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FETAL CBLL RECOVERY METHOD 

!'IBLD OJ' 'IJIB 'IHV.llR'llOR 

The present invention relates to a matbod for 

recovering.fetal calls fro• maternal blood using 

·antibodies to distingQisb· fetal cells havinq one 
mat:.ernal.cell surface antigen for a polymorphic locus· 

fro• maternal cells·baving both aaternal cell surface 

an~i9ens. 

DAOKQROUHD O~ 'IKB Jln'BHT!OB 

~be examination of fetal c~lls far early detection 

ot fatal disease• and 9enetic abnormalities is 

Undertaken in approximately one OUt Of every thirty 

pregnant ~omen.· The main indication is matern•l a9e 

(over 3!i years) .. ~ha tests 11ay involve DNA gene t)'ping 

or,· more COllllOnly, the US9 Of liYe fetal cells for 

chromosomal karyotypinq. 
Fetal cells are usua1ly obtain•d by amniooentesis, 

tbe remo~al of amniotic fluid tram the amniotic cavity 

within the amniotic sac· or placenta. The procedure 

pres•nts a risk of harm to the fetus,· particularly 

after ·the first trimester of pregnancy. The risk to 

the tet~ together vi.th the high cost of the procedure 

have pre~ented the establishment of examination of 
fetal ce~ls tor early detection of abnormalities as a 

routi~e ~~ocedure in pregnancy. . · 

In ~~e late 1970s ·and early 1980s, Hersenberg and 

hia coll~agues rap,ortad that te~al ~alls were present 

in. mater~~! blaod aa early aa 15 waeks gesta.tion. ~he 
authors-~eparated maternal and fatal cells uslng 

~ . 

fluo~esc~ce~activatad cell sorting (FACS) by stainin9 
'') 

maternal ~lood ror.a distinguishing·patarnal HLA 

antige6. -~:.The authors state that the d.eaonstration that 
. . ' . 

fetal ~ells enter matez:nal circulation'and can be 

. ._, .• isolat~d by J'ACS•anr:-iabment procedures could have 
. ·35:' · practical sivnif 1canc• in; enabling karyotyping witbo\lt 

. . 
·the need for amniocanteaia. The autborm state that 

.. 
this would be possible if the frequency of successful 
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isolation of cells at·15 weeks, is suffiaiantly high and 
the cells aoulcl be inclQced to divide .(enter metapbas~I·, 
rurtherm~re~ extensive HLA typing reagents, or other 
cell surface reagents would need to·ba developed to. 
distinguiab •aternal·· a.nd. fetal cells. To date .. the . . 
tacbni~ua has not been. successfully adapted far uae as 
a.olinleal techniQua for either karyotyping or tetal 
DN~ analysis. . 

Recently, fetal calls present 1n maternal b~ood 
10 · have been used to perform a~alysis of genas p~eaent in 

the fetus. In one technique, the maternal and fetal 
cells were not.separated .and the.DNA from the cell 
mixture was ampl~f ied with Y chromosome-specific 
primers to determine whether tbe fetus is male. 7t has 

15 

20 

25 

30 

bean sugqest:ed t~t DNA amplification tecliniQues can 
also ba per€of.'llecl to·detect 9ene sequencas associated 
·with disaas~ in this manner~ Of co~ae, tha Jnathod 
cannot be used where tbe mother is a carrier for the 
trait. 

~o date,· amniotic fluid or cborionic villus biopsy 
bas been tbe only source of antenatal calls to provide. 
a sufficient number af'live cells for karyotyping. 
Furthermore, DNA an~lysis methods have~only been 
possible in ~elatively limited situations wbicb depend· 
on particular differences in maternal and fetal cells, 
e.g. presence of the Y ~romoso•• in tba fetus or 
presence of BLA-A2 antigen on fetal, but not maternal; 
cells. 

oasaazn101r o:r 'lllB :1a1oa al.'i' 

Herzenbezv and his colleagues bave described 
methods for separating •aternal and :fetal .·cells in 
maternal ~lood usi119 ~luorescence-activ.ated cell 

. sort;l.119 (FACS). :tn Herzenberg et al, Proa. Natl. Aaad. 

35 soi. USA 71:1453;..1455 (197~), cells in blood samples 

rro• 15-week pregnant J1LA·A2-negative women were 
stained for HI.A A2 antigen. Stained ~e1ls we~e 
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separated by PACS and colleated to enrich tha 
population of .fetal cells. Although the technique was 
demonstrated to effectively identify 11ale, HI.A A2-. 
positive calla in aata~nal blood, to date the technique 

5 has not been sucaessfully adapted for genera~ 
applicability. In Iverson et al, Prenat. Dia~. i:61~73 
(1981), peripher~l blood lynph~cytes (PBLs) from either 
1s· week or 21 to 25 week pregnant woaen ware exami~ed.· 
If the woman was HLA A2-negat1ve, her cells were 

10 stained with anti•BLA A2 reagents, sorted by FACS onto 
microscope slides (for fetuses who were.BI.A A2-
posit1ve), stained with quinacrine and.examined. 
aiaroscopically for Y chromatin-positive cells. The 
authors rep~rt that ~etal.cell~ enter the maternal 
circulation aa•early as 15.weeks,gastation. 

Bianchi et· al, .cytomatry 81197-202 (1987) report a 
technique that allows direct hybridization.to the DNA 
Of ceils Wbich Were flow .sorted onto nitrooellUlOBG 
filters whiah eliainates the need for a DNA isolation 

20 step. The method was performed on buman cord blood~ 
The auth~rs state that the technique ia usefUl in 
situations where there is a limited amount of DNA 
availabl~ for analysis sach as for fetal cells 
recovered from maternal blood. 

25 p.s. Pat~nt No, 4,675,286 (to calenotf, issued 

30 

June 23, 1987) describes a method for-obta~ning fetal 
cells for diagnostic.examination ~n which detached 
cells ~rom the uterine cavity and outer surface of the 
amniotic sac are incubated with a separation antibody . . 
~hich ~inds preferentially to either fetal or aaternal 
.cells. The antibocly can he bound to an inaoluble 
~upport or conjugated with a fluo~escent label and 
removed with a oell sorter to effect separation. 

Truneh et al, Cytometry &:562-56' (1981) desori~e 
35 a method for detection 0£ vary low reaeptar nWDbers on 

cells by flow cytometry. The method in!olves staining 
the cells with veaicles oontaininCJ thoU"sands ot 
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~luoroobrome Jl\Oleculea, wb1ch·ves1ciea are conjugated 

to antibo4ies with the aes1red specificity. 
' Albright et 61, cyto•etry 7~53&-5•3 (1986) 

describe the use of centriiuqal separation of cells in 

sputum specimens ae_an alternative to flOtl 01toaetry. 
soaJ.ety Zor Cll.nia•l cytology J.181 Absf:r•cto p. 6 

describe 1n situ bybridi1atio~ for detection of 
structural and nwieriaal abnormalities using 
DOD~adioactiva prabes for detea~ion Of aneuploi4y and 

translocationa· (Pi~l et al, Ho. 13). The 

immunopotentiality of cancer patients was studied bY 

sort1n; peripheral ~lood T cell. subsets by a 
• ~ • I 

multiparame~er_analyaia using monoclonal antibodies and 

flow cytometry (N'onura et al, lfo •. 14). 
Praotiael £lo~ CytOJnetry (Second BditionJ by 

. I . 

Howard. M. Shapi~o,·Alan R, Liss, Znc. 1988 is a 
cc:1mprehensive·work on flow aytometry. The book 
describe• how to build, purchase and use1a flow · 
oytcmeter and bow to desi9n analys•s and analyze the 

data produced thereby. 
Each of 1:be ab0ve-descril:tec! references.and the· 

-references cited therein is incorporated herein by 

reference in its entirety • 

IUIUWtJ' OJ' 'l'D JRVBftJ:OH 

The present invention provides a method-for 
selectively reooverin9 tetal cells from a maternal 

blood samp~e. 'Die method is pe~formed on a blood . 
sanple from a pregnant woman bavinv different f irat ·and 

JO seoond cell surface antiqens expressed by a first 
al1ele of a polymorphic genetic locus.and a sec;ond 

allele of. a pol.yacirphic genetic locus. 'The method· 

separates maternal and fetal cells base~1 on . 

diffeten~1al reactivities ot the cells t~ ant~odies 

35 specific for pol}'Dlarphic cell su~taca anti9ens, 
particalarly the HLA antigens. In particular, the · 
:fetal and maternal cells are separated based on the 
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nan~reactivity of the fetal cells ta an anti~ody 
·specific for a cell aurfaca antigen encoded by •· 

nantrans•itted maternal allele. 
The method comprises tha following steps. Cells 

5 from a blood sampla.of a pregnant wo•an having a first 
cell surface antigen,anco4ed by a fiJ:"iilt allele of a 
polymorphic 9enetia locus and a·secon~, different ceil 
surface ant19en encoded bf a second alle~e of a 
polymorphic·9enetic locus are combined with an antibody 

10 spaoif ic for 1:he tirst ceil surface antigen for a 
p~riod of time sufficient far antibocly bindin9. . cell• 
bound _to the antibody are separated trom·any aell"s 
which are 'not bound to the antibf?dy and non-bound, 

15 

20 

separated cells are recovered •. Fifty·percerit of the 
time, the alleie encoding the antigen is not 
transmitted and aaternal cells bound to the antibody 
can be separated· from non-bound fatal cells. 

In a preferred eiabodiaent, the cells are also 
contacted wi-th·a second. antibody spec:ific far the 
second cell su~face antigen. The maternal cells react 
with both antibodies. Except when the fetus inherits 
both maternal alleles, fetal cells react with, at most, 
one of the antibodies. ~n a most preferred embodiment, 
the alleles are for a single genetic locus, preferably 

25 an· .HI.A locua. ·ln this way when .the fetus does not· 
inherit the nontransaitted allele from the_ father, the 

30 

35 

· fetal cells, having inherited only one of the two 
maternal.alleles,. r~act with oniy one of tbe two 
antibodies. In insunces whe¥"e the fetus is the same 
HLA type as tbe mother for those alleles (i.e., where 
the.fetus inherits the ~on-maternally tranamitte4 
al·le1e fro• the father), tbare will be no d~ffer•nce 
between the i"eactivity of the fetal and maternal cells_ 
with the antibodies. Antibodies ~pacific for another 
maternal HLA antigen can be used until calla in the 
sa•ple fail to react v1th one of tbe antibodies. 
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+he differential antibody raactl~it~es of the 

-~etal and matemal ·cells can be used. ~ separate the 
cells in two general ways based on aftixing tbe 

. . 
antibodies to a solid pbase or ~asa4 on FACS using 
fluoroc::hro•-labele.d antibodies. Faz=: solid ·J>baae 
separations, the cells are separately contacted vi~h 
so1id phase-affixed antibodies for' each selected 
maternal antigen (e.9., magnetic bead-affixed 
antibodies) • Maternal cells bind to eacb antibody.· 
Fetal cells fail to react vi1;h antibodies .for 
QOnt·ransmitted antigen&e, are DOt bound to the solid 

' . . . 
phase, and are recovered. .Far FACS-based separations, 
the antib'odies. are la~elad with a f~uorochrome, and 
unlabeled reta1·cells are separated trom'labeled 
maternal celis. xn a preferred embodiaent, antibodies 
fOr two maternal allelea.ate labeled with different 
Eluoroohroaes and double-labeled aaterbal aella.are 
separated rroa unlabeled and single-labeled ·fetal 

«:ells. 
20 The separated fetal cells can be used in a variety 

of procedures. The DNA in the recovered.fetal cells 
can be used to determine a-variety ct genetic·traits, 
particularly using DNA amplificat~on ••tho4s. In a 
preferred embo~iment, the fetal cells are cultured and 

25 the ·cultw:es used. for lc&ryotypinq. It is also 
envisaged that cytogenetic abnormalities classically 
revealed by karyotypin9 and by in· situ hybridization 
may alao be revealed.by gel electrophoresis. 

30 D2D%UID .DBllOU»~J:CH OJI ~1111 Xll'IB~!OR 

Tbe pre•ent invention provides a method for 
. .. . . 

· selectively recovering fetal cells in ' •ate:r:nal ~load 
· samp1t{. The m,-thod is based on separatin9 maternal and 
fe~al cells basa4 on differential reactivtties of the 

35 · cells to antibodies specific for polymorphic aurfaoa 
antigens of the cells, particularly the BIA antigens. 
For HI.a. loci (or any otber pol)'llarphic.9eneti~ loci), 
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the fetus inherits· one all•le for an llLA locus from the 

aotber. The non-reactivity of feta~ cell• with an 
antibody specific for the antigen •xpressed by tbe 
nontransaitted allele can be used to separate fetal and 
maternal call~. 

Spec1fically1 an antibody for the _selected 
aaternal anti9en can be affixed to a ~olid phase. 
Maternal cell• become solid·p~ase ·attixed by reaction 
with tile antibody. When the antigen is encoded by the 
nont.ransmitted •llele (and the fetus does not inherit 
the nontrana•ittecl maternal allele from the father), 
fetal cel~s do"not bind to the arit!J>ody and can be 
racovarea: Alternatively, the antibody can he labeled 
with a fluorochrome and labeled maternal cells 

• separated .frgm any unlabeled fetal cells. 
. Preferably, ·~t.ib~dies Gpecif ie ·for tWQ maternal. 

cell surface antigens are used. When two selected 
•aternal alleles are tor different polymorphic.9enetic 
loci, there·ie a one in four chance tbat the fetus.-will_ 
inherit both alleles •. That is, three out of four 
tines, the fetus will inherit either-one er neither of 
the two maternal alleles from.the mother. Therefore,. 
when a mat•rnal blood sample is combined with 
antibodies for each selected allele Of those HLl loci 
(and tba fetus does not inherit ~be nontransmitted 
maternal allele from the father), the maternal cells 
react with both aritibcdies and the fetal cells react 
with one antibody (two out of four times) or neither 
antibody. ·cone out of ~our times). 

Wben the motber is heterozygous for an·HLA locus 
(and the fetus does not inherit the nontransmitted 

. . 
maternal allele from tba father), the •other and fetus 
llave different allales for tbat llLA 10ous. Therefore, 
when a maternal blood sample is combined with 
antibodies, 11laternal cells reac~ with both antib041as. . . 
and fetal cells react·with only one of the antibodies. 
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When tba antibodies for two aate~nal an~igena are 
labeled with different i1uorocbrones,- single-labeled 
and unlabaled fetal ·calls are readily sepa~ate4 from 
do\lble•labeled 11aternal cells using tluoreseence-. . . 
activated cell sorting (FACS), r~sult~_ng in .. separation 
and recovery of fetal cells. Similarly, vhen . . 

antibodies for a oell-surfaqe antigen encoded by a 
nontransmltted aaternal allele are ~ound to a solid 
phase, sucb as a ma9net1c ~ead, only materna~ cell~ 

'. 10 bind to the solid phase. ':he non-~aund .fetal cells can 
be readily separated trca tbe bound maternal cells and 
recovered.. 

The ~ecovered ~etal cells can ba used in a variety 
of assays. The DNA in ·tbe recovered fetal ce~ls can be 

15 used to deter.,ine a variety of 9enatlc traits• In a 
preferred embocl1•ent, the fetal cells are cultured and 
the .cultQZ'.es usecl for karyotypin9. Xt is also 
envisaged t~at cyto9enetic abnot'lftalities.cl•ssically 
revealed by karyo~ypin9 and by Jn situ hybrid~zation 

20 may also be reveal~d by gel electrophoresis. 
The present f e~l cell recovery method p~ovi4es 

advantages whicb_could not be achieved in prior art 
metbo4s. ~h~ mos~·s1gn1ticant di~ference. from pri~r 
art methods is tba~ no in~ormation regarding the 

25 paternal contribution is necessary. Only· Jllatarnal HLA 
alleles need to be identified. Not only i~ there no 
·need to.identify alleles of the natural father that may 
be distinguishing, but, so long as the fetus does not 
inherit nontran1B111itted maternal alleies from the 

30 father., only a limited number af antig~s need :be 
investigatea to find a pattern that distinCJUisbes 
maternal and ietal ceils. 

Th~re is also no need to use a mixture of 
antibodies specific for al-1 non-maternal allele-encoded 

3 s antigens tor the selected loci. 'the method Cloes not 
rely on attempting to identify fetal cells with 
discrininating paternal alleles that the child may.have 

. . 
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inherited. Furthermore, since the method_separates 
tetal and maternal cello based on absence of the 
maternal anti~en in fetal cells,_ fetal cell~- can be 
ef iectively separated even if the paternal antigen had 

· never been previously encountered. once antigens . . ,· 

·present on the mate~nal cells are identified, any of 
the nontran&lllitte4 antigens can form the basis ot the 
saparation. Furtheriaore, the presenee of cells in the 
sample ~bich do not react with one of the antlbodiea 
indic~tes that the fetal cells have bean distinguished 
based on differential antibody reactivity. No 
additional evaluation needs to be nade. 

'l'he method al.SO does not attempt to 4istin9~ish 
the fetal cells based on "fetal" antigens such··· fetal 

l~ heao9lobin which may also be .Xpressed by some maternal 
cells. In the present method, rather than selecting a 
fetal anti9en that is present on some maternal cell~ 
(oncofet•l antigens), the metbod utiliaes a maternal 
anti9en which is not present on any· fetal c~lls. once 

20 an antibody that does not react with some cells in the 
sample is identified, all of the cells whicb do not 
react with the antibody are fetal cells. · Furthermore, 
all nucleated :fetal cells that express JILA antigens 
fail to react with the antibody because the HLA antigen 

25 ia not transmitted to that fetus. The lack of 
re~ctivity is not·related to a particular "fetal stage 

,. of development or· ~o a particular: fetal cell type. 

30 

Therefore al~ nan-reactive cell• are fetal cells. 

Selection 0£ PolyJDO.rphia Genetjc Locus-Bnc:oded Ant1gens 
The fetus inb•rits half of its ~hr~mosomes from 

its mother and half fr:oa its father. For each_ 
polymorphic ;locus, suob as an III.A loe\ls, the fetus 
.inherits one allele from its mother and one trcm\ its 

35 father. Therefore, the mother and fetus always have·at 
least one allele for each polymorphic locus in common. 
The maternal alleles that the fetus does not inherit 
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are unique.to tha maternal cells exoept ·when the fatus 
inh.erits ·the nontra.nsmitted allele from the father. • 

Par any polymorphic loci, the fetua will inherit 
at most one of the uternal alleles •. When tha ~other 

5 is haterozygous for the· locus, th• aother ~4 fetus 
w~ll have the sama 'alleles only when the fetus inher.t:t.s 
the nont~ans•itted all•le ftoa the father. The 
likelihood of tbat_ event dependa on the frequency of 
the nontransmitted_allele in the ~opulation •. Laai ara 

· 10 · preferably selected to minimize the likel1bood. that the 
fetus-inherited ~he allele for the selected antigen 
from the father as described below.· 

15 

Numerous polymorphic loci are well known, as are . 
methods fo~ 4eteraining allele-t1pea for· those looi . 
directly or.indirectly ~Y determining the cell aurfaae 
ab.tigens expxessed by the loci. ~he selected loci have 
at least two allele• each of which ·comprises a 
significant percentage of the population~ Preferaaly, 
the loci bave nuaerous alleles which are present 4.n a 

20 significant percentage of the population. Selection of 
auc:h loci maximizes tlie like·lihoocl that the fat:b-er w111 
not provide the non~ranamitted maternal allele to the 
fetus. 

In a preferred embodiment, tbe selected alleles of . 
2S the lC?Ci are routinely detecte,,. \lsin9 ~erological. 

methods. In-this way, the antibody.reagents available 
to ·_type the loci are tben available for .use as reagents· 
in tbe separation 11ethod.of tbia invention. 

suitagle loci encoae cell surface antigens present 
·3o on cells in.early through late stages of 

differentiation. _However, any surface antigens 
expressed by nucleated fetal cells aan ba uaed. 
Exemplary suitable geneti~ loci encod~ ~h~ blood ·group· 
antiaen11, partioul~ly the ~80· 9r:oup, the Kidd group, 

35 the Duffy group, the Lewis CJroap, the P group, ~e I 
group, _and like vraups. Polymorphic loci which woul4 
provide equivalent results are those associated with 
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tbe minor histocoapatibility antigen loci and any other 
polymorphic loci that enco~e cell surface antigens 
present on fetal and maternal calls. .Most: preferred . . 
genetic loci for uae in the matbod are tha HLA loci. 

. . 

5 The antigens are axpressed by all nucleated cells and . . 
are present on fetal cells early in developmen~. 
rurthermore, met.bads tor determining the lit.A ~ype of an 
individual ai-e well· known and nuaaraus antibodies for 
JILA antigens ara conaaarcially available. ~he remain~er 

10 of the discussion of selection of antigens will use the 
~ antigen• as exemplary. SimilaJ: considaratio~s 
4pply to use or antigens encoded by other polymorphic 
qenetic loci. 

For the present method, it the maternal HLA type 
15 is known, any ilLA antigen-specific ~ntibo~ies that are 

available for.any twa maternal HLA antigens can be 
used. Pref•rilbly· the antibodies are specific for the 
antigens of any III.A locus at which the Rother ia 
heterozygous. . 

20 Whan th,e maternal HLA type is unknown, the -lleles 
for at least one HI.A locus, preferably two or more 
loci, are determined, preferably by usinv antibodies 
specific for antigen• af that locus. ff.ben antibodies 
specif le for two alleles of a loous react with the 

25 maternal cell•, those antibodies can ~e used to 
identify and separata fetal cells. :tn this way, lt is 
clear at the outset of the separation procedure that 
antibody re.a.gents usafu"l in the method. are available. 

30 

Alternatively, tbe HLA type can be deterain~d by DNA 
methods and an·allele can be selected based on 
availability o~ antibodies for the encoded antigen.· 

. . . , 
~raferably, tbe loci are any two of the Class l 

loci (A, .B, ·and C) and the Class· Il (DR, DQ and DPJ 
laoi. Since those loci are co1111only type4 by 

· 3 s serologic:al methods, HIA antigen-•pecif ic antibodies 
tor· many alleles of those loci are coJDmercially 
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available. In particular, there.a~• numerous 
monoclonal antibo~ies tor A and DR/DQ· antigens. 

In seleatin9 the .HLA alleles to use, the· first 
consideration.is the availability.of antibo4ies far the 

5 antigens expressed bY, the a~leles. · When antibodies for 
the antigens af a number of alleles· present in the 
mot~er are available~ prefer~b1y, the alleles chosen 
a~e tram.a locus that.bas numerous alleles present _in 
significant. nwnbers in t;ha population, as described 

10. above. 

15 

Antibodies specific for tbe antigen of any of the 
alleles of maternal HLA loci·can be ~aiected :for use· in 
separating oells of the :maternal blood sample. The 
antibodies can be polyclonal or monoclonalt _ptefarably . . 
monoclonal. Tbe selected alleles can b~ for two 
4if£erent loci. 

When the alleles tor two HLA loci are used, the 
fetus will only.inherit both alleles if the alleles ar:e 
on ane chromosome and recombination has not oedurrad• 

20 In that case, the use of two loci will have tha same 
result as usa of a single locus. That is, balt of the 
time the selaatian results in an etteative separation . 
and half of the time, tbe fetus has tbe same alleles as 
the Jnot.tier and no separation is achieved1, 'l'o ensure 

25 ·separation using two.alleles, the selected alleles must 
be from different chromosomes; i.e., ·tbat is from 
different maternal haploty-pas. 

Most DHA methc:lds and all serologic methods d~ not 
detendne tba baplotype_ ot th• 11othar •. For ~wo 9enetic 

30 loci, four allala ~ypea are deteiinined, bu~ no 
info:t'lllation as to the alleles that compr1•• a baplotype 
is determined, FOJ:'.tbe present metho4, it is preferz:ed 
that·tbe haplotypa is. 4etai:min•d to ensa~e tbat.tbe 
selected alleles are not inberited to,atber. Metbods 

35 for determining baplatypes include analysis of haploid 
calls (exemplified by analysis of DNA in sperm) an4 a 
method wbere DHA is ailuted to haploid -(Ruano et al~ 
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Proo. Natl. Aoad. Soi 'DSA 1 171629,-6300 (1990)). A 
prefarrad method ia described in ZPO application serial 
No. 90.309107.2, filed a/20/90 entitled Intron se9uenaa 
Analys.ts HethOd Zor D8teotlon ot Adjaoent:.and Remof:e 
Locus Alleles as Baplotypes by Malc~lm J. Si~ons, 
published. February 25, 1991. 

Alterna·tively, if both •aternal alleles for a 
single genetic locus are determined, the allelea are 
necessarily present on different gbromosomea a~d the 

10 fetus inherits one and only one oe tba alleles from the 
mother. Therefore, wllenever appropriate reagents are 
available, .anti~o41es specific fOX: two antigens 'encoded 
by alleles.of a single genetic loQUs are selectad. 

15 
As stated previously, tbe antibod~es are · 

preferably spegif io for the ~WO antigens expressed by 
the. alleles Of one'HLA locus. In another preferred 
e~odiment, the antibodies are specific for both 
antigens expressed.by the all.ales of more than one ULA 
locus. When the fetus inherits the nontran•mitted 

· 20 maternal allele(s) from the father, the separation 
process is t"epeated ~electinq antibodies to antigens 
produced by the ·alleles of another HLA locus or loci. . . 

Similar considerations apply for selection of antigens 
encoded b.y other polymorphic 9enet1c loci. 

25 once the antibodies for use tor a particqlar 

30 

35 

sample are selected, the antibodies are either bound to· 
a solid· phase or used to luel the cells, dependinq on 

·t 
the.type of separation proced~re. Bach of the 
p~ocedures 1• described generally below. In addition, 
an exemplary preferred procedure for eabh type of 
separ•~ion method is described in detail in tbe 
Exa1nples .• 

So~ce and PUri~1cat1on_o~ Celis 
The present ~ethod 1• designed ta recover fetal 

cells present in a maternal blood sample, particularly 
a venous blood sample. Preterably, the pregnant woman 
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is in her first triaester of p~egnancy. Th• sample can 

be any ~loocl sample which is.prevented from·clotting 

such as a sample containing heparin or, preferably, ACD 

solution. The sample is preferably· stored at o to 4•c 
· 5 until use to minimize the number of dead cells, cell 

debris and cel1 clunips. The number of fetal cells in 

the sample varie~ depending on· fagtors including the 

age of the fetus, nu..,ar of fatal/maternal bleeds, the 
volume of blood in aacih ep.lsode, and ~e amount: o~ tin.e 

10. since the last bleed. Typically, from 7 to 20 ml of 

naternal blopd provides suf ticient fetal cells upon 

separation from.maternal.cells.· Preferably, JO.ml or 

more blao4 is drawn to ensure auff icient cells without 

15 

the need to draw an aclclitional sample. When a.second 

separation ia necessary, cells can ~e incubated at 37•c 

for about 2 hours, then vasbe4 to remove previously 
used antibodies. Additional bload samples are not 
required. . . 

Maternal ~lood contains at least three main types 
20 cf nucleat~4 fetal cells: nucleated erythroid cells, 

syncyt1otrophobl.aats ancl lymphoid cells. Blood samples 

are purified· to eliminate red blood cells (Ries). 

Preferably, the three main types.of nucleata4 fetal 
cells are maintained in the purit"ied. sample. B.BCs can 

25 ~e eliminated by incubating the.cells in a hypotonie 

solution, e.g., o.87t ammonium. chloride with o.03·7t 

BDTA. ~hie procedure·ts particularly preferred for 
solid phase-based separations since d.8nsity gradient 

materials such ai ·Fiaoll can coat the cells wit.Ii sugar 

30 . whicb interfere• with the separation process. 

~ternatively, peripheral blood lyaphoid cells 
(PBLs) harvested by.density 9~adient separation can be 

used. PaLa conprise 'the na~oritr ot the nuoleated 

fetal oells. · 'l'o purify· fBLs, convenien-t;.ly, .a density 

35 9radient medium having a density inteZ1ftediate betwaan 

the densities of RB~s and PBLs such as Picoll-Bypaque 
and Percell (both from ~barmacia, Piscataway, N~) is 
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used to harvest the PBLs. The layer.of PBLB is removed 
and resuspended in a suspension.medium. Tha cells are 
washed an4 the pellet is resuspen~ed in the suspension 
aedium at an appropriate concentration for the . . . 
separ"tion procedure. Similarly, specific ~andinq 
:materials tor density qra4ient separation of nucleated 
erythroid calls and syncytiotrophoblasts can be 
utili111ed. 

Solid phase.separation metbods are di~ousae~ 
below, foliowed by discussion of FACS separations. 

. -
Suspension ~edia ~nd appropriate cell concentrations 
for solid phase•based and FACS-b~sed separation 
procedures· are dascribed in those discussions. 

• Solid Pbase liparation · 
. -

As stated previously, fetal cells can be separated . 
from matarnal cells in blood based on the lack of 
reagtivity of the fetal cells with an antibody specif ~c 
for a nantransmi~ted ma~ernal cell-surface anti9en. 

20 Briefly, the maternal anti9en•specific.ant:ibody ean be 

25 

. 30 

. . I 

bound ~o the solid phase di~aotly or through use of a 
solid phase-affixed b.r14ge which binds the antigen­
apagif ic antibody. Maternal cells bind to the bridge 
and are affixed t~ the solid phase. When the antiqen­
speoific. antibody is for the antigen of the 
nontransmitte4 allele, fetal cells do not bind to the 
solid phase and can be separated.an4 recovered~ 
Separation procedures are described balow. 

Selection and Preparat1on 
o~ Solid Phase ~or Separat1on 

The solid phase for separating fetal ~ells can be 
those used con~entionally for antibody-based cell 
separatiC!'ns, suob as plastic plates, dishes, flaska, 

35 · and 1:ubes1 beads:, e.g., polyac:ryla11icle·, Sephadex, 

agarose~polyacrolein, trieac:ryl and la~ex; nylon disks 
and ox ··red 1'lood c~lls. 'l'he solid phase can be in the 
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form of a dish, flaak or tube witb which the cells are 

contacted_, pres~nt a• beads or disks in a container or 
packed into a colulhh (••V•• beads and red blood cells) 
through which the aells are passed. Most preferred is 

use of .magnetic beads p~esent in a tube or other . 
container. Affinity chromatography •ethods for cell 

isolation are well known and are dascribeld in ~~J.ility 

Cbromatograpby: A . .Practical Appro•cJJ, ed •. P.D.G. _Dean, 
IRL Press .. (198&). and the references cited ·t.berain, each. 

10 ~f whlch is incorporated herein by :r:a.f'erenca in its 

entirety. 

lS 

The antibpdy can be bound to tbe sel·ecte4 solid 

phase by .conventional processes for. tlla aolicl phase . ·• 

:materials ·including aclsorption, ionic bonding,_van der 

Waals adsorp~on, electrostatic bon4ing,.or other 

non~covalent or covalent bondinq. Procedures.for 

n~n-covalent bonding a~e desaribed in u.s. Patent No. 

4,521,~67.. Procedures for caval~~ly bonding antibody 

solid supports are described ~~ Iahiro Chibata in 

20 DIMOBILIZBD BHZVMES. Halsted Press; Hew York (1978) an4 
A. cuat~ecasas, J. Bio. Chem. 241:3059 (19'1D), the 

entire eontent?S of whicb ara be~y incorporated by 

refe.rence. 
'1'he antibody can be bound to the solid phase . 

25 · either directly or indirectly such as through the use 

of a surface layer to which tba antibody is attached. 

For .Xample, the surface can be coated with a protein 

and the pr_otein ccn•pled with tbe _antib~y uaing a 
coupling·a9ent (for exaaple, 9lutaraldebyde). The 

30 antibody ~an.be bound by applyi119 the antibody in 
aqueous solution to a surface coated witb a layer 

· bavinq £raa isocyanate groups ·(such as a polyether 
'isocyanate). Additionally, the antibody can be coupled 
to a hydroxy1at:li.d Jllilterial by means of cy•nogen 

3!5 bromide .. 

Altematively, an antibody "bridCJ•" can be bound 

to the solid pbaae and used to indirectly bind the 
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anti-maternal antigen antibody either prior to or 
duri~g the sepa~at.ion procedure. Bridges include 
antibodies Which are specific for immunoglobulin of tha 
apecias of the anti-maternal anti;en antibody, also 

S referred to a.second antibody. For mouse JROnoalonal 
. . 

antibodies, exeapla;y bridge antibodies are goat anti-
mouse iamunoglo!>ulin, goat anti-mouse IgG and 9oat 
•nti-11ouse XgM. ·Other bridges include use af ataph 
protein A (SPA) ·(which binds tba l'c ragion of 

10 im11unoglobulin) or use of avidin ..:o bind biotinylated 
antibodies. When applicable~ specialized nethods for 
binding antibodies to a.particular type· of solid phase 
are described. ~elow. Many-solid phase-based call 
separations .are generally performed· by reacting the 

15 specif le antibody with the cells and then reaoting the ' . . . 

cells with solid phase-affixed secand·antibody or . .· . 

other bridge~- '· 
For solid phase applications, following binding of 

the antibody, tbe s~lid phase can ba "blocked• to 
20 reduce non-specific binding such as by use of 

wate:r-soluble, non-iamune animal proteins including 
albumins, casein and non-fat 11:l.lk. 

In a prete~red ·aoli4 phase separation method, the 
antibody is affixed to a •etal or magnetic bead ·and 

25 colDbined with the cells in a tube or other container. 

30 

35 

Following binding, sol.id phase-affixed matemal. calls 
are removed troa the cell suspension medium using a ., 
ma9net. Beads which are a~tractad by a magnet· are 
commercially available. A preferred bead 'is sold by 
Dynal AS under the name D_YNABEAD (available fr~m 
Robbins scientific of Mountain View, CA). Antibodies 
·can ·be conjugated to the .bea4s according ta the · 
manufacturer's di~aotions. In addition, beads having 
goat ahti-mouse IgG antibodies·~onjugated to the 
~urface are available. Any mouse Jl\Onoclonal lgQ. 
antibody can be readily bound ta the bead by incubation 
with the bead in·a physiologic solution. A tilbe holaer 
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containinf a aaqnet to which the DYNABEAD beads are 
attracte4 ~e also available from-Dynal.AS. 

ror a c:oluan ••paration, tbe 0011111111 packing 
mat~rials must have appropriate spacing so that 

5 maternal cells can raact with an antibody. aifixecl.to 
tb~ column material• and ~etal cell• whicb do not have 

' . 
t:be ant:i9en ean pass through tbe ~olumn. Column 
matarials which are auitable·for use in separating 
cells include various types of beads and o~ ~e4 blood 

10 cells. 

15 

similarly, an antibody for the·aelected maternal 
antigen.can be affixed to a·aolid phase suoh as a 
aiorotiter plate, a c:'ulture di~h, a test .tUbe, a 
cantrifu9e_tube or like suitable contain~r• for cells. 
Hon-bound fe~al cells ca~ be separated frmn maternal 
cells and. removecl by 9ently washing the surface of the 
solid phase. Solid phasa materials wbich are suitable 
for.a~finity separation of cells are wall known and a~a 

. Go11111ercially available. 
20 As stated above, for aach type ot the solid phase 

the antibodies can.either.be affixed to th~ solid. phase 
or bound to the solid phase by reaction with a aoli4 
phase-affixad·bridge. Additional alternative 
embodiments which provide the same result aan be . . 

' ' 

25 readily envisa9ad by one of ordinary skill. 

30 

Pr~paration ~£ Cells 
suspension ne41•.and appropriate cell 

concentrations tor solid phase-based separation 
procedures c:an be those used conventionally tor solid . . 

phase-affixed, antibody-based. cell separations~ The 
suapension aaclium ca~ be any pbyaialogic aadium 
coaapat:ible _with antibody function and with presanatian 
of.the fetal and.materaa1· cellsr e.v., pbysiologig 

35 saline, phosphate buffered saline and iike solutions 
used for immunoassay procedures. !'he suspensio~ medium 
ean also' be a tis•ue culture medium which optimizes t.he 

'. . 
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ability to cu.ltura recovered cells.. suitable t.issue 
culture media are described in the description of 

. I 
suspension media ·for FACS separation methods. The 
suspension medium can additionally contain antibiotics, 
a~d like ad~itives commonly present in tis•~e cQlture 
media. The suspen1!d,on medium should be free frcim 
rea9ents which oan intarfera with subsequent Qse of the 
separated cells.· For example, preservatives are 
preferably not usac:! if the cells are to be cultured 
following separation. . · 

For separations using bead-affixed antibody, the. 
suspension medium ls preferably calcium- and magnesium­
free to minimize monocyte activity and: thus decrease 
the tendency of the monocytes ta engulf the beads 

·during the separation.process. In a4dition, the medium , 
may oontain an anticoagulant such as heparin or ACD. 

·s_olid phase separation procedures are perfai-aed in 
a· rel~tively short period of time, so ~hat u·se ot PBS 
is sufficient to maintain cell viability throu.gho~t the 
separation procedure. However, the cells are 
pre~e~ably resuspended in a tissue culture medium 
ro11owin9 separation for uses involving culture of the 
cel1s •. 

Pallowing purit!cation of the blood sample, it . . 
25 any, the cells are washed and the pellet is resuspanded 

30 

in tbe selected ~uspension medium at an appropriate 
concentration for.solid phase separations. Generally, 
those concentrati~ns range from.about 105 to about io• 
cells/ml,_ preferably about 10' to a~out 107 cells/•l· 

.The cell suspension is contacted with the solid 
phase-affixed ant.ibody as .dasr.oribad h.er~i.na.fter • 

Sol1d ~base Separation Process 
~o effect 'the separation, oel1• at 'the sample •re 

35 combin~ with a solid phase-affixed antibody sp~cific ·. 
for one of the selected maternal antigens for a time 
sufficient tor antibody binding. ·The pe~iod of time 
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va~ies'depending on the temperature and is well :known. 
Ineu.bations of as little as one •inute at roam 
temperature .are adequate. Longer periods may be 

retJUlred at 4 ~c .. · More ·import•nt is tbat there is 
sutfiaient.tiaa for the cell surface antigen to come 
·into contact with 'the solid pbase-att1xe4 antibody. 
Usua11y times of from abou~ io to llbout 60 ainutas are 
sufficient .. 

. The cells bound by the maternal •ntiqen-specif!c . ' . 
antibody (an4 thus to the solid phase)' are separated 
from cells which are not bound to the solid pbase. . ' 

·when there are ·cells 1."n the eample 'Which ·a~ not bound 
by the selected antibody,'thoee eells are recovered. 

·when all aells in the sample are bound by the first 

antibody, the procedure is rep~ated usin9 an antibody 
for the second selected maternal aell surface antigen· 
and non-bound, separated cells are reaovere~. · The 
separations using ~e first and second antib~dies can 
be performed sequentially. Preferably, the separations 
are separately performed ·at s~bstantialiy the smae time 
using different aliquots of the sample cells. 

For bead separations, natarnal cells always bind 
to the ·bea4. retal cells do not bind when the solid 
phase-affixed antibody is for • nontransmitted maternal 

25 antlg.en. The oells in the sample can; be .divid.ed and an 

ali;uot ot .. cells can be combined eepar.a.t~~y with beads 
aontainin9 .ant.iJ;»ody specific for each.of the •elected 
maternai antigens simultaneously. Fetal oells hin~ to 
one of tbe sets of beadsp if the n.ontransml~ted allele 

30 was not inberited from the father. Solid phase-affixed 
maternal cells are separated ii:om .nan-~olind f.atal cells 

• 
, 

by separating the beads fro~ tbe s~spension me~ium. , 
For :ma9netic beads~ the aells .a~e inC::ubated with 

the beads %02: about an hour, preferably.at 4•c. The 
35 incubat~~n is preie~ably not aara tban about an.~ogr to· 

avoid clumping ~Y aonoc~es. ~ha beads are present in 
the . incubation at about 10' to 107 beads/al. A· 
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preferred aell to bead ratio is about 2 beads/ceil. 
Po~lowing incubation, maternal cells affixed to t:he . . 

beads are •oved to the side of the· tube in which tbe 
incubation is performed using a magnet and non~bound 

5 fetal cells are removed by 9entle washing. The final 
wash medium preferably contains not more than lt 
protein. 

For coluqn-based separations, the method is 
accomplished bf pas•ln9 an aliquot of the sample 

10 tb:r:ougb the· column at a flow rate sqfficient to parmit 
antibody binding. Petal cells pass through the calumn 
when the solid phase-affixed antibody is for a 
nontran••~tted maternal antigen. The cells·in the 

15 
sample can be divided and an aliquot of calls .can. be 
passed through,a column containi~g antibo4y specific 

• for e~.ah of i:he selec:ted mat.emal ant19•na 
simultaneously. Petal cells elute from an• of ~be 
ooluJDns~ if the nontransmitted allele was no\'. inherited 
from ~· father. 

20 Alternatively, cells can be passed through one 
' colwnn.and, when no fetal cells elute, either cells can 

be *emoved fron the colwnn and passed through ano~er 
column or a second aliquot of ·cells can be passed 
through a column for tba.second maternal an~igen. 

25 Cells can be. separated from column materials or other 

30 

solid p~ase surfaoes using an excess of the maternal 
. antigen or a coaape~itive inhibitor for-the antibody 

binding aite, by mechanical disruption (e.g., 
pipetting), or, for ox red blood cells, by lysis of the 
erythrocytes. Additional techniques for reaoving cells 
af f ixe4 to particular surf aces are well known and . I 

include cleavage of particular bonds used to attach the 
antibody-to the solid phase; e,9, cleavage of disulfide 
bonds with thial. Preferably, separate ·aliquo~a of tbe 

35 cells are used so that fetal cells having 't:be selected 
maternal antigen need nat be separated ·f~om the solid 
phase. SUBSTITUTE SHEET 
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For separations·using containers suoh as pla~e• or 

tubes, the cell• are incubat•4 with the solid phase-
. ~ . . 

affixed antibody for a tilae sufficiane for antibody 

blndin9. Following incgbation, any non-bound calls are 
9ently wash94 from the surface and·~ecovered. 

FACS separation 

'l?he fatal calls can also ~e separated from 
maternal cell• in blood based on the differential 

10 labeling of 'the cells and separation of the labeled 

cells uaing FACS. Brie~ly, as st~ted previausly,·t:he 
maternal ce1ls.can·be labeled witb an·antibo~y for a 

selectea •aternal antigen. %n that case, f 1fty percent 

15 

·of the time, tbe sample will contain unl~beled tetal. 

cells. Prefe~ably; tbe maternal cells are double• 

labeled. When tbe selected maternal antigen• are 

anc::oaed by alleles ot di~ferent 9enetia loci, three out 

of fo~r tim~s, fetal cells are unlabeled or sin91e­

labeled depandin9 on whether the fetus inherits one or 

2 O neither of the maternal alleles. Nban the selected 

maternal anti9ens are encoded by alleles of the aaae 
9enstia locus, fetal ~alls are aingle-iabele4. The 

separation pr.oc:edure is described below using double 

25 

30 

1abaleQ maternal cells as exemplary. 

PreparatJon oL Cells 
suspension aeclia and. appropriate ce·ll 

concent~ations for PACS-ba~ed·separat:ion proced~es are 

those·conventionally used • .ra11awin9 pu:cif:Lcat:1on, if 
any, the cells are washed and tbe pallet. _is resuspend•d 
in the suspension aedium at'an appropriate 
concentration for sortin9. The concentration should 

not be too· dilute. However, the flow cytometer can be 

~djusted. to provide an appropria~e cali f1aw rate uain9 
35 l:'el•'tivelr gonoentrated or ralativel.y dilut!lltd samples.· 

Pre:feral:»ly the cell concentration J.s.· .fram about io• to 
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about sx108, more preferably from about sx10• to about 
1x10' cell es/ml • 

~he auspenaion •edium is a physiologio solation, 
such as a physiol09ic butter, ta maintain cell 
integrity. Most physiologic buffers, e.g. Tria buffer, 
phosphate buffer (PB), citrate buffer, phosphate 
buffered saline (PBS) are ~uitable. Balanced salt 
solutions such as Earle's balanaad salt solution . 
(IBSS), llank•s balanced salt aolut:1Qn (HBSS), and Gey•s 

10 ba1anced salt solution (GISS) aJ:'e also suitable. 
Preferably, the·auspenaion medium is a ~issue culture 
medium (e.g., basal lnedium Eagle and Dulbecco•s . . 
modified. lag le 1 a medium) ,· more preferably an enriched· 
tissue culture mediwn suitable for use witb l~phocyte 

I • • • 

l.5 · aulturea suCJ\ as RPMI 1640, !rhe usa o:f a· tissue 
culture medium, p•rticularly a aedium adapted for the 
growth of the sample cell typa, provides an environment 
which maxiaiaes cell stability. 

The suspension medium can additionally be 
20 eupplemented with a protein source at a relatively high 

concentration. Tbe protein so\lrce can be albmnin auch 
as ~ovine serum albwain (BSA) or, preferably, bwnan 
aerum albWlin (HSA) a~ a concentration in the range o~· 
from.about 5 to·about 1ot. Alt~rnati~ely, the protein 

25 source. can ba serum such as fetal calf serum or bwa•n 
serum at.a concentration of from about S to about 10t~ 
Since lymphocyte~ can be stimulated by the presence of 
foreign antigens; preferably the protein source is 
human. Most·preferred is tbeuse of about st 

. . 
· 30 autologoua plasma which can be harvested from the 

35 

pu~ified blood sample and is nonimmunoganic. 
Al~ernatively, the protein source can be aaded to 

the flow cytometer collection vessel, rather than to 
the suspension medium, to cushion the fall af the cell 
into the vessel, enhancing aell stability. 
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Labeling tlie Cells 
~be cells of the ~load sample, preferably 

purified cells, are tabeled with fluorescent antibodies 
specif lo for the antigens encoded by at ·least one 
aaternal polynorpbic locus,- selected as described 
prev~ously. ~he antibodies can be polyclonal·or . . 
100noclonal, pre~erably monoclonal. Preparation o~ 
.polyclonal and MOllOolonal antibodies ~or an antigen of 
interest is well-known. 

10 For HLA antigens, as stated previously, HLA 

15 

antigen-specific antibodies are co•merci~~ly available. 
t?ypically the HLA Class I loci (A, B and C) and th~ 
Class I~;DR and DQ loci are datermine4 by se~logical 

methods. Therefore, antibodies specific for·those 
antigens are ~ea4ily available. souroes or HI.A 
antigen•specif ic antibodies include Genat~c Systems 
(Seattle, WA) and C6 Diagnostics (Meguon, WI). Blood 
group anti9ens are also determined •ero109iaally·and 
the antibodies ara commerciaily available. 

20 The anti!Jody is labeied with a dye that 
faoilitates oei1·sortin;, particularly a fluorochrom.e. 
suital>le dyes for _FACS •nalysis and/or separation are 
well known. Those dyas are describe~ in .Praotioal Flow 
cy.tomet:ry (Second .BditionJ by uowarcl M. Shap_iro, supra, 

25 at pages 115-198. ~referred dyes a.re .fluoroch~omes 
includinq fluorescein (e.g.~ fluorescein isothiocyanate 
- FI'l'C), rhodaai~ (e.g., tetramethylrhodamine 
isotbiocyanate -·TaITC), phycoerythrin (PE), 

30 

allophycooyanin (APC) ~nd Texas Re.ct (~.olecular Probes, 
Euqene, OR). The combinations of fluorachromes used 
f~r labeling are chosen so that distinguishable 
vavelen9ths ·of 1ight are emitted~ A preferred 
combination is a tluorochroae that emits green light 
together ~itb one that emits red or.ora~ge ligb~, e.g., 

35 FITC with PB.or ~exas red.· 
ror those flow cytomaters that can per~orm a four­

color sort, the cells can ):)e labeled with antibodies 
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for antiqens a>tprease4 by £our alleles. ~n that case, 
prefarably, the antibodies are speaitic far both 
antigens expressed by 'the alleles ot two maternal llLA 
loci.· Maternal cells are labeled with all four . 

I 

fluor~chro•••· Fetal cells are labeled wi~ two of the 
.four fluorochromes when none of the nontransmitted 
maternal alleles is inherited from the father. By 
using four.fluorochromes from two loci, tha fetal cells 

.remain distinguishabl• from the •ate~nal cell• aven 
10 when the fetus inherits one of the n9ntransmitted 

maternal alleles from the father. A second staining is 

15 

only necessaty .when the fetus inherits ·both .. 
nontrans-ttted maternal alleles from the father. When 
the antibodies are fo~ antigens expressad by three or 
four maternal J.oai, uain9 the additional dyes increases 
the likelihood that the retus did not inherit each of 
tbe maternal alleles. 

ratal cells are only 1n4istingu1sba~le from 
aaternal cells by tbe aetbod of tbe present invent.ion· 

20 in the case where the fetus inherits all six . . t 

nontransmitted maternal alleles fro~ the father. 
~he antibody can be labeled with the fluorocbr~me, 

direccly or indiregtly, by well known methods. The 
conjugation methods tor attaching labels to antibodies 

25 generally can be used for these purposes. Direct 
labeling methods.for dyes such aa FITC are described in 
catty et al, in °~tisera in Immunoassays with Special 
Raf erence to Monoclonal Antibodies to Uuman 

. :tmmunQCJlobulins", IHJIUBOASSArB FOR !'BB 80 •• , . supra, pp 
30 133-153 ana f'llB llANDlJOOlC OF BXPBltrlfBN2'AL ZHHUNOUJOJ' 4th 

Bditian, Vol. 11 Inmunooytochemistry, ed. D.M •. Weir, 
Blackwell scientific Publications and in the 
public~tions cited in ~hose referenoes. The entire· 
contents of each.of thoae reference• is hereby 

35 incarporated by reference. 
Preferably the labeled antibody ia purif ie~ to 

' . . remove. unbound label prior to uae. Preferably, the 
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'proaadure used also p;arifies the ant:Lbady .caiapos.itian 
to provide the immun09lobulin fraction, lfOre 
preferably, to provide the l9G fraction far polyclonal 
antibodies or, for aonoalonal ant~bodies, the lgG or 
IgM fraction depen41n; an the isotype of the antibody. . 
Procedures for iaolatin9.tbe antibody fraction of an 
antibody include.the use of.recombinant protein a tor 
ZgG and lllllunapracip1tation for IgM. Procedures that 
additionally separate unbound fluoroabrome are well 
known and include use of a DBAE a 35 sephadex 

. . ... 

• 

(Pha.t'macia) column. ExeJnplary purification proce4Ures 

15 

are describad in datall 1n the examplea. . .. " 
For ~yes such as PE which are more ~iffiault to 

attach while maintaining antibody ~ivity, t~e 
an~ibody can~· labeled with biotin. The·dye ~n be 
a~tached by incubation or ~e biotinylated antibody 
with PB•avidin.ar PB-strepavidin (wbich are 
commercially available) eithe~ concqrrently with or, 
pref.rably, following incubation Of ·the antibody With" 

20 the cells. A procedure for conj"'9ating 'biotin to an 
antibody is .desar!bad in Bdward A. Bayer et-al, 6 The 
Avidin•Biatin compl•x in Affinity Cytoaheai•try11 , in 
HZ!'BODS IN BNSfNO("°Gr Vol. 62 (1979) 
-That a:ticsle i's incorporated herein by reference in ii;s 

25 entil:'ety. 

30 

·An exemplaty preferred direct labelinq method 'tor . ' . ~ 

Ft~C is described in detail in tbe ex,mplas. A 
preferred indirect labeling method fo~ biotinylat1on of 
an antibody and attachlllent of PE'-stnpavidin is also· 
described. 

To lab~ the ae11s with the labeled, ULA antiven­
spacific antibodies, th• oells are incubated with the 
antibodies for a time suf floient for 11\lbstantially 
ca~plete antibody bin41ng under the conditions used • 

. 35 An axaess amount of ant:ibody is pnfe.rably used. A 
concentration of about 2 pg fo~ 101 cells i• desirable. 
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However, use of so pl of purified antibody at a 
concentration of about 40 ~g/~l was sufficient. 

~he cell• are prefera})ly incubated at about 4•e to 
maintain cell integrity. Incubation for about 30 
minutes at 4•c is usually sufficient ror su.bstantially 

·complete antillody. ,binding. 'l'he sample is preferably 
mixed, as by usinq a henatology blood r~ckinq device, . 
during the incubation to·ansure contact of· the 
antibodies with tha cells. Preferably, the incul)ation 

lO· is performed in.the dark when using a fluorochrome 
label. Secondary reactions (e.g. incubat.ion of 

.fluorochroma-labeled avidin.with biotin-labeled cells) 
are.performed.in the same Jaanner. 

Exemp~ary preferred call labelinq procedures far 
15 direct and indirect labe1s are des~r~ed;in 'detail in 

I 

the.examples. 

Sorting Labeled Cells 
Flow cytometry is a process in which.the 

20 measurement of phyaical and/er chemical characteristics 
is mada while the cells or particles pass, usually 
individually, through a measurin9 apparatus in a fluid 
stream. Biological particles, usually cells, have ~een 
subjected to flaw cytmaetric analysis using acoustic, 

25 nuclea~ radiation, electronic and optical sensors. 

30 

Optical aeasurements are used for the widest range of 
applications. 

. . 
. . Most of the~present applications ot flow 

cyto•eters derive from the ability of the apparatus to 
.def~ne and quan~ify.heter~enaous cell populations. 
Physical and chemical characteristics or parameters of 
cells which can be measured by flow eytom.etry includ~ 
cell size, cell shape, pigm~nt content, protein 
content, DNA content and DNA base ratio. In ad4itian, 

35 . .cells can be labele4 with one or more fluorochrome(s) 
and characterized based on color differencas. 
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'rhe moat demandinf appl~cations of flow cytometry 
require identification and·subaequent·cmaracterization 

t • • , 

5 

·of subpapulations of cells. Both flow sorting an4 . 
multiparameter analysis are usad for this purpose. 

Plew sorting employs •l~Ctrical and/or mechanical 
means to divert .ce~ls· ~i tb preselect.eel characteristics _ 

from the main stream, and can be used to isolate pure 
populations of viable cell& with mo~• h~eneoua 
characteristics tban could ba obtained by any other 

10 n.eans. Flow sorting is -particularly us.eful in 
circumstances in wbich fu:cther characterization of' the 
selected cells requires short- or long-term maintenance 
in oulture·or·a~alytical procedures which cannot be 

accamplished by flow cytometry. 
15 

20 

The parameters which can be used to sort.cells 
• include meaeuremen~s of light.scattered by cells at two. 

. . 
different an9les (less than 2•, commonly called forward 

I 

scatter, and abou~ 90•) from an incident lasar beam. 
~he fluorescence meas1>.re•ent capability of a 
multiparameter flov cytometer incorporatinq.tbe light 
scattering measurements can then be used ta determine 
other characteristics of the individual cell 
.subpopulations. 

For samples.containing substantially larger 
2S nwnb9rs of fetal cells, the cells can be selected by a 

one or two.step sep~ation procedure ~y binding the 

calls to solid phase-affixed anti-maternal
0

HLA antigen 
an.tibadies. For exnaple, maternal cells and fetal 
c~lls bind t~ a colmnn or other solid phase (such as a 

30 tissue culture diah surfaca or ma;netic bea4s) with the 
shared mat.arnal antigan antibac:ly. Only maternal cells . 

35 

. . 
bind to a column (or other solid phase) having· antibody 
to the antigen the fetus did not inherit. In t:hi~ way, 
tbe ~etal eel.ls are separated from the Qtemal cells 
when incubated with the antibody to the antigen the 

fetus did not inberit. 
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For purposes of the p%'esent method, .the cells are 
sorted using the four color patterns produced by 
differential staining with two fluoroohromes as a 
selection cr1~aria. When uai119 Z"ed and green 
fluorocbromea, the tour patterns are (1) unstained, (2) 
red only, ( 3) gre~n only and ( 4) . rad and green. · 

Pollcwin9 staining or_ labeling of 1:he_cells with a 
red and a qreen tluorochroae for each.of the two .. 
ma~ernal allele•, ·aaternal cells are_ red and green. 

10 Fetal cal-ls are either red or green, depend.in; cin tb$ 
allele tbe fetus inherited. By selectinq cells 
eXhi~itinq either red or green fluorescence, but not 
both, the.fetal cells can be isolated. 

15 

Since aost flow cytometers can sort on three 
parameters, an additional selection criteria can be 

' cell size. This criteri• eliminates dead cells, debris 
and cell clumps. However, when the smnple is carefully 
aanipulated and kept refrigerated, dead cells do not 
appear to be a problem. 

20 · In a preferred embodiment, an additional selection 
criteria is DNA content. Petal cells having greater 
than 2c DNA content oan be dete%11lined using a numbar 
of vital-stain~ng ~luoroahromes such as the Hoechst 
dyes, DAPX (4'·6-diamidino-2-phenyli~dole), 

. 25 hydroathidine and 7-am:i.noactinom.ycin D (7AM0). The. · 
f 1uorochroma used depends on the labels used to select 
the fetal cells~ A.second laser capable of emitting CV 
light i& reguired to excite Hoechst ana.DAPX dyes. 
Bach of the above-described dyes can be used with PITC 

30 and PE. 

35 

A flow aytometer can process a~out 10' to 10• 
cells per hou~, usually about 4x107 cells per hour. 
~ypically, the sample prepared from about 20 ml of 
maternal blood includes at least about 2x108 cells 
which can ~e sorted in about 5 °hours to provide 
sufficient fatal cells for analysts. However, 
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substantially fewer cells may be required, dep~ding en 
the analys~s aethod to be used. 

~he ability of the cell sorter to separate 
maternal and ieta~ Cells ultitaately depends on the 

5 percentaqe of ~etal oells in the sample. To obtain a 

fetal oell sample .that is at leaat abou~ 60% pure (60% 
of the sorted cells are fetal cells), th• fetal cells 
must constitute about o.001t of the maternal cells or 
qreater. Preferably, the sanple contaillB aot, more 

10 preferably 90t fetal cells post-so:r:tin41. 

15 

When 1oot purity is desired, the sorted cells can 

be micromanipul.•t:ed. For example, cell 11u115pe~sions . . 
containing: an individual cell per a preselected volume . . 
of suapansi~~ medium can be prepared J:>y 11m~tinq 

dilution. ·DJ:ope containing individual. calls can placecS . . . 
in suitable containers (e.g. 96 well plates) and 
examined.visualiy with a fluorescent microscop• to 

identify single-labeled (or unlabeled) cells. Wells 
containing those calls can be ma:r'kad and the cells 

20 pooled • 
. For PCR anaiysis, a~alysis can be performed using 

a single·, unambiguously identified 'fetal cell. :ror 
karyotyping, the analysis can ~e performed using as few 
as five cell~ in •etaphase. The number of oeils 

2!5 necessaz-Y t.o obtain 5 metapbase cells wil.l vary . 
depending on the aethod used to induce metapb-ase and 
.tha length of culture required. For cells sele.cted to 

h~e 2c or qreater DNA,· a subst~nt~aliy.shortened 

30 

35 

· cultu:r:a pariod. may ba used. 
Alternatively, ways can l:le envisa9ed of 

identifying·.nonozygosity (indicative of· t:he presence of 

a m~noqenic 4iaease) in a-mixed cell population 
containing minimal .. fetal material. including as faw as 
one fetal cell in ten cells. 

Following sortin9, the separated cells can ·be 
washe4 twice in a physiologic buff er and. resuspende4 in 
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an appropriate medium for any subsequent analysis to be 
performed.on the cells. 

Post-Reaovery Processjnv 
Following the present recovery method, wha't;her 

baaed on soli4 ph~se or PACS separation; the ~etal 
cells oan be used in the same manner as fetal cells . 
obta1ne4-by other •ethods such as amniocentes~s and 
chorionio villus biopsy. The cells can be used as a · 

10 souroe of DNA for analysis of the tetal alleles, as ~Y 
polymerase chain amplification. P~ analysis methods · 

. have t?een ·wiled to detect, for example., fetal max, 

~-thalassem.ia", phenylketonuria (PICU), and Dudhenne•s 
muscular ·dystrophy. 

15 Altei-natively, the cells can be cultured in the . - . 

S8.1Ue manner &8 biopsy materials for karyotyping 
analyses. ·aowever, the incubation period may be 
significantly shortened if a·DNA content of qreater 
than or equal to 2C is used as a s.election ·criterion. 

20 This invention· is further il~ustrated by the 
following speoific but non-limiting examples. 
Temperatures are given·in degrees centigrade and 
concentrat~ons aa·~ei9ht percent unless otherwise 
specified. Procedures Which are constructive1y·~educed. 

25 to praotice are described in the present tense, and 
procedures whieh have been carried.out· in the 
laboratory are -'set :forth in the past tense. 

30 

·• 

EXAMPLE 1 
Preparat1on oL Labeled Antibodies 

TWO monoclonal antibodi~s specific for two BLA A 
locus alleles we.re labeled. 'l'he anti):)ody designated 
GS~ 16.l (Anti-A l, 9, 10 and 111 IgM monoclonal 
antibody.from Genetic Systems, seattl~, WA1 10th 

35 International Workshop No. 2004) was l~beled with tITC. 
~he antibody designated GSP 20.1 (Anti-Az,·w69' l9G 
monoclonal antibody from.Genetic sy1tems, Seattle, WA; 
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10th International Workshop No. 2021) was labeled.with 
biotin. Cells which reacted with the biotinylated 
anti.body were subaeque~~~y reacte~ with PE-labeled 
strepav~din. The reagents used to purify an~ label_ the 
antibodies are·described below. 

Biotinylation Buff ar 
0 ~ 4 2 gm N&aC01 

a . '() 6 gm HaHCO, 

10 QS to i liter, pH to 8.4 

• 
Fl~C Conjuga~ion Buffer . 

3 .18 ga N&:1CO, 

S.86 gm NaBC01 

15 QS to l liter,· pH to·9.6 
• 

FI~C {Sigma Chemical Co., 
Stock Solution FITC: 

cat. IF-7250) 
Dissolve l~ mg in 1 ml 
DMSO (dimethylsulfo:x:ide) 

·.working- solution F'I~C: Dilute stock to 1 mq/ml 
20 . in PITC conjugation 

butf er 

Biotin'(Molecular Probes, cat. #S-1582) 
Stock Solution Biotin: Dissolve·10 mg in l ml 

25 DMSO 

working soiution B~otin: Dilute stock to 1 mq/ml 
in DMSO 

For the %9G antibody (GSP 20.1), the antiboely was 
30 first purified ~y column chromato~aphy using a MABT~ap 

G Kit (Pharmacia LKB) to remove o~er proteins, 
particularly albumin •. This kit utilizes Protein-G 
Sepbarose 4 Fa~t F1ow cbroma~o9ra~hy media. (Use of 

35 

Protein G sepharose ia •c;[Qivalent.) ~he antibo4y­
conta1ning eluate (15 ml) was concehtrated in anAlllicon 
8125 concentrator until the final valum• was 
approximately 2.0 nl (approximately four times the 

' 
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oriqin&l volume). The antibody wa~ ramove4 frOll t.he 
~onoe~trator t0 a 12 K 75 mm. tes~ tU]:)A. The volume W•& 
adjusted to exactly 2.5 ml with bi~tinylation buffer •. 

The IgM antibody was not pre-purified. .A o.s ml 
s antibody sample was diluted to 2.s ml with FITC_ 

conjuqation buffer~ 
A PD-10 column from Pbamaoia LIC8 was washed with 

25 ml of :the app~opriate .c.on~uqation buffer (F:I'l'C 
conju9atian buffe~ for 1:ha FI'l'C•labeled antibody and. · 

10 · biotin conjugation buffer for the biotinylated 
antibody),. The 2.s ml sample of each antibody was 
applied to the approp~iate column. Whe~ the c:solumn 
stopp~d drippin9, a l ml aliquot· of the appropriate 

15 

conju9ation bufter·was applied. Each antibody• 
containinq eluate was· collected, . . . . 

Each eluate was concentrated in an Amicon 8125 
concentrator until the final volume was 1 nl. The 
antibody was removed irom the concentrator •nd placed 
in a 1.5 al microcentrifUge tUbe. The a•ount of 

20 protein presant was assessed using a kit (Protein Assay 
Kit #2, BioRad, Riobmond, cA) that utilizes the 
Bradford· m~thod of protein quantitation. 

once t~e quantity of anti~ody. (the amount of 
protein) was calculated,· the FITC and biotin ware added 

25 as fallows. A 100 µ1 aliquot of the working solution 
of· FITC per mq of protein was added to the IiM 
antibody. A 120 ~l of workinq solution 0% biotin/mg 
protain was added•to the.:IgG antibody. EaCh solution 
was mixed, and each tube was covered with-aluminum foil 

30 and rocked on a beJ1atology blood rocker overnight at· 
room temperature. 

one PD-10 ~olumn for each antibody was pre~ared by 
runnin~ 25 al of Phosphate Buffered Saline (PBS), pH 

. . 

7. 4 co .• 01 M pho•pbate, o.-15 K NaCl)· through it. 
3.5 1'ollowin9 the incW>ation, each antib~dy preparation was 

diluted to ·2.s ml with PBS and layered over the column. 
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When the column stopped drippin;, a 3 ml aliqiiot of 'es 
was run through and "the eluate was cetllect.eC!. 

Eaeh antibody was aqain concantratad in the Amicon 
B12.5 to a final vo1ume of l ml. Tile protein cont.ant. 
was aqain quant1tatad, and.th• ~inal concentration was 
adjusted to 40 IJgJml. In the ·aase of the :ItJ)l antibody, 
the. a11ount of antib04y.pre.Jent was estimated to !>e one­
hal.f of the toi:al protein present and was dilute4 ·to 

40 pq/ml. Bovine serum albwnin CBSAJ was acltlad co a 
final concentrat.ion_ot 10 1Dg/al and socl!um'azicle_wa.s 
a44e4 to a·final Qon~entr•tion of ·a.it. 

·EXAMPLE 2 

.P.re;aration o~ Cell• ~or.z.abel.Ln9.' 
· Haparinisac1 whole blood (30 ml) o: eacb saaple was 

layered onto rOOlll-temperature Ficoll-Hypaqiie 
(Pharmacia-I.KB) f)radient material at a .ra~io. of 5 ml 
blood to 3 2111 ~icoll in separate tubes. ~be tubes were 
spun in a swinging bucket centrifuge for 30 minutes at 

2.0 -400 g. The mononuclear, layer of eaah was removed :to 
. . 

another tube anc:1 washed twice with RPMl 1640 tissue 
culture media.· (Kediatec:h, Inc., Hesndon, VA) withs• 
autologous plasaa. 'l'be samples were then co1111ted~on a. 
bemocytometer, adjusted to s M 107/al in RPM?, then 

25 recounted. 

EXAMPLE 3 
Labelillg Cells .in • Blood Sample 

Labeled antibody is usually used at a 
.30 conceptration af about 2 µg/10' cells. In this case, 

so µl of the antibody per 10' cells was us~d. ~~r 
staining. ~be cells were stained and so:r:ted 
effectively using that amount of antibody. · 

"lhe oells (10' cells in 100 pg of.RPM? ~640· tissue 
35 culture media plus st au~ologous plasma),. prepared. as 

daacri~ed in Example 2, were stained as described below ---------
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to assess the conju9ation of the label to the 
antil>odies. 

Tube ti--No antibody added (neiative) 
'l'Ube f2•-GSP 15.1 (Anti-All, IgM monoclonal 

antibody) FITC conjugatedJ so ul 
'l!Ube f3--GSP,20,1 (Anti-A2, IgG monoclonal 

•ntibody) Biotin conjugated; so ul 
'l'Ube #4--GSP 16.1 + GS~ 20.1; 50 µ1 or each 

10 The tubes were mixed and incubated 1n the dark at 
4•c fo~ 30 ainutes. After this time, 10 Ul Of TACO 
(Burlin9ame, CA) PE•strepa~idin was added to ·tubes .f3 
and f4. 'rhiareagent reacts with biotin lend~n9 to a 
biotin;a~idin-PE complex which allows the biotin-

15 labeJ;e.d. cell• to be. tluoresc:=ent. 'l'he aells "were 
• i.Douhated an additional 30 minutes after Which the 

cells were washed twiae with ice cold PBS and . 
resuspended in 1 •l of PBS. 

20 EXAMPLE. 4 · 

sortjng Labeled Cells 
Cells which.were labeled as described.in Exainple l 

ware subjeated to flow'cytonetric analysis using log 
green fluorescence (FITC) versus log red fluorescence 

25 (PE). (Tha oells ~ere frol1\ a donor [donor Al having 
the Ht.A type A2, All.) '!'his results in a plot that is 
terllle4 a two-dimensional (2D) plot, contour plot ·(if 
contours are drawn), dot plot (if do~s are used to 
represent aella present) or cytogram. When the X-axis 

30 representing PITC and the Y•axis repr~aentin9 PE 
fluo+escence are plottacl against one another, the 
resultin9 graph can.be divided into four quadrants. 
Lower left is Where the negat~ve or unstainad cell~ 

35 

fall. ~ower right is where the FITC• labelad (graen) 
cel1s fall. Upper left 1s where the PE- label•4 (red) 
cells. fall. Upper right ii where the 1'I'l'C- and Pl-

------~--.labeled (green a~ reel) cells f'all . 
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~his property ot cell idantif1cat1on·base4 upon 
their labeling charac:teristias as they fall into the 
various quadJ:ants of the graph wass used to locate and 
subse;uently sort out those located cells. 

IXAKPLE 5 
Dilut.ton St~dies to ~aluate Rare Cell Sorting 
. In tbeae studies, cells from a blood sample fJ"CJll 

donor A (sample A) were mixed with cells from a blood 
10 saaple from danor B (sample B) to mimic rare event cell 

15 

analysis/sorting using a flow cyt:ometer. ~his series 
·Of ex~eriment~ was performed to.evaluate the a~ility of 
flow aytometry to nat anly dafina but also ~solate . . 
these rare cells. These st~dies were perfo~e.d by 
diluting blo~d from two_ individuals who have one A 
iocu.s allele in c011111Qn. In this way, ~ predetermined 
number of cells from eac:h individual were Jcnown to be 
present in a •ample. 

Ant1qens tor GSP 16.1 an4 GSP·20.l are both found 
20 ~n the surface of sample A cells. These cells, When 

reacted witb these •oooolona1 antibodies, had both red 
. and green fluorescence on. their surface. Antigen GSP 

2 o •. 1 :1.·s also tounc! on the sui-taae · ot sample B ·oells. 
These calls, .whe~ reacted with tbis monoclonal 

25 · antibody, had only red fluorescence.on 'their surface • 
. Thus, the labeling patterns mimic the patterns of a 

pregnant wo•a~·and the fetus. 
Sample A was mixed into samP,le B at ratios o~ 5%, 

1%, o.~, arid 0.001,. In the second study, •ample A was· 
Jo mixed _ into sample a at :atios o~ 1t, o·.1%, o. 001.t and 

0.0001%. ·'l'he 4i1utions-of A into B were· calculated so. 
that .at least 1000 cells o·f A were present in the .test 
tube. 

':he cells wm:e labe;l.ed. acconU.-ng t.he procedure in 
35 Example 3. Monoclonal antiboc:lies Gsp·1&.1 an4.GSP 20.1 

were both added to each of the tubes of mixed.Cells 
~~~~~~_:___~~-using so µl of antibody prepared as describe4 in 
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Example ·1 per 101 cells. The c•lls were vort.exed, and 
the tube was cevere4 with alwainum foil and placed on 
an ice pack which wa• mounted _on a hematol09y blood 
rocking device. · 

5 ' Aftar the antibody incubation, strepavidin-
phycoerythrin (TAGp) was added to each tUbe of ~iotin­
labeied cells uaing 10 ~l of undiluted PE-strepavidin 
per 10' cells. Tbe calls ..;e~e again vortexed and 
incubated as previously for another 30 minutes. 

io Following ~he incubation, the samples were 

lS 

centrifuqed at 1000 g tor 3 minutes, washed twice with 
.ice cold P.BS, resuspended in RPMI to approximately the 
original volwna and placed ·on iC!e. 

A separate set ot tbree,cont~ol tubes containing 
io' sample A calls only was rea~ted in the·s~me manner 

' as above-with GSP 16.1, witb GSP 20~1 and with GSP 16.1 
in combination with CSP 20.1. A fourth aliquot of 
cells was left untreatad with monoclonal .ant~odies. 
This group. of four tubes was used to asses_s the 

2 o antibody labeling ot the cells in the study~ an4 to set 
the flow cytometry instrument for color co•pensation~ 
log amplitioation offset, si9ftal 9ains, etc. The 

· fluorescence parameters of tbe inst.rument were adjusted 
to produce four quadrant separation of the cells (as 

25 discussed pr•viously). 

JO 

The lowes~ dilution tuJ:tem were analyzed/sorted 
first.. Because.-_1;he calls in this study were fresh, 
treated with milct centrifU;ation and kept at low 
temperatures, tb•re was minimal debris and clumping of 
the calls as evaluated by ~he 90 degree versus forward 
light scatter parameter. The cells formed a ti;bt, · 
dense cluster on the display. 

Only one reqion (qate) was defined far sorting. 
This was an area where the dual-labeled sample A cells 

35 would fall on 109 ·green versus log red fluorescence 
parameter display. · By defining only one region, the 

. computer had to •ake on~ daoision in.the evaluation of 
~~~~~~~~~-
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wb~ch oelle to aort:.. . If the cell eell into the defined 

·gate region of ~e displ~y, the cell was sorted. 

·The instrument was ·set to sort in.one drop 
deflection/purity no4e. ~his means a cell is. sorted . . 

only if i 1:. can canficl~ntly be sorted w:I. tho·ut an 

unwanted cell bei~q sorted witb it- Th~ inclusion of 

unwanted.cells can occur if the cells are located. in 

close proximity to cne another r•sulti~q·in unwanted 

cells J:>eilig included in a drop of fluid includinq · 
I • 

10 wanted cells. This one drop deflection/purity made 

15 

lends an added discrimination to the.proces& resulting 

.in a hi9ber percentage of purity in the sot'ted cells of 

c:hoice •. 
The average speed o·f tbe sc:trt .was approxi11ate1y 

io,ooo cells/seooncl. As the'aells paesea through the 
• 

instrument, statistics were computed to evaluate the 

number of cells falling in 1:he sort qa~e ~egion as well 

as the nWaber of calls.Which the insti:ument sorted. • 
. A oolleotion apparatus fer the sorted"cells 

20 consisted ot a 10 ml .beaker fitted into a solid support 

located directly under the sort atrams~ - These beakers 

are layered with 100 to·200 pl of approxim-.tely sot 
autologous plasma in Rl'MI. ·This layer helps to cu&hion 

, the cells when they enter the collection vessel. 

25 '.After at least 3,ooo of t.be calls which were 

i'ocated ·1n the gated·region.were sorted,. the contents 

of the beaker was poured into: anot~r test tube and 

resuomitte4 to tbe-flow cytom.eter for statistical 

analysis. ~his process of evaluating the afficacy of 

30 tbe sortin9 proc•dure by analyzing tbe sorted. cells 

using the instrument is. referred to as "playback .. , 

"sort playback", or simply, "second P•n". 1'he 

statistics ·obtained from this evaluation ot the sorted 

ceils provides information on.tbe alteration in the 

· 35 percentage of the two c:ell populations trom the 

original tube ~ue tc the sort process. J:t is frm·this 

analys~s of the sorted cells that the percentaqe of 

! . 

' 
. p. 
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.. 
purity or enrichment of· the sorted population can be 
evaluated. 

Using this process, the study deJl\onstrated that in 
tubes where sample A was diluted at or 9reater than 
o.oit, tbe tlow cytometer was not able to discriminate 
the signal of the.4ual•labeled cell& as clearly as wlth 

· the ·1o"er dilution. The cells were discr!ainated • . 
However, tha reliability of detecting only the rare 
cells starts to di•inish. This is attributed to 

·10 statistical problems related to the instrwnent Whereby 
stray signals caused by inherent noise in the system 
due to cell clumps, debris, etc., may be evaluated in 

15 

. . . 
the reqion designated.for our rare cells. To overccme . . 

this limitation, additional parameters, such as a thir4 
fluoJ:"escant oolor, oell size, etc. can be used to 

. ' 
locate the.rare cells. 

The study also de•onstrate4 that in tubas whera 
sampla A was diluted at o.Olt ancl greater, .the number 
of cells which were sorted were less than 3,ooo. on 

20 the playback, the reliability of the analysis was 
hindered because there w~re so few cells amidst a pool 
of noise. This was best seen wben an analysis ot a 
playback of a 0.01' dilution tube showed an enrichment 
~f this population to 30•. Th• next ~igher dilution 

25 t'Ube (0.001•> was sorted directly onto a microscope 
slide 'c:oated with autologous plasma (dry). 

30 

35 

Evaluation of the wet mount of this sorted 
population using a fluorescence microscope revealed 
nearly 60t of tbe cells present carried the dual label. 
Visual inspection reveaied a ba~ound of dye 
crystals,.debris, eta. ·which, if played baclc, would 
bave'been picked up by the flow cytometer and counted 
resulting in what would appear ae a lower ov•rall . . 
reoovery of dual_-labelec! cell•·· Less diluted samples 
are expected to have highar purity ·than mo~e diluted 
sample&. Therefore, the o.01% dilution wo~ld bG 
expected to ha~e-grea~er than &O' purity. 
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The evaluation of the dilutiol\-sort _ stuc.U.es 
. . 

demonstrated tbat the present·aethod makes it pos~ible 

to locate, sort and eltz;ich the diluted c~ll population 

appreciably from its oriiinal low pe~centage. rn 

summary, the perce~tage of sample A cells that were 

sorted and the perpentage cf sorted cells, as 
determined·by evaluating' the popula~ion by FACS is 

. . . 

listed J:>elow. ·The evaluation by 9'isual inspection on 

a sl.ide, as d~scxibAd .. abova, is also abown for a o.001t 

10 dilution. 

15 

20 

(pre-sort) (post-s9rt) 
5.!f: : ••••••••••••• ·.. • • 7_5, 

1% ············~···· 60% 
O.lt •••••••····~··· 55, 

' 
0.011 ····~········· 30~ 

O.OOlt • .• 4 •••••••••• 60% (det.er.mined 
visually) 

~he limits Of discrimination Of the number Cf 

cells in a gated reqion using two f·luorescence 
parameters as determine~ in this study was about D.01%. 
Cells fallinq in thia region at higher dilution levels. 

25 appear to be overestimated. 

EXAMPLE 6 
Repeat oL Dilu~ion Studies 

The study described in Example S was' repeated, 

30 including repetition of the monoclonal antil;Jody 

labeling proces•. Tba li'n1its of cliscrimination in tbe i 

second study again were.at the o.olt level~ Tba cells 

. from these studies were sorted on'to slides coated with _ ' . . . 
plasma and air drie4. Approximately 190 cells fi:'om 

35 ·dilutions ranginq fro- 1% through o.0001t were sorted. 
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. EXAMPLE 1 

Dilution Stud1as using S1ngle-Labeled Rare Cells 
Another study was performed·as described in 

-Example e; in which th•a sinqle-l~balad cells_ were 
5 · dilut:ed to be the ._rare cells. (The antibody labeling­

.procedure was not ~epeated.) Sanple A_ was treated as 
the mate~nal, dual-labeled cells and sa•ple B as the 
fetal, ainqle-labeled cells at dilutions of 0.1, o.oi 
and o.001t. ~be results obtained were similar ~to those 

10 described ·in Example s, above. .This demonstrates that 

15 

20 

th• fetal cells can be separated frOlll the mat•~nal 
.cells based upon a sin;le fluorescent label. This more 
closely mimics the invan~ive method since tha mother 
antigen& can be deteziained, allowing her calls to be 
dually labeled. ·As de•onstrated by this.stu4y, any 

' ' . . 
combination.of the four quadrants where cells can be 
placed (unstained, red only, grean.only and red plus 
~reen) can be used to separate/sort the cells of 
interest. 

As shown in Examples 5 throuqh 7, ~distinction 
was made between sample A cells and sample B cells 
based upon· fluorescence charaC!teri·stics followin9 
labeling with antibodies for HLA antigens where the 

25 labe°ied ·cells shared a single antigen of one HLA locus. 

EXAMPLE 8 
. FACS separation oL Bara Cells ~ram Maternal Blood 

Blood was drawn trmn a woman' in her ninth week of 
3 o pregnancy. As il'i the studies described in Examples 

5-7, the mother and father shared a coznmon antigen f9r 
·the A loous. The mother's other A atttigen was A2, 
which reacts with the GSP 20.1 antibodies. '?he 

fa.~her•s discriminating A anti9en·reacts with GSP 16.l. 
35 antibodies. 

Fo~ this study, tb.e maternal CSP 20 .. l antibodies 
~~~~~~~~-'-were labeled with biotin/PE and the paternal GSP 16.l 
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anti~odies were labeled.with FI~c as desc~ibed in 

Examp1e 1. The ~lood was purified an4 stained as 

4esaribed. in .Examples 2 and ~ • Fat' thia study, 

utemal cells were stained reel; patemal cells green .. . . 
5 Celis in the mate:.:n•l blood were predominantly red 

wit.h ~are (fetal) eell• labeled withlred and green. 

Ou~ ~f about 5 •· &x10' sorta~ aatemal cells, cells 

retrieved by ttie red and green so:r:t criteria.comprised 

about 0.1, of t:he cell population. Of those sartad 

10 cells, ~out 20• were red and graan labeled. 

~be study d~cribed above was rapa~ted on samples 

from the.same woman in her tenth and eleventh weeks of 
. . .. 

pregnanc~ and provided tha ·same results. 
This experiment aemonstrates that ~ata~ cells are 

15 present in the peripheral blood of a woman in her ~irst 
· .. 

20 

·trimester of pregnancy,· as early as week 9, and can be 

retrieved~· aaternal blood using _a-fluorescent 

staining patt.ern ~at dist.fnguisbes 11aternal and fetal 

HL>. anti9ens encoded by a single BLA locus~ 

· EXAMPLE 9 

,separation. o~ Rare Cells Using Magnet1a Beacfs 

Additional samples of tba oells used in 1¥mnp-le a 
were separated usinq DYNABEAD magnetic beads (Robbins 

25 · Scienti:f ic, Maurita in View, CA) • The GSP 16 .1 antibody 

(IgM), the fetal Rt.A A antigen not present on naternal 
ca11s·, was .affixed. to the beads by conjugation of tbe 

antibody accord.in9 tbe manufa.cturer•s directions. ':his 

an~1body was used 4ue to its availability. ~his 

30 antibody separation tunctions in the same ·manner flS 

separations based. on biJid.ing maternal cells, except 

that, in this eas~, the rare, fetai cells are solid 

phase-affixed and ~t-rnal cells are non-ba'unci (rather 

.. 35 

·than materna1 cells for the nantransmitted anti9en· 

being solid phase-affixed.and 1'.etal.cells being non­
bound as in tbe.invent.ive methOd). 
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The maternal blood cells were purified by a'Dllftonium 
chloride lysis and were suapended·.in PBS at 4•c. ~he 

manufacturer recoa'mends usin; 1x10• ta 1x101 beads per 
ml ~nd a-ratio ot about five beads per cell •. However, 
upon consultation, a ratio of about 1 or fewer beads 
per oell was sugg•sted tor applioations Where cells of 
choice were removed from a mixture ot cells. . .. 

An experiment using a ratio Qt o.05 and 0.5 
beads/cell was performed. The GSP 1&.l antibody was 
conj.ugated to _the beads ("16.1 beads 11 ) and a 1ua9ative 
control antibody (GSP 51.1, an antibody for HLA B 21.1, 

.an antigen not present in either parent) was conjugated . . . 
to a sacond set of J:>eads (1156.l beads") to assess nan-
specif ic_. bindi_ng. The purified blo_od cells were 
incubated with the beads at 4'C for 60 minutes. 

' . 

The 16.l beads using a: o.os to 1 ~atio had too few 
beads to evaluate. The 16.1 beads using a 0.5 to 1 
ratio had readily visibl~ rosettes of cells. The 56.l 
beads had a f aw cells per bead and no proainent 

20 rosettes. CytocentrifU9ation of the c~ntrol bead 

preparation demonstrated that the rosetted cella ~ere 
mainly monocytes. 

To verify the fetal origin of the rosetted cells, 
the study vas repeated usinq the bead to cell ratio.of 

25 o.5. since the ·beads were sutficien~ly la.rqe to permit. 

JO 

' binding of FI~C-la.beled cells, the blood cells were 
counter~labeled'with FITC•labeled GSP 16.1 antibodies 
pr.ior to incubation with the beads so that fetal cells 
were green. ~e cells were incubated with the beads as 
d.escribecl above., except that whenever fluorescent 
labels were umed, the incubation was perfaZ'llled in the 
dark. Followinq inc~ation, the solid phase affixed 

. fetal cell• were sepat-at.ed. front matemal cells usinq a 
magnet and remevad from the-magnetic beads. The 

35 separated retal cells were.placed 1n RPMI 1640 ae4ium 
for further analysis. 
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Analysis or the solid pbase-at~ixed calls showed 
the cells were ~reen, confirll.in~ t.hat the cells were of 
fatal origin. 

The tetus was sU))sequ.ently dete~ined to he a 
5 •ale. ~he separated eel.ls ware eonfirmed t~ be fetal 

cell~ by the follqwing procedures. "First,. the presence 
of one of the paternal HLA antigens in.the enriched 

10 

. 15 

. 
"fetal .. ce~l population was confirmea· by th:e. 
fluorescent staining of the calls. That is, the oel~s 
were not bound to the beads in a non-specific manner. 
Second, the pr~sence of the Y chromosome in separated 
''fetal" cells was confirmed by Y cht'omosome-specif ic · 
seg~ence ampl~f ication according t~ the procedure 
described in Kog"an· et al,· New Bngl. J. Ned. 317 :985-990 · 
(1987). . . . 

The presence of .~he Y ch~omosome sec;\lences and the 
presenaa of orie of "tbe paternal HLA antigens 
demonstrates that the cells were of fetal origin and 
that the cell preparation wae su~ficiently enriched for 

20 p~poses of g'enetic. analysis •. 

• 
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l WHA'f lS CU.IMED IS: 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
16 

17 

18 

19 
20 

21 
22 

23 

2. 

3. 

A •ethod for recovering fetal oells from a ~laod 
sample of a pregnant woman having a fir.st cell 
surface antiqeh encoded· by a first allele Of a 
polymorphic 9~netic·locus and a second, diftetent 
cell SU!:'face antigen encoded by a second allele of 
a po~ymoz-Pllic genetic locus, said·. :method 
comprising: , 
a. combininq the cells of said sample with an 

antibody specific tor said First cell surface 
antigen for a period ~t tima sufficient for 
antibody bindin91 

b. · separating cells ot said sample bound to said · 
. . 

antibody from any cells which are not bound • 
. to . said anti~ody ~ ~nd 

c. recovering said non-bound, separated cells. 
The metho4 o: Claim 1 wherein said antibody is 
labeled wi~h a ·fluorochrome and cells bound ta 
said antibody are separated from cells which are 
not boun4 to said antibody using fluorescence• 
activated cell sortinq. 
Tha method of Clain 2 additionally comprisini the 

24 steps of: 
25 a. oontactinq said cells with a second anti~ody 
26 specific for said segond·ce11 surface antiqen 
27 and labe~ed with a second, diffe~ant 
28 ~ fluorocmrome tor a period of tine sufficient 

·29 for antibody binding to produce doul:lle-. 
JO 

31 
32'. 

JJ 

34 

. 35 

36 

4. 

5. 

labeled maternal ce1ls; and 
b. ·separating double-labeled cells from sin;le-

labeled and unlabeled cells. 
~be :method of Clai• 1 wherein.said.antibody is 
aftixed to a solid phase. 
The method of Claim 4 comprising tbe·additional . 
steps of: 

This 1iii1 \1ii1iil1\iiced" 
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separa~ely combinin9 cell• of said sample 
with a second antibody specific for said 

second cell surface antigen tor a p•riod cf 

time ·sufficiant far antibody b1n41n91 
separ~ting cells of said sample.bound to said 
second. .antibody from any cells Which a~• not . . . 

bound to said second antibody; and 
c. recovering said non-bound, separat8d cells. 

6. ~he method of Claim 5 wherein said antibody for 

said firstaell surfaoe antigen and. said aecohd 

antibody are contacted with said cells 

saque~t!ally. 

7. The aa"thott of ·claim 1 wherein s~i4 blood sample is 

purified to remove red blood cel~s pric~ to 
combination with said antibody. · 

a. 'l'he netho~ of Claim 7 where~ said purification is 
performed usinq a qra41ent material having a 

lB · density inte:r:mediata bat~een red blood cel1s and 

19 lymphocytes. 
20 9. · The ·~tho4 of claim 7 Wharain said purification is 

21 performed using a hypotonic solution. 

22 10. ~be method of Claim 1 Wherein said cell surface 

23 antigen is a·blood IJZ'OUp antigen. 
24 ii. The :method of Claim 1 wherein said cell surface 

25 antigen is.an HLA anti9en. 
26 12. 'l'be •etbod of Claim 1 Wherein said first and said . . . 

27 second antiqens are expresaec! by di~f•rent alleles 
28 of tbe same polymorphic genet.1.;: lacus. 
29 13. Tbe metho4 or Claim 1 wherein said first and •aid 

Seconc$ antiqens.are expressed.by ~lleles Oft.WO 

different polymorphic genetic loc~. 
30 

31 

32 

33 

34 
35 

36 
37 

14. A method for.recovering fetal cells from a b1ood . .• 

~~~~~~~~ 

sample of a pregnant.wOJDan.having different first 

and second ~all' surface antigens expre~sed by a 
first allele of a polymorphic genetic locus a11d a 

second allele of a poljmorp'bic qenetic locus, said . 

metho4 comprising: 
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a. oombining the cell• of said sa•ple with a 
first solid phase-a£fixed anti~ody ~pecific 
for said first . antigen for a perio'd of. time 
surficient for antibody binding1 

b.· separately combining the eel.ls o.f said sample 
with a second ·s~lld phasa-a~f ixed antibody 

-sp•cif ia tor said second antigen for a period 
of time sufficient for antibody binding; 

c. separati119 cells bound ~o said solid phase by 
said tirst antibody and by said second 
antibody trom any non-bound cells; and 

12 d. recovering said separated, non-bound cells. 
13 15. The method of Claim 14 wherein said solid phase is 
14 a .a9netic bead and aolid phase-affixed cells are 
15 separated·fro• nan-bound cells using, a magnet. 
is is. The method of Claim 14 wherein steps (a) and (b) · 
17 · are perfo%med. sequentially. 
18 17. The netbod. at Claim 14 wherein said first antibody 
19 ia labele4 with a first visually•datectable label 
20 and said second antibody is lab•led with a second, 
21 · different visually-detectable la~el. 

' 22 18. A met.hOc! for reooverin9 fetal cells·froia·a blood 
23 sample of a pregnant woman having different first 
24 ·and second antigens e~pressed by a first and a 
25 second allele of an HLA locus, said method 
26 oomprieingi 
27 a. combining the calls of said sample with a 
28 first s~lid phase-affixed antibody specif le 
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1 d. rec~erin;' said separaeed, non-bound ce11s~ 

2 19. 'l'be method o:f Claim 18 wherein said BIA loci are 
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selected frmi A, B, and c~ · · 
20. The method of Clai• 18 wherein said HLA loci are 

selected from l)R,.DQ, an~· DP. 

21. The metho4 of .Claim 18 comprisin9 the additional 

step. of obtaining.DNA from said ~ecovered fetal 
C:ells. 

22. ~e method o'f Claia 18 comp~ising the aclditional . 
step of .culturing said ~ecovere4 fetal cells •. 

33. The method of Claim 18 additionally comprisinq tbe 

12 step '!~ detenaining the alleles of sai·d pre9nant 

13 woman for· at least two BIA loci. 
14 24. Tbe'aetbod of Claim 24 wherein the •ntigens of 
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said au. locus are determine? using' se~oloqical 
methods.' 

25. The method o:f Claim 24 wherein the antigens o:f 
said HLA locus ara daterained by usinv ~ 
analysis methods. 

20 26. A method for recovering fetal cells from a blood 

2i sample of a pregnant WOlllan having.dif~erent first 
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and second antigens expressed by a first an4 a 

second allele of an HLA locus, saic! Jnetbod 
CODlprising: 
a. combining tb.e ~ell• of said sample with a 

first an~ibody specific fmr sa~4 first 

antigen and labeled with a first fluorochrome 
and with a •eccnd ahtibody specific for said 

second anti9an and labeled with a segond, 
different f1uoroch2:ome fo-'l: a periQCI of time . 

suf f iaient for antibody bind.in; tc produce a 
sample ~ontaining labeled·eells1 

b. separatin9 doUble-laheled Cells of said 
sample ~rom sinqle-labelad cells·usinq 
tluorescence-act~vated eel~ sorting to 
prod~ce separated, single-labeled cellsr and 
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l a. reoovering said separated, sin9le•la~ele4 
cell•· . . 
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27. '.rhe method at Claim 26 comprisin9 the adaitional .step of obtaining DNA from said rece>Vered. fe~al 
5 

6 
7 

cells. 
2a •. The method af !=l&im 26 compriein9 the additional step o:f culturing sai4 raQOVerad. fetal oells. ·a 
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