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"METHOD AND DEVI CE FOR NON- | NVASI VE PRENATAL
DI AGNCSI S" Technical field The present invention

we 200823337 net hods for non- invasive prenatal dpPapmBeeIss001083
in particular for the identification of genetic and
chronosom ¢ disorders in the foetus. State of the art
Prenat al di agnosis for chr onbsoni ¢ di sorders was

I QL ced with the aimof highlighting abnormalities_
oF e RROE R bBeCE; RO Bomoathas v, PRENATR DIACNG31s
di agnostic certainty of a foetus being affected by a

hr.onpsqne_di sorder can be obtained only by neans of
Tecﬁﬁ%ﬁggv ﬁﬂggnostic tests, exam ning the enmbryonic

ThecebﬁﬁédhdﬂCEﬁvéﬁti?ﬁerﬂb?@eﬁhg Eﬂk&@kﬁ@ﬁ h¥?ﬂeaﬂ§noinvasive
ami ocentesis,. sanpling of. the charionic villi aor - | ‘
PredPadeaRIQS IS Al L7 HARE 1BSIAT ate™ B éeRid fication of
genkBYel ¥adaghirbebeaned diskrabrel seatheageetligey are

therefore usually recomended for wonen over the age

of 35, or wonen who in a previous pregnancy have had a
sta€chi bd ahteated by chronbsone di sorders or when

ul trasound scanni identifies a foetus with a ,
PreﬁﬁFFgr r%?%‘h‘?s#%e s cOHEPPOBPME fe TGV YRSt obppFoduced

witBelhhe, ald hefighi Rl eght InghabiBi-eRaNak ies @ atiONchBSmosomes
. led n¥ngoups to research and devel op net hods for
in Fﬁ@ EESI irfon and recovery of said cells which pernit

non- invasive prenatal diagnosis. In particular, there

re three main types of foetal cells_able to pass
So ?ﬁFou& %ﬁéa&n&éyéﬁfalce&%”&x qur?ph%%%/‘i‘é%,befng affected by
a thephebbastsaaBeraeyt heahl apés obhihB@seonlgseByChmeans of

. __has be§$,directed above all at,K studying nmethods for _
IDVARAVES S AT OFC f GECAS  er FIHIUBI At $DEr offflpgonic cells in

ordper ifehedet e il 196 Naheblkead ARGt OPhabhAst £ ephhhebédhtesis,
cells deriving fromthe placenta. |solation of the
samplinAoBEathE FROMIPRE CodnipiiePa! COFOgEeRs e51s

All these tests are invasive and involve an increased risk of
miscarriage. They are therefore usually recommended for women
over the age of 35, or women who in a previous pregnancy have
had a child affected by chromosome disorders or when

ultrasound scanning identifies a foetus with a malformation.

The discovery of the existence of foetal cells, although rare,
in the maternal circulation has led many groups to research
and develop methods for the isolation and recovery of said
cells which permit non-invasive prenatal diagnosis. In
particular, there are three main types of foetal cells able to
pass through the placental barrier: lymphocytes, trophoblasts
and erythroblasts. Of these, research has been directed above
all at studying methods for the isolation of foetal
erythroblasts from the peripheral maternal blood and
trophoblasts, epithelial cells deriving from the placenta.
Isolation of the trophoblasts from the peripheral blood is

limited by their multinucleate morphology, whereas it has been
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limted by their multinucl eate norphol ogy, whereas it

has beendenonstrated [8-13] that these cells are
w@r@sasds37 bet ween the 6th and 15th week of gesp@l/iR®008/001083

in transcervical sanples. It should be noted that the

trophobl asts which mgrate fromthe placenta often

adhere to other trophoblasts”or maternal cells forming

conf e H1e 0 e L0 01 LRLab LU B ol e cna

‘6t hmetriv dis tapp| week dbfeefelsy atrd omgnaitd t neat ek Foiedal samples. It

-cells. Said ods .are for e le prenatal .FISH - ,
Sho("glduo ees%%%?g}a%ggigt & b?’f%ﬁ’li‘é?aa[%% S awglé]aﬂ’lliglrﬁttievefrom the
plaldemtine scftren -Ritherer aseoChairn theaticbaa st@F-d2CRaternal cells
£ - PCR.is a nethod able to identify and sinultaneously

© gﬁtfﬁymgﬁronosone-specific DNA sequences whi ch,

bei ng applicable to individual cells, has permtted

geneti ¢ .anal ysi s he hasis of .a very | ow nunmber of
The) G AR S S RAE oM, O (S Hh &L d3F A IRAeTRARAC LY Seen made
posplblliec &tyi ard daudlatdinig 139y7e el dhdpBiede®irectly to non-

1Referec S tfhelrm g the m:imiog , the 1
CUIEINASRE SPRRLCR S 8 neer b e HerE § orot X pple Prenata
FIsmecdFiapyekoensi nphe sétar eAgbriqopseiohnNg 4he UsGaffitative

enat al _anal yses. Bi anch
t 8

-PCR_in D .W. nd )

Flu 5Iel‘°’§§élﬁé§%g¥{?§|r8§§d 13 7R& G e m FoPCBiar i BR is a
method f oabak nucbeatedeﬁtytp{ocahes (MRBGCBaheosly " quantify

mat er nal bl ood .ba on nultiparanetric scoring; the
e R PR R e o g SO BROP G0y I T abSCr ey MRHlAGable to
indivddndnessldrg maphotogyt 0édt bensvecteunhlgadst Wh the basis

praoperties of the fo?t I hagno l,Qbi n _mar ki n

t?OS & ilﬁ

°f & |\{iortestBhcRUTRE BN ﬁerﬁnl¥ﬁﬁ%%ﬁﬁ%5ﬁcﬁhere are
nunelreusyt gpllEisigatidie piatdadingr o\Wdes feevsepar ag[ilars, see
of the npbnonycl eated cells.on densit radi ent. an
RetgrehlE O IR LR, S ot Renar bt PRRks W, Content of
whight iizodiresofmr(H2kd ek CD4b) thnd pastlsaticpesmaytfdr simple
rimeter w [

L e ottt W —
mul ti paranetric scoring are recovered

D.W. Bianchi and colleagues developed [14-27] a system of
isolation of the foetal nucleated erythrocytes (NRBCs) from
maternal blood based on multiparametric scoring; the
parameters include two morphological characteristics
(roundness and morphology of the nucleus) and two properties
of the foetal haemoglobin marking (fluorescence intensity and
peripheral luminosity of the cytoplasm). The protocol
provides for separation of the mononucleated cells on density
gradient and enrichment by depletion of leukocytes (MACS with
antibodies for CD15 and CD45) and isolation on cytofluorimeter
with FACS method using a gamma anti-haemoglobin antibody. The
cells identified via the multiparametric scoring are recovered

using a micromanipulator under microscopic observation.

The scoring system 1is very 1laborious and wuse of the

micromanipulator causes the loss of part of the cells. 1In
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using a m cromani pul ator under m croscopic
observation. The scoring systemis very | aborious and
wois@sasssshe m cromani pul at or causes the | 0ss oPCPEB208201083
the cells. Ingeneral this nethod has shown a 74%
sensitivity in the recovery of foetal cells conbined
mﬁth a frequency of false poSitives of 5% Separation
Hhe nonucl ated cells, on den3|%% radi en

gerd R nTE of SEosahie BYSHRCSw (N*deRtBeTbATOFY in the
rec6E>éi*y+ ons) Esetﬁmrtdwlm&ﬂdlmdhwimhclil traguehogi esf false

and epsilon foetal haenogl obi n chains,
pOSl lgle§ooga§\?ma fromother works [7] . Said nmarking can,

homever produce aspecifics as there are cases of

uct i on. of, foetal bi n adult cells, or.. ,

serRGELAEN, HE Cra cRoRomRe SR el PR S aftt iss Yot FiAdient and

enrfictineginthaefogtiodi rsaaipd et hByaduhts ha,emigl @hﬂglet(haﬂsedf CD71+
simlarit f these hae obi i ns .

ce Ll i ar¥ed v he SR Hogar 6383498 Ao the samma

anddegpkbper af psteat dlacgendibbd nanahyshs, metdod s ngnown  from

thtranscerwcal ells Ee nethgd i s based o t he use of 4
OthgroapWehEsr ol obru§ﬁll or THe“1820ve&rd of Bowever,~ “produce
aspecdfdcer,vi Gal samees anshi casyee pOCessedubdyiomanst of foetal

ntrifugati fo the reparation,of slide The
nacbgleBar A SRRLT s CBI &0 na e ahd  RndFFs iF Gtlehi Phepeteen
them @rasidepyy antbt he'tlnel ocaEtam ahd eaoorl b at es-m:m ttiee adult
are nmenor .. The slide, js_apal ysed in
ha g Mo RUPFE ¢ | S5 o {BLHEF EFLd Uoi i oeRe hadhoglobin
chadeer.di nat es obt ai ned previously. The di sadvant age of
said method is that during the processing for

preparation of the slide, part of the transcervical
Moneelilze afeeiicesl ,Lidt h(BS npataht dl@@St/@llBaﬂkZ%fAl developed a

ob| ast AVI VA- Bi osci t| on (see f
oo TR B8 B A B TR BB oot
Thebasathah bsobhisps tom itslod atee of a Pap smear-cytobrush for
the recovery of transcervical samples, which are processed by
means of cytocentrifugation for the preparation of slides.
The transcervical cells are marked and analysed under the
microscope and their location and coordinates on the slide are
memorised. The slide is analysed in FISH and the trophoblastic
cells are identified using the coordinates obtained
previously. The disadvantage of said method is that during the
processing for preparation of the slide, part of the
transcervical cells are lost, with a no-call due to lack of

trophoblasts.

AVIVA-Biosciences Corporation (see for example EP-A-1439897)
developed a system of enrichment based on biochips to isolate
foetal cells from maternal blood. This method uses a reagent
which permits removal of the majority of the erythrocytes,
sorting by means of highly specific magnetic beads and a
cocktail of specific antibodies for foetal antigens and

enrichment by means of high resolution filtering chambers with
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foetal cells frommaternal blood. This nethod uses a

reagent which permts renoval of the majority of the
weryshssseyt es, sorting by neans of highly specP€T/4B2008/001083

magneti c beads and a cocktail of specific antibodies

for foetal antigens and enricghnment by means of high

resolution filtering chanbers w t hpores having

vari.abl.e dlanet r ording to the.type of ells to
POTES P ddd Satid %%ﬁﬁuxﬂa%% e??c?§d%% FRed ()QWP 8 celis
to del ésbilanedf. foetal cells by means of enrlchnent of

the sanple, which does not |imt the possibility of

havi ng contam nating maternal cells and therefore the
Saidomﬁaex]imi’}t howdverf, ahsunrcelfiialelde tgenehec s&ll&lcyﬁio& dfh foetal

none of he_aboye non- i.nvasi

ce 180 1 PRaBs o g nend R ielEn e Fhal Yametim,  bulieng dges ot

1imatnmherpo@sab11¢Eyfm¢tmmwrh@gnoatammﬁatmﬁgmmaternal cells
| oi d I es and/or_other chromgso def ect s.
and L ot H Sentr et "rPer BFe 0 roiqens? Benetic
anaﬂg@hed for non- invasive prenatal diagnosis, based on
the sanpling of an organic maternal fluid, with high
probability of containing circulating foetal nucleated

In célors , amdnieheifr Gldasﬂ:mm}tmér&ﬁlcﬁiécbmorhmmé iedllmetdods has
erine, endo erV| transcervical fluid

so da RN HACE o o obt CART GFy HEFOaAR Gt FRtine practice
forpr esent dnagnbsba | ®ft 0 fvewvalde ansephoddies prambtad other
h d|a n03| gean be automated, w thout false
¢ rﬁ@& Ppﬁe With a | ow nunber of false positives

and nocalls Sunnary of the invention The present

|nvent| n .concerns t hods and devic for

s it &

hej (AL} 98 prinab AP 6l hgrdt Wi IH piPt IO G FRe Provide a
methddntEbrcahbnnlnﬁagenet|prabaoamaldtagﬁosmsthebégeausOn the
saniiiBodls 8 BoOrBr Red it THE. bhLrse of 4 Porii Sropability
of navetamhify uicdmddllating foetal nucleated cells and their
subsequent isolation, in particular a uterine, endocervical or
transcervical fluid, or peripheral maternal blood. A further
aim of the present invention is to provide a method for
prenatal diagnosis that can be automated, without false
negatives, and with a low number of false positives and no-

calls.

Summary of the invention
The present invention concerns methods and devices for non-
invasive prenatal diagnosis, in particular for the

identification of genetic abnormalities in the foetus.

According to the present invention, therefore, the diagnosis
is performed on the basis of an organic maternal £fluid with
high probability of containing foetal nucleated cells and the
subsequent isoclation thereof, in particular from a uterine,
endocervical or transcervical fluid or peripheral maternal

blood, identifying and analysing the foetal cells present in
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hi gh probability of containing foetal nucleated cells
and the subsequent isolation thereof, in particular

wo cans11as8at eri ne, endocervi cal or transcervi cal p¢T/iB2008201083
peri pheral maternal blood, identifying and anal ysing
the foetal cells present init, proceeding according to
the method of claim1 . According to the present

A e e O VI

processed via one or rmre- enri chment stages of the
taI nucI ated _cell The thod i.s characteri se
rocpf8ils, B G Rr STt it SpEel asr® SRS (EifpoHrvicar
or sefratrscervicml eddiui acuromeabperapﬂelrapxeanabéma/\hyblood is
. le cells from.the enrlched sanp ans_of
E Rl e SOt oTem 7T s B au MO OF FEASgN S ol F07] Of the
foeitalpuszmllelaeetio cetiflai. nTmesatetafodcneiaihaJthsemdehi by the use

purity suffi Lent_ 1o erf m a_gen y .
of B ehbFrarhinauty el Rl SR GNP ect! in an
eastagagiutpnadiaiies ahd| repedtabille avdygm siangie OWelB;s from the

enrTLGL fl léi di edeV|Bc eaflurt hernore rreano% de\g ce W iscthem of
AESTat P8RSt Sone "t neENsT o7 11 & {han Y

isodiatiioa a:{ﬂ esirgledeel sl Ily S guds i i etcebbSa\ive a set of

focTBaN VI ce; bl e&roltperfor thee stel e__ctl on gf one netic
ore SI ng e Cefts Pnetar S hhitve situl Paf 86§‘|y, o%e

diagheshasi s of par aneters assessed individually on each
cell. The genetic analysis can then be perforned via
techni ques such as Quantitative Fluorescent PCR
By (@ereERuidid deeciessary musangaadeiisies safiddid ecefdis mdnaging

th her, for. th | SH, karyot
vl B Tyg R nEE” By BRROR SR FOR(Oa)  The use of a

m crof luidic system offers vari ous advant ages

By H@%fé d%&%gi (¥¥%e llt¥u£%ﬂ?§ﬁ$ﬂ %%% 8%? ew+%ﬁ1wh1ch has

1Sk o
at debber ent allimleylseSnosmahleemeeﬁahori tnhor ough washi ng of
t he equi pnent . Furthernore
By device able to individually select single cells we mean a
device able to perform the selection of one or more single
cells, one at a time or simultaneously, on the basis of

parameters assessed individually on each cell.

The genetic analysis can then be performed via techniques such
as Quantitative Fluorescent PCR (QF-PCR), 1if necessary using
analysis of the cells of the mother for the comparison, FISH,

karyotype or Comparative Genomic Hybridization (CGH).

The use of a microfluidic system offers wvarious advantages
including the possibility of having disposable systems,
without risks of contamination between the different analyses
or the need for thorough washing of the equipment. Furthermore
the use of a microfluidic system offers the possibility of
having automatic or semiautomatic systems, characterised by a

high level of reliability.
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the use of a mcrofluidic systemoffers the
possibility of having automatic or sem autonmatic
waeyesapm37 characteri sed by a high | evel of PCT/IB2008/001083
reliability. Further characteristics and advant ages of
the invention will appear cl ear fromthe foll ow ng
description of sone nonlimting inplenentation
exanples, with reference to the figures of the
acconpanyi ng drawi ngs. Brief description of the
Furftihguar eshdirge t dr Sdoivss aasdnmaivwartisagsano dHf thee inorention will

i_nvasi ye_prepatal di agnosjs nethod, accardi.ng to the
aPPSAdsent °f vegﬂ%n.t g.&s}ié%% a%elsr?gglé)q:olqu} hé’féhisﬁme non-
limdittimgl Od mplgpmdntcatt icm wekdmpiéser wachf | verfescanee ofo the
the DARI. .Three nucl ei. can _be .seen, corresponding to

fic—‘]tuﬁre e°§i &éﬁee a@é‘iqm§.anﬂilél.g EEHOWE Zan i mge of the chip
with 10X magni fication with filter for fluorescence of
.the FITC.. The ar hotagraphed is the sane as that of
Brlfell}g.defcgﬁ‘a’ll‘\ﬁ& ﬁ%'?é:%ﬁogiol%i‘\’f%scel |'s and one Hb-e
Figneght sheweseld sammbeysedmgriEing.ofl shewsan invasive prenatal
._el ect.ropherogramrelative to,analysis of the, .
QLGOS o SRE TR e ORORYS 51 STE RAE SPIRT SRR SsBer
plot refers to the analysis perfornmed on foetal cells
. recovered from maternal bl ood, the lLo plot refers. .
Figg 4 HOANRI 1 STREF S mEdCon TR AP RO [BIOHHEL R R with
f 1 1sleows drhef Jpreasenemaef diheclseXDART Onmisoee snuc beil ¥ahnbe seen,

t he foet.us q\:Ind t D21S11 .the fqetal cells have a first
COLEESRCE A MY SH oM IR SmstHer (M and a different

second allele (of paternal origin (P) ). Fig. 5 shows
. an el ectropherogramrel ative. t.o analysis, of the_. . .
FLe orUeBiR Tr ROF9C DRBSSE, BEPSOr Bt DR TEicafion with
filweperfqy of luefesseice t b8 ahal WITS . paHeoramsh ophdbegraphed is
foetal ce

e RS0 R SRS L0 MBSl OO LD LY ana one
Hb-eelnegjatiive gredih caliowe fsareri.he mar kers D13S631 and :
D21S1411 the presence of two alleles

Fig. 4 shows an electropherogram relative to analysis of the
chromosome marker AMXY, D21S11 and HPRT. The upper plot refers
to the analysis performed on foetal cells recovered from
maternal blood, the lower plot refers to the analysis
performed on maternal cells. The graph shows the presence of
the sex chromosomes X and Y in the foetus and at D21S11 the
foetal cells have a first allele inherited from the mother (M)

and a different second allele (of paternal origin (P)).

Fig. 5 shows an electropherogram relative to analysis of the
chromosome markers D18S391, D13S631 and D21S1411. The upper
plot refers to the analysis performed on the foetal cells
recovered from maternal blood, the lower plot refers to the
analysis performed on maternal cells. The graph shows for the
markers D13S631 and D21S1411 the presence of two alleles
(normal heterozygote) and contamination by maternal cells can

be excluded.
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(normal heterozygote) and contam nati on by mnaternal
cells can be excluded.Fig. 6 shows an el ectropherogram
w0 edost1B3gg7 t 0 anal ysis of the marker D21S1437 apdr/1B2008/001083
D21S1446. The upper plot refers to the analysis
performed on foetal cells regovered from maternal
bl ood, the lower plot refers to the analysis perforned
on maternal cells. The graph shows the presence of two
all el es (normal heterozygote) and contam nation by
Figmatéer siabwe ehhs edan thepietlogdath felativshows aamlysis of the

: | ect ram.r v IyS|s of the narker
max fgségfgﬁ%e upp %ﬁd% f‘]é% erg%le YIRS ﬁnéﬂﬁfg’l Sregers to the
anaflersfier npelr Horhedt ajn cébksalecoytl ed facmarmi®r fialbom maternal
bl.ood,. t he | ower_pl ot ers tot anal erfornmed
oLogrnt it ndo B | BEO8Hd G SRowbhE ne A B e PSE FRRged on
mateanadl lceallel ewh(an@maa@:lh hﬂtm@zy@@t @resdinge Bfshows alleles
hart of a preferred e t he d
(nog s, A5y T YRRy dUiht SPRTRRETBRLoR! g7 JRReL rRelle can
be Ek@ﬂdld&ﬂ the nunber of foetal cells in a single cage
(NCI SCC) according to the nmean density of cells per

cage (ACPC) . Fig. 10 shows schematically an exanple
Figof & slevweeahok lienplrophetragram afeldtei wet hoda(naﬂy@fis of the

he s tial nd character rt of it) .
margtcéor ﬁgﬁr& 3 't he %ve‘f‘ﬁ?%’ﬁ. Bé?t'l é‘%% Scl §Sur & he 3nalysis
perfolrrect @f foetapl esedlsi meerhicared sfﬁometnhaérharl blood, the

105 QR G 7 Al VY e ST 1 ShJRBFEFRR} o1l

Thesanmms RO a:area Qﬁ!ré@dﬁedﬂefbcﬁmtdmdfﬁbenhlﬂ.e\ed]]felcés (normal
het t he utertuie(external bone, | ower part of cervical

CANAr I9-6 uterine pole, intrauterine cavity) by

nmeans of various techni ques: aspiration of the

ceryvi cal nucus t obrush or smab endocervic avage
Flgan iﬁﬁ?gﬁté1iﬁggva€§6§t‘ of Preferre mgodlmeng of the

method according to the present invention.

Fig. 9 shows the trend of the number of foetal cells in a
single cage (NCISCC) according to the mean density of cells

per cage (ACPC).

Fig. 10 shows schematically an example of a device for
implementation of the method (or of the substantial and

characterising part of it) according to the invention.

Detailed disclosure
The subject of the present invention is a method for

performing non-invasive prenatal diagnosis.

Collection of transcervical samples

The transcervical samples (TCC) can be taken from different
levels of the uterus (external bone, lower part of cervical
canal, lower uterine pole, intrauterine cavity) by means of

various techniques: aspiration of the cervical mucus,
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(1uL) . Enrichnment starting from peripheral bl ood The
proportion of foetal cells can be enriched using

wo arsasss3met hods, for exanple centrifugati on oPCTEBRSIL/001083
gradi ent, consisting of solutions such as Ficoll or
Percol | ; mechani cal enrichnmept, based on
m crofabricated filters which sel ect nRBC and enpty
the s e of .RBC, enrichnent via dielectrophoretic

v ey B Bl ans o LB A R e s, L 42 e 1avage

(IUD) el ectrophoretic activated cell sorter (DACS) ;
selective lysis, for exanple selective lysis of the
erythrocytes of no interest; immunomagnetic

Enrsepaeati eharbyngedmemobeiriphaortgbébiod beads with

posi tive .sel ec eads linked to 'fﬁgnvarious

on (usin cif
Tl BHARRKEITT T 1 RESFBL: AF Aepicdt 1 Bn FBVRE Pacover
methpdeegattiove sxaspilicon detheplicfigat iain ceddl ul@nsity gradient,
opul.ations of, no interest) nd Lo whi t he +wo .
Con?)Jl%g%ngf © elseoc]tl%q:olr? I%Sans%%l c%%p?éﬁogg ioﬁc(r:%ealéceoeat]rw’e mechanical
enripaoehtci bpsell ine metrioddbidsatiear feXlargrdse, whirh select nRBC
US2006/ QQ51775 -. Bi apchL). ; FACS, on.cells rked, wit.h .
and_ SERYY] N Rt P b0 o o S e et ic
sepa@poibhy ofby heseeamshodsofare al so sptoifited adevdlde, the
. the separation nethods,can be.preceded by ation :
Dicg e R BB RS o ucreaiea e | Sy memte sy (CACST: ' %elective
lysdent fidrugatampml @ nsddastiyegiagdiientodr theét eryahireelyes of no
. tthe§ can be agglied og.glood in toto. In geperal the of
in EFS Eés st aAPPERPPEEPS dF1 ut i SRP2DAT TP i s not stri%??y
immoaocesgaey itor babhbst heitbchpogiesve O heteenionhnénsing beads
. e%hniques Ajpurther.te hni q
lln%ﬁH

e e S e 1D T RRCE By T Pen ot ot © b
recolekady - sepr bynSyenivel | stkebnbbngi dslepd estimmar icsfe, cellular
pop%‘ig%iig%rsi "Se t rﬁ% Cia}lsteel%fstqugagka fiani sgvhggflSit%ej Qo types of
selection can be coupled to increase the specificity of the
method (as, for example, in US2006/0051775 - Bianchi); FACS,
on cells marked with specific fluorescent antibody for foetal

antigens.

The majority of these methods are also automated and all the
separation methods can be preceded by separation of total
mononucleated cells by means of centrifugation on density
gradient or alternatively they can be applied on blood in
toto.

In general the process starts from a dilution, but it is not

strictly necessary for all the techniques.

Other enrichment techniques
A further technique well known to persons skilled in the art
is called MACS by Miltenyi Biotech, or Easy-sep by Stem-cell

technologies.
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of peripheral maternal blood, enrichnment of the bl ood

sanple in the population of cells conprising at |east
wop@stiyye7 of foetal cells can be obtai ned via PCPIROES®1083

i n successive phases with, for exanple, a first phase

in which total nononucleated cells are separated from

the maternal sanple, previously diluted in PBS/ EDTA by

nmeans _of Fical |l .densit radi ent centrifugation, o
To EiBasEs. Sonei EiRa S, POt et ffi consisting
of netrhigdsralnmeatsedal nbiliogdr, e énxiathnterite dfedhef ddlood sample
. anple_enrichin ft mat er nal _sanpl i a
in e PR Tor Lab 12 ata Lo CTPL D OFLarl Akt OBfie tYPE OF
foepanane¢ el s c hxsen Hear opbtthe ngroupiaonsi ghricdegsef : ia . successive

density;,b . _norpholo ; C_. electrical properties;. d
pha?egheﬁ¥ggr pFSEer?FgggXS'. ﬁecﬁéﬁﬁ%alpﬁ?gger PesWhpch ™ total
monexprésated- «flkar baee sepagetsd Fromexpheswsiaarrofal sample,

I ntra-cyt asmatic ant| . h . dielectrj ‘ .
preydbhdifY (P HEER G SHEIER, Moy ST L it FEPdts demsity
gradfiehibe ceate i fSghsdaguentdhyienrdlsghmed af dhweefroetate, any one

‘cells_is further. obtai ned by, neans, of a seco hase
of FReprbRT S IR0 AYBTE TrEh B ] Gror o geed, for
exampleader faitirexaopl etexpnessinglt kampDél, via om tdedection of

nonucl eated cells.recovered in . the first ste

ce LBV FRE PR RP<RARE RF! Bhrdsss: SR AR b echosen £xom

thesglreapi epneade iag tiie basis of at | east one of the

a foIIomig%_characteristics of the popul ation of cells
) COﬁSPFéI g at | east one type of foetal nucleated

b. cembgphalogexpress the CD71 surface antigen (as

alrﬁad¥ desgribed .

c. electrical properties;

d chemical properties;

e. mechanical properties;

f expression-of surface antigens;

g expression of intra-cytoplasmatic antigens;

h dielectric properties;

i. magnetic properties;

or combinations of the same.

Subsequently enrichment of the foetal cells 1is further
obtained by means of a second phase in which the positive or
negative selection of cells is made, for example expressing
the CD71, from the mononucleated cells recovered in the first
step. Obviously the second enrichment step can comprise a
selection made on the basis of at least one of the following
characteristics of the population of cells comprising at
least one type of foetal nucleated cells:

a. express the CD71 surface antigen (as already described
and which represents the preferred form of the invention);

b. express the CD34 surface antigen;

c. express the GPA surface antigen;

d. not express the CDl14 surface antigen;
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and which represents the preferred formof the
invention) ; b . express the CD34 surface antigen; c .
wez@msasms3t he GPA surface antigen,- d . not exprersBI82001083
CD14 surface antigen;e . not express the CD15 surface
antigen,- f . not express the CD4 5 surface antigen.
Furt hernore said second phase of enriching the sanple
in_the opulat | s _conpri at | east one
o 1y BEtoFIRRRE COF BRSerrataed orhighe o the
f. f ohbawergpriceshrihguenss surtNAESaatilegnetic Activated
Cell Sorter; b . DACS or Dielectrophoretic Activated
Cell Sorter; ¢ . FACS or Fluorescence Activated Cel
FurS@fetrﬁfogleN&Eakidlgs@éhoﬁcﬂlephlagéabfc%rhsid:mmgll oshﬁi ][siam@l@f in the
t rophaobl asts | e sanple is_a sanpl e, befor
PORRIAR Ll ST F o GaLOREE A0S, JiVREy diimi Gebls can
be @I@d‘fa;g‘lnteiﬁ @dav log@r @Lfslftjnet aoldllmh‘ge teleindluweges and
pensi.on_of .single c
2. Lo B RBRt 2 e 3aP B Box Rt ki ng wi th a
b. SpB&AICBI orabtiichedy rbphotrBeitoatalivaekbsceabl e to
di scrim nate them fromthe naternal ones) is used,
pr 6€&&fi'ig as in the known art. The trophobl asts can
c. bermascked FIupegeaceateehytofaasti bediesodiceect ed
agai nst specific antigens: HLA-G NDOG 5, BC, Factor
X1, FDO202N, JunD, Fra2 , HASH2 and PP5 (pl acental
MarRrioigeiof) thesFeeithilc ckanst he extravill ous trophobl asts;

FTI . 41.1, and AB- 154, specific for the
Im“&ﬁﬂﬁﬁﬁﬁﬂﬁqﬁk6%h5ﬁE§§% 1asgR. 7 (cytokeratin-7) , CHLI
If (@@.@mprlﬁ a HLS, sdr&#@;]é;blﬁé'lﬁ&d ﬁﬁrkhnlgPNt-He laeminple is
7, t ts; PLAP acent a
T e R T VNG

dissolve the clumps and obtain a suspension of single cells.

For identification of the foetal cells, a marking with a
specific antibody for the foetal cells (able to discriminate
them from the maternal ones) is used, proceeding as in the
known art. The trophoblasts can be marked using a variety of
antibodies directed against specific antigens:

HLA-G, NDOG-5, BCl, Factor XIII, FDO202N, JunD, Fra2, HASH2
and PP5 (placental protein), specific for the extravillous
trophoblasts;

FT1.41.1, I03, NDOG-1 and AB-154, specific for the syncytium
trophoblasts;

CK-7 (cytokeratin-7), CHL1 (CD146), CHL2, H315, HLA-C, aHCG,
IGF-II, PAI-1 and p57, expressed on the trophoblasts;

PLAP (placental alkaline phosphatase), AB-340 and D6,
expressed on syncytium trophoblasts and cytotrophoblasts;
Tapasin and CAR, specific for invasive or extravillous but not
villous trophoblasts;

PLAC1, PLAC4, PLAC8 and PLAC9, placental specifics, in
particular of the trophoblast 1lineage cells;

PAR-1 (protease activated receptor), expressed on placental
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expressed on syncytium trophobl asts and
cytot rophobl asts, - Tapasin and CAR, specific for

WO Dow8aB3sg7 or extravillous but not villous trophODIES083101083
PLACI, PLAC4, PLAC8 and PLAC9, placental specifics, in
particul ar of the trophoblasg | i neage cells; PAR-I
(protease activated receptor : expressed on

I t al cel f he _10t h k of
a2 ISR b, SOD T abb e Rk Gso el BEr )
GLUprQesgamumsenmmam$pmmtéﬁpbebteshs a@&p&@@@@ﬂ|dmu5yncytlum

blast rom.the
exogbBRIRRL R FEPK R AT e (TP aT S KRl ethe) 108h o
thee&ptasaeékobfegésammhbnus trophoblasts during the
irst three nonths qf a ..l m$munost ai ni ng _of
NDRS- 1 BB SR D SARAPEERRECper i A - fHat or (iEtessed  on
exthlaoad 1bae | deophbébrasten cnfrjtrhﬁ toet aficet| xhee months of
mar ki ng with a second specific antibody for the foetal
PregerfiSY(abl e to discriminate them fromthe naterna

ones) is used, different fromthe antibody used for
nrlchnent whi ch escri bed above
B fRREF od

t he
I“‘W@@égééﬂlf’? sBEcu?W:t #2EF o™ cé|a1"§°16| n P%u gperipheral
mateasmalt beobdl | owi ng can be used: antibodies that
recqQgnj se.surface antigens _(like i -_antigens) ; . .
ror| pEaenE Sl SREr S8 T h e i £ spebadmprel iine K1 dlanking wich a
secomd N$p¥cafie . antitdwese cases dHwe cRddtsaBrecells (able to
prefera fixed il s | n.the kn

I and rmeabi | i sed, a
disgrimingtel tREM GEBOM 1 GhE; TIALTAR%hARGS be LHotbRFd hatl Eferent
frdﬂtﬂhﬂﬂﬂhﬁiﬁﬂﬂjﬂ&@é@usostudée%nuiehmédﬂuwhlch as described
anti-i-an en antlb to k foet%bgv% |s k
aboygi d 180 P o c\ﬁ§§aﬁ§' &PF& 139 it gtﬁ

density gradlent Nhrklng of the foetal ceIIs by nmeans

In %%?f+%g%%? ﬁ w% pr%%%q%g by %prlchnent of the
antibodies that recognise surface antigens (like 1i-

antigens) ;

] intra-cellular antigens (for example, the globin chains vy

or e. In these cases the cells are preferably fixed and

permeabilised, as in the known art, to permit good marking.

It should be noted that although from previous studies use of
the anti-i-antigen antibody to mark foetal cells is known,
said antibody was used directly in a device based on density
gradient. Marking of the foetal cells by means of i-antigen
antibody preceded by enrichment of the CD71+ cells has the
advantage of ©performing a pre-selection of the foetal cells
(sample . enriched in foetal erythroblasts) and facilitating
identification of the cells of interest, furthermore obtaining

a very sensitive and specific marking.

Cells already marked

The foetal cells can be already marked if an antibody which is

specific for the foetal cells (able to discriminate them from
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advant age of perform ng a pre-selection of the foetal
cells (sanple enriched in foetal erythroblasts) and
wo amisliBisat i ng i dentification of the cells of ipPtEIERS08/001083
furthernore obtaining a very sensitive and specific
marking. Cells already marked The foetal cells can be
al ready marked if an antibody which is specific for
the foetal cells (able.to discrimnate themfronthe .
they R iTh 887 L Fuch LECEHCHT ool ORI T yith a
flubkrasreacebkalicatd ebnjonptigdt ed td tah fHl ddneweanedecondary or
econdary_Qqr tertiary antibody has en used .in the .
cor g SR P e A | HRE (R  HEStnr R hed s A e e In this
casknjtand edndiichetll ysdmple t banniiss ofihyjediteddeyiwectabl eiheo the
. sel.ect .single.cell sipce it is alread ossible.to . .
micRETEAS o R RGE APXSI S, SPLSFR e sTRbT® { goPaF it is
alreeblyspSubskfuentl| ydehhefganhkefoentai nedgsthe cells is
placed in a mcrofluidic device able to individually

select single cells, of any known type. For said
Isopuaepoacod diabtet Fophaletetliesol ati on can be used

DEPAr , i ng for. exa e.the techni s described .
subbRaRERF o HED SIS S PR T80 S5 T3 pRagpd in a
micapd1h3a}}y, derviept aidlects obhditvidpaldy epllepltorsirigie cells,

isolat%on or | aser tweezers., nt

28-30] . The cont of ,
of (3P dBRANBNt EPS8. J09T anth i3 1 BRTPPLS | R or bhT K ophoTetic
isomgteoﬁgrca?ekﬁﬁr?sfdecesF?DEP?@gayLnpmfim@fekﬂncexample the

ntification of.the cells o S e .
tecbgﬁﬁBFﬁed ngsgféﬁﬁEe byl?enso#%fgf¥éga%jﬁﬁb&§6%nni(ﬁﬁ 10
PCTsmBPOQS/QODWEPFesfeﬂeaé”kﬁﬁ?ﬁ@nne{ GTrEﬁpr4éﬂéﬂﬁEﬂnic traps

t dillustrated in the. patents
or Rk BRbEBREsb06SBOMAH L0070 1hRRIE Wi RRP GRS e, B3 - The

contBhegidt edhiretdwelimdnts [28-30] and [31-32] is incorporated

here for the parts necessary for simple reference.

Identification of the cells of interest can be performed for
example by sensors:

- external

- optical such as a fluorescence microscope,

or also

- internal
- optical, as illustrated in the patents PCT/IB2006/000636 and
W02007010367, which describe an integrated method of
identification of the fluorescent cells

- impedentiometric, as illustrated in the patents
PCT/IB2006/000636 and WO02007010367 to identify dielectric

beads associated with cells.

Genetic analysis

Various types of analysis can be performed on the foetal cells
recovered permitting genetic or chromosomic characterisation
at different 1levels of resolution and sensitivity and

according to the diagnostic purpose of the study.



10

15

20

25

30

35

identification of the fluorescent cells

i npedentionetric, as illustrated in the patents
weeshBRED6/ 000636 and WO2007010367 to i denti f pCT/1B2008/001083

di el ectric beads associated with cells. Genetic

anal ysis Various types of anaIyS|s can be perfornmed on

the foetal cells recovered perntttlng genetic or

chronmosom ¢ characterisation at different |evels of

resol ution and sensitivity and according to the

db&g@m@hﬂ:qﬂuqnpgbsﬂdtdhrdmdgbmdrﬁidnxdamﬂu afalysis of the

In
osed sone di_sorders anal is 0
karR’g Fy P é?ﬂt a8%assiC dI° ?%o(f{‘%%ﬂ—ﬁro?he study
of t:heosbmmeoﬁnaamemmwmermfé(eﬁs Qw—mrsamfbéfp%m. The
be pgtforned. The acquisition ?r | oss oéﬁg{netic 1 b
ACARAPRFISF camr al $65Be iHvesPFHEFET by'dHE f can aiso  Dbe
invEsnpanatidv eyGaranisc oy bbmgpazatioe. GExamikesybfridization.
preferential enbodi ments of the invention By way of
non- limting exanple of the object of the invention,
Exa&pmesfeEep&b&breﬂhddﬂﬁembodﬁmhhesﬁbthnﬁeadQQEdkﬂ@nIO
t he resent i.nV, nt|on IS |ve foII W n flow, ,
By WR% PR mdcdd e it B St Tt don,
a pfeperephEaal QMD@dlméEttakEntﬂﬁDﬁh&t@kﬁgnaﬂboWGH&@ to the
ment preferred e di nent qf i nvent j
O CERRr FEBE " 7 00Ee S 1R S ARIe Ve prtL st TR Hg Bt ndicated
in Figst sphase in which total nonoucl eated cells are
separated fromthe maternal sanple. Said phase

conprises a 1:1 dilution of the maternal blood with
ColBBStﬁHn?oZ shh@leanpl e diluted is then stratified on a

| F | t. 1. 07 / d trif
10 §haBh BPE380%3 SoP LagoPrearatst ST P Rgegrace: Monan.

that has accunul at ed above the Ficoll is collected and
%nsf%rred to a sterile test tube.
Enrlc men

The preferred embodiment of the invention comprises a process
in successive phases having a first phase in which total

monoucleated cells are separated from the maternal sample.

Said phase comprises a 1:1 dilution of the maternal blood with
PBS pH 7.2. The sample diluted is then stratified on a single
Ficoll gradient 1.077 g/ml and centrifuged at a speed of 300 g
for 30 min at 22°C. The ring of cells that has accumulated
above the Ficoll is collected and transferred to a sterile
test tube.

According to a characteristic of the present invention, a part
of the blood or mononucleated cells is not further processed

and is used for analysis of the maternal DNA.

Enrichment of the foetal nucleated cells is then further
obtained via a second phase, in which cells expressing the
CD71 are positively selected from the mononucleated cells

recovered in the first step. The positive selection is
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According to a characteristic of the present
invention, a part of the blood or nononucleated cells
WO g008a8588urt her processed and i s used for anal peT/sB2008/001083
the maternal DNA. Enrichnment of the foetal nucleated
cells is then further obtained via a second phase, in
which cell's expressing the 71 are positively
elected fromthe nononucl eat ed cells recovere%

PerfOFlEds BY. R Postti ve BRGNS S Fer PGPRER T5Y Miacs -
Mllmeaya(ﬁBmdﬁnwmnagmehlcunaxua&eonotNAG&UMJGEwwl antibodies

conggg%géétggk%i%%%Hééﬁgt% agFl-CD71 ant i bodi es

8ads. For the i munomagnetic
separation, the cells are re-suspended in 80 nm of PBS
every 107 cells and then

For e, AIRHESTARTS N | SBPoF L] Or o tBRASH 1eber3Fa g7e- Suspended

in & I gl éft@Bsnbvémwbabfoaemnslammrthﬁn4®@ ult f anti-CD71
cel

d thro h col unm nected to; a
mickabkeate” (PSSt E e S o S et degtls . After
an Ihegb?Jtllsn{] e;tfalmeduaar at ruﬁm eluneecbélrmnatftg}hpa&m éffough a
t eguent as . on
coLiRf < cBpmetEeth Tor Cor P Db S AT v o iR the

posﬁnmal dﬂrmdecésl]?@/o f whelfzamrs atetZ2ifed ardheheel ISluted from
are then ﬁgrnea Ilse W th g ?%olution of NP-4
n

the C(’%P&‘RaaRFdPFS ) £6T1 50 SBBEEIRAENPPBSEY (1 ny/ )

whi ch recogni ses the gamma chain of the foetal

IsoEmm | obin conjugated with the fluorochronme FITC is
—E—gééégﬂto the perneabilised cells. According to an

Thei qIT1-antedipectpoefi tive | fwentbon) treusaspteihéd are fixed
nbi_nati_on, .countermarke

. urther r in_c Wi t APL .
Wit FOSTRAReEYCEa ¢ HmiAer e T A modtol Cor L) fixed are
thehhepéﬁhéébleéédie vhﬁ:ll’nga: o@dﬁ(ﬂtidﬂ%t feer CNPp4f)QBf1gma Aldrich)
dlele oretic. mani pul ati gn_and_ i.sol ati on of t
0. 1Bodrh Pl 15 ThELEEP L DHaePy e et He s e gamna
chatin veoffy the flmwenMrddgueﬂﬁthy ebntjhgafeeki ngith the
flu%@gchggm%o%ﬁgccﬁglgh%gdcgnt%ﬁe permeabilised cells.

According to an important aspect of the invention, the sample
is furthermore, in combination, countermarked with DAPI (or

other suitable marker) to show the nuclei of all the cells.

Before being 1loaded in the chip for dielectrophoretic
manipulation and isolation of the foetal cells, the sample
undergoes a quality control to verify the fluorescence
intensity of the marking and the total cellular content. A
portion of the marked sample is re-suspended in a minimum
specific buffer volume wuseful for the dielectrophoretic
manipulation and is loaded in a device for quality control of
the sample and examined under the fluorescence microscope: the
fluorescence intensity of the cells is observed in the various
channels and a count is performed of the cells marked in DAPI
(total nucleated cells). If the cellular concentration 1is

above the optimal concentration for correct operation of the
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portion of the marked sanple is re-suspended in a

m ni mum specific buffer volune useful for the
wolb@sasisspphoreti c mani pul ati on and i s | oaded POT/@82008/001083

device for quality control of the sanple and exam ned

under the fluorescence mcroscope: the fluorescence

intensity of the cells is obServed in the various

channel s and count | rfornmed .of the .cells.marked .
AeviFeOABPE (¢ bralehieh eatiod (O | SLNSYS (Hfd 1l | GhGr Sample is
dilaeedents atdbamins eheveddis et | Behceaneantibati onf f @he total

orre oper ati on of fhedevice_for isolation of the ..
nump@z’ B S A Qe T8 B GPed o SRIGIGTA E @ minimum
numbegui s£d feenadntcelion; the thieetsHl alcensesref el | Becovered
(notsahgo |OMI§? al l ow the recovery of a m ni num nunber
of /l

ef§FY¢E/ I's, the foetal cells are not recovered
(no-call result) . For calculation of the optinal

concentration qQf cells we refer to a specifi
For, A e R o e & HEDEBALTAN (RS B TPl ByRT b We refer
to Sp&)peci\ﬁﬂﬂ@%ﬁ&,ﬁdimeﬁiMCaﬁ)mePZdﬁﬂfm rophdeesi Biosystems
ag ' ticular the . \NV600k coppri si.ng .
seafo0 WP Culf.  BeRERr BRodtin L sothBdo0r THoBbGFS4g Gages, in
partiéviugarpthe aeselocontieobrl towprd sihePp3.00] 0.00Selagels .
the cages containing a foetal cell (positive to

marking) . 2 . If the cell is part of a cluster, i.e.
A prefSharas dlhenesgel Wof huekhesf neanid f aevakec@ldcsrides for the
£ lgivi,de the cells of the cluster into separate cages
OLIR¥NG f&SPSétal cell is isolated in a cage not shared
1. W skletherthwnecageet domelising fat If>dteat atetel | (degxive to
ot separate fromthe other non- foetal cells, discard
mar%ﬁpgé'. Recover all the foetal cells in one single
2. cage. tAef vetlhed saphettnalfi e qingftenenti ad . net hewh Hés USEe cage

i o8 B, RS 027 01 RO TLOE e ruscer
into separate cages until the foetal cell is isolated inh a
cage not shared with other non-foetal cells. If the foetal
cell does not separate from the other non-foetal cells,
discard it.

3. Recover all the foetal cells in one single cage.

A further alternative preferential method of wuse of said
device provides for the following steps:

1. Select the cages containing a foetal cell (positive to
the marking).

2.. TIf the cell is part of a cluster, discard it from the
list of cells to be recovered.

3. Recover all the foetal cells in a single cage.

In this second case, the choice of the mean density of cells
per cage (ACPC) to be injected in the chip is made taking
account of the number of total cells present in the sample

(NCELLSTOT) and the expected percentage of foetal cells (PCI).
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the marking) . 2.. If the cell is part of a cluster,
discard it fromthe list of cells to be recovered. 3 .
wheaenusss3al | the foetal cells in a single cagepCt/imBabs/®1083

second case, the choice of the nean density of cells

per cage (ACPC) to be injegg%d_in the chip is nade

taki ng account of the nunberof total cells present in

the saml e ( L ). and t he expected percent age ,of
I (23t T S OPCRRPG Arheas Shror CiT e HEBEY, by Gbii] cells
pretBatnuirbethef hariphlaeids presedr | 6£t hthararhiw aihObfeases.

chanber  of th hi.p i ncreases. er, the .
HOWEVBB AbEP L JHOPAEA ot BRSNS 1P Lo G A cage with
singlagle=Xiel Bedeerneases amhdthbe minber of froeitall cetlds in a

._in_a singl SCC) therefore reaches a I mu
singlp gase R Ve el { nEepehEne GRSSEtT dhaf chPC-=1-
saibe dﬁihéﬁdia nmcﬂ@é:s@@hwak#m acNCl S@d \r/]victalm rB&pefdéfined a
norhRnt B NEAEL T o8 FRELONTLL00 ACCTLe G LEERY Bleorecican
maxtaomeforatAceCsxi théesreha fnhatici €l khoWhatircadthe graph
. recovered at each flushing of ,sanple into the

|
Of Fhei puP at 6 S CPECHAERY 100 THRE A SESgddtF cRUREET| P cells
thathecdwt e Nbebevepédf et akack! ISl UdMingabtbesamsoyeriedto the

s sufficient for the genetic anal ysis dowstream As
manyBBEAE A b TeGE SR e T s o RBRG: GHed e (e total
numbart bE geetant aga 1¢f twerld dm e rieearetl thestibf ident for

f act %hat tgﬁ§§share thg cage W th other non- foetal

the gepgtiggap tPafeYPLTERY: 9 in reference to the

normal i sed value with respect to the nunber of foetal

cel | resent in the manj pul ati on m crochanber
 Bs A{E Gt

POERREEPI - WEES) 151 R (HE UKD ePOBPEPREGY drifisgse i
theCe@ldreant el avf t el s nkBumbe elfildeiddrateetanangssifact that

downst r eam hhe sanpl e can, be diluted and_a greater
thek mRHATH | FOShi A ber FoF fed T8 Tecolen- Loghakt ecells,  as
illosnbeceaf fwetag.cedl Sn reference to the normalised value
with respect to the number of foetal cells present in the

manipulation microchamber (normalized cell-waste).

If the number of recoverable cells is below the minimum
required for the analysis downstream, the sample can be
diluted and a greater number of flushings performed to recover

a greater number of foetal cells.

The optimal ACPC value to recover a sufficient number of
foetal cells with the lesser number of flushings can be
calculated on the basis of the statistical analysis determined
above, for example with calculations based on the expected
number of foetal cells and the minimum number of cells for the
genetic analysis, therefore identifying a minimum recovery
efficiency (ratio between cells in single cage/cells in cage
with other cells) of the foetal cells present in the sample.
From said efficiency a maximum value of ACPC can be deduced,

hence a minimum number of flushings to process the entire
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The optimal ACPC value to recover a sufficient nunber

of foetal cells with the | esser nunber of fl ushings
wa@acvshssssal cul ated on the basis of the stati stPCBHIB2008/001083

anal ysi s determ ned above, for exanple with

cal cul ations based on the expected nunber of foetal

cells and the m ni mum nunber of cells for the genetic

al ysi,s, therefaore identifyi.ng a m ninumrecovery

samgd i)é’iléﬁ‘cﬁa(lgatr%%’&r\)(e&?f&&ﬁe%ciyn singl e cage/cells

in cage wth other cells) of the foetal cells present

in_the sanple. Fromsajd efficiency a xi mum val ue o
The), BaRE £ 1o SHERIACH b T & TR A rberegfatios SF cells
by flusimsngs dfo pnmobess t hiielddtessitgatesd t hcaged  (DEPArray™

r ry gfficiengy. The sa Is.then |loaded in a
W00 EEREELY S Sl Y PGP T Rer I by HEatk TP LapiAT ebart of a
pacttaglkeectswphorveshad 1cagésy { BEPALi&e( t Mh0HR525schematically
.9 Licon Biosystens, SpA, fo xampl e as part of a .
lllblggﬁgggdor er alnfl%g){ﬁce I[LPEe t f&%ne '“E’E{‘Fe‘?%ﬁ‘?%al | §eanning,

identlidstaated | andi geekedfjonrnd smdeigpesrsrameicbgery of the

identification_and selection orting and recovery
LOSERd t St cel TRS TRESE geac%]efﬁ;s 3?"% ot?g’egﬁfé’&d
autpseadoad@)y avtronmmiantalllly orurmswiald y mittSsdope with three

. croscope Wth three different fluorescence. channels
ai eFsFeRR T Pkl “RBoBhERG: nelitE T RR T nE e caftferent
wavkilengithg ) casen dedey | hed-Demetihhe Ghse clwmurelbel | Bege, the
verification t he presence _of the_nuc]Jeus and if
bluge s SQPﬁii t§?ﬁr8¥’ﬁho\88§§7%68?§.loﬂarRi‘"ngt{ﬁt hPERRFRCEngeE the
nucllkesgraed difammetebsghyi gits mbephelbgyt hed. haveab®eng with
rked.with the specific foetal, antibody which. js
DRPAS St SO TTES f CROPOSHor & BAT1I0NG TR HeS i Sefhat have
beenavehekgtih @atl. EHEC) spd&iﬂﬂdﬂrﬁbéﬂhkﬂmﬁﬁﬁﬂ€?¢¥(ﬁwhich is
t.he i_nventi on, third.channel. is. al so ed, different
cong igar B MRS BAFCESRRC R i i 11 1§57 ¢ ¥ave length
(e.ged Fmavel.enagbrdasgf ao tdie fadddeert usedcHeo Tietattidhe a third
flugrescence of the TRLTC a for which no
Chafllnﬁgr &S et " har ke 'hg§f%§%ﬁ%sér%oq hte pgﬁﬁﬂ:s two (e.g. the

chandendt iehiicatingn in the red wavelength, as for the filter used

to detect the fluorescence of the TRITC), and for which no

of .
(scanning)

fluorescent marker has been used; this permits identification
of the autofluorescent cells, for which any signal detected in

the DAPI and green channels would not be specific.

Alternatively the third channel can be used to highlight cells
conjugated with an antibody 1linked to a fluorophore, like for

example the CD45, to identify the cells to be discarded.

The selection of cells is therefore made by selecting the
cages that contain one single nucleated cell (positive to the
DAPI, Fig. 2), which have a strong specific foetal antibody
signal (positive to the FITC/Alexa, Fig. 3), and which have
low or nil autofluorescence, detected on other channels (e.g.

red channel).



10

15

20

25

30

35

of the autof |uorescent cells, for which any signal

detected in the DAPI and green channels woul d not be
wGep@siiBiss7 Alternatively the third channel canpOEIR2S684001083

to highlight cells conjugated with an anti body |inked

to a fluorophore, like for exanple the CD4 5, to

|dent|fy the cells to be di scarded The seI ection of

C |s therefore de ctl es t hat
To oﬁ"t alhnerone ng%?ea F‘VngOSA i ve 't trﬁzt the
fluB&Ebceﬁq;mébkequChnhpaEtacslaDnghspéméuaifmmﬂkér, instead
antlbo gnal |t| e to the FIT .
£ PSRRI KB s 005t bl RokBeb At nPasuiES, i dpise ot

f luoresicleert dhanhelsoﬁ&ugateédwuhannﬁmﬁlbd®yfabﬂbenxJ recognise

i h I f. od, he _fl
thel TBITES SIS RELBE kY cRls B8 TP N r RO dgne ot

consi sting of S|nple fl uorescent nol ecul es, can

Thecongé][s% of _fl uoreescerzatre adic, conJ ugat ed wtg ﬁ.grbody 40
abl €10 r eB6gni s€THe | sTBf ot erest, “HTPALSTESse ¢

mictrod itaetsal icela $)..2Thalaellllsrar QCRea:o‘bered in a few
mcrolitres (< 40 microlitres) ina 0.2 mllilitre PCR
tube. Genetic analysis Fromsaid cells thus obtained

Gerielte cDNAaly sdxt r act ed which is anmplified and anal ysed

FrOf o;sf%{]cgb%?gserz} Ck??rlgﬁs g]éﬁn%a%?\%foﬁﬂ:ee E2gEGcgnich is

ampasttiIeel ormwseainébysedhe Sekecthan MSerfcmeC@Ssacyromosomic

al rea used g g ? for _at. | east £luids
anedpl oA pPoe ‘§§“’“i5J br BAR1ES anh %segag're u%CB? uidic
deviibe RACStheclid ogyed; fon tthhies @@B@cth@ndawdce rfannecessary,
e_one il lustrated | gure

h 0. Th .
TSR DTS CERPALRSAN diay-bi LERECL rGHIS B8 g pgnrichment
prokee@sn affiqr bLEExaqu)bé?arﬂg:t et}nsedchyea (i d] nr:m'r?t:)rManb]eé DACS
[ of secon ni crocha
vechBibedl SBLdfs LEalt SR S6o8 A of et s the one
illaolitpragcredoyim fulgura i1ty of

The equipment contains an array of electrodes as in the known
art, but is characterised by a main microchamber (CHM) and a
plurality of secondary microchambers (CHJ), all delimited on
at least one face by one single chip or by a plurality of
separate chips, bearing an array of electrodes that can be
activated. The main microchamber can be filled with a sample
comprising at least one cell via the relative inlets (IM1l) and
outlets (OM1l). Each secondary microchamber (CHJ) is preferably
of substantially greater dimensions but comparable to those of
a cell. Preferably each secondary microchamber is connected to
the main microchamber via a configuration channel (length
and/or form) sufficient to forestall (prevent or at least
limit) dispersion of the sample by diffusion and contamination
towards other microchambers, in the time necessary for the
analysis. According to the example illustrated, there is a
plurality of secondary microchambers for the 1lysis connected

to a channel for the capillary electrophoresis on chip, for
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separate chips, bearing an array of el ectrodes that

can be activated. The nmain m crochanber can be filled
wowdos/13s83anpl e conpri sing at | east one cell viPCT/E2008/001083

relative inlets (IM) and outlets (OM) . Each

secondary m crochanber (CH]) Jjs preferably of

substantially greater dinensiions but conparable to

e af .a ’ref erahl.y each .secondar .

el DTS cSRRREr cd VTR MY o cEBEASRbSS WFapomels
cana beordrquirddd ofochehaekapliéngily aicd/crdpdroesis with double

sufficient_to forestall revent or__at least.lim - '
T %ﬁ%ﬁﬁﬁ%ﬂtﬁﬁ%ﬁo¥%%$§aﬁﬁléﬁgi P?Yﬁsﬁgﬁ‘andBPElonghab’ at the
endc oifit &ienatiammefloendshat hexp il I heldersopharddies | i tieere is

negessary for_ the analysi,s. Accordi to, the ex | e
an R, Lenere ] DL R, AFPESERPIehBshas, PR optical
typsi, cr abanbeps pooduee | ysi s alrmeci@etayraanc hdasestd f oon the

. the.capil.lary el ectrophoresjs an chi or ex le with .

miskpEsER kiR S5 LBE e s AR SR LRRAATE faftidection
(crpssvictediculrlet B capi thar geakecet riapglkedrfes iz adndimpulsd efigure

T junction cordi ng.to _t.he kno art. Optianal t
10, o AR GRS et ¢ ot e Pl Ly PEhe pralley o
micebebbmbplier esis, thenmecsedn i nbegrat edcspnsbaryof fbe  the

i_npedent i onetri /or.optic type, able to praduce
o1 P ERE P e hRer bGP aN bashd ch (G s naogy (RE each
secoadpaynadscanahgskdrfrom the i ntersection (cross or

double T ) to the sensor itself. According to figure

10, in particular, each m crochanber of the plurality
Extafictiionochéinbehs i BNEONaEcCt eHet oracoaprédiar foévalt heells is

| horesis. (CA ia a.fluidi | Q) of
perZ e ReEoRR ALy LhhEr BRRANBEY B4kt racti on of the DNA of

the recovered foetal cells is perforned by al kaline

t her.mol vsi s.. The determ nation chronosone .
el e et sl ok T ERr ORI AU OIRONEs performed via

ana(lgsast ckandesn REReatShoart nTendsmat 8ebetes r neacsositellites
nol of fIUfresce

- PCR. _The_t ce.capillar .
by St GBhorBst Chper s s THEMST G ¢ Sheaie e ates ofapillary
elesevepabresis permits the simultaneous analysis of several
STRs via the appropriate choice of fragments of DNA marked

with different fluorescent molecules.

At least three different STRs, with high heterozygosis
frequency in the population, of each of the chromosomes 13, 18
and 21 and three markers of the sex chromosomes are amplified
in multiplex-PCR. In the case of a no-call, for example due to
the presence of STR in homozygosis, a further STR of the same
chromosome is amplified. The STRs analysed are: D21S11,
D21S1410, D21S1411, D21S1412, D2181435 and D21S1446 for
analysis of the chromosome 21; D13S631, D13S634, D13S258,
D1338305 and D13S742 for the chromosome 13; D18S535, D18S386,
D18S391, D188858 and D18S51 for the chromosome 18; for
analysis of the sex chromosomes the markers AMXY and SRY, and
the STR X22, DXYS218, DXS6803, DXS6809, DXS8377, HPRT and SBMA

are analysed.
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STRs via the appropriate choice of fragnments of DNA
marked with different fluorescent nol ecul es. At | east
wo boosassf f erent STRs, with high heterozygosi SPCT/1B2008/001083
frequency in the popul ation, of each of the
chronosones 13, 18 and 21 and three markers of the sex
chronosones are anplified in’ nultlplex PCR In the
case of a no-call, for exanple due to the presence of
STR in honDzygosis, a further STR of the sane
Parehﬂ@mmmplmmaﬁic&d offheh&TBRAaRE wied Bdetal cells the
181410 €§§é$11 D21S1412, D21§}435 and
matﬁf o S O (HRF AN OIS oA 24d e 3pqne aspect
of D185634 1rﬁﬂéiﬁﬂﬁc&h D138305 pﬁds&laéM?of or gd@méole tgaternal
hronD one D18S53 8838 D188391, D18S an
CO“% 8P tﬁ@ %g f;’cg,%a S afli y & sPSFSﬂE?ieseQXtemal
conctlahﬁmsdms otfh&hréadf’erPSZRAWY and-SRY, and the STR X22,
DXYS218, DXS6803, DXS6809, DXS8377, HPRT and SBMA are
anal ysed. Parall el to anplification of the DNA of the

In foehal caAldsrdpiermfrentsl DbBthsnafal ysesmtothe capillary
of the inven

di ec
LR SBPELERIE oPE oLt bl B T Nt iR oS! yomatic
seqliesicalr C@drs @tanmpROSHi h eABXt priah Gamanits iDfef and the

In the ectro herograns
aimsgE Ry T o nE<aks: {19 TU HGhhbpeSre Glatipus alleles
of pmdu@tmgaflﬂa@% WhiBrbbetall ogeki CasequeiQsised.or simultaneous
anag nple with ABlI prism3 the are

0) nd the
Yferfsi Bhs of e HEAED PgépoﬁaPngh?ﬁptﬁﬁsvé%i88§tr°1 to

intehdpele®s @het heesupti foed tmecr@sﬂeei ild t@&aa.ryma;r)al ysegding to
. . Si.mul t aneous al ysi s of ternal DNA can
iaeReddit ; SORER el S t 1Y r T BiCThe GORBFTEnEcfons  and
con&ﬁalll‘n&itionheblﬂl nghéo r@k&mefe/d pPEsHddle er948s Ofvith maternal

1 |.aboratory contam nati ons and contam nation of the
cellScovered foetal cells with maternal cells . The

genetic anal ysis phase can al so be perforned,
The %%%g%fgganaly51s phase can also be performed, according to
a possible variation of the invention, by means of karyotype,
in which case the phase of enrichment of at least one
population of cells comprising at 1least one type of foetal

nucleated cells furthermore comprises the phases of:

I. blocking the cells in metaphase.
After stopping the cells in metaphase, fixing and
permeabilisation are performed for identification of the

foetal cells by means of an intra-cytoplasmatic antibody.
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popfdar APt B esedd et PP TIE Iide At oL HRgh PO ErPfegd fostal
nucaeatgdnebuascharacter|stlc of said at | east one foetal
nucl eat ed_cel UIt bIe for rpitting said_di 0S] S;
c. Charalebirdedt ik B sTEpFhrh 38pBR el Hoalgise one
typenefcéuetbﬂommaﬁeageﬁacé1ab Ieast one type of foetal
nucl eat ed .cel erfo rneg X i ndi vi du lﬁ eIe%U|%£ 11
© si RGF&CEBLRS Pn %e ttof PERAYE HePe e Hedi § ce
1soia|tdzdplﬂrmsamcﬁ19 debitchet a]&al:ltalcn’e.d &)Pp@l@frrfdet;al nucleated
haracterised in that st i,sol ati_ng at | east
ceLdte CAPT 1 PEREmorth sai it it Gie t JSBSLr 18BEa) genetic
chamaclteatied icel b§ i sajper faar nkdaby caps urideral nucleated cell

suitable for permitting said diagnosis;

characterised in that said step of isolating at least one cell
from among said at least one type of foetal nucleated cells is
performed by individually selecting single «cells in a

microfluidic device designed for said purpose.

2. Method as claimed in claim 1, characterised in that said
step of isolating at least one cell from among said at least
one type of foetal nucleated cells is performed by capturing
single cells, preferably each at a specific site of a
plurality of sites of said microfluidic device positioned in
the microfluidic device according to an array, and
subsequently selecting single <cells from among the cells
captured, on the basis of at least one parameter which can be
detected by means of a sensor internal or external to the

microfluidic device.

3. Method as claimed in claim 1 or 2, characterised in that
said step of enriching said sample of said organic fluid

comprises a selection of cells made on the basis of at least
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single cells, preferably each at a specific site of a
plurality of sites of said mcrofluidic device
w@osistiBsed in the mcrofluidic device accor di PQI/iR2068/001083
array, and subsequently selecting single cells from
among the cells captured, on the basis of at |east one
par anet er which can be det ect’ed by neans of a sensor
one BLernal or external to %Eﬁ nicrofluidig.devi e. 3.
MBEABEAE T FAPRER A8 &M EXOHP2CONERSFAlEePlsed in
a. thaensakg;step of enriching said sanple of said
L. Of anig iluiq conprises a selection of cells made on
© t hB°BREPs®dY 'at | eastone par anet er chosen fromthe
. grelpcconsndt pegpetktiea;. density; b . norphology ; c
. electrical properties; d . chemcal properties; e .
- meERSAHER BF%ES??FS?f f . expression of surface
anhmegiRfical prepptresissen of intra-cytoplasmatic
antigens-,h . giele%tric ﬁgosert[es; I . magnetic
pr SPEFEFEECoP  BHDFASEI BRS18F Fhe same. 4 . Method as
cl akpedsitionl afmidtracbgrapliacmaedci anthgknsai d step
of senriching said Sﬁngle of said organic fluid in at
| e8SFL5H rbngFSPFE 16f7cel I's conprising at |east one
i. typagaktieepabpauclieated cells conprises the step of
treating,said sanple of said organic fluid in order to
or §88§955819H§ i cggﬁtéamSells and consequently enrich
it in nucleated cells . 5. Method as clained in claim
4 aracterised in.that said steg of treating the .
4. sawﬁﬁgogfa§aF&a&P§§nF@ Fﬁﬁ%&i P ol U AT Tt ¥ et said

stepucbpateedictling agdidonsagplent by adidhorahic fluid in at

least one population of cells comprising at least one type of

(o N U0 B o (I ( N o PR 0 |

foetal nucleated cells comprises the step of treating said

sample of said organic fluid in order to separate the
nucleated cells and consequently enrich it in nucleated
cells.

5. Method as claimed in claim 4, characterised in that said

step of treating the sample of said organic fluid in order to
separate the nucleated cells and consequently enrich it in
nucleated cells comprises the step of centrifuging said sample

of said organic fluid in density gradient.

6. Method -as claimed in any one of the preceding claims
characterised in that said enrichment step comprises a
selection made on the basis of at least one of the following
characteristics of said population of cells comprising at

least one type of foetal nucleated cells:

a. Express the surface antigen CD71;
b. Express the surface antigen CD34;
c. Express the surface antigen GPA;
d. Not express the surface antigen CD14;
e. Not express the surface antigen CD15;
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nucl eated cells conprises the step of centrifuging
said sanple of said organic fluid in density gradient.

W@ 2008BisBnd as clainmed in any one of the preceBCTgB2008/001083
clainms characterised in that said enrichnment step
conprises a selection made opn the basis of at |east
one of the follomﬁng characteristics of said

ulatlon of Isc risi at | t one type of
£. g 5l SKREFES: gg CSPF 8 f"lnEgHFé‘sgBt%%e surface
ant| gen CD71; b . Express the surface antigen CD34,- c
s the surf.ac antl gen GPA; Not__ex Ss th
7 suﬁxgg‘eaanf"l geﬁliéf)TE% eC§<fpr o t RE %€$‘$ Slaims,
chaaattgans@ﬂl&d:th@btleprmyrﬂdasSmméaGEepnbﬁg@mlﬂﬁﬁhg said
thodgas cl ai, rre dg of the CErecedl n

. 59 Eh#1 Bient ana
sa é’ﬁ&r& t S &rgr?ntlr?at SER Phfenrichment an
befcblrleutsarlgi Stiegb s@fiTpl €0 i t S doer ganlledsltwcdaeafctee]rl sff@h among

tep of .enr chnent nd befpore_sajd.ste at i .
Sal%f %t | $58F ongnselgy??on?gnnﬁﬁeéﬁ}d ﬁ ?@3@ on%efyie said
dllotlbneualp@u&b&m@ddo@eEM&,hyyﬂﬁthﬂlﬂlawums eerilos ndgnber of

h i,s of a count of th nrrbe of nuc]|
nucdBatB8 PRI0% BreleBlh & ARl NSt Bt Mgttt ehes votume
of odaidi daspipl e whiilchiss ssqparateell from the saapbeeofof said
sai.d a teI after sa enri chnent
orggflif 29438 Erhed'deelVerEhE Hadt) SritheRR ety
clains characterlsed in that at | east one or both said
of, enrich erfornanc of_.a genetic
SniRSERE ohe o et B GOl B bt i desaing oolains
chaorhcltscirllaéldonlm\ll tthat Sal:d maas;of |dn€dl erdeuocﬁ uﬁﬁdi f eteps of

e% orm|1 &he |$ozn|on s . 9 838 cla 4
R VR m%‘ R¥arActerssed m’" t$3t e‘él?n 8 P’&ﬁ&u c?re carrie
outdeim ceombmsedopr ovitdedseith stebuicdl | iyoDit tibfif eriehlin said

d f h d hydraul.ical |
i CEShReraf, SHGLT M LEA 0ROk PEEAGETORE FhCe By laheon otée-

9. Method as claimed in claim 8, characterised in that a
microfluidic device is wused provided with a plurality of
different chambers, separated from one -another and
hydraulically connected, delimited on at least one face by one

single chip or by a plurality of separate chips.

10. Method as claimed in any one of the preceding claims,

characterised by the phase of comprising a phase of marking of

the foetal cells with a specific antibody for the foetal cells
suitable for discriminating them from the maternal ones,
performed preferably by using a variety of antibodies directed
against a specific antigen selected from the group consisting
of:

. antibodies that recognise foetal trophoblast antigens
such as: HLA-G

° antibodies that recognise foetal surface antigens such
as: 1 antigens

. antibodies that recognise foetal intracellular antigens
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single chip or by a plurality of separate chips. 10.

Met hod as clained in any one of the precedi ng clains,
wa@basasiseTi sed by the phase of conprising a phPSEIRN08/001083

mar ki ng of the foetal cells with a specific antibody

for the foetal cells suitablg for discrimnating them

fromthe maternal ones, perforned preferably by using

rriety of ;antibodi es directed against a specific
sucan%%geﬁaégpgépgénf%gﬁﬁiﬁevg?88peconsisting of :
anti bodi es that recogni se foetal trophoblast antigens

sugh . HLA- anti.bodi es.that recogni.se foetal .
112 AR i gera lhen o "B | §Ene Uit S eesdndp that
saidecagn sef f bebabtingr atcelladsr amd | feassaliclkeedd: is performed

ha l.abi n .chain and e 11. thod.as clained.in . .
by (AR S E b el 8o, s Ry iy satd
micabfleadt comeviaet, alpostiousl ypendtheddwbyhi sdid ditalleast one
marggkecting single cells present in said mcrofluidic

évice, previously marked with said at |east one
mar ker. 12. Method as clainmed in one of the clains 10

or haracterised.in.that_said_at éeast one nm éer
lz'isMé%PPéorggceﬁ ah8rRer 1813 %et Rbd & ecl%%ﬁ%%sin{ neCt 11
chavhctheickd nenl0 winatll, sahdr aatter ilsssbt n dhat sariteat is a
| east _one_marker is a fluorescent bead conjugated with

fluggﬁ “§t 845 5ne speci fic antibody for foetal cells.

14. Method as clained in one of the clains from11l to

13 aracterised.in.that it_co i ses _the. phase
13'na¥ﬁ%ﬁ8dmﬁ?ﬁ a® ?%ngna}Rerogﬁe2$£ict$%r ?%gl%%llfg or 11,
chamackeusseduclient echatel | sadll saitd Hlexost saopke, mamlter is a
flug?f%g'fzgggwklt)eg%ﬁt %g%sggsgaér:\ht&gl %%Iigg%xlts hfg‘lasetf A t.st,];?ecific
antibody for foetal cells.

14. Method as claimed in one of the claims from 11 to 13,
characterised in that it comprises the phase of marking with a
first marker specific for the cell nucleus, nucleated cells of
said blood sample, and marking with a second wmarker,
distinguishable from the first, at least said population of
cells comprising at least one type of foetal nucleated cells,
in order to select in said step of isolating at least one
foetal cell only single cells which highlight the presence of

both said first and second marker.

15. Method as claimed in claim 14, characterised in that both
said first and second marker are fluorescent markers having
emission in a first and a second wavelength respectively,
different from each other, preferably in the blue and green

wavelength respectively.

16. Method as claimed in claim 15, characterised in that said
phase of individually selecting single cells in said step of

isolating at least one foetal cell is performed detecting also
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cells conprising at | east one type of foetal nucleated
cells, in order to select in said step of isolating at

wo eastiznse foetal cell only single cells whichpCT/1B2008/001083
hi ghl i ght the presence of both said first and second
mar ker. 15. Method as clainmed in claim 14,
characterised in that both said first and second

mar ker _a fluoresce mar ker,s _havi n ] ion in . a
ce e B Vbl GRGE aLbuc P LR oEal Y dvEnfne ved
wavelenmgehchwotibér capr éfeergrleratred ey Hwm finbgrsmce by said

vel ength r tively.. 16, Met.hod .as ¢l aimed in
ce1fRrSkeRgil LERBAEl GeC o ol LrdfIOEARE AL o select
onliyndeel teialdhatsekedti ninsiiglle ¢dlel sfinssaiahdt eecaind said

iLsolating at |east one foetal cell .is peyforned .. . .
wav gl BaBtn bl SR SO or 2Tt R havel dpgt it in said
thipdefverabepgth.t he red wavel ength, which can be

generated by autof |uorescence by said cells in said

sanple of said organic fluid, in order to select only
17.ceMkshbbataentiaimellotin t beef iost tard ckciomd faodh 10 to 16

Iengt but ich, at the sane tine, dao.not qﬂgé i

wav :
chad3EReFArEd dhvSFalot. CPPPRTId e AT ghe efils 2
phatke of| diixd ngr @mdl @ermebd idharaacitear i Zed iderdthaiiddtion of the
anprises,.after_nmarking the_cel|l hase of fi.xi
foef AP Gl T8aBYI MERPFORTT B FUCAG: FYERPIGH aE LFhE™FGEPAT
cells by means of an intra-cytoplasmatic anti body. 18.
Met h s clained.in one_of the preceding clains, .
8'cthgg? ri 88d gﬁaﬁﬁgg said 6ﬁ§%ecg$ ggﬁ%tigfﬁﬁﬁgf S claims,
characperfieededihy thans s&i@F- Phlsandofonpensesca phaktesis is
f _conparison between g ti G information carried b
perggina‘et Irbé’asf"egﬁlg foore%t aﬁ%ﬁl}i&%eataé-ﬁiceﬁ?mparﬁdseﬁ 1%a hase of
compae igaher hatwaen!| eg¢eet tel | infkOmakitdod casxrdleal nbg | haid at
any one the precedi cl aiys, characterised in that
1eadR B8F o Fost i P ERETEar Ly PEe 2L, TG aRe Rhcernal

nucileaicedi neaf .| east one popul ati on of cells

19. Method as claimed in any one of the preceding claims,
characterised in that said step of enriching said sample of
said organic fluid 1in at least one population of cells
comprising at least one type of foetal nucleated cells
comprises the phases of placing in a culture said sample of
said enriched organic fluid in said at least one population of
cells comprising at least one type of foetal nucleated cells

and subsequently repeating on said sample an enrichment phase.

20. Method as claimed in any one of the preceding claims,
characterised in that said sample of said organic fluid
contains cells selected from the group consisting of:
uterine, transcervical or endocervical cells or peripheral

maternal blood.

21. Method as claimed in any one of the preceding claims,

characterised 1in that said microfluidic device for the



conprising at |east one type of foetal nucleated cells
conprises the phases of placing in a culture said
waeaophiessef said enriched organic fluid in sai drel/IB2683101083

one popul ation of cells conprising at | east one type

of foetal nucleated cells and subsequently repeating

on said sanple an enrichnent” phase. 20. Method as

cl ai,med in _any.one t he precedin | ains,.
s8R AT 6 SOUOLR BRI AFdoe BAEPEoOPIEa R ani ¢

fluid contains cells selected fromthe group

consisting of: uterine, transcervical or endocervica

cells or peripheral maternal blood. 21. Method as

claimed in any one of the preceding clains,

characterised in that said mcrofluidic device for

thesel ection of single cells is a disposabl e device.



