and

(d) comparing the amount of the amplified portion of the genomic sequence from
step (c) with a standard control, wherein an increase from the standard control indicates the

presence frisomy 21.

Q. The method of claim 8, wherein the amplification reaction is a polymerase
chain reaction (PCR).

10. The method of claim 8, wherein the amplification reaction is a

methylation-specific PCR.

11. The method of claim 8, wherein the amplification reaction is a nucleic acid

sequence based amplification.

12. The method of claim 8, wherein the amplification reaction is a strand

displacement reaction.
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No cut un-methylated 211 cut methylated 82, 63, 51,15 031132 BstU | No cut un-methylated 210 cut
. methylated 60, 49, 56, 45 [0127] Cloning and bisulfite sequencing. DNA from the same PCR
amplification reaction as described in "Combined bisulfite restriction analysis (COBRA)" session
shown above was used for giningraacpisslite SAIBRFIRG- SR ARANGS MslhyAiNHtAluSAt the
resolutjon of a single molecule, the PCR product was TA-cloned into a plasmid vector using the
PGEM?- g?é'f’@{/%’f‘@ﬂ?'(Promega, Madison, WI). The inserts from the positive recombinant
clones were analyzed by cycle sequencing using the BigDye Terminator Cycle Sequencing v1.1 kit
(Applied Biosystems)4s pef thethadriofaetansing instraotidhs Afeuposfication opretramo| precipitation,
the samg}ﬁ%{v@@jﬁgwﬁ{édsqgﬂgyoﬁo ill of Hi-Di formamide and run-on a 3100 DNA Analyzer (Applied
Biosystems), RESULTS AND CONCLUSION [0128] Holocarboxylase Synthetase (HLCS). The

methylation profiles aéthenputative prasunter Eegib-ebhisinind o akinahdiand eptisarples were
compa g%egyét%pa%g rc‘32 rr!i gt\g{imeasteal Qr% i2 Epir%—gﬁqm ste\t;v Rlﬁlc%ptal tissue samples collected from
norma%pr gnancies, as well as Pk timedter Slacerﬁa {48 %arﬁ%?éés FrOm (s %%/”?1 pregnancies.
COBRX gsshy NeagepermiepetHanet i bepsiddiropherisesdalafolragionrersgfitrrd3inand region
132 argnstrguien dyiguies addishdBhingenbifo IRSREAYSAABgRe 3l heRlacantEs) on _
hypermethylated when compared.to maternal bloogqtcells. Cloning and bisulfite sequencing experiment
was peHEREEP BT %%@ﬁ%%*t%afm%@?&mwé% RPSHBR SatfutineTBSoRiRvRET SXLTHghe

molecwibgeria shanasakesiromnha Fiyveed Joobnfimdéch thathbemmthydatiorisorhL S is placental
specific. [0129] CGI009. The methylation profiles of C0I009 from 2 maternal blood cell samples were
compared with those gf 2 fing{cirivepiebradia thirdsHingsterplaceaialdisanmsrlesraliacied from

normalgor(%%nancies, as well as 2 first-trimester placental tissue samples from trisomy 21 pregnancies.
COBRXPESE) R B STBAMESEAHANS GoiEEsR PRafeg Lh AL s aHdriR'eg e Wiliéheral, the
placenteagemny trerhtiffeytated whedifesmpeingth tedraatbmat difodat et Bgtok@diE301 CGI132. The methylation
profiles of CGI132 from 2 maternal blood cell samples were compared with those of 2 first-trimester -

and 2 third-trimesterqglacentabtissiR ammies ¢8llarieditans Rospu: R igfs @fyvell as 2
first-trimester placental tissue samples from trisomy 21 pregnancies. COBRA assay was performed

and the gel electrophgresis_data are shown in Eigure 16. eneral, the placenta is hypermethylated
when.compared to nqgtérnzﬁ)?omo%{%%ﬁgf)ééymE?éqﬁ%ﬂl}%%gg %ﬁ ?ﬁ@gﬁﬁgrse%?%f)hépﬂ@lation
featurBRREsdBAL RERferRItals dlepradiifarasuiisinaiiathatetehvlesitecells, an alternative method
using methylation sensitive restriction enzyme digestion followed by real time quantitative PCR was
developed to quantitagively Eralyzethddestittane nbalmetbyl ate reafthe genomis serueneerefl 1ILCS
" region I ‘ NA from ol .and maternal blood cells. MATERIALS AND
METH%&%Q&%&%@%@& sgle%é)i’%\;ge}\,r%éasc%nc %%'%e %9&’8%%%% ot BA was extracted from the
placental tissues using the QIA.amp DNA Mini Kit (Qiagen, Bilden, Germany). DNA from the maternal
huffy coat and plasm&was BXrREahs Faid K whasmin BRsknrhirieroRge hermsnEdfany)
accordipftethmimag uaetkrierensingetionsyies eachnpiiteniahasgddboffly coat DNA sample, 100 ng
DNA was subjected to methylation sensitive restriction enzyme digestion. Restriction enzyme
digestions were perfggmed & fiagldgactiamhy MR LRI L AR QN RS apprapLate buffer, and
25U of Hpa Il and 50U of Bs/U Iéor none for mock digestion), under the manufacturer's recommended
tempe PR A5 ARINIEREIAR EGDach maternal plasma sample, 1.6 ml plasma was used for DNA
extraction, and was eluted in 50 ul of deionized water, 21 [Il of which was subjected to restriction
enzyme digestion. EAzymedigestivng oiarisipelfbratenidin dhirfACR sct omethollatmn af@@ific EORth DNA,
IX appropriate buffer, and 2013 of Hpa Il and 30U of BstU | (or none for mock digestion), under the
manufacturer's recommended temperatures for at least 16 hr. All enzymes were purchased from New
England Biolabs (Beverly, MA). Digested products were then analyzed by real time quantitative PCR.
The selected restriction enzymes only digest the unmethylated DNA but not the methylated DNA.
Since the data from Example 3 has shown that _FMCS is hypermethylated in placental tissues and
hypomethylated in maternal blood cells, we expect a proportion of DNA from placental tissues would
remain detectable while most DNA from maternal blood cells would be digested and thus not
detectable after restriction enzyme treatment. [0133) Real time quantitative PCR Real time PCR assay
was developed for quantitative analysis of HLCS genomic DNA with and without restriction enzyme
digestion. 4 ul of restriction enzyme treated DNA or mock digestion sample was used in the real time
PCR assay. Each reaction contains Ix TagMan Uriidersal P CR Master Mix (Applied Biosystems,
Foster City, CA), 300 nM of forward primer (5'-CCGTGTGGCCAGAGGTG-3'), 300 nM of reverse
primer (5-TGGGAGCCGGAACCTACC-3'), and 100 riM of TagMan probe (5'- 6FAM-
TCCCGACCTGGCCCTTTGCC-TAMRA-3"). The thermal profile was 50C for 2 min, 95 C for 10 min,
50 cycles of 95 C for 15 sec, and 60C for! min. All reactions were rim in duplicate, and the mean
guantity was taken. Serially diluted human genomic DNA originally quantified by optical density

measurement was used as the quantitative standard for the assay. As the detectable HLCS DNA after
ractrictinn anzvme dicectinn renrecented the methvilated fractinn we evnracced the real-time



6.The method of claim 3, wherein the reagent comprises one or more enzymes that preferentially
cleave unmethylated DNA. 7.The method of claim 1, wherein the step of determining the methylation
status of a CpG-containing genomic sequence is performed by methylation-specific PCR. 8.A method
for detecting trisomy 21 in a fetus carried by a pregnant woman, comprising the steps of: . (a)
obtaining DNA in a biological sample obtained from the woman, wherein the sample is whole blood,
serum, or plasma; (b) treating the DNA from step (a) with bisulfite; and (c) performing
an amplification reacfion using theiRNfroEnsieD (WhaRdAAPEmSIAdSBMRIALfoRRGcontaining
genomic sequence, wherein the genomic sequence is at least 15 nucleotides in length, comprises at
least oRERPIOARE, SiHRNRRINASSERBRRITSELIS Holocarboxylase Synthetase (HLCS) on chromosome
21, and wherein at least one of the two primers binds differentially to the genomic sequence
from the fetus; and 23.  Ti@)eemparsictheratowitcobtheranplifiétcpbctioreettive geaomic
sequence from.st ég with a standard control, wherein an increase from the standard control
indicatev’érwgﬂégi% @%ﬁ?é'fng.The method of claim 8, wherein the amplification reaction is a

polymerase chain reaction (PCR). 10.The method of claim 8, wherein the amplification reaction is a
methylation-specific PER. 1h¥esiiothed SpeTaiR ovigieiailtherampritaice?ebelidh % a nucleic

acid sequence basgd kfcatian. 44 -Hee method of claim 8, wherein the amplification reaction is a
strand displacement reaction. 13. The method of claim 8, wherein the amplification reaction

is a branched DNA amplification reaction, . . 14. A method for detectjng trisom in a fetus
carried by a pregnan?iomjr&ecm%\‘?ﬁr@ ﬂ@‘@kéés sgﬁerem mec@f’é’rﬁﬁ?ﬁéﬂ% %ﬁgﬁﬁ@%

CpG-casdgining @ enosigraegitcheceibcadidlogical. sample obtained from the woman, wherein the
sample is whole blood, serum, or plasma, wherein the genomic sequence is at least 15 nucleotides in
length, comprises at lpast opg meihylated cpsine. aRdisiwiliingenamis peusdiglacarioxylase
Synthetase (HLCS) on chromosome 21; and comparing the amount of the genomic sequence with a
standargespIsrer W@@Wﬁ@ﬁcﬁééﬁéﬂﬁéﬁﬁﬁ%%@éﬁ%&%ﬁ%l indicates the presence of trisomy 21.
15. The method of claim 14, wherein the step of determining the amount of a CpG-containing genomic
sequence comprises treatingHaNA:=piegesitdriiretb®ost samptesndth thecggenthibatdiffeneatially
modifies methylated and unmethylated cytosine. 16. The method of claim 15, wherein the
reagentacgrﬂﬁ‘rﬁ@“ijisulfite. 17. The method of claim 15, wherein the reagent comprises one
or more enzymes that preferentially cleave DNA comprising methylated cytosine. 18. The
method of claim 15, wherein the reagent comprises one or more enzymes that preferentially cleave
DNA comprising unmethylated cytosine. 19. The method of claim 14, wherein the step of
determining the amount of a CpG-containing genomic sequence comprises an amplification reaction.
20. The method of claim 19, wherein the amplification reaction is a polymerase chain reaction (PCR).
21.The method of claim 20, wherein the PCR is a methylation-specific PCR. - 22. The method
of claim 19, wherein the amplification reaction is a nucleic acid sequence based amplification.

23. The method of claim 19, wherein the amplification reaction is a strand displacement reaction.

24. The method of claim 19, wherein the amplification reaction is a branched DNA amplification
reaction. 25. The method of claim 14, wherein the amount of the genomic DNA sequence is
determined by electrophoresis. 26,The method of claim 14, wherein the amount of the genomic DNA
sequence is determined by polynucleotide hybridization. 27.The method of claim 1, 8, Or 14, wherein
the genomic sequence IS a CoG island. NOVEL FETAL MARKERS FOR PRENATAL DIAGNOSIS
AND MONITORING ABSTRACT This application provides the use of novel fetal markers for prenatal
diagnosis and monitoring of certain pregnancy-related conditions. More specifically, the invention
resides in the discovery that certain CpG islands located on fetal chromosome 21 demonstrate a
methylation profile that is distinct from that of the corresponding CpG islands located on maternal
chromosome 21. This application also provides kits for diagnosing or monitoring of the relevant
conditions. (Fig. 'l1A)
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