Bl OLOd CAL SAMPLI NG DEVI CE FI ELD OF THE I NVENTION This invention relates to
a device and nethod for obtaining biological material and in particular, to
a devi ce wodomeishsad f or obtai ni ng sanpl es of fetal cell gciraarmproegrTant
femal es. BACKGROUND COF THE | NVENTI ON Early prenatal diagnosis to detect
fetal genetic disorders is desirable for both expectant nothers and
physi ci ans to nake informed decisions.;Definitive nethods of invasive
prenatal testing (amiocentesis and chorionic villous sanpling) carry a
smal |, but significant ri X e e results are rarely
avai |l abl e before 13 weeks “or—pregf 15 MINIER) 100 7 LO O e required for

cell culture and anal ysis. "Non-invasive" screening with maternal serum

anal yt e scrgenporange wWVERIegRd can identify individuals at risk for feta
aneupl oi dy (predom.nant 1ve in sul t
still requires gﬁg ?Ymuma%ﬁFﬁ¥§%asFV8gprocgaﬂ%g % S ? ﬁw?l gmﬁﬁagn05|s
O sonme 25-a30 i m@ﬁwpluabdedtudee@e agd | yetrefopjoblainareg spailgp ofhiotyl geliselrerh

aneupl oi dy.primeiy: ttakiey atori es around the world have been attenpting for
over a decade to devel op non-invasive (i.e. venupuncture only) nethods to
i sol ate and analyse fetal cells. An obvious advantage is that definitive
results cargs d NEIOMNr techni ques such as fl uorescence

in-situ hybridi Eaﬂy %nz{tgﬂ (ﬁkgnoﬁm% @lélt@éitfbﬂéﬁgén‘éﬁc Hissh%@sg@&tiraslelmmtasel Ichal n
cells In

t I
mt or nal 1o ROBEE Y BUTSBS T TSy h Mk irtisy e PRSTEMGR mifadivre
prenat al dilagnosipsenatabigetingr(amfieecaiicsis @nd shegoaicprikeye nemplingy earyy 4 gvalhunber s,

and their lbslehlgﬁlﬁ@atht riSk OPhisartifideV hitd thé askis mmelplabamaﬂle%fo?e fetadkscel | s
bei ng preseq i ndi cates that the

presence of° PH%S?FY %PEF”?Q}‘%n%WqWﬁ%qWﬁfﬁfﬁiFe@%f@ﬁ&%f.on is not a
uni ver sal event "Nemingesived seresndngavittematatalsruno apéyte phieanglg abil obdseadpl i ng i s

the isolatiQn 1cﬁiﬂ€ifya1ﬂ@1|vbﬁ§hl§ apf-lskt foP @éiﬁtahaﬁﬂcﬁd)f (I%Hohﬁ@ﬁiﬂy %ﬁs%in‘}@'l? wmp! es.
Unli ke matern ci reul

I gh ﬁ e { 6? & éf.t¥,es exi st,
fetal cell PPHYE F\Céeetn}%{%s&l \/ 68‘!““%%1?118&‘ S m‘éﬁs}ve °% ‘H‘éé‘ﬁta 1t 8. n and
are over wheliggnngs.y @f ephoBF-a39t wicl Braehots cabdo8i mplt ertual0eB)w al fetahas | ong
assumned thaﬁwﬁﬁ§d§erV|cal canal contained trophoblasts of fetal origin. The

early enbryo i SNPa(r)S// ?aboratorleg Qro%nc? ﬁlle%]orfd \élgg bee%ua{[tterlng‘;[ir?gr for gvé[rqed gecis tation the

20 develop non-invasive (i.e. venupuncture only) methods to isolate and analyse fetal
cells. An obvious advantage is that definitive results can be obtained using molecular
techniques such as fluorescence in-situ hybridization (FISH) and quantitative
fluorescent polymerase chain reaction (QF-PCR) on recovered fetal cells.

The presence of fetal cells in maternal blood provides a possible source of cells

25 for non-invasive prenatal diagnosis. However, fetal cells are present at very low
numbers, and their isolation is not a trivial task, with only 1 or 2 fetal cells being
present per 10 ml maternal blood. Evidence also indicates that the presence of intact
fetal cells in the maternal circulation is not a universal event.

An attractive alternative to peripheral blood sampling is the isolation and

30 analysis of trophoblasts from transcervical samples. Unlike maternal blood in which
multiple circulating fetal cell types exist, fetal cells in the transcervical samples are all
of placental origin and are overwhelmingly trophoblasts (Bischoff and Simpson, 2006).

It was long assumed that the cervical canal contained trophoblasts of fetal
origin. The early embryo is covered with chorion levae, but later in the gestation the

35 chorionic surface is smooth. However, it was not until 1971 that the presence of fetal

cells in the endocervix was confirmed by identification of Y-chromosome bearing cells
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25 Tuttschek er al, 1995). Again, however, interest waned in most centres because
analysis was difficult. The presumptive fetal cells embedded in mucous were not
readily amenable to FISH.  More recently, molecular PCR techniques for
micromanipulated cell clumps of trophoblastic origin were demonstrated to have utility
for transcervical samples (Bussani et al., 2004; Bussani et al., 2007; Katz-Jaffe et al.,

30 2005).

Most transcervical specimens contain a variety of maternally derived cells
(leukocytes, macrophages, squamous epithelia, columnar epithelia, and endocervical
cells) as well as different fetal-derived cells (cytotrophoblasts and syncytiotrophoblasts)
(Bulmer et al., 1995, Miller et al., 1999). The frequency of each fetal cell type is

35 wvariable and seemingly dependent on the collection method and gestational age.
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means is adapted to determine the extent of insertion and transcervical position of said
first end to optimise the transcervical sampling site.

25 The measuring means may include a physical stop, a physical scale and/or an
ultrasound or similar means for determining the iz situ position of said head.

The sampling head is preferably adapted to collect or capture a quantity of
biological material available from within the patient's cervix including mucous, blood,
tissue and cells per se. The capture preferably includes adsorption of biological

30 material onto the surface of said head but may include absorption of biological material
into the head.

The sampling head preferably includes a compliant, soft (may not be soft
initially) and absorptive sponge, or sponge-like material adapted to retain a soft feel in
the compressed pre-absorptive state and may be chosen from a range of materials

35 including polyvinyl acetate (PVA), polyurethane (PU) and cellulose. The sponge or

sponge-like material may be selected from any one or a combination of:



into the head. The sanpling head preferably includes a conpliant, soft (may
not be soft initially) and absorptive sponge, or sponge-like materi al
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20 outer surface of the head, where the chemical coating or membrane is adapted to
dissolve over a finite period of time, allowing the sampling head to be inserted without
risk of contamination by collecting biological material during the insertion process.
As an alternative, the shield may take the form of a physical barrier of an outer
sleeve which is adapted to cooperate coaxially with the insertion tube such that the
25 insertion tube is inserted telescopically within the outer sleeve and the relative
movement of the sampling head (and associated insertion tube) with the outer sleeve
provides for movement between a first retracted position where the sampling head is
fully contained within and protected within the confines of the outer sleeve and a
second extended position where the sampling head has been telescopically moved out
30 and away from the outer sleeve and is then exposed for sample collection.
As another alternative, the “shield” may be effected by the pre-use compression
of the sponge-like head so as to delay sample collection until the sample head has
expanded in situ.
The sampling device preferably includes a stop means which can take the form
35 of a first stop adapted to cooperate with the outer sleeve so as to provide a setting
means or stop to allow the user to judge the extent of insertion of the sleeve into the



fully contained within and protected within the confines of the outer
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configurﬁp]&ﬂﬁgrtgglglg hi gh surface area to volune ratio in order to
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The absorptive materials in the sample head preferably include a pore size
between 10 to 2000 microns with an average pore opening between 400 to 1000
microns. The pore size is preferably configured so that it does not diminish toward the
25 outer surface of the sample head in order to ensure that absorption and in particular
adsorption of the sample head is not blocked or constrained by the initial absorption
from the surface of the sample head.
Most preferably, the sample head is shaped such that the surface area to volume
ratio is the same as, or increased, compared to that of a cylindrical shaped sample head.
30 The sampling head is preferably configured as a multifilamentous array of sponge or
sponge-like fingers. The sample head may alternatively be shaped as a cylinder with
the cylinder optionally including a hollow for the addition of an optional aspirating
means. The preferential overall size of the sampling head in its compressed form,
being about 3mm in diameter and allowing an expansion between 5 to 20mm once the

35 predetermined quantity of biological material has been collected.
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and/or tie @@dsbuRPRRIdbRImBRadtoN®RYist MCkaHR Ba indbiddesRidE Jrerdabhingar ker to
assist in H{%E%q‘n%ﬂ?ahnﬁeﬁkedh88§hﬁ'Onn&thhe sanpling head within the
pati ent usiﬁg Uit asaune™ Fonk tor g.n*ﬁe Gter sleeve, if i ncorporated into
t he sanpling deVheeutprsiecap.sibincambiathd 1aie th sampliog devieemanblse invtdRen t o
assi st in tyasbingl tdaGabiROHaticPRo ksidthig wRMal hegobigasl of ehakiRinkOhdale out er
sl eeve mﬁth%@f S gﬁ!ing device may optionally include an

u

r teht% tlgeat iteersllt ¢ eThl(fah' 81 atie
aspirating ‘means i ncludi ng a’ VALUGR §ter at i ng neans. The sanpling device
when i nédr por at Thy sankding sievign anay aeppipradly ingfudreamespirayng meangripgledisgpe wit h
the outer sl.eame copMReRtant heTIROfanyWhing Nievice when incorporating the optional

aspirating means may integrate same with the outer sleeve component thereof which

can be adapted to transfer the vacuum as applied to the device to the sampling head.
The sampling device of the invention may optionally include a sample storage
25 means and/or transport means to allow the sample to be preserved and stored in a
suitable manner to allow transport without the need for transferral thereby maximising
preservation of the sample.
In an embodiment, said sampling head is adapted for removal from said device
and integration with a transport container or the like such that said integrated transport
30 device maintains the sterility and integrity of said sample. For example, a snap fit
feature is moulded into the middle of the lid of the transport container or the like such
that the sampling head can be snap fitted into the feature for transport. The transport
container or the like may also comprise a suitable media into which the sampling head
can be submerged.
35 In another aspect the invention provides a method of sampling biological

material from a patient comprising the steps of:



can be adapted to transfer the vacuumas applied to the device to the
sanpling head. The sanpling device of the invention nay optionally include
a sanpl e woanuagssssans and/ or transport neans to al |l ow Phe/Adaapleot’o be
preserved and stored in a suitable manner to allow transport w thout the
need for transferral thereby maxi m sing preservation of the sanple. In an
enbodi nent, said sanpling head is adapted for renoval fromsaid device and
integration with a transport container or the like such that said

i nt egrated transpor int lity and integrity of said
sanpl e. For exarrpleﬁh()d'ug}1 ggﬂ%ﬁng#@ngﬂn&u&ﬂ{m GI]It’ded into the mddle of the
lid of the transpamspﬂ@éﬂtsanpﬂmgmad mfpethe joiganad g regton of saithpatigifsevVitg head can
be snap fitted I-nttﬂqﬁg”beceﬂlaalhyﬂéerohpg’md1ﬁ@ﬂﬁp@rrég10ﬂ'he transport container or

the like may al so VYCI% Wi sagf}i ?a'ijna)th%% lh?eﬁlnﬁgrh iy pglgenmnc? Harves%négoqﬁztctgg head

can be subnerged. anoth nvention provides
sanpllng5b|ologlcé%ﬂwﬁwéﬂmﬁﬂakronla patient conprising the steps of:

i ntroducing a Saphicthgd A€ WieGevdnibDisgRdrapgloxemised usmg”lﬁlersﬁmﬁlglgadeSﬁBm i ng
head into theévn%%>%ﬁmn Sy region of said patient's cervix; - taking a cel
sanmpl e from &ai'd T Aternar - os region; - wthdraw ng said sanpling head from
sai d patient an@h%@ﬁWé%@fﬁ@HE@ﬁK@@F@@O@p@%dgi%ﬁﬁ vt erial . The nethod of
the invention is ﬂlﬁ@mrngbﬁeyceax@u @anaﬂengﬂsbmldtﬂaﬁer&anpl i ng device as

previ Ousl'Oy descr | bglustmrgv mst m%ans of salgede}{]l 051?1 n SRY &l ri}%fglh%a?d athe steps
of : - neasuring "t MR AP E5AR O3] patie djustlng t he
st op neans of saldw@éV1@@ﬂWb0b@gwﬂpﬁﬁu mﬁ@m§&wwang head at or near the

i nternal os regLonm@ﬂmgamdd@@@gent s cervix; - |nsert|ng sai d device; -

:oreg\d/gt Z?%dnzgnﬁhéﬁ%@ Saig e %{;Snglhﬁa 1“ 3 cpaaflenﬁwta“tnl“l tth%ﬂreqiulre cOl Ifrg%e?eéla‘mefl r enovi ng
sai d device and haww@@xpm@uﬁwﬁp@@ﬂé@mﬁwb$9@k@@ﬂ material. In order to

maxi m sejst he coll eghbahy @fd RivRk @ﬂd mvbesﬂ@g @mb@éd $161@g1c&1h@at@ran mary target
site, the nmethod of, the invent

fi order fo maRhgee the Oﬁéc? r¢ (%i Uta{l ma%erl 0 eVlrce of the
invention as prevrous deSt bed ISP por At Pag" 4 Plve B8 d and
outer sl ee\ﬁerg@t@nte,stb@@lﬁ@ad pfthe mypletroatnrfrfgrab\hytuhlmehéhestgmt phige lnwaetiontser eby t he
met hod conpyréaa&1ySIeAHe@fincorporating a protective shield and outer sleeve telescopically
cooperating with the sampling head whereby the method comprises steps of:
20 - measuring the cervical canal length of said patient;
— adjusting the first stop and second stop of a sampling device as previously
described to position said cell sampling head at or near the internal os region
of said patient when at that point the sampling head can be extended out of
the protective outer sleeve;
25 - the device is inserted to position the first stop at the patient's external os;
— the insertion device is extended to the second stop thereby moving the
sampling head out of the outer sleeve to the internal os region;
— the sampling head is left in the extended position until the required or
predetermined quantity of biological material is collected;
30 — the device is then removed and the biological material harvested.
In another variation of the method previously described:
- the cell sampling head is positioned at or near the internal os region of the
patient whilst still protected by the shield of the outer sleeve
— the device is then inserted to position the first stop at the patient’s external
35 08,



- nmeasuring the cervical canal length of said patient; - adjusting the
first stop and second stop of a sanpling device as previously described to
posi ti on wai2dioaskd41sanpl i ng head at or near the internaPCosstzegiooon’of said
pati ent when at that point the sanpling head can be extended out of the
protective outer sleeve; - the device is inserted to position the first
stop at the patient's external os; - tg{e insertion device is extended to
the second stop thereby noving the sanpling head out of the outer sleeve to

the internal os_r ?lge %uter sle%ve 158%”9 Jgt{rlg:terae%ﬁi &wg tIuI} samg]fngoh a])at H‘iis?d

position until the tequir rm ne
material is coll eéwaalnmgtﬂpfepqaé\@n@éthessamnblpg lpe@ﬁme@jwaqmoaeﬁbe ﬁﬁnmh@gl cal

gat eri gl dharveﬁt edlead for ad’llé&tﬁtﬁ\rat‘ﬁ@ﬂ%gﬂ}l @Bcifit inkdieal OB tIRA, pr eVI oual y |
escri be - the e | si.t.i on § | Nt ernna
(ﬁ? sar%]?lr%hh? i S ePI l%ft ?1 bid 2)8$ Eon uﬁp 1r the efq&}re

os region of the pa ien grotec “he outer
sl eeve - 5t he devi deedetsrmined quadiy tof dbiplegisals mateapl ﬂShéoﬁeiC‘feéta@t spthan t he

patient's externalreved ahdhc Bl RicaSn@RME hakicitbefor talct@st ed rel ative to the

Zig‘é'sie”?hgeignpr%%nsé DU Ol BRSSP ey SR T R er a0
regi on, - tt @lnggmppp@pmﬁ@a&tql§eltshen left in this position until the

requi red or predetesmirng cﬂldﬁlrthé Tn)étmfd meowgtﬂakngmtoerthabamem ¢al lhected and
is then ren&3¥ed and fh arvested for collection. In an

| ter
enboot it gy s e 4 b ey AT fen MR ok B AT " R

i nvention cln@mﬁorlgaﬁlefr@wéﬁnw:@la devicp ip inyeotehePnegd heervies letnﬁtla ofgterpgtientt he
cervical | eiglgﬁdampfthet heicpahh BOtns&aa 11@ac@edaﬂédmme@he@bbhedet@mau@@mae nt's

know edge of their own. an urin nitorin resi stance
ReCn Gag e Lol o ¥R OBR Pl s B S R P Ry 08k it &2 o
t he devi ce semnlebecqdllqeted whigh can becwver dlpgitod Oﬁbtheqrhleseame 1@1@“{11@4’f¢ﬁqiiap| on near

the intersi ap 4!8511dh%9dsQ@qlﬁfedta|ﬂ@ t]ib'l‘lttlh@mew@e RekMved aHIEhS aalwcteagndn@ga@hll s left
in situ unt| t he s teg ﬁeao rIb tEdeé’éQ'b Eetcannp Vel rﬁn .0 Hf bet ween
r SRS SEVEGUT PRSI R B

1 second to 2thf)ral i our's device is
renoved andhg ﬁl‘éa‘fmlth%@’mé@ lﬂalﬁﬁllrotyﬁé%ﬂ\’mr’mt‘@eﬂa@ sdcgndsand st &dls- The absor bi ng

time can be bet weeibtder saafe@ndhet prea&at mv@mcaspf@m& 4 Readdrdl bpidysifietmeevi ce is
left in the e%oetgrpe 3<f a etaiNee‘I?l ata Pocus ol m er%statlﬂe me¥l\1%d cor}{pnsmg
20 i) obtaining fetal cells using a method of the invention, and

i1) analysing the genotype of at least one fetal cell at a locus of interest.

The genotype of the fetus can be determined using any technique known in the
art. Examples include, but are not limited to, karyotyping, hybridization based
procedures, and/or amplification based procedures.

25 The genotype of a fetal cell can be analysed for any purpose. Typically, the
genotype will be analysed to detect the likelihood that the offspring will possess a trait
of interest. Preferably, the fetal cell is analysed for a genetic abnormality linked to a
disease state, or predisposition thereto. In one embodiment, the genetic abnormality is
in the structure and/or number or chromosomes. In another embodiment, the genetic

30 abnormality encodes an abnormal protein. In another embodiment, the genetic
abnormality results in decreased or increased expression levels of a gene.

In at least some instances, the methods of the invention will not result in a pure
fetal cell population. In other words, some maternal cells may remain. Thus, in a
preferred embodiment the methods of diagnosis (determination, analysis etc) further

35 comprises identifying a cell as a fetal cell.



I n anot her aspect, the present invention provides a nmethod for anal ysing
the genotype of a fetal cell at a |l ocus of interest, the nmethod conprising
i) obtai twogofoasadsicel | s using a nmethod of the inventi orCTaxutoioiopoemal ysi ng
t he genotype of at |east one fetal cell at a | ocus of interest. The
genotype of the fetus can be determ ned using any techni que known in the
art. Exanples include, but are not limted to, karyotyping, hybridization
based procedures, and/or anplification based procedures The genotype of a
fetal cell can r ur e, | th n e wll be
anal ysed to det 2@% gl%rﬁlhé{c?&kecfte% feégé/etllg %Ip E‘%used-% Het&g‘nmé’ the st 09&1 %—té%{sp 2 trait

of i nt er estAs Pregylpimpfyther sspedt.dhgpregeat tnvwéloamm}deéa nfeéhodapf Qetﬁ@tlnl@g

abnor mal i t ythé éeRkod fdtes, ale@iesm&emﬁl@ﬁg or predisposition thereto. In one
enbodi nent the o [ ruct.ure and/ or number or
chr onosones. l)gﬁ{c%flhrgrfe%g%e% rrgn%% Xle{hﬁd OPthE Htvec}oélbanngr mal ity encodes an
abnor mal Spr ot e| H) analysigg et lgest 0%@h¢erhléﬂtieteltm@ Heprtdféhedbdr mal ity results in
decreased or lnmheaﬁgdlsexmeeetsl Q@15 t@e@rﬁlreftheasegeﬂﬂle fétﬁts @b bk pagémeNe
InSt ances, tSll’}le any*ecl?nl equ\t)vQ‘ient gnfféroeg](awle r]RI'O O ome eCIPIC I'OBéJSrC% fet al
cel | popul at’'e et S, % mlf n'é) efarn. ““thus, in a
preferred é??b@@ﬂ ﬁ%@rth%@llﬁétrh@f@%edof d| agn05| s (det er ni natl on, anal ysis etc)

further conprisese eAl@nbd fpMhing1a C@l@"&lsoéb‘é @ed @d alent®! the T‘ttﬁerecmm@ hreﬁu det ect ed

fetal Ce1|0 Aé:C%In b used ?’thgretagre nt?i resent 1nV Ltlotnherg US eto ?SUH in
a further aspec resent Pven 01?1 e8%a et 1o d® of “'det e mi ni ng

t he sex of C&telhétntugtht ﬁ@ehﬁmwsdmﬁﬁhgdmnmyﬂm@bt al ni ng fet al cells using a

met hod of the i pwealdigifetadtls uéihg aﬂe{hysabﬂmteatvet@ast one fetal cell to
determ ne the se

f e fetal .cells to
determ ne the seide??rmtlmeg{hggend}?ﬁﬁ?%lgca qsa(t)erfﬁtgl gne B IQtcechnl gue known
in the art. For ligxdaphising thecdsneshmpsyike §b‘ééﬁ¢nﬁ@f@p@b§§aléé}¢1 bed used, and/ or
the cells karyOtvy@e@lparﬂgeh@génlo ebdofflgtaah iiabldstefdine @lcsRohBilpadt the 1 dentify

the father of .t o further aspect, the present
i nvention prgc\lllldageefather1St{“hbA 1%%119 cftg‘el)r/dr%thrﬁr}ﬁt “the father of a fetus, the

met hod conpri si Mgiilsyinspnafastsigmpenet|becescnizl ﬂ@iﬁggenqm@t@édlemothdﬁélsb nvention,

i) determp dﬁglytelaefogemtaxpet @fxetéa@dQ@m@tiedaéﬂeodffattﬁ@rco@bn@@@etelrmlﬂﬁge | oci,
i) deter ni n at one or nore of said |loci, and

i v) conparifAgst té’pﬁgtt\tg?ygg%%}fon? Pﬁmgrﬁc??ﬁal (} “to deternine the probability

t hat t he0 Analysis of the genotype of the candidate father, fetus or mother can be
performed using any technique known in the art. One preferred technique is

performing DNA fingerprinting analysis using probes/primers which hybridize to
tandemly repeated regions of the genome. Another technique is to analyse the
HLA/MHC region of the genome.

25 The device of the invention is also useful for obtaining pap smears.
Accordingly, in a further aspect the present invention provides a method for the
diagnosis, prognosis, and/or prediction of therapeutic outcome of a cervical cancer, the
method comprising obtaining biological material from the cervix of a patient using the
device of the invention, and analysing the biological material for cervical cancer cells

30 or a marker thereof.

In another aspect, provided is a kit comprising a sampling device of the
invention.

Preferably, the patient is a mammal such as, but not limited to, humans,
livestock animals such as sheep, cattle and horses, as well as companion animals such

35 as cats and dogs. In a particularly preferred embodiment, the patient is a pregnant



candidate father is the biological father of the fetus. Wilst in sone
cases it may not be essential that the genotype of the nother also be

anal ysed,wbapioassssacy it is preferred that the nmethod PartARei0domIni ses
determ ning the genotype of the nother at one or nore of said |oci.

Anal ysis of the genotype of the candidate father, fetus or nother can be
perfornmed using any techni que known ingthe art. One preferred technique is
perform ng DNA fingerprinting analysis using probes/priners whi ch hybri di ze
to tandem y. r a e of enome. hn| o anal yse
the HLA/ MG %g%o}ﬁ&gf %’“%“’9 1 i C"‘Ee Fedriils cBapsf etaﬁ{hel veélﬁf‘%gﬁ‘o{r B V%r

usef ul fortébﬁaﬁﬁmwg pap snears Accordingly, in a further aspect the
present inventi Ohe P&VAH £IS b uidatdiady t@ge bm@regﬂaag}nosie&ramy a@nampk, isand/ or

prediction o%ft ﬁeﬁe&u%%g%le ;ﬁrs? 518 %econ? ftrn%eﬁeerr 3 5 O]%?%Iﬁl%g ncﬁdre tpp er%alt h?‘

conpri sing obt ai rent using
t he devi de sempbheol?twvechmrtmwﬁrShtﬁlﬁleatﬁmf;mgﬁgnthéde@ilbrb@qralealle lmhtemdaﬁt for
cervical canagge Wkl §deﬁs1@h émrﬂreeﬁqaaéﬁﬁﬁem‘ Welﬂ—Belﬁ@@f RS feaS PAE tref@uillyi ded is a
kit conprisi e patient
is a mamal" S such as
sheep, catﬁﬁe“@ﬁwahdﬁ§@ym agﬁﬂﬁﬂmma@e@@ﬁﬂanr@hmaﬁdnmr@ kY piekgsofctie s and
dogs. In a]ﬂgﬁ@ﬁ@ularly preferred enbodi ment, the patient is a
B;te?gﬁ{]t é)gggl ﬁOBs P\Vélc ’be agp%en ppretlerre(} F %tu%’%sa%g cflaracl%enshcs (%gon% ag%@%t Strrglﬁ; tSnge
of pregnanopwmpmemeﬁeﬁmwdﬁhem@aw$MEaﬂ§m@bf@¢neenumr|ng the first and second
]Erl nester of preﬁﬂ@aglﬁ)m tl&@rﬁe@fli%fn@ﬁ ahé ywora heompARl € of ;vaﬁmoﬁ!s naeh iad the

irst trimester.of, pregnancy., obt ai st age
when a deci SPOREanPha RS or I s YaebrOedATEnEy B IR El D Brer eranl v
Wi thin a ped¢nest, megeéoeﬁemppgrpumﬁ agmangs, mﬁﬁgersamstem byt ngethe srceﬁlqn@éar di ng
ther apeutsi GanaRact éioMer aiftcBe oFBEE .or Bioth 6F Alhints, ifieschaiPlegs.i S obtained up to
14 weeks of the pregnancy. As will be apparent, preferred features and
characteristics of one aspect of the invention are applicable to many other
aspects of phe : Q) WL 2 |f|cat|on t he mord

‘conpri se' ,G@kuwa&mﬁhhgn§d$Mﬁhm@§; conprlses or "conprising”, will be
under stood to | %legs spemﬁcaﬂ?y Hécfll (Iil o%erwwe a?l teghnlcal and scientific terms used

20 herein shall be taken to have the same meaning as commonly understood by one of

ﬂgn ﬁ perlgrcp gh%rg an opli)o%nﬁ% d) 1{116ke %1’1 eanltXICPeCIFI-OI’I reggtarcﬁrlg tlhgm?f‘élltl

ordinary skill in the art (e.g., in cell culture, fetal cell biology, molecular genetics,
immunology, immunohistochemistry, protein chemistry, nucleic acid hybridization,
flow cytometry, and biochemistry).
Unless otherwise indicated, the recombinant protein, cell culture, and
25 immunological techniques utilized in the present invention are standard procedures,
well known to those skilled in the art. Such techniques are described and explained
throughout the literature in sources such as, J. Perbal, A Practical Guide to Molecular
Cloning, John Wiley and Sons (1984), J. Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbour Laboratory Press (1989), T.A. Brown
30 (editor), Essential Molecular Biology: A Practical Approach, Volumes 1 and 2, IRL
Press (1991), D.M. Glover and B.D. Hames (editors), DNA Cloning: A Practical
Approach, Volumes 1-4, IRL Press (1995 and 1996), and F.M. Ausubel ef al. (editors),
Current Protocols in Molecular Biology, Greene Pub. Associates and Wiley-
Interscience (1988, including all updates until present), Ed Harlow and David Lane
35 (editors) Antibodies: A Laboratory Manual, Cold Spring Harbour Laboratory, (1988),



el enment, integer or step, or group of elenents, integers or steps, but not
t he exclusion of any other elenent, integer or step, or group of elenents,

i nt eger s WO 208108185841 DETAI LED DESCRI PTI ON OF THE | NVENTI ORCExoal00dige hni ques
and Definitions Unless specifically defined otherwi se, all technical and
scientific terns used herein shall be taken to have the sanme neani ng as
commonl y understood by one of ordinaryskill in the art (e.g., in cel
culture, fetal cell biology, nolecular genetics, inmmunology,

i mmunohi st o r r I id I n, flow
cytonetry, Hd LSk AP NS f’;t R A TR T N
prot ei n, céﬁmh@uwﬁﬂﬂ@dm%ﬂ@» wﬁWﬁ640g|cal technlques utlllzed in the present

invention are shanckridrdd, eEediii eSansovelital KOBYUT feerd ﬂ@Qﬁa&er&l}(talkE@dlrdcﬂyt he art.
Such techni lﬁ?ﬁw%&egn%ﬁ%‘% ggo \m% Sgngt 3 llﬁ%l negodlé, (\)V%%b?yuch ma?erlé? %hg{l% ure 1n

sour ces suc I ng, John

Wley and Sbisady( Q@Béﬂ)amajly Psiietr O%X@Hé)ﬂeSaQ*f SU%IR@C‘@I anriyagan n@elud& Hllabor atory
Manual , Col@mS@ilion @t Hagthone dgabeln@immeﬁﬂe&ﬁqo(val&&%ateﬁalﬁsed Browne(edi tor),

Essential Mlecular Biolo cal roach. . vol unes 1, and, 2, |RL
Press (1991311de Wovéngeraq%m%ﬁﬁm Seblek In'(A\Sgo It © GBd TNA[I% ]H ng: PR

Practical Apppsachcultysd itrego befgre 4 lmthw} efghe m@%n #Hrigriooog) | and F.M
Ausubel et al. (A@dséd%sém t@ltrefrﬁ»‘ Afntdiad bLOTR eSs fohdVinkeical bﬁﬁceabfqh@gt)éms G eene
E‘; gseﬁf N\ E)%qu(g‘:analrrft%rlgy r&lnﬁalng P Laefllgtlererpec SVl 19388%%115%30 L\ hgc n l’flrgc?g%lgfyunt H
Manual , mllﬁﬁosplas thy Harpoihat taaﬁﬁmé@%vqﬂ on(tlnwgfacaﬂﬂths uEruscabloufgahiwev al .
(editors) @ervRAtheRpet akiahsbdse | mrunol ogy, John Wley & Sons (including al
updates until present). As used herein, the term"transcervical sanple"
refers to material taken directly fromthe pregnant femal e conprising
cervi cal mizaswding Beviga| | as such material that has already been partially

Iourl fieds Exanpirﬁ@smplﬁg@bw@@ﬁﬂdl Iﬁéthcﬁﬂérdffﬂh&ﬁ{/ér@lﬂn mnhuﬂ%etdeﬁ:lrlb@%rwa: | of at
east sone n ter 00 ce S,
o o endogrensto it B Boh e IR0 In MBS PR B 000 Cel UL i
the sanpl e are Eighreurmrdvifes whwtlbéefrdp@n%pfr’rhfIﬁﬁMPQmwﬂ hEthe hymait Geovix | s

per f or ned. Mlm&%ﬂerﬁ@rt@ it cekie oéc@frmg dt Ee@kkRalal 653 afifhemckt &F th)&rviRt er nal
orifice of n.in of the uterine cavity

he rro
correspondﬁ% ?%"rmg%?ﬁﬁ?mg%”g?Pn hWtE%@%H i@w%ﬁe ¥sthnus that can be
obser vedlon t heThumiventionaf canhernest wrﬂm thegpgnitinh divily ifempleesiiegipeobhex and t he

base. cervix as providing an optimal site for collection of biological material which represent

a valuable diagnostic and analytical tool.
The first aspect of the invention relates to the provision of a sampling device
developed for this specific purpose of allowing the user a high degree of control over
25 the sampling methodologies and techniques with a particular emphasis on allowing the
user to access a biological sample from the internal os region of the cervix. In its
simplest form, the sampling device of the invention is represented in Figure 2 and
comprises an clongate insertion tube 4 which can take the form of a hollow cylindrical
tube, solid tube or any other form of elongate vehicle allowing access to the interior of
30 the cervix. The elongate insertion tube 4 has at a first end 5, a sampling head 9 which
is adapted for insertion into the external os of the patient's cervix and a second end 6
having a handle means 7 allowing the user to manipulate and operate the device by
careful insertion into the cervix. The elongate tube includes a sampling head 9 where
the head preferably includes a terminal hook forming a slot 18 with an opening 19 for
35 inserting a compliant and absorptive sponge like material preferably having a structure
of substantially open cell porous characteristics. The sampling device is further



Sanmpl i ng Device The sanpling device and nethods of the invention will now
be described with reference to the particul ar enbodi nents as detailed in

Fi gures Iwohlwougbssto 11: Figure 1 provides a schematic Pemadarirgoai7it he
front portion of the human cervix 1, with the entry to the cervix occurring
at the external os 2 and the neck of the cervix drawing in to the internal
os region 3 within the body of the cerygi x. The invention is concerned with
the recognition of the internal os region of the cervix as providing an

optimal sit | ] &t i.0l.0 | Ju.ch, repre

val uabl e d|§0%%§fpglan§&gﬁg g?mg $]FQ%%9O%£E%§|r%% %ﬁﬁco %ﬁgglnventlon
relates to Phéosﬁr%\mgsﬂil%ﬁ the leag@a}fﬁ]lq plgngateyfube4 e Tbﬁ)é@pﬂ?éﬂﬂn% hisgzedpeci fic
pur pose of aallcomiduged BRatdaaly aButhh@thélﬁ@lr(%Q)fQﬁe &ont dedingoM&itidnheh@ganpl i ng

met hodol Og'tﬁés n?‘ovg %C hfnih%uﬁgp W tn{ﬂeag% RaJ ?ghe e?[epgtﬁpgiaﬁl elgr‘la%%l lu%\ém ih9 t he

user to access a of the
cervix. bPn 40@@d@10w1&1s% S¢reﬂ8rﬁf lpn@tuéwﬁ%pm@fkglg@lel\ﬂ dbowsfthe weerj tavissert Ba | s
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open cells are most preferably including 100% open cells. The sampling head

materials are preferably hydrophilic with materials most preferably chosen that are

25 hydrophilic in an untreated state. Alternatively, the sampling head absorbent materials

may be treated so as to alter the surface energy or polarity including plasma or
chemical treatment methods.

The sampling head is most preferably configured to provide maximum capture

of mucal biological material by adsorption onto the surface of the collection head. In

30 particular, the sampling head is preferably configured to maximise the surface area for

adsorption of mucus and a configuration as a multifilamentous array of sponge or

sponge-like fingers as detailed in Figure 3 form as one particularly preferred
embodiment of the invention.

The pore size of the sampling head material is preferably sized between 10 to

35 2000 microns with an average pore opening over the whole sampling head of between

400 to 1000 microns. The distribution of pore size throughout the sampling head could
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The form of the samphng head can be configured to adopt a wide range of

shapes including general cylindrical shapes as shown in Figure 4, wherein the ratio of

25 surface area to volume is at least equal to that of a cylinder or increased compared to a
cylinder in this manner the mucous and cell samples can be absorbed onto the sponge
pores and also held by the surface and between the surfaces of the sponge pores. The
surface collection of the sponge also allows for the collection of clumps or aggregations

of samples or other biological material larger than the actual pore size particularly

30 mucus which is adsorbed onto the surface. The ratio of surface area to volume, can be
increased when using the cylindrical configuration by the provision of slots or the use

of multiple pieces of foam or sponge as strips 14 as shown in Figure 3. The most
preferred biological material as a source of fetal cells is mucus which has been found to
collect most effectively by adsorption onto the surface of the sampling head and

35 absorption into the interior of the sponge. In this manner the highest surface area to
volume ratio as provided by a multifilamentous array of sponge or sponge-like fingers



absorption characteristics nmay be configured to provide a fixed and
predeterm ned quantity of absorptive capacity so as to allow the sanpling
devi ce ofwOheloosysamt i on to absorb and adsorb a known an@&Cpraagetogoommed
gquantity of |iquid and nucus beyond which no further biological nmateri al

wi |l be absorbed. In this manner, the sanpling device of the invention can
be used in a manner ensuring that only4the nost relevant sanple is
collected fromthe internal os region and the risk or chance of
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gently abuts the external os of the patient's cervix. The first and second stops could be
25 formed as a collar and can be made of rubber, plastic or other suitable materials having
an interference fit with the outer sleeve 10 and elongate tube 4 respectively, such that
they can be readily moved up and down to the appropriate depth in accordance with the
physiology of the patient. The use of the first stop and second stop allows a variety of
uses of the device of the invention, including the introduction of the outer sleeve 10
30 into the cervix at a point forward of the internal os in accordance with the first stop 10
wherein the second stop 12 could be positioned in the clongate tube 4 such that once
the device is inserted into the cervix, the elongate tube can be moved to the second
extended position so as to progress the insertion of the sampling head up to the optimal
position of the internal os whereby the second stop 12 would ensure that the sampling
35 head is stopped at the precise position within the patient's cervix.



aspiration function. Referring nowto Figures 3, 4 and 5 in nore detail,
the sanpling device of the invention may be provided with an outer sl eeve
10 adapt ewlof20ro/08884¢scopi ¢ cooperati on with the el ongat e PCuba2d1omomi7ng
within the longitudinal [ength of the outer sleeve. In this manner the

el ongate tube and sanpling head can be noved between a first retracted
position as shown in Figure 5a, wherehy the sanpling head is fully
cont ai ned and protected Wi t hin the confines of the outer tube or sleeve 10
and a second ex | e th Y

tel escopically ?ﬁ g (B@%(ﬁt %g?s %méégfgs%tgqﬁ wgtlﬁmmﬁogﬁwﬁgg relative
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t he outer %ﬁ @9@mk§y§n%‘ ongate tube 4 respectively, such that they can be
readi |y noved upigaredo doews ¢ eattiselady pradpradagoafigepian pinthgcuitnr dieqeetini t h t he

physi ol ogy ficit fé%rcﬂﬁéd t@%oate-ﬁlg@méﬁl% &kerkdl @5 bf thsEerSikOh @fUctichEG:e @tdp stop allows
a variety of u 1ce.9 rﬁgrentlon in
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stop 12 couh@echBa eﬁlatsir@medbutmeﬂth@thebgeﬁat@ tube 4 such that once the
device is |nserke into ate tu ved to the

Gecond ext endedrEsEi B ahe o5 e KyicsaroB BN, BY e RN B &t i ng
head up 200 aptienadstutaheddaprod ot lilachtrprdestltméhq igteaqonigl mwnme@fébgnmmtubeéond st op
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wi thin the .tlgpt S C&r posi i.tioning.o n be set by

the pati ont Db RAENY Srth e g onur SHpReuft ihiend) JRe SRRRIEMe gai nec
from ul t r ashefrdmoyf agicibent tpgmqmlq wéaeng thahleggth of the inner tube positioned within
the confines of the outer tube or sleeve 10 such that attempts to push the inner tube to
25 extend beyond the outer sleeve 10 will be limited or restricted if the sample head of the
elongate tube encounters resistance, whereby the resilient means 17 is cause to expand
axially and to bear against the inside of the outer sleeve 10 thereby causing resistance
and preventing further extension of the inner tube. In this manner, the sampling device
of the invention can be provided with the safety feature minimising any unintentional
30 damage or injury that may be occurred if the inner tube encounters unexpected
resistance during insertion.
In another aspect the invention provides a method of sampling biological
material from a patient which will be described in more detail with reference to Figures
Sand 8to 11.
35 The methods of the invention comprise the steps of introducing the sampling
device into the cervix of a patient whereby the sampling device includes a sampling



particularly preferred enbodinent, the tip of the el ongate tube and/or
outer sleeve may be coated or inpregnated with a material clearly visible
usi ng ul twasownsss4buch a material coul d include silver, pairtAv2amiobeEct eri al
properties. In this nmanner, the device of the invention could be readily
calibrated for each patient thereby ensuring optimal precision and
insertion for sanple collection at thggi nternal os of each particular
patient. The configuration of the sanpling head of the device is preferably
designed t X1 rption from ? tinal_ r.eqi.on,of, the {nternal os
and st pritaram g aone B A kAl bR BRI AR Mk 0T 2%
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cubi c cm Thighdedvaf Rsh &l pafied el EhetfReted bRNgidaymabridal HeCRIrlSte@r sanpl e can
be set between Q.01 n m cin accordance with th hysi ol of the
patient. Figutegﬁggﬂgagﬁh%ﬁ%P?fEGVErV§BE$§P§F¢@&B%Bﬁ?ﬁmﬁy%ﬁ$%hoo “the outer
sl eeve tiSp aapiieehcingl jsnghiof e pasientduatisasayed ersethqriecaastvecrll adiistablet he
cervix. | n @gdhédn®6f tht Remingfclide, @8prediosdy B&cHIHAf E@WeeE sb@s &) poditioior e
Pomc ort abl qhanadm 1§ G trroartr{enlgthte cfntE: h% 065Xrteeir0n%|f tl%spal‘?lx trs)rcor\(flixdI Bgcef Rk partial
insertion WA tAE ex etnaf os ‘and partga? abutnen? thereto, pther t han
just a sinpheasubuenered sotingaregenaplpal theglevirerar by myettesl miqythe patientt he
ﬁe?/l ce of tyien hﬂs‘(@ﬁhhieéml FERMly Q@utﬁﬁg)\tmedeﬂemm; & ﬁf&hgﬁitl m@%hrgﬁﬂiﬂgt Bdfhldaidapt ed to
alt or restri t t el escopi ¢ movepent the. inner t relative to
the. out el tirteit bt TE R Pl B SRy 5 sitiing MPRLeah BT it Bh | Pner
t ube wi t hi rthe il sepld sndonost ipecfesahly ebord B psdateanised nesrpecaiedl! sesplst ance.
The cl utch gagidakecide hordaviet @nr@si lbcerinoP@l th@nhd Hiabang miterdiengt h of
t he inner t%R%tg %&@kﬁﬂﬁ&im‘th'” the confines of the outer tube or sleeve
10 such that ‘&t npt's ?o‘push the inner tube to extend beyond the outer
sl eeve 10 wi || Beferringitoddguse Sr thstmithadeofithe mhentioampiferablgatiiliet thetrellel ongat e
tube encgUNLMpEng ESIRIAMSE oMhalcehibed hRefefifigl dodNio FTB@BSa ltfe nftiRAWTE O
expand axi at{ul: %Vgnqgonj[ir? lch Alneqgal B3 %'OVECE' 4 nrsel,imle aof mgahlel e%u;[lteorf tl?eI Svical 1.0
t hereby causf hg“resi'Stante  and prevEnts h  rirheP Xt ensi on of t'He inner
tube. In tHPethefiréent by érasermdior aticaviklde mefnst [fince igeatvichlergh obde pr ovi ded
W t hbt he sqfaq&% id ?&EMi@e_d”dnﬂltHé BicBige POWtIdANGMhE DtdrBAN s, tﬁg@ﬁﬁﬁ—lirﬂgrdd\fﬁb u & y that
may be occurr % t$e ner, tube encount.ers une ted resistance during
hvert on Fh S8t Sk ARE ettt SR RURS 0T HRES: Sftel RBHOLTAEE ol | ng
bi ol ogi Al vds it \alﬂ} ¢ profertaonghroughthe whicial e shifficisat Wedlowitheedmipie head & det ai |
wi th referapgee ck@ndeld GRSy thedHh réaeh ddhieved positioned the sample head 9 at the
internal os. Referring now to Figure 5b the precise extension of the sample head 9 by
way of telescopic movement of the elongate tube 4 via the handle 7 is provided by a
second stop 12 which allows the sample head 9 to be duly extended into the internal os
25 region once the sampling device has been inserted into the patient with the first stop 11
abutting the external os. In use, in this method of the invention, the device would be
inserted into the patient with the elongate tube being retracted such that the sample
head 9 is fully protected within the confines of the outer sleeve 10 during the insertion
process. In this configuration, the device would be gently inserted into the patient with
30 the protruding portion of the outer sleeve penetrating the external os only so far as the
first stop 11 which would then abut the external os so as to provide the preliminary
insertion of the device, partially within the cervix of the patient. Once this is achieved,
the operator could then gently extend the sample head 9 by moving the handle 7 so as
to telescopically extend the elongate tube 4, relative to the outer sleeve 10 so far as the
35 second stop 12 would allow as per Figure 5b. At that point, the sample head 9 would
have been moved out of the confines of the outer sleeve 10 and caused to position itself



The met hods of the invention conprise the steps of introducing the sanpling
device into the cervix of a patient whereby the sanpling device includes a
sanpl i nghwadopasss4ioned at the internal os regi on of thecCpattizenidos7cer vi X
whereby the sanple is taken fromthe internal os region of the patient and
t he sanpling device subsequently withdrawmn fromthe patient and the

coll ected biological material is then harvested. Preferably the nethod of
the invention includes the pre-nmeasurenment of the cervical canal |ength of
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25  collected.

In addition to the above, the device of the invention allows the previously
described methods to incorporate the use of aspirating systems whereby a simple
cylinder and barrel or plunger connected to a separate syringe or alternative vacuum
systems, can be incorporated to assist in the suction or removal of cervical mucous if

30 such additional assistance is deemed to be required. In this aspect of the invention, the
outer sleeve 10 can form a suitable conduit from the vacuum to the region of the
sampling head.

In the aspirating form of the invention, a plunger may be used to push out the
sampling head before it is withdrawn to aspirate the sample and a syringe could be

35 temporarily or permanently attached to the device of the invention prior to insertion
into the cervix. The syringe may connect via a luer-style fitting to a tube that either
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i ncor por at € 2Lt g by a sinple cylinder and
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also further includes the advantages whereby the slow absorption rate of the sponge-

25 like sampling head minimises possible rupture of the cervical plug as sometimes occurs
during the use of active sampling techniques. The invention minimises such
possibilities and accordingly minimises the possibility of infection and complications
as a result of such ruptures. In addition, the soft physical features of the sampling head
and minimal impact on the user allows a patient to partake in multiple sampling

30 exercises within a short period of time without undue trauma. Furthermore, the gentle
nature of the sampling device of the invention allows sampling time to be extended
from the expected time required of about 1 to 2 minutes up to 48 hours if this is so
required. The particularly gentle nature of the device of the invention allows such use
if required.

35 The device and methodologies of the invention provide for the first time, a
highly reliable means and method of obtaining consistent and high quality biological
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In a further embodiment, the storage medium is degassed with nitrogen to

reduce oxidative stress to the samples.

25 In an embodiment, red blood cells are removed from the sample. Red blood
cells can be removed using any technique known in the art. Red blood cells
(erythrocytes) may be depleted by, for example, density gradient centrifugation over
Percoll, Ficoll, or other suitable gradients. Red blood cells may also be depleted by
selective lysis using commercially available lysing solutions (eg, FACSlyse' ™, Becton

30 Dickinson), Ammonium Chloride based lysing solutions or other osmotic lysing agents.

In some instances it is not necessary that intact cells be used for fetal material
analysis. In these circumstances it is not essential that steps be taken to keep at least
some of the cells alive. For example, the sample, or a portion thereof, can be snap
frozen.

35
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ontains cells, or other particles, which when struck by the focussed light give out
20 signals which are picked up by detectors. These signals are then converted for
computer storage and data analysis, and can provide information about various cellular
properties. Cells labelled with a suitable dye are excited by the laser beam, and emit
light at characteristic wavelengths. This emitted light is picked up by detectors, and
these analogue signals are converted to digital signals, allowing for their storage,
25 analysis and display.

Many larger flow cytometers are also "cell sorters”, such as fluorescence-
activated cell sorters (FACS), and are instruments which have the ability to selectively
deposit cells from particular populations into tubes, or other collection vessels. In a
particularly preferred embodiment, the cells are isolated using FACS. This procedure

30 is well known in the art and described by, for example, Melamed, et al. Flow
Cytometry and Sorting Wiley-Liss, Inc., New York, N.Y. (1990); Shapiro Practical
Flow Cytometry, 4 ed, Wiley-Liss, Hoboken, NJ. (2003); and Robinson et al.
Handbook of Flow Cytometry Methods Wiley-Liss, New York, N.Y (1993).

The cells can automatically be deposited in collection vessels as single cells or

35 as a plurality of cells, e.g. using a laser, e.g. an argon laser (488 nm) and for example
with a Flow Cytometer fitted with an Autoclone unit (Coulter EPICS Altra, Beckman-
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labelled as described herein such that they produce a fluorescent green signal, and

maternal cells can be labelled as described herein such that they produce a fluorescent

red signal.

25 Following enrichment, the cells can be cultured in vitro to expand fetal cells
numbers using techniques known in the art. For example culturing in RPMI 1640
media (Gibco).

Uses

30 Fetal cells comprise the same genetic DNA make up of the somatic cells of the
fetus, and hence fetal cells obtained using the methods of the invention can be analysed
for traits of interest and/or abnormalities of the fetus using techniques known in the art.
Such analysis can be performed on any cellular material that enables the trait, or
predisposition thereto, to be detected. Preferably, this material is nuclear DNA,

35 however, at least in some instances it may be informative to analyse mitochondrial
DNA, RNA or protein from the isolated fetal cells. Furthermore, the DNA may encode
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and Bauer efiscade, EAG0Za1 Dﬁﬁuroh&nfaklmbﬁ@hnqaamﬂsewel IFag@Ri esb@tae, AdRher nal
cell's can b ngeic)tasme%loom syngrome Familial Mediterranean fever (FMF), X-linked
spondyloepiphyseal dysplasia tarda, factor XI), an imprinting disorder [e.g., Angelman
Syndrome, Prader-Willi Syndrome, Beckwith-Wiedemann syndrome, Myoclonus-
25 dystonia syndrome (MDS)], or to predisposition to various diseases (¢.g., mutations in
the BRCA1 and BRCA2 genes). Other genetic disorders which can be detected by
DNA analysis are known such as thalassaemia, Duchenne muscular dystrophy,
connexin 26, congenital adrenal hypoplasia, X-linked hydrocephalus, ornithine
transcarbamylase  deficiency, Huntington's disease, mitochondrial disorder,
30 mucopolysaccharidosis T or IV, Norrie's disease, Rett syndrome, Smith-Lemli Optiz
syndrome, 21-hydroxylase deficiency or holocarboxylase synthetase deficiency,
diastrophic dysplasia, galactosialidosis, gangliosidosis, hereditary sensory neuropathy,
hypogammaglobulinaemia, hypophosphatasia, Leigh's syndrome,
aspartylglucosaminuria, metachromatic leukodystrophy Wilson's disease, steroid
35 sulfatase deficiency, X-linked adrenoleukodystrophy, phosphorylase kinase deficiency
(Type VI glycogen storage disease) and debranching enzyme deficiency (Type III



type of label, and fetal cells with another type of |abel, and the
respective cells types selected on the basis of the different |abelling.
For exanpWwe,2ormensss4mal cells can be | abell ed as descri be#Chaeoirw/mwouch t hat
t hey produce a fluorescent green signal, and maternal cells can be | abelled
as described herein such that they produce a fluorescent red signal.
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cell s nunbers using techniques known in the art. For exanple culturing in
RPM 1640 nedia (G ) esFetal .cells conprise.the same genetic DNA
ke Up. of TIEOU0MMAEE VSSiFE 3PSk o fller deRaRTIAR: P iR EHE 2 e
usi ng t he réeRbdis agd MalesulapBavit ofdahesind Piscagn SthyBador, dolunegiltld 1Hfanilnt er est
and{ or abnqwr,rgbﬂi\te't,e(? Fofer Ezb@edfs)?MtﬁGrbAlﬁ :Hilm Zw@.fmkﬁgf,elsn%%@m Hi@e&%dﬂ@h@ﬁ t. Such
anal ysis c rfar n.any. .c r er | at enables the trait,
o b1 edt spabs firshey e SR fe Py Al G UGBl TRPEMRR] ) PTE rmter el <
nucl ear BNA, howbsy eethods off the gresng inygnton; 498 taka de 3¢ toragierpmethef WK pAt i ve to

anal Kse m tpe handr iFat ckiNfple, Fﬁﬁgniﬁg off rd @loitddr Rl tehigs lV&B|a?tYEt§ﬂlrcflﬂdsaﬂlneCe| I \?Vh ]
Furt hernore, the . enc e or encode a .funct.i.onal.,, RNA icC
o ot Uy arr s by VR RERIEA ARGy R RN EREOHE ol WOskhRR S

non- t r anscripdjedic Begthe fréws ipfengler ker. I n one preferred enbodi ment,

chr ?)mésorral abnmmgﬁ&ma?@dfehaﬁmﬁbﬁdhe ﬁMhS@meMﬁ&ﬁ@éirrngLFBd fdry"” we

I NCl uae any_ gross nor 1t In a.chr.onpsqQne or the, nunber o [ ONDSONES.
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dystrophy, hy&inehiGudy:sHIQPRY., Menkes di sease and neurof i bromat osis, which
can be detected by DNA anal ysis. The phrase "genetic abnormality” al so
refers to a single nucleotide substitution, deletion, insertion,

m cr o- del0etAnstysisif Fetal Cellser t i on, short del etion, short insertion,

Fetal cells enriched/detected using the methods of the invention can be analysed
by a variety of procedures, for instance keeping the sample alive or if cell sorting is not
required, the sample can be fixed. Figure 9 shows example 1 using the first post
platform process. Figure 10 shows example 2 using the PCR post platform process.

25 However, typically genetic assays will be performed. Genetic assay methods
include the standard techniques of karyotyping, analysis of methylation patterns,
restriction fragment length polymorphism assays, sequencing and PCR-based assays
(including multiplex F-PCR STR analysis, whole genome amplification and microarray
analysis), as well as other methods described below.

30 Chromosomal abnormalities, either in structure or number, can be detected by
karyotyping which is well known in the art such as FISH. Karyotyping analysis is
generally performed on cells which have been arrested during mitosis by the addition of
a mitotic spindle inhibitor such as colchicine. Preferably, a Giemsa-stained
chromosome spread is prepared, allowing analysis of chromosome number as well as

35 detection of chromosomal translocations.



mul tinucl eoti de substitution, and abnorrmal DNA nethyl ation and | oss of
inprint (LO). Such a genetic abnormality can be related to an inherited
geneti c dveeamassssch as a singl e-gene disorder (e.g., cysTiaubiomoomis,
Canavan, Tay-Sachs di sease, Gaucher disease, Fam |ial Dysautonom a,
Ni emann- Pi ck di sease, Fanconi anem a, Ataxia telengectasia, Bl oom syndroneg,
Fam | ial Mediterranean fever (FMF), X-9ii nked spondyl oepi physeal dyspl asia
tarda, factor Xl), an inprinting disorder [e.g., Angel nan Syndrone,
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def i ci ency ipTyduetiqn ofcyl iggttigfeon sge os1ag e PERseasiaylar) PHawemaishedtonthe wbhet i ¢
([j;: seases grtﬁperm_ﬁﬁthmg@h\(}it}:peIﬂaﬂox?@n?}fmﬂe%tfaftedﬂwégéladv%u gy Bagbs irfatredt,rlber: ted
sease, 8t it . Vol une ..an i ver .. R. et a
Coaay e arcnfy 1 Bisinss MR EIMACL e BEh e s T ene has
been cl onedo &ne oozt ¢idhe mytane pesetpng alheliwobgn and pepers They beelftdgpstsof t he
present 1isNVENAIiQht&PforR h&iQrede nid$ 86 s§nthe@iet er m ne the sex of the fetus. For
exanpl e, stainigg of e .l solated sone, specific

th fetal cells wth a Y-chr
e ker vi 111 nareasiGng R gy b 8 4Bl ki 1R RS o i ng
wi || i ndi caesltingaton digestionusith an dnprapliete rpsirigion cazimic eFheul¥AQS usually
i nvention, dnlRifeRbBRES ddesien Redxdirsleitingar: peyMeact Enin Rab®mMNIPCR)t esti ng.
Where the pangnﬁi%%b%%,%fchilg i.s di sputed, the procedures of the invention
enabl e t hi sTTEAAAMPUICAHAS R ear 'y on during ' egnancy. Many procedur es
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e et K, ok PR 4 B ERRSFL s SRR i, 81 o1 on
time PCR (RT-PCR), single cell PCR, restriction fragment length polymorphism PCR
(PCR-RFLP), PCR-RFLP/RT-PCR-RFLP, hot start PCR, nested PCR, in situ polonony

25 PCR, in situ rolling circle amplification (RCA), bridge PCR, picotiter PCR and
emulsion PCR. Other suitable amplification methods include the ligase chain reaction
(LCR), transcription amplification, self-sustained sequence replication, selective
amplification of target polynucleotide sequences, consensus sequence primed
polymerase chain reaction (CP-PCR), arbitrarily primed polymerase chain reaction

30 (AP-PCR), degenerate oligonucleotide-primed PCR (DOP-PCR) and nucleic acid based
sequence amplification (NABSA). Other amplification methods that can be used
herein include those described in US 5,242,794; 5,494,810; 4,988,617; and 6,582,938.

The acronym "FISH" references a technique that uses chromophore tags
(fluorophores) that emit a secondary signal if illuminated with an excitation light to

35 detect a chromosomal structure. FISH uses fluorescent probes which bind only to those

parts of the chromosome with which they show a high degree of sequence similarity.



of tandemrepeats (VNTR), short tandemrepeats (STR), mnisatellite variant
repeats (MVR) and the like. Typically, parentage testing involves DNA

fi nger priwoOizog/asas4get i ng i nformati ve repeat regions, or PChAERNENPEI7S Of

hi ghl y pol ynor phi c regi ons of the genone such as HLA |oci. Analysis of
Fetal Cells Fetal cells enriched/ detected using the nmethods of the

i nvention can be anal ysed by a varietysof procedures, for instance keeping
the sanple alive or if cell sorting is not required, the sanple can be
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ol i gonucl eoti de e bridise at. the re evan i ons of
either the wl dF t lc ﬁs SLE{'am r?fngfen&eq%orgcog% nvenilon e 9106 Eect‘Q%pEor esi s

fol | owi ng dﬁ’gé%lltfﬁ@ twomh cglhp@rp\mlband atleéyaeésltdep%mm elﬁzfywbly, prckfcei abl y
fol | owi ng anmlrok bﬁ@tue@are@ﬁedtfbﬁa ﬁr@h(@yaﬂh&lte@%bﬁﬁm&ﬂ& to%onﬂﬁﬁ/h&@aehaiequence

Aol 111 oot Do Mo B I8 & Rl 8O T ORI B M, 1 i on
fragment | em‘gfphnqﬂ@lsgnwfﬁmd@mlb@é@a@@ laSeZICédﬂf?%elwnéﬁ?ﬂh)fl cation using
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for the mutant Seguy nce? evceehsae o 0ect ein gt J.on of a
restriction %I?E OsThy ?’Cé‘% TR &) kn Wlﬂ%?hﬁ%us HEh B he Wi | dt ype
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i ndirect, igiifanadbes @ﬁchd@st %bmﬁig T EBN - Bide@NcREgcAROTARE RA60,1NOHRIR@r gene
which i s kr}gﬁ{% 5\1%48 ubstlﬁltes or other membrane disrupting detergents. Permeabilization
may also involve treatment with alcohols (ethanol or methanol). Initial fixation may
also be in ethanol. Combined fixation/permeabilization may also be performed using
25 commercially available kits, including DAKO-Intrastain™, Caltag’s Fix & Perm
reagents, Ortho Diagnostic’s Permeafix . If required, methods for the extraction of
DNA from fixed samples for genetic analysis are also known to those skilled in the art.
For example, US 20040126796 discloses a method for the extraction of DNA from
tissues and other samples, such as formalin-fixed tissue. The isolation of DNA from
30 fixed samples for use in PCR has also been described by Lehman and Kreipe (2001)
and Fitzgerald et al. (1993).

It will be appreciated by persons skilled in the art that numerous variations
35 and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly



to one or nore of the nutant positions. The probes and prinmers may be
fragments of DNA isolated fromnature or nay be synthetic. A non-denaturing
gel may bEouswdsssaidet ect differing | engths of fragnment #Cragzbtoiaagp7ir om
digestion with an appropriate restriction enzyne. The DNA is usually
anplified before digestion, for exanple using the polynerase chain reaction
(PCR) nethod and nodi fications thereofys Anplification of DNA may be
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PCR, in S|HHmp8n€§ony PCR, in siturolling circle anplification (RCA),
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met hods iSncl ude Ththerepeng aprlicetien elaimsarsiorionfromces 61414&A% filadt ITotpnuary
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FI SH uses fl uorescent probes which bind only to those parts of the
chronmosone with which they show a high degree of sequence simlarity. Such
tags nmay be directed to specific chronosones and specific chronpbsone
regions. The probe has to be | ong enough to hybridize specifically to its
target (and not to simlar sequences in the genone), but not too large to
i npede the hybridization process, and it should be tagged directly with
fl uorophores. This can be done in various ways, for exanple nick
transl ati on or PCR using tagged nucleotides. If signal anplification is
necessary to exceed the detection threshold of the m croscope (which
depends on many factors such as probe | abelling efficiency, the kind of
probe and the fluorescent dye), secondary fluorescent tagged anti bodi es or
streptavidin are bound to the tag nol ecules, thus anplifying the signal.
Fetal cells isolated using the nethods of the invention can al so be

anal ysed



usi ng the MassARRAY(r) and SEQureDx(tm procedures of Sequenom Technol ogy
(San Deigo, California, USA). Fetal cells obtained using a nethod of the
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wel | ) and anal ysed i ndependently. Preferably, each cell will not only be
screened for a trait(s) of interest, but screened to confirmdetect that
the cell in a particular well is a fetal cell. In this instance, multiplex
anal ysis can be performed as generally described by Findlay et al. (1996,

1998 and 2%1}EREN%¥§H hods of the invention may include the step of fixing

and pernea cells in the sanple. Such procedures are known to

those skilled in the art. For exanple, fixation may involve initial
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ref erence. di scussi o ,acts, materials, devices, articles
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25 Rodeck et al. (1995) Prenat Diagn. 15: 933-942.
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these matters formpart of the prior art base or were conmon gener al

know edge in the field relevant to the present invention as it existed
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froma pregamtd Radet@mine GRS bNBisertiofihdedBR@atiCI bosenmt dfaRidtithendavi ng a
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0 optimise the transcervical sampling site:

15 2. A sampling device according to claim 1, wherein said collection of biological
materials by said head includes adsorption of biological material onto the surface of

said head and/or absorption of biological material into said head.

3. A sampling device according to claim 1 or 2, wherein said measuring means
20 includes any one or a combination of a physical stop, a physical scale and/or an

ultrasound means for determining the in situ position of said head.

4. A sampling device according to any one of claims 1 to 3, wherein said sampling
head includes a compliant and substantially open cell sponge or sponge-like material

25 adapted to adsorb said biological material onto the surface thercof and/or absorb said
biological material into the open cell structure of said sponge.

5. A sampling device according to any one of claims 1 to 4, wherein said sampling
head is formed of hydrophilic material.

30
6. A sampling device according to any one of claims 1 to 5, wherein said sampling
head is provided in a pre-use state of compression so as to delay sample collection until
said head has expanded in situ so as to allow time to position said head at said optimal
sampling site.
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the external orifice (external os) of said patient's cervix and a second
end including a handl e neans for mani pul ating said tube; - a neasuring
means forwoebavesssding the position of said first end of Peaiad2010®00/ t hi n
said cervix, wherein said first end includes a sanpling head adapted to
col l ect biological material including cells, nucus and biol ogical fluids,
and wherein said neasuring neans is adgpted to determ ne the extent of
insertion and transcervical position of said first end to optim se the
transcervical s | ite. 2. A samplin evi.ce rdin claim1l
wher ein saic;fél1 co eg}p?}g%%‘flgeb?cg%hnlgctglr%% ngroﬁlﬁ aélg%éqg;()?a’\%ﬁrggld&l%nog}egdes
adsor pt i on gffagsi of|seigi semplingabesdiinphigpedowithe teapdraiy sows o spingdadllawd/ or
absor pti on @fectil ohd@nGallcdrrpitedf siihedSaicd pbgached SithA ssRAPhING devi ce
according to claiml or 2, wherein said neasuring neans includes any one or
a conbi nati on of a physical stop, a physical scale and/or an ultrasound
means ford det er i Hingng Hevieh aegordingptys¢lino, whereigi sgidheqyar ogcoafing anpl i ng
dev: cg accafigdbRgblt Ghe@ﬁb’aclj GMSQBr ﬁlk@bl}ilﬁe dpplied & th?’\ilﬁlﬁér%hffaé‘eéﬂf@ai& asl ainﬂlg_ Eead
i ncludes a conpliant and substantia en_cel l. sponge. or .sponge-|ike
mteri i addghey ¢ raalopReaE Hhidrish: BBR wEraraP e nBPlFRace
t her eof andyoditioripg of Widkdgivigebi ol ogi cal material into the open cell structure
of said sponge. 5. A sanpling device according to any one of clains 1 to 4,
wherein saifd sanpl.ing head is farnmed of. drophili.c material. 6. A sanpling
Govi o ataea narhind 88fe RebRING fljm ) YRR Mg IRE S (Bluneds o Shoby' 19
provi ded i rPuerpleevepdapted tatce-apfally ardielesoopispllisiscare sail igertaop tabkerapieaidol | ect i on
until said depEndBcdesspanéeshic hosthéht $Otvasn ofidd fe@¥etéd PHitid WRIBk4ilion said
head at saisgtmoprgilﬁl rso?rrpel ! a s S{I’?t %'n7f"n sAosz%{Ilpol ite?gl deevain % &% rygti e to any
one of cl aiEPA Iaf PRYGEA SR} e Coting: O ok Misr et 4 %an%Flﬁg fead is
shi el ded winohitign wethpad sanpplineierd axtendivaitfeon spidputeglesesect ed and control | ed
exposur g sof said head when positioned within said cervix. 8. A sanpling
dEVi ce aCCOerdi ng st[a(r)n ll’lai r]‘]1(:76’ acWhr rneitn c?aellrlnd%cql\é?qn OaI:I %oatrllga% Il’lSCI %eéjiaSS(ﬂ vabI e
cheni cal coating S Préndt e ﬁﬁgfﬁea 1O e ISTL F4IE §1OP 4RETH LYY head and
adapt ed t o fpptesfemvhiph eoapegtcs vatseidputasnlebyoin ssuthe epeitradlinsseivplof ngd si t es
during posiddeofinfgsa@f patiditd cetemi ce. 9. A sanpling device according to claim
7, wherein said cover or coating is an outer sleeve adapted to co-axially
and tel escopically receive said insertion tube and said

20 11. A sampling device according to claim 10, wherein said insertion tube includes a

second stop to control the extension of said sampling head from said outer sleeve.

12. A sampling device according to any one of claims 1 to 11, wherein said
sampling head is configured as a multifilamentous array of sponge or sponge-like
25 fingers.

13. A sampling device according to any one of claims 1 to 11, wherein said
sampling head is configured as an elongate cylinder.

30 14. A sampling device according to claim 12 or claim 13, wherein the sampling
head is adapted to adopt a radially expanded swollen state.

15. A sampling device according to any one of claims 1 to 15, wherein said optimal
sampling site is between the internal os and the external os of the patient.
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sanpling head for tel escopic novenent between a first retracted position
with said sanpling head protected within the confines of said outer sleeve
and a secwodosxsssided position with said sanpling head exrtaudirgoeort from
said outer sleeve. 10. A sanpling device according to claim9, wherein said
stop neans includes a first stop which cooperates with said outer sleeve to
set the extent of insertion of said sligeve into said patient's cervix. 11.
A sanpling device according to claim 10, wherein said insertion tube

i ncludes a second o.control the .exiensian of i || ng head from
sai d outer %r ee\ges.a%%?ggg %Vécérrﬁ%olr(%ag %e@?@efsgc‘:v cordi S%Iél %%gmgln%%l necof ¢laims 1
to 11, wherdsar tedhcdnteeighs ¢igheHmtients sergénf i gured as a nultifil amentous array
of sponge or sponge-like fingers. 13. A sanpling device according to any
one of cl ai 1,to 11 erein.sai ampl in i onfi gur an

el ongat e cyllnﬁ“s ndeAr ?anlpil?lg\z\&glﬁg aFlcor]rgmget\%/i %P %%cS?gfagnés t§ ogoclléti %}Hefglgof?i claim 13,
wher ei n heabspipiei mgerird afisdid hegd apludgs pereatedtbevacadp & 29P0awipmptedh swol | en
state. 15. A asad@d pdr@oskalcGRtvasE A0(Cindd 0b®mayhsone of clains 1 to 15,
wherein said optimal sanpling site is between the internal os and the
external os of the patient.16. A sanpling device according to claim15,

wher ei n saild- opt\i snlisg rhsyica geedrdiag jtg cigskEr wherdihdhg pewsriizg dess wft t he
patient's c@mitishtovkdrd (R R@TPhiREofRK e/prRAeALdi ng to any one of claims 2 to
16, whergin the 5 absorptive materi al OF sai d head includes pores sized

bet ween 10 to 2000 m crons with an average pore openi ng between 400 and
1000 mi crond: 18.samplagrgéviergacderdingeto stadoridi ¢1gl & ovhereai said yamphhbeasi s t he pore
si ze does n@atpedisobinthantht QA ok dacto Qldtule @S iReDf of the 3hifle 8aBPInerehiead. 10 19.
A sanpling C%Ievia%gtagg r irng to claim17 or 18, wherein said sanple head is
shaped such PRAEthe“SUrface area to volume ratio thereof is the sane as or
i ncreased conpared to a cylinder. 15 20. A sanpling device according to any
one of clsaigs 13 fanpliflg debies abddrEad o SayRhé 1Y diead 18 StoSHaRARrRs s@d hol | ow
cylinder. 21r.n ﬁ\nsliamggi ﬁ%’ ggvia 8128 1;lgirng to any one of clainms 1 to 20,
wher ei n sai'd garﬁ)ela gSS 5 ,Sprlooorw‘fyo Bl lect | ng said sanple, has a length
between 0.5 to 5 0 centinetres and an expanded vol une between 0.01 to 3

cubi c centigret r @ssampling device according to any one of claims 1 to 20, wherein said
sampling head, prior to collecting said sample, has a length between 0.5 to 5
20 centimetres and an expanded volume between 0.01 to 3 cubic centimetres.

22. A sampling device according to any one of claims 1 to 21, wherein said sample
head has a maximum predetermined collection quantity of biological material between
0.01 ml and 3 ml.

25
23. A sampling device according to any one of claims 1 to 22, wherein said
insertion tube includes markings along the length thereof to cooperate with said
measurement means and provide a quantitative measure of the extent of insertion and
the transcervical position of said sampling head.

30
24. A sampling device according to any one of claims 9 to 11, wherein said outer
sleeve includes markings along the length thereof to cooperate with said second stop
and provide a quantitative measure of the extent of insertion and the transcervical
position of said sampling head.
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22. A sanpling device according to any one of clains 1 to 21, wherein said
sanpl e head has a maxi num predeterm ned col |l ection quantity of bi ol ogical
mat eri al wot2ema8581101 ml and 3 m. 5 23. A sanpling deviPce/Adrewrodoaty t o any
one of clains 1 to 22, wherein said insertion tube includes markings al ong
the length thereof to cooperate with said neasurenent neans and provide a
guantitative neasure of the extent of ginsertion and the transcervical
position of said sanpling head. 30 24. A sanpling device according to any
one of clai u v al ong

t he | engt h %yfsler eo?m{) %Mc’{{'/1ce§cctordsl%tg aggggedofsc a I% FtO %Wlﬂgrgzl SIT% Onégg
quantitati v %@@@é@frseldofvantpﬁég drade Hcluges ?fh§l§1‘|ﬂ¥qu§¢| r@aﬁlablﬁ H@arquatﬁ%se%tvncal

posi tion oftragmig@heSiRiibh BBsaeathplisdRad withiaagl patightdevi ce according to any
one of clainms 1 to 24, wherein said elongate tube and/or said sanpling head
includes an ultrasound readable marker to assist in tracing the position of
sai d sanpl i¥g héawmpliehileviesaiceordiagite ary omsof daima AP i2Agwhsginseidgwécsr di ng to
any one of gdeaé MRluled fh WfasodhEFaildblSRbkeOlét KListSheRvRg CHJ4ERE ofRailll t r asound
readabl e naggppn,ngsgbms h a&e cing the position of said sanpling head
within said patient. A ? |ng device according to any one of clains 9
to 26, mhereln said insertion tube includes a resistance clutch adapted to
lock said tgles AoguncphﬂQV@matacwamg aac@my nctn@r dNPair®S Ib B QvHeRirb 4id

telesco o€ 1rr1rs%¥tleqrrrlet8£e 1nc§udes Iresm) glu% AL cfl '[Cocl%rlgi L9 ¢ élgsaocplca N %1{1 wher ei n
said clu ch I'nc &5 "5 rest fent“heans a Fo €% pah y upon

encounterln@oné@mymﬁmééesﬁ@wp@tkﬂ%@bﬁxm@ﬂég@msmc action. 29. A sanpling
devi ce according to any one of clainms 1 to 28, |nclud|ng an aspirating

means. 30. sa i ce according z asplratlng
means i ncl udes gpsmn mﬁ]ﬁ@ﬁ%ﬁ%fm'mgngaggnlg W’mgm‘ Wp L&ﬁewcg eaccordlng

to cl ai m 30¢siligng mepis aslaptad tmwran%taé@weup(m w0m<rrtngdﬁ81%mcq apd pck saiflng neans
adapt ed Boiﬁkﬁﬁﬁﬁaamﬁald vacuumto said sanpling head. 32. A sanpling
devi ce according to any one of claims 1 to 31, including a sanple

29. A sampling device according to any one of claims 1 to 28, including an

aspirating means.

20 30. A sampling device according to claim 29, wherein said aspirating means

includes a vacuum generating means.

31. A sampling device according to claim 30, wherein said outer sleeve forms part

of said aspirating means adapted to transfer said vacuum to said sampling head.

25
32. A sampling device according to any one of claims 1 to 31, including a sample
storage and/or transport means.
33. A sampling device according to claim 32, including a fetal cell testing means.

30

34. A device according to any one of claims 1 to 33, wherein said sampling head is
adapted for removal from said device and integration with a transport container or the
like such that said integrated transport device maintains the sterility and integrity of
said sample.
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storage and/or transport neans. 33. A sanpling device according to claim
32, including a fetal cell testing neans. 34. A device according to any one
of cl ai rew0 20w/@B3841wherei n sai d sanpling head i s adapt e#CTaU20®m00El fr om
said device and integration with a transport container or the |like such
that said integrated transport device nmaintains the sterility and integrity
of said sanple.35. A nethod of sanpling biological material froma patient
conprising the steps of: - introducing a sanpling device into said patient;
- inserting.@a s lLin .. nt he.interier as region of. i d tient's
cervix: - Okl g BeBRBrDERDIPE P e AL B Sl B Bl B

wi t hdr awi ngPfsai d sanpling head fromsaid patient and harvesting col | ected
bi ol ?)_gi calOI nat eri ahtrodding Asﬁmliﬂgde@@&iafocbhm@faﬁ@lt;c! ai m135, ﬁlher si nAsai dh |
sanpling adevice Is_ln. r gan n cl.al t a3 - A metho
nccording to of ai MTBrEESaRAMEEA g R o PLBUIBL Mt iCervi cal

| ength of sai d pattikéiga biplegisplispiple Swngsaglapicder ¢siegieior dance with sai d
determ nation at afithdRdlind 8l saMphihg BEadOBorh 8GL Pati@R ab@hslv@ahg eslleceer Vi X;

| eavi ng sai d sanphﬁ& igﬁagwh%>said patient until said sanple is collected;
removi ng said device ndnharvesting col |l ected biological material. 38. A
nmet hod according to claim 36, conprising the steps of: - neasuring the

cervical caml hanghdi tordmigdo PRin 8NtwhereitdidShipNge iheccMeasitcaamit neans of
sai d devj.ce &olpo§i ionlé%i sanpling head at or near the interior os
with 0 60 s 11034

. lfO ] clai A, . ; . Lo : .
regi on of sard at rént® s cervix; - inserting said device; - |eaving said
sanpling head in said patient until said sanple is collected; - renoving
sai d devi ces7and Ahadth@sdcbiging @ ¢1giat B chhssaitkddiepierial . 39. A nethod of
sanpl i ng biolog[chngahﬁguﬁ cﬂ%qgﬁ%g%%ﬁ'ﬁﬂtm%%- rising the steps of: -
measuring the cerylcéf‘c na ieﬁgt% 0 Sal_ parient; - adjusting the first
stop and second- stipyrigre widkdarisic ingegsdane® with caid dictegminati¢n 2fi ghear the positi on
sai d sanpl i ng headn@tioQss rB@&d oftsBR palid EérGik; 0S regi on of

- leaving said sampling head in said patient until said sample is collected;

- removing said device and harvesting collected biological material.

38. A method according to claim 36, comprising the steps of:
20 - measuring the cervical canal length of said patient;
- adjusting the measurement means of said device to position said sampling
head at or near the interior os region of said patient's cervix;
- inserting said device;
- leaving said sampling head in said patient until said sample is collected;
25 - removing said device and harvesting collected biological material.

39. A method of sampling biological material from a patient comprising the steps
of:
- measuring the cervical canal length of said patient;

30 — adjusting the first stop and second stop of a sampling device according to
claim 11 to position said sampling head at or near the interior os region of
said patient where said sampling head is extended out of said outer sleeve;

- inserting said device to position said first stop at said patient's external os;
- extending said insertion tube to said second stop thereby moving said

35 sampling head out of said outer sleeve to said interior os region;



said patient where said sanpling head is extended out of said outer sleeve;
- inserting said device to position said first stop at said patient's

ext ernal wWe;20t0/08%84¢ndi ng said insertion tube to said seecmARVIWOOGTEr eby
novi ng said sanpling head out of said outer sleeve to said interior os
region; - leaving said sanpling head in said extended position until said
sanple is collected; - renoving said dgvice and harvesting coll ected

bi ol ogi cal materi al . 40 A met hod of sanpling biological nmaterial froma

patient conprisin ea rV| I |l €ngt h of
Eaid patient; - ?adls T R e R N R Tt o
devi ce accordlng el %ﬁ@bﬁ\ll to position said sanpllng head at or near the
interior os regione@bvisadadi @alck efd harieiinSailldetsdbiplobidd teatli s retract ed
into said outer sleeve; - inserting said device to position said first stop
at the patient's external os; - retracting said outer sleeve relative to
sai d sampl i4g héa@mhﬁip%wmnﬁp&baﬂ%%wbH@ﬁ@ab%@n@n@ﬁmﬁﬂomanﬂn&ﬁwpmmMg head so
as to exposs: said sanpllng head for collection only at said interior os
region; - leaving Se%'surm gg)c &lcana nhstasmdtﬂ% gﬂttl on until said sanple is
e

col l ected; - renoving Vice HAPVES ng tol | ected bi ol ogi cal
material . 41. A- n@ﬂﬂ@wga@@@mls?‘i)@ qné sacmnd@wé e @mpiing dgdce gscadingter ei n sai d
bi ol ogi cal materi Q‘lanhsllftSTpaéltl@rﬁéalichanfbﬁng 'ﬁeemﬁett Rededrake aRBby 84 RGiochhE genotype
of a fet %l cell ats 1% atle ? he sal L&l Fr?th ad 1sr trac&eﬁoqo%gﬁgﬁﬂeryl&gel ) obtaining
fetal célls usi ng iy Wbdlaccorg ﬁﬁf% cf 41 anal ysing the
genotype of at Feawertimgeaif dewge @@Pﬁltlmsa& ﬂlrétc,sw %fhelpﬁ‘tl‘élﬁ%@tternai@s A met hod

according to clai mthting e Mdérrsgae{fealremww saﬁ,sallﬁyMg @aaml@mah}aﬁﬁﬂ
procedur es, and/ Ol A58 %.)t{ofn:,a,]g g samPﬁgel% Eg?%ge? Fxpoge sald Famspgigagfhgad f’;lCCOI‘ di ng

to claima42 or clai ana a genetic
abnornmal ity I|nke@OH%anQMEéaﬁélyﬁa@émrﬁﬁmpred|sp05|t|on thereto. 45. A

met hod ofs det er mi néaﬂglgtshna smufgfhead malu@osm&eumgmghmebmc&g i)
obtaining fetal cells.us 1, and ii)

anal ysi ng at | east BRAY FﬂpvwEFEE%IV% gﬁ?%gf@ﬂ@ggé&n% '‘he fetus. 46. A
met hod of determining the father of a fetus, the method conprisingi)
obt ai ni ng fat al AcRkihsd Usdornd RE aELROCS BRERY 84 Y 40 Gyvikadh Raid biological

material is fetal cells.

20
42. A method for analysing the genotype of a fetal cell at a locus of interest, the
method comprising
1) obtaining fetal cells using the method according to claim 41, and
i1) analysing the genotype of at least one fetal cell at a locus of interest.
25

43. A method according to claim 42, including karyotyping, hybridization based
procedures, and/or amplification based procedures.

44. A method according to claim 42 or claim 43, wherein the fetal cell is analysed
30 for a genetic abnormality linked to a disease state, or predisposition thereto.

45. A method of determining the sex of a fetus, the method comprising
1) obtaining fetal cells using the method according to claim 41, and
i1) analysing at least one fetal cell to determine the sex of the fetus.
35
46. A method of determining the father of a fetus, the method comprising



ii) determning the genotype of the candidate father at one or nore |oci,
iii) determning the genotype of the fetus at one or nore of said |oci, and
i V) conpawOnrglodsss4genot ypes of ii) and iii) to determ neCrha2progoadil ity
that the candidate father is the biological father of the fetus. 47. A

met hod for the diagnosis, prognosis, and/or prediction of therapeutic
outcone of a cervical cancer, the nethad conprising obtaining biological
material fromthe cervix of a patient usi ng the device according to any one

of clains 1 to bmﬁp @Q?ﬁgﬁumgg gwgﬁaagghﬁg mnﬁl 1aI for cervica

cancer cells or S|n a sanpling device
according to any @ﬂﬁ@m@ﬂng;qhggwtwe obthg gandidate father at one or more loci,

ii1) determining the genotype of the fetus at one or more of said loci, and
iv) comparing the genotypes of ii) and iii) to determine the probability that the
5 candidate father is the biological father of the fetus.

47. A method for the diagnosis, prognosis, and/or prediction of therapeutic outcome

of a cervical cancer, the method comprising obtaining biological material from the

cervix of a patient using the device according to any one of claims 1 to 34, and
10 analysing the biological material for cervical cancer cells or a marker thereof.

48. A kit comprising a sampling device according to any one of claims 1 to 34.



