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PRENATAL Y5 A | C METHODS The present invention relates to

di agnostic nmethods, in particular to nmet hods of prenatal diagnosis and

to reagents for use in such nethods. 51 Prenatal diagnosis is carried

out widely in hospitals throughout the world. Exi sting procedures such
.as fetal, hepatic or chori onFRENHTEhSIAGNSSTICiIMRIHOBS S of chronosonal

di sorders including Dowmn's syndrone, as well as single gene defects

i ncluding cystic fibrosis are very invasive and carry a not 10

I nconsi derabl.e risk to_the.foet a . LT . .
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can det ect wn's sy érorre, carries a mscarriage risk estimated at 1% 15
Fetal therapy is in its very early stages and the possibility of very early

tests for a wide range of disorders woul d undoubtedly greatly increase the
pace of resdrenttal diagnosisds carriaduewtewidedy imbospitads Huiougbehgweerldave

' d, making fetal f jC. . i k i na 20
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detection c ace earTy”enough. , relatively
non-i nvagi venosididetabdf rigk eoahalfoetuagndsd smatlerisknto the mmtheract i ve

alternative to the very invasive existing procedures. A nethod based
on mat ernal venepuncture should nake earlier diagnosis nore wi del y
available in the first trinmester, increasing opfipns to parents d
Amniocentesis, for example, involves a %eeglte gemg hsBAed nto The
womb to collect cells from the embryonic tissue or fluid. The test, which
can detect Down’s syndrome, carries a miscarriage risk estimated at 1%.
15
Fetal therapy is in its very early stages and the possibility of very early
tests for a wide range of disorders would undoubtedly greatly increase the
pace of research in this area. Current fetal surgical techniques have
improved, making fetal surgery for some genetic problems like spina
20 bifida and cleft palate very feasible. In addition, relatively simple
effective fetal treatment is currently available for other disorders for
example 21-hydroxylase (treatment with dexamethasone) and
holocarboxylase synthetase (treatment with biotin) deficiencies, as long as
detection can take place early enough.
25
Thus, relatively non-invasive methods of prenatal diagnosis are an
attractive alternative to the very invasive existing procedures. A method
based on maternal venepuncture should make earlier diagnosis more

widely available in the first trimester, increasing options to parents and y

30  obstetricians (because genetic disorders could be detected earlier and more



30 obstetricians (because genetic disorders could be detected earlier and
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PCT/ GBOSWIDHH@E740 safely), and allowi ng the eventual BSV&BB%?P%? of
specific fetal therapy. The possibility of recovering fetal cells
fromthe maternal circulation has excited general interest as a

possi bl e neans, non-invasive to the fetus, of 5 diagnosing fetal anomalies
(Si npson & El¢ ; ) : 307 Initial
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separation of those cells by flow cytonetry has been unreliable as

mat er nal Iyqphocyt es appear to absorb proteins rel eased by

t r ophobl ast rlhecpessdiliyuef fenovering|fel oeldy fuommthe nedsnal orceleoondmsone et 10
al (1984) Lancet 13 Cctober edition,.tﬁ41- 843). Mre recen%ly attention
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descri bed 1 le1n anmdle fetus wmth Y centronere probes to identify fetal

cells or detevmiohi syisems b sebardiomeasti those EI pefloeneasmiehry 168 iepal (1991)
Am J. Qobstet. Gynecol. 165, 1731-1735; Zheng et al (1993) J. Med.
Genet . 30, unreligtds as m@srnalidyepaceyteslappagae)abisony ptaiauts. retepsed by- 432;
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Se6-aronD” ol (1984 f @S BuBE HARE Narthad). MOARTLCEMD. SRon SO0,
that the as ThEE LAV th DA AP EnPOORERRIdRSS i&ﬂéﬁé”f‘étagrt%@d Bell$fdy esent in

human 25 enbryonic and fetal red bl ood cells. azouki et al (1996)
Act a hi st ochgmogdnédnandi§sis2Padicuiirlye mickedted i féeaht efywhrocytesf et atheitucl eat ed

red bl ood cells using conbi ned i nmunocytochem stry using a human fetal
haenogl obi n mmeberadskcend thase of etad lywphoeytesin ghe maateoerl circulation.
Identification of fetal red blood cells in maternal blood has been described
15 ie in a male fetus with Y centromere probes to identify fetal cells or
amplification of Y-specific DNA sequences (Price er al (1991) Am. J.
Obstet. Gynecol. 165, 1731-1735; Zheng et al (1993) J. Med. Genet. 30,
1051-1056; Hamada et al (1993) Hum. Genet. 91, 427-432; Cheung et al
(1996) Nature Genetics 14, 264-268; and Williamson (1996) Nature
20  Genetics 14, 239-249) or karyotype identification in trisomic conditions

(for example, see Bianchi er al (1992) Hum. Genet. 90, 368-370).

lume er al (1995) Early Human Development 42, 85-95 shows that the
microsomal glucose-6-phosphatase enzyme protein is present in human

25 embfyonic and fetal red blood cells.

Pazouki ef al (1996) Acta histochem. (Jena) 98, 29-37 attempts to identify
fetal nucleated red blood cells using combined immunocytochemistry using
a human fetal haemoglobin antibody and an in situ hybridisation method

30 using X and Y chromosome probes.



30 wusing X and Y chronosone probes. WO 98/ 40746
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(1996) Bl ood 87, 762-770 describes a study of the expression of
endoplasm c reticulumproteins in humaﬁ enbryonic and fetal red bl ood
precur sors. 5 Wachtel et al (1991) Human Reproduction 6, 1466-1469

mat féihgfsc; wiB s a8 Blog YL ok ord akatlioess pigataRE BAPRERE or |
D agnost s 12" THIPR3ENG Bedtuin ABIREH mpad fmryYBRE i Spakred oo £ ©

mat er nal ci rp;—g&lﬁtsbfm by enzymatic anpli f | cation of a singl e copy gene
that was fetal specific. Hol zgreve et al (1992) J. Reprod. Med. 37,
410418 shows that the 15 transferri n recept or antigen alone is not

sufficient for enrichnent of nucl eat ed er throc%)@es and points

out that 5t heVaehiebauel Gia9i1 ﬁw RéPr%CWPﬂﬁ 1466-146% descr ﬁﬁh%}u& are
till | t d t thel f k
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CD32 to deplgitdodgucocytes from maternal bl ood The paper points out
that significant maternal contam nation was present even after MACS 25
enrichment preventing the accurate analysis of fetal cells by interphase
fluorescence in situ hybridisation (FIS

10 Yeoh et al (1991) Prenatal Diagnosis 11, 117-123 describes the detection

of fetal cells in the maternal circulation by enzymatic amplification of a

single copy gene that was fetal specific.

Holzgreve er al (1992) J. Reprod. Med. 37, 410-418 shows that the
15  transferrin receptor antigen alone is not sufficient for enrichment of fetal
nucleated erythrocytes and points out that the reproducibility and reliability
of the techniques are still limited, mainly due to the lack of very specific

cell markers.

20 Zheng er al (1993) J. Med. Genet. 30, 1051-1056 describes the use of a
magnetic activated cell sorter (MACS) to enrich fetal nucleated
erythrocytes using mouse monoclonal antibodies specific for CD45 and
CD32 to deplete leucocytes from maternal blood. The paper points out
that significant maternal contamination was present even after MACS

25  enrichment preventing the accurate analysis of fetal cells by interphase

fluorescence in situ hybridisation (FISH).

Tomoda (1964) Nature 202, 910-911 describes the demonstration of fetal
erythrocytes by immunofluorescent staining. .

30



Tonpda (1964) Nature 202, 910-911 descri bes the denonstration of fetal

eryt hroc | mmunof | uorescent staining. 30 WO 98/
oCT] CaoalShRudas S reiEHongess

exi sts a need for inproved nethods for identifying fetal cells in

mat ernal blood in order to carry out péenatal diagnosis. Ve
attenpted to isolate enbryonic and fetal nucleated red blood cell from 5
mat er nal bl ‘Dherenexistst beneedt fabl ingiroded methodsrdan eddrifgigt feisl s&ideh
sequentially anti-CD45 and anti-CD18 anti bodies to renove white bl ood

cel s and tRarrask blaog7m ¢rdesie fcarmyi entrpreaptabdjagnesisbodi es to enrich fetal
nucl eated red bl ood cells. W were very di sappointed to di scover that

i mmuno- magnetic sorting, with the anti-CD71 antibody, did not purify 10
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the vast majority of adult red blood cells are norhocytic nor:

nucl eat ed. sefuentially mntinGPdGuaEmt amdGIR2 1 iaatbbdiesno nehickeopheibidsd, we
found that CD71 interactions wth negal obl asts were very weak
presumabl y sl 28 thep epe-CD71 (gavsfepun irecepion antifodéestoyenriich fethl s wi t h

this antibody.. Thi,s i,s er maj or prohlemin the current use of

nat er nal bllb% egt5 rggr"@)gicféﬁosiv%? “flﬁe ‘\%ﬂfﬁ%@m PHHECAVEE thak| eat ed
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nucleated.

15
In subsequent conventional immunohistochemistry, we found that CD71
interactions with megaloblasts were very weak presumably explaining the
poor purification of embryonic cells with this antibody. This is a very
major problem in the current use of maternal blood for early diagnosis.

20 We have shown that the nucleated megaloblastic series predominates in
early development compared to nucleated normoblasts. This means that
using the conventional antibodies ie anti-CD71, it is very difficult to
obtain pure nucleated haemopoeitic cells arising from the early conceptus.
Amti-CD71 does not immunoreact with the majority of these early cells

25 making this technique possible in specialised research labs with specialist

staff and equipment, but not practical in routine service laboratories.

The use of anti-CD71 is described in Cheung et al (1996) Nature Genetics
14, 264-268 and is reviewed by Williamson (1996) Nature Genetics 14, i

30 239-240. Having to look at thousands of cells to find a few fetal ones on
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PCT/ GBo8Mfd8¥E746 - 5 FTCSlides is a
problemw th this approach, as is the fact that anti-CDr71l ant i bodi es
are not selective enough for fetal cell8 and do not react with

enbryoni c cells. 5 An object of the present invention is the provision
of inproved gddiotisa problémr widietis fapprgadiet ad isehesfach thandniigGD&li ng t hem
from maternal blood. In particular, an object of the invention is the
provi si on of amtihadies arg not selerdenenpyghdonrdatal sllatandgde Mt yertcWih early
fetal red bl oo% cells, and anal ysing the cells for fetal

abnor mal i t | e€MbIYENIC Cellf. £ st aspect of the invention provides a method of
i dentifying enbryonic or fetal red blood cells in a sanple containing
mat er nal bl ood cells and enbryonic or fetal red blood cells or both,

the method c HPObRENE the pré{helVentiBf ithe preeiston0bf aabt@vedomiettidisor
express an adult “liver 15" conponent. A second aspect of the

i nvention pr 6w idestifvingtfbadl cells irs gt isolptimghthgomfrom, matesnalfidoad. rlad bl ood
cells froma sanpl e containing nmaternal blood cells and enmbryoni c or
fetal red bl partiaan, samrotjesthof tthe imEenden dsnibei BIaidsien of duethpdn Pt he

cells which contain or express an adult liver.c nent,. |t .has not
previously b t&)”fﬂgoé’é ISRAHNg AIRYIHRRC OF €Ay 3%)1&1’83 Digaf sellsy and T oy
bl ood cells f UNCHi 0N ' iaL€lls while circulating in the
bl oodst ream %B%SH& {he %&){}?fggffsﬁfi;éhgogxmﬁo l%sc'cont ai ning maternal bl ood cells

and enbrygnic or fetal red blood cells or both is a sanple of blood
froma pregnant female.

A first aspect of the invention provides a method of identifying embryonic
or fetal red blood cells in a sample containing maternal blood cells and
embryonic or fetal red blood cells or both, the method comprising
determining which cell or cells contain or express an adult liver

15 component.

A second aspect of the invention provides a method of isolating embryonic
or fetal red blood cells from a sample containing maternal blood cells and
embryonic or fetal red blood cells or both, the method comprising

20 isolating the cells which contain or express an adult liver component.

It has not previously been proposed that embryonic or early fetal nucleated
red blood cells are functioning as adult liver cells while circulating in the

bloodstream.

Suitably, the sample containing maternal blood cells and embryonic or

fetal red blood cells or both is a sample of blood from a pregnant female.

Preferably the fetal red blood cell is an early fetal red blood cell.
30



Preferably the fetal red blood cell is an early fetal red blood cell. 30
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pregnant femal e nay be any manmal and in particular a mamral of

commercial or agricultural inportance of a donesticated manmal .

Suitably, the manmal is a horse, cow, sheep, pig, goat, dog, cat or the

like. The baghg ééﬁﬁft%ﬂfalé‘ﬁﬁ%@éﬂ%&%mgﬁ ﬁpﬂﬁﬁicu'lz&éﬂ%rﬁﬂﬁf yp and S5
fetus is the sare Tor al Preterably the pregnant fenmale is

human. cominpeacial cot aagrémhlamalagmpottahbe @r eseiomesticandd agnaimsndlhat t he
nmet hods 10 |dent|fy and can _be used to isolate, enbryonic and early fetal
red bl ood  Suitglly) sheyimagameh iy ? horsgyec ¥, @@ﬁpa@rgmgoarm@p, icat P§ tb@ eferred

if the mat bl ood t ak th tf t
car |y stage BRS: The biCRANEH O Faerspso RSR grVelopReshin A chaR 8701 o 1 ¢ i s

pr ef erregjjnl ffétﬂ 1s the sﬁﬁg‘?&eallsmﬁﬁ.ﬁan?.' n the fi rst trimester. 15 I n

gener al e ear | N pregnancy, et’her for potential fetal therapy or
t he option of term nation, the better (ideally | ess than 10 weeks
gestation). A further practical reason is that the neans of

term nati on Pteferatgpaheypregnantifemabcisiivmainy easi er at earlier gestations
and with | ess physical and 20 psychol ogi cal side-effects. There is no
upper limt for intrauterine di agnosi s of fetal anonmalies and even

| ate in preg be benefici utero.or the

I mredi at e ne%f)ln t‘é@%ﬁ) a?%eoﬁf rbgngregf:nt 1nvenion) é%t‘@lﬁt iéﬂ%r% é and
fetal cehhs eloRiAYy, ’ﬁ. hﬁaéeeésédh@t bige p&ﬁﬁ@h@gsn@fean fetétrt%aemggh' sin

t he errbryo/fetus n the |rst tri r than | ater 1n
pregnancy. Howgy et antdaelyt Sthpe off eledlatibh00Thid)| it préfer@dsEshwirhdregiegt at i on
blood sample is taken from the pregnant female at an early stage of
pregnancy. In the case of a pregnant human female it is preferred if the
sample is taken in the first trimester.
15
In general the earlier in pregnancy, whether for potential fetal therapy or
the option of termination, the better (ideally less than 10 weeks gestation).
A further practical reason is that the means of termination of pregnancy
is technically easier at earlier gestations and with less physical and
20  psychological side-effects. There is no upper limit for intrauterine
diagnosis of fetal anomalies and even late in pregnancy treatment may still
be beneficial in utero or the immediate newborn period. The ontogeny of
nucleated embryonic and fetal cells clearly indicates that the percentage of
those cells in the embryo/fetus is higher in the first trimester than later in

25 pregnancy. However, the total fetal blood volume increases with gestation

and proportionally fetal to maternal transfusion volumes may be greater.

The detailed structure of the developing human conceptus, sufficient for
accurate dating in days, has only been described in detail up to 56 day

30  post-ovulatory days and the descriptive term, embryo, will be used as the



and proportionally fetal to maternal transfusion volunmes may be greater.
The det aué?gs@t,wct_ure of the devel opi ng human concept us, pPOI/GEBEVBAI6 f Or
accurate dating in days, has only been described in detail up to 56 day 30
post-ovul atory days and the descri ptive7term enbryo, will be used as the
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i e O Chy o et B dYSloPORRAS ASiNEIRRAF D O kA A Nalesn 637,
Yo : | ! . _ i

Fetus. i 11 GEe(LeRerHPPbhIc siacler oRaKER P ABetu: HREER, oot s
to term( > WhshRiERb®! e@ax\%gi@hﬁk‘?ﬁ&t@?d')iOWashYﬂg{EBnﬂeWeoﬁ’é@%E?gve%?m(,t o the

nearest week) an €stimate sed on size, i1ncluding crown- , Crown-

runp and heefetiinewilbds ursed ot shanemtindet bf duntdre iffxdueeriné dewsiopshems
of the Human Body in the Fetal Period, Mnneapolis: University of
M nnesot & Prtesteymnien3 oeatplpiedt wesksagastation) avadilirdeveiepmentel age Ggrihacy. 10

The nmethods of the invention are particularl uited to identify, and can
e used Lo | SATSHCHCEhDADRIEAIRAAPEE D Pt IROBUNECPIOS e SThEY cat od

megal obl ast ixr% P N é‘ﬁﬁ&%@éﬁ&e gpé(ia ?%rhyagﬁgé %ﬁ%@??ié@ﬂ%@nﬁd to

nucl eat ed no [Fast’s”. wever, n nor no 5

i sol ated or } i b h i S URK 09 Ini ; rtion
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nor phol ogy oMiafibsote Pressankysthed] Aistoey ahdhilaasoutids datimgy bf peegrmmicg! | v
fromenbryonic/fetal nornoblasts and the small nunber of maternal
nor nobl ast s which could be present in the circulation. Mternal 20

515 and . f o BEQNBBOLE LG PRI B PRRIRAY sl Bhidaretly) i cen |
e 001 o5t o1 B BrRHE AL EECH Lo LB
cell's and enpfspanitiagiic deiedlwihieH predominate in early development compared to
nucleated normoblasts. However, nucleated normoblasts may also be
15 isolated or identified by the method with equal advantage. The proportion
of megaloblasts are higher at earlier stages of pregnancy. The
morphology of embryonic/early fetal megaloblast differs fundamentally
from embryonic/fetal normoblasts and the small number of maternal
normoblasts which could be present in the circulation. Maternal
20 megaloblasts and megalocytes are extremely rare but do occur in vitamin
B12 and a folate deficiency. For these reasons embryonic/early fetal
megaloblasts are preferred but embryonic/early fetal normoblasts would

also be capable of being used.

25  The'sample containing maternal blood cells and embryonic or fetal red
blood cells or both may be a sample from which has been removed certain
maternal blood cells. For example, adult white blood cells can be
removed from maternal blood using sequentially anti-CD45 and anti-CD18
antibodies although with a relatively poor efficiency. Enrichment of .

30 samples may be achieved by density centrifugation (eg Ficoll gradients)



bl ood cells or both may be a sanple from which has been renoved certain
mat ernal bl ood cells. For exanple, adult white bl ood cell

renoved MOWA¥%r nal bl ood using sequentially anti-CD45 gﬁgﬂ:'rabr??/iﬁgﬁéb 18
anti bodi es although with a relatively poor efficiency. Enrichnment of 30
sanpl es may be achi eved by density cen®rifugation (eg Ficoll gradients)
WD 98/ 40746

PCT/ GB98/ 0066 will not separate adult and fetal nucleated cells. 8 but will not
separate adult and fetal nucleated cells. The sanple may be a sanple
whi ch has been enriched for fetal cells. For exanple, it could be a
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or nol ecul ar biol ogi cal "anal ysis or the or éexanple, the sanple nmay

be a bl ood LH4pPE80Or a sanple of a fraction of blood (such as one that has
been enriched for fetal cells/depleted of maternal cells) which has been
prepared for immunocytochem cal analysis or for fluorescence in situ 15

ol Paer ** " Fhesample. GRgicTilu WheRgt reds AMCI ISR SnPE el Agon o or
fetal d | . ' | I Lhel udi
Frutd) i croZ IR dnvelor YA Bt O Rt b8 Bc DR s 0610 8
froma patiefdated in oMibNtd'asdE kel heniBlioRidag, bidehemedalf Ristdchehaes:

By "adult |iver conponent” we nean a conponent of an adult liver cell
whi ch is presanblernidrybiekpicl ahalgsisidrithe hikeaddrtexainpde, thedample nfayi s f ound
be a blood sample or a sample of a fraction of blood (such as one that has
been enriched for fetal cells/depleted of maternal cells) which has been
prepared for immunocytochemical analysis or for fluorescence in situ
15 hybridisation (FISH) analysis or merely has been spread on a microscope

slide.

The sample containing maternal blood cells and embryonic or fetal red
blood cells or both may be any suitable sample (including a fluid) which
20  contains such cells. For example, the sample may be urine from a patient

with haematuria, amniotic fluid or fetal blood.

By “adult liver component” we mean a component of an adult liver cell
which is predominantly associated with the adult liver and, if it is found
25 at all in other tissues of the adult, it is either found at low levels in that
other tissue compared to the liver or that the mass of the other tissue in
which the said component is found, compared to the mass of the liver, is
low so that the total amount of the adult liver component is higher in the
whole liver compared to the total amount in the whole other tissue. When )

30  the adult liver component is found at low levels in that other tissue it is at



25 at all in other tissues of the adult, it is either found at |low | evels
in that 8/“_()cn“{'ner ti ssue conpared to the liver or that tWeT/GB3800656 t he
other ti S " which the said conponent is found, conpared to the
mass of the liver, is | ow so that fhe total anmpbunt of the adult |iver
conponent is higher in thé whol e [ fver conpared to the total anount in
the whole other tissue. Wien 30 the adult liver conponent is found at |ow
| evel s i n t Haastotthéoldtliighereln thejlivert preferablmtggasgdﬂﬁ)@fold higher in the :
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10-fol d_hi ghidYer gomppargd o that,other tissis, Vhepthe adgly. lﬁ%?rdCWBﬂg?ﬁllﬁ t he
LB\J% afogparﬁfq tzﬁe 1}ﬁfar%0§1ﬁ b tﬁ@”l?vervy}xe{}%rep‘% s&aed tinhi Eﬂﬁg ; Ctgﬁﬁert%@t i's

i'ver 1n o |ssues er tissue
has 1/°10y gy Bi"ﬁlér?ﬁss%f maemérv%orér@r@fe%tﬁfzer/abl Of tHe2mnagh dfh@emass of
the 5 liver. Whi T e the kidney has nany functions not related to
liver, its caiva@l.so carry out, to a |l esser extent, sone liver functions
such as gl uconeogenesi s. It is particularly preferred if, in the above
definition of adult |iver conmponent, the "other tissue" is not kidney.

G ucose. b- thﬁyfrdﬁiiégpgrgrg R fapsRofl sOhbRef et RRR G s
phosphat ase {mg{ et'ng ?&s%%ﬁeﬁp%%g er HONGY s s@hu&ogﬁcgngw tage 15

levels inis are on a sna proportion s in

pancreas) g ;S%ﬁ*ﬂcr'i’lﬁv\lgls prefthred® i inl (BE - atsdv® | dufinitiofSL O 2adwdt alivexdul t
|l i ver conponent ichis expressed inislet cells. Both are considered

to be preslontompohynt, the “Iorthmfrtlsmet’esnmtllmdmdfye sense that the total nass of
islets in the human body is mnute conpared to the total mass of

liver. The |evel of adult Iiver 20 conponent is neasured per unit cell

fraction or per unit cell  or
or example, glacose- —p'flosphatase 1Is' A0 '%dult liver component.

Glucose-6-phosphatase levels in liver are much higher than glucose-6-
phosphatase levels in total pancreas. However, glucose-6-phosphatase
15 levels in islet cells (which are only a small proportion of cells in pancreas)
can be as high as in liver. Similarly, GLUT2 is an adult liver component
which is expressed in islet cells. Both are considered to be predominantly
liver proteins in the sense that the total mass of islets in the human body
is minute compared to the total mass of liver. The level of adult liver

20 component is measured per unit cell fraction or per unit cell or per unit

tissue.

The adult liver component is, therefore, typically, adult liver selective or

adult liver specific.

The adult liver component may be any suitable such component and may
include protein, RNA, carbohydrate entities and metabolites provided that
these are predominantly associated with the adult liver and, if it is found
at all in other tissues of the adult, it is either found at low levels in that .

30  other tissue compared to the liver or that the mass of the other tissue in



The adult |iver conmponent is, therefore, typically, adult liver selective

or adult |iver specific. 25 The adult |iver copperankos@y be any
sui t abl e nponent and may i ncl ude protein, RNA  carbohydrate
entities and netabolites provided that t hese are predom nantly
associated with the adult liver and, i#0it is found at all in other

tissues of the adult, it is either found at low levels in that 30 other
ti ssue conparladhitee componertisdountgompacedrisheonashel detvertisdewssa n

4074 . .o .
\Ié\gwgg?)gg / 08633@ the total amount of the adult liver component is higher; i the whgle h t he

component | Sived B BOER0 i thal BBt e bR BRF dpkow so - that the

total anount” o I ver conmponent 1 in the whol e liver
conpared to the total amount in the whole other tissue. 5 The enbryonic
or fetal cells may be identified or isolated according to the met hods
of the ipverBtlioembyydiie oddetatteldnmak, beadehtiifield by idodatedfacooriing to the nore
adult liver components as defined. - It is particularly preferred if
the adul t | imethogdsmiolentnvestian st tha datertion @i, ABskinditg ton phtodenal cel | s

of the maternal blaod. Preferably, c ared to enbryonic or fetal red
bl ood cel | s Ok gc,lllﬁgﬁwggppglp@pe{lﬁea%é%q@ bl ood contain less than 1

% of the adult l|iver conponent on a per.cell basis; nore preferably
they contain less than 0. 1 %on a per cell basis. 15 It is possible,
when the | iveris hastibsafyasteferryd dénaeedubylivémdomponent $s substa@ialB} unps
could be dissemnated in the bloodstream Thus, it is preferred I f the

sanpl e i1 nabsansfropt masérdal celds bf dhe matempal bladdos Eréfevably haomipared
damaged so as to release liver cells into the blgod. It is also_ preferred

that the sariplenbryomt ohfgfalredehload eslls. matarnalsallsiafdhamaternal bloodel 1s. 20
Li d iS . d I it i f ti | i f ti
Cests, og aicamna Bes abth 4 PR dll 1Rt hnstashfid Breragel] vaife ©"

more preferably they contain less than 0.1% on a per cell basis.

15 It is possible, when the liver has been acutely damaged by trauma, cells
or clumps could be disseminated in the bloodstream. Thus, it is preferred
if the sample is not 2 sample of blood from a female whose liver has been
damaged so as to release liver cells into the blood. It is also preferred

that the sample is not any other sample that contains adult liver cells.

20
Liver damage is assessed by plasma estimation of routine liver function
tests, eg alanine aminotransferase activity.  Morphologically, the
appearance of a circulating adult liver cell and an embryonic nucleated red
blood cell are sufficiently distinct to allow discrimination.

25

Preferably, the adult liver component is a protein.

Preferably, the adult liver protein is any one of a microsomal glucose-6-
phosphatase enzyme, another protein component of the glucose-6- i

30 phosphatase system including the phosphate or glucose or glucose-6-



appearance of a circulating adult liver cell and an enbryoni c nucl eated red
bl ood cel %}’06{8%3%&]( ficiently distinct to allow discrimnati @gr/Gisn00656

Pr ef er abl adult liver conponent is a protein. Preferably, the
adult liver protein is any one of a m ch)sorraI gl ucose- 6- phosphat ase
enzynme, another protein conponent of the" glucose-6- 30 phosphat ase system

i ncl udi ng the, phasphate or gl ucose or. gl se- 6- WD 98/ 40746
PCT/ @98?006@@35&13%3 transporters, a un({mg Hﬁ)%os;)hate—glucuroggsyltrans #$phat e

transporters, reli ne .di l. YEhT apnss GI), a
cytochrone Pﬁgg)%o y%eC?@gg@pﬁi?tg%(?ilm?gd?%%’ng&O%ggﬁcri\%caldggﬁe
phosphat e ( NaBRIcIENME RS NIREBphEAD AN £BPSt 35RCHPIRE  P45(0" GdHEEESE) (PaFOICOSE
transporter 2 (GQUT2), a P-glycoprotein,~a MDRP 5 (mul'tidrug resistance
protein), a WRRidumsd)] ighcmeresispoaee e (GKAITLQtePrilycoprotgiar ra MIDRPany|
transpeptidase, a |lipoprotein receptor, an al kaline phosphatase, a bile
sal t tran§polmadtidrmghiasistansedroteins poMRY (maltidngoiesisiansedike prosein),

mul tiple organigc ion transporter (MOAT; equivalent t P),. a pilirubin
transpor t er - (5EIEMhRBRAREaS, AHFIRTALIR rmt%&pﬁ%%@%ﬂqspgﬁﬁaﬁeao

gl ucur oni de) _t S r | val,ent | iV S

menbr ane contaalﬁgg #?%%‘?6’8@’?@% ?otﬁ%aaémﬁdg@g}égcf% r)’/ %fh B%"“Srﬁ%gf,}%"?e%bi otics
and endogenoys,RIP 8rfiic BSE A4AS IR (MOAT 2éfiltvalent to MIPY,NEbilirkBin Whi ch
is their major site of netabolism Simlarly, the 15 conjugated

met abol i t es aranspbeter expilittaddesk) oot dsitioslsint heordjugse pleas nbilirubin
menbrane. The transporters, many of which are_adult [iver conponents

as defind@, glecuronide) wanspoger {eqwvalenetpMBP)ce of the nethods of the
invention. It will be appreciated that further transporters of this type

wi || be purified and their corresponding cDNAs and genes cloned. The

20, T nvent! oneOR EPRIALES dhlifbrdedith R hangBrits o SAIE LAABSPBE e S

will be ‘sui
drugs, xenobiotics and endogenous compounds because they are taken up

by the liver which is their major site of metabolism. Similarly, the
15  conjugated metabolites are then exported back out across the liver plasma
membrane. The transporters, many of which are adult liver components
as defined, are suitable targets for the practice of the methods of the
invention. It will be appreciated that further transporters of this type will
be purified and their corresponding cDNAs and genes cloned. The
20 invention contemplates that the further, as yet unknown transporters, will

be suitable targets.

In the case where there are isozymes of a particular protein or class of
proteins which are not adult liver selective or adult liver specific, it is the
25  adult liver selective or adult liver specific isozymes which are used. For
example, certain P450s are not adult liver selective or adult liver specific
and so, in the practice of the invention, it is those P450s which are adult
liver selective or adult liver specific which are relevant. Typically,

xenobiotic-metabolising P450s are liver-selective or liver specific. -
30



In the case where there are isozynes of a particular protein or class of
proteins which are not adult liver selective or adult liv ific, it is
the 25 WAH4974% ver selective or adult Iiver specific i sgﬁfg;%;e%g% élsgh are
used. For exanpl e, certain P450s are not adult liver selective or
adult liver specific and so, inl2he practice of the invention, it is
those P450s whi ch are adult |iver selective or adult liver specific
whi ch are rdnigahlyt partioplarky when the saidemolmyonic erdtalred bod cBUsase ar e

i ver-sel ectiyve. OE li,ver specific. 30 . WD 98/ 40746

PCT/ GR98/ 00%ske 1solated from the sample, the adult liver component is a oell surfacesyi t apl Y,

be' i sol at e HBGeo Tt Sl SV, of il TharRei el Sufhe urt ace”
component . - ddmpbhents ARY AP A BorhIBoRABROMPIRAiFBATod BRrRALS, &) | surface

conponents are usefu or both 1solation an entl pur poses, and 5
cel | surs accmlbmrfmm%mganmtpaﬁé prefeded dor bothhisbRloatdndnidendficatesti i fi cation

pur poses. Preferably, the cell surface conponent is a plasma nenbrane
protein PWipOSes.i s predom nantly associated with the adult |iver plasma
menbrane 10 and, if it is found at all in other tissues of the adult, it
is found at | ow | evel s. Conveniently, the adult liver plasna

menbr ane pr { 1)+ , P-ol ygoprotein, a MORP, .a NMRP,
[err]-gl ut afr{ﬁ%{&rbéi’sp ptclggasggg% (iqgnp??%gp’rsolfl éfiﬁ&pgcrg.pg@(gnea@rgqe%| i ne
phosphat asewhictdid SreddbdinddBNaROE1a8Ed wattPieCadult 1ivac , @

hor none receptor, }gr I\/DACILn atwt:i I ruabi n transporut telrlv%‘r:ngHaaxgégﬁréﬁbi n

conj ugatte tamhsyor tierfound lat all thebibeedisabesof the adult, btf ist forntir @nlpher rin
receptor is an adult |iver conponent as defined, 20 preferably the adult
li ver conpol§¥BlS.is not transferrin receptor.

Conveniently, the adult liver plasma membrane protein is any of GLUT?2,
a P-glycoprotein, a MDRP, a MRP, vy-glutamyl transpeptidase, a
15 lipoprotein receptor, an alkaline phosphatase, a bile salt transporter, a bile
acid transporter, a hormone receptor, a MOAT, a bilirubin transporter or

a bilirubin conjugate transporter, all as defined above.

If the transferrin receptor is an adult liver component as defined,

20  preferably the adult liver component is not transferrin receptor.

In order to identify or isolate the embryonic or fetal red blood cell it is
preferred if said sample is contacted with a binding moiety which binding
moiety binds to said adult liver component and said embryonic or fetal cell
25  is identified in, or isolated from, the sample by virte of being bound to

the binding moiety.

It will be appreciated that the embryonic or fetal red blood cells may be
identified in other ways. .

30



In order to identify or isolate the enbryonic or fetal red blood cell it is
preferredyd bgspigl sanple is contacted with a binding noi etBCrRGBLANOBINII Ng
noi ety binds to said adult liver conponent and said enbryonic or fetal cel
25 is identified in, or isolated fronh3the sanpl e by virtue of being bound
to t he binding noiety. It will be appreciated that the

%b géleo; 4ngc}creéx%1lm151%(,j n?a!n%fogf t(l\&%lald%ﬂtnﬁyerbgomponeﬁtg S élfx:rly%(;es' and tsg Hhe Y- 30

PCT/ GB98/ 0064 : see ; exanpl e
: t . 'r:chf 1
many of the agal %a?ll\)/%rldggurr%g%eg shaer grgsnezngﬁegfatrlllg grcl)zt % S“‘cel?’s can be

identified istobRemicas RGeS o gﬂﬁtﬁas@r&ghﬁspha&sﬂm@ ¥e used. Al adtadiy cal
stains for glucose-6-phosphatase may be used. Al so suitably assays for
UDP gl ucur orassgys fandd ghwuaonosydwindferase are usegli nvention al so
contenplates identifying the cells by detecting adult | i ver components
whi ch aré nRNAs by using, for exanple, reverse transcri ptase pol ynerase

chain reactin (RT-PCR) ., 10. In furt . f d ' t . th dul t
liver corrpon@?ﬁ gg\éen&@n)egl[sgacontemp}aﬁ?sr éieéllqjﬁ'ﬂng %ééelrj—%r bgrﬁéﬁ%ltn%n%@ﬁet ﬁeu
adult liver € bStcQh; |y 1S [

substrate (V\AI%I chegﬁl@tgpgﬁgtshg/hé% Iargvm CE As’ lt)y L@I@%@ngﬁﬁl’gg&ngt rge

per neabi | i seﬁlaﬁg@p@mﬁenlgolgmdrm Shtifitreadtton GRE-PCR). whi ch, when net abol i sed

by the said enzyne, gives a fluorescent or 15 col oured product or a
product which can readily be identified. It will be appreci at ed t hat

I n this enbodi nent the epbryoni ry ear|ly fetal. red bl ood . cells wll
be fl uor®¥sceli a Jrrihsr @ﬁ@gﬁreéomﬁa&mti ‘k}es@h’i‘ YHFORRORENS IS deteCted ¢ e of

the presence. of t sai d prod o] d t Al e
Fl uor escent @gﬁalcgﬁ‘glﬁﬁ@be Eglgae%éh&’gé’f %ﬁﬁ%n&ﬁé-(fﬁd&gtr glgégnﬁ%@@gltglgi A a 20
PACS sorter. ephhisd 18 Loh0tnidht B9 98 o AIRUARA(ARRIVENES Se/€ell ivafichO 2
col oured product are known in the art.
cell may or may not be permeabilised depending on the substrate) and
which, when metabolised by the said enzyme, gives a fluorescent or
15 coloured product or a product which can readily be identified. It will be
appreciated that in this embodiment the embryonic or early fetal red blood
cells will be fluorescent or coloured (or marked in some other way) by
virtue of the presence of the said product produced by the said enzyme.
Fluorescent cells can be separated from non-fluorescent cells using a

20 FACS sorter. Substrates for glucose-6-phosphatase which give rise to a

coloured product are known in the art.

In addition to individual established protein components of adult liver, as
potential sources of antibodies for embryonic and fetal cell isolation and/or

25  identification, the following approach is also useful. Human and/or other

| mammalian liver plasma membranes are isolated by differential
centrifugation from homogenised liver (or by other techniques known in
the art) and either (a) directly used to raise antibodies or (b)
subfractionation of liver plasma membranes is carried out prior to raising .

30 antibodies against particular components. Such antibodies will be



In addition to individual established protein conponents of adult liver, as
potential sources of antibodies for enbryonic and fetal chéT/dF&%a}ogﬁﬁon
and/ or 230 p8i#Ni#q fi cati on, the follow ng approach is al so usetul. Human

and/ or ot her manmal i an |iver plasnma nenbranes are isol ated by
differenti al centrifugation from bbnogeni sed |iver (or by other
t echni ques known in the art) and either (a) directly used to raise

anti bodi es gplydpecific poBthbrzacdritivoaidsowhidh bindeto phesdalinkvdr phemai s
carried out "prior to rai'sing 30 antibodies against particul ar conponents.
Such anti bodnembwind ahd, accordingOmthespvggtion, to the plasma membrane o

PCT/ (3B98/ 00656 ) 14 pol yspecific
pol ycl onal &mbmyssicandiehred Ripadocellfe adult 1iver plasma menbr ane
and, according to the invention, to the plasma nenbrane of enbryoni c
and fetal red blood cells. 5 It will be appreciated that m xtures of
defined antijhqd 5 el 1 §Sluhires of defih¥@anBbasies dirEbidedmeaddrponent s
are al sogusel?gﬂllie[?le tgﬂ}?e maat?ﬁjogisa g’?xt hre I nventi on. Pref erably,

the anti bodijggerbplasgmh anembtirencomporidigs artuhlso luseful iplthe maeth0ds ofvéibr ane
conponents which are exposed on the surface of the cell.

Conveni ent | yinveh&gom.ai d bi nding noiety is an anti body or fragnment or
derivative thereof. 15 Monocl onal antibodies which will bind to many of
t hese antigens (whet her protein antigens or non-protein antigens) are

al r eady kno;\ﬁﬁl%g%&y\, Y antibod@@56ma™d hdrARY oF HRCRBLAYRSe! PidghAL! ON tO

nmonocl onal
10 membrane components which are exposed on the surface of the cell.

Conveniently, the said binding moiety is an antibody or fragment or

derivative thereof.

15 Monoclonal antibodies which will bind to many of these antigens (whether
protein antigens or non-protein antigens) are already known but in any
case, with today’s techmiques in relation to monoclonal antibody
technology, antibodies can be prepared to most antigens. The antigen-
binding portion may be a part of an antibody (for example a Fab

20 fragment) or a synthetic antibody fragment (for example a single chain Fv
fragment [ScFv]). Suitable monoclonal antibodies to selected antigens
may be prepared by known techniques, for example those disclosed in
“Monoclonal Antibodies: A manual of techniques”, H Zola (CRC Press,
1988) and in “Monoclonal Hybridoma Antibodies: Techniques and

25  Applications”, J G R Hurrell (CRC Press, 1982).

Chimaeric antibodies are discussed by Neuberger et al (1988, &th
International Biotechnology Symposium Part 2, 792-799).

30  Polyclonal antibodies are useful in the methods of the invention.



technol ogy, antibodies can be prepared to nost antigens. The antigen-

bi ndi ng Rg'ét Ll%]ugray be a part of an antibody (for exanpl e pcHaBIRW656
fragnent) P33 synt’hetic anti body fragnent (for exanple a single chain Fv
fragment [ScFv]). Suitable nonocl onal argi bodi es to selected antigens

may be prepared by known techni ques, for“exanple those disclosed in
"“Monocl onal Anti bodi es: A manual of techniques ", H Zola (ICRC Press

1988) and i n Monespecificpolydenalomiitodies aie aefertachni Siigablamplyelonal

l'ications", . R Hurrell Press, .1982) ..., . ' i
Qﬁfi Ibodi 135 z,agtlépg@lggﬁ@%yrqgég%p@ggség%d%&@éépoﬁmm f arlTI!%Ieillt gr nat i onal

Bi ot echnol ogy Synposium Part 2, 792-799). 30 Polyclonal antibodies are
useful in the nmethods of the invention. WD 98/ 40746 o
PCT/ GB98/ 0068 4omnents of antibodies, such as Fab and Fab, fragmehfs may al¥bnigspeci fic
pol ycl onal anti Boé:l es are preferred. Suitable poliycl onal anti bodi es can

be prepared ugedsnenh tiorlly ehgmeered antibodies and antiboby dyagmestsof
anti bodi es, such as Fab and Fab[err] fragnents nay al so be 5 used as can
genetically engineered anti bodi es and anti body fragnents. The

vari abl e heavy (VH). vari abl.e 1ight (VI L ns__of. '
are invol ved\ﬁy}%? al?;zl? $d0 m)tarr@n?aréaélﬁb%gh?i%@ %PE&ZBB%] P’fé@‘g %bgggﬁy
prot ease di gesti I r’rglgﬁ gt‘I{gﬁ cqnfl 1+0 dﬁ%ﬁi u 1.0
"humani sat i orf‘%oﬁﬂlrog%o%ﬁtlhan |%e(§ldirg¢sg a{)rll’a%] Zé%g?rgéltngb o] rsfggetr?? g%&i %i n
may be fused apr%té‘a%s&l%%tiéﬂr@i indntumPreidrotnBtaitiomavag Heunésby t ant
antibody retains the antigeniCc specificity of the rodent parented anti body
(Morrisoneet ‘Hurhd@iSdfior”t of rodleitl antibodiks. SMarlaUEAdem,auBS@g r@REs originis
That antigenic specificity is conferred by variapl.e domjns. and is
may be fused to constant domains of human origin such that the resultant
antibody retains the antigenic specificity of the rodent parented antibody

(Morrison et al (1984) Proc. Natl. Acad. Sci. USA 81, 6851-6855).

15 That antigenic specificity is conferred by variable domains and is
independent of the constant domains is known from experiments involving
the bacterial expression of antibody fragments, all containing one or more
variable domains. These molecules include Fab-like molecules (Better et
al (1988) Science 240, 1041); Fv molecules (Skerra er al (1988) Science

20 240, 1038); single-chain Fv (ScFv) molecules where the Vy and V
partner domains are linked via a flexible oligopeptide (Bird er al (1988)
Science 242, 423; Huston et al (1988) Proc. Natl. Acad. Sci. USA 85,
5879) and single domain antibodies (dAbs) comprising isolated V domains
(Ward ez al (1989) Nature 341, 544). A general review of the techniques

25 involved in the synthesis of antibody fragments which retain their specific
binding sites is to be found in Winter & Milstein (1991) Nature 349, 293-
299.

By “ScFv molecules” we mean molecules wherein the V, and V, partner

30 domains are linked via a flexible oligopeptide.



I ndependent of the constant domains is known from experinents involving

t he bact g/ | ression of antibody fragnments, all contaigiiiseddnesse’ nore
vari abl e%ﬁéﬂ(ﬁé& These nol ecul es i nclude Fab-1i ke nol ecules (Better et

al (1988) Science 240, 1041); Fv nolecules (Skerra et al (1988) Science 20
240, 1038); single-chain Fv (ScFv) nol teul es where the VH and VL

partner domains are |inked via a flexible oligopeptide (Bird et al (1988)
Sci ence 242 FapFvigekomndidAb aptibedy frrmmentsigan. aljhbadxpsessed UsAnds,

5879) and single mai ., ant.i hodi es (.dAbs) .conpri sing ispl ated V domains
(Vard et al SF?%@?&Q&?&@O 4%,“@21&’}‘.(’“& f?&%&lprP \WEQA} %ﬁafgf’eam@%}ﬂﬁi ques 25
i nvol ved in %'Pﬁe anti body fragnents which retain their specific
bi ndi ng si teimgsst)%ﬁ?% Oun(l’qg(cj in Wnter & MIstein (1991) Nature 349, 293-

299. By "ScFv nol ecul es” we nean nol ecul es wherein the VH and VL
partner 30 domains are |linked via a flexible oligopeptide. WO

98/ 407465 Whole antibodies, and F(ab’), fragments are “bivalent”. By “bivldnt@B98/ 00656
16 Fab, Fv, ScFv and dAb anti body fragnents can all be expressed in
and secrwe gaeaty tat the safliantibpdies Andolaby), tfnegmnents lhavptwduantigen of | ar ge

f th id f ts. Wh tibodies, and F(ab')2
L e
ti bodi : 3 |: : conbining sites. In
22n![ r gs![ 1e3Fgﬂgn&@%{)&ﬁaﬂ%%&#%&%ﬁ@o@%ﬁﬁg%ue?mnoval ent, having only

one antigen conbining sites. 10 It will be appreciated that when the
adult liver conponent is a receptor the receptor, and hence the
enbryoniie orlt fadildie apptebiatanidthaewhen dre bdult teeat ¢dmpduent is austepgonttel gand f or
the receptor. For exanple, the cognate hornone is a | igand for a
hor mone r ecd§E@Rtor, and hence the embryonic or fetal red blood cell can be 1dentified

using a ligand for the receptor. For example, the cognate hormone is a

ligand for a hormone receptor.

15 Typically, in a method of identifying the embryonic or fetal red blood
cells, the binding moiety is detectably labelled or, at least, capable of
detection. For example, the binding moiety is labelled with a radioactive
atom or a coloured molecule or a fluorescent molecule or a molecule
which can be readily detected in any other way. The binding moiety may

20  be directly labelled with a detectable label or it may be indirectly labelled.
For example, the binding moiety may be an unlabelled antibody which can
be detected by another antibody which is itself labelled. Alternatively, the
second antibody may have bound to it biotin and binding of labelled
streptavidin to the biotin is used to indirectly label the first antibody.

25 ' _

Typically, in a method of isolating the embryonic or fetal red blood cells,
the binding moiety is immobilised on a solid support so that the embryonic
or early fetal red blood cells can be isolated by affinity binding.
Conveniently, the solid support comprises any suitable matrix such as .

30 agarose, acrylamide, Sepharose (a trademark) and Sephadex (a



15 Typically, in a nethod of identifying the enbryonic or fetal red bl ood
cells, tRg RPNy mMoiety is detectably |abelled or, at |eesiGesegsbl e of

det ection.” For exanple, the binding noiety is labelled with a radi oactive

atomor a coloured nol ecule or a fluorgscent nol ecule or a nol ecul e

whi ch can be readily detected in any other way. The binding noiety may 20

be directly | gbelled w.th a.detectable |abel or it,may be indirectl
Pabel 1 ea  wadegarey, dasdid RuPRoR nRy A bect welid SObSREG AR R S

anti body whig cted by another antibody which is itself
| abel | ed. Ah@gl;c?\tgﬁ \%alt%/,ol?tq‘ﬁg%@' second anti body nmay have bound to it

bi otin and bi nding of |abelled streptavidin to the biotin is used to
indirectly | abel the first antibody. 25 Typically, in a method of

i sol ati ng t Aelvantageonily, othef dimding ethdiétyods aabgrsetically labedledi elithng noi ety
is imobilised on a solid support so that the enbryonic or early fetal

red bl ooll céinestiy£7 ipdiresdynsuch bat.awheniboynd; the egbryonic ardgiadmednt [y, the
solid support conprises,any suitabl trix,such as 30. agarose,

acryl ani do, B HRAEBEEAC] & 386 REGE R sl REGR Broyision OF & Sygabls 40746
PCT/ GB98/ 00 S £ : . : demar k) .
The solid sup nretncmfalsldal SI(\)/II%reobga%solulsgd Sfl%sxpra %{l%ncs L(I:gH %%&élg are Onlfl{é(’:n?ot itre

plate or th@eﬂxﬁé@MAgs co11cﬁdmam®egﬁlf§xln¥gnéd@nﬁ&ﬂwea@s.moi ety is

magnetically labelled (either 5" directly or indirectly) such that, when
bound, the enbryonic or fetal cell can be separated fromthe rest of
t he sanpl e upon provision of a suitable | magnetic field. M crobeads

used for0nadie&liQr embryewe ety laballeds inetius way may hegsoviedsby dnagieild  super

par amagnetic _mcrqbeads. .. 1 Fet.al or enbryonic cells labelled in this
way may be §8?1Y%‘88lﬁ??ﬂ%ﬁ@gi ACRY activated cell sorting (MACS).

Suitably, the binding noiety is labelled with a fluorescent nol ecule
(either directly or indirectly) and the enbryonic or fetal red bl ood

cells are Suitably, the binding moiety is labelled with a fluorescent molecule (either
directly or indirectly) and the embryonic or fetal red blood cells are

15 isolated using a fluorescence activated cell sorter (FACS).

We have, therefore, developed tools and methods which clearly identify,
and show you that you are looking at, the correct cell type (ie embryonic
or fetal red blood cells).
20

A third aspect of the invention provides a method of determining a fetal
abnormality the method comprising identifying or isolating embryonic or
fetal cells according to the method of the first or second aspects of the
invention and analysing said embryonic or fetal cell for said fetal

25 abnormality.

In one embodiment, cells are identified using a binding moiety, or
identified by virtue of the presence of a said enzyme, as described above
and the analysis of the said fetal abnormality is carried out directly on the -

30 identified cells. For example, «cells can be identified



15 isolated using a fluorescence activated cell sorter (FACS). e
i C

have, therefore, devel oped tools and net hods which clearl ¥er%%%,b(§%6
and showVPA§40Hat you are | ooking at, the correct cell typ& (1 e enbryon

or fetal red blood cells). 20 A third aspect of the invention provides
a nmethod of determning a fetal dnormal ity the method conprising
I dentifying or isolating enbryonic or fetal cells according to the

met hod of t hamfunohistochesgicalid usingactuitable Yinding moidtyvantsinga smitcbdeal ysi ng
said enbryonic or fetal] cell for said fetal 25 abnornmality. .. . I n one
enbodi nent , €BEYMe-dgiectione AYSieme ANGs they analysisdphdhaoictalyabngrmality 1s

identified b I It of th X . ' y d I hbed ab
and the anaFyEied Shtifesia ol ik b sRurad ooy R B STR0aH AEC Ty o

w)eg 8?207%%@5}&0‘3& ifelhi- hybriQfation ISR ©°! btecC Ahronitfsontaient i fied

PCT/ GB98{ Oogﬁﬁorma ities. The polymerase chain reaction may be used¥8 sirzu, While
i mmunohi st ochem cal Iy usi ng a suitable binding nbiety, or using a suitable

enzyne- det efhiopesceys tetectiomdystbms anadkywel, ofis tatse pedsaile abmee ablelleg i s
carried out in situ on the so identified cell using techniques such as
f 1 uor escent probes and kppymeilBder slegatiosHysi@Meet ect chr onbsomal 5
abnormalities. The polynerase chain reaction may be used in situ. Wile
fluorescent detection systenms work well, it is also possible to use

| abel | ed | tl
barti cal ari 7 BRATUANY EEfHE LinBrAinCR B LABRHL BEMferal cells 2k, 8
i sol at ego ac ci%lgieﬁghcberdihg 16 BeOftona REFdct Of thdEvienviont Tl cellRdssleteds

i sol ate y this procedure are substantially all errbre'{}gni c or fetal

cells and, iby this prpaedireuirar subistentiallyr 2l saphbnyandd or | fptal ceilgtandyain cel | s
resent.
P particular, there are substantially no maternal cells present.

Analysis of fetal abnormality involves analysis of the said embryonic or

15 fetal cells according to what potential abnormality is to be investigated.

Although the method can be used according to the invention, it is
preferred that a familial defect in glucose 6-phosphatase is not detected,
or that disorders of liver protein expression are not diagnosed when the
20 cells are identified by using a binding moiety which binds to an

intracellular adult liver component such as glucose-6-phosphatase.

Although the method can be used according to the invention, it is also
preferred that a genetic deficiency of an endoplasmic reticulum protein is
25 not detected when the cells are identified using a binding moiety which

binds to an intracellular adult liver component.

It is preferred if the fetal cell abnormality is determined by analysing the .
genetic material. In particular, the genomic DNA make up of the fetal

30 cells isolated by the method of the second aspect of the invention will be



Anal ysis of fetal abnormality involves analysis of the said enbryonic or 15
fetal chb% ﬂﬁﬁgrdlng to what potential abnornmality is toplgg/agBysesdisegat ed.
Al t hough the nethod can be used according to the invention, it is

preferred that a famlial defect in glgéose 6- phosphat ase i s not detected,
or that disorders of l|iver protein expréssion are not diagnosed when the 20
cells are identified hy using a_binding noiety which binds to an

i ntracel | ul dhe Same: ag mi-’egeft?éhﬁ?p@h@ntm@i@chpﬁ tljﬁ soowsicecgllsosiotive fodes.

Al t hough th hod.can, b d di th |
prtef or7od 1 NB0: e TLOREP TR e omoRameb e i e it feterisd Bt o n 1 s

not dete ¥ d u ty which
b| nds to an ﬁ?ﬁraoe?ﬁmﬁar agh{a?ltfl \e/\g? g@?r‘%)%éng‘g @l’@% gbﬁbl{hqéﬂg’ pre?erred if
the fetal celHrogfoRefdEed: the mﬁn@at@ﬁénr@ﬁfbslame%namsem@i&e this includeset i c
material. In particular, the genomic DNA make up of the fetal 30 cells

i sol at edsby deltecting hmdom@z it echremosdmes @éc which tibeindicativiel ofi on’be
WO 98/ 40746 PCT/ GB98/ 00656
19 the Sé’élﬁiéoﬁ@ {HEOTgR A, i tEISTMX l%,k%emhmqmaﬂmmmah@ﬁs Sugh t he

dot oot od. Byt RInEh G oOGRE A (b oty R ¥ neF uGaratn GReEomanar mal ity

in a chr r S

nctudes 5 CHTGARBRRL chBBoRHINET A ACIHARRDAWtall RRERGBARIEDIWH'S
Down’ s r&e.p atieh&yve h%nslbbhﬁ@ﬂﬂnd@hr(ﬁﬁésdiﬂlmm ndRofAtesRl i ties
such Ilnefelter syndrone (47, XXY), XYY or Turner's syndrorre

chr onos omne tmahx:leoEmdaMW ildinsyndiebmei amdb Angedmah |sypdopmet both of vikieh' s
syndrome patients have translocation and chronpsonal deletion syndr ones 10
i ncl ude Pradavoing |deleyonsr GhePaitdoARJEPRAsosEn didonand hden dsteciieine iof

i nvol ve del etions of t of hr onmosone. .15 he tectl on_of
mut at | ons. ( SaerRgeREh of gefoticBET SRtuOn: , HRBstRGhs BERkHRIRR #8fs and
other nutati QRg) fidditisy! BUdIIRRES- gergsherOWé?e@ﬁéfs B’ QBRI SBkmal

problems also exist such as Fragile X syndrome which can be detected by

15 DNA analysis. The following table indicates certain genes, mutations in

which lead to particular genetic diseases.



probl ems al so exist such as Fragile X syndrone which can be detected by 15

DNA anal

whi ch | e&ﬁoﬁf‘
PCT/ GB98/ 00656 WO 98/ 40746
D sease

Adenosi ne deam nase

Def e@i ve gene

The followi ng table indicates certain genes, Pé’i‘)‘&ﬁ%ldb@& I n
R ticul ar geneti c di seases.

20

| mmunodefi ci ency

Puri ne

nucl eosi de ﬂrl-s o1 y1 ase Hyper Clol [est €1 Of aet o =
receptor 5 philia l Defective genei or | X

Factor VIII

Mucopol ysacg

[err]l-antit

t ransnenbr an
Phenyl ket ond

Hy per anmona
Citrullinae
dyst rophy
[err]-glob
Leukocyte a

can be detec

defici ency

adr enol eukod
storage ¢ se
storage dise
Met abol i c an

ucner s disease ) _ucoce 0ST d4g
Enmygdeticiency [err]- |Aé9n@ﬁn@|z§1§émmase Errphysem
yp sin 10 Cystic fibrosi|s tic f

Purine nucleosider @&ﬁp&{%ase
Phenyl groxyl ase
i némf r anég%

Orni t hji ar banyl ase
Ar gi nosHg€loRdKe synt hetase 15

[—@rpercholesterolaemia

#aemophilia

Dyst rophi n Thal assaem a
Sickle cell anaem a | Factor VIII[err]-gl obin
esi on defj.ciency CD- 18 20 Ot her. genetic disorders

&iml&"?ebﬁl@%ﬁ?ﬁym s are knownG1UCOCe§‘ER¥ﬁS’él§5321 hydr oxyl as
ocC rbox e..synt het ase defi.ci ency,

%\g (?Rﬂ??'ﬁfm i W omatic | eﬁk%&%li ‘%}'ﬁ Wl son' 4

yhd at ase

deficiency} 4
?4 | Eyligsncy (Type VI ¢l yc%

phosphoryl ase ki nage
d e:gns fit €t sic Tyasnidnhb@ngcog
i seases are nentioned in

se

i brosis

!%Uscul ar

whi ch
e

Een 25

The
umes

Mol ecul ar Basis of |nheritptediila@ase, 7th Edition, Vol
Phenylketonuria Phenylalanine hydroxylase
Hyperammonaemia Ornithine transcarbamylase
Citrullinaemia Arginosuccinate synthetase
Muscular dystrophy Dystrophin
Thalassaemia (-globin
Sickle cell anaemia (-globin
Leukocyte adhesion deficiency CD-18

Other genetic disorders which can be detected by DNA analysis are known
such as 21-hydroxylase deficiency or holocarboxylase synthetase
deficiency, metachromatic

aspartylglucosaminuria, leukodystrophy,

X-linked
adrenoleukodystrophy, phosphorylase kinase deficiency (Type VIglycogen

Wilson’s disease, steroid sulfatase deficiency,
storage disease) and debranching enzyme deficiency (Type III glycogen
storage disease). These and other genetic diseases are mentioned in 7The
Merabolic and Molecular Basis of Inherited Disease, 7th Edition, Volumes
I, Il and III, Scriver, C.R., Beaudet, A.L., Sly, W.S., and Valle, D.

(eds), McGraw Hill, 1995. Clearly, any genetic disease where the gene



I, Il and Ill, Scriver, C R, Beaudet, A L., Sly, WS., and Valle, D.

(eds), 4.1, 1995, Clearly, any genetic di sease whepE€r/bpes/@esse
VO 98/ 4%9%‘{44& :
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cloned and nutations detected can be ahhl ysed by this enbodi ment of the
nmet hod of the invention. Cenetic assay_ nethads include the standard

t echni ques &Rsr been | oned and f mygarans |dsiRpted prADy iy pladyseds dyy dhiind

PCR- based assays,. as |l as t her t hods descri bed bel ow. The
assay nay i Qf‘ém&ﬂ&\égﬁl?q glﬂdécqrﬁfﬁ%%lq‘@?’%loﬂentifyi ng nutations or

pol ynor phi snms, such as: sequencing of the DNA at one or nore of the 10

rel evant positions; differential hybridisation of an oligonucl eoti de probe

desi gned t o diyiticdhg@yaindtisdd Sh@Madt theoshhdaas tehnedidiens tfagudtidir t ype or
mut ant sequence; denaglurl ng gel el ectrophoresis follow ng digestion with
an appropri gtagmest lengthi polyemarpinsm pssdysradd PCRobhsedi aggapsipds tetladd on of
the rel evant DNA regions; Sl nucl ease sequence anal ysi.s; non-denaturing 15
gel el ect r optibereBieshods: dgseripd pel®V| owi ng anplification of the rel evant
DNA regi ons; conventional RFLP (restriction fragnment |ength

pol ynor phi sm) assays; selective DNA anplification using oligonucl eotides

whi ch are NP RY; : h

it ant - sequeriio dor el Gyt iy S BRERIRGY B0F kTR IR ultons b
restriction zQ BisHS|, RAck? aPCReqREncihgidfahe IPNIATRY ofi@loghadrd of tidie

w | d-type or n‘?jt an genotype, followed by a restriction digest. The
assay nay berelevaint positidns; differentiphbybridisaien @ftamgligonutieoiidm paobeanot her
position or gene which is_known to be li nkegehgeone or. pore of the

mutant posi tdesignedripehybrdiss aa e relevap PeEHINKR F gy Melle- SRS ODNA
S0l B0 O e ML o LGB ok BRBSEER ", O
0 95510 AP APk S Sy ot ampinhibe srusual
the relevant DNA regions; S1 nuclease sequence analysis; non-denaturing
15  gel electrophoresis, preferably following amplification of the relevant
DNA regions; conventional RFLP (restriction fragment length
polymorphism) assays; 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
20  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, ie
capable of detecting a mutation at another position or gene which is known
to be linked to one or more of the mutant positions. The probes and
primers may be fragments of DNA isolated from nature or may be

25  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 .

30 polymerase chain reaction (PCR) method and modifications thereof.



30 polynerase chain reaction (PCR) nethod and nodifications thereof.
WD 98/ 40746

PCT/ GBO8SWO(8/368746 Anmplification of DNA may be achi eveﬁc’g@mﬁoe%ss
establ i shed PCR net hod as disclosed by Saiki et al (1988) Science 239,
487- 491 or by devel opnment s thereof22or alternatives such as the |igase
chain reaction, B replicase and nucl eic aci d sequence-based

anpl i fi cati arnpRfication9f TAPAIQRY Rt &cHiewdd bytthesablixhed PCR enahwhi ch wil |
recogni se and ‘cut the wild-type sequence and not the nutated sequence
or vice verss. difblwsed bys&gilanee whi 98By Scengni 339, ART-491 by bye
restriction enzynme (or not, as the case nmay_be) can be prese as a
consequencedevelppments herend asraliernativessuighiss theligasrielanirpaiama B or nal  or
mutant allele usin I smat.ched ol i.gonucl eqtd des_in the PCR reaction.
It is conveﬁ?@?ﬂas?%ngﬁglr@ﬂ?fﬁﬁj sAuence-b s?ﬁlﬂ"@ﬂ* ﬁpaﬁﬂpr equently, in other
words if_it recogni ses a sequence which occurs only rarely. 15 In
anot her Tret hod, a pair of PCR priners are used which match (ie

hybridi se tQ) e%ﬂl‘_@)?_riaf@ré’ﬂ'tr‘i&iéﬂ@ﬁz 804y e WhithavillfezBEnide m@dyqe but not
both. Whether anplified DNA is produced will then indicate the wld-

type or nut @ wikhotpepseq@enct amhaoet feermitatpe )seqikwever vice hessaretlhed

relies partly on a negative result (ie the absence of anplified DNA) which
20 coul d beeguanceovhioheisHgroghisedhiang cat byt thesrasHIGmoREYBE £0F BPabl e

and/ or regui res addi tiongl control experinments, A erabl e
net hod enpl &y 41 CATY H}aygtﬁa capﬁ#epges%a}s %ggmquegge of the Wtf%f)éﬁehg to only
one of the w Eant .se e ' ; triction
e wnilh Kehint MRip8hcab IAR] (RCANANEC Dy bl Sllele Rt HiSpARA 1 B O
sequences. gligonucleotides in the PCR reaction. It is convenient if the enzyme cuts

DNA only infrequently, in other words if it recognises a sequence which

occurs only rarely.

15 In another method, a pair of PCR primers are used which match (ie
hybridise to0) either the wild-type genotype or the mutant genotype but not
both. Whether amplified DNA is produced will then indicate the wild-
type or mutant genotype (and hence phenotype). However, this method
relies partly on a negative result (ie the absence of amplified DNA) which

20 could be due to a technical failure. It is therefore less reliable and/or

requires additional control experiments.

A preferable method employs similar PCR primers but, as well as
hybridising to only one of the wild-type or mutant sequences, they
25  introduce a restriction site which is not otherwise there in either the wild-

type Or mutant sequences.

In order to facilitate subsequent cloning of amplified sequences, primers
may have restriction enzyme sites appended to their 5° ends. Thus, all

30 nucleotides of the primers are derived from the gene sequence of interest



In order to facilitate subsequent cloning of anplified sequences, priners

may haveaiég%@',’.%i on enzyne sites appended to their 5 endsct/Gbesgoesd | 30
nucl eot i the primers are derived fromthe gene sequence of interest
WD 98/ 40746

PCT/ GB98/ 00656 23 23 or sequences
adj acent to that gene eécept tgﬁ f ew nucl eot.i des nec&gsari to forma
restriction EhSGIHENSES 8AJaGRRHOIASL SIS SHEPE Hiecke W, PUCIGRPHCY RERRTsaTY 10 1y t he
art. The pri t . Sy j LRQ [ +n Whi ch
are wel | _kno&ﬁ'rnﬁr?_ f%gﬁgééﬁ?% e(;%ﬁﬁﬁ&%%ﬁé%%&#?h@%ﬁ&%?ﬁﬁ ng‘m\ﬁlgi ng
synt hesi zi ngjfcdifes THel SHmRFE PRl @il e dyaiteaired using techrfgdeur t h
aspect of the invention provides a kit of partS for determning a

fetal abnormedtitly agenpell dinoev &) theeans Genedellyr thenprigesb etahebe mariel |
contains or expresses an adult liver conponent and (b) neans for 10

anal ysi ngsa asing $yrhesizingnoeskings yhich are commeergigdlysayalabiat er mi ni ng

whet her a cell contains or expresses an adult | i ver component includes
t he af orenenti oned binding noieties and reagents (eg substrates) for

detecting th ' 3 ld Y&k [ enzynme
and_ T eagent & S0un SPHEDT BHubitor BHVidee ¥ BT dPpaltPIRORERImIGpEA

pol ynmer ase f } i %T‘@\’A rlﬁﬁnﬁgﬂ“‘ﬁhdthéjeﬁ ¢nponent
is an nmRNA Xéxtalgbo ?’?srﬁﬁgi Q?’rrg)gisrrgl S mean(s)rfwggirbit%ati ves thereof, to the
adul t liver compdnents expeesseefar raddit livel scompongmtr tnd u(yr yeamseferred i f
the adult liver conponent is a cell surface 20 conponent as descri bed
above. 10 analyséngreaeed] fagrammabnorsialifya cell for an abnormality include
any such means. It is particularly preferred if the nmeans are neans
for detecting a genetic abnormality. Suitable such neans therefore

ol udes nuch e Aakd fof derdfRlifigt! BhemBHabeASCR GBSt aRd B Alge. Wi of

sel ectively h _ _ 1o gene of interest, ie orie In
genetic ab norli‘if’ér'cb)‘n;bc%le% ift¥udes the aforementioned binding moieties and reagents

(eg substrates) for detecting the said enzymes when the adult liver

1S component is an enzyme and reagents such as PCR primers,
deoxynucleotides and a DNA polymerase for detecting the said mRNA
when the adult liver component is an mRNA. Antibodies, or fragments
or derivatives thereof, to the adult liver components are preferred. It is
particularly preferred if the adult liver component is a cell surface

20 component as described above.

The means for analysing a cell for an abnormality include any such
means. It is particularly preferred if the means are means for detecting
a geﬁetic abnormality. Suitable such means therefore includes nucleic acid
25  molecules, such as PCR primers and probes, which selectively hybridise
to a gene of interest, ie one in which a genetic abnormality is being

sought.

A further aspect of the invention provides the use of a binding moiety .

30  which binding moiety binds to an adult liver component in a method of



sought . A further aspect of the invention provides the use of a

bi ndi ng nnlet 30 whi ch binding noiety binds to an adul onent
ina netM O 98/ 40746 PoTICiBGREP

PCT/ GB98/ 00656 24 determning a
fetal abnormality the method conprising4identifying or I sol ating
enbryonic or fetal cells according to the nethod of the first or

second aspedietainimim ianfetak iabnomnaiitgn&ieymatgod;edodnmnhngqribmx@rmg ajral cel |
for said fetal abnormality Preferably, the binding noiety is used
in a nethod 1§WQF1§otQ%b1fY@Péﬂ oz:éml cells aeprading 1Q {he gleémdee heefirgioranal ysi ng

genetic material, for nonsonma nor nal it

Mt at | ons 1 ReBR 2558 SEARE ifyqutiop, aue ARUSRERG! CRREITIO S Bilovi des
the use of g pRaRssdidra nom{%‘ﬁ%}‘?rm ni ng whether a cell contains or expresses
an adult liver corrpon tE I dentifying or isolating an enbryonic or
fetal red bl ood cell. The means for determ ning whether a cell
contains or expresses an adult 15 |1liver conponent are those as descri bed
in the fourtBrefspblyt, the bibding moietyvisnisednin a method Mkerenthenfetabrcell | | now
be described_ in nore detail with reference to the foll owi ng Exanpl es

and Fi gur e \Ab&osmality podetermineddhy analysmgcgenetis inaerial o1 exemp @) shows a

human chori oni c t .56 post-ovul at days showi ng i ntense al pha
GLUT 2 chromosoma albnorma 1ties 01p mutations m BI\}/A y 9 P

10 A stll further aspect of the invention provides the use of a2 means for
determining whether a cell contains or expresses an adult liver component

for identifying or isolating an embryonic or fetal red blood cell.

The means for determining whether a cell contains or expresses an adult

15 liver component are those as described in the fourth aspect of the

invention.

The invention will now be described in more detail with reference to the
following Examples and Figure wherein:

20
Figure 1 (95chorion aGLUT2 1;100X40RH) shows a human chorionic
villus at 56 post-ovulatory days showing intense alpha GLUT 2
immunoreactivity in a megaloblast (arrow) and no reactivity in a
normocyte (arrowhead) within a fetal chorionic blood vessel (bv). The

25  syncytiotrophoblastic (s) and cytotrophoblastic (c) layers are minimally

immunoreactive,

Example 1: Antibodies directed at adult liver components

30  Antibodies directed against purified rat liver testosterone/4-nitrophenol



irrrrunoreactivity I n a negal obl ast (arrow) and no reactivity in a
nor mocyt &, %E@ whead) within a fetal chorionic bl ood vesserCY/GB)8/0063e 25
syncyti ot rophoblastic (s) and cytotrophoblastic (c) layers are mnimally

| mrunor eacti ve. Exanple 1: Anti ies directed at adult I|iver
conponent s 30 Ant i bodi es directed ai nst purified rat liver
t est ost erone/ 4-ni t r ophenol WO 98/ 4

PCT/ G898/ 0065APPGT are raised in Suffolk Cross Blackface sheep by ascombinatipp®f ar e

and subcut angbtasr L oot R BREpL TRtbotbna FIEEH, Rk er8l from g 7 B
conbi nat Oncefx 'seff"ggg Ué'mash'érﬂﬁiﬂa%o f'zﬂiutn%hlﬁﬂ St hatelggé&fﬁﬂzyt on_and

am noet hyl onat ograp Bur che 5 Bi ochem
Soc. Trans. ai’et gp)amﬂmau@mdeuumeephmmmgr Fhwe(Bﬂrelsélbsktercﬂnﬂ%él)

ni t r ophenol ant i body preparation (RAL i nhi bit UDPGT activity
towards bl i Babclmnt.iml d3tes.diZe 50)- ﬂ‘grpiuaﬂglsheepdnbsmémneqstwcmnédf and

nor phi ne, and, i nmunobl ot i r_}g confirms a road pect rum giﬁxg

reactivity t ditophenel &PRGARmbody prepargHan IGB lh@l!i‘ll é&t%ﬂn“’F’Yver 10
m cr osones. ec ona ti I ytic

subunit of t ARVATdS gﬂlﬂ'}éﬁ] test osbqﬁx)'g (Ilj (g I‘H’ﬁég%&gq es%%tn% 1973 are
each rai sed | r(taﬂgely Eﬁﬁa 1 ﬁ?ﬂgt n [ 0 [err]g
of purified protern anré re %obsoatgi/g c%g?rlp egagﬁf\?arﬁ?b Igeggrél}fgg%
(Burchel | & sidality t6aneliple dsdfogmenis €& and huehad lheluﬂleaﬂ:ﬁlfetam lvasonal

gl ucose- 6- phosphat ase system in Randle et al (eds): Genetics and
Human Nutioi t imerodcometon, UK, Li bbey, 1990, p9S3; Waddel | et al (1991)
Bi ochem J. 275, 363; Burchell & Cain (1985) Di abet ol ogi a 28, 852).

Prei mune serumis obtained fromeach sheep 20 before injection wth
antigen. The I\%loﬂggpse%ﬁG ic 881 A1 ASGser 8y {ﬁ%’caEﬁytic subunit of the microsomal

glucose-6-phosphate system, T2, and T3 are each raised in Cheviot sheep
by 3 subcutaneous injections of 80 pg of purified protein and Freund’s
15 complete adjuvant as described (Burchell & Waddell: Genetic deficiencies
of the hepatic microsomal glucose-6-phosphatase system, in Randle ez al
(eds): Genetics and Human Nutrition, London, UK, Libbey, 1990, p93;
Waddell er al (1991) Biochem. J. 275, 363; Burchell & Cain (1985)
Diaberologia 28, 852). Preimmune serum is obtained from each sheep
20 before injection with antigen. The glucose-6-phosphatase enzyme, T2,
and T3 used as antigens are all isolated from starved Wistar rat hepatic
microsomes. Antisera are further purified by (NH,),SO, fractionation and
affinity purification using protein G columns. The antibody preparations,
although raised against rat liver proteins, have been shown many times to
25 each cross-react well with the respective human proteins as judged by
immunoblot analysis after sodium dodecyl sulfate-polyacrylamide gel

electrophoresis.

Antisera are raised in rabbits to methyl-moximated PGEM (PGEM-MOX) -

30 coupled to bovine serum albumin (Kelly et al (1986) Prostaglandins



and T3 used as antigens are all isolated fromstarved Wstar rat hepatic
m crosones. Antisera are further purified by (N.H[err])[errl}%(,{;ﬁ](,,{n]o&;6
in Gco

fracti ona¥YPaBAHAS affinity purification using protein ums. The
anti body preparations, al t hough rai sed against rat |iver proteins,
have been shown many times to 25 each26ross-react well with the
respective human proteins as judged by i mmunobl ot anal ysis after

sodi um dodeclkukul Made-2961lyadnylad mioenyed-assay, theePe&HiM dgitdX egtiserum
Antisera a i sed i bbits to nethyl - i d PGEM. ( PGE 30
Coupl od 1o DB HRlySEP AIBaH FEACHAIY 1k Phity 1656 PRCRORPREREN wO
98/ 40746 . .. . 00656

26 LeukMQXN@IEIt.}S%{n B .Otl_}efll-_ ‘PSH%Y&?WH&&-%% g ;EF, aE%%@BL%@g‘% i serum
has only a 0gQp 40 gkoapt fofaslietbPGH k?gg&i 19.RED-PGERC! {(P9%)Of TREEM

MOX antiserumto other methyl-noxi mate are typical ¥ l'ess than

0.02% exseppefcentapedrobo réddtivities of PERMaMIDY ekisbrur@lother] PGY.4%) . The 5
percentage cross-reactivities of PGEMMOX antiserumto other PGs are

typical ly | esgitdliyn 16ss0ttean @X02p1 ekoeptoforse diSkdiketot 83 14-dihydr-ECGHE] er r]
0.35% ; 13, 14-di hydro- PGE 299 ; d 15-k - P 499 . Cr -
Seact i/?/i ty O{O-éél 'r]er)%o,tl‘*t %VP%@?: é%'%éépén%ﬁgg‘i%éﬁ%; I@?%I es/tr?%gss

0. 03% and t o _PG=M: NO t] 0 i i,.f 1.6l

M NOX. ant PRIV oF Cmrntar to, DO AERURERAE yp Ehi 1655 bl
absorption ofy d3EURRS k& P PM-RYORCEMi M 0B 781 AhtibdBP Sped ﬁi-ty of Lung

Res. 19, 361). Anti-PG@HS-1, a polyclonal goat 1gG fracti"on wt

cr oss-reagt i AGEM-dMOBHeadseronfor inmbrohisfochemisthy #nsixver bgsehadtive
negligible reactivity to PGHS-2, and_a nonoclonal 15- 15

hydr oxypr ost absenption ofelyunogstainiag diyt POSM-MOX busrased! (1W3) domor d
o T Ay s o, el b HERESR SB e
o oup- ool ect (10 PRV KT BT O Edm A B ey S ARafaliad BefBious ¢
series of PGyeg{ip?sie- I qRathiVIyY & CPGHSQS! &Ad a monoclonal 15-
15  hydroxyprostaglandin dehydrogenase antibody are purchased from Oxford
Biomedical Research, Inc (Oxford, MI).

PGE, is conjugated to keyhole limpet hemocyanin and injected

intradermally into sheep. The resultant PGE,-antiserum, on
20 radioimmunoassay, is highly group-selective, with minimal cross-reactivity

between the F and E series of PGs. Cross-reactivity of Gemeprost to

PGE,-antiserum is typically less than 1%. Antisera specificity for

immunohistochemistry is tested by selectivity of absorption of

immunostaining by PGE, in human fetal lung (Hume er al (1992) Exp.
25  Lung Res. 18, 259).

Antibodies to purified cytochrome P450s are isolated as described in Wolf
et al (1984) Carcinogenesis 5, 993. The isozyme specificities of the
antisera made in this way have been shown by immunoblot analysis with .

30  expressed human recombinant cytochrome P450 proteins (Forrester et al



PCE[err]-antiserum is typically less than 1 % Antisera specificity for

i munohi s§,geRRMEt Ty is tested by selectivity of absorpti oRCEGBI8/00656

i mmunostal ning by PGE[err] in human fetal lung (Hune et al (1992) Exp. 25

Lung Res. 18, 259). Antibodies o purified cytochrone P450s are

| sol ated as described in WlIf et al (1984) Carcinogenesis 5, 993. The

i sozyne specificibi f a ' ' '
by | mmunobl 6t OLBEReR % 1815359, SRAIIBEPR TR Ardre DD ord@i Gl S 10N
gg} s/ gggggﬁﬁ&ﬁa SoRler al (19809 QFcADLResis 5, 993) ang %ntibodie? iagig%

Bi ochem J. i3&hbbRbYre dMAARHS Wrossreare widbthe hutdearednzymeeon sodius puri fi ed
(Wl f et al (1984) Carcinogenesis 5, 993) and antibodies raised in

rabbits are dodeanl solfatespelyrerydamider gel istectophoresis (yEidgh s ¢di UR94)
dodecyl sul f ate-pol Zacryl a '.d%gg%éelggﬁbs ophoresis (Smith et al (1994) 5

Proc. Na#l . Xoge Nathi Ac@gpSg1 ). In addition to antibodi es nmade
using isolated proteins as an antigen, anti peptide anti bodi es are al so
usef ul . 10 Antipeptide antibodies are synthesised on the basis of known
sequence  1n bRARIRLS UntbdA n{a@regﬁémg%bme& prowihotl e aigen, have
been gener ated using portions of the cDNA or gene linked to

appropri at e ggipeptidesantibodies are almast¢ful at e i sol ation after overexpression
in a suitable system eg bacteria. A series of antipeptide antibodies

(851t YNASLKKY (SEO. 1D R0t 1)o o CuNVLPDRG CBTEY (SED 1D po: 2):
&Q?/R?K@mlg?g(? lantlbpéjwfes% ;HW%L%RIQE%I‘—%D%LPQ@%B R €4)) have
i mpet  hempciPRTARERR aﬁﬁjfogcl%%g potHGHE 0P PPt HRSwRRkhhAR bt ifdraRakeyhol e

using portions of the cDNA or gene linked to appropriate sequences which

facilitate isolation after overexpression in a suitable system, eg bacteria.

A series of antipeptide antibodies against portions of the human glucose-6-

15 phosphatase enzyme (CSHIHSIYNASLKKY (SEQ ID No: 1);
CMNVLHDFGIQSTHY (SEQ ID No: 2); CLAQVLGQPHKKSL (SEQ
ID No: 3); and CLSRIYLAAHFPHQ (SEQ ID No: 4)) have been made

as follows.

20 These peptides were conjugated to keyhole limpet hemocyanin and injected
into sheep by intradermal and subcutaneous routes. The resultant
antipeptide antiserum have been shown to cross react and can be used for
immunohistochemical detection of glucose-6-phosphatase containing cells
including fetal and embryonic cells.

25

Example 2: Combined immunocytochemical and fluorescence in situ

hvbridisation analysis of a maternal blood sample to detect trisomy 21

Blood samples and cell preparation. Peripheral venous blood samples .
30 (EDTA) are obtained from a pregnant female in the first trimester. Five

ml aliquots of blood are carefully layered over 3.5 ml aliquots of

RECTIFIED SHEET (RULE 91)
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into sheep by intradermal and subcutaneous routes. The resultant
ant i pept | gﬂ yserum have been shown to cross react and GafyEgesweess for
Y9 /GY

i mrunohi em cal detection of glucose-6-phosphatase containing cells
including fetal and enmbryonic cells. 254 Exanmpl e 2: Conbi ned
i mmunocyt ochem cal and fluorescence in“sSitu hybri di sati on anal ysi s of

I d | d g . d I d |1
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t f ' b i ' | & bl ood
2o coroful 1§ Togck d5F GDLh KSR RuHerallrf® Mononylesg) (iifae o Bl o0

PCT/ GB98/ 00635i@sma/Polymorphoprep interface (ur%per of the two band8 obtained) are

Pol ymor phoprep (Nycomed, Norway) in 15 tubes which are then spun at
500 g for 30harvested ussngnat Bagteurapipeie avshdispehsedr indelal clean tube The

pl asma/ Pol ynor.phoprep i nterface (upper _of the twg bands obfained) are

har vest ed usmge %repagwértﬁmepm USHIE éi%@gg@é nmtsah%re&ugiﬁﬁe@ SHae The 5

CoLLS 2re, MY OGRS 4 B A RRGRICTRSE) g Sy 1 e
ot enecl A AGEI 6 A JEPTED TRl auakity 219 BRSO,

g each tine. e ce ets are I'y ‘resuspende TA
at a concent g zatningé. Tleedel] pelidts afefinallP resusp&ndedieindPBSBSAIEDTAA i quot s

(100 [err]l )bof bl ood nmononucl ear cells are cytocentrifuged onto gl ass
slides (Cytospa conStrtnation ohhd® atlis/odi ed overnight. 15
| mmunocyt ochem stry. The foll ow ng pol yclonal and nonocl onal

ant i bodi Es are used in the inmmunocytochenical procedure: (a) a nouse

2‘3??2%322 Sl ickestasion | 2idufls FRR T 82 AR Er%iﬁes%ici gl are™ 'y
. . . . s g 0 . _

(Ser ot ecy - and SaET a0y ot R Tt IR TRndA b S SR hamber

overnight.

15 Immunocytochemistry.  The following polyclonal and monoclonal
antibodies are used in the immunocytochemical procedure: (a) a mouse
monoclonal antibody directed to glucose-6-phosphatase enzyme (b) rabbit
anti-mouse I1gG (DAKOQ) at 1:25, and (c) mouse PAP (DAKO) at 1:100.
All antibodies are diluted in TBS containing 20% normal rabbit serum

20  (Serotec) and antibody incubations are carried out in a humidified chamber

at room temperature.

Dry cytospins are fixed in acetone for 3 min and washed for 5 min in two
changes of Tris-buffered saline (TBS). The standard PAP technique

25 (Sternberger er al, 1970, J. Histochem. Cyrochem. 18, 315-333) is
modified. Briefly, endogenous peroxidase activity is blocked using 0.3%
hydrogen peroxide in TBS for 30 min after which time slides are rinsed
in two changes of TBS for 5 min. Cytospins are incubated with 20%
normal rabbit serum in TBS for 5 min to block non-specific binding sites. .

30  After removal of most of the normal rabbit serum, cytospins are incubated



at roomterrperature Dry cytospins are fixed in acetone for 3 mn

and vvash%g%é mnin two changes of Tris-buffered Bal/GBes/itBs). The
standard tec?"ml gque 25 (Sternberger et al. 1970, J. Hi stochem
Cytochem 18, 315-333) is nodi fie 9 Briefly, endogenous peroxidase
activity is blocked using 0.3% hydrogen peroxide in TBS for 30 min

ft which t | i ch f TBS.f 5
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nor nal rabb serum cytospins are in ate
PCT/ GB98/ 006&%um in TBS for 5 min, cytospins are incubated with 28bit anti-mduRe

anti - G6Pase nonocl onal antibody for "30 min. After washing the slides in
TBS as bef orkgG foit BOweih. b¥he shddmﬁneowashddmgﬁi%mmhinwhbmdtw1th 20&rumin
TBS for 5 nmin, cytospins are incubated with rabbit anti-nouse | gG for
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2.5 ng of D%ﬁ't&ﬂ?):rdtﬁ'réfd@7 Rfin Tﬁ%e@h@ﬂﬁdtl@ﬁ i$ bﬁtpﬁ‘ﬂédl hanssQJNm@ 10  of

freshly prepared 1 % hydrogen peroxide i mediately before use.

slides are waghag ohDABrSigmapm danhkbof fI‘(BS followed bylthmmddhyomoa mln

I ncubation in copper sul phate solution (0.4 g copper sul phate, 0,72

sodi um chd or Dﬂ@'ﬁs prepatecsi % hzdragenepsroxide immsdiatelyheforgusqind; hﬁg t ap

t | to ch k th s af
fmrﬁaocyt 0o naiids e SBR ecglmﬁrgg'ﬁ%%&"%nfoew’éﬁaﬁﬁg@ PHd By oy in
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| mmunohi st ochediugt cllcRitd, i 1IUR] ﬁﬂﬂl@ﬁ&ratér) pedf dnseddagiin ig ranhingGeipase

water. In order to check the morphology of the cells after

15  immunocytochemistry, the slides may be counterstained with Mayer’s
hematoxylin (Sigma) for 20 min, dehydrated through graded alcohols, and

checked using a light microscope Zeiss Axioskop 20.

Immunohistochemistry on tissue sections is performed using anti-G6Pase
20 monoclonal antibody and a standard PAP technique (Sternberger et al,
1970, J. Histochem. Cytochem. 18, 315-333). Sections are lightly
counterstained with haemotoxlyin, dehydrated through graded alcohol and

cleared in xylene prior to coverslipping in synthetic resin.

25  Fluorescence in  Ssitu hybridisatiqn (FISH). Following
immunocytochemistry, cytospins are fixed in 3:1 (v/v) methanol:glacial
acetic acid for 30 min at room temperature. The fixation is repeated with
a fresh preparation of the same fixative for a further 30 min and with
70:30 (v/v) glacial acetic acid:water for 90 sec. The slides are washed for .

30 5 min in two changes of PBS and then dehydrated through 70%, 85%, and



20 rmonocl onal antibody and a standard PAP techni que (Sternberger et al,

1970, J. H stochem Cytochem 18, 315-333). Sections are 98X0656
count er s B4 t h haenot ox| yin, dehydrated through graded' al cohol and
cleared in xylene prior to cover sI i ppi)%(? in synthetic resin. 25

Fl uorescence in situ hybri di sat i (FI'SH). Fol I ow ng

i munocytochem stry, cytospins are fixed in 3:1 (V/af% net hanol : gl aci al
acetic aci d P8% 34Ceha) and RiofAie® M doQiu temparagure; x tiSEh i @ei‘%ﬁ@mded WI th

fresh f th t fpriher 30 5
70: 30 (vi v) g ERbek. shRANECRE. skl 5 bt EbromEiaune o2k P Miashea f or

30° 5 mn i faieiRdShR BasrabeEomddy AR (PO B ey it tH s ch f1hiaB> % and

WO 98/ 40746

PCT/ GB98/ 00§5Bipetted onto each cytospin and a coverslip coated witBthe ﬂuore%@@r%) al cohol
and air-dried at roomtenperature. FISH is perfornmed usi ng probes
speci fi c5f oprobesars placedomaop armdcnmmdrmuﬁjru&ibeesmllumon I tieepriesenaos t h

fl uorescei ni saot hi ocyanate (FITC). Briefly, bridisation fluid is

pi petted ontod laévmlwt%ﬁum ams mOEmmﬁhupﬁdZ&m@wewnshé goduafitesscent 5

of “hybri i Eb?ﬁ%ﬂr?ﬁ%ﬁ%‘f B Biscend arkel JONE wﬁﬁ%ﬂ%ﬁ”g&&ﬁ% pling after
d
Cover Sl i p by RETe: Ypﬁ%‘?ﬁ*??ﬂ f“‘?ﬁ?t 43?"31&? i SN T

hybridi se tmybhﬂléear:@eﬂse fiarget® forn28t nddl ef rj’ﬁéc AfAfer sewefdl ppest 10
hybri di sati on washes the slides are mounted in antifade solution containing

di ami di no- 2-hybeidysationdwh shedithe slodes| ave imient@hii intifade solutlonrammtaiping Sl i des
are anal ysed_using a Zeiss Axi oskop 20 m.cr osco}§) equi pped with a
mi croscope |ql$rﬁiﬁ1ﬁ9t70PhWXlHnﬁﬁ%ﬁwf@%@ﬂée §R&tDarc 15 |anp HBO 50W and

appropriate Zeiss filter conbinations (02 for DAPI; 09 for FITCO. The

i mmunopositive cells are |located using the m croscope in the visible
light node, afd8kc cBnhQ@ai/é ﬁhéﬁgged hghg R ASE kﬁspbg%eﬁ croscé the

m croscope swtched”to fluorescen e~an S|I es anal yse usi ng each

filter set. eQuippedamithphahftgosqpedillmminaicrewith el mF{I @apflﬁ@ short-aqd our film
(Fuj i Photo Film Co., Tokyo, Japan) both in visible
lamp HBO 50W and appropriate Zeiss filter combmatlons (02 for DAPI;
09 for FITC). The immunopositive cells are located using the microscope
in the visible light mode, after which the visible light source is blocked
and the microscope switched to fluorescence mode and slides analysed
using each filter set. Cells are photographed on Fujichrome Provia 400
20 colour film (Fuji Photo Film Co., Tokyo, Japan) both in visible light

mode and fluorescence mode. Black and white negatives and prints are

then made from the colour film.

Results
25 '
Three positive fluorescent spots from chromosome 21 are present in
embryonic or fetal cells derived from an affected fetus. In contrast,
normal maternal cells and normal fetal cells give two positive fluorescent
spots for chromosome 21. Fetal and maternal cells are distinguished by y

30  immunoreactivity to glucose-6-phosphatase, ie fetal red blood cells are



node and fl uorescence node. Bl ack and white negatives and prints are

then madg,fdsigydene colour film Results 25 Thrrex/GreSI00656
fluorescent” spots from chronbsone 21 are present in enbryonic or fetal
cells derived froman affected fetus. contrast, nor mal mat er nal
cells and normal fetal cells give two positive fluorescent spots for
chronmosone 21. Fetal .and nmat er nal | ] a{e.di stingui shed by 30

i munor eact iWVQH?S&IIYFc(f?@teémgﬁﬁ'ééﬁg?éé:&lsilgu?‘é?%f%gfigﬁebl ood cells are

WD 98/ 40746 PCT/ GB98/ 00656
31 | mmunopositive, maternal red bl ood cells inmunonegati ve.

Exanpl e 3: |I§£Hxﬂb'lé38: ofisdiatioh ofefdial aslk Ral POR \hiadydio foSiSikkie el |
anaem a and al assaem a I gure 5chorion a@UT2 1; 100X40RH)
shows a hunmamaehnoiai amd thalassasrhiaus at 56 post-ovul atory days show ng

I ntense al pha GLUT 2 | mmunoreactivity in a negal obl ast (arrow) and no
reactivify in a nor nocyte (arrowhead) within a fetal chorionic bl ood

| (bv)...Th 0 yti I ' d hobl '
(Syare Cre) R o SHRE A S PRER L Tk SoRED N MBIRARRSRIAA S (2
bl ood t ak j: he, fi ' [ d ;j I i :
angoa P?:Regn\}alp‘)%éi gt f%érsépctl[(é@%%ﬁ g@ehﬁg@? fg{%n{‘; %a??ggafg‘%ﬂé@nmnfdgrrgien.
Bl ood sanpl gpiifin6RiabtisRpaimtd oReghlebiddhe(atow) oatt (Ad- Adciibiky f frona

normocyte (arrowhead) within a fetal chorionic blood vessel (bv). The

10  syncytiotrophoblastic (s) and cytotrophoblastic (c) layers are minimally

immunoreactive,

Fetal cells from maternal blood taken in the first trimester are isolated in
the following way, and a PCR analysis for Sickle cell anaemia and

15 thalassaemia undertaken.

Blood sample and cell separation. Peripheral blood (16-18 mi) from
pregnant women in the first trimester is collected into EDTA Vacutainer
tubes (Becton Dickinson, Rutherford, NJ).. The blood is then diluted 1:2
20  with phosphate buffered saline (PBS), with each 15 ml layered over 10 ml
Ficoll-paque plus (density 1.077 g/ml, Pharmacia Biotech, Piscatawa, NJ)
and centrifuged at 400 g for 30 min at room temperature. The interphase
cells are then carefully removed, washed twice with PBS supplemented
with 5 mM EDTA and 0.5% bovine serum albumin (BSA), and
25  resuspended in 80 ul PBS/EDTA/BSA per each 107 cells.

Magnetic activated cell sorting. Nucleated red cells were enriched by
MiniMACS (Miltenyi Biotech, Inc., Sunnyvale, CA) following the
manufacturer’s protocol. An anti-GLUT2 antibody conjugated MACS -

30  Microbeads is added to the resuspended cells at the ratio of 20 ul per each



pregnant wonen in the first trinmester is collected into EDTA Vacut ai ner
tubes (Becton Dickinson, Rutherford, NJ). The blood is th?&@:&h&&&% 1:2 20
wi th pho¥eP848746uf f ered saline (PBS), with each 15 m |ayered over 10 m

Fi col | -paque plus (density 1.077 g/, _Pharmaci a Bi otech, Piscatawa, NJ)
and centrifuged at 400 g for 30 mn at32roomterrperature. The interphase
cells are then carefully renoved, washed twice with PBS suppl enent ed

with 5 mMv Ef¥Acelisd 0TBe amixsurends dkenunneutated fox BSA)I}maﬁd@&R’G dauwspended in

80 | PBS/ EDTA/ BS h. 10 | . . . Ma ti ti t ed
Co | Coorti e Triggen: Dab Pagear o n s s Rl bapERsion is PIBEIRAARER M | { oy
Bi ot h, | , f alil ] - t ' t | .
A e n QLG 2 MRS coltithn hd ¥ BiabBifcd cells TRENRAR bfiEkiet Y 0} 00

d : t ' i 98/ 40746
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cells. The mxture is then incubated for 15 min at 6-12[err]Cin a

refrigerator. The magnetic-bead | abelled cell suspension is pipetted on top
of a M ni MACBe cellsiisolatad in Huis wwayatis! subgtansially adlrearbhtatalcen erabryanipy

pushi ng them qut qQf t colu using 1 m buffer and a plunger. 5 The
cells isol aﬂ%@e?tﬁgtrﬁﬂgﬁ%‘gc ﬂg substantially all early fetal or enbryonic
nucl eated red bl ood cells. PCR is perforned as described (Saiki et al

(1988) Science 239, 487-491) 10 in 50 [err]l reaction volunme using a
Per ki n- El ne ; C RE&Y ' C ists of 1
P@éﬁ q&ﬂiﬁﬁg&l %atfﬁéntied (sé% & @zrrgbss) Sadeheh 289 hmm@u?

mn at 95 er 5[err] C mn at 72[err]C, with 10 mn

final exsengi 60 gt rebtienrddluie tdieg laaPerkip<Elener DNAOWhermman Cyader.et al or
enbryonic cells eluted fromthe MniMACS ~ colum are first anplified for
40 cycl es aBdch amplificasiont ¢ysle cousistssofi & mim ateddE nbdndhatpd ¥9% abdy| ani de

10 ferr] 1 of R o 18C 1 Sifhal oriy Faal exeiren &t 206 e FEias®yBicocher
20,30, Y1 AR, iyt SR SRR, ociCotga MHEER MERAMATSTPI 1Y
column are first amplified for 40 cycles and a fifth of the products is
15 examined on an 8% acrylamide gel. If no specific or very weak PCR
products are seen, an aliquot of 10 ul of the first round PCR products is
amplified for another 20-30 cycles using the same conditions. The
primers used to amplify the $-globin sequences are biotinated ‘pco3’ (5'-
Biotin-ACACAACTGTGTTCACTAGC-3' (SEQ ID No: 5)), biotinated
20 ‘B110° (5'-Biotin-AAAATAGACCAATAGGCAGA-3' (SEQ ID No: 6))
and biotinated ‘Chima 2’ (5'-Biotin-
TGCAGCTTGTCACAGTGCAGCTCACT-3’ (SEQID No: 7)). The 248-
bp DNA amplified by ‘pco3’ and ‘G110’ is used for sickle gene detection.
The 460-bp DNA amplified by ‘pco3’ and ‘China 2’ is used for S-

25 thalassemia detection.

Reverse dot blot hybridization. Membrane strips containing multiple dots

of immobilized normal and mutant oligonucleotide probes of 8-globin

sequences are prepared as described (Maggio et al (1993) Blood 81, 239- .
30 242; Cai et al (1994) Human Mutation 3, 59-63). The sequences of these

RECTIFIED SHEET (RULE 91)
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Bi oti n- ACACAACTGIGITCACTAGC-3' (SEQ ID No: 5)), biotinated 20 '[err]110
(5 - Bi otyH- W{AGACCAATACI;CAGA—E (SEQ I D No: 6)) apdT/GHoB/OMGsAat ed
China 2 (5" - Biotin- TGCAGCTTGTCACAGTGCAGCTCACT- 3" (SEQ I D
No: 7)). The 248- bp DNA anplifi by 'pco3 and '[err]110" is used
for sickle gene detection. The 460-bp DNA anplified by 'pco3' and

e 2 S ik B T AT o R O
D o Ctciet il A TUIAOkI! | AT ARE! dRdRpRes hrleer Tk 0 gleabi

sequences are prepared as descri (Maggi o et Bl ood 1 239- 30

242; Cai etTGACTSTHNGHGBACAAET-GN (SEPDIDO6RD: smadsmuﬁﬁm bbs hese
WO 98/ 40746 CT/ GB98/ 00656
33 olis gorfu A CIHC PEEC Al Adat ESEQNTD Mo af)ofer éetecwsg fthé | ows:

TOACTOCRCARSOMSRIGR. (heceo B Erobg) oL RO G AFABETTE 7.3
muiation (REor il pPobe 1408 - Apcrbiia B0 Be ?s(sé””’?

No: 10 L Al 3" (SEQ
| D No: )11) %g&A%T%&’%&g?ﬁ%@RR@G % (SSEQ 1D E\IO fﬁAO rrut atron,” the (

normal prakee isBbBlO mut@MTAGéE@AAWQSA o3 | 3y No5’12), and
the nutant 10 Er obe is - CTGCCTATTAGTICTATTTTC- 3' SEQ I D No: 13). The

PCR product(@ WG&@CA@TM@@A%&GKSEQ dDoNe: i), sulduthieanutaant ai ni ng

added af DNABSAB S LERIGE a0 DA LA TR SA (SR NPLLS Phe
% re theh MW@E{ cf SR ferhehty e iddhlt o G BT Pty Sffiyipd ® =111 P°

conj ugated 3 x Ssge/eg %Eg?@wam@@@ toftaiing Qﬁ’g‘otl CRECRbHAEE aél%beéirg‘ n, and

t he col our hr onogeni© subs rate contai ning tetramnethyl

benzi di ne addedsahditDNAs MNe detatatel dpdbdiliaprinCh ewater dath fom3 emiper at ur e
until colours were  visible whether or not the fetal cells have a
si ckl e cel | Hybridizatiggsisesaraed @ut intdad? on watsr haty evertight. by herstEpset hod.

15 are then washed in 0.5 x SSC/0.1% SDS at 42°C for 10 min, conjugated
with streptavidin-HRP at room temperature for 15 min, and the colour
developed with chromogenic substrate containing tetramethyl benzidine
solution, Na citrate and H,0, at room temperature until colours were
visible whether or not the fetal cells have a sickle cell or thalassaemia

20 mutation can be detected by this method.
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red “mﬁ?ﬁ Scel s br 'both, °thé met hod conpri si ng detern1n|ng el
or cells contain or express an adult |iver conmponent, wherein the

adult liver conponent is not transferrpfh receptor. .1h5@m§pﬁ£@gmq&mmmd

I sol ati ng eggtyggig or fetal red blood cells froma nlng
mat er nal bl s and enbryonic or fetal red bl o uﬂuﬁ

the nethod conprising isolating the cells which con s an
adult liver conmponent, wherein the adult |iver conponent is not

transferrin ecepA%ethod?’of ld&tw%gg@ﬁ&;@i&gfé& %Cf'b&%?éﬂg lI\lAlnazr ein t he

said sanple Is nple o om a pregnan

met hod accor di ng stam;%aidmainmem@temnﬂhﬂoeﬁ%n@%hdfe‘%ﬂ&%nicsoﬁfetal red h“”a”
femal e and the sanple is taken in the first trimnmester. t hod

according to d aitpedeells ontbetle; nhetmethedtmoyrqmmgrdetmhmg whxch d&ﬁ bl ood
cell is of the nucl e hed nmegal obl astic series. 6. A nmet hod accordi ng

to any one of O &Meells coniginpeptess pB adult livercenrpporsnt. i s a protein.
7. A nmet hod according to any one of Clains 1 to 6 wherein the
2. A method of isolating embryonic or fetal red blood cells from a
sample containing maternal blood cells and embryonic or fetal red
10 blood cells or both, the method comprising isolating the celis which

contain or express an adult liver component.

3. A method according to Claim 1 or 2 wherein the said sample is a

sample of blood from a pregnant female.

15
4. A method according to Claim 3 wherein the pregnant female is a
human female and the sample is taken in the first trimester.
5. A method according to Claim 1 or 2 wherein the embryonic or fetal

20 red blood cell is of the nucleated megaloblastic series.

6. A method according to any one of Claims 1 to 5 wherein the
component is a protein.

25 7. ° A method according to any one of Claims 1 to 6 wherein the
component is substantially absent from maternal cells of the
maternal blood.

8. A method according to any one of Claim 1 or 2 wherein the protein .

30 1s any one of a microsomal glucose-6-phosphatase enzyme, another
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A method according to Claim S wherein the cell surface exposed

component is an adult liver plasma membrane protein.

A method according to Claim 10 wherein the adult liver plasma
membrane protein is any of glucose transporter 2, a P-glycoprotein,
a MDRP, a MRP, <vy-glutamyl transpeptidase, a lipoprotein
receptor, an alkaline phosphatase, a bile salt transporter, a bile acid
transporter, a hormone receptor, a multiple organic ion transporter,

a bilirubin transporter or a bilirubin conjugate transporter.

A method according to any one of the preceding claims wherein the
sald sample 15 contacted with a binding moiety which moiety binds
to said adult liver component and said embryonic or fetal cell is
identified in or isolated from the sample by virtue of being bound

1o the binding moiety.

A method according to Claim 1 to 11 wherein said sample is

12.

A




to said adult liver conponent and said enbryonic or fetal cell is

to°The. Bran Ao MU REUEN UL oot gt o s

wherein said sanplé i§ * 36
contacted with a substrate for an enz , said enzyme being an
adult liver conponent, and said enbryonic or fetal cell is jdentified

in or i S?' at ed f Fomked %’&Hp‘f Subsirafe rfop anoengymee pFid KAZYIET Redgngn _
st on.of Sar S CURORIP ABPI A eipron o st PHAARER 20 1

odyor- fragment

or derivative thes eefisolated fromlfe sath ‘b@oﬂrﬁfe éﬁ@ﬂe%ﬂoﬂﬁc@fﬂ?ﬁ%&r‘bf or fetal
red blood cells froma 10 samnpl e"according to Claim1l12 or” 14

wher ei n sai d bi ndcngn wbiseidyenzyme on said swbstrambi | i sed to a solid support.
16. A nethod according to Caim12 or 14 wherein said binding noiety
is detectably | abelled or is capable of detection. 15 17. A nethod of

i solating egbryonic or fetal .red blood gells fromag. .. . _.sanple

hocordi ng ¢ SAG aPviedho S Qrdindod B WhEr Sl danding mpiom IS an

of the cells. . . 0 0 ' Claim 13 wherein said
product is éﬁub&é‘)( I%@F@%Igt&o@&g‘g*g)&p%ée%ﬁ 19. A nethod of
determining a fetal abnornmality the nethod

15. A method of isolating embryonic or fetal red blood cells from a
10 sample according to Claim 12 or 14 wherein said binding moiety

1s immobilised to a solid support.

16. A method according to Claim 12 or 14 wherein said binding moiety
is detectably labelled or is capable of detection.
15
17. A method of isolating embryonic or fetal red blood cells from a
sample according to Claim 16 wherein said label facilitates isolation

of the cells.

20 18. A method according to Claim 13 wherein said product is

fluorescent or coloured.

19. A method of determining a fetal abnormality the method
comprising identifying or isolating embryonic or fetal cells
25 - according to the method of any one of the preceding claims and

analysing said embryonic or fetal cell for said fetal abnormality.

20. A method according to Claim 19 wherein the fetal cell abnormality

is determined by analysing genetic material. -
30
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conprising identifying or isolating enbryonic or fetal cells 25
accor di ng tea.hiie Humzllﬂﬂu ﬂrﬂiof t he preceding cl ai necanraBIs/0656
anal ysing sald e NARs I'"kcel | for said fetal abnormality.

20. A nethod according to Claim19 wggrein the fetal cell abnormality
I s determ ned by anal ysing genetic material. 30 37 21. A nethod

-accordi ng 11922%316\1% Wi & My whereiRPNQHrBRIdsbhRE ' e

det ect ed. method according to ai m20 erein mutations in the
DNA ar e deilmirafilities a28 detedtdd.t of parts for determning a fetal
abnormality conprising (a) means for determ ning whether a cell
contains or expresses an adult | i ver conmponent and (b) neans for
anal ysing a cell for an .abnorqal i ty. 24. Use of a binding noiety
as defined 4 O 4i Weilod Accordiighiy Clamm Z%a}y@srfdpﬁauﬁa&oalﬁyndhs 15?41’0 aims 19
to 22. 25. f ans for determ ning whether a cell contains or
expressés an adt?r? ‘%tegtfggorrponent for identifying or isolating an

enbryonic or fetal red bl ood cell.

23. A kit of parts for determining a fetal abnormality comprising (a)
means for determining whether a cell contains or expresses an adult
liver component and (b) means for analysing a cell for an

10 abnormality.

24. Use of a binding moiety as defined in Claim 12 in a method

according to any one of Claims 19 to 22.

15 25. Use of a means for determining whether a cell contains or
expresses an adult liver component for identifying or isolating an

embryonic or fetal red blood cell.

26.  Any novel method of determining a fetal abnormality by analysing

20 embryonic or fetal cells in maternal blood as herein described.

27.  Any novel method of isolating or identifying an embryonic or fetal

cell as herein described.
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