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a) treating the sanple using centrifugation in a density gradi ent medi um
conprising of a density selected from1.077-1.120 g/ m ;
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thus a need to provide a novel marker of foetal nucleated red blood cells.

SUMMARY OF THE INVENTION

The present invention is-defined in the appended independent claims. Some optional
- features of the present invention are defined in the appended dependent claims.

The present invention is directed towards a method of detecting, separating and/or isolating
at least one foetal nucleated red blood cell (FNRBC) from a sample comprising:

a) treating the sample using centrifugation in a density gradient medium
comprising of a density selected from 1.077-1.120 g/ml;

b) contacting the sample with an antibody or antigen binding fragment thereof
that specifically binds CD147 at a concentration of at least 20,000, thereby producing a
mixture;

c) maintaining the mixture under conditions in which a complex forms betweenA
the agent and the CD147 in the sample; and

d)  separating the complex from the mixture;
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Figure 2B are inmages of fluorescence-activated cell sorting (FACS) gating
strategy for enrichnment of FNRBCs from nodel m xtures tagged with

ant i - CD1l4¥oavnisidoedy conjugated to FITC. (i) Side scatt epcofscAdR2Bos2 agged
with anti-CD147 anti body conjugated to FITC (control) (ii) Side scatter of
nodel m xture (FNRBCs and AARBCs) tagged with anti-CD147 anti body
conjugated to FITC. Both gated areas P2 (FI TC H gh/ SSC-H gh) and P3

(FI TCHi gh/ SSC-Low) corresponds to target cell popul ation FNRBCs. Pl gated
area corresponds to AARBCs. P4 gated area corresponds to debris. Figure 3
are images of cytospun cells fromenrichment of FNRBCs using anti-CD147
ant i body f ripgreDstedcting, Xépsi@ing whd/bt iddytiag eRENABEGRNAAE sSEAGIS separ ati on
techni ques (A) Dynabead separation - positive fraction, (B) Dynabead
separation - negative fraction (C) MACS separation - positive fraction (D)
MACS separ athiogn hergiedathial €Crdaandyore @EUriBRCBagep doraddtention, igpittiod andea P2 (F)
FACS separ aérfr.ann&%ﬁeetanaaeﬁéd re'é%@ c@mgé\ﬁf@@%%ﬁcﬁ’@anﬂfed TARaC 2ah be
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are images Bfhe rﬁﬂﬂ%‘?ﬂ/f%c @?ﬁt@aq"sqr%nt THYScals9 RoVistedeheipiB A R TP(')@PW\Y% FNRBCs
from pr e- TGRethadsedsrtatectrigdNRBCs400/pr (BBhiyinga sreBx@ldiadiesinsyl vani a, USA) .

Figure 5 are images of (A) FNRBCs from placental villi, Wight's stained
(x400) (A ynpus BX61, Pennsylvania, USA) é\nB) FNRBCs from pl acental villi
unst ai ned ('E)OTWRB@@d'meotﬁa fhatinvention is| dseteqiite Iethode 19 deteetifion NRBCsvit @r nal

whi t & bl 0ockafipld SonpASiAY Shntadidlg QR4 e ¥in shaintbodg-d> dnli GindhgThsgeope
(x400) (Ol ypp tbgéor ;
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anpl i fi cat iYereuif V'@ém’(ﬁf’” gegl'ﬁ)cﬂﬁt?i:te(dllﬁ%) FNRRCsaee Bre§°é3i infB¢ 8 TR'%i ng region Y
(SRY). Sanple 1-3: Real -time PCR for Beta-globin (HBB) and mal e sex

determnin Tol Y. ) inQf;
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mor phol ogi c 'Eg ;égﬁfﬂéﬁgitﬂ{'i @ég‘gmé@ stain. Marker = 20 pm Figure 10 are
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schemati c di agram show ng the workfl ow of enriching rom nat er nal

bl ood, i cr'RERY ffsP-ati on, and downstream nol ecul ar anal yses. A: Mat er nal

bl ood pre-TOP (10-20 m; n=8); B: Density gradi ent centrifugation with
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st ai ni ng ofyfrNRBfeProhiRbrrébtiek, @PBEIM PaHatP BoA: FNRBCs from pl acental villi,
Wight's stained; B: FNRBCs from pl acental villi unstained; C FNRBCs from
mat ernal bl ood with Hoechst stain; D. Maternal white blood cells Hoechst
and CD45- AF488 stain. Marker = 10 pm Figure 14 is a graph show ng the DNA
yield of 10-FNRBCs fromvilli and maternal bl ood after whol e genone
anplification as neasured by picogreen.3 Mann Wi tney, p>0.05; *Whiskers
represent 95% confidence interval (Cl).



Figure 15 is a graph showi ng the DNA | evel s of WGA product of 10- FNRBCs and
their fold increase (*) conpared to theoretical genomc DNA in 10 cells.

Figure 1 ies of graphs showi ng the results of of
DNA anpl i gﬁoogﬁhﬁlo FNRBCs i sol ated from maternal bl 0(1)) %bz{;}fz%ﬁ?zgg:g d

femal e pregnanm es. Figure 17 are the results of 19 O~ PCR for anel ogenin
(AMXY) of nmale and femal e FNRBCs including DNA fromtheir respective villi
and maternal cells as controls. Figure 18 are results of real tinme and
Quantitative fluorescent-PCR of FNRBCs from MBl1 to MB8 and karyotype
results. MBl1 to MB4: FNRBCs from maternal blood of pregnancies with nale

foetus; NB‘LFZ JuR MB8ie %@%f ffl[l&?%cgﬁéueﬁcﬂ@teobl:&pgorﬂﬂf | {F"A%'S@rgﬁﬁ(?e %f\égghfo femal e

f oet us. gure 19 are | nmages O orescence In n (Fl SH)
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villi respect rom.a Rost termn an
show f enal CO(] L&ﬁ”gs'd atter(ﬁ"hOdell'—’NﬁgEs g?%ﬁ%‘&igéa@ﬁ ﬁﬁgg Hvéﬁng §8&‘?7a
villir esp@omhomer:wigamta FpT&tBOthe@adeaneas)ﬁz I € Higt/S$0-bigt) ard BAGFITC- show
fenal e (Xxplg%vmtow )Rofré@ohd¥iBiarad: 26l @Jp@gt.ér{ ENREES B @a!eg latéa%%rrg%daé I
W th LSl 1% AR BebeE racoRaBER B15TEnr omosome. 13 (art rou Yand 21"
(arrow) in a FNRBC from post-term nati on maternal blood; h: control T21
cell-line Vi S|
13/ 21 pr obztbggE?f% %%%E@%%f%g@ﬁegmﬁbﬁﬁﬁﬂ %\W%#%# t|Y\I§:;bl?e%f_er ences
ment i oned PRICCALYR aweplmitiee with &xpabgad.AACS and BAPY eprastiee tachiguas (Ph t he
:‘Agrlm of a |Dly5atbe@<ﬂ sé@fr@gﬁgfpeamnmhcaadqsl)/(aynabé&j ﬁa@)dra%n t h@ga@%@ﬁ&éﬂ@ﬁ Tgeb

ol e cont 0 iblio ence her ein oFr e y
reference.‘ﬁ/%:acfse?eé’ﬁl orfopgﬂt'vg &Bﬁ(g S?%%Ppmr{egata/le fa(‘fr ﬁ %’S
does not exepaitent bateparesiPBi(f |ﬁﬁ5€&marahmrg§it€tdmea B3 & NBC: (Hettesl azmwwhand s

present, URARSS (§dhE aRQMM RFbhiGRARDYK) " eqmpme@xé1h@tenrtsp@5@a Jggone and only
one of the el errents The |ndef|n|te artlc e "a" or "an" as used herei n t hus

usual |y nmeans "at | east one". The term "conprising" and its conjugations is
used in it Fign@n4 lararinidgng oSemmmobﬂocﬂ%mﬁtat loattificatensof feogibdmipogitivienENRETd ar e

i ncl uded, 3,% PP n%nams&agx d»gmsergxé%nsgn Bgfiolsgxe! uded.

Accordl ngl e term”co nconpasses nore restrictive terms
"consisting essentially of and "consisting of." The term "CD45 negati ve"

?s used hergur 5%%@&@ gRyFIeRBCs frdhRblaBaridl OFS AFighta staigaRkad) (O mB@QE“ ve
or native 1 nant S | or ns O mar Ker .
The pr esenc‘?’()aéﬁfCFp 4BRp ﬁéA %Qg)r#q '\@{?03 frog) P'a?er? Vi %H?CP‘@‘GH@ E&Hggf' &PMi ned
usi ng any imatenredbioed wimlgoatmthtad\ (Rnbhatrermahwhitedbladtcebertdbealst agd G@R¢5-AR#88- CDA5
reagent. AgyinCgld Hvdies hﬁdre{eb;ye &&@gmﬁnmstdb@rwfsu\g CD45 reagent may be
excl uded as these may includ positive white blood cells.

Figure 6 is a gel electrophoresis image of DNA product of whole genomic amplification.

Sample 1-3: DNA product of whole genomic amplification (WGA) of 8-10 FNRBC manually -

picked from pre-TOP maternal blood (MB) and 8-10 FNRBC manually picked from

placental villi (control) ran on 1% agarose gel electrophoresis.

Figure 7 are Real-time PCR amplification curves of Beta-globin (HBB) and male sex
determining region Y (SRY). Sample 1-3: Real-time PCR for Beta-globin (HBB) and male
sex determining region Y (SRY) of maternal gDNA (control), foetal gDNA (control) and
FNRBC isolated from pre-TOP maternal biood.



The term "erythrobl ast” as used herein refers to a red blood cell having a
nucl eus. In particular, an erythroblast refers to a nucl eated precursor

cel I fronyghhBhozrsieti cul ocyte deveI ops into an erythr ogyhRc20BEio¥iRé obl ast ™
may be used interchangeably with a "Nornobl ast” and refers to a nucl eated
red blood cell, the immedi ate precursor of an erythrocyte. For exanple, the
eryt hrobl ast nmay be of manmmalian origin. In particular, the erythrobl ast
may be a primtive or human foetal erythroblast. "Erythrocytes” or "red

bl ood cells" or "RBC' include non-nucleated adult and foetal red bl ood
cells. An exanple of an erythroblast may be foetal nucleated red bl ood
cells (FN r f obl ast s
(hFES). TEBSﬁ)eBEh@ﬁﬁpﬁ%hevﬁngaﬁl% %%aﬁﬂ)ﬁ?n%e?%\/er? of ts L%ﬁ'{gaihe %ﬁféle\w dual

in parti cuP#tions0f 3pi-GRIE sndkodninMACE: AneumaANGEN wih Bpﬂa‘ﬁrrqmrpaaeés of
research, the subj ect may be a non- human For exanple the subject may be an
ani mal sui tab for use in e .d., a pi horse, nouse, rat,
cow, dog, E:: " ey cat tTagesnO(f)rsltanﬁas howm? naﬁgg(éf de&f'f%giﬁyr%‘g"ﬂ@jeoé}jcag?ﬁ?e?rﬁ@cel i ke.

The term™” ﬁﬁ@l%@é&jﬁalaé\ﬂuwéaﬁml nrefers to a cell that has a nucl eus.
Nucl eated cells may be distinguished fromred blood cells which are not

nucl eat ed hased, on any nucl ear staining known in the art. The term
"prenat al di9%dGr et 8085 fIiigLRMrepepylocheynigy! staiueg; EpslopglRBiNtRosiHE i n a
foetus or ENBB@e heffdRBOs] iaBerboentifiddtion prognawaghtdi stdirgerdersyindte ael ect ed
fromthe g ' di sorder, a genetic disorder, or
a conbi nat !ﬁ&oﬁggﬁ%ﬂé#ﬁe@fgpt@?'c %?D%@ pr enat al d| sorder may be sel ected
fromthe non-limting group consisting of Down Syndrome, Edwards Syndrone,
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Di sease, Chbirioed Ntem evateost! hmefiosecisas, celisiesimopwhidrofie feué eAGMX)mesntrd!.aB:
dystrophy, uﬂamhm@@%&m aden&héonsrd@r@oeﬁﬁﬁrewb%wcémi fshcmse me%aﬁem?xv

osteogenesis_ | n’g:e %hﬁ 8 nbi nat| on t her eof
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conponent p@nles*nilé (D46)@’>)ga¢qntre! bt ai d$NRBRafronTeyatérna | lubel, ldeert mirogise@dted i M t ed

to, matern r S ionic
villus sa af%oet af\r%F 'Ie d%g?%?&gtéi §%’|9‘£skg:f|8e Fpﬂnqﬁﬁ%% tﬁgéjl‘ E;alrgglll;l ar,
foetal ti s§"’lfé°¢ﬁ§9°‘% L@%sn@m%shwwe map L -dl: 5tei+§§|BBCd"t°mam@t9WB| nati on
thereof . Thigod &¥p! RicRGisssEeM (LOM| AR WERSEAs proMEmhleqeXjRY have been
previously subjected to a denS|ty gradi ent purification including, but not
limted to, Ficoll gradient and Percoll TM gradi ent. Epsilon-globin positive
(e+) foet aFignec] 2.4 edsahedatis diegrate bhicaviroFNRB@srkflaw ef iedechingf BRRBCs deim s i n

mat er nal  blaeehd Qbod Héémarmmaﬁ &hd e&hqétreé(rﬁ%ve%mar%%@é Adi ne%:§
Descri bed herei n IS a surface antlgen on e+F hat was |denti Led by

i munoscr eBEI Y, (1818 MlesBsf: Papsity gradient ?qnffyug@eﬁn ‘g'gbpa‘?“éct” oh1Ht G RE4e cells
i n nodel nWaOJdefmnamcD aridtiposnte wfectonFdRBEBdst anmMitednednipalatdd lierafanulybst  of

the anti geggt r I w{?ﬁ

anucl eat edBl}s'e'ogeﬁl oo @e‘ﬁlduﬁ?gﬁgbﬁge)a Hg)%@%ﬁ?@%%ﬁ@ts% I g‘% aﬂg‘g g‘ﬁalshfeatl stical | y
signi fi cantMii fferential expression: stronger on the FNRBCs (122.46 22.21
AU) and weak/undetectable on AARBCs (205.11 7.08 AU) (P <0.05). From nodel

m Xt ures covery of . ENRBCs .u 9. 70. A Lgnificantly
gr eat er com%rree{?eﬂ? & oLydng, ?%é“%c%% rﬂ*g@m@"'ali')"‘t' ”F&g%ﬂé’%gs from

( FI TG Hi ghpigSotaHvigihWright's firgdly B FFNSRLsO0D) placetaF ATGSnF3ingd:| Ct ENFiBga/I8BC- Low,
45.54. 6% Rafenfl 08dd withNugEeRd: s@fn; 9"‘!&%%@@@1653%@“5“%5@9% chERAPRdeer nal

bl ood usi ng ant | -CD147 anti body was higher than wth anti-GPA anti ody (18
vs. 12 cel P@P181agies = 1P U@ nunber of slides for analysis were reduced by 55%
in the former (p<0.05). Median recovery of first trinmester e+FNRBCs per

anal ysed s I i dy C

anti - GPA ahil oi bogﬁ§€%9%,§0&bgm§ ﬂleu?h"&ql\/qee(’f}m)f @é% Csaf%rh Qﬂ g 'ﬁ‘ﬁ%%eegnrl ched
from pr e- TEEr o genoms avefifigafiongs @ﬁ@ﬁwﬂjmplcameﬁlbdﬂ?nﬁ ¥Vf7209)'3 P>0.08: cells
(range: 6- %hlskemeﬁﬁ&ms%laenfidgﬁﬂeaﬁterdalémm pre-TOP maternal bl ood of 3

not hers carrying nmal e foetuses were indeed mal e foetal cells by pol ynerase
chain reaction (PCR) of the sex determsning region Y (SRY) for foetal
gender determ nation. Denonstrated herein is that CD147 may be strongly
expressed on FNRBCs and is a marker for enrichnment of FNRBCs from naternal
bl ood for non-invasive prenatal diagnosis. Two sources of foetal DNA may be
available in the first trinmester maternal blood, cell-free foetal DNA and
foetal cells. The fornmer may be limted to detecting paternally inherited
di sorders and trlsorry 21 however the | atter may be mor e swtable for

N 1 i N . - " 4



Nunmber of e+FNRBCs enriched from post-TOP maternal bl ood using anti-CD147
anti body was hi gher than with anti-GPA anti body (18 vs. 12 cells/15 nl);
and nunbegoahisalobAgs for analysis were greatly reduced ByrRe¥imoihe forner
(p<0.05). Median recovery of first trinmester e+FNRBCs per anal ysed slide
was 300% hi gher using anti-CD147 anti body conpared to anti-GPA anti body
(0.53 vs. 0.18). Mean (SEM nunber of e+FNRBCs enriched from pre-TOP
mat er nal bl ood using anti CD147 anti body was 20.3 2.8 cells (range: 6-46
cells) and about 1.11 e+FNRBC per mlliliter of maternal blood were
enriched. Foetal DNA of manually picked FNRBCs were anplified using whole
genone anplification (WGA) technol ogy which confirned the enrichnent of

mal e FNRBCS usi ng pre-TOP naternal bl ood of nothers carrgl ng mal e foetuses
(n=3). Epsitof 'as.gfﬁpﬁégpw'nwe(% leyeieofal/ GA pEadeel b 4 OFDNFBEF 58¢ el fald
(FNRBCs) nmmgerdage Cpesnpdesdad tHebeticall gadondioptiain walells for first trimester

non-i nvasi ve prenatal diagnosis. But, their rarity in maternal blood and

| ack of specific surface marker hanpers their enrichment fromthe

over whel m migutratk giecusriiesfof adahs showingl teatesdity efdrenl tinesi PEBIdf NArGmBited .
Descri bed h@meiotFNRBJshéis&] @t maferif bidodMith REE afemdRbrdMancies. _

i mmunocyt ochemi cal screening that separated FNRBCs and RBCs al | owi ng
enrichment of FNRBCs from maternal bl ood for noninvasive prenatal

di agnosi s. FAucof dianglhe, resuitsosfe! AQPEIR afr dnedogenie S@NXY) v erdd ang fdnede e ar e
provi ded g@gﬁ e NRBCs

( FPNRBCs) n&Ng@t@ gl&gef\?%ﬂAﬁf/dmﬁggs \I/Z%(l\@lé%sg ngﬁ%ﬁqéegpé%%ﬂghglg nore) sanple
conprising contacting the sanple with an (one nore) agent that

speci fi cal IFguretogBirgss @ééﬁlmetélﬂr@ﬁy&tltﬁf\lédMGIeQ@naPﬂ”hﬁf ENRBCEBbLAINMBNI Ng t he

m xture undge n n5|nv\,h I eaent and the
CD147 in tgoehngg gkgryg}mf 's‘?%“”é aE ?F}ogME F?] fPO ”?"racfm%{\ﬁ@o?nox‘frﬁﬁ”%m'?%ereby
separating WnthénalEMQB@S VB>t Mﬁé @%ﬁﬁﬂSefrorfrn@teargaéhlooctahprbenanﬁw wik éamdle, an
anti body, ggdianoparticle or a quantumdot. In a particul ar aspect, the
agent is an antibody that specifically binds CD147. Exanpl es of such

anti bodi es include a pol yclonal antibody, a nonocl onal antibody, a chineric

anti body, &idotentinarz duagenbl thodscenpolin sinryblidiatien(Fi$it). q FNR8OS isgprkddrdm agnent )
or a conbi '?r‘?’dttérrcr’el1 b}o@ﬁ’ ﬁ&’ illi éapnp%@eglaﬁtgﬁ &'ESQ/Q%Q‘W ?rrko hg%rﬁﬁaﬁg’% ?ﬂlﬁB(@mml i an

FNRBCs such pri mat man), canin ui ne, bovi ne,
ovi ne, mur |'%9@telﬂl\’lFG5‘C§‘a¥fﬁH' P'ﬁ@d R r?S(Pe‘éZ‘WS'D’H@f" %1%%&?’"‘”’@% @aigral Ppesi ded a

met Ihod OL d@l’hﬁlﬁ’(daﬂ@ d: stlﬁtilaraﬁeautaler(gxpefWaouh tHeSFENlFmasﬂgolated trera atatedne bfo@@taﬁd
nucl eated r e EFNRBC) _from. a r|s
treating th‘gI rgsétoeg elyqrom ocsglﬁ g &t altecgrr'ﬁ%rTB% ﬁ howé‘?’gad? gy S'Hﬁ%ll
conpri si ng thef Fuﬂa@ﬁsaota;eds@remaéeinalrwmdlar@i?\ﬂlh rQSDl?Zﬁ)/ey/fnmﬂ a pre-terminagign
cont act i ng pdenad AEL Y Hsmmyarr&zah&m.mr L8Ntb@eNpRbAdhAehal rRERRL of her eof
t hat speci fhcal Ic}/ bi nds 47
romosome 13 (arrow) and 21 (arrow) in a FNRBC from post-termination maternal blood:;
h: control T21 cell-line showing 3 chromosome 21 signals after hybridization with LS| 13/21

probe.

DETAILED DESCRIPTION OF THE INVENTION

Bibliographic references mentioned in the present specification are for convenience listed
in the form of a list of references and added at the end of the examples. The whole content

of such bibliographic references is herein incorporated by reference.

Reference to an element by the indefinite article “a” or “an” does not exclude the possibility
that more than one of the element is present, unless the context clearly requires that there



c) maintaining the m xture under conditions in which a conplex forns

bet ween the agent and the CD147 in the sanple; and d) separating

t he conplwe 2013wapishe m xture; thereby detecting, separacngcand/o06229
isolating the FNRBC fromthe sanple. The concentration of the antibody or
antigen binding fragnment thereof may at |east be 1:20,000 or 1:100. In
particul ar, the concentration may be at |east nore than 1: 10,000 or at

| east | ess than or equal to 1:100. The concentration of the anti body may be
achieved by diluted the stock with at |east one buffer, for exanple,
phosphate buffered saline (PBS) and the like. The concentration of the

anti body nmag dae aﬁ@bm%ﬁ@l off the BlekdBts! BGRdGhitelarifle @PQr “ah 3 0sed HereimmeH0d

according to the present invention may include the step of
pre-treati r’r@“%‘%é‘eﬂgﬁf"éaﬁé’f’%re step (b). In particular, treatnent of the

sanpl e may include centrifugation of the sanple in a den5| ty gradient

medi um Therhgq%\-ﬁ-l EXTHP’rﬁ@rsed"% {n‘%r Sfd |hntstnE|31ﬁnrHﬁ1 ?Fé(;lfsg IO¥RAR R MRy

conprise a col e gel e Cco may inpart the
requi red ddiRgEtPliaeng H’@ UP@d?@n'ﬂ“CHﬁﬂ’i By gmE ot ippediicaly megtiange are not
concent r at igxBluddd. mheoralad;w oihd, teMecdalerﬁsmg YertbmbAse§E widra1Restr2Bve terms

cor respondi, noq1IS¥tl essen%al T Con qte nature of the colloid enables

i nmobi | i zat roR 012 separ aYt a ers or}g density without diffusion of one |ayer
into another while in the gel state. Further, the colloid may be capable of

mai nt ai ni ngrh%h@rmbtmg n@é‘dtub@ dsrhs@d ﬁéﬁ*éﬁltr@ﬂélés' talahy célﬂtﬁgtgéxﬁ&@éé%%o%ﬁaﬁor i\
non-liMting exa toth&gmedlum

PR 0 s T A R R R P A AR

pol yvi nyl - pyeseods db@@4ﬁmbeelsm loh cacelf dr aemmhé enayPey detletnTMd nsingifaagt ur ed
by Phar ”Hc'nﬂmuﬁ‘&‘f‘a. ﬂ!ah %?M’”ﬂ HeIIR AfH e 8aény%?l1t| cﬂl% gge%& UAR géeﬂg' ent

medi um for use I n e oetal nucleate rocy ccord to the
i nvention |P§S'H‘§Pb’e?t§'6?ﬁ t‘,"th %H@W%W@P@tdﬁ?ycb%émﬂi ﬂ@ﬁ§hesﬁéﬂa)b'|nelb%l3 @@ $s
shrink and gdobitie waeie®ed b8BIse dense. Under these conditions, white bl ood
cells maintain a constant density. Thus, by selectively shri nki ng the
erythrocytes in a hypertonic nedium the density of these cells increases
and they edunelteir sndhrablasii as térs bereidirefats tata eedddléddecedritavida rasiucieusr dim t he
whi te bl oogaaelibs anUﬂﬁhrBEQétUB?eFéaﬂé ?ﬁucﬁ@a@&i méélﬁéér%ll (FroRyWﬁuélﬁa@&%hbbﬁ@ Of
salts to the centrlf ation m x wtale salts for use in

i nvention i95¢§'R%e "E‘b(ﬁ ﬁfy(t,rﬁ?‘iyel d rytlbrgkg a¥'siMih ORI it Btergiangqapl; l‘ﬁ’l‘W chl ori de,
or any m xt"Noenoblaet @nf .ref€amoea oucltdtyd sacablbadblel, bisd amoedthts akdcusot at aon

m xt ur es c b i ne
(PBS), Hagﬁ%ytbg anc%gtrjgs Ie %ﬁ Qy@%ﬁ%@%fﬁ@oﬁm?@ﬁ%@%ﬁ@,n mé%%ﬁoﬁﬁéand t he
| i ke. The mPafivepastiaydew P@m'“‘f‘Pa‘y hhaipe feetycanghrebiag)r FdaNtraeyiapelcede@8/opd om t he

range 1. 00Qelist.c288B@/ iRdiudel ibnpatlehted aadil artohfeetglrr@dibﬁiaa cBRY ARexshpleet sl from
the range 1, 850 1.15 079 -1.119,

1 T00- 10118 T AR T R o AT RR ot 9ok P AR Rers PG ed AT ey be
1.118 g/m .OrThdarFiNF@@emyoblﬁétSs(biﬁﬁ) ated from anucl eated red bl ood cells
(ARBCs) present in a sanple. If desired, the i mmune conpl ex can be

separ at ed from t he m xture usi ng for exa nmunomagneti ¢ separati on,
f1ow cyt ongt'PyP"Br MATEBHBY et UnITHET 8dF Ma W'P 'I”d'lﬁ'guaéﬂ%l’%‘f”éﬁ'eﬂ A% hose of
skill in tHhe exampletahtmunteaNRBGOY. Sepmrmksedofanskaarh, th:ecslua;bﬂdnaysher@ndsmmmmt hods

i ncludes fluores In's I zat1on mer ase

reaction (ﬁeﬁf'“WﬁﬁtmbP@NFpgdﬁgﬁﬂﬁﬁéﬁﬂ@HWa®Pﬁﬁﬁe PWFPé@FPbﬁ“GW%W@) short
t endon repeat anaIyS|s array conparative genomc hybrldlzatlon (CxH),
genotyping, S|n uen s ivel aral | el nci ng,.and the
ke, br "o BB Se e SRR R ol Bl Bl ma s Yo K

t est ed for meayxbeddistinguisiredritom fed mh@ellsawfpétarg not hesleaK@B@sed PR afuntdesr t est ed
for one or JaMi%y BLRARLHAL afli sorders. The one or nore prenatal disorders

i ncl ude chronosonal disorders, genetic disorders (e.g., single gene

di sorder; nultifactorial gene disorder), or a conbination thereof. As wll
be appreciated by those of skill in the art such disorders can be found in
the Online Mendelian Inheritance in Man (OM Mr)) dat abase _

(www. ncbi . nl mni h.gov/om m. Specific ekanples of such disorders include
Down Syndrone, Edwards Syndrone, Patau Syndrone, a neural tube defect,
spina bifida, cleft palate, Tay Sachs D sease, sickle-cell anem a,

t hal assem a, cystic fibrosis, fragile X syndrone, spinal nuscul ar atrophy,
nyot oni ¢ dystrophy, Huntington's Di sease, CharcotMarie-Tooth di sease,
haermophi | i a, Duchenne nuscul ar dystrophy, mtochondrial disorder,
Hereditary nultiple exostoses, osteogenesis inperfecta disorder or a

descri bed N4F gkdhdiPfle Wised Hdy bblsh Afined ﬁﬁtﬁbl@?)ﬁ gfﬁ%lﬁﬁnmnoam Lg%ld N



In a particular aspect, the invention is directed to a nmethod of
determning a foetus' gender conprising contacting a maternal sanple which
conpri sesy wyth an antibody or antigen binding fr f that
speC|f|caI§Na§ nds CD147, thereby producing a m xture; %E?EE%?%?ﬁ%§$

m xture under conditions in which an i mune conplex forns between the

anti body or antigen binding fragnent thereof and the CDl47 present in the
sanpl e; separating the i mune conplex fromthe m xture, thereby separating
FNRBCs fromthe sanple; and testing the FNRBCs for the presence of the SRY
gene, wherein if the SRY gene is present then the foetus is male and if the

SRY gene | SI’h@ esrﬁnkreb%@lpdléd?@ fé)s d&s‘éﬁ fhie%m r%@?é & dls'gﬁﬁ%&gtcgr%’ thﬂ? P‘neé: foetu& Q?

i nvention 1 ho ete € conpri sing
contacting em@e/oStwfﬁw 8 isfparh Tae paﬁﬂatab@wd@*rm@rhe\ peastepifion e gfquagﬁ@*ﬁfmg her eof

t hat speci fo aeh}owobbrﬂsi%,s(c;%fﬂa genqewaéafdd?r&@@dnrmuaﬁomebbnm bé?fbula'mhé‘t ai ni ng
t he conbi nati on u‘%ﬁﬁ% condi tions. i n bet ween

the anti bodVe"3RY Ed"Hr B etRects] B éﬁn?ﬂ”e'm'ta‘ﬁdg@eq ér%f”?' 'ng\?{rerﬁﬂ‘e? t he
i mrune condyedrofmey Rawdrds SyrercaraniFiataatIyodromew eewalnubd défba, spmabifelaccefpl ex is
det ect ed ”ﬂ)ﬁﬁte':%%adﬂg%@eragéegi%klé Leilt BGeni2MbGsse h&rZ&tha S’rgélér pegts, the

i nvention further conprises nmethods of det'ecti nq_LU(SI I sorders and/ or
t he gender SYRArgMe.cPINGs MUSGHRT FEERIYe S1YBIARIC OYFHORBY. USRI R Disaseo Fhasete

depl et i ?n MLRSTobih dideasd) habraohaiapbechiefnd MudcdrF dmabractradcmharm Gl@ﬁdﬁf rmL e
agents (e. nt i [ enpyv n cul.es .ot her than
FNRBCs. Th%se’reaﬁﬁ'g rﬁ@ﬂ}f% %%?Oss gg?eoggne%% |91g8rcf]ecta 9'? Ordgr) é Cobng’c kon tﬁae Oﬁm se
such as celandthstiiker t han FNRBCS As wi |l be appreci at ed by those of skill
in the art, such nolecules can then be detected by virtue of being

recogni zed t he, a en; and rempved fromt For exa , the
sanpl e can @é ‘%fB‘nﬁa PIBASAHSeA AN i o2 &i'brs‘étcclfé'g?%éa‘?e%f’r nR%{H@PB? CD14
which wi || (br ecnplefluids) thhtooa) iceddesbyt ARG} limitdade,aimterha tigsuegmatarnanbiaoae

conpl ex a”%%%&bd' Mﬁé’en&%@%ﬁ&@ﬁic%mﬁ%%%p?eg%&% EBO@%qéBLfOEtgm\é@gﬂJleom the

sanpl e. Qther such nol ecul es an r removin em are apparent to
those of sKP PRIPHaT fREtas tigsue) Ry BRliEPRARIast HisupeRlitrsais! Eene ey PRSP i se

cont act i ng thdieof SR amplsi etshls@dﬂﬁ‘\ tﬁé pﬂS@érﬁ w&lmnhsnatyhabe d@érﬂﬁéw@sntsobje@téd in cell

such as a {5 %ld%ﬁrltgété%llen& nlgflfl 8V\fgut nPthlf%Q%%‘%ccoﬁt ?accjjrel% ohlg Ilq‘f' skill

in the art, suc s ain AMfd2&Y di ne

or ange. Any@f%imnt abl e bi ol ogl caI sarrpl e can be used in the nethods and

i nclude a biological fluid - (e.g., blood, cord blood) and tissue (e.g.
trophobl ast_tiss liver t| ssue, n particul ar as ects the
sanple is &M ﬁ‘iﬁ”@b@éﬂ Posiyrfea) togtas %H‘P%Ia dé‘ff{ @%%%?"? &ﬁBgsb?fgg%ghpefﬁbqeﬂ%r) and
i n ot her aspaaternal hieod tampisetrinestar haeihadsive prplatal dibgnogist Dedchissd laggetts, t he

le i .
sampl e 1 Wleneflodt BrRBEE el 118 Skl by RS eorfho? G Wb et e

or athird trinmest
appr eci at e St#Rilitt fee S?ﬁa@é'@ﬂto“ TW%ﬁF'?gdﬂ "l*fﬁi?' Btuirsagnd guighment vh gt FiiRBee
experi ment aﬁohornatamam@hdnMobtmfttrkeeaﬁrgér{mdstgd were iReLRGIBcalisdaenBRAMPIIRBCS

t echni ques dint fe ence r from
prot ocol s |a%9%td Cc? aL 03|% &Ahgeﬁ)o?xcgﬂr@){ % ¥ '8h D ‘?élx tat'l%{b](?ﬁ
EXAMPLES Stsmtﬁaartﬂ dff@reém@il emorel@&gm o@j@ngecmﬂf@uébﬁﬂ%ma% t. t@.24r AUaadd not
speci fi cal lyeal@sdeidchpi mmmgrz@m 1¥7. 69lt\UPéNer@§ dea%ad@em.xtu%sgam ook and

G een, Mol ecul ar L ri ngs Harbor

Labor at or y "¢58&lY tq%1 '%H%E{}lgsobﬁ'”g E@\%S\(@%tgy@%ﬂag %QOM\?PE@ 9eRRTERTRY KND

METHCDS Dynal-system (56.7+2.8%; P < 0.01), FACS-P2 (FITC-High/SSC-High, 12.1+4.0%; P <
0.001) and FACS-P3 (FITC-High/SSC-Low, 45.5+4.6%; P < 0.001). Number of e+FNRBCs
enriched from post-TOP maternal blood using anti-CD147 antibody was higher than with
anti-GPA antibody (18 vs. 12 cells/15 ml); the number of slides for analysis were reduced
by 55% in the former {p<0.05). Median recovery of first trimester e+FNRBCs per analysed
slide was 300% higher using anti-CD147 antibody compared to anti-GPA antibody (0.53 vs.
0.18). Mean (+SEM) number of e+FNRBC enriched from pre-TOP maternal blood using

8



Pl acental tissue and bl ood sanple collection fromwonen undergoi ng el ective
surgical term nation of pregnancy (TOP) were approved by the Institutional
Revi ew Bogpdo13@loed sanmpl es were coll ected i n EDTA coat edr4essizAoees S
(Becton, Dickinson and Conpany, USA). FNRBCs were extracted from pl acent al
tissues follow ng the protocol in Ponnusany et al., 2008. Antigenic
profiling of FNRBCs using conmmercially avail able anti bodi es Anti bodi es

agai nst sel ected surface antigens of AARBCs, other blood cells and their
progenitors were tested for inmunoreaction on both FNRBCs and AARBCs.

Anti bodies (raised in nouse, unless stated otherw se) against. surface

anti gens ClB.colA Gntivetipr.20@R1 08, ce@:)(lzr%& 6-#by F@RBC%}BeGsroﬁt&e@bnh Bret abbl t)

(Neomar ker s Lab \f sion | ifornia, USA
a5, CDA5FIOF PR %ﬁs@&ers Epping w%&setusebivw mfbﬁi@lfe bﬁ}gggﬁé €b235a
E- Cadherin p(oBaeFésarchmmmnuonG&bRD of the aex WiS&minifgDE4ion COSRY) ©D1d@R| g&iiE8 3,

Monocar boxy, n

California, de%éﬁng{& %%géte%géWsl}RFg@ ﬁdmill se;%&p &)SL%%@%{&NXB%S ( DAKG,
California anwsm mastes far gBEEhMGAt erﬁ%ﬁ%éytoabwaﬁr@woqmb@anws'aﬁsa/ﬁ PNafdhese
antigens omyidgaesié.arget cells follow ng the protocol described in Ponnusany
et al., 2008. Briefly, cytospun slides were fixed in nethanol/acetone (v/v,
1:1) for 2 mn at roomtenperature, rinsed in PBS and air dried. After

r ehydr at i onTworsoRRBST of foxtPEINA Mag da-a2dtabigiin the, firsVitrgrestar imatauSAplood.engliérae i al

i ncubati Onsfoé%ltllliN,&-)an@%ﬁal %@Ifsuﬁ‘hé %rﬂ@ﬁ%a?"bb%bﬁgd 30 Q}Qeétlﬂg rrfaW inBefyr S 2)
anti-human npurine or G cl ass anti body d In PBS for

hour 3) bi d’ESIOFﬁ?FSaP@d"@%X Qarﬁq CHPULE A B RF WPreg%'é{?b'% Vi de g BRIt i body
(Vect or Lalpenatsoides, OChkifdeal roels thalSerftior firdt thma$ter4:)1aistn|abqsrtca1\zhcnh foetal

conj ugat ed i I n each
Werle ger for n%lggeﬂ%ﬁadléo%ecbgkwl Ons&&\sgtrﬁg p&Yﬁﬁg%& %QfP b@&é?{]éﬁﬁ sthFt néosggﬁ

t enper at ur end Apnceyikis Halkely & RRsst ffoﬁ’c%lib'aY'P@r%eg,Oéf“é’ p 'kPBS'F'“FQS'P” E"thf%ta' Freshly

made Vectory Héeytaubsﬂertﬁ&«phér}éa@hm couRhDBs ﬂthfabr@iidr af\mmagmed PiRt-@intdder sl i des
and i ncubat || ed wat er

n d| st
for 30 sec; ﬁ?ﬂ?gﬂi%sbonfg%% 2? h%d‘?‘% ?%Cfmﬁé%nyh ﬁe h'ﬁ?'?’ ed and
observed uragecifid asmxpremlmdmb@p@ft‘ér@@ﬁnﬁwm@xﬁl Pennsyl van| a USA) .
Measurenent of intensity of imrunostaining The innnmunoreaction of various
anti bodies on the cell surfaces were scored for their staining intensities.
In case of AtR{SSAReaRRAYMBIIES: MEAreUIRr FagiaseemogipRin 1R ﬁl%{j’glﬁ‘?gﬁ’sﬁ’r{”f’%s on
AARBCs and FINHFBESHMEMWMP cudyadeeslevategiiinghd maemasAARBCE istsoge pRdEMIFSANTTE ON
graphics s t S )
i mmuno- stalaénnla ceI gﬂ?ﬁeﬂ‘% %JE@R ,(@g %%C'%( Eﬁ”?vgargcggt}l%wuﬁm%%vo dots per
i nch. Mean gypression. feayigmept Qfrﬁm@@'I'Qﬁa{/@f@éﬁtﬂﬁa‘(@‘rs&ﬁh te@"qvv)arftgc)@e%lﬁ*@ﬂhe squar es
of positi varagm FRBdd catsesTBredell 16 8k Ics) dung eslth@enti ned and | uninosity
(brightness) |evels determned against a 256 grey scale (arbitrary units,
AU). Data were analyzed for statistical 5| gni fi cance of staining
i ntensiti eCqllGhdasieaniigens CAI1, CORB0BP3I6, Kibde] Chd HandrGRA e niehiRBEsnasfyiused i nt o

AARBCs Mbdeb: BrghHER Sof Lﬁ@@dsofr&@%atetrm b‘f‘d%' @bﬁf-‘rtt aq#afngfeanﬁr}s%&%fr tFehE?s
protocol s consi sted of NRBCs and 4

re
prepar ed f rsREEEd Phak %ﬁ"s y@hb\ﬁ%’pbralfo'&’”c é‘l’clhe%,st %‘él"?tﬁd PRV 55 'é%PhOb'aStS
vacut ai ner sntd JerytBeid tcelrs, frdok mlelmaanmrramd uGitsgathiojd dBSJél)e tBthe oeticaiaoyé etagtas
di l uted usi I gue
(S g, M <28 PiE Ofa Mgk FpHE oty Binig 8eR 48 b os e B BB
Pennsyl van|Céfoe%ﬂef'”ﬂ'zelewr@b'aéﬁ %ﬁdr?)’ 96%«Pfa’thQjﬁ%itN3ﬂcsRB@a?)@1"Y exPresasd dished
thri lt ce usi gﬁgéoﬁﬂa&‘m@nraet@mm@ﬂmum Mgkt b&@émywaﬁih%sé o @map&ramand&k
m xt ures

. \ acen sue Enr | FNRBCs
't om model TPSt e e B8 Baff mdBRh &l WF o GHaok COLEPISULFL TP dAHES  he
recovery anr@hllp@lDBS wndEDFNRBEsPressef ohboth FNEBCradd AARBNS. (iRds's p@serDpnall Beads
met hod:  FNRRGS WREEyRB @B R k@M nodel m xtures (n=5) using Dynabead
(I'nvitrogen Corporation, California, USA) separati on systemwas carried out
according to manufacturer's instructions with sone nodifications: Briefly,
cells were suspended in 50 pl sorting buffer (sorting buffer: 0.5% BSA/ PBS;
0. 5M EDTA) and incubated with 1 pg anti CD147 anti body (BD Pharm ngen,
California, USA) at 4PC for 30 mn. Cel9s washed tw ce using 1XPBS were
re-suspended in 500 pl sorting buffer and incubated with 5 pl pre-washed
goat anti-nouse |1gG conjugated Dynabeads M 450 (Invitrogen Corporation) at
42C for 30 mn with slow end-over-end rotation. Magnetically bound cells
were col l ected using Dynal Magnetic Particle Concentrator (MPC, Invitrogen
Cor poration). Unbound material was renoved by aspiration and transferred
|nto a new tube as negatl ve fractl on. Ivagnetl caI |y bound ceI I s were washed

T 1 o T r r Y o 1. r r



fraction. Both positive and negative fractions were pelleted, re-suspended
in 1XPBS for cell counting and subsequent cytocentrifugation onto slides

(' Shandon go 28y, Sci enti fic, Massachusetts, USA). Sli ggii/sw%ﬁ/oﬁfgﬁb ned for
further analysis. b. Magneti cal | y-activated cel | sorting (MACS): Positive
sel ection of FNRBCs from nodel m xtures (n=5) was performed through an

i ndirect-magnetic | abelling nethod of MACS MItenyi Biotec, Bergisch

d adbach, Germany). Briefly, cells were incubated with anti-CD147 (1:10, 000
in final incubation vol of 100 pl, BD Pharm ngen) for 30 mn at 4C and
washed using MACS buffer (0.5% BSA/PBS; 0.5M EDTA; 500xg 10 nmin) and

i ncubat ed :r,rggp ohead

ant i body (%%BS ﬁé %lg'fmeﬁ{ﬁ S | nérfo %@%ﬁﬁ C*?Cg%ﬂkaﬁﬁé mélrgPéG Jﬂﬁ | t enyi
Biotec.) f&F€ Snusdaflg ipEunggetegping s gpth s reae SAESN® AR eAMeEial QYQ"QM?S passed

t hlr ough M hh@lawias BhowetrAks sﬂﬂ&ié&inh@enc@btmla afémﬂhéé Mg &@E E&Npd ﬁ%‘@ﬂfbhe t
columMm was. Co ende or, cel coun an supsequen
Oyt onant et FigueFSkSTne BT CO RREPRERY Rind M ERE bR EP aR yor s
c. Fl uor eseoticad detslopatest] Sudade adgen AG14FR08pd skAgBalyosignificacthdifedRiBas fr om

nodel i xt yge éss(ola §t}o o & ﬁNﬁEés YU E&@%A&uﬁa&ﬁmaﬁme&@hﬂen&m and
Conpany, New %1 Mccor to manufacturer instructions wth sone
fit

nodi fi cat i 6%‘808@ Yis Aﬁé'ﬂ‘é“’”i hecqib HALP With ANFPETE7 s Uikred @g the

?nt i - human n@lhls@ﬁlngltﬁdwquiyas(lﬂ.ﬁwop/bd &bl daohynt fel:%ry:ﬁtds&?g Bb) HIraRBO3gem, USﬁ\) |
30 m 5 m

o Facs bur P e PutiiefRbhe e BRI AL PERL B OTB PRY Comror "o

staining was used to discard fal se-positive events Cells were gated on

forward (FNlfoéi @+ eREST &mt:@éw)frmgoswép rédiérhh Vool Fukihgahi-ebA HCkmiBb

Samp! 6 as e rorearabie SR AABoRR (e 4 ReR A ane ArRE E%slfgrRﬁer e
sorted i nt endlisr wars gréatiiFppdutead bl 5(5%prmeuhddorfn,er GeiOrt@n yWedianbesoveoabdetiswi t h 5%

BSA (Si gmay, £ 2.
el TCS h: gmat nMsf%?%QFNRBég‘éér gﬂgysle@%bé %S Béohlgﬁ'?rflgs?ng?éﬁ%bpéﬁﬁm bT . cel | s

were pel |l ef%pad?ﬂ%q anii-GP4 78RN Hg)o&i‘ﬁt% Sppropriate vol ume for cell counting
and |l ater cytospun onto slldes to deternmne purity. nght s stal ni ng

_Q/t ospun SM&;%ﬁZ% C2nr{uﬁ{ber gfr éﬁ%F@Eﬂ eer!( tfro?ﬁ E nﬁ%’ ?%te?r?acll usmg &nghmmr si ng

in 100% ne al ni ng additrve scor USA)
(3 min), tRPasT anttiodiewas LBt 28|06t GangEVeSEells) @tndhlbo@SA)1 GB‘:NﬁEK) pereosi n

st ai n sol utyigiker oMésieRl bidddaire &a8ed 3 M nNn), rinsed in distilled water and
air dried. Alkaline phosphatase i munocytochem stry for identification of

Epsi | on-gl obin positive FNRBCs Cytospun slides were Wight stained for
nmor phol ogi €adtaliRinofirharcaltyi picked FNRBIRB@sre dndifiécoesitol g gehomb eselifcelidns wer e

recor ded. BNGAPTechSd! AhBY. MR gﬁn\f@ RidhfioRf B ARk PMRBEEGLMG 4D8Ee N 100%

90% and 70 anol for mn ea sg n positive wer e
i denti fi ed"ﬁiﬁ”ﬁ' Riged ﬁ@oﬁ?ﬁﬁ%iﬂﬁ%{waﬁ'qud% chenistry as per the protocol
descri bed in Ponnusany et al., 2008. Enrichnent of FNRBCs from mat er nal

? Ll(r)l'?id- EEg Ag: EBQ%FI-&OBM%O?IIIJG‘ ((éL)efQ&XI n%%legt% 'réd@&o%%eﬁ? ﬁ:l\ﬁ-"@dsf ga}/ &9 Qr?sﬁc]epedA '
the ideal foetal cells for first trimester non-invasive prenatal diagnosis. But, their rarity in
maternal blood and lack of specific surface marker hampers their enrichment from the
overwhelming background of adult anucleated red biood cells (AARBCs). Described herein
is the selection of a surface antigen by immunocytochemical screening that separated
FNRBCs and AARBCs allowing enrichment of FNRBCs from maternal blood for non-

invasive prenatal diagnosis.

Accordingly, in one aspect of the present invention, there are provided methods of
separating FNRBCs (e.g., foetal primitive NRBCs (FPNRBCs); foetal definitive NRBCs
(FDNRBCs)) from a (one or more) sample comprising contacting the sample with an (one
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Briefly, 30 m of peripheral venous blood was collected within 5 m n of
surgi cal procedure of term nation of pregnancy (n=5) and divided into two
equal parwe 20m/Mest two MACS protocol s: enrichnment of FRRBSS:20lob@ad ng
negati ve depletion of CD45+ cell s/ GPA positive selection and negative

depl etion of CD45+ cell s/ CD147 positive selection of FNRBCs. Depletion of
CD45+ white blood cells (WBCs) was simlar for both protocols: 15 m bl ood
was diluted in PBS (1:1), |ayered over Percoll T" (p=1.118 g/ m ;

GE- Heal t hcare, Uppsal a, Sweden) and centrifuged (3000 rpm 30 mn, brakes
off). Cells in interface | ayer were coll ected, washed using 1XPBS

cont ai ni ng €. ¥BPLagent tmancsﬂ@&“n@my vviebdignrfbsr((n[b)eladaherew woaiueidg t raiRture; human
Ch45 (2011 7 and
woshed 1o rnggﬁrhbt\ﬁlb gir@egg&x’age un@@ éoﬁu%!}qs .R@ﬂ?éh A 8};\@9}0%9&&8 rﬂq@ agéntiﬁgtype
MACS col unmh¢ GPI'4Z2iRyie Rimplecand sepaatingthp ﬁorn@@aftrw@efmlatéteu @ﬁ?bV\é‘?F@fWQ hed,
counted andhpERRBSSRSh tRrsamgleect i on of FNRBCs fol | owing either anti-GPA or
anti-CD147 MACS procedures: For selection using anti-GPA cells were

i ncubated with magnetic beads conjugated to anti-GPA (20111 m cr obead /107
cells; M tBryageBt oarebe,) fof @xarBlle,nam aatibodg G nangprabizteed g e@ubstumede. ivaghed and
sorted usi %rt%@ap%lﬁﬁ &e%%rmsed?ydntl@ozttﬁa‘fs%ecm@;\IH ﬁ'glswhf'l':\&?{mfal'éé&tétﬁﬁ' (i

CDA57GPA+) was was cytospun onto gl ass §l washes were u5| ng
MACS buf f erantibedirs, ipeiydepBRolygonsh rRiSedy, & BPneckntl #itibefyt 2RRiMesio@nibagy, #or 10
mn. For set@thizenani®odygpéridristdiiot (s.g.catltibénid *MeRt 9Ad totabidtias theasdt.wer e
subjected to two successive incubations (each 30 mn at 4C, gentle tapping
for every 6 mn) and washings in between before sorting were carried out:
first i ncubatspegifionemippdignants, @1 ENRBES iasoapmatiarc kKNRB@S iskehdgs diimaiedd.g1: 1000
in 1 x PBS hjfaRMohii, w..wregmn@@w.meynéw%e addeds BRI tnd &, cel I's; in final

i ncubation vol of 100 pl D Pharm ngen) and the second with nagnetic

m crobeads conjugated to rat anti-nouse |gG anti body (40 pL per 107 cells
in final i ncababéraspachlthend arkPBvjpkd aMelttod Y detditiod, separatiblglahe/dr ipastingiav e

fraction (i o8t 9%3&9% bikd W%E@(#N@% ﬁarkgssemgg%%g -sﬂrg' des. FNRBCs were

nmor phol ogi ¢ ent | s stalnin med its identity
by c-gl obin i r’rmﬂ%ocyt"réétﬁ‘érﬁhgtﬁawp'eEH?”i‘Q:ﬁﬁ@ﬁfﬁg"ﬁ‘P” FRRBAENT Y cHrgiend- resiufrat er nal
bl ood Two sehfprigig mtc%hﬂalselbbt@@doraarwv e1s12®Eg/rat col | ected before surgical

procedure (pre bl ood Sam | e F|r e ach
10- 20mL; n=14) roia:ce'g th& s%%ﬂeovm né‘ a?]%%oéj Ve t(ﬁ’g Ito'n?m%%ag'? @%fﬁé?
cel | s/ CD147thiii(§Q¢CtlfICelé' Qf,féisé?(&h%n of FNRBCs descri bed eI sewhere in this paper

to calcul ate the, nurrbfear,mmmg W&E@ha@@o@%h&?ﬁ%.&m eﬂmp%asorfn@%mv@@ﬁh
sanpl e. The second set each 20 nl; n=3) were processed

i dent i cal | yi"¢ B9Sh#19Che ﬁﬁﬁgdg not cytospun but stained with
ant i - CD45- AF488 dand ldemcdiimy théyempfe@rromnhmmulxtumel | picking. Staining of cells

f I cﬁm% | bl ood
(ggntngpg?ngﬁ%lﬁ%% hd]geﬁ&% 1a-nd\;fv‘g#réeo'i’art@ mepen é:fJFqﬁ]'?h%@%f&g? cul ?Sre medi um

and incubated with 5 pl of anti-CD45 conjugated to fl uorophore AF488
q nVik';rOgﬂemhe%erﬁr@fonlofhﬁblrantn@ﬂgo&aﬂ%nhﬁmﬂd irmddo&@m)t rr&t/aehnea(sibal dd |
stock/ 1 I can |tro sa e
and mcubatﬁ%J ¢00 orjgﬁgﬁ 83%‘1 farctfe rnecerg"aicgn gg\//vﬁé gttl 5‘8"3 §@°r ,
r e- suspenddest fesg thanor eqvas dd ulr’rOO §ma|cn@@ntf@tlor1§f \W@r@tlbecbmml@ie &Kmﬁ%’ﬁd by

f 1 uor escentg;iied iHRSERRVith & ¥4RYSe M@p,forlé%).ple /blhbsdha@tmaérb@aaamwés Ragf or med

at 37-C. Human i pher nononucl e seryed as con |s for

2 e v, TR B St BRI 8 e PGS s AR e S 5

Hoechst stai:t®d cells using m cronmani pul at or I ndi vi dual FNRBCs whi ch are
Hoechst positive and CD45- AF488 negati ve were nmanual ly picked with the hel p
of a m cromani puI ator (Narishige, Japan) and an inverted m croscope

(A ynpus | X7g, meRee) accasliap r‘FééFYcae?PF%? £ PresenidIMeHENIERY iNAULAINE §ie@ ARt um
(1-3x106 ceatdasihg fk@(baﬁipleOE)efdsmcatwm; Ihrpaﬁlcﬁler ﬂi’@ht@ﬂbht o theCBaEnIble ﬂqQ,Oqud@f

ant i - CD45- AF4 echst | ned cel | S ens

(For ol Tecer BoBIon G BBl & p& o R et AT Treley Sroflihsti B coll )
were | oadedJSasm @ep@smt@vamt@plweawommm acqoﬂcpd plemreed( @am@ﬁlt@ble wsA) hevdotidid an
internal dianmeter of 20 pmwas placed in the stained cell suspension

dropl et. Hoechst positive and CD45- AF488 negative FNRBCs were identified
and manual |y picked and serially transferred to the droplets containing
medium and 1 x PBS before being transferred to PCR tubes and stored at
-20gC for further analysis. The culture nmediumis nmade of Iscove's nodified
Dul becco's nedium (I MDM | nvitrogen G bco, USA) + 30% foetal bovine serum
(FBS, Biochrom AG Germany) + 1% bovine serum al bum n (BSA, Invitrogen

G bco USA) + 10-4 rmI/I p- mer capt oet hanol (I nV| trogen G bco USA) + 100

T Y 1 o,



Whol e Genone Amnplification (WZA) Manual |y picked cells were |ysed using 7
pl Cell Extraction Buffer fromthe PicoplexTm WGA kit (Rubicon Genom cs,

M, USA) .wONM3me73ext ract ed by 75C i ncubation for 10 m mcCsiGeanmdody 95C

i ncubation for 4 mn using the Extraction Cocktail provided in the kit. WGA
was performed using the PicoplexTM WA kit (Rubicon Genom cs) according to
manuf acturer's recomendations with 16 cycles of anplification. The quality
and quantity of all anplified DNA sanples were assessed by gel

el ectrophoresis before perform ng PCR DNA from CD45+ cells from not her and
pl acental cells were also extracted. Real-tine PCR for foetal sex

det er m nat i roay iReart theirenpir&CRnainetb e gadas nadins. Tisisnby &eriRpipk cetteBrraisy st ens
7000 Seque .t ! i , S - I B) an
endogenousnoggrhe%ﬁg’atﬁé dér‘?é‘ﬂ Iogﬁgen@@gn%ﬁi%gicﬁg P 8@@%’?’ 5%%%?%89 %@fg‘%—‘@gender
det er m nat i wiHreefrtee egiair paeies immebifizstipmeliseparagRlayvarsc! FBBItyVithask diffugiad 9r obes

(AI'T Bi ot ecdhe IQ)dIIRBUNBheRhfe S 8d: gebR¥atd. OruMREd the colibfdCm&iahe Tdapahi&los CAA ATT
CaC-3' (SE AGT ACC TG TAT T-3

D NG 1);, . SRY- ' = CCC COT CTG _ACA
(SEQ 1 D NG M AN SR g el gt A e A e A S BBle A
(TAVRA) ( SEIEX WEicB)mpaHBBefdensiitalthe 51ed@RG0GAE IICATG a(Hct Ofe GABoGAGHA- 3

SEQ | D NO ). HBB: BT LA ' LD NO 5) ;
I(-IBB? pr obe, pg‘é?esn CF%’ AN S8 e oot ERIGbAR o] ke ior Tﬁﬁ%A@g&('SEQ ID :

NO 6). ComfBRtrasiuraddlyd ngemastd andalaols ismegiama fiamisaio- usa) with known
initial concentrations was serially diluted (5-folds) to generate the

dard : . es i
sLandar UG Tl AR R0 SR P EI MB
for each PCRe dwenfieplis hyregenia dndeghiretenic eenditionss .reqkblged cellssshvier andtusup in a

reaction volddome MbreZfenid. Un8driigbst REndhRANBMitEIBIoY@ESS malrtdh MBsHsint Mnxit( Appl i ed
Bi osystens). S din a final concentration of 450

RY and HBB priners re use
oM and pr obRUSEY SAeFVRE BB S FOGHES 22y Be T Bt AT s o iege
m cr ol i t er scetld inviEAsepraod they eauilibr&® witin dfe gredientiat a BiNérenedemsitysfeh fhewhite
anplificatigfgcthermal cycling for both SRY and HBB was initiated with a

2-mn incubation at 50C, to allow the uracil N : , _ .
The medium may be made hypertonic by the addition of salts to the centrifugation mixture.

Suitable salts for use in the invention include sodium chloride, potassium chioride, or
lithium chloride, or ‘any mixture thereof. Commercially available balanced salt solution
mixtures may also be used, such as Dulbecco's phosphate buffered saline (PBS), Hanks
balanced salt solution, Earl's balanced salt solution and the like.

The Percoll™ solution may have a density gradient selected from the range 1.000- 1.200
g/ml. In particular, the gradient may be selected from the range 1.050-1.150, 1.100-1120,
1.080-1.119, 1.078 -1.119, 1.079 -1.119, 1.100-1.119 g/ml and the like. In particular, the
density gradient may be 1.118 g/mi.

The FNRBCs may be separated from anucleated red blood cells (ARBCs) present in a
sample. If desired, the immune complex can be separated from the mixture using for
example, immunomagnetic separation, flow cytometry or a combination thereof.

As will be appreciated by those of skill in the art, the FNRBCs separated and/or isolated
using the methods described herein can undergo further testing. Examples of such testing
includes fiuorescent in situ hybridization (FISH), polymerase chain reaction (PCR), multiple
ligand-dependent probe ampliification (mpla), short tendon repeat analysis, array
comparative genomic hybridization (CGH), genotyping, single plex sequencing, massively
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20 glycosylase (UNG to act, followed by a first denaturation step of 10
mn at 95C and then 55 cycles of 95C for 15 s and 60C for 1 mn. Statistics
Statistiogb ofisidogfsgnces were determ ned by ANOVA W th BegiRich@Ri000229
post-correction, WIcoxon signed rank test or Mann-Witney test using SPSS
statisti cal software (SPSS I nc. USA) and G aphPad (G aphPad Software |Inc.
USA). RESULTS FNRBCs were extracted from placental villi obtained from
patients undergoing term nati on of pregnancy (TOP). | nmunol ocalization of
thirty-one selected surface antigens on FNRBCs and AARBCs was studi ed by

i mmunocytochem stry (1CC): CD147 (Basigin), showed differential expression

bet ween t e cabl seh&’&%% afiMink kb 4 c%BuhQBﬂMhé’I@&r IH%ﬁQ a_EpSéc?'fHe' mhé‘é\ﬂi%@s from

nodel m xt ur es :
i munonagndtiner %eﬁﬁﬂﬁ‘etSPéS‘P‘Feyn%%’t‘|'081h§HaStP§I’tF ‘%%WR%%S ?'I‘?/Ié\@)er ﬁﬁﬁd ITSM’Q?
system andrfrh@w pearacreisbiders( FAEDNe a:epadfratprmwrr&ﬁslamﬁes inoludes sssodneal

efficienc ec d 5
were enri Zhog% d;e %Xr?ét&f d'%@ﬁ%@s S%gl r%ogenmdsg an@%ﬁé&gﬁﬁ%an{?boél es;
and this prt‘@t“@@évmﬂa@eﬁl Aowig erpeareciatedshyntigosernf skiGrAhagipsish disodewdanba pl ace
of anti- CDk4uhd Emri efeedohieBCrmengdign | demdritadnt@d iRy Mg h mmﬁ)olaawa@,é and

I I f e+ L I bl ood
BuICETE TR T, SR SR
enri ched us$yngrosmet EQRIS’ Syniconed @ataufSyedrolmg, boe&rambqahefb@gs;wml bitiadl cleft
| mrunol ogi Ca%Iate( ernag' QEhQ)DIE&EQOQIckIééeHPERé?ﬁIa thaﬁéééﬁﬁ%péﬁ ic #BroBt, LG TP

mat er nal bl oo tai ned from nothers preghanci es and,
as shown he¥ rﬁmﬁ’ySpﬂf@I Wé?“é?éé“&ﬂ’f@(r AYpeaE Y HFPPPRCYntiggion %Q'SSF@P FEREOt he
enri ched FNRBBSI’OIA&IfcﬁseaEEieﬁdmﬁmﬂbabu@ﬁhhésmuédml‘ﬂdﬂ@eﬁf}bblﬁwh&mmhr@@rseﬁél ng

showed t hat t

differenti a'_lle%&ta&%usltl%o%néxgsp Sregﬁgser g%%q'{s %S‘Hﬁ%(%%%&fg%% %m%?%g&iﬁff and
weak/ undet ect abI e on AARBCs (205 11 7.08 AU). MACS recovered 79. 7% FNRBCs
from nodel |FaphHiERs: &Qé@aﬁ@ﬂvérﬁo@kmﬁécté&fb@ﬂn%%of(d%ﬁs(ﬁﬁmﬂ% alidetad Gehdenal

56. 7% and rt of se arat tures . .was the h thF (64. 99
o cd't GoBPHG T A g ShrR Aot e St FUA R 2B AR o
post - TOP neetnegemabmdhg)ddgmentn@e@nt thaCdpddfficalit bindsl\COaE, Ithegdbgr prodthaimgwat h
anti - GPA anjil0Rdy,qf mNgS el%lxﬁ.ﬁe luﬁéelrscomi I?]nSaIPquﬁé’HTQI; lnéﬂﬁnest:&qﬁéx ffhs

anal ysi s were great %1n or mer di an
recovery ofPefvaesttng ?”‘I‘?@%Vt ‘é’ra"@G‘FfI\IP{B&g pagmenh Mlejrob @ng 'Ied%D Pregstinhigher
usi ng anti caaan@e amr&ruadyhepmmﬁre%mpwxaw tHeRAx R, i theky édbaﬁﬁng/FNRQCQS)

Medi an ( SD) usi ng
ant 1 - covar g TP e, 08 S NG ERRBEE RE ol O BE Sl By B Wisl PR 16
e+FNRBC perSFﬁI gdrielis pre$en©fherrﬁteép¢teﬁ is madﬁ)@%ﬂwe SEXrdeo ischbsed ghealtheDiaius r om
FNRBCs was iafgRlalef | ed using single cell whole genone anplification (W3A)
technol ogy and the enrichment of male FNRBC from pre-TOP mat ernal bl ood of
not hers carrying mal e foetuses (n=3) was confirmed. CONCLUSI ON Despite the
accur acy ofin@ootheraspeavibs inventibo &t ditected 3¢ methods hfeddtmhgjéNBBCS)fn Deampls
syndr O [ &RRIAS ARRIBHISTRL Soloid wiilart BBody ofCanlidenldiRing gaehﬁhé?sa%ae the

i nvasive tests are reserv y pregnan regnant wonan
wi t h advanc®aciratepingg CQW (thesepy Riggusingfa %&'”at'@ﬁeﬂa”ﬂfﬁwgHh%P‘B“IBI*a“BabI es
W th D?wnf ?Jnayra@mmsaﬁ vhizbran ihmunetdrasiex Mgﬁk%betwg]&x tagemtw‘odﬁandleaasc:st hey
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EXAMPLE 1

MATERIALS AND METHODS
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AARBCs A ++ + CD147 B + CD164, MCT1 + + CD44, CD55, CD59
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Placental tissue and biood sample collection from women undergoing elective surgical
termination of pregnancy (TOP) were approved by the Institutional Review Board. Blood
samples were collected in EDTA coated vacutainers (Becton, Dickinson and Company,
USA). FNRBCs were extracted from placental tissues following the protocol in Ponnusamy
et al., 2008. '

Antigenic profiling of FNRBCs using commercially available antibodies

‘Antibodies against selected surface antigens of AARBCs, other blood cells and their
progenitors were tested for immunoreaction on both FNRBCs and AARBCs. Antibodies
(raised in mouse, unless stated otherwise) against surface antigens CD34, CD46, CD55,
CD100, CD175s, HLA-DR, CD117 (raised in rabbit) (Neomarkers, Lab Vision, California,
USA); CD29, CD31, CD35, CD36, CD44, CD45, CD45RB, CD47, CD59, CD81, CD99,
CD108, CD147, CD164, CD222, CD235a, E-Cadherin (BD Pharmingen, California, USA);
CD14, CD90, CD105, CD133, Monocarboxylate transporter 1 (MCTH1, raised in rabbit)
(Chemicon, California, USA); and CD233 (Sigma-Aldrich, Missouri, USA); HLA-ABC
(DAKO, California, USA) were used for immunocytochemical localisation of these antigens
on the target cells following the protocol described in Ponnusamy et al., 2008. Briefly,
cytospun slides were fixed in methanol/acetone (v/v, 1:1) for 2 min at room temperature,
rinsed in PBS and air dried. After rehydration in PBST (1xPBS, Tween-20; Sigma, Missouri,
USA), sequential incubations with 1) goat serum (Sigma) diluted 1:10 in PBS for 2 hours 2)
anti-human murine or rabbit IgG-class antibody diluted 1:100 in PBS for 1 hour 3)
biotinylated goat-anti-mouse antibody or goat-anti-rabbit antibody (Vector Laboratories,
California, USA) for 1 hour 4) streptavidin conjugated with alkaline phosphatase (Vector
Laboratories) for 30 min each were performed. All incubations were in humidifying
chamber at room temperature. All washes between incubations were in PBST for 5 min.
Freshly made Vector blue substrate (Vector Laboratories) was added onto the slides and
incubated in the dark for 10 min. Slides were rinsed in distilled water for 30 sec; dehydrated
in 100% ethanol for 30 sec and lastly air dried and observed under light microscope
(Olympus BX61, Pennsylvania, USA).

Measurement of intensity of immunostaining

The immunoreaction of various antibodies on the cell surfaces were scored for their
staining intensities. In case of intense immunoreaction on FNRBCs, the staining intensities
on AARBCs and FNRBCS were calculated, using luminosity histogram programme on
graphics software Adobe Photoshop (Adobe Systems). Photographs of immuno-stained
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D ++ ++ CD47, CD233, CD235a E - CD14, CD29, CD31, CD34, CD35, CD36, CD45,
CD45RB, CD46, CD81, CD90, CD99, CD100, CD105, CD108, CD117, CD133, CD175s,
CD222, E-wadefsdaz73iiLA- ABC, HLADR Tabl e 1. Mean intensit ycglsg3dgiziooeadi on
based on i mmrunocytochem cal staining of 31 antigens on FNRBCs and AARBCs.
*Al'l representative m crophotographs of inmmunostai ned FNRBCs and AARBCs
were converted to 256 grey scal e (0=black and 256=white). Intensity val ue
(arbitrary units, AU was cal cul at ed usi ng Adobe Phot oshop Graphics
Software and Lumi nosity Hi stogram Mean intensity value of 187.3 AU (range:
185.2-189.2 AU, n=5) was used as a cut off representing background

staining. MgNwihlddilel %ngfléa\l‘%%nﬁrﬁ% af 898 Sotd Bér lﬁéphM@Qﬂ Fﬂ@lr\nféﬁeﬁtyrlﬁcor ded

and cl assified: nean val ue of was regard as no % )
187. 2 - 109.P9SIAG alls| (P YRt Br&Ptsnaltsqpaes of ?S'“"B ‘?Ei@ ® 2PLEhPYR WAt ensity
stai ned (+-eteniddegpaintii l@amingtigi (brigeineds) d@lelss détprmined against a 256 grey scale

(arbitrary units, AU). Data were analyzed for statistical significance of staining intensities
(Choolani et al., 2003). '

Model mixtures of FNRBCs spiked into AARBCs

Mode! mixtures used to test the enrichment efficiency of the protocols consisted of 1 x 10°
FNRBCs and 49 x 10° AARBCs. AARBCs were prepared from peripheral venous biood
collected in EDTA coated vacutainers® (Becton, Dickinson and Company, USA). Blood
sample was diluted using 1XPBS (1:1) and layered over equal volume of FicoII—PaqUe
(Sigma, Missouri, USA) and centrifuged (B Braun Biotech International B5, Pennsyivania,
USA; 224 x g, 30 min). An aliquot of RBC pellet was washed thrice using 1XPBS and
counted using haemocytometer to prepare model mixtures. FNRBCs were isolated from

placental tissue

Enrichment of FNRBCs from model mixtures
Three cell-sorting protocols were evaluated for the recovery and purity of FNRBCs enriched

from mode! mixtures.

a. Dyna Beads method:

FNRBCs were enriched from model mixtures (n=5) using Dynabead (invitrogen
Corporation, California, USA) separation system was carried out according to
manufacturer’s instructions with some modifications: Briefly, cells were suspended in 50 ul
sorting buffer (sorting buffer: 0.5% BSA/PBS; 0.5M EDTA) and incubated with 1 ug anti- -
CD147 antibody (BD Pharmingen, California, USA) at 4°C for 30 min. Cells washed twice
using 1XPBS were re-suspended in 500 ul sorting buffer and incubated with 5 ul pre-
washed goat anti-mouse IgG conjugated Dynabeads M-450 (Invitrogen Corporation) at 4°C
for 30 min with slow end-over-end rotation. Magnetically bound cells were coliected using
Dynal Magnetic Particle Concentrator (MPC, Invitrogen Corporation). Unbound material
was removed by aspiration and transferred into a new tube as negative fraction.
Magnetically bound cells were washed twice and incubated with releasing buffer (Flow-
Comp releasing buffer, Invitrogen Corporation) at room temperature for 15 min to free the
cells from magnetic beads, and suspended in 500 pl sorting buffer. The tube was again
placed in the MPC for 2 min and supernatant transferred into a new tube as positive
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N Medi an nunber of e+FNRBCs (Range) Medi an nunber of slides (Range)a
Nunber of e- FNRBCper slide Anti-CD147 5 16 (7-32) 30 (9-46) 0.53 Anti-CPA 5
12( 10- 86)wW0 2013/002731 PCT/SG2012/000229

fraction. Both positive and negative fractions were pelleted, re-suspended in 1XPBS for cell
counting and subsequent cytocentrifugation onto slides (Shandon 3, Thermo Scientific,
Massachusetts, USA). Slides were stained for further analysis.

b. Magnetically-activated cell sorting (MACS):

Positive selection of FNRBCs from model mixtures (n=5) was performed through an
indirect-magnetic labelling method of MACS Miltenyi Biotec, Bergisch Gladbach, Germany).
Briefly, cells were incubated with anti-CD147 (1:10,000 in final incubation vol of 100 ul, BD
Pharmingen) for 30 min at 4°C and washed using MACS buffer (0.5% BSA/PBS; 0.5M
EDTA; 500xg 10 min) and incubated with magnetic microbeads conjugated to rat anti-
mouse IgG antibody (20 pL per 107 cells in final incubation vo! of 100 pi, Miltenyi Biotec.)
for 30 min at 4°C. After incubation sample after washihg was passed through Miltenyi
miniMACS magnetic column. Positive fraction from the column was collected, washed and
suspended for cell counting and subsequent cytocentrifugation onto slides. Slides were
stained for further analysis.

¢. Fluorescence-activated cell sorting (FACS):

FACS to enrich FNRBCs from model mixtures (n=5) was performed using FACS Aria
(Becton, Dickinson and Company, New Jersey, USA) according to manufacturer
instructions with some modifications: Briefly, cells were incubated with FITC conjugated
anti-human CD147 antibody (10 ul antibody /1 0° cells; BD Pharmingen, USA) for 30 min at
4°C in the dark with gentle tapping for every 5 min;, washed in FACS buffer (0.5%
BSA/PBS; 0.5M EDTA) and sorted. Isotype control staining was used to discard false-
positive events. Cells were gated on forward (FITC-high or FITC-low) and side scatter

~ (FITC-high/SCC-high or FITC-high/SCC-low) and sorting gates were established using -

pure AARBC samples as well as model mixtures both stained and unstained. Cells were
sorted into four 15 ml Eppendorf (Eppendorf, Germany) tubes coated with 5% BSA (Sigma,
Missouri, USA) and labelled P1 to P4 (P1-AARBC, P2- FITC-high/SCC-high, P3- FITC-
high/SCC-low, P4-Debris) (Figure 3). The cells were pelleted down, re-suspended into
appropriate volume for cell counting and later cytospun onto slides to determine purity.

Wright’s staining

Cytospun slides were air dried and Wright stained by sequentially immersing in 100%
methanol containing additive (Aerofix Additive, Wescor, Utah, USA) (3 min), thiazin blue
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67(27-93) 0.18 'WIlcox signed rank test P<0.05 Table 2. Conparison of

enri chnment of e+FNRBCs from post-TOP maternal bl ood using anti-CD147 and
ant i - GPA wp JyiGeaz7shat ernal age Mean (SEM: 28.4 2.3 ye@t$/s@26’1@9)602248 48
years) Cestational age of foetus at TOP Mean (SEM: 8.9 .2 weeks Tot al
vol une of bl ood processed 275 m (nmean 18.3 m, nedi an 20 m) Tot al
enriched 304 (range: 6-46 cells/sanple e+FNRBC/ sanple Median (SD): 20.3

2.8

stain solution (Wescor, Utah, USA) (3 min), eosin stain solution (Wescor, Utah, USA) (3
min), rinsed in distilled water and air dried. ‘

Alkaline phosphatase immunocytochemistry for identification of Epsilon-globin
positive FNRBCs

Cytospun sfides were Wright stained for morphological identification of FNRBCs. The
locations of these cells were recorded. Slides containing FNRBCs were de-stained by

placing them in 100%, 90% and 70% Ethanol for 5 min each. Epsilon globin positive

FNRBCs were identified by alkaline phosphatase immunocytochemistry as per the protocol
described in Ponnusamy et al., 2008.

Enrichment of FNRBCs from maternal blood to compare the efficiency of anti-CD147
and anti-Glycophorin A (anti-GPA)

Briefly, 30 mi of peripheral venous blood was collected within 5 min of surgical procedure of
termination of pregnancy (n=5) and divided into two equal parts to test two MACS
protocols: enrichment of FNRBCs following negative depletion of CD45" cells/GPA positive
selection and negative depletion of CD45" cells/fCD147 positive selection of FNRBCs.
Depletion of CD45™ white blood cells (WBCs) was similar for both protocols: 15 ml blood
was diluted in PBS (1:1), layered over Percoll™ (p=1.118 g/ml; GE-Healthcare, Uppsala,
Sweden) and centrifuged (3000 rpm, 30 min, brakes off). Cells in interface layer were
collected, washed using 1XPBS containing 0.5%BSA and incubated with microbeads
conjugated to anti-human CD45 (20p! microbead /107 cells; Miltenyi Biotec) for 30 min at
49C and washed to remove excess beads. Labelled cells were passed through LD-type
MACS column (Miltenyi Biotec.). Cells in negative fractions were washed, counted and
processed for selection of FNRBCs following either anti-GPA or anti-CD147 MACS
procedures: For selection using anti-GPA, cells were incubated with magnetic beads
conjugated to anti-GPA (20p! microbead /107 cells; Miltenyi Biotec.) for 30 min at 42C.
Incubated cells were washed and sorted using MS columns (Miltenyi Biotec.). Eluted
positive fraction (i.e. CD45/GPA") was washed and cytospun onto glass slides. All washes
were uéing MACS buffer (0.5% BSA/PBS; 0.5M EDTA) for centrifugation (500 x g) for 10

min.

For selection using anti-CD147, cells from negative fraction were subjected to two
successive incubations (each 30 min at.4°C, géntle tapping for every 6 min) and washings
in between before sorting were carried out: first incubation with anti-CD147 antibody (stock
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e+FNRBC/ nil 1.11 cells/m Table 3. Enrichnent of FNRBCs from pre-TOP
mat ernal bl ood (n=15) EXAMPLE 2 SAMPLES Et hi cal approval for use of

sanpl es Gublectdogtsiof human ti ssue and bl ood sanpl es forcrlsicorRionez was
approved by the Institutional Review Board, National University Hosp
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Enrichment of FNRBCs from pre-TOP maternal blood

Two sets of maternal blood samples were collected before surgical procedure (pre-TOP
maternal blood samples): First set of samples, (each 10-20ml; n=14) were processed
following negative depletion of CD45+ cells/CD147 positive selection of FNRBCs describéd
elsewhere in this paper to calculate the number of immunostained e+FNRBCs on slides
from each sample. The second set of samples (each 20 ml; n=3) were processed
identically to enrich FNRBCs which were not cytospun but stained with anti-CD45-AF488
and Hoechst dyes for manual cell picking.

Staining of cells for manual cell picking

CD147+ cells enriched from maternal bicod (containing FNRBCs and AARBCs) were re-
suspended in 1 ml of culture medium and incubated with 5 pl of anti-CD45 conjugated to
fluorophore AF488 (Invitrogen, USA) for 1 hour, and a DNA labelling Hoechst stain (1 pl
stock/1 ml cell suspension, stock conc.10 mg/mi; Invitrogen, USA) was added and
incubated for 15 min. Cells were spun down at 3000 rpm for 5 min, and re-suspended in
culture medium. Stained cells were examined under fluorescent microscope (Olympus
IX70, USA). All incubations were performed at 37°C. Human peripheral blood mononuclear
cells served as controls for staining, which are both CD45 and Hoechst positive.

Manual picking of Hoechst stained cells using micromanipulator

Individual FNRBCs which are Hoechst positive and CD45-AF488 negative were manually
picked with the help of a micromanipulator (Narishige, Japan) and an inverted microscope
(Olympus I1X70, USA). Stained cells were re-suspended in culture medium (1-3x10° cells/
100 ul of medium). In a 60 mm culture dish, 100 ul of anti-CD45-AF488/Hoechst stained
cell suspension, 50 ul of culture medium (for collection of picked cells) and 50 ul of 1x PBS
(for washing of cells) were loaded as separate droplets. A micropipette (Origio, USA) with
an internal diameter of 20 pm was placed in the stained cell suspension droplet. Hoechst
positive and CD45-AF488 negative FNRBCs were identified and manually picked and
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Peri pheral bl ood sanples (10-30 m) were collected from wonen under goi ng
elective TOP within five mnutes of conpletion of surgical procedure in
EDTA coatWo 20Bcweaiiners (Becton, Dickinson and Conpany, POBAG2012Re229her al
bl ood from non-pregnant vol unteers Peripheral blood sanples (20 ml) were
coll ected from healthy mal e and non-pregnant fenale volunteers in EDTA
coated vacutai ners (Becton, D ckinson and Conpany, USA). Methods Isol ation

of FNRBCs from placental tissue Placental villi was carefully dissected off
adj acent deci duas and washed twice in PBS (First BASE, Singapore) to renove
mat er nal bl ood contam nation. The cleaned villi were m nced and i ncubated
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addi tive (%ﬁé%!n?ﬁg/r\émdrﬁ’ Y V&-‘i&@émde%&@rmnr&éﬁ@ﬁ we dih V\géed eRSiollovBh@EAY
sol uti on (Yégwgaﬁ%prn&gﬁ agﬁ] proh?sl @@’ %m?ecﬁ gmggplolrjt)lw%pe &sed g&wforgvgrdmsn'}GG” nsed

in distill
CGA TTA AGT CAA ATT CGC-3’ (SEQ ID NO:1); SRY-reverse, 5-CCC CCT AGT ACC

CTG ACA ATG TAT T-3 (SEQ ID NO:2)'; SRY-probe, 5-(6-FAM) AGC AGT AGA GCA
GTC AGG GAG GCA GA (TAMRA) (SEQ ID NO:3); HBB-forward, 5-GTG CAC CTG ACT
CCT GAG GAG A-3 (SEQ ID NO:4); HBB-reverse, 5-CCT TGA TAC CAA CCT GCC
CAG-3'(SEQ ID NO:5); HBB-probe, 5’-(VIC) AAG GTG AAC GTG GAT GAAGTT GGT GG
(TAMRA)-3'(SEQ ID NO:6). Commercial male genomic DNA (Promega, Madison, USA)
with known initial concentrations was serially diluted (5-folds) to generate the standard
curves for HBB and SRY. Samples and standards were run in triplicates in the same assay.
Water blanks were included in triplicates for each PCR as amplification negative controls.
Reactions were set up in a reaction vofume of 25 ul using the TagMan Universal PCR
Master Mix (Applied Biosystems). SRY and HBB primers were used in a final concentration
of 450 nM and probes at a final concentration of 225 nM respectively. Three microliters of
WGA product and 60 ng of genomic DNA were used for ampiification. Thermal cycling for
both SRY and HBB was initiated with a 2-min incubation at 50°C, to allow the uracil N-
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I dentification of foetal nucleated red blood cells (FNRBCs) Cytospun slides
were Wight stained for norphol ogical identification of FNRBCs. The

| ocat i onswofotdmesmsicel | s were recorded. Slides contai ni RgTRERBRCI0RY €
de-stained by placing themin 100% 90% and 70% Et hanol for 5 m n each.

Epsi | on- gl obi n-positive FNRBCs (e+FNRBCs) were confirnmed by al kal i ne
phosphat ase i nmunocytochem stry. Slides were fixed in methanol/acetone
(vl/v, 1:1) for 2 min at roomtenperature, rinsed in PBS and air-dried.
After rehydration in PBST (1xPBS, Tween-20; Sigma), sequential incubations
with: 1) goat serum (Sigma) diluted 1:10 in PBS for 2 hours; 2) nouse |1gG
anti human engbsytaze guRG) 1o aa1nfollbeetyby fFitsz gavatlrglioh Byt N0 @ty athdBSS anditreet t s,

USA) dil ut \efiegcc&g%g?(}ggrb ’%‘F% é)Xnecgébi,@mri in 49C; 3) biotinylated goat-anti-nouse

anti body ( oratories) for our; 4) streptavidin conjugated with
al kal i ne phosphat ase (Vector Laboratories) for 30 mn were perforned. Al!
i ncubat i onssgupdiRsi N humi di fyi ng chanmber at room tenperature. Al washes

bet ween i ncubations. were in PBST for 5 nmin. Freshl de Vector bl ue

oubstrate (VEEHHH GHBSTIET oFeBsSemned dBbANVA Wil Borteray RORISPTREINht ed i n

t he dar k f dWilcb®omsigned Binkdess omdaren-Whitree test usirdy SRS $tatitiow aftiwafeo(SP3S isec;

dehydrat ed j )%ﬁ@%ﬁ&ﬁqbé&‘@raﬂh@%d% SEE iANdsAast 1y air dried. The slides were
i ght ? ' %)2

observed under m cr oscopy ynpus 61). Density gradient
centrifugation Preparation of PercollTM 1118 Percol | TM (GE Pharnacia) is
purchased wesouTtsi al ly as a density gradient of 1.130 g/m . Percoll TM

gradients and 1. .11 re prepared fromthis.stock solution b
i Tt on: i s e Ritetp B IR ool oM Bive it oy el
Appl i cati oref @aghapel H{TOM), Immenspeaiizatharotathir-oBE otadssted Blikjace Rentigeisl VI

gradi ents VENHBJY SRARRABES G Mtiibed By liMMIHIGtoBhemifrylACC): LGP 4\7'L{TB‘asi%(m),: _Where
pO -1 VWU = \éolu - of P?rcoII_TM stock (1. Jn30 /m% V = vo_Lume of the final
wor ki ng soI%PY"%‘ﬂg‘ff?feﬁtla XRres§ion beppen difs £4 WFE?% APHGP 40P PR W& YRSAdR i n

g/ ml p0 = derieti ENRBCEs fRem motidl Miktete (FRNABT 110 ce(li.Al\BIBOgdmgs_cplls,:nemmzs‘r:ngy of

1. SM Nadl (irq'lmgﬁgfngjn@?ic) (n{]agﬁé\ﬂcm@gcti\ya?eo‘@elﬁ%ofﬁﬂg t(lQAéé)”?rld mrakéﬁ%nﬁ %lnb'tﬂbﬂ n

vol une
cytometric (FACS) separation methods to assess the efficiency of recovery. FNRBCs from

15 ml post-TOP maternal blood (n=5) were enriched following DGC/MACS using anti-CD45
and anti-CD147 antibodies; and this protocol was also compared using anti-GPA magnetic
beads in place of anti-CD147. Enriched FNRBCs were identified by both morphological
and immunological (e-globin) methods. Recovery of e}FNRBCs from maternal blood was
calculated. FNRBC from 20 m! pre-TOP maternal blood (n=14) were enriched using anti-
CD147 and identified by both morphological and immunological (e-globin) method. As
proof-of-principle, 20 mi pre-TOP maternal blood (n=3) was obtained from mothers with
male pregnancies and, as shown herein by polymerase chain reaction (PCR) of the SRY
‘gene, the enriched FNRBCs were indeed foetal cells.-

Immunocytochemical screening showed that surface antigen CD147 had statistically
significant differential expression, stronger on the FNRBCs (12246 + 22.21 AU) and
weak/undetectable on AARBCs (205.11 + 7.08 AU). MACS recovered 79.7% FNRBCs
from model mixtures compared to other techniques (FACS 12.1% and Dynal 56.7%) and
purity of separated mixtures was the highest with FACS (64.9%) compared to other two
techniques (13%). Number of e+FNRBCs enriched from post-TOP maternal blood using
anti-CD147 antibody was higher than with anti-GPA antibody (16 vs. 12 cells/15 ml); and
number of slides for analysis were greatly reduced by 55% in the former (p<0.05). Median
recovery of first trimester e+FNRBCs per analysed slide was 300% higher using anti-
CD147 antibody compared to anti-GPA antibody (0.53 vs. 0.18). Median (zSD) number of
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Measurenent of Percoll TM 1118 density Measurenent of density was perforned
using a Densito 30PX densitoneter (Mettler Tol edo, Chio, USA) and 1.118

g/ migr adiwotosalesred by adding 1.5M NaCl. Centri fugat ipom/SkRoreronek9 bl ood
is diluted 1:3 in PBS and gently | ayered over an equal volune of Percoll
Tnl118 (maternal bl ood: PBS: density gradient 1:3:1) in 15 nl Fal con tubes
(BD Bi osciences). Sanples were centrifuged at 2095 x g (Beckman Coul ter)
for 30 mn at 202C with brakes off. Cells fromthe interface | ayer were
collected. Titration of anti-CDl47 anti body concentration for MACS To
determ ne the optimal anti-CDl47 anti body concentration for the separation
of FNRBCs fa+6NRBOGsd ehriamed fromere-NOE @laterhal blove sisiof aRNRBCY antidodyduvdst20RBEs wer e

r epar ed R 0 t
ant - CoLa7 IR LB, s pu o, PRI el el ol o i R e
1: 100, 1:1 %‘Oﬁ‘eleWa‘O@UAaﬁW 1FNRBGsowas \otpdiiedhiising rsigle( Pﬁ"syv ‘WérQ?”P'ﬁ@ubat ed
successi vel ampMidabiord (Ve asdhnaiBgy Radyindrepeingdnt G Smas OFNRB bt YreaOP bodi es

d h d db |l | d
B T e T L e

count ed usi ng haenocytoneter and cytospun onto slides. Enrichnent of

epsi | on- gl kycpsioni ve FNRBCs (e+FNRBCs) from pre-term nati on of pregnancy
mat er nal bl ood Pre- TOP mat ernal bl ood was coll ected (10-20 nmi; n=20), then
processed fRASPURNAGETHRRAC GUTeIL prasiedpetaresipasiie isidpace ol PorpeAyndeEFt i ve
sel ecti on oem&NRESgSoxirBtelef liny10020varbirtid. Gbid ismsaubelthd i@dasiva t@l&':“ar(a ih-:-sabvedl ayered

over Percol T I ﬁﬂg by e | ayer
were col | ec%’ eagﬂq%é/aghgﬁ E%Ckgwncont%ﬁﬁlhnﬂv %&n@%&haﬁﬁg% nc é{sgog W t%
m cr obeads %QGhJEM%‘th@wht‘é’f’ afrhabteawe@omw(dmnq)aremomtew@énw uger helaps;

Mltenyi) fgss %rmmyzﬂe M@t@@&im\fm}aa@knﬁ@béc@wme ammoeﬁa&&mdn@d@.ehl ed
cells were negative

fractions \Agr%zesa&?ésth%rb% S‘ﬁh?récﬁygnac’\g ?)jsé?: r%et%%%\@'vgxé%eé%sscﬁ\lfé‘ ’?Vﬁéﬁﬁatl ons
(each 30 mnipreratal diggnogieriNIPO) cayirhéliminateothe ovest fgr iGvasiva foedahtestiegs hi ngs i n bet ween

before sortiigiginy@aq %ﬁélw.@%&gﬁ DNA 'frBﬁ'ut as |mw§@# FRRBY n’egbv@%tj'fro%ﬂgng@flé I body
(stock anti body dil uted 10 PBS; fromthe diluted antibody 10 pl

added per 1OWO% Byqleateq matpinglgells ﬁcﬁ?ﬁﬂ?'?dﬂth(}?ﬁ H??eofﬁ“t%@?éedpm'crogB”PHﬁF% ngen)
and the sedasedcaptirh niergsveby eystdnty arloeduimsieain) Bgfsecoftigetdlaell ath isinglelee | gG

anti body ( o%l %Fm 19%;;[984“{3? c'o Iéd U/?h arﬂ% i%gﬂ_o%d#n%hgljefo;eo% %l not

MIltenyi). ositive rac washe
cyt ospun on@‘@”@q"{aé sthatFﬁRB‘EESalk/\Eﬁ@efﬁ)?fdﬁﬁiﬁb@ﬁ”%éTaoqu|'ﬁeﬁ‘W'P'1€idef€P”bV‘aWn3é1ht S

P05 At i v g SR BN g L gt .

Cells werre;‘ﬂ? os%un onto glass s
observed %?ﬂ gically. Slides with FNRBCs were identified and de-stained
for epsi | orGugyleobpretacatrion deojdtion e ANRBG) is Emeicohsuping, ddboeNRBEGSivé rape co-

pre-term nalqien of Ia%eeﬂﬂﬁd'éwofnﬁ;ng{u@@!ateglaggp reWlods &:rIIQ '?r@s'ﬂlt@h‘ll @JVQI pAfsi sted

manual cell_ pickin FNRBCs Pre-TOP mat ernal blood was col | ected °(10-20
m; n=8). an(ﬁ‘e%'f”éta ?%&égg%avqf%me&m%&”ﬁé@%?f vgRougestare Of Bp PBfoceD45+ cel I's and
CD147 posi tiheaeaise FRBBCS areoibst eNRRCsultipis Gtepb @t thebmvienrbent pratdcoihesbMRBat f or

m cromani p si.st ed. o ce 7+ ctlon
e T oS S e L BT ST L RRER A g
FNRBCs per fogeiasind mf (istesrsdl MRBGQsHp mhopgiole witcmlig rPﬂU'@@ISP@a@ﬁFHQ?M'éQF fSugfm
mat er nal  blsepstafodrsybiems chawbml @(bmrneasmcsna@dranaﬂwm Ingtlite oﬁ"B(bléh@ﬁleeQEE-47+
S R N R s SR R
resuspended” 8P e el gy %éﬁe SYHORSCJP S ARt i - cous
conj ugat ed thetwblcglblypgh BNEBAFABBAAREI basedewpon thedr physitat propertiewisueh Bhlsize
| abel i ng !ﬂqeeb@ﬁma%w mhééﬂ.oeh b8dRsL 1Bl n{;&&fhtesa@vra@me%o@&ed $ARGKFIGEES - 10
ng/m; Invitro 2 was ed and i ncubated for

and ple ed half the AARBCs at a flow rate of 0.3 mL/m|n from model mixtures. This

suggests that 20mL of maternal blood could be processed in just over an hour. However,

recovery efficiency of these microfluidic devices can be further enhanced by combining

nano-patterned surfaces with subsequent coating of the specific cell adhesion molecules.
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Cells were spun down at 3000 rpmfor 5 mn, and re-suspended in culture
medi um Stained cells were exam ned under fluorescent m croscope (Q ynpus

| X70). Alwoizapubatsions were perfornmed at 372C. Human perpcplsenad2/obdood
nononucl ear cells served as controls for staining, which are both

CD45- AF488 and Hoechst positive. | Culture nmedium |scove's nodified

Dul becco's nedium (I nvitrogen G bco) + 30% foetal bovine serum (Bi ochrom
AG GCermany) + 1% bovine serum al bum n (I nvitrogen G bco) + 10-4

nol/ 113- mer capt oet hanol (Invitrogen G bco) + 100 pg/m iron-saturated
transferrin (Sigma-Aldrich) + 1% antibiotic antinycotic (Invitrogen G bco).
Manual pi ckilgwg nﬁcfroﬂd@ﬂcbéetlgrfst@aféedwmﬁls;béi:musdem@dﬁésﬁd’nomaﬁbmd ah atie kirehicwi dual

FNRBCs whi ch ar sitive an egatl ve were picked using
a mecr orranlsﬁ]ﬁ '?‘%lagedssﬁﬁ Tglon ap a"g riﬁ?%aﬁt%r%c\g%eﬂ% ‘ed m croscope (A ynpus

| X70). Stai M@rwat%m scapeing for E%B@@en&d@d hiavily o therobsereadi Runat(on t@wen 06saael | s/

100 pl of nediukpenkd & ﬁ\@ @ﬁT&l&% tMrfﬁedéb%Bwelngd R4 sgf)je&:%5olﬁ%4/%8/e|"9?(3h3t
st ai ned cel sus%en5| ure nmedium (fo ol l ectign of picked

ul t
cel I's) and ‘Bopatogsoftys |§E9§e?5rpt§rp‘iﬁé'9'ﬁ| Wy B’F‘“QE'@FI%?“ ﬁé%@%&d@ﬁtaﬁﬁs Eepar at e
dropl ets. AAltdssiedp) metm:my( OMSTAB, PaiEiAdemi( I?ei‘nsalﬁranné Jeami likodiseopet @ongdis,20 pm
was pl aced t el) s plg PYs and
CD45- AF488¢%gé§t%Ft\S/e NR 82 F@é feterep g{eﬁ‘ gb'e{%?ﬁ’n’%pﬁdck é&qr{gngy
serial |y t rapBREeaydhat GombHes dianisreard 8@&‘?0&f%%g“ﬁ%metﬂ‘??hﬁ@te@ Rlat®s Bef or e
bei Ingf tr ansrf@wtad;ug@u%at pemaaﬁs ﬂ@ldsc&rﬁrm’fge(d 16ﬁ1ms/%ﬁl:?e§3u§|ﬁ)d aﬁ@ak&lgm%m@od 4
anpl | |cat|on atl.on plLcKed, cell S were
yoed usr ng 3 or TR P Ao FF el Bt R Bp1 e e tiA G
( Bl ueGnone, 80(3i1d¢ﬁrwmqe9anﬂng1 emig)ten Bislidevicasneso thecicethingystag@utanalibalyisod f or 10

mn fol | owgghaRnhd@eC | ncubati on for 4 mn using the Extraction Cocktail

provi ded i n the kit. E‘PF)erformed usi ng the Surepl exTM WGA kit
(Bl ueGnone)" éf'cE?ﬁst?fen& BYesTRAR 3631 ReeFNBBE &b NP iHYHi RIPPILESIRG @D es of
anpl i fi cat i auematéte platiadr tynsistioy @tiantcomyerfalialavaimbpl cdongdpiting sanphes were

rmasuri ng HUDSS AR TIRAL SRV CRT O LTh RS URR T sl BR8EY
was prepar eappu@pfhgo F%Wn%”dstsélél@ ?t'%hd%ﬂ'sd a(“PraG@ﬁéTwSheW Wﬂ??ieﬁCt'VUSA)“dl n TE.

Fi ve- poi nt @barwiar dor@uawce ct>|rea@aels I’dl@é\{;rfeld'—aﬁcptelstelagérmeffécﬁw@ra athedacsnr di ng
to dilutions belo Pi co o the working

ee %} 5%1 dded, t
Sol ut i on 1 1eseeBRY i Bro R pirosehS FHES St oS Siay ehie SPHE RSt ES 5
mnutes at mmﬁmat\éhip@dawmerofaV!DaQIGIWre@EV@ldPGﬂVe&BZMZI 000229 protected
fromlight. HL%% ?86\8)' e%ngf\ezld#md‘é“fra_r# tﬁé)péflpﬂéralall)locyooh%p@&néﬂpQ/oPlLen each in

a 96- well mc Pi coG eenO | s added
M xture is {SH® ‘P@HU‘Q‘CﬁY 3?" FINaINeE afaicteliydig C‘E“HéOVTSIZEBF‘%eé’cP@Hé"eoaﬁ%‘ﬁgur ed
with the DIRS8)@hBE0madnetid date fDebendgiubin(tideek valnisfationt ©IE).. Thdohidiveuidipi ) of 2

E,?é giGr Lgﬁr r?ﬁc\%a%réb%otlaaeqﬁchsé Rekn YPAHPFRRB bel Mlilited! HEERLA I Ffge
37—274 36 FNRBC/mL). CSM/HE system is able to process 5 to 20 milliliter of maternal
whole blood in 2 to 6 hours.
Kilpatrick et al (2004) and Seppo et al (2008) utilized the lkoniscope robotic microscopy
platform specifically for foetal celi identification and analysis. The detection of foetal cells in
maternal circutation was investigated using two fundamental approaches; FISH-based
scanning and antibody-based scanning. In the former, foetal cells were identified based on
the presence of a Y-chromosome in male-foetus pregnancies and latter foetal cells were
identified based on the expression of foetal haemoglobin. Foetal cells were identified in 27
of the 29 samples from male pregnancies. Up to 175 slides are fed to the stage by an
automated slide/cassette feeder allowing unattended processing and operating on a 24-
hours / 7-days a week basis.
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Fi nal DNA concentrationin PicoG eene assay 100 O 100 1 pg/m 10 90 100 100
ng/m 1 99 100

WO 2013/002731 PCT/SG2012/000229

Protein glycosylation on the surface of FNRBCs and AARBCs was suggested to be
different. Such a difference was used for cell separation by differential lectin binding
selection (soyabean agglutinin, SBA). The usefulness of SBA for the enrichment of foetal
NRBCs was demonstrated by Kitagawa et al. (2004) whereby, a mean of 6.57 +/- 7.12 celis
were recovered from 1 mL of maternal blood. In a similar study, Shinya et al. (2004)
identified foetal gene in all seven cases using SBA isolation, micromanipulation and PCR
analysis.

‘Demonstrated herein is that CD147 is strongly expressed on primitive FNRBCs and is a
marker for the enrichment of FNRBCs from maternal blood for non-invasive prenatal
diagnosis. Accordingly, provided herein are improved methods for obtaining, separating
and/or isolating FNRBCs.

Group Mean Intensity Classification | Target Antigens
FNRBCs AARBCs
A " + CD147
B + - CD164, MCT1
C + + CD44, CD55, CD59
D ++ ++ CD47, CD233, CD235a
E - - CD14, CD29, CD31, CD34, CD35, CD3s,

CD45, CD45RB, CD46, CD81, CD90, CD99,
CD100, CD105, CD108, CD117, CD133,
CD175s, CD222, E-caderin, HLA-ABC, HLA-
DR

Table 1. Mean intensity classification based on immunocytochemical staining of 31
antigens on FNRBCs and AARBCs. |

*All representative microphotographs of immunostained FNRBCs and AARBCs were

converted to 256 grey scale (O=black and 256=white). Intensity value (arbitrary units, AU)
was calculated using Adobe Photoshop Graphics Software and Luminosity Histogram.
Mean intensity value of 187.3 AU (range: 185.2-189.2 AU, n=5) was used as a cut off
representing background staining. Mean intensity of FNRBCs and AARCs for each antigen
was recorded and classified: mean value of 2 187.3 AU was regarded as not stained (-),
187.2 -109.9 AU as low intensity stained (+), < 110.0 AU as high intensity stained (++) and
partial staining of cells ().

24



10 ng/m 0.1 99.9 100 1 ng/m O 100 100 bl ank Table 4. Dilutions prepared
for the five-point standard curve from1 ng/nL to 1 pg/nL. DNA extraction

from mat eypabhi3bedt cell s and pl acent al
pH 8.0,

t o mat er nal

Tris-HCl

overni ght.
Phenol

0. 5M EDTA, sterile water,

CD45+ cel | s/ m nced pl acent al
Supernatant was transferred to a fresh tube and equal
: Chl orof orm (I nvitrogen)
m | ky and centrifuged at 2095 x g for
into a fresh tube and equal

vol une of

10 m n.
|sopro

vol

ti ssue DNA extr pgtrisenoR®beske on (1M
Prot ei nase-K, 10% SDS) was added

ti ssue and i ncubated at 50'2C

une of
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with 70%

r e- suspend
det er m nat
7000 Sequeh

ettty ot
bt hanol at 1
led in 100 p
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\
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P I o
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W ce

5t enns
| obi n

Y)
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attaligeed. T

&7f1-9HwW ng

8R¥ and HBB

CGA TTA AGT

GIC AGG GN&mKﬂhi¥aﬁmﬁwﬁﬁ%wﬁﬁﬁ@SlD NG 3);
CCT GAG GAG A-3 (SEQ I D NG 4);

S A P

Srmgapore)

re used: S

SRY-rever se,

HBB-r ever se,

5!

HBB- f orward, 5'-
-CCT TGA TAC CAA

RYforward,—5

-TGG

I D Ngﬁ%z - CCC CCT AGT ACC
CTG ACA ATGY'AR. Fogpardsen of B"Wt of RBCsjom gost(r @PPAR}'F"A@%GFSWSA GCA

GIG CAC CT

G ACT

Maternal age

Mean (+SEM): 28.4 £ 2.3 years (range: 18-48 years)

Gestational age of foetus at TOP

Mean (xSEM): 8.9 £ 0.2 weeks

Total volume of blood processed

275 ml (mean 18.3 ml, median 20 ml)

Total e+FNRBC enriched

304 (range: 6-46

cells/sample

e+FNRBC/sample

Median (xSD): 20.3 +2.8

e+FNRBC/mI

1.11 cells/mi

Table 3. Enrichment of FNRBCs from pre-TOP maternal blood (n=15)

EXAMPLE 2

SAMPLES

Ethical approval for use of human samples

Collection of human tissue and blood samples for this study was approved by the

Institutional Review Board, National University Hospital,

National Healthcare Group,

Singapore. All research participants gave written informed consent for the collection and

use of human samples.

First trimester placental tissue

First trimester placental tissues (7+6 to 10+4 weeks) were collected from women

undergoing elective (for social reasons) surgical termination of pregnancy (TOP).

Gestational age was determined by ultrasound measurements of the crown rump length of

the foetus. Placental tissue was collected from within the products of conception and

placed directly into sterile containers containing PBS solution. Separately, a small portion of

placental tissue was sent for karyotyping.

Peripheral blood from pregnant women undergoing elective TOP
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CCT GCC CAG 3' (SEQ I D NGO 5); HBB-probe, 5 -(VIC) AAG GIG AAC GIG GAT GAA
GIT GGT GG (TAMRA)-3' (SEQ I D NO 6). Comrercial mal e genom ¢ DNA ( Pronega)

wi t h knowgoi2isidoatsiconcentrati ons was serially diluted ebrfscheRjoins
generate the standard curves for HBB and SRY. Sanples and standards were
run in triplicates in the same assay. Water blanks were included in
triplicates for each PCR as anplification negative controls. Reactions were
set up in a reaction volune of 25 pl using the TagMan Uni versal PCR Mast er
M x (Applied Biosystens). SRY and HBB prinmers were used in a final
concentration of 450 nM and probes at a final concentration of 225 nM
respectively. TiRregOmbloalhheies of WGA product and 60 ng of genom c DNA

were used f |Iflcatl er for bhoth S
initiated vm%”ﬁﬁgglf AR ga?tglborﬁls’rgf re%%d“? "R ERPT HEe {ﬂomglelec%agfé\%syl ase
(UNG to achefor¢ @vr‘g@alemdsyura it EPSA cdaindvanutaineen(Bstiep, Ritkirkson @he CampeHC and
then 55 cycuga@ of 95C for 15 s and 60C for 1 mn. Quantitative

Fl uor escence- PCR f or arrel osgenl n (AWXY) A QF-PCR analysis for AMXY short

t andem repeat ( SPRYTHRPReS Sperforned in 25 pl reaction vol une

cont ai ni ng Reriperafblapersamples D/B00MI) Fefel co(adsdl frimodomen) unddrgbing.efecpveot@B  of

each fl uor i . } , CR
mul ti pl ex @g’“ eENG’I M% %‘gg‘ﬂ“d@ ﬁd‘gnﬁp@ e?lg'A Iegbnﬁ:r%g%}g? S,gglg% %?E
anpl i fied aBpephOidingemaeteompasy. MSed with 9.5 pl formam de and 0.5 pl
Genescan- 500 Ropee.ﬁhé;@bt@edyoainbmpﬁgﬁarmemur(tém@I i ed Bi osystems) 5| ze

st andards i eactl 0 pI re tion a

2nd cool | ng sPRae g SR lp afbt BpRFSe dRRE bk sk b WP RRerRel
Prism 310 Gemeleiveluiteerb e TA oaielivechidBiars (Betiong)ickinsdn amhCoyspayud$bhg CGeneScan
Anal ysis Software version 3.1 (Applied Biosystens). Fluorescence in situ
hybri di zation (FI SH) of m cromani pul ated FNRBCs from mat ernal bl ood FNRBCs
from cD147 MPPPEY naternal bl ood as well as corresponding villi (control)
wer e m cr oneslafed ot RNRBUO feorg brasentaitisdas pre-marked with a dianond scribe to
i ndi cate | brsl

Slides wer gﬁ% 8PVl||| WB@%‘B%; (ﬂ&%g]? a8 ég’a@hﬂ’% é"%(qe%ssg?(g{gﬁ eﬂﬁ(’:-]’eBrg (i:'gs(?

m croscope B %@mmqﬁ)lt@@mqvwaéﬂwl hn%@qntmm@msﬁse Pegned willj weare chﬁ%g FI SH

procedure. M%a@@ feasf mmdrobwobwada@@n&abmy SorlthixiAd t try&, n( @itk MRithRER !

t d d d
"0%o % aal | SRERn R TR T R [ GRpa BrePSots BRI b PR 0y “and
i ncubat ed a37°GTC 2D orin Bh mpderatBlekaking Mypshiaclesy waestppred vath it adidit®7Cf or 13
mn wth pepsibial Q0 (EhhsihgficH, w.;ém/' 06hy and ét%%dQEr%uWQh@d Mdelt 1 X

PBS for 5 mn at roomtenperature des were | aced I n xatlon sol ution
of 1% f or medRiReaRpCionc Diskinern pegt Q‘?mﬁi"W Atew d?fﬁ‘?yt efifdriathan ndndigskbd again
with 1 x PBSspehsien shictegaswesrecaherhy@t alt @dodby gplBacknig Allkgra X-ops.eBatkindel y i n

I ncreasing &;uggn lelf&%gcl%]% ¢ OBQQergZ?Q{ﬂjreggr%o n%go'mde éeﬂr eli]et ﬁl‘ggre ﬁa% en%gd room

t enper at ure
cont ai ni ng 176% Qirﬁf’eﬁ*rﬁ@b'a(?jﬁwwer Perqod s 1088 ( @Etﬁ*@ﬁhmfeaB@cﬁcienchcﬁpmad 70%

(e:tE fFl)anol ?ndsmbﬁ)emed&drmﬁd@faydmt £4d v 2d m%%ragﬁk%ﬁvy&% %ﬂﬁa%woﬁmﬁﬁné/ym S
spectr reen e SIS neuvysi on
Mul t i (F:)ol or W@"g‘aﬂ F? Wﬁg {»%HE&%% ?“3?‘?’@58 Abbott Park, Iilinois, USA)

was used in all sanples. The CEP probe was m xed with hybri di zation buffer
(50% f or margdicsoaRe 10%dextran suI phate in 2 x SSC, pH7.0) in the ratio of
2:3. Three mcrolitre of pro dded to each slide. The LSl probe was
used direct%§/.52RE ' IdI'LH"e%WU\%P QS@B‘?/éPéﬂ W%q?daP”E’oRV%r'\gePP%’eéH%P”f"r%‘Og‘leleﬁes

seal ed w t hSpaaafidricm. Ceis get cdiNddwatied e maitids@fe qOlyapus BXS1,t Bernygyvdnt, zat i on
bl ock (M h ' d,b

hybri di zat ﬁg% gl,fo(h 5@@?4@ Qr%gg \ﬁgl?_ﬁ%aerﬁé%ggn% fwé)gve&gyrmmbg 3)—’3\@ N er1 mm2

post - hybr i dPZ alt!i Whingagtee sdajgrinined adld%hGSS@ﬁ@“tB@ﬂPO le’)cem)mathemgmﬁbﬁa@'m n and
2 x SSC/ 0. JCQC(JHBBTQQD%t,thqmg)@mm)erature for 2 mn. The slides were air
dried at roomtenperature before nmounting wth 6plDAPI

(4, 6-di am di no- 2- phenyl i ndol €) as counterstain. A 22 nm gl ass coverslip was
nount ed t o Rrpparatiort éfcyld&pPun elidesl y before sealing with nail varnish. The
fluorescence signals were visualized and enunerated under single and dual
bandpass filter sets (DAPI, green, oramfe, aqua) (Abbott Laboratories)

wi thin an epifluorescence mcroscope (BX51, dynpus Anerica Inc., Center
Val l ey, PA, -USA) that was fitted with canera (Applied Imging, G and
Rapids, M, USA) for image captured. |nmages were captured using FISH View,
2.0 EXPO (ASI, Carlsbad, USA). Statistics Parametric statistics used: mean,
standard devi ation (SD), sanple size (n) standard error (SE), standard
error of nmean (SEI\/9, 95% confl dence |nt erval (Q), one way analysis of

-~ . Ly



RESULTS Determ nati on of CD147 anti body dilution for use in MACS cel l
sorting CD147 anti body binds to both FNRBCs and adult RBCs. Bi ndi ng of

ant i - CD1l4voanidoely to adult RBCs is variable, though gecesskbn/oeeaker than
FNRBCs. Therefore, antibody titration experinents were carried out to
determ ne the optimum concentration of antibody needed. Criteria for

sel ection of an optimal antibody dilution for future experinents: 1)

maxi mum recovery of FNRBCs in CD147 positive fraction (CD147+), 2) m ninum
recovery of FNRBCs in the negative fraction (CD147-), and 3) maxi mum
depletion of adult RBCs fromthe positive fraction (CD147+). For anti body
concent r at i o x 10°142fs weReaNsgepasyiarapo @f 0. FNRBSHPES )tlb@de@m&hyfoegﬁt ion

and CD147- fraction was.94.0 1.6% 8 nd.1.0

respect i vel 2B g% C"Eﬁ”f“%ga%torg @éﬂ%ﬁ? é’ﬂﬂ SF@@S'”??F ceptlrggfl on was
97 1. 3% ( Sheerm)ScighiifictShagdoor nyt@plzp/be;l@pteeethlra,rﬁngfana)dﬁllctesm@san(ﬁlegumne 8) .

For anti bo%o&@%exﬂﬂﬁéa?a&é_&nop&o%d% QQpandrpérBfnﬁwe&O\éSJd/ F‘NR!SE‘M%hJJ %Iht he
CD147+ fraction and racti on was 4.4 SD=7.7) and . 3%
(SD=0. 6) r cEPEER RIRAYUSNSHIIET 4R a&%'b%i‘éili‘r‘g "F@@@a'f"? Q:Bit&ﬂIaSFrsé‘&sl ‘%?Iewas 5%
W th a nearcengittgeeaty700fp®br 520iv% (SD=4.4) (Figure 8). Antibody
concentration of 1:10,000 had nean recovery of FNRBCs fromthe CD147+
fraction and CD147- fraction 79.6 5.2% (SD=9.0) and 6.4 1.0% (SD=1. 8)

r espect i vellgentifisation fFNREGE Ryrmerphplog eI immuReagivehemistivact i on was 11. 3
4.8 (SD=8.4) whiglyrresthihgd in 88. 7% depl etion of adult RBCs (Figure 8).

For anti body conceptratio recovery of FNRBCs fromthe
CDLATs 1 1 aCRBRBSIReEDior A et ag ViRl sBEe0 By b SIS ByTeine 32 185 6. g6
(SD=11. 8) rrestpeot cargdiying Begiivet(AenofioAdditkel Welaaﬁisufahob‘sspmmm feaaint stain was
Che ant i body “Aahearraly o araih BByt ey ierdl B i dnlep Aty =
ant i body coleéfitdriedi ons tested. Concentration of 1 10, 000 net the 3
criteria: maxi numrecovery of FNRBCs in CD147+, mnimumrecovery of FNRBCs

in CD147-, and d ti on f, a CD147+. Anti body
concentration®1: %’t'%g‘%n ﬁg‘) Tal rﬁ‘gglog‘??ﬁ FCQ:NF{I%%} etion rates for adult
RBCs, home\ﬂéﬁQSDHEGMﬁ@r\yerefWFQﬂRBweﬁrfonn@tn_fmlbglcalrIelemtlflcmiomm ANRBSs. iThe
1: 20, 000. FRNBRES xRE&Ss&d Iargh@aoro%avgmeé c%taﬁ%%mg GeR &wsth.héd b rface

(Figure 1) therefore, even wt antib ﬂ%:/ concentration (1;10,000),
al | owned antﬁlamlt@?mdﬂﬁoﬁé’d)?o{%a’m ﬁ%%t% TP Z a1 B SnsiQegiedi ’bP@g'é‘?lt on
FNRBCs nuchFNRBGs @aSNRBCendereeatifiimed tynaiaglink t pHoBiEatdsh emawpswshenisof

surface antéﬁag& ﬁ4gd I’Iﬁﬁ?t%@i%go"r\@w I}f&rh%tm Péhﬁgﬁ%ﬁ?érﬁh%‘&@)i? t hus,

less likely to0 nri chnent
mat er nal bl 55 aﬁ@)lal"é’@?@d‘\fiﬁﬁ rehydragon dp rﬁBf%It (16RBSf Tyeergfarfegmy) T@ﬂauepvabcedur e

To det er mi nNRcubhtiods RItOLPGEU: s&amr{g.gam diufe@L410 iR PBE R DhotaN2)aRdUsE Irgd aet al

t t hr oh| mat bl d
Do 11 et ot riohad 8ot 2R st oan Thr ST e Plasrh °°svsd%BI i SRR
n=20) was tRB&evermghtdi ﬁﬁeByblqﬂmvletedwoatanemquveamttbom Watnootabofatqnee)gfnahcy
procedur e, @npl4%1%%%'@%%%@41%&.@&@% prmshaﬁés%qdeam ?br%f&f‘ég fok:38 nth t h PBS,

| ayered over Percol and centrifuged. The Interface ers were

col | ect ed a¥ffe H@@%ﬁ“ﬁ@e pﬂé?ﬂ“@?‘l%ﬁ wste @ﬁ&*S“Id'@Ié‘EI‘%‘P'@Pﬂ@f DY |t?'I‘RFéat§r§I 8tion of
celI's per fwashedbetdiadnl iscubetions ejgtedis PBSTAGH OmBL Beship hiade Yectdieuesssubgieste Wer e
Wight's stagi : I I i cat I W th
ent 1 cd RS TRHARE el HENace S8 b ARaltl, & WG, o |

i denti fi cat$liges weredipagd ipdistjlegwater fas 3p ﬁe@éewmt@d 'HEQQ‘YO eéiﬁin@d@f fioiﬁﬁé ap\RBCs
(1,3,5 e+FI\E€ﬁ<r‘aIr dM&. erhk 3FRE weRINDdEr96k uﬁaeplrgadm@&g@apg%?mgué:@mpul ted into
PCR t ubes | s were anplified by whol e genone a ication and array
conparative genom c hybridization performed. Cells cytospun onto slides
wer e Wi ghtDensily gradienhcerffif@Baion denti fi ed norphol ogically (Figure 9). The
slides that, contgigy gag of NRGSef@gde- st ai ned and i munocytochem stry for
epsi | on-gl obi n shovve that FNRBCs were foetal in origin (Fiqure 10). The
mean recovdryct” CRRIRERRCIHAT Pysaped gommersially %%?rﬁ?@“( yEagleat ‘%)1 130.9PRRBCs
recover ed ireralli gad@ites.08haeh .1 @Nged phphree @bmlhid @bcic &dldtvn baaputiox Wikt el y
1.32 e+FNRBCs per nml of nmaternal blood obtained at a nean gestational age
of 9 0.8 weeks (Table 5). One maternal2®l ood sanpl e had hi gher nunbers of
e+FNRBCs (55 e+FNRBCs vs 19 e+FNRBCs in eupl oid cases; p>0.05) cane froma
pregnant woman carrying an abnormal foetus with 46, XXX (as confirnmed by
karyotype |l ater). Another sanple which had the highest nunbers of e+FNRBCs
(105 cells) had a normal karyotype however, upon cl oser observation of
maternal clinical history did not reveal any clinical cause except for full
bI ood count dermnstratl ng mcrocytl C, hypochromc anaema Th| s may have
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Gestational age of foetus (nmeanSD) Total volume of bl ood processed (i)
Total e+FNRBC enri ched e+FNRBC/ sanple e+tFN RBC/m1 27.3 8.3 years 9.0

0. 8 weeksyd8@:isldoange: 10-20) 502 (range: 1-105*cell s/ sapphRl:26B/0802282- 9
(19.0 10.3)** 1.32 (1.0)** Table 5 Enrichnment of e+FNRBCs after density

gradi ent centrifugation and CD45/CD147 sorting from pre-TOP mat ernal bl ood
(n=20). *patient with clinical history of anaem a and abnormal foetus

69, XXX. **exclusion of e+FNRBCs from patient with clinical history of
anaem a and abnornal foetuses 46, XXX

1.5M NaCl (p=1.058 g/ml) (Percoll™ Methodology and Applications 2nd Edition, Amersham
Pharmacia Biotech, UK). Percoll™ gradients were prepared according to formula

V0 = volume of Percoll™ stock (1.130 g/ml)
V = volume of the final working solution in ml

p = desired density of final working solution in g/ml

p0 = density of Percoll™ stock in g/ml (1.130 g/ml)
p’ = density of 1.5M NaCl (1.058 g/ml)
1.5M NaCl to make up to final working solution volume

. Measurement of Percoll™ 1118 density
Measurement of density was performed using a Densito 30PX densitometer (Mettler
Toledo, Ohio, USA) and 1.118 g/ml gradient achieved by adding 1.5M NaCl.

. Centrifugation

Maternal btood is diluted 1:3 in PBS and gently layered over an equal volume of Percoll
™1118 (maternal blood:PBS:density gradient 1:3:1) in 15 ml Falcon tubes (BD
Biosciences). Samples were centrifuged at 2095 x g (Beckman Coulter) for 30 min at 20°C
with brakes off. Cells from the interface layer were collected.

Titration of anti-CD147 antibody concentration for MACS

To determine the optimal anti-CD147 antibody concentration for the separation of FNRBCs
from model mixture, model mixtures of FNRBCs and adult RBCs were prepared (1x10°
FNRBCs spiked into 49x10° adult RBCs). Titration of anti-CD147 antibody was performed
with dilutions of antibody in PBS - 1:100, 1:1,000, 1:10,000 and 1:20,000. Model mixtures
(n=3) were incubated sucbessively with different antibody preparations and secondary
antibodies tagged with magnetic beads and separated by MACS system. Cells coliected
from the positive fraction (CD147+) and negative fraction (CD147-) were counted using
héemocytometer and cytospun onto slides.
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These e+FNRBCs can be | aser capture mcrodi ssected and array CCH for
genetic diagnosis performed. Prelimnary data of CDl147+ enriched

epsi | on- gygbhix/fesiti ve FNRBCs from a pre-TOP mat er nal pplrRedosaiihe in a
pregnancy with a nmale foetus (Figure 11). The e+FNRBCs were | aser

m crodi ssected (LCM and catapulted into a PCR tube. DNA material from
these cells (1,3,5 FNRBCs) were anplified separately by whol e genone
anplification (WA and m croarray-based conparative genom ¢ hybridi zation
(aC&) were perforned. Arrays profiles of 1,3 and 5 FNRBCs confirmthat the
cells are foetal in origin by the presence of the XY signal (Figure

11D, E, F). @Hﬂﬁhﬁfbﬁmf e%nbﬁ: tasmgpcmﬂletﬂmé@&&&rﬁhséz&f?&n%fre-fe#ﬁhﬁﬁﬁ ofas

achieved in all sanple ata shows that FNRBCs were present in first
trimester PREHPRGY mﬁfe('iB‘H béﬂ?& their identity was confirned by
i rrrrunophenthrngiongnammdn bivod wat calleetbd (l0ea0 mipinaeo), tival prévetddadslipwng akbgaie

haenogl obi I F

novever t he parine Rt IS PkB £ bosHE Rk HICH S s B &) (P BRES, o,

mor phol ogy Wi @Hteddn F&S Clohif Iav¢fﬁ¢ @é@raPerP@ILéWﬂﬂwGEﬂHﬁ@IthC@mmdyceomftmeq 3

e+FNRBCs pegeiistin pierfa®d %E/éPaherb|c@%te‘d/aﬁ/aéHédQgﬁh@?ﬁ@@@c&n\ﬂn{ﬂb €84 BSKA ah%RIORrBtC:
i den e+

th t f t al
T om e or 1RCHFb S8 Slorpfeat teteResc Ay SHERL (BT HLFENEER o B! st ent
recover i es:Mi@hnyi e I0mFnatpd€sandlwadhed rtoaémoveeegptastc beavas Latetlet tald wWegonf i r med
later by k%ays%msaghqjo @Fé mbg%omnmﬁénmeuﬁn heéaﬁug% gsctléﬁs ﬁé?g'bl}%ﬁgeﬁu wer e

enri ched from mat ernal of the tri idy pre t han

t he mean oﬁoﬂ@e‘bmﬁ\ﬁ%@teﬁé‘?‘“@aﬁ?ﬁ?eés’?’?]'”ﬁ'éﬁaﬁfﬁrl’s (5p RE ‘ﬁé”"c FQ?@E'%PPE'@!PI s have
been repor t@tvey dminrane washingtie beiwkedbeio@d witing Wadtdagiad iodt: #REiHaLISktiEN
pregnanci e T, C n ficki f. foetal
cells into 'tﬂeﬁlﬁ;:tdg?y ﬁqﬁ%q%g gtggl? th?tog)bdnﬁedn gbgq’i? q )}I’ngs * tn‘grﬁﬁtﬁ%l ities
in the foetantibogy 18 hadded|pet | @scals; in Feal mcabailnoaplumaroﬂ@q Lil $ﬁé§1@rr@H@NRBCs can

be |aser capg Ufe%eéﬂr@Wﬂl‘ﬂ'n%@ﬁ&thcr@ﬂé&d@%@Yga@@Tb fREnABELd /15 qhﬁﬁap(&ﬂoﬁu

erformed. Pr resu are quey e er timzation
Ps requi r e®®t gbré%lg yft ﬁ'e'nﬁ%t?az% V8|U foo @tl Ff’ ‘ieﬂy‘)or%‘é?éjthS‘ k@%ﬁ%‘hetl c
cal | s easy (an@D4c/Clr 4T+¢ V\taei/\(asr@dta@dmgtowtmmnmdsna& &ENaBagmest mcrchﬂogmatﬂye.
Enri chment joiyifeiRE(S \f/\lrnSﬁPsf 'srtéltnné FABSHET iy ec,romwﬁéh' ) O \;\%mcy

mat er nal bl ood, manual | ecti on using mcro tor  and. stream

nol ecul ar é‘ﬂ'ﬁPWé@ChFﬁ“ﬂ@t @?'Hﬁ WfEe [CY1ogPUp rOBi0eBs ﬁjg‘i’%é“‘éﬁﬂ‘i"ef@ﬂr@?t gaNP®hody can
enrich foetaali opsérvad m\bﬁbhelbgitdlly 0oblidas tvith( IFINRERCSS Wefer RIBNIBY &hd ale-dMiR@dios anpl es
obt ai ned pry term nation of pregnancy and are foetal
in origin, %{opéﬁg'rné g@gﬁ%&% n=8) sanples were collected

i nredi atel y prior to el ectl ve term nati on of pregnancy procedure, and

ber col | T La oot ENRECe o piaBrmlhattnd 8 Brobrhy el g
S
negative d&§F@MZIPY °r(ﬂ§3‘§3redgﬁ?q"§r‘éﬁbf’ %ﬁﬁgl P‘%@%‘%’%’ve sel ection of cells
per f or med. P@eTOB rhatemalORdct wa$ rcaliscied (1080 emis ha8)nard wirke horbiassdus tollawiag
CDA5- AF488 n@ﬁglvg%@b\@twnyof%ﬁﬁdﬁe”@ Cﬂﬁq‘/ OSSIGE%&(% @L F‘lﬁb@yrd@sc:l'lg%d FNRBCs

were picked Tn grou eneve resul

that PNRBCEDRBUPETBE ENFEER it TISCEENIHBIN GeHEpd MAckd ehdickis) @elisdroeme
CD147+ fracDiam basiedwer sidieedpiseedtibed ahd mictdnemipusitariaglisied bR piskiry |
absence of n CD45 (CDA45- AF488-) and norphol ogy. FNRBCs
enri ched frog#rr*?%@ge ple%nl’rreg]teer nal bl ood sanples (n=8) were identified by
fluorescent staining. Mrphologically, FNRBCs have higher

cytopl asmi <F|uwé‘dcemr étaﬂhlr@ ((ﬁl g}manl?:ééus am.cue@nf.fohpomt%ﬁ?mt bRJodl b9 i N
sol ution, ENRBCs rt entif L’E& a%}ﬂ manual |y picked using a

ni cr onani p{t' ‘ét°8]a"fp6'a? azfﬁ‘f eé‘rm?'B’a RGBS (Figure 12E): FNRBCs were

CD45- negat i0bg4anckliblorthsd frent aatesch! plobdi &pntainthg FNRBOs raes eduit RBO 3} megcrepe
(shown is I G 0 both
ot - CD45- LTSRS IR ooy ol S il h ) BRCoPREkI Y 2

17.3 FNRBCé'U?fP%ﬂ?@eeAF@Bl(S‘X'UE@”P87’ 1("pyppad B)DN/‘déPef'@gw@Péh%* sl HbSoFKAl each
consecut i venl sangisperaing, agaroond. NBingIny: [AvitfodeNRR&sSadaies and inelibafatier Jahinbl ood
was obtained at a nean gestational age of 8.7 0.9 weeks (Table 6). All
foetuses had normal karyotype except f@ one with Trisony 3 (39 FNRBCs).
Two sanpl es had hi gher than expected nunbers of FNRBCs, 103 and 151
respectively, however, no obvious clinical cause could be found to explain
t he hi gh nunbers of FNRBCs obtained fromnmaternal blood in these two cases.
Mat er nal age (nmeanSD)30.9 8.4 years

53



Gestational age of foetus (neanSD)8.7 0.9 weeks Total volune of bl ood
processedl56 (range: 17-20 ml) Total FNRBCs enriched424 (range: 8-151

cel | s/ sanpbe)13RBes/ sanpl e (meanSD) 53 17. 3 FNRBCs/ nl2 pé1/Rahb /000229
Enrichment of FNRBCs after density gradient centrifugation and CD45/ CD147
sorting frompre-TOP maternal bl ood (n=8) Consistent enrichnent and

m cromani pul ati on of FNRBC (Hoechst +/ CD45- AF488-) was observed in all 8
mat er nal bl ood sanpl es. An average of 2.7 FNRBCs per nml of maternal bl ood
(range 8-151 cell s/sanple) was recovered by fluorescent staining and

m cromani pul ati on. O hers have reported success in retrieving FNRBCs with

M cromani pWefd wére séuﬂdddmsdt 36@/@mrfaos)mw ¥nd r8ls8&penblé i calffe Bibdiuh aStaled dat a
present ed abI ve. Anot part using. mcro pl ul g el | S Jidentlfled
g cpei PO Wera ARG OEH HED Thorpiian HirisGhRaBbnRy® BESp Al nabal G diers ne
cases. M crperﬁtamepmt 7t nHwes péripbenak bidod onamohuoisat ceisesaavedcad kenitols W agnose
abnor mal %9% WnRA dré‘%ﬂr\dd:[ﬂ&!s %@%%&cﬁ&%@h@ﬁf 1@%5!&% ?r@&b(;m nhgvys D and

haenogl obi nopat hi es. An avera&w . 2 foetal mat er nal
bl ood ( 1- 7 Madfipd DH'@?C%ér?ﬁdé’j“ drogeR GibRYd+ % desiyjheyee fij‘dﬂé?iﬂ@r?ﬁhé@ul ar
dystrophy. deheaiys +Dwesvinh sguo sedmisiimgrogend Giocbsohat edi/f §-matcdptoasaml of

otrioved A b oo dRbecsdy SR Tt b oBRERE, 25 bpos oy

sanpl e) toadﬁ”‘a)@ﬁtﬂs@vh@@ﬁb@b@cbr nopat hi es such as sickle cell anaenia and
13-t hal assaem a. In the present study, FNRBCs (Hoechst+/ CD45- AF488-)
col |l ected Mﬁ"m cr. bl ood sarrpl es were used for

further Pﬂlsﬁ' mmﬁ?‘feﬁbftrs@ iged ‘é‘f'gadﬁsf"é’l RICrAEBHIRYARE i on of foetal origin
of mcr orrarlonduat ENREDIRBGEh emg iHobewt Positive neant e@ Dréf-AA88 o gAtive WhesE eiaechone

anpl i ficat iu?rﬂg a micromanipulator (Narishige, Japan) and an inverted microscope (Olympus [X70).
Stained cells were re-suspended in culture medium (1-3x10° cells/ 100 ul of medium). In a
60 mm culture dish, 100 ul of CD45-AF488/Hoechst stained cell suspension, 50 ul of
culture medium (for collection of picked cells) and 50 ul of 1x PBS (for washing of cells)
were loaded as separate droplets. A micropipette (Origio, USA) with an internal diameter of
20 um was placed in the stained cell suspension droplet. Hoechst positive and CD45-
AF488 negative FNRBCs were identified and manually picked and serially transferred to
the droplets containing medium and 1 x PBS before being transferred to PCR tubes and
stored at -202C for whole genome ampilification.

Whole Genome Ampilification (WGA)

Manually picked cells were lysed using 3 pl Cell Extraction Buffer from the Sureplex™
WGA kit (BlueGnome, Cambridge, England). DNA was extracted by 75°C incubation for 10
min followed by 95°C incubation for 4 min using the Extraction Cocktail provided in the kit.
WGA was performed using the Sureplex™ WGA kit (BlueGnome) according to
manufacturer’s recommendations with 16 cycles of amplification. The quality and quantity
of all amplified DNA samples were assessed by PicoGreen® assay before performing
PCR.

PicoGreen® assay measu‘ring DNA yield after whole genome amplification

A DNA standard curve was prepared using 2 ug/mL stock standard (Promega, Wisconsin,

USA) in TE. Five-point standard curve from 1 ng/mL to 1 pug/mL is prepared according to

dilutions below in Table 4. PicoGreen® (Promega) is added to the working solution in a 96-
 well microplate, thoroughly mixed and incubated for 5 minutes at room temperature,
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M cromani pul at or assi sted picking of FNRBCs enriched from maternal bl ood
after anti CD147 anti body separati on was based on norphol ogy and nucl ear
stai n (Hogehsfsleo2f3er confirmation that mani pul ated cel | cifse20R@6ed) f 0et a
inorigin, prior anplification of the FNRBC genetic nmaterial was needed for
downstream nol ecul ar anal yses. To perform whol e genone anplification of
FNRBCs and assess the yield of anplified material. The FNRBCs obtai ned
usi ng the above protocol was collected in groups of 10 FNRBCs per tube.
Whol e genone anplification of the FNRBC sanples (n=8) and picogreen
nmeasurenents of DNA yield post-anplification were performed. The yield was

compar ed t QuibRARRh |dih niOONAR EMBICTER WO VolBhekethof aBv Ll de- L1 Ssue

(control). The results showed he mean RNBCs from
mat er nal  bIMEIdNGIgR125.1§0 %P§°@Fe§”<? rﬁ%é‘i‘f’edéEMe %%‘Dl‘-l‘? Wﬂ”s é@%r@l's @P'@’atedﬁ 9)
(Figure l4)mimdtechn the dark 88x I@3fidondsderermedshea withathe (D BS @00/88Mutieatet i cal

cal cul at ed NG } cells (Figure 15). The nean DNA yield for
10- FNRBCs f[%gé%?‘{ﬂ%cl Wa{%&&ég 0.5 lig (mean SEM (SD=1.5: 95% d 5.5 -

7.9) whi ch Voime 10Dk 208lglV@lumenf éBdW) conpdiodret hat plileteénfinah DNA

t heor et i cgll3poddabraigrapkageqgenoni ¢ DNA i n 10 PielreenPrilhur e ’LS‘)”CGN%t'ﬁ@ugh'ft he
mean DNA yﬁ&gﬂ_i_mmmm__obLal_n@d_l_o-_ENRBCs_\Aas_thhel t hBKCEEp®apeRn
mat er nal ©BH88d-n rveddsignifi 89 gn nce—was—seel 14‘94'7”05\ (Figure
14). The i % 109 cation of F!L'

pi cked frq g‘ t} 04 he DNA yiergH Eg/mlm FNRBGs
from pi ckeg- ‘q 8'm°+ Whol-e—g :égnk
aerllflcat T2 > ""i": Du.cly
90-fold there orgflgﬁgﬁff%ﬁg&dﬁ ¥r E‘T’eéé‘d ar anal ?/Hggﬂ émlﬂl'eal -tinme

pol ymerase chain reaction (PCR) for foet al sex determ nation To determ ne

L he fo?t ?I DNA itfacfibn ﬁbﬁ\rrﬁﬁaﬂiapcbmt uEWS&c&néntrslaad from mat er nal tbl OOgCR
y real -ti 5|n r |on i me

for SRY angﬁfﬂj‘?ﬁ&rﬁ P8 g‘“@‘i ggper”ﬁ%@épﬁgfp glﬁ&fo ”"c’dYﬁI‘?I F? %%eg {Qf/br ned

using 3 pl SO% WdasmpﬂmnflatedalWSﬁroeHﬁ/rﬁhmac(emaByssueAsnd:mnmh*actddsat satgpl i fi ed

DNA from F htrmﬁﬁb%eraYarP' ﬁg@dtrafnrs@ﬁbcw o 1 fiegﬁt fi‘:be g&hP ?IDNAIu(n ?F act ed

fromtrophob ast_tissue), maternal é:]enom C (extracte rom + WBCs),
mal e genomi Rbesi&hioFrio e HAYEP 98BI isnPd Whﬁe?oém'a'l‘ S¥psame{teyed ¢nfilnmidgc gnd
experi nent cefﬁhiegesoeatﬁotasx@h@vmdnhh&mpgematuvfasccemteﬁm&b aomesiOfubE BiBESUapbt ai ned

vas 1081 0 ENER 0L NEC ) L DLSAEBEAES RO e | 0113
pr egnanci eyisii: PYAbrepewas ‘@aqh@@mge m@%ieﬁ@mqirﬁh@mpoﬁypfab% @ricje apd leBRY and

presence ofdr)l-laﬂqp(@g)@,ﬂé)sugd-'gngw,ﬁ1@@u|oTa9Ibgﬁe}) Foetal gender in seven of the
ei ght cases were predicted accurately (Figure 18; Table 8). SRYHBB

Mal e( n=4) 75%400% Femal e(n=4) 0100% Tabl e 7 Presence of SRY and HBB i n FNRBCs
enriched frﬂmiﬁmeBCRa‘brfpbtabgleriderpetegniaﬂmres carrying nmale and fenual e

foetuses. Hg. tFnNBBé"ﬁ aﬁé\%:&@&sdd&%'d% ]goet ;Tp%é%s ARl PRBY s@Bthnce Detector

m cr omani puI ated were confirned as In origrn excep t I n one case.
Anpl i fi cat i‘OpPlIe Bispyetems. CRlifrmia, MPAPCReplopiNKEES), ﬁPcﬂ'?P?ﬂ?éOl&f cone F¥A
sanpl es wi tnialgrade dgeegneg) eagionas (BRY) BefC gesfet detex@iatioh outgd abdigseAMEheY gene

anel ogeni r u itative
1£I uor egcengc()a” Wt}% é%ngl%rsp%r%sg 0%‘1‘? @IT Em%crﬁfaa?ggaﬁ@ W%f sgsﬁgsgﬁgl y due
to the prol@waidod-TAiG EGACT Y 696[9AA(AWGQrﬁ (RRQ D NPORX BRY-savalsk, &bt i ti es

of DNA. Theqr RGT HcEarseach AMBGATEMRI BEQUIDKROWY: SARLdRRSE-(BIFsRh AGT | ses i n

ol 11 cat ST ARk S5A ToAER das %ﬁ\i@%&@h@i@?@%ﬁ? K
condi ti ons,CAZ) CTG@CTWGTt @AG EAG ABS(SEQ IB)NO: n)adlequa\teeseﬁep@aaremmofcmw h DNA
CCT GCC CAG-3'(SEQ ID NO:5); HBB-probe, 5'-(VIC) AAG GTG AAC GTG GAT GAA
GTT GGT GG (TAMRA)-3'(SEQ ID NO:6). Commercial male genomic DNA (Promega) with
known initial concentrations was serially diluted (5-folds) to generate the standard curves
for HBB and SRY. Samples and standards were run in triplicates in the same assay. Water

31



strands, 4) DNA strand breaks, 5) DNA damage or deterioration during
preparation, 6) restricted access to the target genom c sequence (G Crich

regi ons) Wg bizoprsiners and Taq pol ynerase reduces denalpgiaiGhein/edhs ci ency
observed <40% FOR success rate of FNRBCs isolated from maternal bl ood used

to di agnose 6-thal assaem a as possibly arising fromthe apoptotic nature of
these cells and condensed nucl eus. Single cell anplification has high rates
of ADO and sone researchers have suggested a mininmumof three cells is
needed to achi eve 100% anplification efficiency and ADO rates that approach
zero. C. Quantitative Fluorescent-PCR for anelogenin (AVXY) To determ ne

that m gr Omktgul![léi% eﬁlcu!afallRBQStnbn@s@yeé.eeaéhr PORMAE %h@ﬁdcamroasbaave cehrdiget al in
orlgln Yy antitatli ve UOI’eSCG e
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Xp22. 1- Xp22Vastdr ANE(AplieirBlosygteths). SRY ANEHBP. prifibEELWere Lisesisn a fidd) Bormenization con
wher eas ANErJf}SghMe:ﬁ]erdr&% b a%ﬁa‘i R A RbA SPébs rﬁfrd@%%ﬂf/&y TR ther%rx!e% dt AMKXY)

was perforne %s“ from FNRBCs 8 As contro
anpl i fi ed DNERAFRFSHFFNIRERCS IR 196205 DNACKRS® UseddR %‘T‘H"!“Fat'a?rdThﬁﬁ?aéPYFélﬂg Benomi ¢
DNA wer e arsutty SRY.andHBB @adinttiated vaty 4 badin geOGitibe a€60Tll to@lbivahe @faciFNRBCs

obt 2 ned g8 bIhA) o 4 BioBNePY o F bR 2083 a0 WAl 5 el e | o

obt ai ned from |00 wer e confl r e
all el es (10® «plds af(B)C ©n1%1$r@md)@)e(ﬁ’fq1i1(WAWY) wher eas fenal e foetal cel S
obtai ned from maternal blood carrying female foetus were determ ned by a

singl e aIIe 103 or AMXY (Figure 17). . 1 and MB4 (FNRBCs from

mat er nal ‘Eﬁi'(" % %&%ﬁ??'é&?ﬁf?ﬂe}%f‘w (?Ng@i% all el e (AVELY gene) was
anplified ama)FeHGFehmactysttrfonpwa\a/am tabdam vapdatf (SR} markéMizsXpertdomeslvier25 (gender s
for all i (403 bp
anpl i con)(Crg%&E?)\@Er}rrg P%@%#'H%ﬂ%%%éé? ﬁtsc%(;\yn;\ §)1'1);35%‘[’{/(1 Ojﬁ%:dung ?é %Yeso:}'

( n=4) 10099 %ath Hysessenitaletgd ang uniahelebRETR’ WAID BigREIBerd 1 BAY rﬁ'&ﬂt@ﬁmasmr ood.

OF- FOR anal r}oﬂfil@a@én Hmmosemrny)cbadnnﬁmnm oﬁllﬁélam@ﬂilbéﬁlléhﬁﬂl’a@ﬁ&){? absimixed g
m cr omani pul.at t oye _tha n & an
respective s@xgg s @Srr?fdl rar?god)% “YEen Scéygﬁnégx ?becaﬁbog(y_t)?m mme?gh?p% gses ADO
was seen Wi Bipsystaensy siid sianglawis IOAWEY\_'%' reagtioh icfateckefére denaturatipineat Po%x fasemirhowever ,

AVELY gene MToBIHGCR 9SS Wr IVl LAdIRF) disbrBpiRetaRftSan MBI Biunt oY GonBael their
sex as mal Enalyser (Applied Biosystems) and analysis using GeneScan Analysis Software version 3.1
(Applied Biosystems).

Fluorescence in situ hybridization (FISH) of micromanipulated FNRBCs from
“maternal blood
FNRBCs from CD147 sorted maternal blood as well as corresponding villi (control) were
micromanipulated onto glass slides pre-marked with a diamond scribe to indicate location.
FNRBCs (range: 8-15 FNRBCs) were loaded per slide. Slides were cytopsun at 700 rpm
for 5 minutes and observed under light microscope to confirm location and number of
FNRBCs before initiating FISH procedure. FNRBCs were fixed by adding Carnoys fixative
(3:1 methanol: acetic acid) drop-by-drop on a thermal biock at 60°C. Slides were immersed
in 2 x saline sodium citrate (SSC; 3M NaCl, 0.3M sodium citrate, pH7.0) and incubated at
37°C for 30 min. Next, the slides are incubated at 37°C for 13 min with pepsin (0.005%)
diluted in 10mM HCI. Slides are washed with 1 x PBS for 5 min at room temperature. Slides
were placed in fixation solution of 1% formalin and incubated for 5 min at room temperature
and washed again with 1 x PBS. The slides were dehydrated by placing them consecutively
in increasing ethanol concentration (70%, 85%, 100%) for 1 min each at room temperature.
Slides were incubated for 5 min in denaturing solutions containing 70% formamide (pH7).
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D. Fluorescence in situ hybridization (FISH) of m cromani pul ated FNRBCs
frommmaternal blood To performfluorescence in situ hybridization (FISH) of
m cr omaniwolaizadBNRBCs from mat er nal bl ood FNRBCs m cr egarigReiabeds f rom 6
post-term nation of pregnancy (TOP) maternal blood and 1 pre-TOP naternal

bl ood was tested. Corresponding villi FNRBCs were m cromani pul ated onto
glass slides as controls. The results show that CEP XY signals were seen in
at | east one FNRBC in all post- and pre-TOP sanples. The nunber of positive
signals per sanple varied (Table 9). The FISH signals are shown in Figure
19. FNRBC - no. of FISH signals Gestation Sanpl esType (Weks) Post-TOP8+3

MB74 Post - T$)d8s deMBI P8t iR 1cbidMB4P BRahal Bl Adskefi@mty d6My8rded with 90%
and 100% ethanol. The Vysis CEP spectrum orange X and spectrum Y green probe (Vysis
AneuVysion Multicolor DNA Probe Kit, Abbott Laboratories, Abbott Park, lllinois, USA) was
used in all samples. The CEP probe was mixed with hybridization buffer (50% formamide
and 10% dextran sulphate in 2 x SSC, pH 7.0) in the ratio of 2:3. Three microlitre of probe
was added to each slide. The LS| probe was used directly. The slides were covered with a
coverslip and the slides sealed with parafilm. Target DNA was denatured on an in situ
hybridization block (MJ Research, Waltham, USA) at 75°C for 7 min followed by
hybridization at 37°C for 16 h. The coverslip was removed prior to post-hybridization
washes with 0.4 x SSC/0.3% (NP)-40 at 73°C for 2 min and 2 x SSC/0.1% (NP)-40 at
room temperature for 2 min. The slides were air dried at room temperature before mounting
with 6ul DAPI (4,6-diamidino-2-phenylindole) as counterstain. A 22 mm glass coverslip was
mounted to spread the DAPI| evenly before sealing with nail varnish. The fluorescence
signals were visualized and enumerated under single and dual bandpass filter sets (DAPI,
green, orange, aqua) (Abbott Laboratories) within an epiflucrescence microscope (BX51,
Olympus America Inc., Center Valley, PA, USA) that was fitted with camera (Applied
Imaging, Grand Rapids, MIl, USA) for image captured. Images wete captured using
FISHView, 2.0 EXPO (ASL Carlsbad, USA). -

Statistics

Parametric statistics used: mean, standard deviation (SD), sample size (n) standard error
(SE), standard error of mean (SEM), 95% confidence interval (Cl), one way analysis of
variance (ANOVA) and Bonferroni post-correction analysis. For non-parametric statistics
used Wilcoxon signed rank, Mann-Whitney “U” and Linear Regression analysis. SPSS
statistical software (SPSS Inc. USA) and GraphPad (GraphPad Software inc., California,
USA) used were used for statistical analysis of data. '

RESULTS

Determination of CD147 antibody dilution for use in MACS cell sorting

CD147 antibody binds to both FNRBCs and adult RBCs. Binding of anti-CD147 antibody to
adult RBCs is variable, fhough generally weaker than FNRBCs. Therefore, antibody
titration experiments were carried out to determine the optimum concentration of antibody
needed. Criteria for selection of an optimal antibody dilution for future experiments: 1)
maximum recovery of FNRBCs in CD147 positive fraction (CD147+), 2) minimum recovery
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of FNRBCs in the negative fraction (CD147-), and 3) maximum depletion of adult RBCs
from the positive fraction (CD147+). , '

For antibody concentration of 1:100, mean recovery of FNRBCs from the CD147+ fraction
and CD147- fraction was 94.0 £ 1.6% (SD=2.8) and 1.0 + 0.1% (SD=0.3) respectively
(Figure 8). Mean recovery of adult RBCs in CD147+ fraction was 97 + 1.3% (SD=2.2)
which is only a 3% depletion of adult RBCs (Figure 8). For antibody concentration of
1:1,000, mean recovery of FNRBCs from the CD147+ fraction and CD147- fraction was 90
'+ 4.4% (SD=7.7) and 1.0 £ 0.3% (SD=0.6) respectively. Depietion of adult RBCs from
CD147+ fraction was 5% with a mean recovery of 95 = 2.5% (SD=4.4) (Figure 8). Antibody
concentration of 1:10,000 had mean recovery of FNRBCs from the CD147+ fraction and
CD147- fraction 79.6 * 5.2% (SD=9.0) and 6.4 + 1.0% (SD=1.8) respectively. Mean
recovery of adult RBCs from CD147+ fraction was 11.3 * 4.8 (SD=8.4) which resulted in
88.7% depletion of adult RBCs (Figure 8). For antibody concentration of 1:20,000, mean
recovery of FNRBCs from the CD147+ fraction and CD147- fraction was 65 * 4.0%
(SD=7.0) and 22.3 + 6.8% (SD=11.8) respectively. Depletion of adult RBCs from CD147+
fraction was 87.1% (12.9 + 1.6% SD=2.7), similar to 1:10,000 (Figure 8).

The results for the antibody concentration of 1:10,000 were satisfactory among the 4
antibody concentrations tested. Concentration of 1:10,000 met the 3 criteria: maximum -
recovery of FNRBCs in CD147+, minimum recovery of FNRBCs in CD147-, and maximum
depletion of adult RBCs from CD147+. Antibody concentration 1:10,000 and 1:20,000 had
similar depletion rates for adult RBCs, however, recovery of FNRBCs from CD147+ fraction
was fower in 1:20,000. FNRBCs expressed higher amounts of CD147 antigern on its
surface (Figure 1) therefore, even with diluted antibody concentration (1:10,000), allowed
anti-CD147 antibody to bind to CD147 surface antigens present on FNRBCs much more
easily and readily. In adult RBCs the expression of surface antigen CD147 was much lower
than that of FNRBCs (Figure 1), thus, less likely to bind to anti-CD147 antibody.

Enrichment of e+FNRBCs from maternal blood collected prior to termination of
pregnancy (TOP) procedure

To determine if a protocol using anti-CD147 antibody can enrich foetal primitive
erythroblasts (FNRBCs) from maternal blood samples obtained prior to first trimester
termination of pregnancy, peripheral blood (15-20 ml; n=20) was taken immediately prior to
elective termination of pregnancy procedure, and processed without delay. The bicod was
diluted 1:3 with PBS, layered over Percoll™ 1118 and centrifuged. The interface layers
were collected and negative depletion of CD45+ cells/CD147 positive selection of cells
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performed. Cells were cytospun onto glass slides. The slides were Wright's stained for
morphological identification of FNRBCs. Slides with identified FNRBCs were de-stained
and immunocytochemistry for the identification of epsilon-globin in these cells. Epsilon
positive FNRBCs (1,3,5 e+FNRBCs) were laser captured, microdissected and catapulted
into PCR tubes. Cells were amplified by whole genome amplification and array comparative
genomic hybridization performed.

Cells cytospun onto slides were Wright's stain and FNRBCs identified morphologically
(Figure 9). The slides that contained FNRBCs were de-stained and immunocytochemistry
for epsilon-globin showed that FNRBCs were foetal in origin (Figure 10). The mean
recovery of e+FNRBCs was 25.1 + 22.9 per sample (Table 5). e+FNRBCs recovered in all
sampies which ranged between 1-105 cells; approximately 1.32 e+FNRBCs per ml of
maternal blood obtained at a mean gestational age of 9 + 0.8 weeks (Table 5). One
maternal blood sample had higher numbers of e+FNRBCs (55 e+FNRBCs vs 19
e+FNRBCs in euploid cases; p>0.05) came from a pregnant woman carrying an abnormal
foetus with 46,XXX (as confirmed by karyotype later). Another sample which had the
highest numbers of e+FNRBCs (105 cells) had a normal karyotype however, upon closer
observation of maternal clinical history did not reveal any clinical cause except for full blood
count demonstrating microcytic, hypochromic anaemia. This may have caused the foetus to
mount a physiological response to chronic hypoxia by rapid production of nucleated red

blood cells.
Maternal age (meanSD) 27.3 £ 8.3 years
Gestational agé of foetus (meantSD) | 9.0 + 0.8 weeks
Total volume of blood processed (ml) 380 (range: 10-20)
Total e*FNRBC enriched 502 (range: 1-1057cells/sample)
e*FNRBC/sample 25.1+£22.9(19.0 £10.3)™
e*FNRBC/mI 1.32 (1.0

Table 5 Enrichment of e+FNRBCs after density gradient centrifugation and CD45/CD147
sorting from pre-TOP maternal bicod (n=20).

*patient with clinical history of anaemia and abnormal foetus 69,XXX.

**exciusion of e+FNRBCs from patient with clinical history of anaemia and abnormal
foetuses 46,XXX

These e+FNRBCs can be laser capture microdissected and array CGH for genetic
diagnosis performed. Preliminary data of CD147+ enriched epsilon-globin positive FNRBCs
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from a pre-TOP maternal blood sample in a pregnancy with a male foetus (Figure 11). The
e+FNRBCs were laser microdissected (LCM) and catapulted into a PCR tube. DNA
material from these cells (1,3,5 FNRBCs) were amplified separately by whole genome
amplification (WGA) and microarray-based comparative genomic hybridization (aCGH)
were performed. Arrays profiles of 1,3 and 5 FNRBCs confirm that the cells are foetal in
origin by the presence of the XY signal (Figure 11D,E,F).

Consistent enrichment and the identification of e+FNRBCs was achieved in all samples.
This data shows that FNRBCs were present in first trimester maternal blood and their
identity was confirmed by immunophenotyping with an intraceliular monoclonal antibody
against haemoglobin-epsilon. Others have enriched FNRBCs from maternal blood,
however the methods used to confirm FNRBCs identity were mainly based on morphology
which do not confirm foetal identity. The recovery of 1-1.3 e+FNRBCs per ml of maternal
blood was in concordance with earlier reports using other strategies to confirm foetal
identity. Enrichment of e+FNRBCs from maternal blood samples was also attempted by
others with inconsistent recoveries.

Of the 20 samples, 1 abnormal pregnancy was detected (confirmed later by karyotype) of a
foetus with 69,XXX. A total of 55 e+FNRBCs were enriched from maternal blood of the
triploidy pregnancy much higher than the mean of 19 e+FNRBCs per sample in normal
pregnancies. Foetal cells have been reported to be more in maternal blood circulation in
aneuploid pregnancies. This may be secondary to the increased trafficking of foetal cells
into the maternal blood in the presence of chromosomal abnormalities in the foetus or
abnormalities of the placental barrier.

These e+FNRBCs can be laser capture microdissected and array CGH for genetic
diagnosis performed. Preliminary results are promising; however, further optimization is
required to reduce the noise-to-signal ratio in order to make genetic calls easy and -
accurate before being offered as a diagnostic service. | '

Enrichment of FNRBCs from first trimester pre-termination of pregnancy maternal
“blood, manual collection using micromanipulator and downstream molecular
analyses

To determine if a protocol using anti-CD147 antibody can enrich foetal primitive
erythroblasts (FNRBCs) from maternal blood sampies obtained prior to first trimester
termination of pregnancy and are foetal in origin, peripheral blood (10-20 ml; n=8) samples
were collected immediately prior to elective termination of pregnancy procedure, and
processed immediately. The blood was diluted 1:3 with PBS, layered over Percoll™ 1118
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and centrifuged. The interface layers were collected and negative depletion of CD45+ cells
and CD147 positive selection of cells performed. Cells from CD147+ fraction were stained
with Hoechst and CD45-AF488 and manually picked using a micromanipulator (Figure 12).
FNRBCs were picked in groups of 10 cells whenever possible.

The results showed that FNRBCs could be differentiated from other nucléated cells in the
CD147+ fraction based on the presence of nuclear staining (Hoechst+), absence of surface
antigen CD45 (CD45-AF488-) and morphology. FNRBCs enriched from pre-TOP maternal
‘blood samples (n=8) were identified by fluorescent staining. Morphologically, FNRBCs have
higher cytoplasmic:huclear ratio (Figure 13A), and upon fluorescent staining in solution,
FNRBCs couid be identified and manually picked using a micromanipulator for transfer to
PCR tubes (Figure 12E): FNRBCs were CD45-negative and Hoechst stained (blue) under
fluorescent microscope (shown is grey in Figure 13C). Mononuclear WBCs stained
positive for both anti-CD45-AF488 and Hoechst (Figure 13D).

This strategy recovered a mean 53 £ 17.3 FNRBCs (range: 8-151 cells) (Table 6). Cells
were recovered in each consecutive sample and approximately 2.7 FNRBCs per ml of
maternal blood was obtained at a mean gestational age of 8.7 £ 0.9 weeks (Table 6). All
foetuses had normal karyotype except for one with Trisomy 3 (39 FNRBCs). Two samples
had higher than expected numbers of FNRBCs, 103 and 151 respectively, however, no
obvious clinical cause could be found to explain the high - numbers of FNRBCs obtained
from maternal blood in these two cases.

Maternal age (meanzSD) 30.9 + 8.4 years

Gestational age of foetus (meantSD) 8.7 £ 0.9 weeks

Total volume of blood processed 156 (range: 17-20 ml)

Total FNRBCs enriched 424 (range: 8-151 cells/sample)
FNRBCs/sample (meantSD) 53+17.3

FNRBCs/ml 2.7

Tabie 6 Enrichment of FNRBCs after density gradient centrifugation and CD45/CD147
sorting from pre-TOP maternal blood (n=8)

Consistent enrichment and micromanipulation of FNRBC (Hoechst+/CD45-AF488-) was
observed in all 8 maternal blood samples. An average of 2.7 FNRBCs per ml of maternal
blood. (range 8-151 cells/sample) was recovered by fluorescent staining and

37
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positive FISH signals. * MB84 - 10 cells were | oaded onto gl ass slide but
only 2 cells were | ocated post-FISH One of two showed cl ear FISH signals.
CONCLUSI ON The anti-CD147 anti body has been shown to be useful for

consi stent enrichrment of e+FNRBCs from maternal bl ood, and FNRBCs coul d
reliably be identified and collected for anplification by WGA and suitable
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maternal b ll\(;fig%maﬁi'bgﬂgl%l; agisqgﬁ piclgir?gg gf %ﬁﬂgé? 'e%rc'?gfed from maternal blood after anti-
CD147 antibody separation was based on morphology and nuclear stain (Hoechst). For
confirmation that manipulated cells are indeed foetal in origin, prior amplification of the
FNRBC genetic material was needed for downstream molecular analyses. To perform
whole genome amplification of FNRBCs and assess the yield of amplified material.
The FNRBCs obtained using the above protocol was collected in groups of 10 FNRBCs per
tube. Whole genome amplification of the FNRBC samples (n=8) and picogreen
measurements of DNA yield post-amplification were performed. The yield was compared to
DNA amplified from 10 FNRBCs manually picked from vilii tissue (control).
The results showed that the mean DNA vyield for 10-FRNBCs from maternal blood was 5.9
* 0.8 ug (mean = SEM) (SD=2.4; 95% CI| 3.9 — 7.9) (Figure 14) which is an 89x103-fold
more than that present in theoretical calculated genomic DNA in 10 cells (Figure 15). The
mean DNA yield for 10-FNRBCs from villi was 6.7 + 0.5 ug (mean £ SEM) (SD=1.5; 95% ClI
5.5 — 7.9) which is a 101x103-fold increase compared that present in theoretically
calculated genomic DNA in 10 cells (Figure 15). Although the mean DNA yield from villi
obtained 10-FNRBCs was higher than that from maternal blood no observed significant
difference was seen (p>0.05) (Figure 14).
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SRY 'HBB
Male(n=4) 75% 100%
Female(n=4) 0 100%

Table 7 Presence of SRY and HBB in FNRBCs enriched from maternal blood in
pregnancies carrying male and female foetuses.

The FNRBCs enriched using anti-CD147 antibody and micromanipulated were confirmed
as foetal in origin except in one case. Amplification of SRY by reai-time PCR of FNRBCs
from one of the four samples with male pregnanéy was not successful even though the
AMELY gene (amelogenin Y) was shown to be present for the same sample by quantitative
fluorescence PCR (QF-PCR) indicating that as a male. This is possibly due to the problem
of allelic dropout (ADO) unique to PCR of small quantities of DNA. The precise cause of
ADOQ remains unknown. ADO most likely arises in the initial cycles of primary PCR before
the target molecules undergo amplification. Suggestions that ADO maybe from 1)
suboptimal PCR conditions, 2) incomplete cell lysis, 3) inadequate separation of both DNA

39



CLAIMS 1. A nmethod of detecting, separating and/or isolating at |east one
foetal nucleated red blood cell (FNRBC) froma sanpl e conpri sing:

a) treatiwg0isosaipl e using centrifugation in a densitycgradienboxaedi um
conprising of a density selected from1.077 -1.120 g/ ; b
contacting the sanple with an anti body or antigen binding fragnent thereof
that specifically binds CD147 at a concentration of at |east 1:20, 000,

t her eby producing a m xture; c) maintaining the m xture under
conditions in which a conplex fornms between the agent and the CD147 in the
sanpl e; and d) separating the conplex fromthe m xture; thereby

det ecti ng, sﬁﬁf&i@r@)t Dng s@rﬁﬁu BleaksS @) IINANGarh R cﬁ’NBE&:tofaﬁl@rﬁndhh@ Séphhdn, 8) The
met hod accordl t he, ant 1 bpdy o

th t f
Tt 1 gen b AT Rermdne HEeb eI SeHLBRa B L iE KBRS 88 g of
at | east 1TaQ,000¢raab rédast dénahhednaefitichci @Pser@dT D %wrEdRoducessoratk ny t o
ei ther cl a'FﬁirléCQ'Iso%teg%ﬁlr rﬁéthnhﬂﬁ’oo@%@é& ydlﬁjnésfia' @[ﬁ%lag%@h%%%ﬁl& §ﬁ§ng

Percol | TM sol ut1 on accor erein
Per col | TM §emubs apertRiis ”&tué%?ifs"f’?%? “@H%é”‘é?ﬂ”%’f‘seﬂ! ”P?L'Busglsr’ﬂg'e cell ampiification

has high rates of ADC and some researchers have suggested a minimum of three cells is
needed to achieve 100% ampilification efficiency and ADO rates that approach zero.

C. Quantitative Fluorescent-PCR for amelogenin (AMXY)

To determine that micromanipulated FNRBCs recovered from maternal blood are of foetal
in origin by quantitative fluorescent PCR using amelogenin (AMXY) foetal gender
determination. Amelogenin gene is a singie copy gene located on Xp22.1-Xp22.3 (AMELX)
and Yp 11.2 (AMELY). AMELX gives a 103 bp ampicon whereas AMELY gives rise to 108
bp amplicon. QF-PCR for amelogenin {AMXY) was performed on the amplified DNA from
FNRBCs (n=8). As controls, amplified DNA from FNRBCs manually picked from villi and
maternal genomic DNA were analysed.

The results show that genetic confirmation of FNRBCs obtained were of foetal in origin by
QF-PCR analysis. Male foetal cells obtained from maternal blood carrying male foetus were
confirmed by two alleles (103 and 108) on amelogenin (AMXY), whereas female foetal cells
obtained from maternal blood carrying female foetus were determined by a single allele
(103) for AMXY (Figure 17). In MB2 and MB4 (FNRBCs from maternal blood carrying male
foetus), only the 108 allele (AMELY gene) was amplified and allelic dropout was observed
for the AMELX. However, genders for all 8 cases were predicted accurately (Figure 18).

AMELX AMELY
(103 bp amplicon) (108 bp amplicon)

Male foetus (n=4) 50% 100%

Female foetus (n=4) 100% 0%

Table 8 QF-PCR for amelogenin of FNRBCs from maternal biood.
QF-PCR analysis of FNRBCs enriched using anti-CD147 antibody and micromanipulated

was able to prove that cells belong to the foetuses and respective sexes as confirmed by
karyotyping. In two of the eight cases ADO was seen with the failure of AMELX
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5. The nmet hod according to any one of the preceding clains, wherein the

anti body is a polyclonal antibody, a nonoclonal antibody, a chineric

ant i body,we 2nmmeizzed anti body or a conbi nation thereof pcé/SGhel2rmeihod
according to any one of the preceding clains, wherein the i mune conplex is
separated fromthe m xture using i nmunomagnetic separation, flow cytonetry
or a conbination thereof. 7.The nethod according to any one of the
precedi ng clains, wherein the sanple is nmaternal blood, maternal tissue,
cord blood or a conbination thereof. W) 2013/002731PCT/ SG012/000229 8.
The met hod according to claim7, wherein the maternal tissue is trophobl ast
tissue, |iepliidatsuie, m@pé dpustahowéeves MELY geneondsi suatdsshallyt drepldied in bAh The
nmet hod acc glo e Al ¥ i.n.about 1.16e+ FNRBCs per mlliliter of
mat er nal bﬁ%%é’ggkgg%ﬁ?g$gggr¥%ggﬁ#ﬁg'nethod according to claim?7, further
conprising contacting the maternal blood with an antibody or antigen

bi ndi ng fr agnenbretbaiceah $iahysifgdtibh C@FSH) &1 Mitvorhanipliate@aBURBOS fFow: ker on
at | east one whi &oQAOOd cell.

materna

To perform fluorescence in situ hybridization (FISH) of micromaniputated FNRBCs from
maternal blood FNRBCs micromanipulated from 6 post-termination of pregnancy (TOP)
‘maternal blood and 1 pre-TOP maternal blood was tested. Corresponding vilii FNRBCs
were micromanipulated onto glass slides as controls.

The results show that CEP XY signals were seen in at least one FNRBC in all post- and
pre-TOP samples. The number of positive signals per sample varied (Table 9). The FISH

signals are shown in Figure 19.

FNRBC - no. of FISH

signals
: Gender
Samples Type G\?VStann Probe MB Villi
(Weeks) (FISH vilii
Post-TOP 843 ()355 Male 4/10 8/10
MB74
Post-TOP 8+3 LS1 Male 1/39
* 13/21 a ]
MB76 Post-TOP 9+1 C;i'; Male 15/15 5/7
MB79 Post-TOP 9+3 C))(il: Male 2/2° 6/10
Post-TOP 8+1 ();55 Female 8/8 717
MBg4
CEP .
Pre-TOP 8+1 /Y Female 1_/2 7/7
MB85 Post-TOP 845 ?5\': Female 9/9 9/9

Table 9 Summary of FISH on micromanipulated FNRBCs from post- and pre-termination of
pregnancy maternal biood
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11. The net
conbi nati on

reagent is

wherein the

hod according to claim210, wherein the marker is CD45, CDl14 or
thereof. 12. The nethod according to any one of the preceding
clai ms, fWYPZABY00®BApri sing contacting the sanple w th aPRESGEE2/08¢239 ni ng
agent. 13. The nmethod according to claim 12, wherein the nucl ear staining
Hoechst stain, DAPI stain, acridine orange or a conbination
thereof. 14. The nethod according to any one of the preceding clains,
FNRBC is further isolated fromthe i mmune conplex. 15. The

a

nmet hod according to claim 14, wherein the FNRBC is isolated fromthe i mune
conpl ex conprising exposing the i Mmune conplex to a low pH  16. The net hod

accor di ng t % ME7¢ —olfece

the test fo
wherein if
gene i s abs

e ©
Ale

CONCLUSION

s|g a

The anti-CD147 antibody has been shown to be useful for consistent enrichment of

e+FNRBCs from maternal blood, and FNRBCs could reliably be identified and collected for

amplification by WGA and suitable for genetic interrogation by reai time PCR and
guantitative fluorescent-PCR. Micromanipulated FNRBCs from maternal blood have also
been shown to be amenable to fluorescence in situ hybridization. Together these findings
have demonstrated the potential use of anti-CD147 antibody for enrichment of FNRBCs
from maternal blood for first trimester non-invasive prenatal diagnosis.

The teachings of all patents, published applications and references cited herein are
incorporated by reference in their entirety.

While this invention has been parﬁcularly éhown and described with references to example
embodiments thereof, it will be understood by those skilled in the art that various changes
in form and details may be made therein without departing from the scope of the invention
encompassed by the appended claims.
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24The nmet hod according to any one of the preceding clains, wherein the
FNRBCs are human FNBRCs. 25. The nethod according to any one of the

pr ecedi ngvol281319273Wher ei n t he sanpl e conpri ses at | east PERSGAMINPEA? ed red
bl ood cell (ARBC). 26. The nmethod according to claim 25, wherein the ARBC
I s adult anucl eated RBC (AARBC).

CLAIMS

1. A method of detecting, separating and/or isolating at least one foetal nucleated red
bload cell (FNRBC) from a sample comprising:

a) treating the sample using centrifugation in a density gradient medium
comprising of a density selected from 1.077 -1.120 g/mi;

b) contacting the sample with an antibody or antigen binding fragment thereof
that specifically binds CD147 at a concentration of at least 1:20,000, thereby producing a
mixture;

c) maintaining the mixture under conditions in which a complex forms between
the agent and the CD147 in the sample; and |

d) separating the complex from the mixture;
thereby detecting, separating and/or isolating the FNRBC from the sample.

2. The method according to claim 1, wherein the concentration of the antibody or
antigen binding fragment thereof is selected from the group consisting of at least 1:10,000,
at least 1:1000 and 1:100.

3. The method according to either claim 1 or 2, wherein the density gradient medium
comprises Percoli™ solution.

4. The method according to claim 3, wherein the Percoll™ solution has a density
gradient of 1.118 g/ml.

5. The method according to any one of the preceding claims, wherein the antibody is
a polyclonal antibody, a monoclonal antibody, a chimeric antibody, a humanized antibody
or a combination thereof.

6. The method according to any one of the preceding claims, wherein the immune
complex is separated from the mixture using immunomagnetic separation, flow cytometry

or a combination thereof.

7. The method according to any one of the preceding claims, wherein the sample is
maternal blood, maternal tissue, cord blood or a combination thereof.
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8. The method according to claim 7, wherein the maternal tissue is trophoblast tissue,
liver tissue, placental tissue or a combination thereof.

9. The method according to claim 7, wherein about 1.16e+ FNRBCS per milliliter of
maternal blood is separated. '

10. The method according to claim 7, further comprising contacting the maternal blood
'with an antibody or antigen binding fragment thereof that specifically binds to at least one
marker on at least one white blood cell.

11. The method according to claim 10, wherein the marker is CD45, CD14 or’ a
combination thereof.

12. The method according to any one of the preceding claims, further comprising
contacting the sample with a nuclear staining agent.

13. The method according to claim 12, wherein the nuclear staining reagent is Hoechst
stain, DAPI stain, acridine orange or a combination thereof.

14. The method according to any one of the preceding claims, wherein the FNRBC is
further isolated from the immune complex.

15. The method according to claim 14, wherein the FNRBC is isolated from the immune
complex comprising exposing the immune complex to a low pH.

16. The method according to any one of the preceding claims, wherein the FNRBC is
further tested for sex discernment.

17. The method according to claim 16, wherein the test for sex discernment is to
determine the presence of the SRY gene, wherein if the SRY gene is present then the

foetus is male and if the SRY gene is absent then the foetus is female

18. The method of Claim 17 wherein the SRY gene is detected using whole genome
amplification and real time polymerase chain reaction (PCR).
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19. The method according to any one of the preceding ctaims, wherein the FNRBCs
are further tested for at least one prenatal disorder.

20.  The method according to claim 19, wherein the prenatal disorder may be selected
from the group consisting of a chromosomal disorder, a genetic disorder, or a combination
thereof.

21. The method according to claim 20, wherein the prenatal disorder is selected from
the group consisting of Down Syndrome, Edwards Syndrome, Patau Syndrome, a neural
tube defect, spina bifida, cleft palate, Tay Sachs Disease, sickie-cell anemia, thalassemia,
cystic fibrosis, fragile X syndrome, spinal muscular atrophy, myotonic dystrophy,
Huntington’s Disease, Charcot-Marie-Tooth disease, haemophilia, Duchenne muscular
dystrophy, mitochondrial disorder, Hereditary multiple exostoses, osteogenesis imperfecta
disorder or a combination thereof.

22. The method according to any one of the vprece/ding claims, wherein the FNRBCs
are further tested using fluorescent in situ hybridAi:éeition (FISH), polymerase chain reaction
(PCR), multiple ligand-dependent probe amplification (mpla), short tendon repeat analysis,
array comparative genomic hybridization (CGH), genotyping,. single plex sequencing,
massively parallel sequencing or a combination thereof.

23. The method according to any one of the preceding claims, wherein the FNRBCs
are from a mother in a first trimester, a second trimester or a third trimester of a pregnancy.

24 The method according to any one of the preceding claims, wherein the FNRBCs -
are human FNBRCs.

25. The method according to any one of the preceding claims, wherein the sample
comprises at least one anucleated red blood cell (ARBC).

26. The method according to claim 25, wherein the ARBC is adult anucleated RBC
(AARBC).
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