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CVS is relatively less invasive, and can be performed as early as 10 weeks from
15 conception. There is about 1% increased risk of miscarriage following CVS.
At least some fetal cell types such as platelets, trophoplasts, erythrocytes and
leucocytes have been shown to cross the placenta and circulate in maternal blood
(Douglas ef al., Am. J. Obstet. Gynec. .78, 960-973, 1959; Schroder, J. Med. Genet. 12,
230-242, 1975). Maternal blood represents a non-invasive source of fetal cell types,
20 however the isolation of fetal cells from maternal blood is hampered by the scarcity of
such fetal cells in the maternal circulation, as well as the lack of a marker that identifies
all fetal cells, rather than merely a sub-population. A pan-fetal cell-specific antibody is

not available.

25 SUMMARY Of THE INVENTION
One aspect of the present invention provides methods for identifying and/or
enriching fetal cells from maternal blood, wherein fetal cell-maternal antibody
complexes are identified or recovered. These methods utilize a reagent that detects or
isolates different types of fetal cells, in particular a maternally-produced antibody that

30 is specific for a paternally-inherited fetal antigen.
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mononuclear cells is contacted with maternal plasma, an antibody-containing fraction

of said plasma, or a purified reactive antibody preparation isolated from said plasma,
20 under conditions permitting formation of an antibody complex with the fetal cells.

The maternal antibody-bound fetal cell complex is identified with a secondary
antibody or other molecule that binds to human antibodies. The physical isolation of
fetal cells is achieved by a cell isolation procedure based on cellular labels. Examples
include fluorescence-activated cell sorting, using a fluorescence label on the secondary

25 antibody. In another example, the secondary label can be coupled to paramagnetic
beads and the fetal cells isolated with a magnet.

Maternal antibodies may also be bound to a subpopulation of maternal cells in
the circulation. Therefore, additional prior or subsequent steps are optionally carried
out to either physically remove such maternal cells, or to distinguish them from fetal

30 cells during analysis.
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15 obtained by invasive procedures such as amniocentesis of CVS. Examples include of
such genetic disorders include, but are not limited to, Down's syndrome, trisomy 18,
trisomy 13, sickle cell anaemia, 21-hydroxylase deficiency, cystic fibrosis, and the like.
Although it is particularly preferred that the methods of the present invention are
performed to enrich or identify human fetal cells, the methods could also be used for
20 enriching or identifying fetal cells from any placental mammal such as, but not limited
to, horses, cattle, dogs etc.

A second aspect of the present invention provides a composition comprising

fetal cells when isolated or obtained by the inventive method described herein.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1: Scheme for isolating fetal cells that have not yet bound maternal antibodies
or whose antigen-antibody complexes are masked.
Figure 2: Scheme for isolating fetal cells that have maternal antibodies bound to them,
using an agent that labels those antibodies.
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4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON General Techni ques and Definitions
Any di scussi on of docunents, acts, nmaterials, devices, articles or the |ike
whi ch hawdosan2isncl uded in the present specification is SuwTeAyo3foos76t he
purpose of providing a 5 context for the present invention. It is not to
be taken as an admi ssion that any or al} of these matters formpart of the
prior art base or were conmon general knowl edge in the field relevant to

t he present vention as it existed before the priority date of each claim

[

of this apPFledbEBPESGRETION OF ddiE INVENTION wi || appreciate that the

i nvention 1} 117 hSe usceptible to variations and

modi f i cati%ﬁ’zé;%{ %r”’?’ﬁéaéﬁ‘l”%% gué%esf:ifi cally described. It is to be

under st ood t hatAmyhdiscussientof documents)deis, mblerislscdevics,i aticlonsr thadike which

nodi ficatipns. The. jnvention also ipcludes all of the steps, features,
conposi t | oﬁ%sstﬁﬁa “E:Célhdﬁ? d_ﬂdf%e P@PWPBEPIH?%“’BHS siely it él}f PUiPessi o REpEigidcat i on,
i ndi vi dunl boht@ £61qhd ebdnt fhventidh AL Nota8 Be Bliden a§ 2MRAARLLA Wt Yy BN b or
nore of said steps or features. 15 The present 1nvention is Aot to be
limted i ntheseomattéyy fartepasieftthe pdoearbpleas ware cpmaiboe rgeaetaldndoodédperih she

descri bed rein.  Functional l.y equival ent products, . conmpositions. and

met hods ar B8 Fglqur@’f’%ip ﬁf%el?tﬁév 8pas gexts hegﬂf‘é the Rgiprity datg of gaghyslaym

herei n.  Unbfhis appecagiont ext requires otherw se or specifically stated to the

contrary, 20 integers, s_tegs, or _elenents of the invention recited herein
as singul ar i ntEipse skilled dpshe prtevidnanpreciae dbat|the dmveotipaslesdiibed hefeirgisd ar and

pl ural {r . J: i.Nt egers., steps., or. el enments nl ess .

speci fi lcdgll %H;c%{tlgtegté \{Slﬁ 1!écgr]%/%vid‘lél d ?ﬁ%cgﬁﬁa%lpgﬁf)@%éth@é&oﬁ? B@@%@}lgﬁﬁs%%gﬂ It is

ref erence tobeur@arstdodithat thespeatio incridbodil BRIt vaplatibhieandvediticabns Pdd  be
taken to a&gla/, 2? mutatis mutandis to each and every other aspect or
enbodi ment NgPioRalsoMpeldeoRl of ke steps.dpatres, eapoyitiaas anbeprapvadsefureds| |

t echni cal is { £1 Gp: : : ' I : en it he sane
meani ng. as comiand, b Sk MBRepaRi, RELRLMZIOR oG Rl ' pLRUE AT 5
in cell cutdambiestiomsbeeny o ganekiof said istepuoofeagyes. nucl eic  acid chemistry,
hybri di sati on techni ques and bj oche 'sﬁ.lr‘[%(). .30 Unl ess otherw se indicated,
the reconbi nant egﬁhlqvmllsd)@it gg]oe iniited in scope by the specific examples or
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Unless the context requires otherwise or specifically stated to the contrary,

20 integers, steps, or elements of the invention recited herein as singular integers, steps or
elements clearly encompass both singular and plural forms of the recited integers, steps
or elements.

Unless specifically stated otherwise, each feature described herein with
reference to a particular aspect or embodiment of the invention shall be taken to apply

25 mutatis mutandis to each and every other aspect or embodiment of the invention.

Unless specifically defined otherwise, all technical and scientific terms used
herein shall be taken to have the same meaning as commonly understood by one of
ordinary skill in the art (e.g., in cell culture, molecular genetics, immunology, nucleic
acid chemistry, hybridisation techniques and biochemistry).

30 Unless otherwise indicated, the recombinant DNA and immunological

techniques utilized in the present invention are standard procedures, well known to



techniques utilized in the present invention are standard procedures, well
known to WO 03/ 102595 PCT/ AU03/ 00676 5 those skilled in the art. Such
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or integers but not the exclusion of any other step or element or integer or group of
elements or integers.
As used herein the term "derived from" shall be taken to indicate that a specified
20 integer is obtained from a particular source albeit not necessarily directly from that
source.
As used herein, the term "enriching" or "enrichment" indicates that the ratio of
the number of fetal cells to the number of maternal cells in a sample subjected to the
inventive method described herein has been increased relative to this ratio in a maternal

25 blood sample from which the cells were derived.

Preferred Embodiments

1. Direct isolation of maternal antibody-fetal complexes from maternal plasma

One embodiment of the present invention provides methods for identifying
30 and/or enriching fetal cells present in maternal blood, wherein fetal cell-maternal

antibody complexes that are present in the maternal blood are identified or recovered.



30 and/or enriching fetal cells present in maternal bl ood, wherein fetal
cell-maternal antibody conplexes that are present in the maternal bl ood
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identification and/or recovery and/or isolation of a fetal cell from
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e

2. Isolation of fetal cells from cellular fractions of maternal blood using antibody-

20 containing fraction of maternal blood

The identification and/or recovery and/or isolation of a fetal cell from maternal
peripheral blood is also carried out by a process that comprises contacting cells derived
from maternal blood with an antibody-containing fraction of maternal plasma for a time
and under conditions sufficient to permit formation of a maternal antibody-bound fetal

25 cell complex. For example, a complex comprising anti~(HLA antigen)-Ig bound to a
fetal cell is formed.

In another embodiment, there is provided a method of enriching fetal cells from
a maternal blood sample, the method comprising contacting a cell preparation from
maternal blood comprising fetal cells with an antibody-containing fraction of maternal

30 plasma, or a preparation of purified reactive antibody from maternal plasma, for a time

and under conditions sufficient to permit formation of a maternal antibody-bound fetal
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comprise a maternally-produced antibody specific for a paternally-inherited fetal

antigen. Preferably, the maternal antibody-bound fetal cell complex is contacted with
an agent capable of binding to a maternal antibody in said complex and isolating the

20 agent, to thereby recover the complex.

In an even more particularly preferred embodiment, the present invention
provides a method of enriching fetal cells from a maternal blood sample, the method
comprising the steps of}

i) isolating peripheral blood mononuclear cells from the sample;

25 i) contacting the cells from i) with an antibody from a maternal plasma sample
under conditions sufficient to permit maternally produced antibodies specific for
paternally-inherited fetal antigens to bind fetal cells;

iif)  contacting the complexed cells from ii) with an agent capable of forming a
complex with maternal antibodies; and

30 iv)  recovering cells bound to agent-maternal antibody complexes.



paternal ly-inherited fetal antigens to bind fetal cells; iii) contacting
the conplexed cells fromii) with an agent capable of formng a conplex
wi t h mat ewoads/1azos bodi es; and 30 iv) recovering cells bourrAaU03/00676
agent - mat ernal anti body conpl exes. WO 03/102595 PCT/ AU03/ 00676 8 For the
purposes of clarification, the ternms "cgll" or "cellular fraction" or
"PBMCs" or, "PBMC fraction" or simlar termused herein refers to nucl eated

cells isolated from maternal blood, such as, for exanple, follow ng
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In a preferred embodiment, the maternal plasma or other antibody-containing
fraction of maternal plasma and/or the cellular fraction of maternal plasma are/is
obtained previously from a pregnant female subject.

20 Preferably, the subject method further comprises the first step(s) of providing a
sample of maternal blood, maternal plasma or other antibody-containing fraction of
maternal blood. Alternatively, or in addition, a cellular fraction of maternal blood (e.g.,
PBMCs) is obtained previously from the subject.

Even more preferably, the subject method further comprises the first steps of

25 providing a sample of maternal blood and isolating a PBMC fraction and/or plasma or
an antibody fraction therefrom according to any standard procedure known to those

skilled in the art. This embodiment of the present invention also clearly encompasses

the provision of maternal blood and isolation of plasma therefrom.

30



an anti body fraction therefromaccording to any standard procedure known to
those skilled in the art. This enbodi nent of the present invention also
clearly ewooispas®es the provision of maternal bl ood and iralsta3eneef

pl asma therefrom 30 WO 03/102595 PCT/ AU03/ 00676 9 Maternal Bl ood Sanple As
used herein, the term"maternal bl ood npl e" shall be taken to nmean any
sanpl e of blood that includes maternal "anti bodies and fetal cells.
Preferably, the maternal bl ood sanple consists of a sanple of peripheral

bl ood 5 tMkeernaliftleed §gpntle om a pregnant female. Mre preferably, the sanple

is obtained froma pregnant womapn in h first . tri ter, of. pregnancy. The
sanmpl e can be éggo}l%egoheggﬂ’pﬁthg (i, ¢ @“ﬁfé@é’ﬂt%ﬁ‘p{‘e‘r os:l}gﬁ%ﬁ%eﬂgmsmu%% 4y a
sanpl e condaaipk 8EbIBEPHat cRbes RARFRI aRibodiedeht sdlwbilon. 10 The sanple is
preferably used fresh, or stored at OC to about 4C until use to_  mnimze

degr adat i on of Breterabbmsbnantestal birodnarpls camistserlz sl of perinheenl dippdl e
vari es qiegﬁg%{ Jr;%gecg? éﬁ'g‘?é?ﬁ%flé@%ﬂ{%%‘ng the age of the fetus. Typically,

from10 t 'ood provides sufficient fetal cells upon
separation frorvosd prefiaiblg efhk sampleeissdtithihed] fmnt hgregnant ivobmnawndiee fokt 15
gquantities of other sanples that are equivalent to 10-30 m maternal bl ood
in terns otfrlmWQ?H%n%i body and/or fetal cell content. Preparation of
Mat ernal Anti boﬂ_lees%m;;le cKEBERAbIbE SRhRUBS: %O%r%én%dnﬁbmaél%i!ﬂg%éﬁ allae
isolated or partially-purified ?rom ternal blood, or puriTied free of

ot her pr ot sinrde cargdinggadweparireah piefpreblikndGh solitiohe art. This procedure is

perforned at a sta of the inventive nmethod. Preferably nucl.eated cells
Pd s nal - athe Bt & nieBRphoiEA e a0 Pl SHE s e,
and reconbﬁlFiﬁglizet(% (Fj‘a’d%ﬂ&?@fi?srbo' Bgsconmplex for isolating fetal cells. 25
The maternal anti § y preparation process ensures that the plasma
anti bodi es ar elteufiimberenfifetal calsciarthe ateple ands degealing wf fabtondinetpdieg al
cell surf aﬁl% a%g tolf %%ntsetu%.n qjygfcally, from 10 to 30 ml of maternal blood provides sufficient
fetal cells upon separation from maternal cells. The skilled artisan will be aware of
15 quantities of other samples that are equivalent to 10-30 ml maternal blood in terms of

maternal antibody and/or fetal cell content.

Preparation of Maternal Antibodies

1. General techniques

20 Maternal antibodies are isolated or partially-purified from maternal blood, or
purified free of other proteins, using any technique known in the art. This procedure is
performed at any stage of the inventive method. Preferably nucleated cells and
maternal antibodies are prepared independently from maternal plasma, and recombined
to produce an immune complex for isolating fetal cells.

25 The maternal antibody preparaﬁon process ensures that the plasma antibodies
are sufficiently concentrated, and capable of binding fetal cell surface antigens and/or
any agent that is required to identify and/or isolate the fetal cells.

Examples of antibody purification procedures include, but are not limited to,
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity

30 chromatography. Affinity chromatography is the preferred purification technique.



any agent that is required to identify and/or isolate the fetal cells.
Exanpl es of anti body purification procedures include, but are not |limted
to, hydrwoyisapavst e chromat ography, gel el ectrophoresis, MiT2AWSI8¢76and
affinity 30 chromatography. Affinity chromatography is the preferred
purification technique. WO 03/102595 Pgd/ AU0O3/ 00676 10 2. Isolation of Ig
fractions Protein A and/or protein G afrinity chromatography is preferably
used to isolate 19gG The matrix to which an affinity ligand is attached is
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from the Pmdtaimeriusrsulfietpedcipifationl Sidiscrusdiis soisdonfegt. buf fer, such as, for
exampl e, a buffer copprisi ntg a hi:ﬁlg salt concentration (e.g., 3MMC12 in
BEPES pH 7.2) thsawill ke kapyasto the skilled pgtsrpspratein-aqndiseigindGlanbintetks. | n an

alternativ LAEN e and i td NS .

const |t ueria i AP Teco B ebBEUIO0 A Rk Ts SERALTS plb BRI,

ski |l ed i maffihitye chrotmatogragimwernePtobein-A §dpHarord sortRrotéapGi Sephhrobd e Tae timiviel
constituyent of .which.is ptidom petic. 25 Alternatively, MP-Sepharose
can_ be KiscueP Phbjadingis ppdernied Woler Bttveoadisiaay g as not to pertuf any proteit-

protein interaction (e.g., Protein-A or Protein-G bound to antibody, or alternatively, an

antibody-antibody interaction). Antibodies are eluted from the Protein-A or Protein-G
using a dissociating buffer, such as, for example, a buffer comprising a high salt
concentration (e.g., 3M MgCl, in HEPES pH 7.2) that releases the antibodies as

20 unbound components.

In an alternative embodiment, the antibody fraction is separated from other
constituents by affinity chromatography on Kaptive-M™-Sepharose. Those skilled in
the art are aware that IgM binds to Kaptiv-M, the active constituent of which is a
peptidomimetic.

25 Alternatively, MBP-Sepharose can be used. Those skilled in the art are aware
that MBP may bind to mannose residues present on the IgM Fc5u region, and, as a
consequence, is specific for IgM. The initial step of binding is performed under native
conditions so as not to perturb any protein-protein interaction (e.g., MBP bound to
antibody, or alternatively, an antibody-antibody interaction). IgM is eluted from the

30 affinity matrix using a dissociating buffer, such as, for example, a buffer comprising a



that MBP may bind to nannose residues present on the 1gM Fc5 g region, and,
as a consequence, is specific for IgM The initial step of binding is

per f or redwanan2yat i ve conditions so as not to perturb arRCTpK@i3@06r6pr ot ei n
interaction (e.g., MBP bound to antibody, or alternatively, an
antibody-antibody interaction). IgMis;eluted fromthe 30 affinity matrix
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cell) are preferably prepared
obtained, preferably corresponding to a range of about 0.01 to about 0.05 pH units per

fraction, and exchanged into a suitable buffer (e.g., PBS) using PD-10 or fast—desalting
columns (Amersham Biosciences) to test for viability.

20 Alternatively, antibody fractions are transferred into a high-salt buffer for
coupling to CNBr-Sepharose or NHS-Sepharose (Pharmacia) for further use.

3. Further purification of Immunoglobulins
Antigen reactive antibodies (i.e., antibodies that bind to maternal antibodies

25 against paternal antigens present on the surface of a fetal cell) are preferably prepared
by dissociation from a complex with a soluble HLA antigen and/or an anti-idiotypic
antibody.

Accordingly, in a preferred embodiment, the antibody preparation is partially
purified or purified free or substantially free of antigens. This is generally achieved by

30 dissociating antibody-antigen complexes present in the maternal blood. As will be

apparent to the skilled artisan, such a procedure is not to be performed on a maternal



by dissociation froma conplex with a soluble HLA antigen and/or an
anti-idiotypic antibody. Accordingly, in a preferred enbodi nent, the

anti body woepawnzson is partially purified or purified frrEa/aw03/00676
substantially free of antigens. This is generally achieved by 30
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further use.
(e.g., 3M magnesium chloride) and 25% (v/v) ethylene glycol in buffer. This solution is

then rapidly desalted to remove the salt and peptide HLLA antigens, for example, by

chromatography using PD-10 columns or FAST-desalting columns (Amersham

20 Biosciences) in Tris-buffered saline as the mobile phase. A buffer such as PBS cannot

be used with magnesium chloride, as phosphate-based buffers precipitate in the

presence of magnesium-based salts. The high-molecular weight fraction obtained is

substantially free of peptide HLA antigens and is desalted for further use. The purified

anti-HLA antibodies are then reacted with the maternal blood cell preparation

25 containing some target fetal cells, for a time and under conditions sufficient for a
complex to occur, and the complexes are isolated as described herein.

The antibody can be purified. further to obtain preparations that are more

homogeneous or substantially homogeneous, for use in the method described herein.

For example, hydrophobic interaction chromatography (HIC), particularly low pH HIC

30 (LPHIC) as described in the U.S. Pat. No. 5,641,870, is used for further purification of

antibodies. In particular, LPHIC is useful for removing a correctly folded and disulfide



anti-HLA anti bodies are then reacted with the maternal bl ood cel
preparation 25 containing sone target fetal cells, for a tinme and under
condi t i onwosasiewsent for a conplex to occur, and the corpUTRXEs/08676

i sol ated as descri bed herein. The anti body can be purified, further to
obtain preparations that are nore honpgeneous or substantially
honogeneous, for use in the nethod described herein. For exanple,
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det erm ned usi ﬂ? ﬁtd é &hme g}ezl,rl aﬁsf)%% in, eg'i'eﬁ‘[u?lnﬁ'@s%{ks ot-1-

sel ected such rlses p gens pre&erably
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with a maternally- derlved antigen. In a particul ar enbodj nent of. the

anti body i6ludes Batesal ﬁlﬂﬁe‘\a?ﬁl@lg@é‘néhef?hﬂ eqsyripg that ghe remgjgwg BEAJRINEIG N nex,
Li f e- CodesyhiBpfied'se hiretf38 "6 MY £ 30 GR iRl eritdPRoimSthe father. In addition, if the

HILA type of the father is known, or determined using standard techniques, a panel of

HLA antigens can be selected such that it comprises paternally-derived antigens,
preferably excluding any HLA antigens that are maternally-derived or in a common
20 with a maternally-derived antigen.

In a particular embodiment of the antibody isolation by HLA antigens, multiplex
color-coded beads (Luminex, Life-Codes) are used, wherein each color type is
conjugated with a particular HLA antigen. The color-coded multiplex beads are used
to identify and isolate maternal antibodies to paternally inherited HLA antigens from

25 maternal blood samples. For example, if the maternal HLA type is known, multiplex
beads excluding those maternally-derived antigens are used to isolate or purify and
determine the paternally inherited fetal HLA antigens, and/or to isolate captured fetal
specific antibodies by flow sorting of the corresponding multiplex beads.

Alternatively, once the fetal HLLA type is known, magnetic capture beads

30 conjugated with one or several of the fetal HLA antigens is used to isolate the fetus-

specific antibodies from maternal plasma.



conjugated with a particular BLA antigen. The col or-coded nul ti pl ex beads
are used to identify and isolate maternal antibodies to paternally

i nherit edwdLy/1azvs gens from 25 nat ernal bl ood sanpl es. Forpcaxangsloes7ei f t he
mat ernal HLA type is known, nultiplex beads excluding those

mat ernal | y-derived antigens are used tggisolate or purify and determ ne
the paternally inherited fetal HLA antigens, and/or to isolate captured
fetal specific antibodies by flow sorting of the correspondi ng nmultiplex
beads. AI t er nath \f@rlﬂ}er vied ohéhef éteaWthﬂ@Im}bpee?ﬁ@ld%n@V\mY rméeﬁ@i imatera@t ur e

beads r V. t a S used
o 1 sol at ERRNPE Blitts 1 RRRGRBRICHR by IR nafil a0 h8SRY-
03/102595 1HHEIt&U@é%é10£}ﬁ1 n btheh ikolateledr dbsdest befthd Elﬁleﬁﬁ@@ ﬁmhddnd/éwﬁbddn
extends to any isolated maternal antibody or purified Ig fraction thereof

that bi ndsh¥®a paternal antigen or paternally- inherited fetal antigen

when 1 sal at ed %g@@%&l}@??iﬁ& 5fhcﬁe NER AV ué‘i?})%‘%?degg %%Q %FfsSfa{éd 5 A

still further rese |nven I on* provi use of an
i sol ated maemahadtibedy idpdgraotion gleferoﬁchait binds heraqmterhdiatnugemds pé:ternalljpat er nal
anti gen or atg({Pal | y-, i nherited fet g,ntl gen.in CI ne, for
exanpl e, iheHed feldfagtisghin pegininessue P? CRGFPe IR ?llﬁtl%‘fa patiin | 5 or

as a nar ke&r dnPihBekteSabial 8ils drasMRhefibptort REM ce®fin hﬁtérﬁ'ﬁ bIRSLRRIREHON Of a
reagent for any one or nore of said uses in nedicine. 10 Agents that form

Conpl exes nepanativit afrarrabgeantar laoyiors oBoorecdftsaid Feesdn n@alidise. The mat er nal
antibo -bound fetal cell conplex is identified using a readily detectable
and/ or eadl |y isolatable agent, such as, for exanple, a secondary

anti body, 4t Reprh fc%gtﬁ‘é}%s with Mbyen] m!mﬂs@ohhélto PiapSes0 human
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signal . polypeptide selected from the group consisting of: protein A, protein G and protein L.).

The term "agent" means a molecule that is capable of forming a complex with a
maternal antibody when bound to a fetal cell, including a ligand of the maternal
antibody or a reporter molecule that binds to the maternal antibody. By “reporter

20 molecule” is meant an agent that provides a detectable signal.

Preferably, the agent does not bind molecules in maternal blood other than a
maternal antibody.

In one embodiment the agent is an antibody, or fragment or derivate thereof,
which is directed against the maternal antibody.

25 The antibody may be a polyclonal or monoclonal antibody.

Preferably, the antibody is a monoclonal antibody. Monoclonal antibodies can
be raised in one species against the binding sites of antibodies of another species. Those
skilled in the art are aware that any antibody raised in one species against an
immunoglobulin from another species will provide an antibody that binds generally to

30 the immunoglobulin from that other species. Preferably, the fetal cells are human cells,

and the agent binds to any human antibody. Such antibodies against human antibodies



Preferably, the agent does not bind nolecules in maternal bl ood other than
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anti body. 25 The anti body may be a pol ycl onal or nonocl onal anti body.
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Ant i bodi es:” Techni ques and Applications”, J GR Hurrell ( Press, =~ 1982).
10 Pol ycl di982).anti bodi es are al so useful in the nmethods of the invention.
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may be a part of an anti body &f or exanple a Fab fragnment) or a synthetic
anti body preparedagpishmethpey well kapwe ingthe gl e chain Fv fragment [ScFv]).

pocor gLy, U0l RRRNRAI, Ao LERUIER LSO IR AN IS,
may al so heaybed mst of am agbely (fai byangphgiariesdr fagmatit) bodi syathaticl astitiddyody
fr agmenltss ‘fragment (for example a single chain Fv fragment [ScFv]). Accordingly, such
fragments are clearly useful as agents within the present context.
Fragments of antibodies, such as Fab and F(ab) , fragments may also be used as
can genetically engineered antibodies and antibody fragments.
Antigen specificity is conferred by variable domains and is independent of the

20 constant domains. Accordingly, recombinant antibody fragments comprising one or
more variable domains, such as, for example, Fab-like molecules; Fv molecules; single-
chain Fv (ScFv) molecules where the Vg and Vi partner domains are linked via a
flexible oligopeptide, and single domain antibodies (dAbs) comprising isolated V
domains, are also useful as agents in the present context.

25 Whole antibodies, and F(ab'"), fragments are "bivalent". By "bivalent" we mean
that the said antibodies and F(ab'), fragments have two antigen combining sites. In
contrast, Fab, Fv, ScFv and dAb fragments are monovalent, having only one antigen
combining site.

Fab, Fv, ScFv and dAb antibody fragments can all be expressed in and secreted

30 from E. coli, thereby permitting the production of large amounts of the said fragments.
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idiotypic antibodies are released by dissociating the antibody complexes in a
dissociating buffer such as, for example, a high-salt buffer (e.g., 3M MgCl, in / HEPES
pH 7.2), the antibodies are released as unbound components. The antibody fractions
20 are then separated by SEC, for example, using the dissociating buffer as an eluant to
maintain the IgG and IgM components as unbound components. If the anti idiotypic
antibody is of the IgM or IgG class, those anti-idiotypic antibodies are bound to a solid
support (CNBr- or NHS-Sepharose or other amine reactive bead) to maintain their
separation from the bulk maternal IgM or IgG factions, wherein the separate antibody

25 fraction will no longer have idiotypic antibody bound.
Extraction of the antibody fraction in a dissociating buffer, such as, for example,
a buffer comprising a high salt concentration, will also release most bound antigens.
High molecular weight antibodies (e.g, IgG having a molecular mass of about 150 kDa,
or IgM having a molecular mass of about 950 kDa) are separated from salt and low
30 molecular mass peptide HLA antigens of about 9-40 residues in length, by desalting in

a low-salt buffer.
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a native ¢fthadleti!thy 2066 aftfe PORIS G0 Bind 19G. @ MUtant or variant of a
native or naturally-occurring protein Gthat retains the ability 10 of

native protei nT® tternbi"pebtéigG\" as wseflr bagempnshadlf be talni voe imolude a protein
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a hybrid or fusion protein conprising an |IgG binding domain of a native or
nat ur al¥ yobe awitant ag vasiast ef aingive D5 ngfpralyragcamingproteiar A that resgingtheabilive or

naturall Yof ﬁé‘tWerﬂrgt%inDA% Bin'a IQG:[ 8,%} fr‘rlgr}x@ﬂt 0y atngﬁvea (1)311 1lla!t1£1¥lly-occuning protein
A that retains the ability of native protein A to bind IgG.
The term "protein L" as used herein shall be taken to include a protein
comprising one or more natural antibody light-chain-binding domains of protein L, a
20 hybrid or fusion protein comprising an antibody light-chain-binding domain of a native
or naturally-occurring protein L, or a mutant or variant of a native or naturally-
occurring protein L that retains the ability of native protein L to bind an antibody light-
chain, or a fragment of a native or naturally-occurring protein L that retains the ability
of native protein L to bind an antibody light-chain.
25
Isolatable or Detectable Labels
The agent that binds to the maternal antibody is bound or conjugated to an
isolatable or detectable label capable of providing a detectable signal (e.g., a
fluorescent label, a color tag, a radioactive label, a paramagnetic particle, a
30 chemoluminescent label, biotin, streptavidin, or a label that is detected through a

secondary, enzymatic or binding step).
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by virtue of "an”’enzynatic reactton
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agents_of the invention, will be able to ascertain such usi ng routine
exper i hEnBatodi’; B8 4, 275 149 and 4,366,241. The binding of such labels to the
agent is performed using standard techniques known to those skilled in the art.
Preferred labels are fluorescent moieties such as, for example, those described in
Molecular Probes Handbook of Fluorescent Probes And Research Chemicals (R. P.
Haugland 8th Ed., CD-ROM, 2001). Particularly preferred fluorescent moieties are
20 xanthenes (e.g., fluoresceins, rhodamines and rhodols), Sulfonated xanthenes, such as,
for example, those disclosed in U.S. Pat. No. 6,130,101 and UK 9611997.9 are
particularly preferred. Fluorinated xanthenes, such as, for example, those disclosed in
U.S. Pat. No. 6,162,931 are also preferred. Coumarins, such as, for example, sulfonated
coumarins (e.g., U.S. Pat. No. 5,969,157) or fluorinated coumarins (e.g., U.S. Pat. No.
25 5,830,912), or alternatively, cyanines (e.g.,WO 02/26891) can also be used.
The agent may be labeled indirectly using a variety of methods known in the art,
For example, a "secondary antibody" (a directly labelled antibody that binds
specifically to the agent) can be used to detect an agent consisting of an antibody.
Alternatively, the agent can be derivatized using biotin, in which case labeled

30 streptavidin can be used to bind the label to the derivatized agent.
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The fetal cells bound by maternal antibody and labelled agent are partitioned or isolated
by a process that selects for the label.
Preferred means for detecting the reporter molecule include, for example,

20 fluorescence-activated cell sorting (FACS) using a fluorescence label on the secondary
antibody, or applying a magnet field or paramagnetic field to a magnetic bead or
paramagnetic bead that is attached to secondary antibody.

As described herein, an "agent" that is preferably detectably labelled is
employed in these recovery and/or detection procedures. Useful techniques include,

25 not are not limited to, cell sorting, especially fluorescence-activated cell sorting
(FACS), by using an agent bound to a substrate (e.g., a plastic surface, as in panning),
or by using an agent bound to a solid phase particle/bead which is isolated on the basis
of the properties of the particles/beads (e.g., colored latex beads or magnetic
particles/paramagnetic particles).

30 For the recovery or detection of fetal cells by cell sorting, the agent is labelled

directly or indirectly with a substance, such as, for example, a colored or fluorescent
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exanpl e, dy2ehat sieteetedening asili sortere Preferablys dhe dyiegs p BRerspoiE fyg, 4 large
fl uorescence | ahel..on the secondarn t Vi p j field
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att ached 10y 28RONHRAY RRO! plARA¥ryttin, dad ahé likel Asy detectable subgemte whisht i s
preferably detect ably | abel led is enployed in {)hesieg Gecov&ré/ and/ior

det ect i orhap thecappeensiste dewctaristiescionthaced sOHe] Papde v St B 658 Of P t ed
to, cell sorting,,especial. o) - | td. aB @A bRBsiODACS) , by
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panni ng) , spe€tfa Wiich Saige dileagEby thoeuiisortar'sadeteaboi)d phase particl e/ bead which

Is isolated on the basis of the, properties, of .the riicl . e.g.,
col ored | at ex Heedhe f%ﬁ"Vﬁ%{g%fiPt@cu‘g‘an&%tPfe§$1]§a?sé%§ﬂ@$f)féé5%a§aﬁ1§§%s Y ( 3ogFor
the recover - i: 68k hgilisd. wet b &i1 Fcl )
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det ect abl e su he appropriate characteristics for the
cel | sor t #he pazticldsend bound eorgplexésfrarh shechand ghasg). SMPEIRICERES HGPOW, dye

whi ch can be excite t he sor.ter' ' : STy t
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the desired properties nay be utilized. For exanple, large particles (e.g.,
gr eat el5 t @99xbout 90-100 “min dianeter) may be used to facilitate

sedi mentati on. For the recovery or detection of fetal cells using an agent bound to a substrate,

the agent is preferably adsorbed or bound directly (e.g., by covalent linkage, ionic

interaction or van der Waals interaction) to the substrate. Preferably, the substrate is

the surface of a plastic plate or flask, and the agent is adsorbed directly to the surface.

20 Adsorption is easily accomplished for most agents, and when the agent is an antibody,

adsorption is accomplished by simply contacting a solution containing the antibody

with the substrate. Alternatively, a modified substrate may be used, such as, for

example, a substrate modified by conjugation with avidin or streptavidin, or an agent

modified by conjugation with biotin, or an amine-derivatized substrate activated with a

25 bifunctional crosslinking agent. Preferably, the agent is adsorbed to the substrate by
contacting a solution containing the agent on the substrate.

Preferably, fetal cell isolation is confirmed by a process that comprises using an
independent marker to detect a fetal cell. For example, if the fetus is male, a marker
consisting of a Y-chromosome-specific marker is used according to art-recognized

30 procedures to confirm that the isolated cell population comprises fetal cells. On the

other hand, if the fetus is female, a marker consisting of a polymorphic marker such as,



10 Preferably, the particles are "paramagnetic particles” (i.e., particles
that can be collected by applying a magnetic field to the sanple, thereby
facilitatwog3pazsti oning of the particles and bound conmcaxasosfooenn t he
i quid phase). Magnetic particles are now comonly available froma

vari ety of manufacturers including Dypal Biotech (Gslo, Norway). An
exanpl e of magnetic cell sorting (MA is provided by Al -Mifti et al. 15
(1999). For the recovery or detection of fetal cells usjng an agent bound
to a subgeradample, bISNPgentmdrkerthaifiespesific foddlr Hbd Wt%ﬁd&e@??cé’g g (e.g.,
by coval ent |inkage, ionic |nteract,i or ,v.a l ton) to
the substp Aftaecogpized PLagRyures qﬁ)é:og.%gﬁlgag{ 3 lﬁ%late@ ﬁgl?é?xé%%(k:ozl %Oylg{sgﬁcfgga?i c plate
or flask,,gnd the agent is adsorbed directly to the surface. 20 Adsorption
is easily acconplished for nost agents, and when the agent is an anti body,
adsorption is acconplished by sinply contacting a solution containing the
antibody _~wi.th the substrate. Alternatively, a nodified substrate nmay be
used, guclPFpé@’,O"fozf”a%éQ%ltrfﬁﬁéé, a substrate nodified by con{)ugati on with
avidin or streptaehfbdetedtioarfagantellsmali bé ehanyedconjideshby e ddpidtioni ot i n,
or an am ne-derivatized substrat? activat ed vyi}fth a 2 b ifdunﬁlt ieon?bis
crossl i nkifrgatargeineelisprer matesna) cell fEpepresRnt iy the LAY OR9% REPSibstPat e by

contact i ncgep%%ﬁg%ltﬂe%nﬁwﬁopiteg 3a}g§g,a&emuowﬁhg, h@e st 6Rcentaiingf treabl vy,

fetal cel i'on'1s ¢ I rne a process that conprises uigi ng an
i ndependegiterml kefbotip-bdend ftalaeiletvaih the ient Bod recoxpiingthe; agepimatibadyrs | s

e, k i sti foa Y- - spec; f.i ' d
accor dongiea calhconsiioni A0e 915 GE PRSI E P EBRY P TEREE CHb V28 Bl eq cel
popul ati 219%%%%10%asinLﬁheleéﬁ§1]{dc§tes,OB dlg T ellsr mbacEtes] imachephbgisuand s

femal e, I consistin a pol ynorphi c marker such as, WO 03/102595
21 PCT/ ALGSWEA6TEEIS ofn thimngspest, maBNR! aptibadigpampre alsora comaplerdeVithcO% or ¢ he

BLA systemis used according .to artrrecogni : i mthat
the i %ol BbQHICEY P BEBAPEHGH of JRuFEL e Se?{élcﬁagéﬁ?‘?rg.%g‘%%‘ﬁf dbb e
mat er nal %‘ilh@ﬂi@ﬁ&@}ésﬁme@rngdﬁwﬂia foral oéllsfiatnedternel blsodrey vive. dikamesett or

aided by the depletion of maternal cells or a maternal .cell fIM(g)e gresent
i n t hel draineentidn dieaslyeneempasses apdjtipnal steps performed prior to, during, or following,

the isolation of maternal plasma or an antibody or antibody-containing fraction of

maternal plasma, wherein such steps physically separate maternal cell and fetal cell
populations, deplete the maternal cell population, deplete the maternal cells of at least
one maternal cell type, or distinguish maternal cells from fetal cells during analysis.

20 Preferably, the maternal cell population or maternal cells are depleted by
exposing a maternal blood sample or a nucleated cellular fraction thereof to an antibody
that binds to a cellular marker on the maternal cell for a time and under conditions
sufficient to form an antibody-maternal cell complex and isolating the antibody-
maternal cell complex. As with other embodiments described herein, the antibody-

25 maternal cell complex is preferably isolated by contacting said complex with a readily
detectable and/or a readily isolatable agent. Preferably, such an agent is different from
the agent used to isolate, enhance or enrich a fetal cell population, such as, for example,
to permit maternal cell depletion and fetal cell enrichment to be performed
simultaneously.

30 For example, mononuclear cells (e.g., a PBMC preparation comprising fetal

cells) can be isolated from the blood of pregnant women by density gradient



depletion is perfornmed prior to, during, or follow ng, the steps of
contacting the maternal antibody-bound fetal cells with the agent and
recoveri ngadsaozgent - anti body 10 fetal cell conpl ex. Thosee@kivdimdeion t he
art are aware that maternal cell types in maternal blood include
erythrocytes, B cells, T cells, rmnocg&es, macr ophages and dendritic
cells. Inthis respect, maternal antibodies nmay al so be conpl exed with, or
bound to, a subpopul ation of maternal cells in circulation, thereby

reduci ng teneifogatimnailodithertepritl theqmogsirtion ebfetal téllstimesetieinghe gaamnle i n

mat ernal bl ood .ex viyo. The present. 15 ipnventipn clear] es
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sanple or a nucleated cellular fraction thereof to an _antibody that binds
to a cel | boweverde kel bindtq smatesnal op aptermal antigep omafetakeellng under conditions

sufficient to t g% I : X Lsrdtihél@dd he

anti body- mat eérggfgbzgltﬁgggﬁ%%x. Eﬁv@tﬁ??%ﬁé‘f%@dfg%% descri bed

herei n, t hagedicibeadty pRSticrilasks ndhsticelishes onjpinms and therlddeer abl y i sol ated by
contacting said conplex with a rea?,i I}/ det ect ?bl.e 1and/or a readtiﬁilg%1

i sol at #dl e ageY evploying abpffinity RURTigeon ieh 19 selegtiply TEMPVE S M agent
used to i gglsaiif oM AARGEr Of MBI hudledted dblICRIIIMAPU Bel @I suspepbioasds for
exanple, to permt maternal cell depletion and fetal cell enrichment to be

per f or med redsicen, bodithequeportionBof fetal cellsprgsent infemesmple sanberdels (e.g., a PBMC
preparation conprising fetal cells) can be isolated fromthe bl ood of
pregnant wonen by density gradient WO 03/102595 22 PCT/ AU03/ 00676

centri fugq}ﬁng,@kingcg{r,fnufepﬂgrangwdi@b the proportion of fetal cells present in

the sanple, blood cell types that are not Iikele/ ;Filgl%igi ate fromthe
fetus (&.g., nktome Jasesk oieiereal putibadiesthatgitach to) fataberlls SHHBE HIRIRPORERh cel | s
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binding to the agent and subsequent isolation or detection using the label bound thereto.
This masking may arise, for example, by an unknown mechanism that protects fetal
cells from maternal immune attack. For example, plasma antibodies may be masked

20 or inactivated by complexing with secondary, anti-idiotype antibodies, or with soluble
HILA antigen.

It is also possible that maternal antibodies bound to a fetal cell may fix
complement and destroy some of the fetal cells to which they bind while in the
maternal circulation. In such cases, only those fetal cells that are bound by large

25 numbers of maternal antibodies would be available for isolation.

Accordingly, in a preferred embodiment of the present invention, cells in
maternal blood (including maternal and fetal cell populations) are unmask bound
antibodies, thereby enhancing the subsequent recovery or detection of fetal cells via the
maternal antibodies bound thereto.

30 Tn one embodiment, cells from maternal blood, and antibodies from maternal

plasma, are extracted as distinct fractions from the maternal blood sample, treated as



5 of maternal nucleated blood cells are well known in the art. Preferably,
the anti bodies bind an antigen present on the cell surface of a naternal
bl ood noneuslezwscel |, however do not bind to a mater nalpcarAypstoesaal
antigen on a fetal cell. Preferably, the antibody is attached to a solid
support. Solid supports include nmagnebgc beads, plastic flasks, plastic
di shes, colums and the like. 10 By enploying an affinity purification step
to selectively renove such maternal  cells, the total nupber of maternal
nucl eat ed PPreiaie e wimask; thet matega] |antibediansangn thes recambined), for fyrthere
roportion i i S, ) 1 ng of
t or nal _ornriearas ol BLERFE HeodBadod iR Thy D (RRGGY, SREEEES, O
fetal cellseaimentabarthitsicussed pofuther detail ebdver nal pl asma in vivo may be

masked, or otherw se rendered upavail able for bindi to the agent, and
subsequent i sol HS BSSHE owrEes icp?ﬁr%nsemnméew B BB, GP (O SHBORTE O o

maski ng sTeo@fekiSBom itefNPBILE to BYmARUDN HARNMA MBGDAN bidPhiahal (REVekSh) fetal
cells frommaternal immune attack. For exanple, plasm antibodi es nmay be
masked 20 wnder perctitiomsttbat doynot altgyr eotiplgmett lipsis, ecgnidahe presamice of alcludlstpng
antibodies, or wth | HLA antigen. |t i | so..possi bl e t t er nal
ANt | bodi o<t e EL At Frecel/enfiipe i sunitsn ol SRS REibe duferty Mose of
the fetal geldisot #fiwktichhéley bind while in the maternal circulation. In
such cases, only those fetal cells that are bound by large 25 nunbers of
mat ernal anti bodi es woul d be available for isolation. Accordingly, in a
preferr : |1 ] .on, cells in maternal bl ood

(i ncl udﬁgﬁﬁﬁg@r@{%fﬁ@%Jezggoornglzzﬁg;nﬁ%%ﬁ%ﬁl%ﬂs) are unmask bound

anti bodi es, t hePrefeyabdy)hbmivagiveheetfodoseardiny torafg @mboilintnt destdledd leneinf f et al

cells via the ternal aptibodi es bound thereto. .30 | n on nmbodi nent ,
cells fronP%%léﬁnrﬁaéPmbP@s ,m%.ﬁ]ag ’EHP%EJ rﬁ?lamlwam?%}g th%?%a?r?ﬁﬁs Hpm
extracted j+S Ll : i I a Fatb T ed as
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ant i bodi escomspidx tdeclease aberiiétaleckls.oPréfarabhethe relehsadcietad mellobrefvaatde fetel | s in

accord e wth the Lnyentiv t hod.. Such "pre- treatnents" are discussed
in furter c%fét pp p(%@%%:i} preFerr%E em%od1ment, the Botal cells &re cultured in Yizro for 2
time and under conditions sufficient to permit their use 'in diagnosis of a genetic

disorder or a predisposition for a genetic disorder, or for karyotyping of the fetal cells.
In one embodiment, a cell sample from maternal blood comprising maternal
antibody-fetal cell complexes is treated so as to remove bound antibody from the cells ,
20 subjected to a brief culture phase during which cells are allowed to fully express and
display HLA antigens, and optionally, to proliferate. Following culture, fetal cells are
identified, such as, for example, by contacting the cellular fraction with a maternal
plasma-derived antibody preparation. In addition, cultured cells may be subjected to
pre-purification steps such as those described herein, to deplete maternal cells such as
25 B cells from the cellular fraction. Alternatively, or in addition, the antibodies may be
unmasked as described herein above.
In accordance with this embodiment, antibodies are detached from the surface of
a cell whilst maintaining cell viability, using a number of procedures known to those
skilled in the art. By “maintaining cell viability” is meant that sufficient viable cells
30 are recoverable for further growth, by passaging of the cells using standard tissue

culture techniques.



The present invention clearly enconpasses a preferred step of exposing
cells 5 isolated frommternal blood to a maternal derived anti body

pr epar at i w0 @3siezs9bel ow) under conditions that do not all eeTeomsicesmsnt
lysis, e.g., in the presence of a chelating agent such as EDTA, to thereby
enhance the nunber of fetal cells in e maternal blood sanple or a
fraction thereof. 10 Di ssociation of Tetal cells frommaternal antibodies
Preferably, the inventive nmethod according to any enbodi nent descrl bed
herein, part Peaferablyy saclytephquasi atg perityowdisiin 472 hpers EImBRs BB€ 3sol ati ng

the fetal cells from emate nal antd \: re I tihng the
mat er nal WHER E}E‘?cﬂ)atﬁﬁl?hh gtsgmp ol ftake 8&08?3 &Itngl erSe jlggég S%t E%el& grg%clel |'s.
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for a time adu asedembastmeits nenscovalentiycbawrd pEoteiay @re ramidly rdefal

di agnosj s,.of .a enetlc | SQ,
di sor det , HIggstipy 1%@3%@1 ®ngt rﬁﬁsfr{uﬁaﬁo?& (ﬁé:ezfgﬁﬁéﬁl% ﬁfb(’génagé eﬁbaggr:ﬁﬁt%\;egy, a cell
sanpl e frW‘rﬂlﬁécﬁﬁﬂ%@éas@|d%é@t1@@rwrdeﬂlsﬁﬁ‘a¢mpﬁjmai Alembtiedy- e imbddEpn,

conplexes is treated so as to_renpve bound antibody fromthe cells , 20
subj ect edreductwntnficell-serirae iz fidpdridzgs mpn §e GHTEA ORI | s are all oned to fully

express and dighay (EhA M08 BOSAPLIQLA - bakid @A kf déskiucKol | ow Ng

culture, fetal $are i Gents fi for exanple, by cont act i ng

the cel | uhaielf Fl?kﬂhd: Qﬂdvurgllmrm imtaecordance pivmls nhlsd@and@delﬁnﬁﬁYb%WaWbtﬁar ation.
I n addition,

ured, cells e,.subje ur fi.C eps
such a0t Pﬂé‘@@d AeisoF priaee ﬁé‘r‘é‘i@yc RIS sy @1%5% Flﬁg Pf S Ogtu%ﬂ SBHa(gE[S
cells fro otté?l?s gﬁlt b 8ot sf@i%ﬁlll;p@nnd@}eﬁelﬁﬁ%ﬁhe\‘%bﬂecﬂés | ther@blyliprogressiviehe
anti bodi e unmasked as descri bed herein above. In acfgord ce with
this enbod1gmmg avsmmpepndhsefsomrﬂ@ chlltsurfhesiorfagiHtat e preseaiationpl n whi | st

rsnls(l : |n][ 2|dn: Egrp]():]lg)lce;?r%/ er q%qlwuej{: %%Hg'ygéﬂpﬁ\{ﬁna%f Pélfﬁﬁﬂl:dé %?n%tgfrf}?v‘@%aq Qefirose
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of the cells using standard tissue culture tcgchnl ues. (ﬁ/ 1035{%
PCT/ AUDS3/ wﬁﬂiaue:sraee avaalidyin asuinble aredigi g pufensqlu Bfrlﬁéamm hour s

fromthe t Ilfre such as, for example, phosphate-buffered saline (PBS) and then incubated in

media comprising trypsin (e.g., 0.1% (w/v) trypsin/0.02% (w/v) Versene solution in

PBS) and incubated for a time and under conditions sufficient for proteolysis to occur.

Exemplary incubation conditions comprise an incubation at about 37°C for between

20 about 1 minute to about 20 minutes, more preferably for about 1-5 minutes. The

incubation time is dependant on the extent of cleavage required to abolish bound

antibody without adversely affecting cell viability, which is determined empirically in

trial assays. Once digestion is complete, the cells are subjected to a separation

techniques, such as, for example, a centrifugation step that results in collection of the

25 cells as a cell pellet. Cells are then cultured, such as, for example, by plating on a
suitable solid medium for continuous culture using established techniques.

Mixed protease digestion is preferred, as it is more efficient than mere
trypsinization. This is because the enzyme specificity achieved is very broad, as a
consequence of using a number of different enzymes. By virtue of the mix of proteases

30 used, aromatic amino acids (i.e., phenylalanine, tyrosine and tryptophan), hydrophobic

amino acids and many non-specific sites can be cleaved, not merely adjacent to lysine



whi ch the maternal blood sanple is taken froma fenale subject, since cells
grown in culture may readily shed cell-surface bound anti bodies after this
time. |n woeo3ankrodi nent, non coval ently bound proteins arearapilogerdet ached
by 5 digestion with trypsin (i.e. "trypsinization") or other suitable
protease, or alternatively, by m Xed,protease digestion of cell-surface
proteins. Alternatively, or in addition, reduction of cell-surface

di sul fide bridges may be carried out. Trypsin is known to c|eave proteins

adj acent dnd abgisine residurs. Barimixedpiothobisis, fatal wellyarepabiaded S ni ne. I n

accordance wi.th this, enbodi nen tr inizat L i ut for a
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progressively digesting away peptides fromt h? cell surface to.facilitate

t he presegroup corsisbing OEWYPAA DapYRITERass, elasiase, qollagenase d Gy Rotnypsin.

trypsini zgation of. ¢ - i etal cells obtained from
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under conditrons surfichent for proteolysis to occur. Exenplary incubation
condi t i ongrocanpurifel, destiopmghibgii teriiany staimtwe. Va€co wendy tlinsehpteiztoout 1

m nute_ to about 20 mnutes,. nore preferably far ahout. 1- i nutes. The
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M xed protease digéstion is preferred, as it |s nore efficient than nere
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suitable incubation conditions, isolated cells from maternal blood are cultured under

20 established conditions and washed in a suitable medium or buffer solution (e.g., PBS),
incubated in media comprising a range of concentrations of reducing agent and
incubated for various periods of time. After incubation, cells are then washed to
remove reducing agent, then placed in a culture medium, and incubated for a time and
under conditions sufficient for cell growth or division to occur. The conditions under

25 which cell growth or division is maintained are selected. Upon further growth, isolated
fetal cells are monitored for the presence of fetal hemoglobin, or the transferrin
receptor CD71, using monoclonal antibodies that bind specifically to those proteins
(Bianchi et al., Eur. J. Obstet Gynecol. Reprod. Biol. 92, 103-108, 2000). A similar
procedure has been used with success for dissociating anti-Gala.1-3Gal antibodies from

30 cell surfaces (Parker et al., Transplantation 71, 440-446, 2001).



25 PCT/ AU03/ 00676 and argi ni ne residues. For m xed proteolysis, fetal cells
are subjected to simlar conditions as for trypsinization, however the
trypsin i wosaseeiosut ed for a m xture of proteases, such arT/AwB/oesanpl e, a
m xture conprising a protease selected fromthe group consisting of
trypsin, papain, pronase, elastase, cgklagenase and chymotrypsin. 5 Q her
conbi nati ons of proteases are not excluded. Those skilled in the art are
aware that reduction of cell-surface disulfide bridges cleaves the

di sul fi deUkssrof idoéttodferaltcelds cystine residues in a protein, thereby

converting t Cysti to two free- SH I r.esi I 3 ptide
chain. In thi Qﬁ}ﬁgﬂ%ﬁeg?%sﬁehs HPB?F&?ﬁ%d‘if%%%d?j}?e@%géﬁ%@#ﬁé f lnhl%asiEIr?ﬁa:fuglrati ary
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conpl exeskmwouinyasive proc¢duresheichap,forexasmple, gmmiegentesis of gqrionicigHlus  equct i on
of cell-surface disul fide bri. i i nce of a
suit ablse ?@ﬁ%n?hﬁg et q R 1g1g§1,%a1%1§) ﬁ“é’?(dae%‘%et ,hQ g,fé?ﬁag? %drl eg[?(}ti 0 cli(witﬁ'?l'e'liig-J or
Tris(2- cathesy pidinbidiesiitigne aqf emBpdimeiEfescaibal Istrein igmedicadusichgs,agent

than DTT and may 15 be advantageous by reducing. cell-surfacge bound proteins
nor e rapi BINEXHARIS. Ogigbaping age(gem_sorﬁg@qd{rp%w %glo&éﬁglggqlqty; ‘ﬁ%’f&&ﬂ%d usi ng

a concent fe%g. qﬂiagllgoosg@ g@gﬂgafﬂﬁﬁn tolthORiAQPHisdh chilWe berfésdloneM and for

an i ncubation pe nute to about 30 minutes. To determ ne
t he sui t abéllsiisolated bamlye ineehtive nptimgit detauniningasy abe psmoresefiamamber Phcubat i on

conditions, jsolated cells from nmaternal. bl ood,are cultured u 0
est abl 1& hEtigghdcreensrseenstc g\}agrﬁlg@, ?%Lés’sfﬂf EXAgfRLe, rFEOaYWYBFf%er ﬂgs(r%lgél ution
(e.g., PBR ’trisétﬂ{{ig?,asti&ﬁe '%én MBdhA, S PMPEIRR% deflcRdiBe-IhticHRosE andtthons of

reduci ng agent a I ncubated for various periods of time. After
i ncubati ofike.cel | s are then washed to renove reducing agent, then placed in

For cel | gt owt Aotpratiels &rter gosecanfe iisains SRt o R EREEMBBRIE ' ST

for cell growt I'tions under whi ch cel |

growt h or ggjeVirs $Berefic ARbRAfRinRhndh e s8Bjees bad mdpudeotptisingrpegbontnga
isolated fetal cells are nonitored for the presence of fefal henogl obin,

or t held r grersythaircomsispt daterabuing onisienifyinsrfotetad fall andhier B6ighag fethlat bi nd
S e
success f @mbdimsme dedcribel herein- Balveill-h@Gaparanit to blodikalbedfardyan, wherein the
fetal cell carries and/or expresses a gene that is indicative of a genetic disorder or
predisposition to a genetic disorder, the presence and/or expression of said gene is also
20 indicative of that genetic disorder or predisposition in the intact fetus from which the
fetal cell is derived.
Although it is particularly preferred that the method of the present invention is
used to enrich or identify human fetal cells, or to screen for genetic deficiencies in a
human fetus, the invention is equally useful for enriching or identifying fetal cells from
25 any placental mammal such as, but not limited to, horses, cattle, dogs etc. The
invention is also useful for the genetic screening of any placental mammal based upon
such isolated or enriched fetal cells.
In one embodiment of the present invention, the isolated fetal cells or a fraction

enriched in fetal cells, are used directly for prenatal genetic testing. Alternatively, they

30 are cultured to expand cells numbers and to facilitate karyotype analysis.



30 cell surfaces (Parker et al., Transplantation 71, 440-446, 2001). WO
03/ 102595 26 PCT/ AUO3/ 00676 Uses of isolated fetal cells The isolated fetal
cell s prepar®ddoz®sdescri bed herein are suitable for use i rrcamyuosanéereal |
prenatal diagnostic tests that can be performed using a fetal cell obtained
via known invasive procedures, such 3g, for exanple, amiocentesis or
chorionic villus 5 sanpling. The present invention clearly provides for the
use of an isolated or cultured fetal cell produced according to any

enmbodi ment  deS¥ecaikedetabeedis wbiainedehyithe methods efithg snventien CRRRIFELee same

determ ne a ge [ C disorder or predjspgsition,to I J rina
f et us. u%ﬁﬁﬁ%@%ﬁ?@&&&ﬁ &SQW& Cﬁqg (ﬁﬂée %&331 tlhésg tgtra P?@g%hﬁg%b%y%grforned
on fetal fgabhciniafgbaldih RdhdidiRs kiy@Rld the artehedin @rabdeinsaliny thatig any one or
nore of a nunber of 10 routinely screened genetic disorders, such as, for

exanmpl e, Guosiedissiagmosieeof thatiabrernalisin the i tws3, sickle cell anaenia,

21- hydroxyl ase, def i.ci I L-hrasi edingly, a
furt hersoaspectA%qﬁyst1 8@%?%(3:%1%%@‘81} Arllgeelfne%l?g%%%%{)\??ggrsehgﬁ%sé'{l%%%r8?‘6&%& ecting a
geneti ¢ diiserdeesan b prnfontdad amudllat masaiatl dentted dicbnc fypali csll tlapt pernfitsy mi ng a
15 process that co(r;pri ses_determ ning or, i.dentlifmmt al feltl. and/ or
enri chi ngafiefesl to begletester, Braierablyy thiy Myetigds gpclepr YL 8t A} fraction
thereof a ' EIRDHHTERS afifne RbE dr BRiGH FromAhe MoldtedRtatppar ent
to the sk?(ﬁﬁéegls{a&ggélsggﬁl,gy%er ein {\Fﬁgé fg}t%gl cel Irbl?grri 85 aﬁd/oor expresses a

gene t hat céls. Radhembore,ghoDNA mapeodinprisk sgendetic gene qoRAWA gheddsinaton to a
genetic disorder, the presence and/or expression of said. IS so 20
i ndi cat9 véra’&iﬁatf“ﬁ?é)cr theAp OEmaﬁ“é‘i)‘t‘cH’éﬁraI@Fr%bq%e‘H?@‘ o igt’iaorﬁp?tﬁwgﬁjﬁlis‘n A fetus
from whi CBrEﬂP). fetal cell is derived. Although it is particularly
preferred that”the nethod of the present invention is wused to enrich or
i denti fy humaninf etegirefentd embadiment, shiomwsomalrabgemealities refdetaciedcBes in a

R
horses, cahibgs ofdPESm&otres. R exardipleNthisdAclidesaletating eisunyfinchioh®sgeeaet i ¢
screeni ng of any placental mammal based upon such isolated or enr{ ched
fetal &2 23 which is indicative of Down's syndrome, trisomy 18, trisomy 13, sex chromosoma
abnormalities such as Klinefelter syndrome (47, XXY), XYY or Turner's syndrome,
chromosome translocations and deletions, a small proportion of Down's syndrome
patients have translocation and chromosomal deletion syndromes include Pradar-Willi
syndrome and Angelman syndrome, both of which involve deletions of part of
20 chromosome 15, and the detection of mutations (such as deletions, insertions,
transitions, transversions and other mutations) in individual genes. Other types of
chromosomal problems also exist such as Fragile X syndrome which can be detected by
DNA analysis.
Other genetic disorders which can be detected by DNA analysis are known such
25 as 21-hydroxylase deficiency or holocarboxylase synthetase deficiency,
aspartylglucosaminuria, metachromatic leukodystrophy Wilson's disease, steroid
sulfatase deficiency, X-linked adrenoleukodystrophy, phosphorylase kinase deficiency
(Type VI glycogen storage disease) and debranching enzyme deficiency (Type IIL
glycogen storage disease). These and other genetic diseases are mentioned in The

30 Metabolic and Molecular Basis of Inherited Disease, 7th Edition, Volumes I, II and T,
Scriver, C. R., Beaudet, A. L., Sly, W. S., and Valle, D. (eds), McGraw Hill, 1995.



I n one enbodi nent of the present invention, the isolated fetal cells or a
fraction enriched in fetal cells, are used directly for prenatal genetic
testing. wWamermwavsvely, they 30 are cultured to expand caldmAwsiberws and
to facilitate karyotype analysis. WO 03/102595 27 PCT/ AU0O3/ 00676 Because
fetal cells obtained by the nethods c? the invention conprise the sane
genetic DNA nmake up of the somatic ceiis of the fetus, these fetal cells
can be analysed for abnornalities using techniques known in the art,

wher ei n atleabynanyvpéretiy diskat wiwre e gent leas bieen doaeshanstmetatensidetactedonor mal i ty
in the intact f%tus. 5 Analysis of fetal cells for a genetic disorder or a
predispoé??i%ﬁnﬁﬁﬁda genetic disorder can be perfornmed on any cellul ar

material deri yaedd A%AtAbA ineRlib tidWindael Btinkucaoflelrpstyping dvelydist ect ed.

Preferably, this material is nuclear DNA, however, at |east iz:lFtsorre
i nst ancesofinmetimdytidrepaitasy testrictien fragmendlspgth plAneiphisbrstys aSRhe i sol at ed

fetal _cells, Furthernpre, .th : - | ' g or RNA that
i s not Slgjatg‘?da?‘fg‘fye?t ﬂ‘&ﬁre%FndteHE sg%%f%?aﬁgﬁ ?Eie% O%EW'% P%ﬁs%g{r% gnee nmarker (e.g., a
repetiti vestMAdmRIJEr or SNP). In one preferred enbodi ment, chronosonal

abnornmalities are detected. By, "chr ormsorral bnor mal i tmts ant any
gross abnor malGhrgmpspmal ebirosmaliiesean be daigcted & Ol 3D Lo For

exanpl e, this i | b S QY (B ARRSAIRIS 5wk Wech i S
i ndi cat | V&SP lho%m#i—ge%%&(éﬁgﬁr%aggylglsséss 1r8, 9?&] sony 13, sex chronosonal
abnor mal i tdeg arrested dadngkhitows ey theraddiyino o6 aeni(otiz spixeke)inhibivor syeh Fur ner' s
syndrone, _chrompsone transl ocations and del eti ons, -9 ortion of

|
Down' sl0s yerliehasiae. Braferablyt & Giemea-stpinpd FYOROSIRe SRIEAI P%W%’ts%n%l}o% etion

syndrones, | e Wilbbr asSYE05 R EBH oD 8BEs A tRdslecionkot h of
whi ch inv%qa\i}gksggﬁgﬁngﬁgﬁ%}%parrtaof 20 chronosone 15, and . the detection of

mut ati ons ( suctheagenelid assaysmsay innalee aiosvitabletmeiherd for aleatifingmypBPes 9hs and
ot her 4 b cnshau b8 45l BNKH LBl giraggere pr ol e
anal ysi s. pSxher. gerehiial HbeeksesSofal sigosdiledide gribealesigndiobybridisablysi s ar e
knomn.suc% 25 as 21-hydroxyl ase deficiency or hol oca box.IaSﬁ synt het ase
def i ci Encthe relevant positions of either the wild-type or mutant sequence; denatufing ge
electrophoresis following digestion with an appropriate restriction enzyme, preferably
following amplification of the relevant DNA regions; S1 nuclease sequence analysis;
non-denaturing gel electrophoresis, preferably following amplification of the relevant
DNA regions; conventional RFLP (restriction fragment length polymorphism) assays;
20 selective DNA amplification using oligonucleotides which are matched for the wild-
type sequence and unmatched for the mutant sequence or vice versa; or the selective
introduction of a restriction site using a PCR (or similar) primer matched for the wild-
type or mutant genotype, followed by a restriction digest. The assay may be indirect,
namely capable of detecting a mutation at another position or gene that is known to be
25 linked to one or more of the mutant positions. The probes and primers may be
fragments of DNA isolated from nature or may be synthetic.
A non-denaturing gel may be used to detect differing lengths of fragments
resulting from digestion with an appropriate restriction enzyme. The DNA is usually
amplified before digestion, for example using the polymerase chain reaction (PCR)

30 method and modifications thereof.



aspartyl gl ucosam nuria, netachromatic | eukodystrophy WIson's di sease,
steroid sulfatase deficiency, X-l1inked adrenol eukodystrophy, phosphoryl ase
ki nase deWiooizanziyps (Type VI gl ycogen storage di sease) and rAMEI®hérag

enzynme deficiency (Type |11l glycogen storage disease). These and ot her
genetic diseases are nentioned in The g0 Metabolic and Ml ecul ar Basis of
| nherited Di sease 7th Edi tion, Volumes I, Il and IlI, Scriver, C. R,

Beaudet, A. L. S., and Valle, D. (eds), MGaw Hill 1995. WO
03/ 102595 28 P@urphﬂgamm@mwre@rbq/achmydbzeﬂ@teis@bml@éé’@mﬁ@pés PHY gene has
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patterns, noélsicracitltdequienke-dassanimpligiRgiidn. pol ymor phi sm assays and PCR 5 based
assays, fluorescence in situ hybridisation &FI S{Jﬂ)er as well %t her, nmet hods
descri bed bel oft "epRrepRAl® FIITICHBA SRAENG tiF @R halWildesanaseaad CBtyt kR&ot ypi ng

whi ch i g e segtﬁﬂgg‘@nv%l Chﬁkﬁmﬁfartedbéégﬂéﬁ% %Ph@gvﬁgﬁlm'sé%ieﬁc&%ﬁfch% Iy

per f or med ave arrested during tosis by the
addi tion @écognmd atd ait bplthﬁileﬂncundm &izyoe (e, ea;shd_cascmagrt’ue); canehe presghbr abl vy,

a G ensa-stained chro ome read i s ed, . al anal 5| s of
chr onmosomés A FRBEAVeISe &gﬁ’ﬁ Udt § edf‘tpﬁciﬁ%%’é% MP‘E}{? ®ions. The
genetic a%ﬁ@ﬁé%sfﬁghlklﬁ%@hé/@ol?g&m@l%ﬁ&@ h@th@@@?@féa&tﬂfn [ﬂ@@éﬂvfeﬁieﬂﬁf Eﬂét at ions or

pol ynor phi sns, such as: sequencing of the DNA at one or nore of

rel evant epujgm cIUmENPdolﬁlfyemfeequemﬂy,hlybﬂlenlwgaisuﬁlhr@f)gmﬁesm jegeenge Iﬂt&bt i de probe
desi gngﬁ d| sgl 15 the rel evant positions of either the wild-type
or t % enaturing gel electrophoresis follow ng digestion with

an appropri ateIﬂI ﬁﬁitlﬁdr%ﬁﬂb@ﬂm%ﬁl)ﬁ%r dIPEfre ik is heeld veme By baidides o eidtter on  of
the rel evant DNA regions; Si nucl ease sequence. anal ysi s; .. non-denaturing

gel el ect rao‘pﬁdrh@mgsne @r@m?aagyayrlapbgqamsmlaa@épw}th ?@a‘tticﬂlﬁf gqsoqdﬁgorr el evant
DA T80l ORediSRNER AR 0! tol%FH)?l ST flok iR bf ARBER ol ERHERY ALY Phi ST
eotl

assays; Ve Ication using o gonucl |ch are
mat ched f Ciﬁd1bditevewfItldrwild#p@e&ﬁqmﬁmgeﬂastsdpe{randiheﬂced)hémtypd)e mut ant sequence

or V|ce versa or the selective roduct | of a restriction site using a
PCR (orSsi ni | ar Prferted ,en}bﬁglérppé)a emggyg ﬁl@lll%f k’&ﬁ primers bt o el B

hybridising to only one of the wild-type or mutant sequences, they introduce a
restriction site that is not otherwise there in either the wild-type or mutant sequences.

To facilitate subsequent cloning of amplified sequences, primers may have
restriction enzyme sites appended to their 5' ends. Thus, all nucleotides of the primers

20 are derived from the gene sequence of interest or sequences adjacent to that gene
except the few nucleotides necessary to form a restriction enzyme site. Such enzymes
and sites are well known in the art. The primers themselves can be synthesized using
techniques that are well known in the art. Generally, the oligonucleotide primers are
synthesized machines using art-recognized procedures and equipment that is

25 commercially available.

PCR techniques that utilize fluorescent dyes may also be used to detect genetic
defects in DNA from fetal cells isolated by the methods of the invention. These
include, but are not limited to, the following five techniques.

i) Fluorescent dyes can be used to detect specific PCR amplified double

30 stranded DNA product (e.g. ethidium bromide, or SYBR Green I).



type or nutant genotype, followed by a restriction digest. The assay may be
indirect, nanely capable of detecting a nutation at another position or
gene t hat wicsosknzsas to be 25 |linked to one or nore of the maTaato3wosict i ons.
The probes and prinmers may be fragnments of DNA isolated fromnature or nmay
be synthetic. A non-denaturing gel ,magobe used to detect differing | engths
of fragnments resulting fromdigestion with an appropriate restriction
enzyne. The DNA is usually anplified before digestion, for exanple using

t he pol yner asei)chia 5' meeetseofTagER) asBy cast bo disecth avhighd utilizest ¢ oheciallyer eof .

WO 03/ 102595 PCT/ AU03/ 00676, 29 Anpli.fication of, .Db ' by the
est abl i sh%ls?ﬂéﬂie(ir%’f‘ﬁﬁﬂg’gﬁe Rpresse Ilﬁﬂﬁgﬁbgé]Pﬂtélrlgglsz reg%% %ﬁ%&%yu?tvég% such as
the |i gasgehalRifeBetHINA pdBnéraf dias exRRglon BEGLEICR poiddotsequence- based
anplification. An "appropridte restriction enzyne" is one_that wll

recogni se and itpfssalye baved @n Molegyer Besgoreirshnclery eratberused whichirely °8&quence or

vi ce versa. .The seqguence.which i. rec i jction
enzyne o?peﬁ’&p}' c%%iuﬁ@%c?gg%nuﬁgeg?t@%}haggﬁggéeeﬁgg}ébg%eﬁﬁlg@ge%gﬁ%r%%%%%éce of the
nutation Eydrdsc&RAydand HidnoRdtaRledul SretalifRcaid). Wondiybiidisaivn toalspedific usi ng

m smat ched ol i gonucl eotides in the PCR reaction. It is &%gvem nt if the
enzyne cutmpifiesl R prodvct, dyoreseange is increased dugsy wpanation of the dBgNEes a

sequence that,1 r | y;.rarely. In another enbodi nent, a pair of PCR
prinmers i omtgaaaﬁrfég%nﬁxyg’%c zes to either a wil d-type gene or a

nut ant / var i antivjaseyabssedioatedpliflidr (rtgger)itedhhalogy icaobatesed ovhich utilize
pr edi SFOSi tion, but not to both alleles. The .pres‘enc(i or, absence of
anpl i f %dSW11V§reﬁaFﬁﬂlinHWr§aé’V}&ﬁ‘eE%?énﬂP‘i’rﬁsctveelS&Pe‘_?ﬁ}i‘F Ave e fype (and hence
phenot ype)ﬁ%}(ﬁs oR' &R c8S, AIDRM BN rﬁ%&iﬂ’gﬁri@ PCRampPEBatidd ther s but,  as
ri

wel | as I'sing to onfy one of the wld-type or nutant sequences, they
i nt r oduce estensiesthréughi thepsinteseghertcej whinbresulthisrtng separationof flnogpeeRtr t he

wi | d-type O‘i nutﬁnt sleq1lfences. To facilitate subsequent cloning of

anpl i fi ed BeHFREIOBM Hers may have restriction enzyne sites appended to

their 5 ends.\)Rugys fbi reftéd HPIkA8S @ fflubfBcdiict BbARance @nérb e tidasferwad from
t he gene sequerce o¥ I nterest or sequences adjacent to_that gene except the

f ew nut$ edeiuselswiiel vtikize o pe¢iadyrdesigned adineant srHmery yhichdiaye di enzynes
fluorochromes on their ends. When these primers anneal to a specific PCR amplified

product, the two fluorochromes are brought together. The excitation of one
fluorochrome results in an increase in fluorescence of the other fluorochrome.

The above procedures can be performed using fetal cells obtained directly from

20 maternal blood as described herein, or alternatively, following amplification of fetal
cells in culture.

In the case of cultured fetal cells that may occasionally undergo somatic
mutation or somaclonal variation in culture, it is preferred to conduct parallel culturing
and testing of fetal cells. In accordance with such an embodiment, the detection of the

25 same abnormality in parallel or duplicate samples of fetal cells derived from the same
fetus is diagnostic of the abnormality occurring in the fetus, because the likelihood of
the same somaclonal variation arising independently in two separate cultures is low.

Alternatively, or in addition, fetal cells may be derived from maternal blood
taken at different stages of pregnancy or at different times during pregnancy, using the

30 methods described herein, and tested for an abnormality. The presence of the same

abnormality in more than one fetal cell sample from the same pregnant female is also



and sites are well known in the art. The prinmers thensel ves can be

synt hesi zed using techniques that are well known in the art. Generally,

t he ol i gomacd3aorivde priners are synthesized nachi nes usi IETAW03r06€WYNI Zed
procedures and equi pnent that is 25 commercially avail able. PCR techni ques
that utilize fluorescent dyes may al sojjpbe used to detect genetic defects
in DNA fromfetal cells isolated by the nethods of the invention. These

i ncl ude, but are not limted to, the following five techniques. i)

FI uor escentdienyize of the @@om@my {mothe énteqs fetyp sather tharporonsapianss & doubl e 30
stranded DNA‘@ g%%%h1ﬁ et hi di um brom de, or SYBR Green I). WD 03/102595
30 PCT/ AUO31808 ||'5l oInhe 5' nucl ease (TagMan) assay can be used which

utilizes a speghalptesentcianattiondt getiRr desribehosd rtfenaice 36 erclollowinguenshed
until it is released by the nuclease activity of the Tag DNA pol ynerase
during extEHEngAXERPIEhe PCR product. iii) Assays based on Ml ecul ar Beacon
technol gy can be used which rely on a 5 specially constructed

ol i gonucl eoti de that when sel f-hybridi sed quenches fl uorescence
(fluorescent dye and quencher nol eBXAMBLE ladj acent). Upon hybridisation to

a specific anplified P oduct cence isS,jngreased due to
separation of the quenc%I’IPCEIF“PB"nﬁ’ﬂtfﬁ‘é1 ‘fq?légﬁoé%@é‘??fmira O8Eul e. iv) Assays based
on Anplifluor @hase aamas S%CBD%&QYﬁ%%}eQ%nH%%&Q dﬁtélhéc?@estjaﬁoﬁélem ally

prepared priners, ere ain’fluorescence 1s quenched due to sel
hybri di s atdgeswanged betiveerc Band 14 woeks swiginuektiown fetabaender mdmngltlpm:Blood
anplification b rough the prinmer sequence, which results in

the sepdr afBIFS er?p{%?s‘ggcg%{oﬂogﬁd quencher mol ecul es. v) Assays that rely

on an increase Nd&léa{ddoéﬁl%cﬁ%elsbﬁﬁﬁl W i? aed@is sdegf @ Igashocites kadused
which utilize two specially designed a acentg%f%ners whi ch_ have d|fferent

f | uor ochr onerpPcHies t Wetier remeied yies @ﬁ&@ O rande pfi-GRH da magnetis b??é‘& f PCR
oTPl L 1o BEE g BE A, LS BSOS A I LPST A TR
t he ot her Humrlgmngat "2 babunsotube of avhidtewper dopjugeidd wetnthef et al
cells Olgt afllu%?gscerlltrd%gtphycoerythrm (PE). The cells were washed and suspended in PBS with
1% (v/v) formaldehyde, DNA-specific dye Hoechst 33342 and 0.05% (v/v) Triton
X100.
The nucleated cells in the samples (5-10 million per sample) were subjected to
fluorescence-activated cell sorting (FACS), to isolate Hoechst'/PE™ cells (i.e. cells
20 having normal DNA content and that bind to PE-conjugated antibody fragments). The
threshold level for classification of cells as being PE* was defined such that the PE"
cell population comprised about 0.01% of all cells in maternal blood samples.
The flow-sorted cells (on microscope slides) were labelled by fluorescence in
situ hybridisation (FISH), using probes that are specific for Y and X —chromosomes,
25 respectively. The numbers of cells containing a Y signal (i.e., having a paternally-
derived Y chromosome and being derived from a male fetus) were determined using a
fluorescence microscope. Two maternal blood cell preparations produced a Y-signal.
One maternal blood cell preparation contained 10 cells producing a Y-signal.
Considering that the fetal gender was not a priori known, some of the fetuses

30 were likely to be female and their cells undetectable by Y-specific hybridization. If all

sorted samples contained fetal cells, the statistical detection rate would be 50%. The



20 mat ernal bl ood as described herein, or alternatively, follow ng
anplification of fetal <cells in culture. In the case of cultured fetal
cel | s thawomyozosasi onal | y undergo sonmatic nutation or SEmaclosnaére
variation in culture, it is preferred to conduct parallel culturing and
testing of fetal cells. In accordanceﬂ/vith such an enbodi nent, the
detection of the 25 sane abnormality T'h parallel or duplicate sanples of
fetal cells derived fromthe same fetus is diagnhostic of the abnormality
occur ri ngletdetiomer fetxtl wells predaninga Yhsigral ins? phiodfd whternahblogd samplghissiednal

At or nat 1pergRehey e nsttanie ohos AepeooaRs SanahSeBbh b AT 1 SR e,

bl ood taﬁggﬂ)e i1 dirfdiangbies shagred &ftalRe®pnancy or at different tines during
pregnancy, using the 30 nethods described herein, and tested for, an

abnor el i ty. Tihe conesimten of fetaheelisanshenfionssaried £5)l ROPUIABIOR Y¥as P18 a0 ot o)

cell s romthe sa egnant fe IS : :

PCT/ Augﬂ)g%é% gl‘insﬁ‘f?alflégﬁﬁt%‘sg?"q@h"él WA nooﬁlﬁa"?lflfdﬁ ?H tﬁlgﬁér%{?%g?ﬁ eé%lbesd , rather
than a copsReMERERiIRbNA thi§ ARREEQRing festlgah®a. pridleofppréeiple réganding then i s
further described with reference to the foIIovvigq% ncin- liéﬂiti Qg anples. 5
EXAMPLE 1edierice ofemetestal faatifetak antibodiesont mistle?nle HIEB PIERG JbF %ﬁ% Tes (10
m) fromifive wonen were obtained. Gestational ages ranged

bet ween 1ﬁ°1éﬁréé)%iaq&§2‘s, wi th unknown fetal gender and condition. Blood 10
sanpl es were processed as follows: Nucleated cells were isolated using a

density gradient. B |l ynphocytes and nonocytes were renoved using anti-CD19
and ant@ -CD14 magnetic beads. The remmining isolated cells were exposed

for 30 mn to a mxture of goat F(@pal@ranti- human | gG and goat F(ab')?2
anti-human 1gM both of which were conjugated with the 15 fluorescent dye
phycoerythrin (PE). Tielate ¢fretive mateshed dndbrtlicsfspontictai n PBS with 1%
§<\{/0\C/)) f orn m‘?ﬁ%gz‘%%e %Gscg%ﬁgﬁ c dye Hoechst 33342 and 0.05% (v/v) Triton
Plasma isolated from maternal blood is first clarified (centrifuge at 10,000g and
15 filtered through 0.45 um filter) and passed through a Protein-A or Protein-G column
(Amersham Biosciences) to bind total human IgG. Simultaneously, the clarified
maternal blood is passed through a Kaptiv-M™-Sepharose column (Interchim) or a
mannin-binding protein (MBP)-Sepharose column (Nevens ef al., J. Chromatogr. 597,
247-256, 1992; Pierce), to bind total IgM (Sisson and Castor, J. Immunol. Methods 127,
20 215-220, 1990). All steps are performed at about 4°C.
Once IgG and IgM factions are bound to the columns, the columns are washed
with TBS, and the columns are uncoupled.
Initially, the IgG is eluted using 3M magnesium chloride/25% ethylene
glycol/HEPES pH 8.0 as the mobile phase to maintain the individual IgG fractions as
25 unbound components. Next the Protein-A or Protein-G column is uncoupled from the
pumping system and the Kaptiv-M column is reconnected. The IgM bound column is
washed with TBS and the IgM is eluted using the same buffer (i.e., 3M magnesium
chloride/25% ethylene glycol/HEPES pH 8.0) as the mobile phase to maintain the
individual IgM fractions as unbound components.

30 MBP-Sepharose columns are used at 4°C to maintain binding of IgM. After

binding, the column is removed from the cold to equilibrate at room temperature and



The nucleated cells in the sanples (5-10 mllion per sanple) were subjected
to fluorescence-activated cell sorting (FACS), to isol ate Hoechst+/ PE
cells (i.w0®abt®s 20 having normal DNA content and that RATdATB/00676

PE- conj ugat ed anti body fragnments). The threshold | evel for classification
of cells as being PE+ was defined suchythat the PE+ cell popul ation

conpri sed about 0.01%of all cells in"maternal bl ood sanples. The
flowsorted cells (on mcroscope slides) were | abelled by fluorescence in

situ hybrlighf siatibmbuffel SHddedisiadajlqwesbiesincutmte om ehesedemt ifor IGmity Afier X
-chronosones, . 25 spectively.. The nu rs of cells cont@knhn ( si gnal
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mal e fet a1¥&ﬁ%€olqaﬁﬁwma§ﬂefuﬁédm&rf&ﬂﬁiﬁh@ﬁ%@.ﬂce m croscope. Two mater nal
bl ood cell preparations produced a Y-signal. One maternal_ blood cell

pr epar at | Bollovdng aiutied, roliddudl Srastiontufomgeachycolympare copientiiesqupid: #at t he
fetal gender tea,.priori 0, SQnEe.. I kely to
be fe eacgﬁat‘é'?? f'%%ﬁhg"s"s&ﬂﬁ é%‘A%B?Ié’S%‘W@ Sst%)lgcgaf‘i ?é:ﬁ@y Fi(%gé’\g?tf’g?}.l If all

sorted saggiywe contained fetal cells, the statistical detection rate would

be 50% The WD 03/102595 32 PCT/ AU0O3/ 00676 detection of fetal cells
producing a Y-signal in 2 out of 5 maternal bl ood sanples tested

apprOaChegz-zg_Qg%%;;(gﬁﬁg}g%?,Itg,é@;,?g%%{,,gﬁg,j n?%%ze%lowﬁw ndi cates that at |east

nost, and he es c fetal cells. The

concentr at i on Ristheisalateiefrdm naterhiiebldddisfostrdaifiadelcentitgalan 0.080882d nor e
than 5 1:1000. Considering that this isolation was done .M t@i%#} 11$r'§or

el abor Ht i Blerothroygh ). 42 8m Blgr) LR With Gy G pld AR PESFIRIHSEE Y™ 85ul t and
a proof o L Nel I i hernal anti-fetal

ant i bodi eél,aglgg B&%@bgggtﬁ?ﬁeﬂ%?@fglt%&ng?&?ﬁgc%t&h%oq‘ﬁgrE i sol ating fetal

cells. 10 EXAVEhHfdcsiohas then precipitetedtwitteammoaiuna bulfate (Tsaag and Wilkinspl asma

Y R A B et okt PRI e s
filter) apgiRaRegtnt NEPHSHLATE ldelhadiubte@! toPh il NbuBfeg Odomiposition of 3M
15 magnesium chloride/25% (v/v) ethylene glyco/HEPES pH 8.0.
This resuspended Ig fraction is then subjected to size-exclusion chromatography
(Coppola et al., J. Chromatogr. 476, 269-290, 1989; Folkersen, ef al., J. Immunol.
Methods 23, 127-135, 1978) on Superose-6 (Pharmacia), using 3M magnesium
chloride/25% (v/v) ethylene glycol/ HEPES pH 8.0 as the mobile phase to maintain the

20 individual Ig fractions (IgM and IgG) as unbound components.
After elution of IgM and IgG as separate fractions, the individual fractions are then
coupled to activated CNBr-Sepharose or NHS-Sepharose using standard conditions
(see protocol 1 below).
If the class and size of the anti-foetal cell antibodies and their anti-idiotypic
25 antibody counterparts are different from each other, these isolated antibodies can then
be desalted by batch wise column desalting on PD-10 columns or FAST-desalting
columns (Amersham Biosciences) using TBS as the mobile phase in-order to provide
unbound antibody for further use.
If antibodies are to be purified in a manner where binding to CNBr- or NHS-
30 Sepharose is not required to initially covalently couple the antibody preparation in

order to maintain separation of antibodies from their anti-idiotypic antibody



(Amer sham Bi osci ences) to bind total human 1gG Sinul taneously, the
clarified maternal blood is passed through a Kaptiv- MM Sepharose col umm
(I nt er chi w0 @r10z595 manni n- bi ndi ng protei n (MBP) - Sephar ose aaTuawn3(obesens et
al., J Chromatogr. 597, 247-256, 1992; Pierce),.to bind total IgM (Sisson
and Castor, J Immunol. Methods 127, 2Q 215-220, 1990). All steps are
performed at about 4C. Once IgG and IgMfactions are bound to the col umms,
the columms are washed with TB S, and the colums are uncoupl ed.

I nitiallycounberpartss al ehaximel efficiencgMonianatediantibedyl soipled 289008adsy 1380 e

gl ycol / BEPES, 8.0 t he nobile.phase to maintain the individual 1gG
fracti Onsregglrg;@?}%@}]tﬁ%%ﬁ%ﬁp& usﬁgxt the Protein-A or Protein-G col um
is uncoupled fromthe punpi ng system and the Kaptiv-Mcolum is

reconnected. The |gM bound colum is washed with TBS and the IgMis eluted
usi ng t heFeznfobeletizopioresis of iBNsumreginblin fiaction| ueieTodenatmgoaydiE wies

gl ycoVHEPES p .0).as.t mobi. | . |k 3 i.hdhw | gM
fracti l(;gﬁs as :ﬁﬁu’gﬁﬂ}%Hsoi%?fgﬁﬂrgr{?aéﬁ?ﬁ%gﬁﬁﬁglsée}ﬁﬂgw)%@d @8+t§ﬁl 3 ag?g\ﬁggggﬁ%t 4C to
mai nt ai N R{itgdibuedf 0.48 Mm Aftérd thenbira¥édgith tchprytiolavidrtoi gedigitay et ullowl't he
cold to equilibrate at,  roomtenperature and WO 03{%0@%9%23[@P / ,AUQ3/ 00676
| gM el ut i Bleswafreieinsswiskave ATaFnale HiesPni o-HRHISIOU RS- ¢ R FSr 30
mn. Afte [ LoD ' I : T@zﬂ% i RQSs ' fAgshexsshanged
usi ng PD E}ﬁnd{}&g@ﬁté@ etga tldr%mgos ggrr%s( to t%gﬁlggg’r{%&ﬁgz\? for further
use. Fol | agi12g9e199).on, individual fractions fromeach colum are

covalently coupled to .5 activated Br - Sephar. os r NHS-- Sephar o i ng

st andat® condi ??@?%mgs@elaﬁ%t Hl,eo&g 1raghian oif) F%SQS@‘S%BI §31£§n¥%§1r/§§1§tu/§)gr aphy

separatio ?}E%ﬂ;‘zﬂﬂ ukd . } Ey/aumvak &) Metis RbR@idniis first

clarifi ed%(ygé%ﬂty [ uge‘l:tg?1 li%ﬁgogglﬁﬁﬁg(vhﬁgdrfﬁ?%r t hr ough 0.4S5 mfiIIl,tler) t hen
treated witldn apahiedta fealfpw destrpplaress (R dewisefctopns, Teptmdrnsqpattien ns

wi thout atfecting |g.and spnme.a2:-macrogql o j f y §57_t hen

pr eci pi taﬁ%&owl ‘ﬁ’uég?rlﬂﬁ?lﬁ B Fslgﬁegr’(cfg%}?bn%g#d’%ﬁ"%%g};’gP’f %f"’n%sﬁ 2’0%0.37 Met h.
138, 291- 298, 2d#91) Frab@bdsoésomtivh €0 P08t pI runitk er fgclisw)Care cher duffer-
15 exchanged into PBS, using PD-10 or fast—desalting columns (Amersham Biosciences).
Alternatively, fractions are transferred into 3M magnesium chloride for coupling to

CNBr-Sepharose or NHS-Sepharose for further use.

Protocol 1: Covalent coupling of protein to CNBr-activated Sepharose.

20 1L Weigh out the required amount of freeze dried powder (1 g freeze-dried powder
gives about 3.5 ml final volume) and suspend in 1 mM HCI. The medium swells
immediately and should be washed for 15 minutes with 1 mM HCI on a sintered
glass filter (porosity 1 is recommended). Use approximately 200 ml 1 mM HCl
per gram freeze-dried powder, added in several aliquots.

25 2. Concentrate the antibody preparation in 3M magnesium chloride/25% ethylene
glycol at pH 8.0 to about 5 mg / mL using centrifugal concentrators with 100K
MWCO membranes (Ultrafree-15, Millipore). Use about 5 ml antibody solution
per gram freeze dried powder.

3. Mix the antibody preparation in a falcon tube. Rotate the mixture end-over-end

30 for 1 h at room temperature or overnight at 4 °C. Other gentle stirring methods

may be employed. Do not use a magnetic stirrer.



redi ssol ved in HEPES buffer and adjusted to a final buffer conposition of
3M 15 magnesi um chl ori de/ 25% (v/v) ethylene glycol BEPES pH 8.0. This
resuspendem d3gotvacti on i s then subjected to size-excl usi aCTeAwGreaswgr aphy
(Coppola et al., J Chromatogr. 476, 269-290, 1989; Fol kersen, et al., 1.

| munol .  Methods 23, 127-135, 1978) 251 Super ose-6 (Pharmacia), using 3M
magnesi um chloride/ 25% (v/v) ethylen& glycol/ HEPES pH 8.0 as the nobile
phase to maintain the 20 individual Ig fractions (IgMand 1gG as unbound
conponent4. AfWash etvay ierceso lighmvwdthcat| g6t dsmedipar (ged) Yolumes 6hSOURIHE

i ndi vidual fractjons are then coupled to activated CNBr- Sepharose or

NHS- Sephar ose tﬂﬁeﬁg standard conditions (see protocol 1 below). If the

cl ass ands si zegfy Lhe ré}ﬁ‘c{ihih%%ﬁ@é oofhd withahhedhebuffd TEmefer ti@heditgi ot ypi ¢
25 antibody counterparts aré different fromeach other, these isqlated
ant i bodi es” cantottheM ThHieHd? baffers ¢HB/0 bal dMethredasisepkh Sdebat i ﬁ%ds gﬂ %PD- 10

col ums. or FAST-desalting columms (Anmersham Bi osci ences) using TBS as the
nobi | eSphase i 12%%der to provide unbound antibody for further use. I|f

anti bodi e ar ewt,gh g pifiufd Rethid lGastEtE cydlbe bE altérnatinggpH o WalBwittoat NHS- 30

Sepharose is not required to initially covalently couple the antibqdy
prepar ati on i nleagrdgedugm welimesion e@@péﬂ@tri &qcbﬁyciﬁﬁh‘bg@icg%s@r‘grﬂ Wﬁé’l r

anti-idiotypic t 3 3 and
maxi mal effici ‘éfﬁwg%é%%{\g? Cegaﬁérgt%?‘gg'gycﬁégg"%f‘éggt ToLf @ggg@gﬁ@a %?Eﬁﬁv??ied,
protocol 2 bel @whiosl PrefieHahpH 8semtainfige®s M Na@l.el ect r ophoresi s of

i munogl obulin fraction under denaturing conditions 5 Plasnma isolated from
mat er nH) Bl oodStose thebspdsat 471G WhentdBEG | f uge at 10, 000g and filter
through 0.45 mfilter) then treated with caprylic acid to precipitate the
bul k of plasma proteins without affecting Ig and some a2-nmacrogl obul i ns.
The | g fr &edtoar 2 DirdctedOnanediopi df dnglodies én andoihodimAginityatesin Tsang and

ke 3 TRl ! i oSSR oL LRI e on (e
cel I ul osefRoi¥idg/ tyanod 8P BRIniieativaedd BEstArostNbRers gbnbirated affinity columns
15 with low antibody activity, because the immunoglobulin molecules are oriented
randomly and attached at multiple sites to the Sepharose, which reduces the efficiency
of antibody/antigen interactions. This protocol describes the directed coupling of
antibody to Protein G-agarose via its Fc domain, and subsequent covalent crosslinking
of the complex using dimethyl pimelimidate (DMP). Protein G binds to the Fc portion
20 of immunoglobulin molecules, which allows optimal spatial orientation of antibodies
and maximum antigen binding efficiency. While this protocol is written for a 1-ml

column, it can easily be adjusted for a batch mode/solution coupling.

1. Reagents
Crosslinking buffer: The crosslinking buffer is 0.1 M triethanolamine (pH 8.5)

ek

25
or other non-amine containing buffer at pH 7-9.

2. Dimethyl pimelimidate (DMP) solution: Prepare 10 ml of 20 mM DMP (Pierce)
in 0.1 M triethanolamine (pH 9.5; the pH of the solution will decrease to ~8.0
due to the acidity of DMP). This reagent is prepared immediately before use.

30 3. Phosphate-buffered saline (PBS): 20 mM phosphate buffer, 150 mM NaCl, pH
7.4.



then applied to free-flow el ectrophoresis (FFE) device (COctopus, Tecan) for
separation by continuous sol ution-phase isoelectric focusing (Hoffnmann et
al ., Proteoni3ae2593, 807- 818, 2001). Fractions (resol uti orrd/A3®&s pH
units per fraction) are then buffer 15 exchanged into PBS, using PD 10 or
fast-desal ting colums (Amersham Bi oscjeences). Alternatively, fractions
are transferred into 3M magnesi um chl oride for coupling to CNBr-Sepharose
or NHS- Sepharose for further use. Protocol 1: Coval ent coupling of protein
to CNBr-adti vaStog sshuihar Baestop olutiomés ¢h Misthanplemineyefi b amEEHORtAIYAE f r eeze

dried powd 1.q.f -dried. i bout i d
suspent i n 1. iyt S G TR IR et o 4 il RO ol O o i epdiReb T ™"
for 15 ni gut esyiMet NyfingMbIG p@h 18wproieRY Sthdird, aDSrabodet &ond PMilKSIrEY ot i s

recomrended). Use approximately 200 M 1 nM HC per gramfreeze-dried
powder, added equigademt).al aliquots. 25 2. Concentrate the antibody

[ in.3 ' hl ot de/ 25% et .hyl llnat pH 8.0 t
Pbont oo nORERe? SRl PF Fe a bR PR BV, oY BRI b menbr anes
(U trafreg: 15, pMibihi @OEEMmnUsEmRbEITlra® Proted G thms ddontdiging freteigr@m

freeze dried powder. 3. Mx the_ antibody preparation in a falcon fube.
Rotate the mi xinwmebibimetl otper6%ndighto erops-linkedatsphasisal t egApeseat (hmergham

ise o agnoti cBETEPER ofERtRdE ol PRE B L: ARG AR SolER 1O
ligand with at gbldaStmg/miesmtuhe bigding caphdityeor bimeo lighiing 2(nipfnelr drathed Bl ock
any remaining active groups w.th an agi,ne buffer. Transfer tgﬁ rrfdi gm to
0.1 M i s- HC188luiThe el ip srplisd gre-paqired i SHBMARTY 2 bed ¥olpme ofd M Okpang for
2 5 hours. 6. A [ ' ] g lsBSu18the dlck&l fali ng pH.
Wash with at }%}% tﬂlgl%ﬁeggﬁt%?ﬁ%v%%ﬂr%?% Fégglf:vﬁﬂﬁ?@gr. I%ach c;e/cl e shoul d
consist of a wastC).with 0.1 M acetate buffer, pH 4.0 containing 0.5 M NadC

followed by a wash. _with 0.1 M Tr.i s-HCI H 8 containing 0.5 M Nad .
SY 100K Ultrafitration device (M?llipore) P g

15 2. Method
Buffer exchange unliganded antibody to PBS or coupling buffer and adjust the
concentration to ~1 mg / mL.

2. Equilibrate the Protein G column with 20 column volumes of PBS using a
peristaltic pump at a flow rate of 0.5 ml/minute.

20 3. Pump antibody solution onto the column at a flow rate of ~0.5 ml/minute.

4. Wash the column extensively with PBS and monitor the collected fractions for
absorbance at 254 nm or 280 nm using an on-line UV detector. If >75% of the
antibody binds to protein G Sepharose then proceed with the remainder of the
protocol. If the antibody binds only weakly and "dribbles off" of the Protein G

25 column, then abort this protocol. Collect the fractions and couple the antibody to
a matrix in a non-orientated form using either cyanogen bromide activated
Sepharose or N-hydroxysuccinimide activated Sepharose.

5. Equilibrate the antibody-coupled column with ~10 ml of crosslinking buffer (10
column volumes) using a peristaltic pump at a flow rate 0.5 ml/minute.

30 6. Pump about 5 ml of freshly prepared DMP solution through the column at 0.5

ml/minute and let it stand for 10 minutes.



10 7. Store the beads at 4C when not in use. Protocol 2: Directed
Oientation of Antibodies on an Antibody Affinity Resin The conventi onal
nmet hod of wionosab2395 zi ng anti bodi es on solid matrices, enplryiAg3oyenaogen
brom de-activated Sepharose, often generates affinity colums 15 with | ow
antibody activity, because the immnogj-obulin nolecules are oriented
randomy and attached at nmultiple sites to the Sepharose, which reduces the
efficiency of antibody/antigen interactions. This protoco] describes the
directed doupl Pwigp ehotheniShabef Pdselutemthooughdhe selummand ket Hestapdnd®r n,  and
subsequent coval legﬁﬁﬁs%inking of the conpl ex using di nethyl

pi melimdate ( . 8% G binds to the Fc portion 20 of imunogl obulin
nol ecul es 8, Whi phimplthewem&iping MPs gettiticl thesughnghatdobmmo hndibdti ibené or and

maxi mum antigen binding efficiency. Wile this protocol is witten for a
1-m  col um, fipaldQmisles|y be adj usted for a batch node/sol ution coupling.
L Feagente 25wl GOSAARKIAG BLEELoLIIE S AShi U fer 15 0.1 M
tri et hanol"am ne (qp 8. or other non-am ne contalrning buffer at pH 7-9.
2. Di met hylo. pi Swipi thied adaeti¢iMALh slcotunon :voRmesane siép rsblutibn 2. grMODVM
(Pierce) in 0.1 Mtrjethanolamne (pH 9.5; the pH of the solution wll
decrease to - 8°HanQiyAINEY the acidity of DMP). This reagent is prepared

i medi at el beggrigpee ihe3idnn RAAS RRE LA {8nAds SRIHEE sdggﬁre%ém&owﬁhﬂ
phosphate buffer, 150 nM NaCl, pH 7.4. WO 03/102595 36 / AUO3/ 00676 4.
St op sol ution: 07B% sodipmsadide. i Tre celumnlisMasy heatyl Eoxi imenenoafiinity capture

am ne-(iﬁntai ni n‘g .solution like Tris or glycine. Add at a 1:4 ratio to the
sanpl e Po stop PS5 reaction. 5. Filter syringe (0.2 mlowprotein binding,

Dur apore fiom Nidré iHRQUoRimP4t 4°€GHHeyial BAb)in Be 6. On-1ine UV detector (e.g.,,
Pharmacia Monitor UV-1 or W-MI1). 7. Protein G colum (1-m H Trap

Protein G colum containing protein G immbilized to 6% highly
cross-1linked spherical agarose, (Anersham Biosciences) or free beads for
bat ch node. The protein G content of the swollen

EXAMPLE 3
15 Dissociation of soluble HLA antigens from anti HLA antibodies
Plasma isolated from maternal blood is first treated with caprylic acid to precipitate the
bulk of plasma proteins without affecting Ig and some o, macroglobulins. Following
this initial precipitation, the supernatant is taken off and then the Ig fraction is
precipitated with ammonium sulfate (Tsang and Wilkins, J. Immunol. Meth. 138, 291-
20 299, 1991).

Following isolation, the Ig fraction is redissolved in HEPES pH 7.2 and then
made up to 3M magnesium chloride/25% ethylene glycol/HEPES pH 7.2. This
solution is then rapidly desalted from the magnesium chloride and peptide HLA
antigens by batch-wise column desalting on PD-10 columns or FAST-desalting

25 columns (Amersham Biosciences) using Tris-buffered saline as the mobile phase (note
PBS cannot be used at this stage as magnesium chloride will precipitate phosphate
based buffers). The high-molecular weight fraction obtained is essentially free of

peptide HLA antigens and is desalted ready for further use.

30



gel is 2 ng/mM and the binding capacity for human IgGis > 20 ng/m drained
10 gel. The gel is supplied pre-packed in colums wth a bed volune of 1 m
or 5 mM wquisiiokat ed i n 25% et hanol as a preservative (cadamasghend d be
stored at 4- 30C). 8. 100K U trafitration device (MIIlipore) 15 2. Method
1. Buffer exchange unliganded anti bodygto PBS or coupling buffer and adj ust
the concentrationto -1 ng / nm.. 2. Equilibrate the Protein G colum wth
20 columm vol unes of PBS using a mlﬁntlc punp at a flowrate of 0.5

m / m nut e. 20 3. Punp anti body sol fo the colum at a flow rate of
-0.5 mM/m [ MR the
collected frac gér% nHQEt &iba%g%g% c\éﬁlﬂﬁé@%@gﬁﬁﬁfﬁ?f&ﬁg an on-1line W
detector. |f >N5ﬁ/ecoﬁale1hby bamtli groins larenmqgldiy) detachedi fror® idasbd fadal ecetlh 6

pr oceed vvlth the re d of the otoco If t he anti body binds only
weakl y anéllelel’“%lSIf%tgFﬁnlﬁebyo'i‘sni%@eIﬁ?lg’tv\@?%mé Hods.col unn, then abort this
protocok. Collect the fractions and couple the antibody to a matrix in a
non-orientated form usi ng elther cyanogen brom de activated Sepharose or
N- hydr oxyducci hrypsiher $i1r£s se. 5. Equilibrate the

ant i body- coupl cro loxim

vol umes) usi ng“& lspgiptiag{egmﬁr?lg IBﬁtr?'BlnLtb?oé’d Prg aﬂ{lﬁ %gég?gt};an%rdn&ft fa g}g Punp
about 5 mywAf typsal o2 (FPRVededd\ddhsioh it PBS, dddiacdatddre 3000 fombadt 1@55
m/mnute and l'et it stand for 10 m nutes. Wo 03/ 102595 PCT/AUH?j} 76 37
7. Purrp amiin hesr lopger, rdepemdlwnp@@l the jestent ok oUeAYaBH ECLBT st and
for the Py he remai ni ng DMP sol ution through t he

col urm nd™i (fd(gwylt ce”‘}‘%‘tk 10 minutes. 5 9. Wash the colum with
5 colum vol uwmc@fdlgys@@s is ditkmplgtebtlfef @ils at® washaiptot temaveacypsion pessitly 5

col um vol unes of stop solution g 0.1 M ethanol am ne).
with a buffer comprising trypsin 1nh1b1 or.

2. Mixed-protease cell surface digestion

15 Cells obtained from maternal blood preparations are incubated with a mixture of
0.1% (w/v) proteolytic enzymes (e.g., trypsin, pronase, elastase, collagenase and
chymotrypsin) in PBS and incubated at 37°C for 1-5 min or longer depending upon the
extent of cleavage required to abolish bound antibody without loss of cell viability.

Once digestion is complete, the cells are washed to remove enzymes, possibly

20 with enzyme-neutralizing agents such as, for example, a protease inhibitor cocktail

comprising phenyl methyl sufonyl fluoride (PMSF), leupeptin, and trypsin inhibitor.

3. Cell-surface disulfide reduction
To perform dithiothreitol (DTT) or Tris(2-carboxyethyl)phosphine (TCEP)
25 reduction, isolated cells from maternal blood are cultured under established conditions
and then washed with 1 X PBS. After washing, PBS comprising 1mM-50mM DTT or
1mM-50mM TCEP is added to the cells, which are incubated for 1-30 min. Cells are

then washed three times in PBS and then placed in a culture media to maintain cell

viability.



11. Equilibrate the colum with -20 colum vol unmes of PBS suppl enented with
0. 02% sodi um azi de. The columm is now ready for inmunoaffinity capture 10
studi es 1WO0 @f02®5t he colum at 4C when it is not in use. HFEAAMRIHOZ615

Di ssoci ation of soluble HLA antigens fromanti HLA anti bodi es Pl asna
isolated frommaternal blood is first ggeated with caprylic acid to
precipitate the bulk of plasma proteins without affecting Ig and sone a2

macr ogl obu! : ni; Ez!lowi ng this initial precipitation, the supernatant is
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is then rapidly desalted fromthe nmagnesi um chl ori de and peptide HLA
antigens by batch-w se colum desalting on PD-10 col ums or FAST-desalting

25 col umnsy (AnEnShasmbil QTIAREC €S whétein the Thkod UhfRErCeb R sed @xgiskieN gheObI | €
phase (note PBS cannot be used at this stage as magnesi um chloride wll

preci pi t atmatgmebpiithody bousbtd dietdleck Yo aagerticgpabhodiefbduining aedmpiex Withct i on
obt ai ned i?I essent.ialdy. free of peptide HLA antigens and is desalted ready

for furthepe Jiakeinal anihedys 102595 38 PCT/ AUO3/ 00676 EXANPLE 4 Det achment of

bound anti bodi es and anti body conpl exes fromthe fetal cell-surface

Non- coval ently bound proteins are rapidly detached fromisol ated fetal
cells to 3%iel dhgimgihed elglaim 3 ayherein Hip agentig deteeablylabsiiphg net hods. 5 1.
Trypsi njzation of cell-surface proteins Cells obtained from maternal bl ood
preparations are incubated with a 0.1% (wv) trypsin/0.02% (v/v) Versene
sol ution i4 PBSheamsthodoiidiaied] vateran theflabel adboset td dbtect the fetal cell-maternal

antibody complex.

5. A method of identifying a fetal cell in a sample, the method comprising
15 exposing cells in the sample to maternal antibodies, and detecting a maternal antibody
bound to a fetal cell, wherein the maternal antibodies comprise maternally produced

antibodies specific for paternally-inherited fetal antigens.

6. The method according to claim 5, wherein the maternal antibodies are prepared
20 by a process comprising dissociation of antibodies from a complex with a soluble HLA

antigen and/or an anti-idiotypic antibody.

7. The method of claim 5 or 6, wherein the method further comprises exposing the
maternal antibody bound to a fetal cell to an agent capable of forming a complex the

25 maternal antibody.

8. The method according to any one of claims 2 to 7, wherein the agent is an

antibody or antibody fragment.

30 9. The method according to any one of claims 2 to 7, wherein the agent is a

polypeptide that binds to an immunoglobulin.



mn or |onger, depending upon the extent of cleavage required to abolish

bound 10 anti body wi thout losing cell viability. Once digestion is

conpl et e, wohs/102495s are washed to renove trypsin, possibl ycmwitdsoastsuf f er
conprising trypsin inhibitor. 2. M xed-protease cell surface digestion 15
Cell s obtained frommaternal blood pregarations are incubated with a

m xture of 0.1% (wWv) proteolytic enzynes (e.g., trypsin, pronase,

el astase, collagenase and chynotrypsin) in PBS and i ncubated at 37C for

1-5 mn or |onger depending upon the extent of cleavage required to

abol | sh bagnd gt has i Lei's.| ORch e el bAN i Wecifbendlinegioupn | S

conplete, the cells are was 0 renove en possi b wi'th
enzyne- newbnsaistu@ofgpmgmmﬂspmmGaand proteindxanpl e, a prot ease [ nhl bi t or
cocktail conprising phenyl nmethyl sufonyl fluoride (PVSF), |eupeptin, and
trypsin inhibitor. 3. Cell-surface disulfide reduction To perform

di t hi ot Br eijt ol ThPTAthed a&drglﬁ @W&N@bh)&hahﬁ@%@@lme whefdEP)the 4Berteduct i on,

isolated cells frommaternal blo are cultured under established

condi ti onﬁet@tvblytlhb‘?ﬂedashed W|th 1 X PBS. After washing, PBS conprising

| Mt 50nmM DTT or .1 nmv50mMM TCEP is added to the cells, which are incubated
for 1-30 mn. Cells are then washed three tinmes in PBS and then placed in

a cul ture 1edi ghtendiRdddfaidimclal Whenelrbgh ldbelon WO 2@t 1028 o BEFEEALD Bt410676 39
WE CLAIM 1. A nethod_of identifying a fetal cell in a maternal bl ood

sanpl e, t Hellipatppal antibagy FUmplg.det ecting a maternal anti body bound to a
fetal ggll. 5 2. The nethod of claim1l, wherein the method further

conpri ses exposing the maternal antibody bound to a fetal cell to an agent
capabl e of13f or Mihe gnéhedbagbakngrot daint e ond2,ewinaeinaik labeldy seldcted fi@metehod of

claim?2, wherein the agent, i s dete gtabl IabeII d, 10 4. The ”Ethﬁeg of
claim 3 Ve FoRsistas ok fluprescguiplabelya gadiacive labet, & paraRagnetio RAticlt, @

anti body cQeRbR¥ninescent label, a label that is detectable by virtue of a secondary enzymatic
reaction, and a label that is detectable by virtue of binding to a molecule.
15
14.  The method of claim 13, wherein the label is a paramagnetic particle and
wherein the step of detecting the fetal cell-maternal antibody complex comprises

exposing the cells bound by agent-maternal antibody complexes to a magnet.

20 15. The method according to claim 13, wherein the label is a fluorescent label and
wherein the step of detecting the fetal cell-maternal antibody complex performing

fluorescence activated cell sorting.

16. A method of enriching fetal cells from a maternal blood sample, the method
25 comprising the steps of:
i) isolating a fraction comprising peripheral blood mononuclear cells from the
sample;
ii) contacting the fraction at i) with an antibody from a maternal blood sample
under conditions sufficient to permit maternally produced antibodies specific for

30 paternally-inherited fetal antigens to bind fetal cells in the fraction,



5. A nethod of identifying a fetal cell in a sanple, the nethod conprising
15 exposing cells in the sanple to maternal anti bodi es, and detecting a
mat er nal watdsozspsbound to a fetal cell, wherein the naterp@a/Awnstoneod es
conprise maternally produced antibodies specific for paternally-inherited
fetal antigens. 6. The method accordingjito claimb5, wherein the naternal
anti bodies are prepared 20 by a process conprising dissociation of

anti bodi es..froma conplex with a soluble HLA antigen and/or an .

anti-i di ot ¥Pi c ¢antacypathe pomplezedreelnrony 1y Methrims agent scapelle rafi fRrming #ret hod
further conpris [ anti body bound to a fetal cell to
an agent capablgﬁ@@éggﬁﬁgﬁg&gﬁégﬁg§§§£?%% 25 maternal antibody. 8. The
met hod accondi ngcoeragcelnisuat tc hgéntanaerhal antibodyetogipiexebe agent is an

anti body or antibody fragnent. 30 9. The nethod according to any one of
claims 2 to 7, wherein the agent is a polypeptide that binds to an

i munogl obayi n. TMORBMOZH ik TH, AURIEACE H0rAd d@npride reﬁbbiﬂg AhipliRs M 9,
wherein the polypeptide is selected fromthe group consisting of. protein
A, prot ei nbamghie qyﬁ@uefaw antigensl fromTthe calit doonmyngr alitigen-aatitandy complaxkes cl ai ns
2 to 10, m@%rqég H e agent is detectably |abelled. 12. The nethod of claim
11, wherein hd®fatel on the agent is used to detect the fetal

cell -mat ernal antibody conplex. 10 13. The nethod according to claim 11 or
12, wherein the |abel is selected fromthe group consisting of a

f 1 uor escent8] abEhe mgthoddiceridingte dlaimels on 1pawherainesils dn plg fraesion, atd) of

h | upi . i bl.e.b i f d
enoynnt 0. EREE T ak R Tase SurtiAREharlr i okite BEE ShTEL iy Yod st BaBhc 2o i ng 1 o
a nol ecule. 15 14. The nethod of claim 13, wherein the |label is a

par amagnetic particl n wherein the step of detecting the fetal
cel | - mat er ﬁgl aht§ B’Sﬁ&?’%é’g (i 8 Brhsrains the frackion #f HPfiimc b [sdeplstierioby

agent - mat e{dl orRMdtBAM AR exes to a magnet.

15 20. The method according to any one of claims 16 to 19, wherein the antigen-
reactive antibodies obtained from the maternal blood sample have been prepared by
dissociation from a complex with a soluble HLA antigen and/or an anti-idiotypic

antibody.

20 21.  The method according to any one of claims 16 to 20, wherein ii) and iii) of
claim 16 are performed under conditions in which the complement lysis pathway does

not or cannot function.

22,  The method according to any one of claims 16 to 21, wherein the peripheral

25 blood mononuclear cells are cultured in vitro before step ii) of claim 16 is performed.

23.  The method according to any one of claims 16 to 22, wherein the agent is bound
to a detectable label or isolatable label.

30 24. The method of claim 23, wherein the detectable label or isolatable label is

selected from the group consisting of: a fluorescent label, a radioactive label, a



20 15. The nethod according to claim 13, wherein the |label is a fluorescent
| abel and wherein the step of detecting the fetal cell-maternal antibody
conpl ex par@rw2ieg fluorescence activated cell sorting. T/AUcwoéred of
enriching fetal cells froma maternal blood sanple, the nmethod 25
conprising the steps of i) isolating a4fraction conprising peripheral blood
nononucl ear cells fromthe sanple; ii) contacting the fraction at i) with
an antibody froma maternal bl ood sanple wunder conditions sufficient to

permi t ratReFHRAANGtipPI LS chamelppiesesns label pilebel Hhat issdptersable hﬁmrweu Hherited
fetal ant Id%%gém%%| 1z %Latlgtr ctl Sleinﬁ lgbélhrﬁat it d ‘é&t Flbg\qflr%% 8% tt aan

PCT/ AUO3/ con I’ng t e conpl exe romii

agent capahdlecwdé. form ng a corrpl ex with maternal antibodies; and iv)
recovering cells bound to agent-maternal -anti body conplexes. 5 17. The

met hod of claim 16, wherein i) further conprises renoving antibodies bound

Lo cel | sSuis aceRithdifenss LhGMIG SEIRrlh the WY IcRGeRRbAAL LA bbby

conpl exes fromthe . The rethod according to claim16 17,
wher ei n cedgest-matetrfab ahtibadyi oompliexes) cofiprised deftenting 1t6e daleel aand| e‘alzatnnpgrat ially

purified faore being cgntacted with the antibody. 19. The nethod of claim
18, \Ahereibtﬁa“'%ﬁﬁc‘f’?lﬁ%gp%ﬁ"eﬁbei&') of claim16 is depleted of a |east one

mat ernal cell type. 15 20. The nethod according to any one of clains 16 to
19, wherein the ant!égen- reactive anti bodi es obtained fromthe naternal

bl ood sanplte haihe betbed peegsdingdo njaimd? % swhsreinithe detestisbly lewmreiﬁolmabh a
| ubl g H d/.q i-d dy 1.2 hod
S torertab PuTh o Ru AR e R Y1481 Y or BAMEAR Yot P vy RalS) o

are perf ormadnun@kﬁibodpa@lnplleﬁmdmprm ﬁdifdriﬁﬁlgcihﬂi)éﬁ@fﬁﬂtacﬂthchemas‘ohv@/ does
not or cannot function. 22. The nethod according to any one of clains 16 to
21, wherein the peripheral 25 blood nononuclear cells are cultured in

vitro befoye stgR hitho®lor M5l GriiteiRGhE A6fZELble label or isolatable label is a

paramagnetic particle and wherein the step of recovering cells bound by agent-maternal
15 antibody complexes comprises exposing the cells bound by agent-maternal antibody

complexes to a magnet.

28.  The method according to any one of claims 16 to 27, wherein the agent is an
antibody or fragment of an antibody.

20
29.  The method according to any one of claims 16 to 27, wherein the agent is a

polypeptide that binds to an immunoglobulin.

30.  The method of claim 29, wherein the polypeptide binds to any class of human
25 antibody.

31. A method of enriching fetal cells from a maternal blood sample comprising

recovering fetal cell-maternal antibody complexes from the sample.

30 32. A method of enriching fetal cells from a sample of cells obtained from maternal

blood, the method comprising exposing cells in the sample to maternal antibodies and



23. The nethod according to any one of clainms 16 to 22, wherein the agent
is bound to a detectable |abel or isolatable |abel. 30 24. The net hod of

cl ai m 23, wghsrie2395t he det ect abl e | abel or i sol at abl e | abelpdRAUBHHEHt €d
fromthe group consisting of a fluorescent |abel, a radioactive |abel, a WO
03/ 102595 PCT/ AUO3/ 00676 42 paramagnetyg particle, a chenol um nescent

| abel , a | abel that is detectable by virtue of a secondary enzymatic

reactlon and a Lé}@hat i s detectable by virtue of bi ndlgrgag tq a,.
mol ecul e. @C%ﬂng tahcelarptenalc el Fopplores, whwpiai thet Mategiab gnigpodies

recoveri ngcd}ﬁ?ﬂrisg ggll‘? i j&od@&@%ﬁ%@ﬁhc ?d"rﬁJaFé?Qa)ﬂP/CtﬂﬂeHh@d‘ Ee?al%ﬁg%' nsS€S

detecting the obtaining a raction conprising t 26. The
nmet hod according to claim 25, vvherel n the det ect abl e I abeI or isolat abI e

10 | abel is,a fl.uorescent bel eln he coverln ce
bounq by bt TG ntdRoa o SREs T RaEE BubpEiagrebired

fl uorescenge, ﬁﬁacbéé%ﬁfﬁn@ﬁg'dlﬁ@ét&ﬁdlﬁof a%?tbod'i_&efrﬁiﬁtah&ﬁl;ﬂéx witRiaFokdle MOAr €1 N
t he detectabl e | abel i Sol atable | abel i1s a paranagnetic particle and

wher ei n th@ltleteepndﬁt)rm@tvnémtyrgcwlhoslybound by agent-maternal 15 anti body
conpl exes conprises exposing the cells bound by agent-nmaternal antibody
conpl exes to a magnet. 28. The nethod according to any one of clains 16 to

27, wher ei 3.t heTlrg@etholl Sacebrdin@ntd RAgYoneroff dlaigest t6f 3RRvhRR%A RBEI ¥tep 26F 29.
The met hod according to any one of clains 16 to 27, wherein the agent is a

pol ypept i dECP¥raRS Hieigtal P@U'&WWWRBWWMWXG?, frommthe sawpledd peromedi iy 29,
wher ei 4 h@on%bln ? ﬁf%tdfoﬁﬁ)lt% %}fel!ﬁ |af1 gg i X L%biaest?f b%dlii'é’ EL?(Q) (I)nél%s 't19 (gy i sadt A

met hod of enric erna rising
recover i ngcdnaylet amiatebev%glcaldad bcmmdlbp(agmtﬂnmahebm%dpmmﬂﬂex@arrpI e. 30 32 A
met hod of enriching fetal cells froma sanple of cells obtained from

mat ernal bl ood, the nethod conprising exposing cells in the sanple to

mat ernal  agg i bodinggn@ndr Wi el 84a1 9 1IPEHMYOR4RREY Blood sample, the method

comprising contacting maternal blood or a nucleated cellular fraction thereof

15 comprising fetal cells with an antibody-containing fraction of maternal plasma for a
time and under conditions sufficient to permit formation of a fetal cell-maternal
antibody complex, contacting the complex with an agent capable of binding to a
maternal antibody in said complex and recovering cells bound by agent-maternal
antibody complexes.

20
36.  The method according to claim 35, wherein the antibody-containing fraction of
maternal plasma is prepared by a process comprising dissociating antibodies in
maternal plasma from a complex with a soluble HLA antigen and/or an anti-idiotypic
antibody.

25
37.  The method according to any one of claims 34 to 36, wherein the agent is bound

1o a detectable label or isolatable label.

38.  The method of claim 37, wherein the detectable label or isolatable label is
30 selected from the group consisting of: a fluorescent label, a radioactive label, a

paramagnetic particle, a chemoluminescent label, a label that is detectable by virtue of



43 recovering fetal cell-maternal antibody conpl exes, wherein the maternal
anti bodies conprise maternally produced anti body specific for

pat er nal | wa osherissed fetal antigens. 33. The nethod accor dicgatm/oeé7ai m 32,
wherein the maternal anti bodies are prepared 5 by a process conpri sing

di ssoci ation of antibodies froma conphgx wth a soluble HLA antigen
and/or an anti-idiotypic antibody 34. The nmet hod according to any one of
claims 31 to 33 wherein the step recovering the fetal cell-paterna
anti body cbfsPRIAES em@?ﬁtwﬁsa%@ﬁp@r@ 3 %‘b?}ég%‘ﬁ ﬁ’@%"‘@?leﬂ}’ e QELmﬁﬁlgttﬁé‘

conpl ex mﬁﬁgkgneagent capable of binding to a maternal antibody in said
conpl ex and recovering cells bound by agent-maternal antibody conpl exes.
35. A nethod of enriching fetal ceIIs froma maternal bl ood sanple, the

met hod conprisi,ng c bl.ood or a_.nucleated cell ul

fraction tter egﬂfh g‘% gB‘r&rﬂ% bﬂ‘ﬂgﬁa W‘Flg tg\? BI6P O TEGAVERRE yel ot?ﬁugfi%yng
fractiors ofgeffBngfcha d?1|t1€§df53 cf) F)Ie%es chﬂﬁrlﬁa@ddéfé\ﬂﬁg HeNGbbll ARE obtaldingieNt O
permt formation of fetadl maternal  antibody conpl ex, contacting the
conpl ex wfrwtlancaglensmgalmlbb@ of binding to a maternal antibody in said
conpl ex and recovering cells bound by agent-maternal antibody conpl exes.

20 36. The nethod according to claim35, wherein the anti body-contai ni ng

fracti on of0. rTBItHerﬂﬁaﬂho@|a@66fﬁ1ng3toﬂﬂﬁﬁﬁ3@dvﬁafelﬁ hé QeI bLORBE] & Rlatable
di ssoci ati hg .anti bodies in ernal, plasma froma conplex with a soluble

HLA ant i ge]ﬁgﬁriélﬁoﬂuoé?ﬁcﬁﬁtlﬁ bg cﬁnét‘ylﬁﬁr@n t%ﬁﬁebd}fyec%ﬂ@ cetih boypdt hoag@écor di ng
t t abl
Y ot Bloatl SR ot cAHRETEL Rk ROR ek dWcd QP et 201 ©
detect abl e | abel or isolatable |abel- is 30 selected from t he group
consistin fluore | abel ,. a radioactive | netic
part: cl 13 gfl;ll ch |§ﬁﬁhﬁ§§§eq&&1m| 3 evhergint %@Ptef’#‘iglte ]Iag t’é%llaggle 1\?ialrt ue of
WD 03/ 1025 s | abel
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that is de ect y virtue o
antibody complexes comprises exposing the cells bound by agent-maternal antibody

15 complexes to a magnet.

42.  The method according to any one of claims 34 to 41, wherein the agent is an

antibody or antibody fragment.

20 43. The method according to any one of claims 34 to 41, wherein the agent is a

polypeptide that binds to an immunoglobulin.

44,  The method of claim 43, wherein the polypeptide is selected from the group
consisting of: protein A, protein G and protein L.

25
45.  The method according to any one of claims 5 to7, 16 to 30 or 32 to 44, wherein
maternal blood or a cellular fraction thereof is partially purified before being exposed

to an antibody or partially purified before being exposed to an agent.

30 46.  The method of claim 45, wherein the partial purification comprises depleting the

cells of a least one maternal cell type.



nmol ecul e. 39. The nethod of claim 37 or 38, wherein the step of recovering
cells bound by 5 agent-maternal antibody conpl exes conprises detecting the
| abel andwmbisaiozdong a fraction conprising the |abel. 40. Pliteavstoned
according to claim 39, wherein the detectable |abel or isolatable |abel is
a fluorescent |abel and wherein the stgp of recovering cells bound by agent
10 maternal anti body conpl exes conprises perform ng fluorescence activated
cell sorting. 41. The method of claim 39, wherein the detectable |abel or

i sol atable | abel is a paranmagnetic particle and wherein the step of
recoveringyfel { : I SES
exposi ng th’{; ce I??lmgggt ra]th llsqg%ggn@ﬁ{d@hach ‘%0?@%%?31}%0@{’02%%% tggg%rt ]!tl(gtﬁa
magnet . 42accétiingmetdnydnaof olathnbtd46. any one of clains 34 to 41, wherein the
agent is an antibody or antibody fragnent. 20 43. The method according to
any one of clainms 34 to 41, wherein the agent is a polypeptide that binds
to an i grugng 01*2‘61) osﬂﬁ&n C(TIH HE% ﬁ@ﬁté&ffe Il%bl'fg (%%am%%&%‘ Heth oP 2 gy g&pLi de
is selected fromth group onsi st i ng o proteln A “protelin G and protein
L. 25 45. didaimstitoditeandaradineg. t o any one of clainms 5 to7, 16 to 30 or 32
to 44, wherein maternal blood or a cellular fraction thereof is partially
purified before being exposed to an antibody or partially purified before

bei ng exposed tUseadf 2aiérnalBPprdBucelingtibBdy eicht %incﬁ's@bélﬁéeﬁly whe betiefhatiipe
partial purification conprises depleting the ells of a | east one nmternal

cel | type.inpgsitgd,tiab3oBsmchor Aooighiog 6ol 4:511s4from gtaltfa:ﬂ@ldblp@d & acepgleptethen
obt ai ne ing performng the nethod according to any one
of clai ir:rbls erf]tﬁga(?f%_&@r?ﬁﬁﬁoz conposition conprising isolated fetal cells
obtained by a nethod of any one of clains 1 to 46 and a carrier. 49. Use

of a maternpally produced an body that_binds specifically to a paternally-
i nherited $&talU %@n?ﬁd @étiﬁt@raalsé ewdn'«gmbe@baﬁhaémdss PegHcHtt ©r hRpeEREYY or  a

nucl eat ed jnherited fetal antigen for identifying a fetal cell in maternal blood or a nucleated

cellular fraction thereof.

15
51.  Use of a maternally produced antibody that binds specifically to a paternally-
inherited fetal antigen as a marker for identifying a fetal cell in maternal blood or a

nucleated cellular fraction thereof,

20 52.  Use of a coded multiplex bead conjugated with a HLA antigen to identify
maternal antibody directed against a paternally inherited fetal HLA antigen.

53.  Use according to claim 52, wherein the bead is coded by virtue of a fluorescent
label.

25
54.  Use according to claim 53, wherein the bead is identified by fluorescence

produced by the fluorescent label.

55.  Use according to claim 52 wherein the bead-antibody complex is identified by

30 virtue of a secondary fluorescent label to the antibody.



10 cellular fraction thereof. 50. Use of a maternally produced anti body
that binds specifically to a paternally- inherited fetal antigen for
identifyiwg @/hzwal cell in maternal bl ood or a nucl eat ed paaeAliasloas7e
fraction thereof. 15 51. Use of a maternally produced anti body that binds
specifically to a paternally- inheriteggfetal antigen as a marker for
identifying a fetal cell in maternal blood or a nucleated cellular
fraction thereof. 20 52. Use of a coded nultiplex head conjugated with a
HLA anti g&¥-t o Usaeaseoming toatleimna? vaereipdhy bG@Cﬁé@tt@dY &@aip%ﬁt isgslated riRal | y

boaa | s cagtiong PyiRafbh &F Suicpiss PREERARAMTCHOoElell Retens 207 Pl

claim53, wherein the bead is identified by fluorescence produced by the
fluorescent | abel. 55. Use according to claimb52 wherei he, bead- anti body
conpl ex i % deMseraceerding tozglaym 3 evrein iselabiony s }’eTfPRW%eéﬁéﬂor?sﬁﬁ@Ie to the

ant i body. 3/ 00676 46 56. Use according to claimb52
wher ei ngt ha\ﬁ%%géggﬁ%?ﬁ%ﬂo plex is isolated to provide a preparation of
anti bodi es agai nst paternally-derived fetal antigens. 57. Use according to
claim56, wherein isolation is perfornmed by fluorescence 5 activated cell
sorting (FACS).




