WO 2008/ 1358371 TT/ 1132008/ 001083 "METHOD AND DEVI CE FOR NON- | NVASI VE
PRENATAL DI AGNCSI S" Technical field The present invention concerns

nmet hods for non-invasive 5 prenatal diagnosis, in particular for the

i denti fi camwmoenfssgeneti ¢ and chronosom ¢ di sorders in ichept@etusss State of
the art Prenatal diagnosis for chronmobsom c di sorders was introduced 10
with the aimof highlighting abnornal[%jgs of the chronosones in the
foetus. So far, the diagnostic certainty of a foetus being affected by a

chromosone di §ah4eh, GaB BM@&%5&@%&9&%@@%@&5@@&&5& &.di agnostic

tests, examning the enbryonrc cell's 1n ordér to ermne 5- aryotype by
means of ammi ocentesis, sanpling of the chorionic villi or cordocentesis.
Al | thesertestiscar eiidiwasi ve and invol ve an increased risk of 20
niscarria%e. They are therefore usually recomended for wonen over the age
of 35, or INONeRFGREN T n WRPRRAVUs GREFTRTcy MehedRad TR chifo@ -dPvaeied by
chr onosonpréhstridedsaghiosden wht raseurdlseamimothaentbhi esidadnat usiwith a
nalfornatiogEtESEJQF qgscoverg of.thqjexisten e %f éoetal cells, although
rare, in PRE At SWRICTEPPEGPEL F oA HRs T e Whiy®gFSG585t o research and
devel op nethods for the isolation and recovery of said cells which permt

non-i nvasgy r&hahal di.agnosis. In particular, there are three main types
of foetal c%ﬁ%éﬁgble £6 30 pass through the placental barrier: |ynphocytes,

t rophobl a8¥&nail efyedirediastsr ahammesemicestiuiidrgs Ween igtredreddabove
al | ato stygyh nghdres hedss f 1 gh Neghsalptdmn.efaafieekal oer vhr ebkastsbnost he
peri pheral ternal bl ood and trophobl asts, epithelial cells deriving from
the pl aceht a-PB59%8%at i on of the trophobl asts fromthe peripheral blood is
limted by their multinucleate norphol ogy, whereas it has been WO
2008/1358&3P&%&l%g%QQ%éggég%chcertainty of a foetus being affected by

a chromosome disorder can be obtained only by means of

15 invasive diagnostic tests, examining the embryonic cells in
order to determine the karyotype by means of amniocentesis,

sampling of the cheorionic villi or cordocentesis.

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

ultrasound scanning identifies a foetus with a maiformation.

25 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

30 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.

35 Isolation of the trophoblasts from the peripheral blood is

limited by their multinucleate morphology, whereas it has been



denonstrated [8-13) that these cells are present, between the 6th and 15th
week of gestation, in transcervical sanples. It should be noted that the

t rophobl asts which mgrate fromthe placenta often adhere to other

t rophobl asw mos/magernal cells 5 form ng clunps. The i dantisbicsativen of
foetal cells has also recently been nmade possi bl e by nol ecul ar bi ol ogy

met hods applied directly to non- cultivated foetal cells. Said nethods are
for exanple prenatal 10 FISH (Fluorescent In Situ Hybridization) and

Quant i t at keRoftkbesescend 1Pl ym@%eg&a'&ﬁ%a%?x'eofbx(e@'én%@lm%eﬁc@h S a
nmet hod able to |dent|f and sinmul taneously quantify chronosome-specific DNA

sequences SWHi 8R4 E)éF]ﬁg YBPKi BADPESERT PRI virluer 2R 9ty rds SPEPAESE edt
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the use of QF-PCR in prenatal analyses. 20 D.W Bianchi and col | eagues
devel oped [ 14-27) a systemof isolation of the foetal nucleated
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Wit h 15 freguencyref 16@l Senposidd vaseaf) 3%11% .Sepanadkb@cflct PRere are
nononucl eat ed_cel | s an density gradient and enrichnment of the sanple b

y
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D.W. Bianchi and colleagues developed [14-27] a system of

isolation of the foetal nucleated erxythrocytes (NRBCs) from

maternal blood based on multiparametric scoring; the
parameters include two morphological characteristics
25 (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
30 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.

35 The scoring system is very laboriocus and use of the

micromanipulator causes the loss of part of the cells. 1In



MonaLi za Medical Ltd. (US patent 2005/0181429 Al) devel oped a prenatal
genetic anal ysis nethod using transcervical cells. The nmethod is based on
the use of a Pap smear cytobrush for the recovery of transcervical sanples,
whi ch are proopessegi7by 20 neans of cytocentrifugati on faribespsiegar ati on
of slides. The transcervical cells are marked and anal ysed under the

m croscope and their |ocation and coordinates on the slide are nenorised.
The slide is analysed in FISH and the trophoblastlc cells are |dent|f|ed

using thegegargdi natess ohfaihngd ko Prav.pusky. sThe disadvantage ;

met hod i s that during the processing for preparatlon of the sllg% part of
the transEBFOYERY €& If9ehRe 6385 ompiachodil @lubreeuenek of false

t rophobl agbsit 30 AWNVA:BI osci ences Corporation (see for exanple

EP- A- 1439897) devel oped a system of enrichnent based on biochips to isolate
foetal cells frommaternal blood. This nethod uses a reagent which permts
renovat ofepheanbporof ytiod m&mnnuqﬂbhmadytealssmwﬁkn@mbyyngaaalaﬁthhghly

speci fic ppgnetic. eags %a%§1 qﬁ; Mhreso |%ﬁ Qodgfs 595 f oet al

anti gens and enri chnent mean | erln chanbets with
VO 2008/18533?PC£%BQ@%¥0@§0@@3 Wﬂth §9¢@ﬂ%lmaﬁnhgbwéu¢%bf@rdtaﬁegemma

accordi ng;19 tet}% ihype phecel | ﬁaéﬂo fcbit§0|cﬂ'a§qs Saj d g?%@o%ncﬂﬂ%eé‘f%? the

confined to the selection of foeta I's by means enri chmen
sanpl e, WAFRRT dod®r¥st |1 Hit tﬁ%l%osgﬁB#FPEy ¢f2havi hg+evn ani REPFAAGE

nmat ernal aebésipngk t hetef amerbheasonsegeent ¢ skofat i elbrablkecggnet i c
analysis 10 In %gort none, of the above- nen |ongd non-in IlB%vgBmethods has

so far dePBREYTHRd ¢ Hat 2TEL Taft be® use A4€ atPolifPn& orse FYERB
diagnosistbé feetabo@meuﬁh0|dn&s dndfterl otthemoghrbinsorrddetiet saddbt The
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non-invasive prenatal diagnosi npl i ng-of an or
mat er nal €hai®@s. with high probability of containing circulating foetal
nucl epd ed cells and their subsequent isolation, in particular a uterine,

endocervical or 20 transcervical fluid, aimof the Bresent pr enat al
di agnosi s ﬂ%ﬁ%&?%e@ed%ﬁﬁﬂvﬁQQT(xﬂq §mtent 2005/0181429 Al) developed a

prenatal genetic analysis method using transcervical cells.
The method is based on the use of a Pap smear cytobrush for
the recovery of transcervical samples, which are processed by
20 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
25 previously. The disadvantage of said method is that during the
processing for preparation of the slide, part of the
transcervical cells are losgt, with a no-call due teo lack of

trophoblasts.

30 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

35 cocktail of specific antibodies for foetal antigens and

enrichment by means of high resolution filtering chambers with



25 or peripheral maternal blood. A further invention is to provide a

met hod for that can be automated, w thout false a | ow nunber of false
positives and no- Summary of the invention The present invention concerns
met hods anwodevi/ses7f or noni nvasi ve prenatal di agnosi s,pcdmepagbdicasl ar for
the identification of genetic abnornmalities in the foetus. 30 According to
the present invention, therefore, the diagnosis is performed on the basis
of an organic maternal fluid with high probab|I|ty of containing foetal

nucl eat edpgell Sna0thd Ne,.subsRauahh 30! aLLapat et egf (nbn-paLtbeuLas; L rom a
ph

uterine, 35 endocervical or transcervi cal or peri mat er nal

bl ood, i dBRtPEyiFRIa4Rd-anal ysing t he foetal ceIIs present |n WO

20081135837PCTR132081001083 5 proceedi ng according to the nethod of claim
0 the present invention, the uterine, endocerV|caI or

1. A di t
tranggg;v$%g? PELRE or "R Ser | pher &P TRA% I EBT 0BgIFStion of foetal

5 cells by means of enrichment of the sample, which does not
limit the possibility of having contaminating maternal cells
and therefore the consequent vrisk of an unreliable genetic

analysis.

10 In short, none of the above-mentioned non-invasive methods has
s0 far demonstrated that it can be used as a routine practice
for the diagnosis of foetal aneuploidies and/or other

chromosome defects.

15 The aim of the present invention is therefore to provide a
method for non-invasive prenatal diagnosis, based on the
sampling of an organic maternal fluid, with high probability
of containing circulating foetal nucleated c¢ells and their
subsequent isclation, in particular a uterine, endocervical or

20 transcervical fluid, or peripheral maternal blood. A further
aim of the present invention is to provide a method for
prenatal gJdiagnosis that can be automated, without false

negatives, and with a low number of false positives and no-

calls.

25
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.

30

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 isolation therecf, in particular from a uterine,
35 endocervical or transcervical fluid or peripheral maternal

blood, identifying and analysing the foetal cells present in



5 firstly processed via one or nore enrichnment stages of the foetal

nucl eated cells. The nethod is characterised by the use of a mcrofluidic
systemable to individually select, in an easily automatabl e and repeatabl e
way, singl eeccebd/ssfsrom the enriched sanple. By neans ofpcayigraos/ofibgsi di C
system of 10 isolation of single cells, it is possible to obtain a set of
foetal cells with purity sufficient to _performa genetic diagnosis.

By m crofluidic device me mean a device suitable for managi ng 15 vol unes of
liquid with atEdang ev,vor@yn@&;oéﬂa"n@t%oqlewfcemmfyrther more nmean a
devi ce whi ch has at Ieast one dinmension smaller than 1 mm 20 By device
able to individually select single cells we nean a device able to perform
the sel ecaé@srdingpne Otfhwﬂeéﬁmghﬁn%@iﬂl%n Ongedtut rlinge @haaicaybiaﬁtﬁousl Y,
on the basis of paranete s ssed nd|V|duabﬁ%?gn each ce 25 The

genetic anal yEPESEERVTHE ub r 81 nBd® vPETER g?t§58ﬁ §ﬂ€ﬁﬁht?fat|ve
FIuoréSceﬁiréﬁly(ﬁ}béﬁﬁéediﬁlaece@samy msrageamabyaestohthgescaﬁlstné t he

b i porr ety SRS T8 £hia NALNDE O SRIRRLRLLUETEPOTAE uoe

Fybrldlzatlon ise of a microfl emo rs'Vart ous
advantage%flﬁcWGGFﬁ§1Ph61®o§§ﬁbﬁmlﬁ?léftﬁaviﬁ@ywﬁdyﬁdéabﬁéﬂ§v§beﬂsl i t hout

risks of gontam aaldithatevesy thgdidharenia,anal isps dethe negd 4

t hor ough mashlng of th%AeqU|pnent FurthernDre the 'use of a mcrofluidic
syst em of FF <Rk il i By of"e885haPing 2aulfdrErfévoriSent it Pt ot

syst ars, £d§tﬁl‘a&ﬂ11d3flcﬂfer e hhgh d,eviel of peddiadid idy.obtddn a set of

2008/ 135837PCT/ 1 | .3 08/00 083 - er characteristics and advantages
of the |n€en Héncﬁﬁ app%a F@F&EV f?%ﬁé%?ﬁ?q ol FSMA%%Fggg%rlpt?%% %€ some

non- I|n1tdxgEnQﬁﬂaanentat|on exanples, with reference to the 5 figures of

t he acconpanying draw ngs. Brief description of the figures Fig. 1 shows a
sumary di agram of the non-invasive prenatal diagnosis nethod according to
the preseff PheEHtigdiciGlerige yesheRs an devage ohithblehfpr whahadng

magniifg cafd0med WF fliibtien §0enfd uaipseengaef the DAPI. Three nuclei can be
seen, corresponding to three single cells. 15 Fig. 3 shows an imge of the

chip with 10X magnification with filter for fluorescence of the FITC. The

ar ea photwgraphest lis dike deatecaset farthbrhbge RedNdat wovidbe ewpdsi thae cells

and one Hb-e negatjve . cell can be seen 4 shows an el ectropherogram
sion smal

rel ative %o ana y5|s o%m?ﬁe C ronnsonet%§¥kg gf&IVD(Y, D21511 and HPRT. The
upper plot refers to the analysis perforned on foetal cells recovered from

mat ernal &) 08gyi ddeabireto PLALI T ELEISS SN ANA NS RANLOLEd A MRt er nal
cells. The graph shows t e presence o
device able to perform the selection of one or more single

cells, one at a time or simultaneously, on the kasis of

parameters assessed individually on each cell,

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

karyotype or Comparative Genomic Hybridization (CGH).

30 The use of a microfluidic system offers various 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

35 having automatic or semiautomatic systems, characterigsed by a

high level of reliability.



25 the sex chronosomes X and Y in the foetus and at D21511 the foetal cells
have a first allele inherited fromthe nother (M and a different second
allele (of paternal origin (P)). Fig. 5 shows an el ectropherogramrel ative
t o anal ysi svoofood/ 1368330 chr onosone markers D185391, D13563%namds/Bdddsl411. The
upper plot refers to the analysis perforned on the foetal cells recovered
from maternal blood, the lower plot refers to the analysis performed on

mat ernal cells. The graph shows for the markers D135631 and D2151411 the
presence of two alleles 35 (normal heterozygote) and contam nation by
maternal cells can be excluded. WO 2008/ 135837PCT/ 1B2008/ 001083 -7 Fig. 6
shows an EPEER®HPRBRABAT BT+ RS v crdrelbades o7f t hee maPKeRtEPRSY43¥ and

D21S1446. afppeatipperesd Ol‘frbﬂf el t @oum@waﬂ@l kfés%ﬂ@ﬁ:flahnﬁﬂf onsdnet abncel | s
recoveredlfro mat er n aL q:q%ﬁ; the 1o Eeferg to the analysis
per f or med - oN* Mt er nalPcETEATE g A5AP ﬁﬁms VHE pr 88EAEENOF thB aFP8l es
(norme$ hétenoeygot e)heardcoogtapinatdoswingsmat ernal cells can be excl uded.
10 Fig. 7 shows an el ectropherogramrel ative to analysis of the nmarker
D18S535. The upper plot refers to the analysis perfornmed on foetal cells

r ecover edBfriofn deperintiion efdrhendigwnes plot refers to the analysis

per formedreg. Mt &iRAls Gel &Smmak: gf@@ﬁm§h9§5thgethe§%09§19£ %M@nﬁ@a?all
alleles (nornmal 15 heteroz%gote Fig. 8 shows a flow chart of a preferred

embodi menfidFNeHES MAGE Accoraing 'E% ftlkfe HEEESBt 1PH%E%‘P%n 20 Fig. 9

showsid he trend of the nunber of foetal cells in a single cage (NC SCC)

accordlng to t an densit of C S

schemati catfy 2 ge QEFpTe BFAS° Vi g% ‘8$£?§“l IgﬁEﬁFQ?FgﬁCSFg?ﬂe Fhod

(or of théltU@St%ﬂﬁ|ﬁﬂuqma$cehaeaoﬁeth8|D@Pbarlhxﬂe|ﬂ@pL@ac0ad|bg teehhe

i nvention, A§§£é§ $¢ QPULE single 1K 5Ubj ect of the present invention
per

is a nethod form ng non- nvaS|ve ‘prenatal diagnosis. Collection
of transcerV|caI sanpl es

15 Fig. 3 shows an image of the chip with 10X magnification with
filter for fluorescence of the FITC. The area photographed is
the same as that of fig. 2 and two Hb-e positive cells and one

Hb-e negative cell can be seen,

20 Fig. 4 shows an electropherogram relative to analysis of the
chromosome marker AMXY, D21811 and HPRT. The upper plot refers
to the analysis performed on feoetal cells recovered from
maternal blood, the lower plot refers to the analysis
performed on maternal cells. The graph shows the presence of

25 the sex chromosomes X and Y in the foetus and at D21811 the
foetal cells have a first allele inherited £rom the mother (M)

and a different second allele (of paternal oxigin (P)}.

Fig. 5 shows an electropherogram relative to analysis of the
30 chromosome markers D1883291, D138631 and D2181411. 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 DI138631 and D2151411 the presence of two alleles
35 (normal heterozygote) and contamination by maternal cells can

be excluded.



The transcervical sanples (TCc) can be taken fromdifferent |evels of the
uterus (external bone, |lower part of cervical 35 canal, |ower uterine pole,
intrauterine cavity) by means of various techniques: aspiration of the
cervical nmyomsies/134672008/ 135837PCTA82008MD1083 _ 8 _ cyjp@bisdeR n0fsswab,
endocervi cal | avage and intrauterine |avage (1UL). Enrichnment starting from
peripheral blood 5 The proportion of faetal cells can be enriched using

vari ous net hods, for exanple centrifugation on density gradi ent, consisting
of solutions such as Ficoll or Percoll; mechanical enrichnent, based on

m crof abricated filters which sel ect nRBC and enpty the sanple of RBC;

enr i chment 29i a &diSEP¥EL POpIFRELFEPEOT BT ak PSR bye nkananatyaispeéi the

devi ce, tharReel ectcophor ehidc moitdvated el | uﬁﬁéie@fkﬁﬁ(ﬁﬁﬁer%ﬁ|?QttHF
es. of no interes

lysis, for exanple selectl | ysis _of the_erythroc

i mmunomag A8 Xng%pé’rﬁgtmee f%reéﬂ%t%]f icﬁﬂgﬁon’éﬁ?fé‘%/‘?r@doeﬁﬁgm W epBERt i ve
sel ectb onblusiing theadsovd: | phdazed rte(iexpecftcﬁl chantaradiseis fpertdenddebal
populatlogdgg¥9§1rgg9ygreq gag; hq#hctégg%%nglgglg@ooglgehluIar

popul ati ons of no interest es”of “§8l &ctTon-can be
coupl ed tanﬁ@@ba§%t¢$@?x3ﬂ&ﬁH|ﬂﬂ@3FQﬂtamh@aﬁBpno@Y(a@tEtoalexahpﬁecann
us2006/ 0084 7dBc1udd@nchi); FACS, 20 on cells marked with specific
fluorescent antibody for foetal antigens. The majority of these nmethods are
al so automated and all the separation nethods can be preceded by separation

of tat@l 25gronortekeatad eqelcltsopuefr@@m ofeLPivd ftl@a&h.@ny@ﬁs d@flsi:hé!

gr adi ent ogrglterﬂf%é fg)/t can be a pIied n bl ood |nhto

general thé process’st4rts m%f(?llﬂ K, BEESE i $notPS0 §PP9¥FF§
necessarypénfoam¢dth@ feehm&qaeklsCrheovenmdchnemtmheehnaQub$ood Achar t her

techni queugll er.so ' I
M |t enyi BIOtG&% é% §§b@§y é %npégg? cﬁlg%te%%aWAg§19¥
The graph shows the presence Of two no- call alleles {normal

15  heterozygote)}.

Fig. 8 shows a flow chart of a preferred embodiment of the

method according to the presgent invention.

20 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
25 implementation of the method (or of the substantial and

characterising part of it) according tc the invention.

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

30 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
35 canal, lower uterine pole, intrauterine cavity) by means of

various techniques: aspiration of the cervical mucus,



WO 2008/ 135837PCT/ 1132008/ 001083 - 9 -- To sunmmari se, considering the case
of organic fluid consisting of peripheral maternal blood, enrichnent of the
bl ood sanple in the popul ation of cells conprising at |east one type of
foetal cel g omsridagsyobt ai ned via a process in successi vecmpphgsesswi th, for
exanple, a first phase in which total nononucl eated cells are separated
fromthe maternal sanple, previously diluted in PBS/ EDTA by neans of Fi col
density gradient centrifugation. CbV|oust, as an alternatlve any one of
the ot her -gethods, S&mwabse%d%c&wy&slll y{, Jtrs (3}@ g4e0m
enriching of the maternal sanple via 1 on of ceé1 e on e ba5|s
of at |eadtUbhe par anet er chosen fronlthe group consisting of: a. denS|ty,

b. norphol ogy; 15 c. electrlcal propertles . chemi cal properties; e.
nechanicab P ﬁﬁrtles ression. %;f ce antigens; g. expression of
i ntra-cyt opf & ??Q:%ﬁ?ﬁFdQﬁs T9H RS %foperties: i.magnetic

properaiewheopropobtrmmloﬂsfoét&heesbh@.céﬂbsequamhbneenmsehgenhrméuéhe

f oet al ce%g§ 6§Sfurﬂ9@r€%%t%3%al g%P¥£Q§§Q%%gL sqfqﬂg. a %a&@e“@'Ch t he

posi tive or negative sel ron o or exanpl e expresslng t he
CD71, frofpuieswonbrei| sakwd ansl siche gy dtigdlitn arhéeiacstl ; stregha@beabusl y

the secongnﬁmﬁé}{@ntbas;e%poaa&leggﬁgb§§c£té@lﬁpﬂe&% rmﬂ%hogetlaetbﬂﬁﬁé of at
| east one of the follow ng 30 characteristicsof the population of cells
ConprISIH@n%tempty the safiple of RBC; enrichment via dielectrophoretic

10 separation by means of a specific device, the
Dielectrophoretic activated cell sorter (DACS); selective
lysis, for example selective 1lysis of the erythrocytes of no
interest; immunomagnetic separation, by means of
immunomagnetic beads with positive selection {using beads

15 1linked to specific antibodies for the foetal population to be
recovered) or negative selection (depletion of cellular
populations ©f no interest), and in which the two types of
selection can be coupled to increase the specificity of the
methed (as, for example, in US2006/0051775 - Bianchi); FACS,

20 on cells marked with specific flucrescent antibody for foetal

antigens.

The majority of these methods are also automated and all the
separation methods can be preceded by separation of total

25 wononucleated 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

30 strictly necessary for all the techniques.

Other enrichment technigques

A further technique well known to persons skilled in the art

is called MACS by Miltenyi Biotech, or Easy-sep by Stem-cell
35 technclogies.



| east 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; 35 c.express the GPA
surface anti@ensg1@sanot express the CD14 surface anti genser/MEdosno1083

2008/ 135837PCT/ 1132008/00 I 083 - 10 - e. not express the CD15 surface
antigen; f. not express the CD45 surfacge antigen. Furt hernore said second
phase of enriching the sanple in the 5 popul ation of cells conprising at

| east oneTng@mrﬁérit@'sc&méé%l grft%még FIOQPS%rterrﬁle 'E%gs%mg

t echni ques: gnetic Acti vat ed
Di el ect roBﬁoP@FFEh%ﬂ v‘é?‘éﬁr’@l | bEepe er enTOCENERCS br LE bl esdefeaple

Acti vat edifeltheSqidRi1atNenKid ef1ibechbrgtati el he hdROI R NG off
trophobla %Iﬂl IelsaTCng F 11g‘flncubated W th yBe

acetyl - ?%F%L S138) VPR nbe |Bﬁ’b§l%%<a e h BEEESFe Har BUsGesBhEesanpl e
is ands agpha&e:d w;gm,ous:loy t exsuspension fdfrsti ngheseelirs. which total

mononucleated cells are separated from the maternal sample,
previougly diluted in PBS/EDTA by means of Ficoll density
gradient centrifugation. Obviously, as an alternative, any one
of the other methods summarised in figure 1 could be used, for

10 example enriching of the maternal sample via a selection of
-cells made on the basis of at least one parameter chosen from
the group congisting of:

density;

morphology;

15 electrical properties;

chemical properties;

mechanical properties;

expression of surface antigens;

expression of intra-cytoplasmatic antigens;

own o Hm e 00 0 o

20 dielectric properties;
i. magnetic properties;

or combinations of the same,

Subsequently enrichment of the foetal <c¢ells is further
25 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
30 characteristics of the population of cells comprising at
least one type of foetal nucleated cells:
a. express the CD7@1 surface antigen {as already described
and which represents the preferred form of the invention);
b. express the CD34 surface antigen;
35 c. express the GPA surface antigen;

d. not express the CDi4 surface antigen;



For identification of the foetal cells, a marking with a specific anti body
for the foetal cells (able to discrimnate 20 themfromthe maternal ones)
is used, proceeding as in the known art. The trophobl asts can be marked

usi ng a vamieidys/akssant i bodi es directed agai nst specifi GaENGh@SKIS HLA- G
NDOG- 5, BCl, Factor Xl I1, FD0202N, JunD, Fra2, HASH2 and PP5 (pl acent al
protein), specific for the extravill ous, 25 trophobl asts; FT1.41.1, 103,
NDOG-1 and AB-154, specific for the syiAcytiumtrophobl asts; CK-7

(cytokeratin-7 ) L 15, HLA-C aHCG 1G~1I11, PA-1 and
p57, exprgeaésedg%tn t’ﬁi]:f%S%%ﬁ‘gb%gs;g“#ﬁ&ﬁ&ﬁﬁ%&m al al kaline

phosphat ade) , ABB4xRRE D heekpt esswtfase symdpeinum t r ophobl ast s and
cytotrophobl asts; Tapasin and CAR, specific for invasive or extravillous
but not villous trophobl asts; PLAC1, PLACA, PLAC8 and PLAC9, placental
speci fi csPUFSEET t FoF afe AN HMd 5% phobP RSt Clh itk agfee ceamrte PAR- ghe

(prot easepaptilyed@fl sLCEPINY )oonPprikengedronepbacentakyp¥of cells can

2008/ 13583 7PCT/ 1132008/.001083 geél S {rolm t.he Zthhto tﬁg_ 10t h week of
gestation> - AUT-I2"(GI'dEo 8%t PANEPort & ProleiFF 1 edPFe5sed on syncytium

t rophobl agt s awd-extr Madgnkous Acopholddasies If somcehe 10th to the 12th week

of gestatj,on; W%f‘d% ﬂ%g%g@%ﬁ:goﬁ@rl}oi@%%%téhnéé§1A)’ expressed on

extravill ous trophobl ast uri irst  three nonths of pregnancy.
| munost ai ni ng®@®ft&riyt hr obl asts from sanpl es of peripheral 10 mater nal

bl oody f~or ci dentAdd cat irQRicebstbgcd otd@lvateld ee12 BBLKEPY W th a second
specific anti body for the foetal cells (able to discrimnate themfromthe

mat ernal ones) is used, different fromthe anti body used for the enrichnment
whi ch, asMassitg el tHe d#heve) t¢s11wt necessarily specific for the foetal

cells. InfflSofdothitle JeokLoph g, £an, be used:
If the sample is a TCC sample, before marking, the sample is
15 incubated with acetyl-cysteine and agitated vigorously to

dissolve the clumps and obtain a suspension of single cells.

For identification of the foetal c¢ells, a marking with a
specific antibody for the foetal cells (able to discriminate

20 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, BC1l, Factor XIII, FDO202N, JunD, ¥Fra2, HASH?
and PP5 (placental protein), specific for the extravillous

25 trophoblasts;

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

CK-7 (cytokeratin-7), CHL1 {(CD146), CHL2, H31i5, HLA-C, aHCG,
IGF-II, PAI-1 and p57, expressed on the trophoblasts;

30 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, PLACA, PLACB and PLACS, placental specifics, in

35 particular of the trophoblast 1lineage cells;

PAR-1 (protease activated receptor), expressed on placental



anti bodi es that recogni se surface antigens (like i- antigens);
20intra-cellular antigens (for exanple, the globin chains y or e. In these
cases the cells are preferably fixed and perneabilised, as in the known
art, to pekd iosgpegymarking. It should be noted that alddquahsHigigm previ ous
studies use of 25 the anti-i-antigen antibody to mark foetal cells is
known, said antibody was used directly_in a device based on density

gradi ent. Marking of the foetal ceIIs'%y'neans of i-antigen antibody

pr eceded leggr#gggngﬂ? g@htggegﬁglg% eﬂdé%kP%§ehggt%gngtage of perfolmng a

pre-sel ection of the foetal sanp ric i'h foeta
eryt hr obl 86¥%) lando¥ursidq tatgnapardent ivictattnon ekprhesedl by sincuténest

further nmoEeophti JMg Snyeb¥cs8nsiidye apdosPstidi< PREKI NGe CRIlLS. @Jﬁr_eady
mar ked 35 The foetal cells can be already marked if an antibody which is

speci fic FBF thE fEsaric8PPEataPre to discrininate themfrom WO

20081 13588FPCTA 1B20081 Q63 - ddphosgHie ematieimale ones) asgpissddaior ggcent
or conjugated with a fluore en%:be d_or cggiuggteq:mjﬁh a fluaorescept
secondar yS o1+ ¢ &t TRy ﬁﬂﬂb{%&/ashfs BN Ys&dCi Nt 1HE e ERMEMP SN Thi s
case the pnegudredy sanpl e can be injected directly into the 5 mcrofluidic
device able to select single cells, since it is already possible to

identify the foetal cells. Isolation of single foetal cells Subsequently,
t he sanpl EmBorRHiHINIGIt hef canydhirebppatad frpm $empilesofdfui decinbored abl e

to i ngd vi dyadlyaseliests single cells, of any known type. For said purpose a
di el ectrophoretic isolation can be used (DEPArray, using for exaggle t he
. -

t echni quetdesAshédfnPETF PB2637/ BBPoERGL et cells, a marking wi

second specific antibody for the foetal cells (able to
discriminate them from the maternal ones) is used, different
from the antibody used for the enrichment which, as described

15 above, 1s not necessarily specific for the foetal cells.

In this case the following can be used:

. antibodies that recognise surface antigens (like i-
antigens) ;
20 e 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
25 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
30 (sample . enriched in foetal erythroblasts) and facilitating
identification of the cells of interest, furthermore obtaining

a very sensitive and specific marking.

Cells already marked

35 The foetal cells can be already marked if an antibedy which is

specific for the foetal cells (able to discriminate them from



PCT/ 1 B2007/ 000751, or (31) and (32)), or opto-electronic traps 15 or
opt ophoretic isolation or |aser tweezers [28-30]. The content of said
docunents [28-30] and [31-32] is incorporated here for the parts necessary
for sinpl ewcefoessres. I dentification of the cell sscafighdatesest can be
performed for 20 exanple by sensors: external optical such as a
fl uorescence m croscope, or also interg 25 - optical, as illustrated in
t he patents PCT/1B2006/ 000636 and W20 %010367 whi ch describe an
integrate hfigati resc

npedent?%%gﬁgggrgé% %ﬁg%raﬁé?' ggFéggsééH@ 52 g#%P%%SE%?O@B@@G and
vw200701oé’al70ﬁﬁqqaenthetayl @irer:eew%te@ hHed s ashiesced twiseRoR@R TS . OGenet i ¢

anal ysi s Vart ous, t ¥RESp&ly anak yseancalkhe Pgr kpemed,,onihaf oetal c el ! s
recovered ernlttlng?genetlc or _chronpbsom ¢ characteri sation 35 at

di f f er ent “#&vel8o SOrHt iITPARd GBhsPRi VitpeChRE SEEECELHg T hebe
di agnost i @i fosiel ief ddvaaﬁlabue tMﬂZﬂQﬁﬂﬁBSﬁﬁ%ﬁ@?k&ﬁﬂ&ZOQﬁhﬁﬁﬁQﬁB s 13 -

In the ev 0 d hro I,sorders sis of the karyotype
W th clasg?éealyﬁ%feg%ﬁarg gﬁb gPeﬁﬁe g??éé

Isolation of single foetal cellsg

Subsequently, the sample containing the cells is placed in a
10 microfluidic device able to individually select single cells,
of any known type. For said purpose a dielectrophoretic
isolation can be used (DEPATrray, using for example the
techniques described in PCT/IB2007/000963 or in
PCT/IB2007/00075%, or [31} and [32]), or opto-electronic traps
15 or optophoretic - isclation or laser tweezers [28-30}. The
content of said documents [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
20 example by sensors:

- external

- optical such as a fluorescence microscope,

or also

- internal
25 - optical, as illustrated in the patents PCT/IB2006/000636 and

WO2007010367, 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

30 beads associated with cells.

Genetic analysis

Various types of analysis can be performed on the foetal cells

recovered permitting genetic or chromosomic characterisation
35 at different levels of rescolution and sensitivity and

according to the diagnostic purpose of the study.



of chronosonme markers by neans of QF PCR can be perforned. The 5
acquisition or loss of genetic material can also be investigated by neans
of Conparative Genom ¢ Hybridization. Exanples of preferential enbodi nents
of the inverdiogmBysyway of non-limting exanple of the aby@esos@éioéhe
invention, 10 a preferential embodi ment of the method according to the
present invention is given, follow ng the flow chart indicated in Fig. 8.
Col l ection of sanple 15 10 m of perlp eral blood are taken from a
pregnant wonman. Enrichnent The preferred enbodi ment of the invention
conprlses rocess in successive ases having a first phase in which

t ot al Frﬁng?ael Rt el suprnasedsE pape@rmeﬁr@mw@nmt @mdlysdanpifethsai d

phase cormak;?@@y@e loderdiddd-QRr of hBeePRILF NAL LR P OG- M) hoPrB%hQHsZuay The
sanple dilyted is then stratified on a single Ficol gradrent 1. g/ m

and cent r PFugRECBRS A prdEede BHoMGa28 PorOBOPR rratt riez@er'ﬂ?é”‘“reﬁngTBF cells
that has acguisdwied abpvelbbe Fiogol Igarﬁettiel | eedted-iand tda&nsf@mced be a
sterile t Accaordi ng .t ract isti.c resent
|nvent|on§§%e£§rqa2ﬁ9(ﬁy eanﬁlggde%rp?ﬁéﬁﬁﬁﬁ: ggﬁgdcchPglgé ot%ur t her
processed and is used for analysis of the maternal DNA. Enrichnent of the

foetal nugkeabed ol lsdss Lles,{ ULhRSE: kAl 190 c¥kas g SEERNI Phase,

whi ch cells expressing the 35 CD7lare positively fected from the
nnnonucle%¥eﬁaﬁe@f599ﬁﬂﬁﬁmﬁﬁéﬁg ﬁXﬁN§1P|@%tt%?e?bJQQReqﬁxﬁhﬁ W@V§9Feeﬂron is

10 a preferential embodiment of the method according to the
present invention is given, following the flow chart indicated

in Fig. 8.

Collection of sample

15 10 ml of peripheral blood are taken from a pregnant woman.

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

20 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

25 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
30 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
35  Ch71 are positively selected from the mononucleated cells

recovered in the first step. The positive selection is



WO 2008/ 135837PCT/ 1B2008/ 001083 performnmed by neans of i nmunomagneti c
separation (MACS - MItenyi Biotec) with the use of anti-CD71 anti bodi es
conjugated with nagnetic beads. 5 For the i mmunomagnetic separation, the
cells are wmeswuspesxded in 80 pl of PBS every 107 cells mndisbivencidg p!  of
anti-CD71 mcro-beads (MIltenyi Biotec) are added every 107 cells. After an
i ncubation of 15 mn at 4C, the cells are passed through a col um connect ed
to a magnetic field which retains the p05|t|ve Crﬂl cells. The cells

retai ned aper 5g§@de&§élﬂeg%gnk%he co %@#ﬁ}qﬁﬁg ;leg bs yent phase.

| sol ati on The CDr1+ positive Faihe re fixed 15
With fornﬁPééﬁ?ﬂ% 3B¥ok¢®r 1Bifkn éhEZZGSETh@fceHn§1FﬁQé@ aﬁemnh@dles

per meabi | beggh¥htdy a9 Walgere@fk MP:49(Sigma Aldrich) 0.1%in PBS. An
antibody (1 /1g/m) which recognises the gamma chain of the foetal

henogl obi n conjugated with the fluorochrome FITC is added to the
perne&bi|FSEdthe|h&muﬂﬁm&@ﬁﬁﬂiﬂfEhﬁdk&ﬁldnUmebaQbl&%p%&% afe @ peivent i on,

the sanpl g_i furth nat.i.on, unt el ked wi.th DAP
ot her sui ﬁgb?e far K8 ;@f{% s%%Wtﬂg Auc’& acff a‘ﬂ?e’f@c*‘éfl gt ?@tBeFBEé bei ng
| oaded inmﬁheocbﬂqﬁﬁ(ﬂmxﬁuanaatﬁ@phecétacena@dgmnewémy1kﬂﬂjceSdbatmmnemf t he
foetal cel}s;pthe, sl ﬁ%d% 190€% &0 Suaghéyééiﬁg'ﬁ e E%F%%%'E%rBGg

fluorescence intensity of the nmarking and the tot ul"ar cont
portion 0F0%¥mﬁrnﬁQ&ﬂfQﬁ%@pléolsarem§9§ﬁéh@edﬁi¢ﬂQ1rﬂhﬂcﬁunﬁ@®a99§C|th@

buf f ero vopuger teef tib7{ OkeiDe. digd egti0phok el | Cedrogi-Pul L 0818Pdsi $rbpaded
in a device for alltg control of the sanple and exam ned under the

f I uor escehf® nFt? VSEHe L PFUB?%S%%P&%Q%%?Feﬁgﬁﬁﬁ of the cells is

observed in the various channels and a count is perforned of the cells

mar ked in.D étSQ{total nucl eated cells). If the cellular concentration is
1 . . .
above the concentration for correct operation of the diluted to

obt ai n t h&he eI’k ed cedRsentposticore ifort P70t athuwundleraiofedekts Esxedo | ow
to aljow {henrecaverdeiRiaed sl FUm penper of fogtalpgelds s Eighoglal
cells are not recovere

then permeabilised with a 'solution of NP-40(Sigma Aldrich)

0.1% in PBS. An antibody (1 pg/ml) which recognises the gamma

chain  of the foetal hemogiocbin  conjugated with the

fluorochrome FITC is added to the permeabilised cells.

20
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.

25 Before Dbeing loaded 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

30 specific buffer wvolume 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

35 (total nucleated cells). If the c¢ellular concentration is

above the optimal concentration for correct operation of the



5(no-call result). For calculation of the optimal concentration of cells we
refer to a specific comercial device (DEPArraym Silicon Biosystens SpA),
W0069565, based on nobil e di el ectrophoresis cages, in 10 particular the
nodel CONVGQDIsueERri si ng 100, 000 cages. A preferenti alpagmihegdoffgsuse of

sai d device provides for the follow ng steps: 1. Select the cages
containing a foetal cell (positive to }S_narking). 2. If the cell is part
of a cluster, i.e. it shares the cagé‘mﬁth ot her non-foetal cells, divide

the cells . L he ¢l ust I separate cages, until .the foetal cell is
i sol at ed ?%Léégad%nﬁoﬁgéhggé weeh gb erSHARLT 0&FAM cel 45| PR obtal 20
cel | doesdhbte@papatatiom thre veteireadncooeeatreblips; difscehra kbtal

3. Recovepuabbrthe fOptal; L£alds ldy Qe Singl 816898 covery of B_ulfnriﬁgl?\um
alternative preferential nethod of use of said 25 devicé provides tor the

f ol | owi ng™STeps: ©f1 foSERACtORINE calfers EBREALNIEG 18 et alCkeFECEPBEFYi ve to
the ma ki ngp-caL ddsdike .cell is part of a cluster, discard it fromthe
list of cells to be recovered. 30 3. Recover all the foetal cells in a
single cage. In this second case, the choice of the nmean density of cells
per cage ¥FACPG)idwldiednmnjedcted pptihal choppedrstrwdert alfi rglaecedntedért he

nurber of (504 aL,gel |5, RCFRRDE (LR 608887 EeAS AL TR ARd oL Sxpect o

percentage o eta
SpA}, WO0O0069565, based on mobile dielectrophoresis cages, in

10 particular the model CONV600Ok comprising 100,000 cages.

A preferential method of use of said device provides for the

following steps:

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

2. If the cell is part of a cluster, i.e. it shares the cage

with other non-foetal cells, divide the c¢ells of the cluster

into separate cages until the foetal cell is isolated in a

cage not shared with other non-foetal cells. If the foetal
20 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 use of said
25 device provides for the following steps:

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

the marking).

2.. If the cell is part of a cluster, discard it from the

list of cells to be recovered.

30 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
35 {NCELLSTOT) and the expected percentage of foetal cells (PCI).



WO 2008/ 135837PCT/ 1B2008/ 001083 - 16 - In fact, when the ACPC increases,
the nunber of foetal cells present in the manipul ati on chanber of the chip
i ncreases. However, the probability of each cell belonging to a cage with

si ngl e cel kwgeos/sases, and the nunber of foetal cells igm@AsRoshnigdze cage

(NCI SCC) therefore reaches a maxi mumfor ACPC-=1. Said value is independent
of PCl, and can be defined a normali sed val ue of NCISCC wth respect to the
theoretical naxi numfor ACPC=1, the tré&hd of WhICh |s shovvn in the graph of

Fig. 9. S@ﬁdfgeecegﬁaz;et §el ngémagee%he nu % 19.Lhat Cfg%

recovered at each fTUshing o e ITB.I’]I pu Tt on R er ot
This is aPHoBmRtchéncdhef mmlﬁtehaéllqmn@eamllﬁrfgét arlheced:lhspthat:reaaese

recover edubge sl f itGiceMrobabit hey 96peLd & anal v i Agunst keam c.;g
i ncr eases, there is a growi ng nonotoni c increase in the percen age 0 ceIIs

to be di sSHHE Q8E ¢ SEFﬁea%‘%%t fRt treyWiRee PhefeghelwiceRlst Hey a
non- f aet abield scads mdmmatte@ﬁemo&greachasref AaRAGEmt Qo%hﬁcﬁ@L%| i'sed

val ue wt spect. to.the nunber f oet ells present
mani pul at?onfmvgﬁgghaﬁ%er F(#cg’r r‘f’é}fgﬁed a;} ]&/astae‘fj Fen th%e nﬁ’ﬁgéf’egf a
r ecover abhermgglilsed svikblowof heddHatiommm rrequiekpect oot hehanahygsistical

downst r egm,, & s%gplzgqfc@ b I ter ]Qi{ﬁpe of, {1 ngs
performed to "Eg“cover arigr :targgerége %) q%gf&a {thttéh%pé}é% ACPC
val ue to ?ecBi@r &-s¥PficciEncantrpéd cof meefetnaseeeltm viuttherheofl esskts nunber

of flushifgs cagnbeecalcstbaleth 08 t Rachast s dheost abhplbCalncanalysi s
determ ned 30 above, faor exanple with cal cul ati ons based on the expected

nunber of "FHEHRIE ?lﬁﬁﬁcpﬁ@b?ﬁ ni Rk ntfrb@r 9894 ceRPECE of £ t e geRetd ¢

anal ysi s, niieefodr €dedant ckylagtRadi cdnnie necoweedeflibi euengyiéhat i@
betweenc in cage/cells in cage wwth other cells) of the foetal
cell's pr esentgenet% % gl 9 g’cwns ream.

15 . As ACPC increases, there is a growing monotonic increase in
the percentage of cells to be discarded due to the fact that
they share the cage with other non-foetal <c¢ells, as
illustrated in Fig. 9 in reference to the normalised value
with respect to the number of foetal cells present in the

20 manipulation microchamber {(normalized cell-waste).

If the number of recoverable cells is below the minimum
regquired for the analysis downstream, the sample c¢an be
diluted and a greater number of flushings performed to recover

25 a greater number of foetal cells.

The optimal ACPC wvalue to recover a sufficient number of
foetal cells with the lesser number of flushings c¢an be
calculated on the basis of the statistical analysis determined
30 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 wminimum recovery
efficiency (ratio between cells in single cage/cells in cage
with other cells) of the foetal cells present in the sample.
35 From said efficiency a maximum value of ACPC can be deduced,

hence a minimum number of flushings to process the entire



35 Fromsaid efficiency a maxi num val ue of ACPC can be deduced, hence a
m ni mum nunber of flushings to process the entire WO
2008/ 135837PCT/ 1132008/ 001083 - 17 - sanple with said recovery efficiency.

The sanpl ewis20bdheBgiroaded in a chip for the isolation afcieggbdesehyssmeans of
nobi | e di el ectrophoresis cages (DEPArraym 5 WO0069525, Silicon Bi osystens
SpA, for exanple as part of a package or overall device |like the one
schematically illustrated in figure 16% ‘and under goes scanni ng,

identificatjon. a%nlgkﬁegaq ti ggwgg%tg%ggb%%gcovery of the foetal cells. The

caged cells are serve scanni matically or manually under a
m croscope with three different fluorescence channels (or in three

di f ferent ruavehepot hs crdh hidaaranihi g thig £ase desiddibed Jhene, cLhesbl ue
channel aJlows verification of the presence of the nucleus and if necessary

i ts nor phBY ogy'&Sg. Har kPRG 4 t h L5 LPAPFPPRANERS e gF R8RS chdREEPTRAYhI i ght s
the cel | swbbasodzve beeivormrkeskwtidng hepspeebti exhaplal aantdhadyomhich is
conj ugat e ith a fluoropho emtting inh the green wavel ength (e. FI TC).
Accor di ngg?éé\f{% ‘e aSpect’ gfra;lﬁe Vet on£,1""]"?;’1E t h\gtl’% cREfnel®H mﬁlthagégd,

di fferentilttesttdfed | rsin t wfieirg thHe)20 cmsnnelurgwirgberg i sctheingd

wavel engt ha.as: £ Q0,450 fLlger o de . the _fluo fo t

TRITC), andefolr V\hai clh no f{iuosrée%%ﬁiogﬁar&ggh%% t?fg(ein %%Z%? t i%fpe?%ts

i dentifi chPEoM of CehES aut B8¢ uofageént ceélfs, arer whisehvady disgaahidst ect ed

in the DARLt ok B0aR channghsudul d BesePe Spagididecope Alliehnativety the
third channg# can be_used to highlight cells conjugated with an anti body
i nked t 04t TG ophbr e 99968 For WIS ¢ NO'CDAST t BOFERnt A4 CEREREel | 5

to be di seavebshgt3®)Theiselttet i oon-of incialilmy | Sasdeekaerepsadedne , setreti ng
t he cages, { hat contai.n si.ngl e nucl eated cell ositive to the Pl ,
bhiel GRILRL" BIToRt (S HERAR | 68 t*tg%d;f’rsﬁsgeﬁae (Bgsi e 1o

Fig. 2), ave rong specifi'c foetal "anti
the FI TC/ mhekeys Fagd 3, meckswimh hbve mogwhology| (@utgoef |eorieiseenesth

det eqied 9ppf hghachapnel s L. Ghardre] el GHRNGRLD - tn¥0cer
2008/ 135850 Peh 783008 00T ous. . Jagret hib ceiis that have
been marked with the specific foetal antibody which is

conjugated with a fluorophore emitting in the green wavelength
(e.g. FITC). According to one aspect of the invention, a third
channel is also used, different from the first two (e.g. the
20 channel emitting in the red wavelength, as for the filter used
to detect the fluorescence of the TRITC), and for which no
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.
25
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.

30 The selecticn 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.q.

35 red channel) .



To further inprove the selectivity of the nethod, the fluorescent markers,
in particular the foetal nmarker, instead of consisting of sinple

fl uorescent nol ecul es, can consist of fluorescent beads conjugated with
anti body abloebamzegeogni se 5 the cells of interest, in Hhs2@88Q0d3he foetal
cells. The cells are recovered in a fewmcrolitres (c 40 mcrolitres) in a
0.2 mllilitre PCR tube. 10 Genetic analysis Fromsaid cells thus obtained
the DNA is extracted which is anplified and anal ysed for the presence of

chr ormosonyg agekphol di e dfe! AiRP! LARREALLEY | Bel NenBaTRetlGRO! | U

devi ce as the one use e sel ection an necessar alrea%y used
previ ous| §lrerestette TR, of tHiE tdFriLeRmERe 6%@@%3 mafr ﬁrexaﬁﬁF@aﬁn t he

case of use @Imgh@ti}@é:%i e§hM@9Wuoﬁe@c%ht5m%§§@u§Q§ d@MhC%oﬁ§Ds£e§§m| e
t he one |££ustrat ed IIR‘?\%‘%% ure 10. The eqw{),rrent contains an arra

el ect r ode§T 9T T $'He 8?’93u3ﬁfte‘3i Wi S RIS e atﬁ'alrﬁcﬁﬁﬁ%%hanber
(CHV) mndthe ptex®d idiy ioftesecondat vyt Creckanher $o6CHl) ceal4. delimted on at
| east one face by one single chip or by a plurality of separate chips,
bearing an array of electrodes that can be 25 activated. The main

m crochanBee caalbe fiaked rwickNereganphe eonpidwsi ngiatoldasts onk< cedd via

the relatjye-dnl@ts) (M 809 fui]ets (OWbk Eaeh secondary mi crochanber
(CHJ) is preferably of substantially greater dinensions but conparable to

those of a cell. Preferably each secondary m crochanber is connected to 30
the main Géﬁé@;p&‘léﬁﬂ)ﬁl‘ys\ﬂsa a configuration channel (length and/or form

sufficien. Lo Lorestall, (prevent, ot at Leastulimt) gispersf op, of, the

amplified and analysed for the presence of chromosomic
aneuploidies, preferably operating in the same microfluidic
device as the one used for the selection and, 1if necessary,
15 already used pre#iously for at least part of the enrichment
process (for example in the case of use of the DACS
technology); in this case the device can resemble the one

illustrated in figure 10.

20 The egquipment contalns an arrvay of electrodes as in the known
art, but is characterised by a main wmicrochamber (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

25 activated. The main microchamber can be filled with a samplé
comprising at least one cell via the relative inlets {(IM1l) and
outlets (OM1). Each secondary microchamber (CHJ) is preferably
of substantially greater dimensions but comparable to those of
a cell. Preferably each secondary microchamber is connected to

30 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

35  plurality of secondary microchambers for the 1lysis connected

to a channel for the capillary electrophoresis on chip, for



towards other mcrochanbers, in the tine necessary for the analysis.
According to the exanple illustrated, there is a 35 plurality of secondary
m crochanbers for the |ysis connected to a channel for the capillary

el ect r ophor@asraes/enagghi p, for WD 2008/ 135837PCT/ | B2008/ &634@8dsm01kSs -
exanple with cross joint. Alternatively a series of channels can be
provided for the capillary el ect rophore§i s with double T junction,

according to the known art. Opti onally,l at the end of the channel for the

capl || ary <8LRelL OOk e8kSee L D8E A | Sﬁtégflg@%@ﬁpftgdsggﬁégf £0LrtlBe 1
i npedentionmetric and/or optical type, able'to oduce an el'ectropherogram
based on €RE REgPHEPY RS | of ¢ heapbhpoin ds! erfalopded ePiemwine idenbisect i on

(cross or rdoublc@idh, t cbbeaseRser ithselinouACCordi Ndobe; Ehg £ 10¢ kRe
particul ar, _.each m crochanber of the plurality of 10 m crochanbers is

connect ed®P8 8 cHpT | FRAR o Fhé 8l EEPLOPRBY e&1 ETYIMBPTSH1E - a LRPHR A E
out | ets (038) ahteachtse@ceafdacy, Nber atlanhefedent iome Exi ¢ aghi@brobptheaDNA of

t he recov fo | cells_is 15 perforped by .al kaline theinolysis, The
det er ni natg&g%’ ofg%ger ocn%’sor?eroautcgr a?PongglggtB%?}?%l?On%c?“bi aégﬁg:)yéfls 5Pt he
STR ( Shor nigaatern Reppeatdf Ghericompsanéd| ahasybyd nibanws wie RtRERecThon
technol ogyphsf | YPr §SGENCercan :é@er Vsl & t%ﬁésre%hoen.%%!&d%%mtbs faggre

si mul t aneous anal ysi s of several STRs via the appropriate choice
fragment s18f DNA Rarkeguii¥h dacher BAFTPripmreacemt nbhecwlexalaty east

threerdi f heeLBtnSfRSs W 5B hi gbnhetesPzyaesi Sa25 E4eoensy i kokhe the
popul ation, of each of the chronosonmes 13, 18 and 21 and three markers of
the sex cRIBRDE S8 afphPil edion Aul FIPHENE PEREIPR t MY casd ofagh
no-cal |, Betomdanplre cdwehtabehe presence of STR in honbzygosis, a further
STR of the same chronosone is anplified. The STRs anal ysed are: D21S11, 30
D21S1410, D21S1411, D21S1412, D2151435 and D21S1446 for analysis of the
chr onosonBxp1acii386IT, DRS563MA DRIBS23® DE8S8eBednd &3M38742eflds t he

chrompsonge 185l BIR3%1 k1 8R386ne SPAY],  D188858 and D18551 for the

chronosone 18; for analysis of the sex chronosones the markers AMXY and
SRY, and 35 the STR X22, DXYS218, DXS6803, DXx86809, DXS8377, HPRT and SBMVA

are anal ysed. determination of chromosome alterations is performed via
analysis of the STR (Short Tandem Repeat) or microgatellites

by means of QF-PCR. The technology of fluorescence capillary

20 electrophoresis 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
25 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: p2ls11,
30 D2181410, D215141%, 0N21851412, D2381435 and D218144%6 for
analysis of the chromosome 21; DI138631, D138634, D138S2583,
D135830% and D138742 for the chromosome 13; D1858535, D18838s6,
D185391, D18S858 and D18851 for the chromoscome 18; for
analysis of the sex chromosomes the markers AMXY and SRY, and
35 the 8TR X22, DXYS8218, DX56803, DXS680%, DXS8377, HPRT and SRMA

are analysed.



WO 2008/ 135837PCT/ 1B2008/ 001083 - 20 - Parallel to anplification of the
DNA of the foetal cells, the maternal DNA is anal ysed to recogni se,
according to one aspect of the invention, the presence of possible naternal
5 cont am n&tg fes/kssbhe foetal cells or a possibl e ext ermaligeepb@aisnati on of
the Q—PCR (Fig. 4-7). In the el ectropherograns, obtained fromthe
capillary el ectrophoresis of the product of PCRwth the autonmatic 10
sequencer (for exanple with ABI prisniéiO), the areas and the dinensions
of the of the anplified analysis of interpret the peaks corresponding

mcrosatellites are to the various alleles analysed. Sinultaneous
Parallel to amplification of the DNA of the foetal cells, the

maternal DNA is analysed Lo recognise, according to one aspect
of the invention, the presence of possible maternal
5 contamination of the foetal cells or a possible external

contamination of the QF-PCR (Fig. 4-7).

In the electropherograms, obtained from the capillary
electrophoresis of the product of PCR with the automatic
10  sequencer {(for example with ABI prism 310}, the areas and the
dimensions of the peaks corresponding to the variocus alleles
of the amplified microsatellites are analysed. Simultaneous
analysis of the maternal DNA can help as a control to
interpret the result of the genetic analysis, helping to
15 identify possible cases of laboratory contaminations and
contamination of the recovered foetal c¢ells with maternal

cells.

The genetic analysis phase can also be performed, according to
20 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:

25 I. klocking the cells in metaphase.
hAfter 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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Conf erence, 2004; 1:224-225. -25- CLAIMS 1. Method for non-invasive

pre-nat 4l di dpibed Jotsapringasive Phe-netdl dapgnesis taopepiifing the fellawingi sigpa
sanpl e §g an organic fluid having a high probability of containing foetal
nucl eat cells froma pregnant worman; b. enriching said sanple of organic

fluid ig at beaghingne msblat lopnaef oqfdd«s t@ap hiagirmg aathr?aagtomh@ym of
foetal nucl eated ceI | s; . [isolating at |east one cell fromanong said at
| east oﬁ@”%@gdpe?ﬁ’éé‘ﬂiﬁle%%p@ﬁ% el H"’@Q“ané’ﬂ”ﬂﬁfﬁn ng a genetic anal ysis

on sai dpat %ﬁﬁ%h:ﬂ@le?&ﬁ'%adwé%eéﬁ %‘i’g%ﬁnB”ﬂLﬁH"i fﬁ:} fst 2 néoﬁgo%hlém% LY Rengf

f oet al nucl ea hl' enetic
char act eomptisingodt teastdamtybeaﬁtfomtabnm@eamki culie| eated cell suitable for

ermttln sai i agnosi s; characterised in that
P g ao?atl %t least one ce? from among sa:%l

at least one type of foetal
nucleated cells;
d. performing a genetic analysis on said at least one cell isolated from among
said at least one type of foetal nucleated cells in order to highlight at least one
genetic characteristic of said at least one foetal nucleated cell suitable for
permitting said diagnosis;
characterised in that
i) the method comprises a phase of marking of the foetal cells with a
specific antibody for the foetal cells suitable for discriminating them
from the maternal ones; and
i) 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; and
ifi) said step of isolating at least one foetal cell is performed by
individually selecting single cells present in said microfluidic device,

previously marked with said specific antibody.

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

microfiuidic device.



i) the nmethod conprises a phase of marking of the foetal cells with a
specific anti body for the foetal cells suitable for discrimnating them
fromthe maternal ones; and ii) said step of isolating at |east one cel
from anong said at | east one type of foetal nucleated cells is perfornmed by
individually selecting single cells in a mcrofluidic device designed for
said purpose; and iii) said step of isolating at |east one foetal cell is

perfornmed bynchshy beetlinedsSglcaaii Nar ol BEARCERIs iRnRSEid st nriching
m crofl ui di c device, _(ﬁr eviously marked with said specific antibody.
2. Met hospidsaple e gaichorgeaintiuid commnrisesear seleatiom of palfs geide an e lasis of

nucl et B0eae o1 Phreffiftel Ehbse  JOLEHRIHORE Sl | O or 2 er bl y Ceach at
a specific safe oflemsifgt urality of sites of said mcrofluidic device

positioned in the mcrofluidic device according to an array, and
subsequent | yPkel eBYRRPIGIYgl e cel|'s from among the cells captured, on the

basi s of at ast : ﬂ@é whi ch can be detected by neans of a sensor
i nternal or Jéﬂ))e(t er%faé{&ﬁ{o%?? nﬁﬁ%?’ofl ui dic device. -26- 3.Method as clainmed

in claim1l od) 2, chemaat progseeties;n that said step of enriching said sanple

of said organjc fluid conprises.a selection of cells nade on the basis of
at | east one&par aMECaRNEROREIPEIYSn t he group consi sting of : a)

density; b) fyor phelQ@¥sion) oftd BficE slgdisoperties; d) chem cal properties;
e) nechani cal’ properties; t) expression of surface antigens; g) expression

of intra-cytopl asexpliessam digetra-cHpplisetaiot antiggroperti es; i)
magnetic pro erti&s?ecgr. conbi pations of the same. 4. Method as clainmed in
claim 3, chathct ePPEET TRt Sai d step of enriching

i) magnetic properties;

or combinations of the same.

4, Method as claimed in claim 3, characterised in that said step of enriching
said sample of said organic fluid in at least one population of cells
comprising at least one type of 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 celis 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,;



said sanple of said organic fluid in at |east one popul ation of cells
conprising at |east one type of foetal nucleated cells conprises the step
of treating said sanple of said organiw fluid in order to separate the
nucl eated cells and consequently enrich it in nucleated cells. 5. Method as
clainmed in claim4, characterised in_that Ld step of treating the sanple
of said orgaflic flNaf&PFES &Slﬂrga%eeﬁﬁpg‘?ﬁmg4'nucl eated cells and

consequent | yeenri it iekptebsiine afssk aptiben @DPsi ses the step of
centrifuging said sarere of said organic fluid in density gradient.

6. Met hod as &l ai nbl@t Py tamsudace retigpeeddihg cl ai ms characterised in
that said enrichnment step conprises a selection made on the basis of at
| east one of the follow ng characteristics of said population of cells

conpri stng aleltieastasotiginiedén enef oftial pretddaag ethiee! Ichardstea @8 shdthie
surface antigen CD71; b. Express the surface antigen CD34; c. Express the
sur f aceCYRPTIZRN thgpater obdilubing §gid sxpde of tsaid Quganie £luigh@figepaid sler 6f Not
express,tk f I ek t f i - 0045
7Pt h R CARE LBt Ay S pr heoiRfibn YRR S5ds( ofe SR HARE ARLAGSAIPY LD
it conpai &msttdee dypp of falithlniuctpatad dealEnpdad ofilgand iopgafirsdd windtted t er

said step .of enrich t and before said step of isolation of at |east one
col | 1rERTianing SHM Gl heolumBsick Jisieated SellaPrRaenbat duPeBian of it
di | uti oBstiB|iBREA UoTRAcUF $418 LAHR, Hnigh Ciﬁ‘é'étpag%tetdhﬁoﬁyméeéaﬁ{gIé‘:égls%\’?;’éﬂegh

cells present 1n a portion of preestablished volune of said sanp

i s sepadgaadc fluddhinre daigly eflef ssdd ¢noichargnt stepi d | medi ately after said
enrichment step. 8. Method as clainmed in any of the preceding clains
characterised in that at | east one or both said steps of enrichnent and

per forngnce Rletifod @BediaitnaN M ¥RlySoffR pRIdERth elimbeirabicRatd R Wkt Bt sai d
step of isolation within said mcrofluidic device used for performng the
i sol at i leaskoee.or imth \aithsterss ot pariehyaenh ant siarf@maticareica gienstid analysimat t he

m crof | yi_di vice. u I rovided with a plurality. of different, ..
chanberd e Gl b6 it BahHTain e el Her ot Iatiatin) ol Sl PG i ¢ e
on at |&adte aBed $ordseriong tisd Roliophdtepor by a plurality of separate
chi ps, bearing an array of electrodes that can be activated. 10. Method as

clainmed in any one of the preceding clains, characterised in that the phase

cel s Shi Lanre I oAl M Bt 3, EnaPRRrseR Frlat i fotlifie QA e

pref er alded by mrevidgdawitar aeplrality aoft difestiees chdrabeer sgpangbdafrdpediidd C
antigen selected fromthe g/r oup consisting. of: antibodies that recognise
foetal ANYpRHAMSthyArpAY sepRegied. Hiplimitednen paldieast: aRg side dgniye

foetal SHEIACRIAB! HHLESISHARY ¥ sépdBtd B8ASs, bearing an array of electrodes

that can be activated.

10.  Method as claimed in any one of the preceding claims, characterised in that
the phase of marking of the foetal cells with a specific antibody for the foetal cells
suitable for discriminating them from the maternal ones is 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: i

antigens
« antibodies that recognise foetal intracellular antigens such as:

haemogiobin chains y and ¢.



anti bodi es that recogni se foetal intracellular antigens such as:

haenogl obin chains y and ¢c. -28- 11. Method as clained in claiml0,
characterised in that said specific anigibody for the foetal cells suitable
for discrimnating themfromthe mat er nal ones is a fluorescent antibody.

12. Method a | ai med n f t cha acterise t hat
sai d spedi t e BSaAIPeR I s ar Baied ] et FOR BPedhs Bfiabng

t hem f r @y thBefospdiecaiR soif@Sel Br Qﬁmmﬂﬁhfaﬁﬁlgthhw drdnh uaéeﬁu@eérhab@ads is13.

Met hod as clained in one of the clainms from10 to 12, wherein said sanple
of an oﬂ'g%fﬁﬁ@emtliﬂt@qdﬁ a bl ood sanpl e containing at | east one popul ati on of
cells conprising at | east one type of foetal nucleated cells, characterised
inthat it conprises the phase of marking with a first mar ker specific for
the cel i2nuchMetisod aedaligieieztincenhé of dhe daithsbl Oed Slarglaeactarisedrat Kiatgaidt h a
second marker, distin |shaEI e fromthe at | east said ngmﬁul ation of

firs
cells c%?ﬁﬁlﬁlf*s. ‘ijyl stheo %etﬁw@*lﬁfShﬁ!&?&'%ﬁlorﬁu‘é'ﬁ@%mg@f@a themyhemeithe sai d
second i e foetal cells suitable for
dlscrlnﬁﬁgtlﬁgbﬁ '@%%ﬁhévﬂgﬁgﬁhgﬁg%ﬁ@gﬁe%ﬁ order to select in said step
of |solat|ng at Ieast one foetal cell only single cells which highlight the

df d K 14 od I d
Gl ar m 159 crblBR &3k Saiod o e IR CLms TarP o Gt SR Sl aR il f |
fl uoresgﬁﬂér BRICK AR 2 DIoITIsahfe éohtainind st RAG %n%ePBBQta H%P%@Hé‘

respectivel y, different fromeach other, preferab | ue and green
wavel enqnmprlelﬂge@ft ie\a@lt yane igee Wtﬂ@@&ia&u@leamﬁ@aﬂa @harmt@msedharMGH sed

in that_said |ndV|daII ctln singl e tep
2ol a1 G RUSPRLSE inse gLiarkRa ik & frDAnS el Forging w9 bHERLEr s<i on
of a thhidlewtnel@ngt b snsn@f sloval kamp;éh%rfcednm@é eRdhha y\&b&m GRBrRS,
generated by autofluorescence by sai cells in said sanple of said organic
fluid, distisgdishabie Fenethe Bl‘ﬁ’iyagkﬂa% sefichpogmiatiamobeglts @ﬁ@pﬂ"isﬂw ahlegsEecond

o o B bt b B By P8 Sl B SR phEkS
char act ity fon tﬂsél&ietaitceus@nta@@wrlcﬁmlmmﬁamg tmkﬂcﬂg thbengtelha oresphase

of fixing and perneabilisation for identification of the foetal cells by
means of @ifer 4o reelesitigpiaid fher ©f dsrlphiogat least OFR%tf‘P@éﬂ g8l anly gE@le febne of

the pr t genetic anal ysis
is per?@ﬁ%gq%@kﬂtﬁ%pgéwégﬁﬁﬁ a@owﬁ%{r]?ég}aéﬁp ase o Fcorrparl son bet ween
genetic information carried by said at Ieast one foetal nucleated cell and
at | east one maternal nucleated cel] th@ﬁgﬁ}é cl ai in_any one of

d
the prebédi niethed s clawaedcinesipgrdl 3, ncwgtct% *bafoPo pRthiig and d
sanpl e of sl deFl&?rn'a ef+|H1;f%§dén@t maERSls %.@@p@ﬁ%é.eﬂ of Gflrls? W' sing

at | east one type of foetal nucleated cells conprises the p ases aci ng
in a cusecored sm\dateagm eemecsialedy ediffareed fovmgaeach fdthied, prefsaaiuﬂyam tmst
one popul ation of cell r| 5| n at | east one type of foetal nucleated

cells W(‘:I'%@J’Eﬁ;@(ﬁ%%’ﬁt"‘t’@ve%i@% “&lYd sanple an enrichment phase. 19.

Met hod as clainmed in any one of the preceding clains, characterised in that
said sanple of said organic fluid contains cells sel_ect ed fromthe group
consi stimg oMethackraseslaimethsicecldival 140r chacataogidcah theltl saidr phasepbér al
mat er nal of, the

char act BB RN SAG PRI SRt SleRed eAgP HHESSePRE PO GPN & ngt e
cel I's i sedordhePasattingdayd GBe emission of a third wavelength, preferably in the

red wavelength, which can be generated by autofluorescence by said cells in

said sample of said organic fluid, in order to select only cells that emit in both

the first and second said wavelength but which, at the same time, do not emit

in said third wavelength.

18. Method as claimed in one of the claims from 10 to 15 characterised in that it



30

comprises, after marking the cells, a phase of fixing and permeabilisation for

identification of the foetal cells by means of an intra-cytoplasmatic antibody.

17.  Method as claimed in one of the preceding claims, characterised in that said
phase of genetic analysis is performed by means of QF-PCR and comprises a
phase of comparison between genetic information carried by said at least one

foetal nucleated cell and at least one maternal nucleated cell.

18. Method as claimed in any one of the preceding claims, characterised in that
said step of enriching said sample of said organic fluid in 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
popuiation of cells comprising at least one type of foetal nucleated celis and

subsegquently repeating on said sample an enrichment phase.

19. 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.

20. Method as claimed in any one of the preceding claims,
characterised in that said microfluidic device for the selection of single

cells is a disposable device.



