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FIBLD OF THE INVENTION o
The present invention relates to a method for
recovering .fetal caells from maternal blood using
antibodies to distinguish fetal cella having one
S maternal cell surface antigen for a polymorphic lecue

from maternal cells having both maternal cell surface
antigens. '

) DACKGROUND OF THE INVENTION
10 - The exanination of fetal ¢ells for early detection
' of fetal diseages and genetic abnormalities is
uhdertaken in approximately one out of every thirty
" pregnant women. The main indication is maternal age
(over 35 years). The tests may involve DNA gene typing
15~ or, more commonly, the use of live fetal cells for
| chromosomal karyotyping. '
- : " Fetal cells are usually obtained by amniccentesis,
B the remeval of amniotic fluid from the anniot{c cavity
within the amniotic sac or placenta. The procedure
20  presents a risk of harm to the fetus, particularly
after the first trimester of pregnancy. The risk to
the fetug together with the high cost of the procedure
have prevented the establishment of examination of
fetal ceils for early detection of abnormalitiez as a
28 routine p;ocedure in pregnancy.

In ghe late 1970s ‘and early 1980s, Herzenberg and
his colleaques reported that fetal calle were presant
in materQ§l blood as early as 15 weeks gestation. The
authors- separated maternal and fatal cells using

- 30 _Eluorescence-aetivated cell sorting (FAC8) by staining

:  maternal blood for a distinguishing paternal HLA
_antigen. ‘The authors state that the demonstration that .
fetal cells enter maternal circulation'and can be

S isolated by FACS-enrichment precedures could have

.35 practical significance in:enabling karyotyping without
-the need for amniccentesis. The authers state that
this would be poseible if the freguency of successful
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if the frequency of Suiiﬁiégfltechnique for either karyotyping or fetal
' ~ DNA analysis.
Recently, fetal cells present in maternal blood
10 - have been used to perform analysis of genes present in
the fetus. 1In one techniqne, the maternal and fetal -
cells were not separated and the .DNA from the cell
mixture was amplified with Y chromesome-specific .
priners to determine whether the fetus is male. It has
15 - been suggested that DNA amplification techniques can
' alsc be performed to detect gene sequences associated
‘with disease in thiz manner. Of course, the method
cannot be used where the mother is a carrier for the
_ trait. :
20 To date, amniotic fluid or chorionxc villus biopsy
 has been the only source of antenatal cells to provide
a sufficient number of live cells for karyotyping.
Furthermore, DNA analysis methods have:only been
possible in relatively limited situations which depend’
25  on particular differences in maternal and fetal cells,
~ e.g. presence of the Y chromosome in the fetus or
presence of HLA-A2 antigen on fetal, but not maternal,
cells.

% DESCRIPTION OF THE PRIOR ART
Herzenberg and his colleagues have described
methods for separating maternal and fetal .cells in’
maternal blood using fluorescence-activated cell
~ sorting (FACS). In Herzenberg et al, Proc. Natl. Acad.
38 . Sci. USA 76:1453-1455 (1979), cells in blood samples
" from 15-week pregnant HLA A2-negative women were
stained for HLA A2 ant;gen. Stained celle were
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separated by FACS and collected to enrich the
population of fetal cells. Although the technique was
demonstrated to effectively identify male, HLA A2~
positive celle in maternal bleed, to date the technique
has not been successfully adapted for general
applicability. In Iverson et al, Prenat. Diag. 1:61-73
(1981), peripheral blood lymphocytes (PBLs) from either
15 week or 21 to 25 week pregnant women were examined.-
If the woman was HLA A2-negative, her cells were
gtained with anti-HLn A2 reagents, sorted by FACS onto
mlcroscope slides (for fetusea who were HLA A2-
positive), stained with guinacrine and examined -
microscopically for Y chromatin-positive cells. The
authors report that fetal cells enter the maternal
circulation as early as 15 weeks gestation.

Bianchi et al), Cytometry 6:1197-202 (1987) report a
technique that allows direct hybridization .to the DNA
of celle which were_flow'sortéd onto nitrecellulose
filters which eliminates the need for a DNA isolation
step. The method was performed on human cerd blood.
The authors state that the technique is useful in
eituations where there is a limited ameunt of DNA
available for analysis such as for fetal cells
recovered from maternal blood.

- U.8. Patent No. 4,675,286 (to calenoff, issued
June 23, 1987) describes a method for obtaining fetal
cells for diagnostic examination in which detached
cells from the uterine cavity and outer surface of the
amniotic sac are incubated with a separation antibody
which binds preferentialiy to either fetal or maternal
cells. The antibody can be bound to an insoluble
support or conjugated with a fluorescent label and
removed with a cell sorter to effect separation. :

Truneh et al, Cytometry 8:562-867 (1987) describe
a method for detection of vary low receptor nunbers on
cells by flow cytometry. The method involves staining
the cells with vesicles containing thousands of
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describe in situ hybridization for detection of
structural and numerical abnormalities using
nonradioactive probes for detection of aneuploidy and
10  translocations (Pinkel et al, No. 13). The
immunopotentiality of cancer'patients was studied by
sorting peripheral bloed T cell subsets by a
multiparameter analysis using monoclonal antibodies and
flow cytometry (Nonura et al, No. 14},
5 Practical Elow Cytometry (Second Eaution} by
Howard M. Shapiro, Alan R. Liss, Inc. 1988 is a
" cemprehensive work on flow cytometry. The book
deseribéé how to build, purchase and use'a flow -
cytometer and how to design analyses and analyze the
20 data produced thereby.
. Each of the abeve-described references.and the
.references cited the:ein is incorporated harezn by
reference in its entirety.

25 - BUMMARY OF TME INVENTION
The present invention provides a method for

selectively recovering fetal cells from a maternal
blood sample. The method is performed on a blood
sample from a pregnant woman having different first and

30 second cell surface antigens expressed by a first
allele of a polymorphic genetic locus and a second
allele of a polymerphic genetic locus. The method
separates maternal and fetal cells based!on :
differential reactivities of the cells to antibcdies

35 specific for polymorphic cell surface antigens,
particularly the HLA antigens., In particular, the
fetal and maternal cells are separated based on the
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has| not” been successfully adapted for gen icability. In

| vefson et al, Prenat. Diag. 1:61-73 (1981), peripheral bl ood

| ynphocytes (PBLs) from either - 15 week or 21.to 25 week pregnant wonen
wer e exam ned. I f the woman was HLA A2 negative, her cells were 10
stained with anti-HLA A2 reagents, sorted3y FACS onto m cr oscope
slides (for fetuses who were HLA A2- positive), stained with

~quinacrine and examgdreactivity of the fetal cells to an antibody
. o specific for a cell surface antigen encoded by a-
nontransmitted maternal allele.
The method comprises the following steps. Cells
5 from a blood sample of a pregnant woman having a first
cell surface antigen encoded by a fi:ﬁt'allele of a
polymorphic genetic locus and a'seccnq, different cell
surface antigen encoded by a second allele of a
polymorphic genetic locus are combined with an antibody
10  specific for the first cell surface antigen for a
period of time sufficient for antibody binding. .= cells
beund to the antibody are separated from any celles
which are not bound to the antibedy and non-bound,
separated cells are recovered. Fifty percent of the
15  time, the alleie encoding the antigen is not
- transmitted and maternal cells beund to the antibody
can be separated from non-bound fetal cells.
In a preferred embodiment, the cells are also
_ contacted with a second antibedy epecific for the
20 second cell surface antigen. The maternal cells react
with both antibodies. Except when the fetus inherits
both maternal alleles, fetal cells react with, at moet,
one of the antibodies. In a most preférred embodiment,
the alleles are for a single genetic locus, preferably
25 an HLA locu=. 1In thie way when the fetus does not -
" inherit the nontransmitted allele from the father, the
- fetal cells, having inherited only one of the two
maternal alleles, react with only one of the two
antibhodies. In instances where the fetus is the same

y.identify nale,

« - 30 HIa type as the mother for those alleles ({.e., where
the fetus inherits the non-maternally transmitted
- allele frem the £ather), there will be no difference

between the reactivity of tha fetal and maternal cells

with the antibodies. Antibodies specific for another
35  maternal HIA antigen can be used until cells in the

sample fail te react with one of the antihodjes.
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descri be 35 a ne ver ers on
cell's by flow cyt onei9BATak{ONSet £BE SAILE aKe sﬁ%aﬁr‘ﬁgu’ contaclg% widh s
wWith vesicles contaisoXi@ (phasesadfinéd antibodies for each selected

maternal antigen (e.g., magnetic bead-affixed
. antibodiesg). Maternal cells bind to each antibedy.

10 Fetal cells fail to react with antibodies for
nontransmitted antigene, are not bound to the solid
phase, and are' recovered. For FACS-based separations,
the antibodies are labeled with a fluorochrome, and
unlabeled fetal cells are separated from labeled

15 maternal cells. In a preferred embodiment, antibodies

- for two maternal alleles are labeled with different
fluorochromes a&nd double-labeled maternal cells.are
.séparated from unlabeled and single-labeled fetal
‘cells. _ | '
- 20 The geparated fetal cells can be used in a variety

' of procedures. The DNA in the recovered fetal cells
can be used to determine a.variety of genetic traits,
particularly using DNA amplification methods. 1In a

. preferred embodiment, the fetal cells are cultured and

25 the cultures used for karyotyping. It is also
envisaged that cytogenetic abnormalities classically
revealed by karyotyping and by in situ hybridization
may also be revealed by gel electrophoresis.

30 - DETAILED DESCRIPTION OF THE INVENTION
' The pres=ent invention provides a method for
~ selactively recovering fetal cells in a maternal blood
gampl€. The method is based on separating maternal and
fetal cells based on differential reactivities of the
35 cells to antibodies specific for polymorphic surface
~ antigens of the cells, particularly the HIA aﬁfigens.'
For HLA loci (or any other polymorphic genetic loci),
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-4- oroc rorre NEWBERNIBEE]S WACRCh vesicles are conjugat ed -0
antibodies with the desired.specificity. Al bright et al, Cytometry
7:586-543 (198 ' describe the use of centrifugal separation of cells
in5 . sputumWOOYIAMEs as an alternative to flow cytometry. PCI/AUIL/Q011S
~So9Le%y—%ﬁ+—€$rnrcal Cytology 1988 Abstracts p.6 describe in situ

hyb 'd'ﬁ:tdég ceaetection of structural and nunerical abnormalities
@ﬁ as (Gact i ve probes for detecyion of aneupI0|dy and 10
tr i nkel et aI No. 13). The : :

the fetus inherits"one allele for ah HLA locus from the

. _ mother. The non-reactivity of fetal cells with an
' antibody specific for the antigen expressed by the
. _ nontransmitted allele ¢an be used to separate fetal and

5 maternal cells. .

specifically, an antibody for the selected
maternal antigen can be affixed to a solid phase.
Maternal cells become solid-phase affixed by reaction

. with the antibody, When the antigen i encoded by the
‘10 nontransmitted allele (and the fetus doces not inherit
' the nontransmitted maternal allele from the father),
fetal cells do not bind to the antibody and can be
recovered, Alternatively, the antibody can be labeled
with a fluorochrome and labeled maternal cells
15 eepaxated £xom any unlabeled fetal cells,

Preferably, antibodies specific for twa maternal
cell surface antigens are used. When two selected
maternal alleles are for different polymorphie'genetic
loci, there is a ome in four chance that the fetus will

20  inherit both alleles.. That is, three out of four
times, the fetus will inherit either one or neither of
the two maternal alleles from.the mother. Therefore,.
vhen a maternal bleod sample is combined with
antibodies for each selected allele of those HLA loci

25 (and the fetus does not inherit the nontransmitted
maternal allele from the father), the maternal cells
react with both axtibodies and the fetal cells react
with one antibedy (two out of four times) or neither
antibody (one out of four times).

. - 30 When the mother is heterozygous for an HIA locus
(and the fetus does not inherit the nontransmitted
. _ maternal allele from the father), the mother ‘and fetus

have different alleles for that MLA locus. Therefore,
vhen a maternal blood sample i{& combined with

35 antibodies, maternal cells react w;th both antibodies
and fetal cells react-with only ene of the antibodies.
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Practi cal try (Second Edition) by Howard M
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anti gens, and recovery of fetal cells. Similarly, when
antibodieg for a cell-gurface antigen encoded by a
nontransmitted maternal allele are bound to a solid
phase, such as a maghetic bead, only maternal cells
10 bind to the solid phase. The non-hound fetal cells can
be readily separated from the bound maternal cells and
recovered. '

The recovered fetal cells can be used in a variety
of assays. The DNA in the recovered fetal cells can be

15 used to deterpine a variety of genstic traits. 1In a
preferred embediment, the fetal cells are cultured and
the cultures used for karyotyping. It is also
envisaged that cytogenetic abnormalities classically
revealed by karyetyping and by in situ hybridization

20 may also be revealed by gel electrophores;s. ,

The present fetal cell recovery method provides
advantages which could not be achieved in prier art
metheds. The most significant difference from prior
art methods is that no information regarding the

25 paternal contribution ie nécassary. Only maternal HIA
allelées need to be identified. Not only is there no
need to identify alleles of the natural father that may
be distinguishing, but, so long as the fetue does not

: inherit nontransmitted maternal alleles from the

30 father, only a limited number of antigéns need be

' - investigated to find a pattern that dlstinguishes
naternal and fetal cells-

There is also no need to use a mixture of
antibedies specific for all non-maternal allele-encoded

35 antigens for the selected loci. "The method does not
rely on attempting to identify fetal cells with
discriminating paternal alleles that the child may have
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non- ?eactivity of the fetal cells to an antibody specific for a cel
sur-flace anti g€ by a nontransnitted maternal all el RCT/AU91/0011S
“The e following steps. Cells 5 .froma blood sanpl e of
%n wonman having a first -~ cell surface antigen encoded by a

ﬁ"f@, Replacec pol ynor phi ¢ genetic | ocus and a second, different

f|r
cel |
geneti

tigen encoded by a secqnd allele of a pol ynor phi c
nblned wi th an anti body

inherited. Furthernore, since the method separates
fetal and maternal cells based on absence of the
maternal antigen in fetal cells, fetal cells can be
. eftectively separated even if the paternal éntigen had
i 5  never been previously encountered. Once'ant;gena
‘present on the natetnal cells are identified, any of
the nontransmitted antigens can form the basis of the
separation. Furthermore, the presence of cells in the
sample which do not react with one of the antibedies
10 indicates that the fetal cells have been distinguished
based on differential antibody reactivity. No
additional evaluation needs to be made,
The method also does not aétempt to distinguish -
the fetal cells based on "fetal" antigens such as fetal
15  hemoglobin which may also be expressed by some maternal
cells. In the present method, rather than selecting a
fetal antigen that is present on some maternal cells
(ohcofetal antigens), the method utilizes a maternal
antiqen which is not present on any fetal cells. Once
20 an antibody that does not react with some celle in the
sample is identified, all of the cells which do not
‘react with the antibedy are fetal cells. - Furthermore,
all nucleated fetal cells that express HLA antigens
fail to react with the antibody because the HLA antigen
25 is not transmitted to that fetus. The lack of
reactivity is not'related to a particular fetal stage
- of development or to a particular-fetal cell type.
Therefore all non-reactiva cells are fetal cells.

. 30  Selection of Polymorphic Genetic Locus-Encoded Antigens A
_ - The fetus inherits half of its ehromosomes fron '

. its mother and half from ite father. For each .

polymoxrphic 1ocus, such as an HLA locug, the fetus

.~ .inherits one allele from its mother and one from its
35 father. Therefore, the wother 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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_“specitic for the fi ce antigen for a. " period of -time
suf ficient for-antlbodyMg §ﬁ LLI§%%§? bound. to-the anti body are
separfated fromany cells - mhlch are not bound to the antibody and
non- bound, . arated cells are recovered. TFifty percent_of the 15
tine, the al WO8/ éﬁ@@dlng the antigen is not transni tt edPEHAY ﬂH@@Hﬁa
cells bound to the anti body - can be separated fronlnon bound f et al
Jbis [Sheet Has Been Repladel @ preferred enbodi nent, the cells are al so
co second anti body specific for t he 20 second cell surface
antiw rnal cells react ..  wygph_both antibodies. Except when
t he bot h mat.er nal aIIeIesL fetal .cell's react with, at
nost , ) one of the antibodies. In a nost preferred enbodi nent,

the alleles are foraresunifue gtoctlie natexrnalpcells aiicepts wvhennthie Afeétus s

In this way when th e n d aIIeIe'
fromthe fgt her, thg“i‘ﬂ.iIE %Imﬁﬁm i&&laﬂ £|1irlei<aér1lqsﬂ’gp X iH\:ﬁEE

one t he

two mat er nal. al | el BQT 3@y Rolymarphic, 1864, Qfﬁ? wil) 1nherit
antibodies. In instatcnesthone éfalfe waternal hflbsles. 3WhenHthat yothes t he

g;hﬁét Ia?:]alt |h§ :lng'%l Ftéfofygewe{cg é:nFr %oapﬁéf@#he#ﬁg hhr ekexﬁl? be no
di fference beWidtnhavie the Sang P}léﬂ-eﬁh@nlﬁt%%rﬁ!ﬁwﬁﬁéﬂﬁamgiﬁs :
with the antibodi esthénhbhtdassnbited nldefler coonttind father. The
likelihood of that event depends on the freguency of
the nontransmitted allele in the population. . Looi are
10 - preferably selected to minimize the likelihood that the
fetus inherited the ellele'for the eeleeted antigen
from the father as described below.'
Numerous polymorphic loci are well known, as are
_ methods for determining allele-types for those loci
) 15 directly or iﬁdi:ectly by determining the cell surface
- antigens expressed by the loci. The selected loci have
- at least two alleles each of vhich comprises a
significant percentage of the population. Preferably,
, the loci have numercous alleles which are present in a
. ' | 20 significant percentage of the pepulatien; -Belection ef
such loci maximizes the likelihood that the father will
not provide the nontranemitted maternal allele to the
fetus,
in a preferred embodiment, the selected alleles of .
28 the loci are routinely detected using berological
methode. In this way, the antibody reagents available
to type the loci are then available for use as reagente
in the separation method of this 1nvention.
Suitable loci encode cell surface antigens present
‘30 on cells in early through late stages of
differentiation. However, any surface antigens
expressed by nucleated fetal cells can be used.
Exemplary suitable genstic loci encode¢ the blood group
- antigena, particularly the ABO group, the Kidd group,
35 the Buffy group, the Lewis group, the P group, the I
group, and like groups. Polymorphic loci which would
provide equivalent reeults are those assaciated with
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et er nal A anti geRWRRN nglypdruntil cells in the - S
to react 'with one of the anti bodi es. : The differenti al
antibody reactivities of the fetal and maternal cells can be used to

separate .the WO®MI4768in two general ways based on affixing t BEI/AU91/00{1$§
-antibodi-es+te—a—so6H d phase or based on FACS using 5 fl uorochrone-1 abel ed

antlbodles

ceI
for

10

15

-20

25

35

For solid phase separations, the cells are separately

i

SO|Id phase-af fi xed anti bodies for each sel ected

(e.g., nmagnetic bead-affixed anti bodi es). Maternal
h antibody. 10 Fetal celfls=fail to react with antibodies

the minor histocompatibility amtigen loci and any other
polymorphic loci that encode cell surface antigens
present on fetal and maternal cells. Most preferred

: genetic loci for use in the method are the MIA loci.

The antigens are expressed by all nucleated cells and
are present on fetal cells early in development.
Furthermore, methods for determining the HIA type of an _
individual arve well known and numerous antibodies for
HLA antigens are commarcially available. The remainder
of the discussion of seiection_of.antigens will use the
HLA antigens as exemplary. Similar considerations

apply to use of antigens encoded by other polymorphic

" genetic loci.

For the present method, if the maternal HLA type
ie Xnown, any HLA antigen-specific éntibbdies.that are
available for any two maternal HLA antigens can be
used. Preferably the antibodies are specific for the

- antigens of any HLA locus at which the mother is

heterozygous. .

When the waternal HLA type is unknown, the alleles
for at least one HLA'locus. preferably two or more
loci, are determined, preferably by using antibodies
specific for antigens of that locus. When antibodies

' gpecific for two allelez of a locus react with the

maternal cells, those antibodies can be used to
identify and separate fetal cells. 1In this way, it is
clear at the outset of the separation procedure that
antibody reagents usaful in the method are available.
Alternatively, the HLA type can be determined by DNA
methods and an allele can be selected based on ,
availability of antibodies for the encoded antigen.
Preferably, the loci are any two of the Class I
loci (A, B, and C) and the Class II (DR, DQ and DF)

. loei. Since those loci are commonly typed by

serclogical methods, HLA antigen-specific antibodies
for many alleles of those loci are commercially
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nontransnrtted antlgens MEWBBRNNGLL IZOM/ (R tO the sol i d phase, and are
rec CS--based separations, the antibodies are | abeled with
a quorochrone " and ‘unl abel ed fetal cells are separated fromlabeled
15 © maternal In a preferred enbodi ment, antibodies
mat ernal all e@?‘éﬁ‘gﬂ abeI ed with different . fl uoroohrdnggr’m?mi%o
double | abel e cells-are - separated fromunl abel ed and

rmeua&me%q cells. 20 - The separated fetal cells can

- of procedures. The DNA-i-n the-recovered fetal

ceII “,ﬂ’ E used to determne awvamat ety of genetic traits,
particu DNA anplification nethods. In a preferred -

enbodi nment , the fetal cells are cultured and 25 the cultures used for
karyotyping. It | avaidable, Innpastimulsdrmattheysogeeciumezrdusor malities
classically I b [ nd R}y [ ia@y di zation
may al so be revealr‘gcg‘\ab%i°%qﬁ XPJ&{’#%%Q f& i anll kapé iﬁt 3 DETAI LED
DESCRI PTI ON OF THE | NVENTBeNeﬂtins he Hmrwd-l@leseﬁ? li#ﬁ/erﬁh%rﬂﬁsvr des a

met h|0d f % ] éﬁﬁiﬁ?‘dﬁé&'ﬂ.&nr ssomélmﬁﬁbalueyl bs aﬁtﬁm Fak hhelold
o 1 1B oAl aaBs” SptpRaRd uav, o T814E,  ihery aptinghifedl 268 ' °
specific for polynmmpmn;igsnﬁagg a number of alleles present in the
nother are available, preferably, the alleles chosen
are fram.a locus that has numerous alleles present in
significant numbers in the pnpnlation, as described
10 above.
aAntibodies speclfic for the antigen o: any of the
‘alleles of maternal HLA loci can bé selected for use in
eeparating cellé of the maternal bloocd sawple. The
antibodies can be polyclonal or monoclonal, preferably
15 monocilonal. The sélected alleles can be for two
- : - 4different loci.
When the alleles for two HLA lock are used, the
fetus will only inherit both alleles if the alleles are
~on one chromosome and recombination has not ocdurred. '
20 In that case, the use of two loci will have the sanme
result as use of a single locus. That is, half of the
time the selection resulte in an effective zeparation
and half of the time, the fetus has the same alleles as
the motlier and no geparation is achieved’, To ensure
25 separation using'two.alleles, the selected alleles must
| be from different chromosomes; i.e., -that is from
different maternal haplotypes.
. Most DNA methods and all serslogic methods do not
deternine the haplotype of the mother. . For two genetic
30 loci, four allele types are determined, but ne :
information as to the alleles that comprise a haplotype
is determined. For the present method, it is preferred
-¢hat the haplotype iz dstermined te ensure that.the |
selected alleles are not inherited together. Methods
as for determining haplotypes include analysis of haploid
cells (exemplified by analysis of DNA in sperm) and a
method where DNA is diluted to hapleid .(Ruano et al,
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antigens of the cells, pmEWBTRMUERISWARe HLA antigens. . For HLA | oci

(or any other polynporphic genetic loci),

7- the fetus inherits one allele. for an HLA | ocus fron1the

nother. The noWé 68ity of fetal cells with an ant i bodBCHAUS1/00115

forthe dnngen expressed by the nontransnitted allele can be used to

IT g@ﬁé é@h mat ernal cells. | Specifically, an anti body

maternal antigen can be affixed to a solid phase.

%n 'm; econe solid-phase affixed @ wmeaction

10

15

- 20

25

o

35

Eroc. Natl. Acad. Sci USA, 0736296—6300 (19%0)). A
preferred method is described in EPO application serial
No. 90.309107.2, filed 8/20/90 entitled Intron seQuenca
Analysis Method for Detection of Adjacent and Remote
Locus Alleles as Haplotypes by Malcolm J. Simons,
published February 25, 1991, .

Alternatively, if both maternal alleles for a
single genetic locus are deternined, the alleles are
necessarily present on different chromozomes and the
fetus inherits one and only one of the alleles from the
mother. Therefore, whenever appropriate reagents are
availahle,.anéihodies specific for two antigens encoded
by alleles of a single genetic locus are selected.

As stated previously, the antibodies are °
preferably specific for the two antigens expressed by
the alleles of ohe’HLA locus. In another preferred
enmbodiment, the antibodies are specific for both
antigens expraszsed by the alleles of more than one HLA
locus. When the fetus inherits the nontransmitted
waternal allele(s) from the father, the eseparation
process is repeated selecting antibodies to antigens
g;oduced by the alleles of another HIA locus or loci.

' similar'considerations'apply for selection of antigens
~encoded by other polymorphic genetic loci.

Once the antibodies for use for a particular
sample are selected, the antibodies are either bound to
'a solid phase or used to label the cells, depending on

" the type of separaﬁion procedure.  Each of the
'procedures iz described generally below. In addition,
an exemplary preferred procedure for eahh type of
gseparation method is described in detail in the
Examples.

Source and Eu:itication of Cells
The present nethod is designed to recaver fetal
cells present in a maternal blcod sample, particularly
a venous blood sample, Preferably, the pregnant woman

SUBSTITUTE SHEET
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vvltlgn'tﬁfé2 L\grgtﬁl blcg)dy Whe MEw%lG%gale ks encoded by the 10 nontransm tted
al 'el e (and the fetus r|t _ the nontransmtted’ naterna
all'eTe fromthe fath taI c BihissSheet HastBelen Replacect he ant i body

er),
can be recover ed. Alternatlvely, th be | a
] ik HM ; froﬁﬂz&hﬁm o

a fluorochr oWO A48 bel ed maternal cel | g

fetal cells. Preferably, antibodies specl for two nateérna

cell surface antigens are used. Wien two sel ected mat ernal allel es
are for different polynorphic genetic. . loci, there is a one in four
chance that the fetus will 20 inherit~ B4tk alleles. That is, three out of
four stimes, the fetus wll inherit either one or neither of - t he

t t | allel mth t f

bl 000 sanpl e |5 coli Hhae (FiTet ErtnngPRE ol Sregrancy." HlalelpLs En
those HLA | oci 25 be(amy hlmod etampléowbicbt is rpxeventede fxom: eetHAT ed
-maternal allele ”9@:{;“? ff‘t%ﬂp)m %ﬁtﬁ%fﬁ%ﬁkﬁ?&ﬂrﬁ or,. p eteﬁsslw ti(c:both

anti bodi es and the cel

one .ant | aeé wg@qyt of
four times) or neieptution. The sssp)e dfPreferably;ftore
Wien the nothey | Suhelsr@adgwanmaa thé honder of deaﬁanéll.he ¢ellis does

o e " EARELE A s, a0 S o paRetpid el 11

Therefore the sample varies depending on- factoxs including the
age of the fetus, numher of fetal/maternal bleeds, the
volume of blocd in each episode, and the amount of time

10  since the last bleed. Typically, from 7 to 20 m) of
maternal blood provides eufficient fetal cells upon
separation from. maternal cells. Preferably, 30 .ml or
more blood is drawn to ensure sufficient cells without

. the need to drav an additional sample. When a.second

15 separation is necessary, cells can be incubated at 17°C
for about 2 hours, then washed to remove previously
used antibodies., Additional blood samples are not
required. _

Maternal blood contains at least three main types

20 of nucleated fetal cells: nuéleated erythroid cells,

' syncytiotrophoblasts and lymphoid cells. Blood samples
are purified to eliminate red bloed cells (RBCe).
Preferably, the three main types of nucleated fetal
cells are maintained in the purified sample. RBCs can

25_' be eliminated by incubating the cells in a hypotonic
solution, e.g., 0.87% ammonium. chloride with 0.037%
EDTA. Thie procedure ‘is particularly preferred for
solid phase-based separations since density gradient
materials such aé Ficoll can coat the cells with sugar

30 . which interferes with the separation process.

' .  Alternatively, peripheral blood lymphoid cells
(PBL@} harvested by density gradient separation can be
used. PBLs comprize the majority of the nucleated
fetal cells. Ta purify PBLs, conveniengly,la density

35 gradient medium having a density intermediate between
the densities of RBCs and PBLs such as Ficoll-Hypagque
and Percoll (both from Pharmacia, Piscataway, NJ) is
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maternal ood S§ EW&]RN'RLFPWGR“GC! with 35 anti bodi es, mater nal
T

ceIIs react with both an odi es and fetal cells react wth .only one
of the antibodies. - When the anti bodies for two
mat er nal . ant i VO 9114768 | abel ed with different fluorochr om®EGI/AUL/00118
si ngl e- | abel ed and—untabeted fetal cells are readily separated .from

doubl e- | abel e kspitek ng fluorescence- '5 - activated cel
sorting (FA@qh%ﬁﬁ’ﬁﬁﬁm rHeparatlon 15 -and recovery of fetal cells.

Simlarly, when [ s for a cell- sgrface antigen encoded by a
used to harvest the PBLs. The layer of PBLe is removed

. ' and resuspended in a suspension medium. The cells are
washed and the pellet is resuspended in the suspension
- medium at an appropriate concentration for the

§  separation procedure. Similarly, specific banding
materials for density gradient separation of nucleated
erythroid cells and syncytiotrophoblasts can be
utiliged.

Solid phase separation methads are discussed
10  below, followed by discussion of FACS separations.
Suspension media and appropriate cell concentrations
for solid phase-basad and FACS-based separation
procedures. are daescribed in those discussions.

15 * Solid Phase Separation .
| As stated previously, fetal cells can be separated
- . from maternal cells in blood based on the lack of '
reactivity of the fetal cells with an antibody epecific
for a nontranswmitted maternal cell-surface antigen.
20 Briefly, the maternal antigen-specific antibody can be
bound to the solid phase directly or tﬁrough uge of a
solid phase-affixed bridge which binds the antigen-
. specific antihody.' Matarnal cells bind to the bridge
. ' and are affixed to the solid phase. When the antigen-
25 gpecific antibody is for the antigen of the
nontransmitted allele, fetal cells do not bind to the
solid phase and can be sepatated_and recovered.
Sepération procedures are described balow,

. 30  Selection and Préparation :
. of Solid Phase for Separation
. ' The solid phase for separating fetal ceaells can be

those used conventionally for antibady-based cell
geparations, such as plastic plates, dishes, flabks,
35 and tubes; beads, e.g., polyacrylamide, Sephadex, |
agarose-polyacrolein, trisacryl and latex; nylon disks
and ox ‘red blood cells. The solid phase can be in the
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nontransm ted rraternaIMEw];(j | pLias aifepund to a solid phase, such as a
magnetic *bead, only. maternal cells 10 bind to the solid phase. The
non-bound fetal cells can be readily separated fromthe bound naternal
"cetls and red. . The recovered fetal cellg ?ﬂﬂﬁﬁm
in a variet ywo;l?ﬁgﬁassays. The DNA in the recovered fetal c S can be 15
used tTo deternine a’variety of genetic traits In.a preferred
fwgsﬁggmﬁgg cells are cul tured the cultures used for

reveal-ed .by karyotyping and by in situ hybridization 20

H!IlEHmE | ed by gel el ectropharesis. The present fetal

cel | recovery' met ho%oe-hostdss ieh, cekie B2 eaBe hLEN Wi mt chuecm-eved |

n prior art,

: e nbst. significant ffer e
art methods is that °HB"PEFGT’IIBPF%?F‘?%@§Q&°R&§ RE p§1 ér g]éﬁ?# Btion. ?
is necessary. Only paickedaintbra columxal(lealges hendstand)e:'adjdmanﬂl cellabt

only is there no °E§§d"f‘§°{‘ 4&:@ lage Eag%,&he Mé‘ﬁeﬁé&a&rﬁ hat .

may be distin&ﬁF ong as t et us .does
i nherit .nontranBnit tee P&t Eﬂ!&#ﬁﬁlbﬁi@ presepk e tybs ok °t9HFy a

l'imted nunber of awaaeeeedabﬁnity cmt ﬁapﬁpl sietlodad farpeslern -

that dIStInQUISheS 1solatE%n agglwgifiﬂnéiﬁ aﬁﬁ fa described in Artinity
Chromatography: "A. Practical Approach, ed. P.D.G. Dean,
IRL Press (1985). and the references cited therein, each.

10 of which is incorporated herein by reference in its
entirety. : '

The antibody can be bound to the selected solid
phase by conventional processes for the golid phase AR
materials-ihcluding adsorption, ionic bonding, van der

1S Waals adsorption, electrostatic bonding,.or other '
non-covalent ¢r covalent bonding. Procedures for
non-covalent bending are described in U.8: Patent No.
4,528,267. Procedures for covalently bonding antibody
solid supports are described by Ichiro Chibata in
20 IMMOBILIZED ENZ!MES. Halsted Press: New Yoxk (1978) and
. A. Cuatrecasas, J. Bio. Chem. 245:3059 (1970), the
entire contents of which are hereby incorporated by
~reference. :
The antibody can be bound to the solid phase _
25  either directly or indirectly such as through the use
- of a surface layer to which the antibody is attached..
For example, the surface can be toated with a protein
" and the protein coupled with the antibody using a
coupling agent (for example, glutaraldehyde). The
30  antibody can.be bound by applying the antibody in
aqueous solution to a surface coated with a layer
- having free isocyanate groupe (such as a polyether
isocyanate) Additionally, the antibody can be coupled
to a hydroxylated materlal by means of cyanogen
35 bromide.

Alternatively, an antibody "bridge". can be bound

to the solid phase and used to indirectly bind the
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¢ 0 need tﬁqﬂg ?& frope of ant i bodi es specific for -al
non- nat ernal. al | el g-enco antlgens for the selected |oci. The
met hod does. not _ rely on attenpting to identify fetal cells with
di scrim nati n\WO/e472681 al |l el es that the child my have PCI/AU91/00115
nore, since the nmethod separates fetal and ndternal
cells g@ égience of the maternal antigen in fetal cells, feta
T L B effectively separated ewed?i # the paternal antigen had 5
ni |H“Lously encount ered. Once anti gens . present on the
re identified, any of ~ the nontransmitted antigens can

formthe basis of thgnti-maternal antigen antibody either prior to or
. during the separation procedure. Bridges include

. | antibodies which are specific for immunoglebulin of tha
| species of the anti-maternal antigen antibody, also
R 5 referred to a second antibody. For mouse monoclonal

‘antibodies, exemplapy bridge antibodies are goat anti-
mouse immunoglobulin, goat anti-mougse IgG and goat
anti-pouse IgM. - Other btidées include use of staph
protein A (8PA) (which bind= the Fc region of
10  immunoglobulin) or use of avidin to bind bictinylated
antibodies. When applicable, specialiaed methods for
binding antibodies to a. particular type of solid phase
are described below. Many- solid phase-based call
separations are generally performed by reacting the
15 specific antibody with the cells and then reacting the
cells with solid phage-affixed gecond antibody or
other bridge..
" For solid phase applications, following binding of
the antibody, the so0lid phase can be "blocked" to
20 reauce-non-specitie binding such as by use of
water-soluble,'non-innnne animal proteins including
albumins, casein and non-fat milk, -
In a preferred solid phase separation method, the
antibody is affixed to a metal or magnetic head and
25 combined with the eells in a tube or other container.
Following binding, solid phase-affixed maternal cells
are removed from the cell suspension medium ueing a
magnet. Beads which are attracted by a wmagnet are
cemmercially available. A preferred bead is sold by
30 Dynal AS under the name DYNABEAD (available from
* Robbins Scientific of Mountain View, CA). Antibodies
. ‘can be conjugated to the beads according to the
. - manufacturer's directions. In addition, beads having
goat anhti-mouse IgG antibodies conjugated to the
35 surface are available. Any mouse monoclonal IgG
antibody can be readily bound to the bead by incubation
with the bead in a physiologic solution. A tube holder
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separation. Furthernor §EWBURR mmwwcp—e#eeuss_l_n_hL sanpl e whi ch do

not ~~eaet->wi th one of the antlbodles 1 ndlcates that the fetal cells.
have been di stingui shed * based on emﬂemmmdy reactivity. No
addi ti onal needs to he nade thod 19RO
at t enpt to d%ﬁ;g‘jg the fetal c fet al" Pgﬁﬁ gensﬂsgtjch
as fetal heanIobln whi ch may al so be expressed y sone -nmat er nal .
cells. In the present nethod, rather than selecting a fetal -antigen
that is present on sone naternaL cells (oncofetal antigens), the
method utilizes a maternal antiges BBi€h is not present on any fetal

cells. Once 20 an antibody that does not react with sonme cells in the
sanple is i-dentified, t he cell e 0" not eact ;W th the
anti body are fetal 8?!‘&“#%??%#\‘%% & Ri&ﬁl%&%ﬂm SFQF 8.2F®s t hat
express HLA anti gensattractédi istaisnamﬂabhetﬁmmm}%ecause the HLA
antigen 25 IS not tran tie - T I f

-reactivity is not relatedig% 3 ébiﬁh%Jﬁg?aE?E? a %széﬂﬂﬁdﬂ Pag Fiﬁgvelopnent
or to a particul ar fBpEpréals mwé have appropriate #paging,se- tEastlve cells
are fetal cells.s 3flatePRhECEelTs WarPYentl! RtE & naitibodecagsineades

Ant i gens $RICoh NS AfEiaS (R £Rbal 'CotiH VHIRATES H6€ Rave

its nother and hal f roml
_ the antigen can pass through the column. Column

materiales which are suitable for use in separating
cells include various types of beads and ox red blood
10 cells. '
' _ Similarly, an antibody for the selected maternal
- antigen can be affixed to a solid phase_sqch as a
microtiter plate, & culture dish, a test .tube, a
centrifuge tube or like suitable containers for cells.
15  Non-bound fetal célls éan be separated from maternal
a cells and removed by gently washing the surface of the
' so0lid phase. 8Solid phase materials which are suitable
for affinity separation of cells axe well known and age
. commercially available.
20 As stated above, for sach type of the solid phase
- the antibodies can either be affixed to the solid phase
or bound to the solid phase by reaction with a solid
phasd-affixed ‘bridge. Additional alternative
‘embodiments which provide the same result can be
25 readily envisaged by one of ordinary skill.

Preparation of cells
Suspension media. and appropriate cell

.concentrations for solid phase-based separation

30 procedures can be those used conventionally for solid
phase-affixed, antibody~based cell separatibns, The
suspension medium can be any physiolegic wmedium
compatible with antihody function and with preservation
of the fetal and maternal cells; e.g., physiologic

35 saline, phosphate buffered saline and like solutions

' used for immunoassay procedures. The suspension medium
can also be a tissue culture medium which optimizes the

'SUBSTITUTE SHEET
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suspension media for FACS separation methads, The

- suspension medium can additionally contain antibioctics,

and like additzves commonly present in tissue culture
media. The suspension medium should be £ree from
reagents which can intartere with subsequent use ef the
separated cells. For example, preservatives are
preferably not used if the celle are to be cultured
following separation.
For separations using bead-affixed antibody, the
- suspension medium }s preferably calcium- and magnezium-
free to minimize monocyte activity and thus decrease
the tendency of the monocytes to engulf the beads
during the separation process. 1In addition, ﬁhe medium
may contain an anticeagulant such as heparin or ACD.
‘Solid phase separation pfbcedures are performed in
a relatively short period of time, so that use of PBS
'is sufficient to waintain cell viability throughout the
geparation procedure. However, the cells are

- preferably resuspended in a tissue culture medium

following separation for uses involving culture of the

cells. .

25

30

as

‘Following puritication of the blood sample, if
any, the cells are washed and the pellet is resuspended
in the selected suspension medium at an appropriate
concentration for. solid phase sepatations Generally,
those concentrations range from about 10° to about 10° °
celle/ml, preferably about 10° to about 10’ cells/ml.

.The cell suapension is contacted with the sclid
phase-affixed antibody as de=cribed hereinafter.

Solid phase Separation Process

To effect the separation, cells of the sample are
combined with a solid phase-affixed antibody epecific
for one of the selected maternal antigens for a time
sufficient for antibody binding. The period of time
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t he. r?gnt rba;\gsgr% t{éé] al | elhﬁgggn %ﬁ{% Wk at ion. Loci are 10 preof er4abl y
|7

selected to ninimze th HaL the fetusTnherited the-
allele for the selected antigen fh%rgl{enggsaéééﬁrRegéc&escrl bed bel ow.
Nurer ous pol ynorphic | oci are well knomn t hods_f or
det er m.ni ng WOMBHBoes for those | oci mﬂJUﬂIF i-ndi PE/AUIAG0IS
determ ning the cell surface antlg y the loci. The
sel ected | oci have . at least two alleles each of which conprises a
significant percentage of the. popul ation. Preferably, the | oci have
nunerous all el es which are present in a=28 =significant percentage of the
popul ati on. Sel ection of such loci nmaxi m zes the Iikelihood t hat the
father will 'not rovi.de 1 nont rgnsm,tted t er nal | e t he
f et us. . 1 ?ea ?%%" %h ?ﬁﬁ%‘é’f%cﬂ%% i%s P¥Ro5
the loci are routlnelycubahioad ofi ag;ﬂtﬂuabogacahe minute &t kodw. In this
way, the antibody re I to t phheEN
€afn gkf‘ai Pups | SR eadequaﬁ:e. L&Y (éﬁned?oaﬁgf t

avai l able for use as re . e se hi s
i nventi on. . reqy F?ﬂb?% 43R4 HNarsjdvp 'Bﬁr#’aé@’%@?’@é’ﬁs Bresent
30 on cells inrsear buttichagt. tine tﬁxﬁm obll surfach fantigen tbdi oome
However, any surface | w? IIs can
be used. . Exer‘rf)feIJ Qgﬁlé?cglvg gglm Nco fﬁrﬁ%% Si:o
. sua ly time= o from about 10 to about €0 minu es aze
sufficient.

The cells bound by the maternal antigen-specific

10 antibody (and thus to the solid phase) are separated
from cells vhich are not bound to the golid phase.
‘When there are cells in the sample which are not bound
by the selected antibody, those cells are recovered.
'When all cells in the sample are bound by the flzst

15  antibody, the procedure is repeated using an antibody
for the second selected maternal cell surface antigen
and non-bound, separated cells are recovered. The
separations using the first and second antibodies can
be performed sequentially. Preferably, the separations

20 are separately performed at substantially the same time
using different aliquots of the sample cells.

For bead separations, maternal cells always bind
to the bead. Fetal cells do not bind when the solid _
phase-affixed antibody is for a nontransmitted maternal

25 antigen. The cells in the sample can'he divided and an
aliquot of cells can be combined separately with beads
containing antibody epecific for each of the eclected
maternal antigens simultaneously. Fetal oells bind to
one of the sets of beads, if the nontransmitted allele

30 was not inherited from the father. Solid phase-affixed
maternal cells are separated from non-bound fetal cells
by separating the beads from the suspension medium.

For magnetic beads, the cells are incubated with

: the beads for about an hour, preferably at 4°C. The

35  incubation is preferably not more than about an hour to
.avoid clumping by monocytes. The beads are present in
the _incubatioh at about 10° to 10’ beads/ml. A
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group, the Lewis group, the group, the 'i'mssheetHas(Béw eplacetl | i ke groups.

PonnDrphlc | oci whi ch woul d .provi de ults are those
associ at ed wi t WO 91/14768 the m noj !ﬁE W| | i t PCIAAU9R0011S

| oci. and any other - -polynorphic loci th cell surface antigens -
present on fetal and maternal cells. Mst preferred genetic loci for

use in-the nethod are the HLA loci. 5 The antigens are expressed by al

nucl eated cell s and

are present on fetlal* cells early in devel opnent.

Furthernore, nethods for determning the HLA type of an

10

15

preferred cell to bead ratio is about 2 beads/cell.
Following incubation, maternal cells aff:xed to the

beads are moved to the side of the tube in which the

incubation is performed using a magnet and non-bound

' fetal cells are removed by gentle washing. The final
wash medium preferably contains not more than 1%

protein.

For column~based separations, the method is
accomplished by paszing an aliquot of the sample
through the column at a flow rate sufficient to parmit
antibody binding. Fetal cells pass through the calumn
when the solid phase-affixed antibody is for a
nontransmitted maternal antigen. The cells in the

‘sample can be divided and an aliqudt of cells .can be

passed through.a column containing antibedy epecific
for each of the selected maternal antigens

~ simultaneocusly. Fetal celle elute from cna of the

- columns, if the nontransmitted allele was not inherited

20

25

from the father.

Alternatively, cells can be paseed through 6ne
column and, when no fetal cells eiute,‘either cells can
be removed from the column and passed through another
column or a sacond aliquot of cells can be paesed
through a column for the.eecond maternal antigen.

Cells can be separated from column materials or other
golid phase surfaces using an excess of the maternal

. antigen or a competitive inhibitor for the antibody

30

35

binding site, by mechanical disruption (e.g., _
pipetting), or, for ox red blood cells, by lyeis of the
erythrocytes. Additional techniques for removing cells
affixed to particular surfaces are well known and
include cleavage of particular bondg used to attach the

antibody to the solid phase: e.g. cleavage of disulfide

bonds with thiol. Préferably, separate aligquots of the

cells are used 80 that fetal cells having the selected

maternal antigen need not be separated from the eolid

phase.  SUBSTITUTE SHEET
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i ndividual are wel |l knoy@WBeRNdELIUSeMA8s—artibodies for HLA antigens are

' Conme-e+ai-+y—avai | abl e. The renai nder s sp&dt HadBedH gon of ‘sel ection
of antlgens will use the HLA anti ge . Slnllar
consideratio pply to use of anu%ﬂﬂﬂw W ot helpcip 5 C
genetic | oci %91/1476@ For the present ) ternal HLA tyg% 15
i s known, any HLA antigen-specific antibodies that are avai l abl e for
any two maternal HLA antigens ‘can be used. Preferably the antibodiés
are specific for the antigens of any,4lLA | ocus at which the nother is
het er ozygous. 20 Wien the maternal “HCA type is unknown, the all'eles
for at |east one HLA |locus, preferably two or nore | oci, are
det erm ned, preferably lm:msepgratﬂ.ohsdnsh\g contadperaf guch as eptamwrof
that |ocus. Wien anfi “sg %&éﬁﬂ&d% Iltﬁgegopida‘,ﬂﬁg;s react
with the 25 materna del ose anti les ca

identify and separ ai%fif’tﬁdalamy foy #hﬂsﬂwfﬁ pgt Eor an¥ibady, (e
outset of the separﬂnmqqr owiqbeihbai.ncuhatimt angdnonebownd scallal 'drei n s

dot erm ned by Bua SAnti pshed, £5oR BB, dfkdans a"cerb¥PEa 00 cd on
availability of antibodies for the entoded antigen. ‘Preferably,
the loci are any two of the O ass | FACS Separation B :
o  The fetal cells can also be separated from
maternal celles in blood based on the differential
10 labeling of the cells and séparation of the labeled
cells using FACS. Briefly, as stated previously, the
maternal cells can be labeled with an -antibody fer a
selected maternal antigen. In that case, fifty percent
" of the time, the sample will contain unlabeled fetal
15 cells. Preferably, the maternal cells are douhle-
labeled. When the selected maternal antigens are
encoded by alleles of different genetic loci, three out
of four times, fetal cells are unlakeléd or single~
labeléﬁ depénding on whether the fetus jnherits one or
20 neither of the maternal alleles, When the selected
| maternal antigens are encoded by alleles of the same
genstic locus, fetal cells are single-labeled. The
separation procedure is described below using double
labaled maternal cells as exemplary.
25 '
Preparation of cells
Suspension media and appropriate cell
concentrations for FACS-based separation procedures are
those conventionally used. Following purxification, if
3o any, the cells are washed and the pellat'ls resuspended 2
- in the suspension medium at an appropriate -
concentration for sorting. The concentration should
not be too dilute. However, the flow cytometer can be
adjusted to provide an appropriate cell flow rate using
35 relatively concentrated or :alatively diluted samples.
Preferably the cell concentration is from about 10° to

SUBSTITUTE SHEET
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loci (A B, and C) and t¥BEWRURNEELISIMACRR, DQ and |OCI. Si nce those
IOC|'are*connDnIy typed by 35 ser ol ogiides ntlgen specific

ant i’bodi es : ny alleles of those I‘CI alnhu'y
available. In m{l?@a@r there.are nurrero AYBLO0IS,
A and DR/ DQ anti gens. ~In selectlng the HLA aIIeIes to use, the
first consideration is the avallablllt¥ of anti bodies for the 5
antigens expressed by the alleles When=aR®i bodi es for t he antigens
of a nunber of alleles present in the not her are avail abl e,
preferably, the alleles chosen are froma | ocus that has nunerous

alleles present in about 5x10°, more preferably from about sxlo‘*to about
| 1x10’ cells/ml.
The suspension medium is a physiologic solution, _
such as a physiologic buffer, to maintain cell
S§  integrity. Most physiologic buffers, e.g. Tris buffer,
phosphate buffer (PB), citrate buffer, phosphate
buffered =saline (PBS) are suitable. Balanced salt
golutions such as Earle'’s balanced salt solution .
(Ensél; Hank's balanced salt solution (HBSS), and Gey's
10 Dbalanced salt solution (GBSS) are also suitable.
Preferably, the suspension medium is a tissue culture
mediun (e.g., basal medium Eagle and Dulbecco's
modified_naglé's medium) , more preferably an enriched
tissue culture medium suitable for use with lymphocyte
15  cultures such as RPMY 1640. The use of a tiesue
culture mediuvm, particularly a medium adapted for the .
- ' growth of the sample cell typa, provides an environmene
which maximizes cell gtability. .
The suspension medium can additionally be
20  pupplemented with a protain source at a relatively high
concentration. The protein source can be albumin such
as bovine serum albumin (BSA) or, preferably, buman
serum albumin (HSA) at a concentration in the range of -
from .about 5 to about 10%. Alternatively, the protein
25 sourca can ba serum such as fetal calf serum or human
serum at a concentration of from about 5 to about 10%:
Since lymphocytes can be stimulated by the presence of
foreign antigens, preferably the protein source is
" human. Most preferred is the use of about 5% '
30 autologous plasma which can be harvested from the
puxified bloed sample and is nonimmunoganic.
Alternatively, the protein source can be added te
the flow cytometer collection vessel, rather than to.
_ . the suspension medium,'to cushion the fall of the cell
'35 into the vessel, enhancing cell stability.
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Si gn?Q‘|F5P3in1tgg§1 rlr%ers I'n M BU%I:P BLLIS Wk _a&_desu—l—bed—lre—-above '

Ant Lbodi es specific, for e antigen of any of th aIIeIes of materi al
HLC 1oci can be selected for use in his, gg’]ﬁm of t he mat er nal

bl ood sanple.“%nﬁ6 ant i badi es can be noc

preferably 15 Wﬂ onal . The sel ected for t&gjlhwumus
different .| oci. Wien the alleles for two HLA | oci are used, the
fetus will only inherit both alleles if the alleles are: on one
chronmosone and reconbi nati on has not occurred. 20 I n that case, the use
of two loci wll have the same resul2d as use of a single | ocus. That
I's, half of the time the selection results in an effective separation

and half of the tine et,ys the sane alleles as’ t he not her
and no separation |sniﬂégiﬂﬁxﬁh gaéﬁgure 25 -separation-using two alleles,
the selected allel es nust The cells bfotheibleod wanple;npreferablye. . that
is from differ i afﬁﬁﬁ]shaahat Sled with fluor&@éénQ”ﬂhﬁ!ﬁdﬁ%ﬂé

and all serologic 0 erm ne e, of the
not her. For two geneﬁ’%‘= @GF far,the apt %T&M%e?yagg ilégﬁ?n‘?%d but
no - informs i ormateimal polynozphict betusprulected aapdesgpibed is

O e oy e, BEPEAlaf T ' e} Badled i e poryohbida '8
_ monoelonal, preferably monoclonal. Preparatlon of
.polyclonal and monoclonal antibodies for an antigen of
interest 1s well -known.
10 - For HIA antigens, as stated previnusly, ]
~ antigen-specific antibodies are commercially available.
iypically the HLA Class I loci (A, B and C) and the
Class II DR and DQ loci are datermined by serological
. methods. Therefore, antibodies specific for ‘those
15 antigens are readily available. Sources of HLA
- antigen-specific antibodies include Genetic Systems
(Seattle, WA) and cé Diagnostics (Meguon, WI). Blood
group antigens are also determined serolagiaally and
the antibodies are commercially available. '
. 20 . The antibody is labeled with a dye that
' facilitates cell sorting, particularly a fluorochrome.
Suitable dyes for FACS analysis and/or separation are
well known. Those dyes are described in Practical Flow
Cytometry (Second 5dition) by Howard M. Shapiro, supra,
25 at pages 115~198. Preferred dyes are fluorochromes
' including fluorescein (e.g., fluorescein isothiocyanate
- FITC), rhodamine (e.g., tetramethylrhodamine
isothiocyanate = TRITC), phycoerythrin (PE),
allophycocyanin (APC) and Texas Red (401e=u1ar Probes, -
30 Eugend, OR). The combinations of fluorochromes used
for labeling are chosen so that distinguishable
wavaelengthes of light are emitted; A preferred
combination is a fluorochrome that emits green light
tégether with one that emits red or orange light, e.g.,
35  FITC with PE or Texas red. - | : |
For thoge flow cytometers that can perform a four-
color sort, the cells can be labeled with antihodies

SUBSTITUTE SHEET
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sel eZPe%FbaHg«§| els5 étBre notﬁggwm Elﬁig %gé;et her. Methods 35 for determning

hapl ot ypes i ncl ude ;anal ysi's of apl ord Th|sshe§ﬂ-|-|é§Bdeﬁmmﬁbedf I ed by

anaky5|s of DNA in s;ern) and a neth diluted to

hapl oi d ( RuandV@91/414768 mwll PCT/8U91/00115
Proc. Natl. Acad. SCI USA, 87:6296-6300 (19 eferred nethod is
described in EPO application serial " No. 90.309107.2, filed 8/20/90
entitled Intron Sequence Anal ysi s Method for Deteaction of Adjacent
and Renote 5 Locus Alleles as Hapl ot ypes®y Ml col mJ. sinons,

publ i shed February 25, 1991. - Alternatively, if both rmaterna

alleles for a oo
for antigens expressed by four alleles. In that case,

preferably, the antibodies are gpecific for both
antigens expreased by the alleles of two maternal HIaA
loci. Maternal cells are labeled with all four
5 fluorochromes. Fetal cells are labeled with two of the
‘ four fluorochromes whén none of the nontransmitted
maternal alleles ig inherited from the father. By
using four fluorochromee from two loci, the fetal cells
_ ‘remain distinguighable from the maternal cells even
10 vhen the fetus inherite one of the nontransmitted
maternal alleles from the father. A second staining is
only necessary when the fetus inherits both .
nontransmitted maternal alleles from the father. When
the antibodies are for antigens expressad by three or
15 - four maternal .loci, using the additional dyes increases
the likelihocod that the fetus did not inherit each of
- - the maternal alleles.

Fetal cells are only zndistlnguishable from

maternal cells by the method of the present invention
20  in the case where the fetus inherits all six.
nontransmitted maternal alleles from the father.

The antibody can be labeled with the fluorochrome,
directly or indirectly, by well known methods. The
conjugation methods for attaching labels to antibodies

25 generally can be used for these purposes. Dbirect
labeling methods for dyes such as FITC are described in
Catty et al, in "Antisera in Immunoassays with Special
Raeference to Monoclonal Antibodies to luman '

.. Immunoglobulins", IMMUNOASSAYS FOR THE 80's, supra, pp

30 133-153 and. THE HANDBOOK OF EXPERIMENTAL IMMUNOLOGY 4th
Edition, Vol. 1: Immunocytochemistry, ed. D.M. Weir,
Blackwell Scientific Publications and in the
publications cited in those references. The entire
contents of each of those references is hereby

as 1ncarporated by reference.

Preferably the labeled antibody is purified to
remove unbound label prior te use. Preferably, the

SUB?TITUTE SHEET
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singl'e genetic locus armmgkpmmmeﬂ/cgt he—atteres are necessarily
pr esent—or—different, chronmosones and t hidéheet fi8 BniRebREdd S one and only

one of the alleles fromthe not her . ever appropriate
reagents arey, qpllable, anti bodies s uﬁ ant| it d
by alleles of a S|ng e genetic |ocus are As stated

previously, the antibodies are 15 preferably speC|f|c for the two

antigens expressed by . ~ the alleles of one HLA | ocus. In .another
preferred enbodi ment, the antibodie6ae specific for both
antigens expressed by the alleles.of nore than one HLA | ocus. Wen

the fetus inherits the nontransmtted 20 ' maternal allele(s) fromthe
father, the separ at prncedure psed cxkso gﬂﬁﬂueﬁedmw sonpbsitient o

anti gens prodlggesrgy GOepRd | HHefrﬂﬂ&PC%zﬂr | oci .
sim |l ar considerations Sggpigfor sel ectlon

o ant i ncoded b
ot her pol yrmor phi ¢ gBRef i .toprovide the Ig Fh@g%&t#%(ﬁ“é's yelemator o
particul ar © sampkébediescorst fuk mdnbcanhamodmtibaikasaltherzgcuod to
a solid phase o us t t e d
separation procedurgguEggﬁaéfa? &Ebéﬁaiﬁ%bfgbgggr%€g$ escrl E ge%g TIy
bel ow. In addition, §B°°dﬂﬁe§x€ﬁﬁn%ﬂ%}ﬁﬁi@ﬂeFPSd‘B ey, °§aeﬁ ®pe of
separation method |and¢hodyb£dcma¢le&m hxsmotbreconbin&cam‘ouin G for

IgG and immunoprecipitation for IgM. Procedures that
additionally separate unbound fluorochrome are well

10  Xnown and include use of a DEAE G 35 sephadex
(Pharmacia) column. Exemplary purification procednres
are described 1n detail in the exanples. _

For dyes such as PE which are more difficult to

. .attach vhile maintaining antibody activity, the
15 antibody can be labeled with biotin. The dye can be
. attached by 1ncubation of the biotinylated antibody
. _ ' with PE-avidin or PE-strepavidin (which are
commexrcilally available) either concurrently with or,
preferably, tollowing incubation of the antibedy with’
20 the cells. A procedure for conjugating biotin to an
' antibody ie described in Edward A. Bayer et-al, "The
Avidin-Biotin Complex in Affinity Cytochemistry", in
METHODS IN ENSYMOLOGY Vol. 62 (1979) -
That article is incorporated herein by reference in its
25 entirety.

"An exenmplary preferred direct labeling method for
FITC is described in detail in the exgﬁples. A
preferred indirect labeling method for bictinylation of
an antibody and attachment of PEbsttepavidin ie also

30 described.

To label the cells with the labeled, HIA antigen-
specific antibodies, the cells are incubated with the
antibodies for a time sufficient for substantially
complete antibody binding under the conditions used.

a5 An excess amount of aneibody is p:aterably used. A
concentration of about 2 sy for 10° cells is desirable.

SUBSTITUTE SHEET
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_____________________
Source and gurlélcatlon G C The present nethod is designed
ce PS IOF%SG?%/ IRnTﬁs sﬁéeeHaaBeem CQQmpI

to rpcover fetal . .
part]cularly a venous bl ood sanpl e. pregnant wonan
-14-¢ i s iWOBRM4TE8r st trimester of pr arrpl e (ﬁﬂ.
any bl 0od sanpl e vhich is prevented fromc |ng such as IAUQVgﬁ‘is
contpi ni ng heparin or, preferably, ACD solution. The sanple S
preferably stored at 0to 4[err]C 5 until use to mininize the nunmber of
dead| cel I's, cell - debris and cell clunp%7 “The nunber of fetal cells in:
the panpl e varies dependi ng on factors including the - age of the fetus,
nunbpr of fetal/mat er NgbyBb8EISusd e 60 p) of purified antibody at a
concentration of about 40 gg/ul was eufficient.

| The cells are preferably incubated at about 4°C to
. | maintain cell integrity. Incubation for about 30
) 5 minutes at 4°'C is usually sufficient for sﬁpstantially
‘complete antibody binding. The sample is preferably
mixed, as by using a hematology bleod rocking device,
during the incubation to. ensure contact of the
antibodies with the cells. Preferably, the incﬁhation
10- is performed in.the dark when using a fluorochrome
label. 8econdary reactions (e.g. incubation of
- fluorochrome~labeled avidin with biotin-labeled cells)
.~ are performed in the same manner.
_Exemplary preferred cell labeling precedures for
15 direct and indirect labels are described. in ‘detail in
the examples.

Sorting Labeled Cells
Flow cytometry ié a process in which the
20 measurement of physical and/or chemical characteristics
is made while the cells or particles pass, usually
individually, through a measuring apparatus in a fluid
stream. Biological particles, usually cells, have been
subjected to flow cytometric analysis using acoustic,
25  nuclear radiation, electronic and optical sensors.
Optical measurements are used for the widest range of
applications,
. Most of the’present applications of flow :
Cytometers derive from the ability of the apparatus to
30 define and quantify heterogeneous cell populaticné.

' ' - Physical and chemical characteristics or parameters of
. cells which can be measured by flow cytometry znclude
v : cell sige, cell shape, pignent content, protein

| content, DNA content and DNA base ratio. In addition,
36 cells can be labeled with one or more fluorochrome(s)
and characterized basea on color differences.

 SUBSTITUTE SHEET
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vol u ['0ood 1 n -each mum%nlpwcghg armunt of tinme 10 since the | ast
bl ee.d_I;e.p.l.c.aLLy from y

mat er nal bl ood provi des
sufficient fetal cells upon. separ aTﬂ'm idas BeendReplatedcel | s.

Pref erably, nore bl ood is jmﬂ SU”W&%{@%&

wi t hout ngﬁ&r«gﬁ to draw an addition

separation is necessary, cells can be incubated at err] for about
2 hours, then washed to renove previously used antlbodles Addi ti onal

bl ood sanpl es are not required Mat er nal bl ood contai ns at

| east three mai n types 20 of nucleatedzﬁetal cells: nucl eat ed erythroid
cells, syncyti ot rophobl asts and | ymphoi d ,cells. Bl god sa es

are purlfled to elim nat hemastod GNEE¢¥ (GRRideations ofy B}V HNtpmatry

three main types Of fb’@lﬁf& ddentigication aﬁilm“tnmmﬂzd‘lﬂon

purified sanple. | TN by |n a
hypot oni-c sol u?# o%a’pze‘%dllat&g°§% ﬂgn{%ﬁ%m chl or. g&%r@?#jiy%%

EDTA.  This procedurmuliiparemcterapnylysis aye pseg, for thig PU¥pPeRfrse- based
separations singe densi t)@]g;‘amg_ng empldifE eamgait,naun;haﬁa/& asgchardicaqoat

A'Cernatively, pevs AT 9 GUYSFEBRbIS iy preseilctidd @L%J&%é%%by
density gradient septmatlm msuinbetream, andamn BB ysed e kate purerity
of the nucleated  pgpulations of viable cells with more homogeneous
characteristics than could ba obtained by any other
10 means. Flow sorting is particularly useful in
circumstances in which further characterization of the
selected cells requires short- or lohg-term.maintenance
in culture or analytical procedures which cannot be
accnmpiiéhed by flow cytometry.
15 The parameters which can be used to sort cells
_ include meaanéements of light scattered by cells at two
- . aifferent angles (less than 2°, commonly called forward
' scatter, and about 90°) from an ineident laser beam.
The fluorescence measurement capability of a .
20 multiparameter flew cytometer incorporating. the light
scattering measurements can then be used to determine
other characteristics of the individwal cell = |
 subpopu1ations.
For samples containing substantially larger
25 nunbers of fetal cellsz, the cells can be selected by a
'~ ona or two step separation procedure by binding the
cells to solid phase-affixed anti-maté:nal'HLA antigen
antibodies. For example, maternal cells and fetal
cells bind to a column or other solid phase (such as a
30 tissue culture dish surface or magnetic beads) with the
ghared maternal antigen antibody. Only mategnal cells
bind to a column (or other solid phase) having' antibody
to the antigen the fetus did not inherit. In this way,
the fetal cells are separated from the maternal cells
35 when incubated with the ant:body to the antigen the
fetus did not inherit.
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fetal cells. To purify HﬁN@UNbBHdédWERtIy, a density radlent medi um

havi ng anenS|ty i nt ernedi at e bet ween TmsShg f RBCs -and PBLs
such as Fi col | wiyepfises and Percol | ( W&CIa atawa
NIy is d toPF§b§@E

PBLs. The layer of PBLs is renoved and resuspended in a suspension
medi um The cells are washed and the pellet is resuspenued in the
suspensi on medi um at an appropriate con@@ntration for the 5
separation procedure. Simlarly, specific bandlng materials for
density gradient separatio of nucl eat ed throid cells and
syncytlotrophoblasts can b&or purposes of the pr sent method, .the cells are

sorted using the four colar patterns produced by

* ' differential staining with two fluorochromes as a
' selection critaeria. Wwhen using red and green
* 5 fluorochromes, the four patterns are (1) unstalined, (2)

red only, (3) green only end (4) red and green. :
Follawing staining or labeling of the cells with a

red and a green fluorochrome for each of the two

maternal alleles, maternal cells are?rea and green.

10  Fetal cells are either red or green, depending on the
allele the fetus inherited. By selecting cells
exhibiting either_red or green fluoreecence, but not

- both, the fetal cells can be igolated.

. ‘8ince most flow cytometers can sort on three

15  parameters, an additional selection criteria can be
cell size. This criteria eliminates dead cells, debris
and cell clumps. However, when the sample is carefully
wmanipulated and kept refrigerated, dead cells do not

' appear to be a problenm.

20 In a preferred embodiment, an additional selection

oriteria is DNA content. Fetal cells having greaﬁer

- than 2C DNA content can be determined using a number
of viﬁal-staining'fluorochromes such as the Hoechst
dyes, DAPY (4'-6-~diamidino-2~phenylindole),

25 hydroethidine and 7-aminoactinomycin D (7AMD). The.
fluorochrome uged depends on the labels used to salect
the fetal cells. A second laser capable of emitting UV
light is required to excite Hoechst and DAPI dyes.

Each of the above-described dyes can be used with FITC

30 and PE.

. | A flow cytometer can procese about 10’ to 10°
cells per hour, usually about 4x10’ cells per hour.

e Typically, the sample prépared from about 20 ml of
maternal blood includes at least about 2x10° cells

35  which can be sorted in about § hours to provide
sufficient fetal cells for analysis. However,
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- u f# E@ﬁgatlon et hods are di scussed 10
belnm;_tﬁLLomed by dlsc g on 0 sqﬁa@m§a¢ﬁsaea1Re|§h&pension'nedia _

and appropriate cell concentrations -based and,
FACS- based swgla}im pr ocedur es are hoseg?g?ﬂﬁﬁm@

15 Solid Phase Separati
previously, fetal cell's can be separ at ed frommaternal cells in blood
‘based on the lack of “reactivity of the fetal cells with an anti body
. specific for a nontransmtted nater8@l-cell-surface antigen. 20
~Briefly, the maternal antigen-specific antibody can be bound to the
solid phase directly or . through use of -a solid phase-affixed bridge
whi ch binds the anti gebatantiallpdtewer: celdsbpay . bereguizied;cBepepding: en
the bridge and ée ﬁ%i {4 déerde taobbdugbase. Wen the antigen- 25 -
specific antibody is or t en e ontransmtted allele,
fetal cells do not bind t&® ?h&ﬂﬁy %%It}‘& FRLL SoXkeR 1P FoP ?(Eﬁgpat ed and
recover ed. Sepaatérnal pand ethtals caldsduitindtalp depends 86 the

RASo 1 sl 57" Bibearage of zeult dea o ghe SRR 0% cbtatn
fetal cell sample that is at least about 60% pure (60%

- of the sorted cells are fetal cells), the fetal cells
must constituté about 0.001% of the maternal cells or

| greater. Preferably, the sample containz 80%, more

0 preferably 90% fetal cells post-sorting.

' When 100% purity is desired, the sorted cells can
be micromanipulated. For example, cell suspensions
contéining an individual cell pér a preselected volume
of suapension wmedium can be prepared by limiting

15 dilution. Dreps containzng indxvidual calls can placed
in suitable containers (e.g. 96 well plates) and

- ' ' exanined visually with a fluorescent microscope to
o identify single-labeled (or unlabeled) cells. - Wells
. containing those cells can be markad and the cell:
20 pooled. :
. For PCR analysis. analysls can be performed using
a single, unambiguously 1denti£ied.£etal cell. For
karyotyping, the analysis can be performed using as few
as five cells in metaphase. The number of cells
25 necessarf to cbtain 5 metaphase cells will vary
depending on the method used to induce metaphase and
the length of culture required. For cells selected to
have 2C or Qreater DNa, a substqnﬁialiy.éhortened
" culture pariod may be used.
30 Alternatively, ways can be envasaged ot
identifying. nonozygcsity (indieative of the presence of
a monogenic disease) in a mixed cell population
containing minimal fetal material includ;ng as faw as
one fetal cell in ten cells.
s Following sorting, the separated cells can be
washed twice in a physiologic buffer and resuspended in

SUBSTITUTE SHEET



t hos g[] b. 1996 15:44

~ MEWBURN ELLIS M/CR * ) No. 3648 I, 44

used convent | onal ImwguTRP UL lmg bas-ed—wﬁ/’s_éﬁar_ ations, such

as plastic plates
pol yacryl am de,

di shes

asks, Uhaech ®RpBceE. . ,

hadex, . agarose po sacryl and | at ex;
nyt on di,sks W09 A%8ox red bl ood cel | s. Hmal can RCI/AU9Y/0011S

- 16 - formof a dish, flask or tub

e cells are

contacted, present as beads or'Ulsks I n a container or packed into a

columm (e.g., beads and red bl ood cells)

t hrough which the cells are

passed. Most preferred is 5 use of nagnetqk'beads present in a tube or

ot her cont ai ner.

10

15

20

25

o0

s

Aff|n|ty chronat ography nethods' for cell
an appropriate medium for any subsequent analysis to be

performed on the cells.

Post-Recovery Processing.
Following the present recovery method, whether
based on solid phase or FACS separation, the fetal
cells can be used in the same manner as fetal cells

. obtained by other methods such as amniocentesie and

chorionic villus biopsy. The cells can be used as a
source of DNA for analysis of the fetal alleles, as by
polymerase chain amplification. PCR analysis methods

.have been used to detect, for example, fetal sex,

B-thalassenia, phenylkstonuria (PRU) , and Duchenne's
muscular dystrophy.

Alternatively, the cells can be cultured in the
same manner ag biopey materials for karyotyping
analyses. However, the incubation periocd may be
significantly shortened if a DNA content of greater
than or equal to 2C is used as a selection ecxiterion.

This invention is further {llustrated by the

following apecific but non~limiting examples.

Temperatures are given in degrees Centigrade and
concentrations as weight percent unless otherwise
specified. Procedures which are constructively reduced
to practice are described in the present tense, and .
procedures which have been carried out in the
laboratory are set forth in the past tense.

EXAMPLE 1
Rrgpa:ation of Labeled Antibodies

Two monoclonal antibodies specific for two BLA A
locus alleles were labeled. The antibody designated
GSP 16.1 (Anti-A 1, 9, 10 and 11; IgM monoclonal
antibody .from Geretic Systems, Seattle, WA; 10th
International Workshop No. 2004) was labeled with FITC.
The antibody designated GSP 20.1 (Anti-A2, w69; IgG
monoclonal antibody from -Genetic Systems, Seattle, WA:
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i solation are wel ”OWQ(EWEIRNG‘EL%IQWGR' ped in AATTnity Chr omat ogr aphy:
A. Practf &al Approach : Dean, This shédfHaEBESPRépIRA) and the

references cited therein, each 10 of whi Mlﬁiﬂmﬂat ed herein by
reference in W entirety. an bep ?p)é\m; tioe1ishe
sel ected soli u“’%ase by conventi onal the so hase

mat eri al s includi ng adsorption, ionic bonding, van der Vaal s
adsorption, electrostatic bonding, or other non- covalent or coval ent

bondi ng. Procedures for - non- coval ent 3®nrding are described in US;
Pat ent No. 4,528, 267. Procedures for covalently bonding antibody

solid supports are described b hiro ta [ ,n 2 MV[BILIZDE S_
Hal sted Press: New YdyokR f?ﬁf\é&ﬁ§°“‘1 o) %Cﬁ’ahf’ecggﬁg VaS 13he N%X{\‘/E
245: 3059 (1970), the biotin.entalmscmidntneadteﬂwétlhathe Hetattinylededpor at ed
by -reference. GppYapedlegd phase
25 eit her directl yaé'rt | ng‘rr echy suc% as tlﬁﬁ'?:eﬁ@t@ﬂg@ﬂl:s% pel

surface layer to whi @trepavidineodfbe Teagantise to P‘F’ﬁ'ﬁéﬁiﬁ’pllé,g’eihghe
surface can be cgat e%ﬁuibhdaesra&elaescﬁhecnulbhe protein coupled with the
anti body using a coupling agent (for exanple, glutaral dehyde). The

30 anti body can be bound by applying the antibody in ‘agueous
solution to a surfac®ictinylatich Buffewmr L

0.42 gnm Na;cog
8.06 gm NaHCO,
10 QS to 1 liter, pH to 8.4

FITC Conjugation Buffery
3.18 ¢m Na,Co,
5.86 gm NaHCO,
15 Qs to 1 liter, pH to°9.6
| FITC (Sigma Chemical Co., cat. $F-7250)
- ' sStock Solution FITC: Dissolve 10 mg in 1 ml
' DMSO (dimethylsulfoxide)
 Working Solution FITC: Dilute stock to 1 mg/ml
20 o - _ ..in FITC conjugation
buffer

Biotin ' (Molecular Probes, cat. ¥8-1582) -
: ' Stock Solution Bietin: Dissolve- 10 mg in 1 ml
25 mMso -
' Worxing Solution Biotin: Dilute stock to 1 mg/ml
in DMSoO K

Fcr the IgG antibody (GSP 20. 1) , the antibedy was
30 first purified by column chromatography using a MABTrap
G Kit (Pharmacia LKB) to remove other proteins,
particularly albumin. .This kit utilizes Protein G
Sepharese 4 Fast Flow Chromatography media. (Use of
' Dretein G Sepharcse is eguivalent. ) The antibody- |
- 35 containing eluate (15 ml) was concehtrated in an Aniccn
B125 concentrator until the final volume was
apprcximately 2.0 ml (approximately four times the
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havrng free I socyanate qgmgmm gggmmqg a polyether I socyanat e)
Addi tional ly, the antibo can be coupled - to.a hydroxyl ated materi al

by neans of cyanogen

t he

ant i body either

i ncl-ude

second anti body.

WO 468

"bridge" can b

35 br om de. AIternatlver, an anti body

to the solid phase and used to i nECT/AUS00pisnd
- 17 - anti-nmaternal antigen

prior to or during the separation procedure. Bridges
anti bodi es which are specific- f3& = nmunogl obulin of the
species of the anti-maternal antigen antrbody, also 5 referred ‘to a

For

10

15

mouse nonocl onal _
original volume). The ant;body was removed from the

~concentrator to a 12 X 75 mm test tube. The volume was
adjusted to exactly 2.5 ml with biotinylation-buffer.,

‘The IgM antibody was hot pre~purified. A 0.5 ml
antibody sample was diluted to 2.5 ml with FITC
conjugation buffer.

A PD-10 column frem Pharmacia LKB was washed with
25 ml of the appropriate conjugation huffér (FITC
conjugation buffer for tha FITC-labeled antibody and
biotin conjugation buffer for the biotinylated
antihody)., The 2.5 ml sample of each antibody Was
applied to the appropriate column. When the ooluon
stopped dripping, a 3 ml aliquot of the.appropriate

- coenjugation buffer was applied. Each antibody-

containing eluate was collected.
Each eluate was concentrated in an Amicon B125

concentrator until the final volume was 1 ml. The

antibody was removed from the concentrator and placed

~in a 1.5 ml microcentrifuge tube. The amount of

20

25

30

35

protein present was assessed using a kit (Protein Assay
Kit #2, BioRad, Richmond, CA) that utilizes the

_Bradford'mathod of protein quantitation.

Once the quantity ef antibody (the amount of
protein) was calculated, the FITC and biotin were added
as follows. A 100 sl aliquot of the working solution
of FITC per mg of protein was added to the IgM
antibody. A 130 pul of working solution of biotin/mg
protein was added' to the IgG antibody. Each solution
was mixed, and each tube was covered with- aluminum foil
and rocked on a hematology blood rocker overnight at
room temperature. :

One PD-10 column for each antibody was prepared by
running 25 wml of Phosphate Buffered saline (PBS), pH
7.4 (0.01 M phosphate, 0.15 M NacCl) through it.
Following the incubation, each antibody preparation was
diluted to 2.5 ml with PBS and layered over the column. .

This Sheet Has Been Replaced
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antkbodi-es, exenplary bnEWERNaFILIDPCRS are goat anti-- nmouse

i munagl-obuli-n, goat wanti-nouse | gG and goat anti-nouse IgM O her
bridges include use of st aph .protein A (SPA) (which binds the Fc
region of 10 nagl obul i n) or use of avidin to bind bi ot i

ant i bodi es. mal’a ls«cabl e, specialized nethods for rﬁﬁg’iﬁﬂ“""s
antibodies to a particular type of solid phase are descrl bed bel ow.
Many solid phase-based call - separations are generally performed by
reacting the 15 specific antibody with.tige cells and then reacting the
cells with solid phase-affixed second anti body or ot her “bri dge.

For solid phase appl I cations, follow ng binding of t he anti body, the

sol i d phase can be "WhepkeHa t6ldfn stopbed drdppingsidis il mliiemotuelf BBSbhy

use of wat er - s b t s %QH

al bum ns, casein andwﬁ%nkﬁgt Eﬁﬁw %{e”%huPEQ wlér1e erre olid g@ase
separation method, the Eachaantierfy mmmiadc@ncwmf@d dn thenamieon
bead and 25 COWblnﬁizsn&B hheis£l | Folivhed oeulenD! OMiE prctidin eeatent

A e e
attracted by a nagneadjueted to £®rpmpimli.al In ahal ‘takd of Aher Tgir andibed;d, S
sold by 30 Dynal fheVBH6hnt 'S "AEIHIGY Brabeht s Y@ rated to pe one- B
| half of the tofal protein present and was diluted to
40 pg/ml. Bovine serum albumin (BSA) was added to a
10  final concentration of 10 mg/ml and sodium azide was
added to a final concentration of 0.1%.

- EXAMPLE 2
_ Preparation of Cells for lLabeling
15 " Heparinized whole blood (30 ml) of each sampl.e was
layered onte room-temperature Ficoll-Hypaque
(Pharmacia~LKB) gradient material at a ratio of 5 ml
blood to 3 ml ficoll in separate tubes. The tubes were
spun in a swinging bucket centrifuge for 30 minutes at
20 400 g. The momonuclear. layer of each was removed to |
another tube and washed twice with RPMI 1640 tissue
culture media (Mediatech, Inc., Herndon, VA) with 5%
autologous plasma. The samples were then counted on a
hemocytometer, ad:usted to 5 x 107/ml in RPMX, then
28  recounted.

EXAMPLE 3 .
Labeling Cells in a Blood Sample
Labeled antibody is usually used at a
30 concentration of about 2 ug/10° cells. In this case,
50 sl of the antibody per 10° cells was used for
staining. The cells were stained and sorted
effectively using that amount of antibody. -
The cells (10° cells in 100 ug of RPMI 1640 tissue
35 culture media plus 5% autologous plasma), prepared as
described in Exgmp].e 2, were stained as described below

This Sheet Has Been Replaced - ' _ ' SUBSTITUTE SHEET
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Robbi ns; SCientific of NtMi'WBIﬂ!N”EMI?"M/Cﬁ:A) Ant i bodi es can be
conjugdted to the beads according to the manuf acturer's directions.

I'n dddition, beads havi ng - . goat ahtl-nDuse | gG anti bodi es conj ugat ed
to'tlhe 35 - sWO44768 ¢ avail able. Any nouse nonocl onal | gG PCT/AU91/0011S
antifpody can be readily bound to the bead by incubation- with the .
bead in a physiologic solution. A tube hol der

- 18 - containing a magnet to which the DYNABEAD beads are

attrlacted is also available fromDynal AS- 35 - * For a col um
separation, the colum packing materi al s nmust have appropriate spacing

so tjhat 5 maternal cedl saserls Lo wEhgaeﬂoﬁrBf. Ry 1abbl X688 £Ke the
‘colum materials and Leéfb é}”' s which do not have

T Tube #i--No antibody added (negative)
. . | Tube #2--GSP 16.1 (Anti-All, IgM monoclonal
vl 5 antibody) FITC conjugated; 50 ul

Tube #3-=GSP 20 1 (Anti-a2, IgG monocloﬁal
antibody) Biotin conjugated; 50 ul
Tube #4-=-GSP 16.1 + G8P 20.1; 50 ul of each

10 ' The tubes were mixed and incubated in the dark at
4°C for 30 minutes. After this time, 10 ul of TAGO
(Burlingame, CA) PE-strepavidin was added teo tubes {§3
and #4. This reagent reacts with biotin lending to a

'biotin/avidin-PE complex which allows the biotin-

15 labeled cells to be fluorescent. The cells were

" inoubated an additional 30 minutas after which the
cells were washed twice with ice cold PBS and .
resuspended in 1 ml of PBS.

20 | EXAMPLE 4 -
' Sorting Labeled Cells
Cells which were labeled as described in Example 3
were subjected to flow cytometric analysis ueing log
- green fluorescence (FITC) versus log red fluorescence
25 (PE). (The cells were from a danor [donor A) having
the HLA type A2, All.) This results in a plot that is
termed a two-dimensional (2D) plot, contour plot (if
contours are drawn), dot plot (if dote are used to
represent cells present) or cytogram. When the X-axis
30  representing FITC and the Y-axis representing PE

’ | fluorescence are plotted against one another, the
vesulting graph can be divided into four quadrants.
e , Lover left is where the negative or unstained cells

. fall. Lower right is vhere the FITC-~ labeled (graen)
35 cells fall. Upper left is where the PE- labeled (red)
cells fall. Upper right is where the FITC- and PE~
labeled (green and red) cells fall. |

This Sheet Has Been Replaced _
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the antigen can pass thrypwgiRyt pe isoMAEm. Col unm materials which are
Sui tglle—-foruse- i nrseparati ng .cells include various types of beads
and ox red bl ood 10 cells. ' - Simlariy, an antibody for the-

sel'ected mat “antigen can be affixed to a 'solid phas

mcrotiter pfg@ug’&lture di sh, a test tube, a centrlfgggﬁ*%gﬁbg
| i ke suitable containers for cells. 15 Non- bound fetal cells can be
separated from mat ernal cells and renoved by gently washing the
surface of the solid phase. Solid ph¥se- materials which are suitable
for affinity separation of cells are well known and are . comrercially
avai l able. 20 As stated above, for each type of the solid phase

t he anti.bodi es can eltherQbéSaPtPnekﬁrcPQIﬁ?l&oﬁﬂﬂngﬁééﬁitiOR ‘bagedo¥pAd t o

the solid phase by rQﬁﬁﬁhoﬂaBblﬂné 5n&rahter1stiabase fﬁ ﬁrgaizbmmdaeehe

Addi tional alternative | uIt can

be 25 readily envi% %&&b‘sbﬁ“ga?ﬁe %% IV? use A

Cells : Susudsequentiyi aoahcbummhopm ioeatml_lcells.

concentrati ons fgr solid phase-based .separation 30 procedures can be

t hose used conventionally for solid ghase-affixed, ant i body- based

cell separations. The . E B : :
Dilution Studies to Evaluate Rare Cell Sorting

In these studies, cells from a blood sample from
donor A (sample A) were mixed with cells from a blood
10 sample from donor B (sample B} to mimic rare event cell
' analysig/sorting using a flow cytometer. This series
-of experiments was performed to evaluate the ability of
flow cytometry te not only define but also isolate
these rare cells. These studies were perfnrmad by
15 diluting blood from two. individuals who have one A
_ locus allele in comman. In this way, a pradate:m;ned
. . number of cells from each indlvidual were known to be
' | present in a sample. -
Antigens for GSP 16.1 and GSP 20 1 are both found
20 on the surface of sample A cells. These cells, when
reacted with these monoclonal antibodies, had both red
~and green fluorescence on their surface. Antigen GSP
20.1 is also found on the surface of sample B cells.
These cells, when reacted with this monoclonal
25 antibody, had only red fluorescence on their surface.
'~ Thus, the labeling patterns mimic the patterns of a
pregnant woman and the fetus. . .
Sample A was mixed into sample B at ratios of 5%,
1%, 0.1% and 0.001%. In the second study, sample A was-
30 mixed into sample B at ratios of 1%, 0.1%, 0.001% and
0.0001%. The dilutions. of A into B were calculated so
that at least 1000 cells of A were ptesent in the test
tube.
. The cells were labeled accordtng the procednre in
35 . Example 3, Monoclonal antibodies GSP 16.1 and GSP 20.1
were both added to each of the tubes of mixed ¢ells
using 50 pul of antibody prepared as described in
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su spen5|on nedi Um can q@ﬁ BURNPE3S 9l /epi € medi um conpatible with

anti body ° *function and w preservatlon : of the fetal and maternal
cells e.qg., pquIO|O i C sal i ne, phosphate buffered saline and |ike
sof uti ons 9&6@%‘& or |mTunoassay procedures. The suspensPCEF/AUSTIOONTS
can al so be a tissue culture nediumwhich optim zes: the

- 19 - ability to culture recovered cells. Suitable tissue . culture
nmedi a are described in the description of_ ) _suspensi on nedi a- for FACS
"separation nethods. The suspensi on nedium can additionally contain

antibiotics, 5 .and like additives commonly present in tissue culture
Example 1 per 10° cells. The cells were vortexed, and

_ | the tube was covered with aluminum foil and placed on

* an ice pack which was mounted on a hematology blooed
rocking device.

5 " After the antihody incubatien, strepavidin-
phycoerythrin (TAGO) was added to each tube of biotin-
labeled cells using 10 gl of undiluted PE-strepavidin
per 10° cells. The cells vere again vortexed and
incubated.és'previously far another 30 minutes.

10 Following the incubation, the samples were
centrifuged at 1000 g for 3 minutes, washed twice with
ice cold PBS, resuspended in RPMI to appraxxmately the
original volume and placed on ice. .

A separate set of three control tubes containing

15 10° sample A cells only was reacted in the same manner
ae above with GSP 16. 1, with GSP 20.1 and with G8P 16.1
in combination with GSP 20.1. A fourth aliquot of
cells was left untreataed with monoclonal antibodies.

: This group of four tubes was used to assess the

20  antibody labeling of the cells in the study, and to set
the flow cytometry instrument for color compensation,
log amplification offset, =ignal gains, etc. The

" fluorescence parameters of the instrument were adjusted

_ to produce four guadrant separation of the cells (as

25 discussed previously).

The lowest dilution tubes were analyzed/sorted
first., Because the cells in this study were fresh,
treated with mild centrifugation and kept at low
temperatures, there was minimal debriz and clumping of

30 the cells as evaluated by the 90 degree versus forward

. ' light scatter parameter. The cells formed a tight, -
dense cluster on the display.
. . Only one region (gate) was defined for sorting.

This was an area where the dual-labeled sample A cells
35 would fall on leg green versus log red fluorescence
parameter display. - By defining only one region, the
- computer had to make one decision in the evaluation of

-
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medi a. The suspensi on nggipy m‘@[}? M/tke free from reagents which can

mt_g[j_er_e_w_t_h .Subsequent use.of the This She matﬂyenb’epla@d For exa
preservatives are pref erably not use ”ﬁ

npl e
> are to be cultured
10 ° follown e tion. For
ant i body, é‘%g %’rﬁ

m mng b u?(f.lillﬂdi‘i’s .
spensi on nediumis pre erabl'y cal cium and nmagnesi um

free tom n| m ze nonocyte activity and thus decrease the tendency of
t he nonocytes to, engul f the beads 15 -during the separation process. In
addi tion, the medium may contain ah et coagul ant such as heparin or
ACD. Solid phase separation procedures are perforned in

relatively short period of-tinme, so that use.of P o
mai ntain cel | V|ab|IPh§=bhF€%%ﬁuiR aark.20If the oo |qﬁ+lpﬁ8§@dgL 'oflad
However, the cells agfte regiéh cera yuapsugpma:em azalsl sovtedul t ur e
medi um follow ng se ra ég%#: he :
cel | s. Fol | ow iﬂé¥#4§éﬂ ?ggfkgﬁob% |00 sanp % a??bZS any,
the cells are vvasheddeﬂﬂec'huomum @@ésus'ﬁb%ﬂe‘%”‘s a 1t da sertedeq
suspensi on medi ugn at oafly apgrppr¢gﬁeannfiagnemycbetsantaﬂ1dithonmlaﬂ phase

Lo about 10ferr] K*veam/mff’}eéﬁg‘&% L%f’fﬁl%‘? 7 pl Ae3d8 g 8 711
cells/m. 30 un¥anted| cekls (@R OSFUK'S ﬁoﬂ!%td!ﬂd-ﬁ/\natq@ nea‘s‘eqiu
close proximity to one another rasulting in unwanted
. cells being included in a2 drop of fluid including
10 wanted cells. This one drop deflectien/purity mode
lends an added discrimination to the process resulting
.in a higher percantaga of purity in the sorted cells of
choice.
. The average epeed of the sott'was approximately
15 10,000 cells/second. As the cells passed through the
. instrument, statistics were computed to evaluate the
- ' . number of cells £alling in the sort gate region as well
as the number of cells which the instrument sorted.
A collection apparatus for the sorted ‘cells
20 consisted of a 10 ml beaker fitted into a solid support
located directly under the sort st:eams;- These beakers
are iayered with 100 to 200 gl of app;oximately 50%
autologous plasma in RPMI. ‘This layer helps to cushion
. the cells when they enter the collection vessel.
| 25 ‘After at least 3,000 of the cellz which were
located in the gated region were sorted, the contents
of the beaker was poured_intofanoﬁhgr test tuhe and
resubmitted to the -flow cytometer for statistical
analysis. Thie process of evaluating the efficacy of
30 the sorting proéedure by analyzing the sorted cells
using the instrument is referred to as "playback”,
"gsort playback“ or gimply, vgecond pass". The
statistics obtained from this evalnation of the sorted
cells provides information on the alteration in the
- 35 percenﬁage of the two cell populations from the
original tube due to the sort process. It is from this
analysis of the sorted cells that the percentage of

SUBSTITIITE sueey
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phasé-affixed anti body qmwﬂmgqnmﬁpﬂ/ﬂprelnafter Solid Phase
Separatlon Process. To effect the separation, cells of the
sanple are 35 combined with a solid phase-affixed antibody specific
for one of thVQ81/A4168d maternal antigens for a tine s FIGH/A UE/0014S
antlbody bi ndi ng. The period of tine - 20

vari es dependi ng on the tenperature and is well known.
Incubatlons of as little as one m nute at-r3som ~tenperature are
adequate. Longer periods nmay be required at 4[err]C. Mdre inportant is

that there.is 5 sufficient time for the cell surface antigen to cone
' purity or enriehment of the sorted population can be

evaluated.
: Using this procesg, the study demonstrated that in
| o tubes where sample A wae diluted at or greater than
S 5. 0.01%, the flow cytometer was not able to discriminate

the signal of the dual-labeled cells as clearly as with
- the lower dilution. The cells were discriminated.

However, the reliability of detecting only the rare -
cells starts to diminish. This is attributed to

10 statistical problems related to the instrument whereby
stray signals caused by inherent noise in the system
due to cell clumps, debris, etc., may be evaluated in
the region désiqnated'fo: our rare cells. To overcome
this limitation, additional paraﬁeters, such as a third

15  fluorescent color, cell s;ae, etc. can be used to
locate the rare cells. '

The study also demonstrated that in tubes where
sample A was diluted at 0.01% and greater, the number
of cells which were sorted were less than 3,000. On

20  the playback, the reliability of the analysis was
hindered because there vere go few cells amidst a pool
of noise. . This was best seen when an analysis of a
playback of a 0.01% dilutien tube showed an enrichment
. of this population to 30%. The next higher dilution
25 tube (0.001%) was sorted Qirectly onto a microscope
slide coated with autologous plasma (dry).

Evaluation of the wet mount of this sorted
population usinq a fluorescence microscope revealed
nearly 60% of the cells present carried the dual label.

30 Visual inspection revealed a background of dye

’ ,_- crystals._debris, etc. which, if played back, would
have been picked up by the flow cytometer and counted
. resulting in what would appear as a lower overall

recovery of dual-labeled cells. Lese diluted sanples
35 are expected to have highar purity than more diluted
. samples. Therefore, the 0,01% dilution would be

= expected to have greater than 60% purity.
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t 20, Felt) 19tgB 1fr)hlut MEW%RN %LIS g/ng . ‘d ti bod ' 'Us N?'I%Mta' f
i nto contact  wi he s xed anti body. ually tinmes o
f r om-aliout 10-t 0. about gow mmrgut E;FS ar eRl ~sufficient. , The cells
bound. by the maternal antigen-specific 10 ant i body (and thus to the solid

phase) are fromcells which are not bound togd '
phase. Sﬁ‘gﬁilﬁﬁge are cells in the sanple which ar'e .not tf%ﬁgﬂlhﬁlsby

the selected antibody, those cells are recovered. Wien al'l cells in
the sanple are bound by the first 15 anti body, the pracedure is repeated
using an antibody =~ - for the second se#@cted nmaternal -cell surface
antigen and non-bound, separated cells are recovered. The

séparations using the first and_secqnd antjbedj f€ erfornmed
sequential l'y. Preferably TR evaduatipn At 909 ‘i";"éﬁ?@pﬁfﬁ?e ‘bgﬁ orned at
substantially the sadrménmated thati thedptésentnmethodubakesf it Ipossiiilee

tcﬁlal f)ead Fet al ceII °g§%€e'bl ngltwﬁga Fﬁgﬁg‘({){?{f Qﬁ.llhieﬁ' &@%f M\ﬁac}'.ion to

antibody is for a nomppracishlvefrom dbaarriginal 3oM Qéﬁcelﬂi!g%el 1T in the
sanple can be dig/! degufiitryi/' thé perBehigh é)f Shigle aopebls cemiX naske

separately w th beads ai ni.n specifi or each of the.
sel ect ed nater?\%?t%ﬂ’?fe %Pﬁﬁfq?ﬁﬁ Q)%sq %&F&I °§£i?s Pnd to
one of the sets of. béedermired ky evalnabing tthe pﬂpllﬂh&-lonoby PALS rist
inherited fromthe fajlels pfilde Ph#RE- 8bdids¥ion by visual inspection on

a glide, as described above, is also shown for a 0.001%
10  dilution. -

(pre~sort) (post-sort)
BY vecuasccascencras 75%
- " 1% secreserenerenees 60%
15 0.1% .evvevenurecnnrs 55%
" 0u0LE secvsenareanss 30%

0.001% evcevecave-.. 60% (determined

. visgually)

20 . _

The limits of discrimination of the number of

cells in a gated region using two fluorescence
parameters as determined in this study was about 0.01%.
Celle f.allinq in this region at higher diluti.on levels.

25 appear to be overestimated.

EXAMPLE 6 _
Repeat of Dilution Studies
The study described in Example S was repeated,

30 including repetition of the monoclonal antihody
labeling proecess. The limits of discrimination in the
second study again were at the 0.01% level. The cells

. from these studies were sorted onto slides coated with
plasma and ajir dried. Approximately 100 cells from

35 dilutions ranging from 13 through 0.0001% were sorted.
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cell's are separfgWeURN EDimSniftRbound fetal cells ~ by separating
the beads from,t he suspensi on nmedi um - For magnetic beads, the
cells are incubated w th " the beads for about an hour , preferably at

mat.er na

4 err]C.
avoi d cl unpi ng by nonocytes.
at about 10[err]

The

MEWBURN ELLIS M/CR *° ' No. Jodg - T 44

WOIN/1476% ubat i on is preferably not nore than aboRETAUIMDLIS: o

The beads are present in " the incubation

to 10[err] beads/m. A ’ preferred cel

to head ratio i's about 2 beads/cell. ﬁqllomnng i ncubati on, naterna

cells affixed to the

t he

beads are noved to the side of the tube in which

|ncubat|on I's perfornmed using a magnet and non-.bound

10

15

20

25

- 30

35

eet Has Been Rep
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EXAMPLE 7
Dilution Studies Using Siggla-Labeled Rare cells
Another study was performed as described in

Exawple 6 in vhich the single-labaled cells were
" @iluted to be the rare cells. (The antibody labeling
procedure was not repeated.) Sample A was treated as

the maternal, dual-labeled cells and sample B as the
fetal, single-labeled cells at dilutions of 0.1, 0.01
and 0.001%. The results obtained were similar to those
described in Example 5, above. This demonstrates that
the fetal cells can be separated from the maternal

.cells based upon a single fluorescent label. This more

closely mimics the inventive method since the mother
antigens can be determined, allowing her cells to be
dually labeled "As demonstrated by this _study, any
combination of the four guadrants where cells can be
placed (unstained, red only, green only and red plus
green) can be used to separate/sort the cells of
interest. :

As shown in Examples 5 through 7, a distinction

' was made between sample A cells and sample B cells

based upon fluorescence characteristics following

labeling with antibodies for HLA antigens where the
lapeied-cells shared a single antigen of one HLA locus.

_ EXAMPLE @

.. FACS Separation of Rare Cells from Maternal Blood
Blood was drawn from a woman in her ninth week of
pregnancy. As in the studiez described in Examples
5-7, the mother and father shared a common antigen for

‘the A locus. The mother's other A antigen was A2,
vhich reacts with the GSP 20.1 antibodies. The

father's discriminating a antigen reacts with GSP 16.1
antibodies.
' For this study, the maternal GSP 20.1 antibodies

—were labeled with biotin/PE and the paternal GSP 16.1
laced :

SUBSTITUTE SHEET
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5 . fetal cells are renwmmquwﬁz washi ng. The final . . wash nmedium

preferably containssnot nmore than 1% ‘pr ot ei n. ) For

col um- based separations, the nethod is acconpl i shed by passing an

al i quot of thgowipiange 10 through the colum at a.flowrate POT/AUSLA0MLS O
perm-t anti body binding. Fetal cells pass through the eol um when
the solid phase-affixed antibody is for a “nontransm tted naternal
antigen. The cells in the sanpl e can %e di vi ded and an aliquot of cel
can be 15 passed t hrough a col um cont af ing anti body specific “for
each of the sel ected maternal antigens si mul t aneously. Fetal cells

elute fromone of the col ums, f the ngntr e S not

i nherited from @mcipeaies vere “‘1“%\“’3@}%&?&&&% E%Be‘%’%ig’e?a -
passed through one Examplel aun 2he, bldmh was wmz&tieélaQﬂeﬁﬂﬁiaedbﬁﬁher
cells can be r R aﬁé?‘%?h asspget Eeu@yt her
colum or a second allquggbgp ceIFE Eggggd pér iﬁf%tnl a col umm
for the second natermaﬁeanﬂlg991125"erQ}§4§¥ﬂ§51r&@'sEﬁ%ﬁEﬂQ&i FTPEM
‘materials or othgr gehiigd BHatke mdtartal Liodd were pm=iomimantly red

L e cive, oy e WaReaheh TERbALL it e Sk el gl en
red bl ood cells, by lopti ofohbokb S. '5x10° sorted matemal cells, cells
| ' retrieved by tlie red and green sort criteria. comprised
. about 0.1% of the cell population. Of those morted
10 cells, about 20% were red and green labeled.

The study described above was repeated on samples
from the same woman in her tenth and eleventh weeks of
pregnancy and provided the saine results.

This experiment demonstrates that fetal cells are

15 present in the peripheral blood of a woman in her first
“trimester of_pregnancy,'as early as week 9, and can be
- ' retrieved from maternal blood using a fluorescent
" staining pattern that distinguishes maternal and fetal
HLA antigens.encbded by a single HIA locus.

20 o
' . - EXAMPLE 9
ISepurétion_of Rare cells Using Magnetic Beads
Additional samples of the cells used in Exanple 8§
_ were separated using DYNABEAD magnetic beads (Robbins
25 -Scientific, Mountain View, CA). The GSP 16.1 antibody
(Ig¥), the fetal HIA A antigen not present on maternal
cells, was affixed to the beads By conjugation of the
antibody according the manufacturer‘'s directions. This
antibody was used due to its availability. This
30 antibody separation functions in the same manner as
egeparations based on binding maternal cells, except
that, in this case, the rare, fetal cells are solid
phase-affixed and maternal cells are non-bound (rather
' than maternal cells for the nontransmitted antigen’
-35  being solid phase-affixed and fetal cells being non-
‘bound as in the inventive method) .
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Addi tyramed Fquru/qgles for removing cells af fixed
to particul ar surfaces are wel .

nown and - include cleavage of

particul ar bonds used to attach the anti body to the solid phase:

cl-eavage of di%@P1{14268

‘bonds with thiol. Preferably, sep AUAIIDQﬂSt s

‘of the 35 cells are used so that fetal cells having the sel ected

mat ernal antigen need not be separated fromthe solid phase.

For separations using goggajners such as plates or

tubes, the cells are incubated with the solid phase- af fi xed antlbody
for atine suff|C|ent for antibody -

- 22 -

10

15

20

25

3o

38

The maternal blood cells were purif;ed by ammonium
chloride lysis and were suspended in PBS at 4°C. The

‘manufacturer recommends using 1x10° to 1x10’ beads per

nl and a ratio of about five beads per cell. However,
upon censultation, a ratio of about 1 or fewer beads

- per cell was suggested for applications where cells of

choice were removed from a mixture of cells.

~ an experiment using a ratio of 0.05 and 0.5
beads/cell was performed. The GEP 16.1 antibody was to
conjugated £o the beads ("16.1 beads") and a negative
control antibody (GSP 56.1, an antibody for HIA B 27.1;

.an antigen not present in either parent) was conjugated

to a sacond get of beads ("55.1'bEads") to assess non~
specific binding. The purified blood cells were
incubated with the beads at 4°C for 60 minutes.

" The 16. 1 beads using & 0.05 to 1 ratio had too few
beads to evaluate. The 1l6.1 beads using a 0.5 to 1
ratio had readily visible rosettes of cells. The 56.1
beads had a few cells per bead and no prominent
rosettes. Cytocentrifugation of the control bead
preparation demonstrated that the rosetted celle were
mainly monocytes.

To var;fy the fetal origin of the rosetted cells,
the study was repeated using the bead to cell ratioc of _
0.5. Since the beads were sufficiently large to permit .
binding of FITC-labeled cells, the blood cells were
counter-labeled with FITC-labeled GSP 16.1 antibodies
prior to incubation with the beads so that fetal cells
were green. The cells were incubated with the beads as
described above, except that whenever fluozescent
labels were used, the incubation was performed in the A
dark. Following incubation, the solid phase affixed

- fetal cells were separated from maternal cells using a

magnet and removed from the magnetic beads. The
separated fetal cells were.placed in RPMI 1640 medium
for further analysis.
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bi ndi ng. . Fol | owi ng i ncuNEWBURK, EL&WW‘ﬁh bound cells are 5 gently washed

from—t—Hé—s—uFfaQe anel' recover ed. FACS Separation -
The fatal cells can al so-be separated from maternal cells in bl ood
based on the |aI 10 | abeling of the cells and sep ' he
| abel ed ‘ﬂ% F@ using FACS. Briefly, as stated previousl y?fﬁl‘éﬁﬁlﬂﬁllk
mat ernal cells can be |abeled with an anti body for a sel ect ed mat er nal
antigen.. In that case, fifty percent of the time, the sanple wll
contain unlabeled fetal 15 cells. Prefeg@bly, the maternal cells areé
doubl e- | abel ed. When the sel ected maternal anti gens are encoded
by alleles of different genetic loci, three out four times, fetal

cell's are unlabel ed or si dedysis of| "&B%I%QF-%E@H&PHQ’S#‘%G‘NHS @howes s
inherits one or 20 #ifd idell=Owerbegioes) dnflrndngsthiécthd hea e mtz@dof

mat er nal antigens are q&}gdg_gﬁﬁral l el es of the sanme genetic |ocus,
fetal cells are si ngI " . separation procedure is descri bed
bel ow usi ng doubl e | e £atuat ¥R P Fuhsaquentlyderernined 4p be a

Preparation of Cgllsmale. The s@padeted el waranBoAPDENRI it b Tetal
concentrations for FAGHNA3E +REPEL &vihd 1eeiduEaad’ Crirat, the presence
: ' of one of the paternal HIA antigens in. the enriched

"fetal“ cell population vas confirmed by the.
fluorescent staining of the cells. That is, the cells
10 were not bound to the beads in a non-gpecific manner.
Second, the presence of the Y chromosome in separated .
"fetal" cells was confirmed by Y chxomosoﬁe-specific-
sequehce amplification according to the procedure
described in Kogan et al, New Engl. J. Med. 317: 985-990'

1§ (1987). |
o The pre'senize of the Y chromosome sequences ‘and the
. - presence ¢f one of the paternal HIA antigens

demonstrates that the cells were of fetal origin amnd
that the cell preparation was sutficiently enriched for
20 purposes of genetic. analysis.

-
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these conventional |y useggypbrN EDMWISNW/QRurification, if 30 -any, the cells

are washed and .the pellet is resuspended I n the suspensi on nedi um at
an appropriate - concentration for sorting. The cordcentration should
not be too di | WOS/Maekver, the flow cytoneter can be aBCTVAIUSE/00TIS
provi de ‘an appropri-ate ceII flowrate using 35 rel atively concentrated
or relatively diluted sanples. . Preferably the cell concentration is
f5>r<({g][ 2P(r)ijt r1r8£gr|ro]r e?grably from about 5x10[err] to abo“",mmm]ﬂ"mm,"nbom
cells/m. The suspension nediumis a phy5|olog|c sdl ut'i ok, *
b WHAT IS CLAIMED IS:
* 3 1. A method for recovering fetal cells from a blood
4 sample of a pregnant woman having a first cell
g 5 surface antigen encoded by a first allele of a
6 . polymorphic genetic locus and a second, different
7 cell surface antigen encoded by a second allele of
8 - ' a polymorphic genetic locus, said method
9 comprising: :
10 a. combining the cells of said sample with an
11 antibedy specific for said first cell gurface
12 antigen for a period of time sufficient for
13 . antibody binding;
14 - b.  separating cells of said sample bound to said
15 antibody from any cells which are not bound
16 " to. said antibody, and
- 17 c. recovering said non-bound, separated cells.
T 18 2. The method of Claim 1 wherein said antibedy is
19 labeled with a fluorochrome and cells bound to
20 said antibody are separated from cells which are
21 not bound to said antibody using fluorescence~
22 activated cell sorting. . S
23 3. The method of Clain 2 additionally comprisinq the
24 gteps of: . :
25 ‘A contacting said cells with a second antibody
26 epecific for said second cell surface antigen
127 and labeled with a second, different
28 - fluerechrome for a period of time sufficient
.29 for antibody binding to produce double-
30 labeled maternal cells; and
- 31 b. 'separating double~labeled cells from szngle-
32 . ' labeled and unlabeled cells.
’ 33 4.  The methed of Claim 1 wherein saiad antibedy is
34 affixed to a solid phase.
as S. The method of CLaim 4 comprising the -additional
36 steps of: _
— | . SUBSTITUTE SHEET
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such as a. physiol ogi'c byffmmN ELleIgM/Ckain cell 5 integrity. Mst
physiologic buffersy e. g. Trrs—butter,______phosphate buffer (PB), citrate

buFfer phosphate buf Elbﬁ sal ine (PBS) are suitable. Bal anced salt

sof utions sugh le's mm ut.i on ( EBBS) P%ﬁﬁ?’? '

bal anced sal t ?i/ n (H %"ﬂ"l ~ bal anced salt 's 5’3?"“’
(GBSS) are also.sui t abl e. Pr ef er abl y, the suspension nediumis a -

ti ssue culture medi um (e.g., basal nedium Eagle ang Dul becco's

modi fied Eagle's nmedium), nore preferably 4%n-enri ched tissue culture
"medi um suitable for use with.|lynmphocyte 15 cul tures such as RPM 1640.
The use of a tigsue cul LUEs BordAriingl baiiy &r@gialrgaﬂ,gg ed for
t he growth of the sarrpl g g FF?EH, gu

whi ch h’aXI m zes2cel | stabilityith ond %@ﬁi’éﬁé&gﬁﬁeﬁ?ﬁ%?ﬁ}%

addi tionally be320  suppl erreetaednan u‘:éu.:la gurfatien anbigen for a rp!heitad/eify

hi gh concentration. The :ﬂ% )
bovi ne serum al bum n (BSA) ortggge eraa ﬁﬁi—na&lﬁ;ﬁk&g%ﬁ um n (HSA)
at a concentratBon in th®. angeparating cqlrlmoébaaﬁ%sm%dm“ do said

Al ternatively, ghe protein ZEecoﬁewi Feomcany 8Tl amict aln:ainft
serum or hunman serum at , a c ent I’%I on of frggg*gg uta‘? to about 10%
Si nce Iynphocyt%s can be sti r’rﬁPHP ‘By‘? s;ﬁpé’é‘&né qorel gn

anti gens, prefegably theenrot recovering sxid non~bound, separated cells.
- 6. The method of Claim 5 wherein said antibody for

10 said first cell surface antigen and said second
11 antibody are contacted with said cells
12 _ sequentially.
13 7. The methed of Claim 1 wherein said blood sample is
14 purified to remove red blood cells prior te
15 combination with said antibody. )
16 8. The nethod of Clain 7 wherein said purlfzcatlon is
« 17 performed using a gradient material having a
18 density intermediate batween red blood cells and
T lymphocytes.
20 9. The methed of claim 7 wherein said purification is
21 perfcrmed using a hypotonic solution. ,
T 22 10. The method of Claim 1 wherein said cell surtaée
23 antigen is a blood group antigen.
24 11. The method of Claim 1 vherein said cell sutface
25 antigen is an HLA antigen. '
. 26 12. The method of Claim 1 wherein said first and said
27 . second antigens are expressed by different alleles
28 ' of the same polymerphic genetic lacus.
29 13. The method of Claim 1 wherein sajid §irst and sald
30 second antigens .are expressed by plleles of two
31 different polymorphic genetic loci.
32 14. A method for recovering fetal cells from a blood
a3 sample of a pregnant woman having different first
34 and second cell surface antigens expressed by a
35 £first allele of a polymorphic genetic locus and a
36 second allele of a polymorphic genetic locus, said .
_ a7 metnod comprising. : o
This Sheet Has Been Rep ' SUBSTITUTE SHEET .
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human. Most preferred- |3ﬂﬂﬂQNUH¢IbﬂUﬁbout 5% 30 autol ogous plasma mhich-————

can pe-*harvested fromthe purified bl ood sanple and is

noni nmunogeni the protein source dded
to thewgwlﬂf[sorulmnmnﬁﬂ"Wl;essel “rather than tolf&q“B&g?
suspensi on nmedi um to cushi dn ﬂhe"fa$| ol the ceII 35 into the vessel
enhancing cell stability. . _ - 24 -
Labeling the Cells The cells of 4The bl ood sanpl e, preferably
purified cells, are labeled with fluorescent antibodies . specific for

the antigens encpded by-aguleaéamgﬂfing the cells of said sample with a

2 first solid phase-affixed antibody specific
. 3 for said tirst antigen for a period of time
4 sufficient for antibody binding;
] 5 b. separately combining the cells of sald sample
6 with a second solid phase-a¥fixed antibody
7?7 gpecific “for ‘said second antigen for a period
8 . of time sufficient for antibedy binding;
9 c. separating cells bound to said solid phase by
i0 - " gaid first antibody and by said second
11 antibody from 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 magnetic bead and sélid phase~affixed cells are °
15 separated from non-~bound cells using a magnet.
16  16. The method of Claim 14 wherein steps (a) and (b)-
- 17 - " are performed sequentially.
18 17. The method of Claim 14 wherein said first ant;body
19 is labeled with a first vxsually-datectable label
20 and said second antibody is labeled with a eecond,
© 21 - ' different visually-detectable label. '
22 18. A metheod for recovering fetal ceils-fran-a blood
.23 sample of a pregnant woman having different first
24 "and second antigens expressed by a first and a
28 - second allele of an HIA locus, said method
26 comprising: -
27 a. .-combihinq_the cells of said sample with a
28, first sqlid phase-affixed antibody specific
29 . for said first antigen for a period of time
. e sufficient for antibody binding: .
. 31 b, separately combining the cells of =zaid sample
32 ' with a second soliqd phase-affixed antibody
R < b T specific for said secend antigen for a periocd
' 34 of time sufficient for antibody binding;
as ' c. separating cells bound to said solid phase by
36 ' said first antibody and hy said second
.'_;___;____ng________i antibody from any non-bound sells; and
heet Has Been Replaced ' SUBSTITUTE SHEET
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5 : maternal pol ynor phi MEWB(H&H@,LLESeMé& ed as descrl bed previ.ously. The
ant sReties~ean be ,pel ycl onal or ‘abl y nonocl onal .
Preparati on of pol ycl onal and’ nDnocIonaI antlbodles for an-antigen of
interest is I coean. 10 S st at epCrmusiooasy,
HLA ant‘lvge’?\ngg@m fic antibodie “I“Hm llt avai |l abl e.

Typically the HLA Class | loci (A, B and C) and the dass I'l.DR and DQ
| oci are determ ned by serol ogical - thods. Therefore, antibodies
specific for those 15 antigens are ré€adfly avail able. Sources of HLA

anti gen-specific antlbodles I ncl ude Genetic Systens (Seattle, WA) and
Cé6 Di agnosti cs o Mequon, Redfbring s8iaUgepataignl)s nonebaund deLrs i ned

serol ogically

The anti body | “f’aberpedtﬂﬁ??ﬁ%t'wﬂfﬁiﬁﬂffg“@é%*ﬁ'{yﬁ R 1864 Frg,

particularly a¥| uorochrsetected framiid, aBl caug el. f or. FACS anal ysi s and/ or f
separation are 4 odl' %ﬂy_ﬁslgrﬁ,&@ﬁ{ isadd HhAPLaElLi &pé . :
Fl ow - Q/tomatry (Secon I\QPShapl ro, supra, 25 at Iy
pages 115-198. %ref err edse¥ %% eﬁfq (m%%d i ncl.udi ng fluorescein
(e.g., fluoresagein pgot hmeymatm of claimFILEG)Qmprh:lmg the( additional
al LSE‘;’EQZL;E?WAE‘E) anfit §é“¢§’=?fﬁ%§be $E faid Hechered! £oed 1D
cells, : : _
9 22. The method of Claim 18 comprising the additional
10 step of culturing said recovered fetal cells.’
11 23. The method of Claim 18 additiomally comprising the
12 step of determining the alleles of said pregnam:
12 woman for at least two HIA loci.
14 24. fThe ‘method of Clain 24 wherein the antigens of -
15 : said HLA locus are determined using sarolcgical
16 . methads.’ : .
. . 17 25. The method of c:l.aim 24 wherein the antigens of
i8 . said HIA locus are rlatemined by using DNA
19 analysis methods.
20 26. A method for recovering fétal cells from a blood
21 sample of a preghant woman having diffexent first
22 and second antigens expressed by a first and a
- 23 second allele of an BLA locus, said method
24 compr:.sing.
25 a. combining the cells of said sample with a
26 : ' :hrst antibody specific for saiad tirst _
27 antigen and labeled with a first fluorochrome
28 - and with a ‘second antibody specifie for said
29 second antigen and labeled with a second,
30  different fluorochrome for a period of time’
31 o gufficient for antihody binding to produce a 2
32 . sample containing labeled cells; :
33 b. separating double-labeled cells of said
34 . . sample from single-labeled cells using
as - - fluorescence-activated cell sorting to
36 © ' produce separated, single-labeled cells; and
This Sheet Has Been Replaced” o h SUBST‘TUT'E SHEET
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30 + Eugene, OR). The cordBWRURN &hlsl SoM/(RI uor ochr ones used for labeling

are chosén so tha»t ~d¥ st i ngui shabl e . Wwavel engths of light are emtted.

A preferred ﬁ @#ggnation is a fluorochrome that emits green |ight
t!oget her With onet at em+ts red or orange light, e.g., :35 MBCRAUI/IS
o6r Texas red. For those flow cytoneters that can performa four-

color sort, the cells can be | abel ed with antl bodies
- 25 - _ for antigens expressed by foufdatieles. In that case,
preferably, the antibodies are specific for both anti gens expressed by

the all el es of tV\P, mat er nal. HLA
' : - recovering said separated, single-labeled

2 ' cells.

27. The method of Claim 26 comprisinq the additional
-step of obtaining DNA from said recavered fetal
‘cells. '

28. The method of Claim 26 comprising the additienal
step of culturing said recovered fetal cells,

»
unﬂm'_(’l-b w
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(54) Title: RETAL CELL RECOVERY METHOD -

(57) Abstract

The present invention provides 3 me‘hod for seleuxvqu recoveting fetal cells from a maternal blood sample, The method is
performed on & blood mpkﬁm:pmmmmbvhgdwfmfmmmedlmfaumhgmupmudbyaﬁm
allele of a polymorphic genetic locus and a second allele of a polymorphic genetic locus: The method separstes maternal and fe-
tal cells based on differential reactivitics of the cells to antibodies specific for polymrphie cell susface antigens, particularly the
HLA autigens. In particular, the fetal and matemnal cells are separated based on the non-reactivity of the fetal celis to an sntibody
specific for a cell surface antigen encoded by & aon-tranzmitted maternal allele. The mothod can be  performed using solid phase-
affixed antibody and recovering non-bound cells or using fluorescent labeled sntibody and recavering unlabeled cells by fluores-
cence-activated cell sorting. Ina emdmhdinm&haedkmahounumdvdmamm“ﬁbodyspwﬁcformes»
ond cell surface antigen, Fetal cells are scparated based on thoir reaction with, st most, one of the antibodies.
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FIELD 0!'. THE INVENTION
The present invention relates to a method for
recovering fetal cells from maternal blood using
antibodies to distinguish fetal cells having one
maternal cell surface antigen for a polymorphic locus

from matexnal calls'hgving both maternal cell surface
antigens.

DACKGROUND OF THE INVENTION

The examination of fetal cells for early detection
of fetal diseases and genetic abnormalities is
uhdertaken in approximately one out of every thirty
pregnant women. The main indication is maternal age
(over 35 years). The tests may involve DNA gene typing
or, more commonly, the use of live fetal cells for
chromosomal karyotyping. |

" Fetal cells are usually obtained by amniocenteais,
the removal of amniotic fluid from the amniotic cavity
within the amniotic sac or placenta. The'brocedure
presents a risk of harm to the fetus,  particularly
after the first trimester of pregnancy. The risk to
the fetus together with the high cost of the procedure
have prevented the establishment of examination of
fetal cells for early detection of ubnornalities ag a
26 routine procedure in pregnancy.

In the late 19708 and early 19802, Herzenbarg and
his colleagues reported that fetal celle were present
in maternal blood as early as 15 veeke gestation. The
authors separated maternal and fatal cells using

10

15

20

30 fluorescenceractivated cell sorting (FACE8) by staining
maternal blood for a distinguishing paternal'ﬂhh
antigen. The authors state that the demonstration that
fetal cells enter. naternal cireulation and can be
isolated by rhcs-enrichment procedures could have

35

practical eignificance in’ enabling karyotyping without
-the need for amniccantesis. The authors state that

this would » oaaible if the tr uency of successful
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pfeferably, to provide the 1gG fraction for polyclonal anti bodi es or,
for nonocl onal antibodies, the IgGor 5 .IgMfraction depending on the

i sotype of the antibody. Procedures for isolating the anti body
fraction of an ~antibody include the use of reconbinant protein G for
| gG and i mmunoprecipitation for 1gM Procedures that - additional ly
separ ate unbound fl uorochronme are well 10 known and i nclude use of a DEAE
G 35 sephadex (Pharnmacia) colum. Exenplary purification procedures
are described in detail in the exanples. For dyes such as PE
which are nore difficult to attacl while maintaining anti body
activity, the 15 anti body can be |abeled with biotin. The dye can be
attached by incubation of the bi oti nyl at'ed anti body -with PE-avidin or
PE-strepavi di n dsolatisncof celiantbrib weeks ks sufificienthErhiamandent |y

with or, pr&faerealau cfoﬁhHOWe“ﬂnaﬂéé@a% aiviad Nenter hetdiuphaks) 20
t he cells. A pr re for con u

o) tipbpdy I's
described in Ed rqg ér %ﬁgt 1“&;ﬁé§ﬁ?ﬂ§ﬁ5t % Ci ex in
Affinity Cytocheelst murface reagennETmedl mmmﬂwopeéztgwm)

That articlg is di%%!r?iiﬁl?%‘ﬁ&ﬁhﬂ Brar ebeatneaLid. | i ke, c8hbr et Y.
An exenplary pr égéﬁig(ﬁ g %p%ee succgssfuf{y adapted.ggﬂ %sdeacrlbed
in detail in th
a clinical technique for either karyotyping or fetal
N DNA analysis. . :
' Reeently, fetal cells present in maternal blood
10  have been used to perform analysis of genes present in
the fetus. 1In one technique, the maternal and fetal
cells were not separated and the .DNA from the cell
mixture was amplified with Y chromosome-epecific )
primers to determine whether the fetus is male. It has
15  been suggested that DNA amplification techniques can
' alsc bé performed to detect gene sequences asmociated
with disease in this manner. Of course, the method
cannot be used where the mother is a carrier for the
trait. ' .
20 To date, amniotic flujd or chorionic villus biopsy
has been the only source of antenatal cells to provide
a sufficient number of live cells for karyotyping.
Furthermore, DNA analysie methods have ionly been
possible in relatively limited situations which depend
25 on particular differences in maternal and fetal cells,
e.g. presence of the Y chromosome in the fetus or

presence of HLA=j2, antigen on fetal, but not maternal,
cells. :

30 _ DESBCRIPTION OF m PRIOR ART
Herzenberg and his colleagues have described
mnethods for separating maternal and fetal .cells in
maternal blood using fluorescence-activated cell
sorting (FACS). In,uerzenberq et al, Proc. Natl. Acad.
35  Soi. USA 76:11453-1455 (1979), cells in blood samples
from 15-veeX pregnant HLA A2-negative women were
gatained for HLA A2 ant;qen. gtained celle vere
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preferred indirect |abeling nethod for biotinylation of
‘and attachnent of PE-strepavidinis alsoe 30

| abel the cells with the | abel ed, HLA anti gen- speci fic anti bodi es,
the cells are incubated with the anti bodies for a tine sufficient for

substantially conpl ete anti body bindi ng under the conditions used. 35

An excess anpunt of antibody in preferablyy used. A concentration of
about 2 [err]g for 10[err] cells is desirable.

- 27 - However, use of 50 [err]l of purified antibody at a
concentration geparatied! by FnGS/ahE collsated b ehelth the

populatian of fetal cells.

an anti body
descri bed. - To

Although the technique was
demonstrated to effectively identify male, ULA A2~

poeitive celle in maternal bleod, to date the technique
has not‘ﬁeen succegsfully adapted for geheral
applicability. -In Iverson et al, Prenat. Diag. 1:61-73
(1981), peripheral bleood lywphocytes (PBLs) from either
15 week or 21 to 25 week pregnant women were examined.-
If the woman was HLA AZ-negative, her cells were
stained «ith anti-HLA A2 reagents, sorted by FACS onto
nicroscope slidas (for fetusea who were HLA A2-
positive), stained with quinacrine and examined
microscopically for ¥ chromatin-positive cells. The
.authors report that fetal cells enter the maternal
circulation as’ early as 15 weeks, gestation.

Bianchi et al, Cytometry @1197-202 (1987) report a
technique that allows direct hybridization .to the DNA
of celle which were flow sorted onte nitracellulose
filters which eliminates the need for a DNA imolation
20 step. The method was performed on huwan cord blood.

The authors state that the tachnique is useful in
situations where there is a limited ameunt of DNA
available for analysie such as for fetal cells
recovered from maternal blood.

U.6. Patent No. 4,675,286 (to Calenoff, issued
June 23, 1987) describes a method for obtalning fetal
celle for diagnostic examination in which detached
celles Trom the uterine cavity and outer surface of the
amniotic eac are incubatad with a geparation antibody
which binds preferentially to either fetal or maternal
celle. The antibody can be bound to &n insoluble
gupport or conjugated with a fluorescent label and
removed with a cell gorter te effect separation.

Truneh et al, Cytometry 8:6562-567 (1987) describe
a method for detection of very ilow receptor nunbers on
cells by flow cytometry. The method involves staining
the cells with vesicles containing thitsande of

10

15

25
30
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The cells are preferably incubated at about 4[err]C to mai ntai n cel
integrity. I ncubation for about 30 .5 mnutes at 4[err]Cis usually
sufficient for substantially ~conpl ete anti body binding. The sanmple is
preferably m xed, as by using a hematol ogy bl ood rocking device,
during the incubation to ensure contact of the anti bodies with the
cells. Preferably, the incubation 10 Is perforned in the dark when using
a fluorochrone | abel . Secondary reactions (e.g. incubation of

fl uorochrone-|abel ed avidin with hiotin-Iabeled cells) are perforned

I n the sane manner. Exenpl4ary preferred cell |abeling procedures
for 15 direct and indirect | abels are described in detail in t he

exanpl es. ‘Sorting Labeled_Cells Pl ow cytonetry is a
process in whitdMoERshrgme MeleGRirgntWhioh Xagiclies, a¥e F%EEB%E%

pharapteristimm antipoaaeﬂad&tuhthe aéeitedlgpauintuﬂﬂyzles pass, usually
B0l g1 cal part i ol APraghE B b7 EPEARELD A{5FsIseY ty0ee) 51O,
cytonetric andleasrihesithe aseuofi centzitugal eparatinmaboceldsednr oni ¢ and
optical sgnsordputum spddiidid adCARUATEBRAGLIVE 6 FLdwicytithetkgest range
of applicatl Qheijety for clinical Cytolagy 1988 Abstracts p.6
describe in situ hybridization for detection of
structural and nurerical abnormalities using
~ nonradiocactive probes for detection of aneuploidy and
10 translocations (Pinkel et a), No. 13). The
innunopotentiality of cancer'patients was studied by
gorting peripheral blood T cell subsets by a
nultiparameter analysia using monoclonal antibodies and
flov cytometry (Nonura et al, No. 14).
15 Practical Elow Cytometry (Second Edition} by
Howard M. Shapiro, Alan R. Liss, Inc. 1988 is a
comprehensive work on flow cytometry. The book
- describes how to build, purchase and use'a flow
cytometer and how to design énalyses and analyee the
20 data produced thereby.
. Each of the above-deacribed references.and the
references cited therein is incorporated herein by
reference in its entirety. o '

25 BUMMARY OF THE INVENTION
The present invention provides a method for

,eelectively recovering fetal cells from a maternal
blocd sample. The method is performed on a blood )
gample from a pregnant woman having different first and

30 secand cell surface antigens expressed by a first
allele of a polynmorphic genetic locus and a second
allele of a polymarphic genetic locus. The method
geparates maternal and fetal cells based on .
differentlal reactivitiez of the cells to antibodies

35 specific for polymorphic cell surface antigens,
particularly the HLA antigens. In partfcular, the

fetal and maternal celle are separated based on the
This is the replacement sheet
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Most of the present applications of flow cytoneters derive fromthe
sability of the apparatus to 30 define and quantify heterogeneous cel

popul ati ons. Physi cal and-chem cal characteristics or paranmeters of
cells which can be neasured by flow cytonetry include cell size,

cell shape, pignment content, protein content, DNA content and DNA
base ratio. In addition, 35 cells can be |labeled with one or nore
fl uorochrone(s) - and characterized based on col or differences.

- 28 - The nost demandi ng -appli cati ons of fIOM/cytonetry
require identification and subsequen% ¢haracteri zation

non~reactivity of the fetal cells to an antibody
epecific for a cell gurface antigen encoded by a.
nontransmitted maternal allele.

The method comprises the following steps. Cells
from & blood sample of a pregnant woman having a first
cell surface antigen encoded by a first allele of a
polymorphic genetic locus and a'seconq, different cell
surface antigen encoded by a second allele of 2
polymorphic genetic locus are combined vith an antibody
gpacific for the first cell surface antigen for a
period of time sufficlent for antibody binding. Cells
bound to the antibody are separated from any cells
vwhich are ‘not bound to the antibody and non~-bound,
separated cells are vecovered. Fifty percent of the
time, the alleie encoding the antigen is not
transmitted and maternal cells bound to the antibody
can be geparated from non-hound fetal cells.

In a preferred embodiment, the celles are also
contacted with a second antibedy specific for the

20 second cell surface antigen. The maternal cells react
with both antibodies. Except when the fetus inherits
both maternal allelesg, fetal cells react with, at most,
one of the antibodies. In a most preférred embodiment,
the alleles are for a single genetic locus; preferably

25 an HLA locus. In thie vay when the fetus does not

inherit the nontransmitted allele from the father, the
fetal cells, having inherited only one of the two
maternal .alleles, react with only one of the two
antibodies. In instances where the fetus ie the eame

10

15

30 HIA type as the mother for those alleles (i.e., where
the fetus inherits the non-maternally tranzmitted
allele from the father), there will be no difference
between the reactivity of the fetal and maternal celle
with the antibodieg. Antibodies specific for another

35

maternal HLA antigen can be used until cells in the
sample fail to react with one of the antihodies.
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Date:

of subpopulations of cells. Both flow sorting and
anal ysis are used for this purpose. 5
el ectrical and/or nechani cal nmeans to divert cells with presel ected

characteristics fromthe main stream and can be used to isolate pure
popul ati ons of viable cells with nore honpbgeneous

mul ti paramet er
Fl ow sorting enpl oys

characteristics than
coul d be obtained by any other 10 ans. Flow sorting is .particularly
useful in circumstances in which further characterization of the

sel ected cells requires short- or |ong-term nmai ntenance in culture or
anal ytical procedures which cannot be .acconplished by flow cytonetry.

15 The par aneThesdtfiferentifabcantibody reactidities of theci ude
nmeasur enent s of 4 E_th t 28

dé |
than Z[err]. cosmenly RAhheeprlabycelbscah béused toliddmirate ama es (| ess

t 90 f
an incident | asSelpgadn two g?ﬂﬁrFiuﬁFggcgﬁgg ersﬁ?ﬁﬁﬁﬁﬁgwgﬁﬁbrﬁ{{i)ofrgm
20

mul.ti par anam&bbudwmthomeueunnphaper eri hysoficoni BNES using scattering
measur enent

reasur ementg ! r%\ﬂ%%éfﬁ'oﬁeﬁa%‘lll‘lﬂt %maa:as. ﬁabeaox“m fﬁ’?s' st 'n cs g}‘ -
substantial |y | #eRar °“§1uﬁ’6\§r Wq é‘t"&l SGEPtheiXe“EEF?SgE 50%‘

sel ected
by a one c&ongg‘fmmd amtibodes oy ehchdeayeched cells

to solid phase-gffd xed Aie/fls" (Blg - mayietdd bead-asrixed
antibodles). Haternal cells bind to each antibody.

10 Fetal cells fall to react with antibodies for
nontransmitted antigene, are not bound to the solid
phage, and are' recovered. For FACS-based separations,
the antibodies are labeled with a fluorochrome, and
unlabeled fetal cells are separated from'labeled

15 maternal cells. In a ‘preferred embodiwent, antibodies
for two maternal alleles are labeled with different
fluorochromes and double-labeled maternal cells.are
gsaparated frowm unlabeled and single-laheled fetal
cells. |

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 of geneatic traits,
particularly using DNA amplification methods. In a
preferred exhodiment, the fetal cells are cultured and

.25  the cultures used for Karyotyping. It is also
envisaged that c&;bgenetic abnormalities classically

revealed by ka:geéyping and by in sftu hybridigation
may algso be revealed by gel electrophoresis.

30 DETAILED DESCRIPTION OF THE INVENTION
The predgent invention provides a method for
gelactively recovering fetal celle in a maternal blood
gample. The method is based on separating maternal and
fetal celle baeced on differential reactivities of the
36 cells to antibodies specific for polymorphic surface
antigens of the cells, particularly the HLA antigens.
For HLA loci (or any other polymorphic genetic loci),
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anti bodi es. For exanple, maternal cells and fetal cells bind to a
‘colum or other solid phase (such as a 30 tissue culture dish surface or
magneti c beads) with the shared mat ernal antigen anti body. Only
maternal cells bind to a colum (or other solid phase) having

ant i body ~ to the antigen'the fetus did not inherit. In this way,

the fetal cells are separated fromthe maternal cells 35 when incubated
.with the antibody to the antigen the- fetus did not inherit.

- 29 -

For purposes of the?present nethod, the cells are
sorted using the four color patterns produced by

the fetus inherits one allele for an HIA locus from the
mother. The non-reactivity of fetal cells with an
antibody specific for the antigen expressed by the
nontransmitted allele can be used to separate fetal and
S maternal celle. . i
S8pecifically, an antibody for the selacted
maternal antigen can be atfixed to a solid phase.
Maternal cells become solid-phasze affixed by reaction
with the antibody. When the antigen iz encoded by the
nontransmitted allele (and the fetus does not inherit
the nontranamitted maternal allele from the father),
fetal cells do ‘not bind to the antibody and can be
racovered. Alternatively, the antibody can be labeled
vith a fluorochrome and labeled maternal cells
i5 eeparated from any unlabeled fetal cells.,

: Preferably, ‘antibodies epecific for twa maternal
cell surface antigens are used. Whenh two selected
maternal alleles are for different polymorphic genetic
loci, there is a one in four chance that the fetus will

20  inherit both alleles. That is, three out of four
times, the fetus will inherit either one or neither of
the two maternal alleles from.the mother. Therefore,
vhen a maternal bleed sample is combined with
antibcddies for each selected allele of those BLA loci

(and the fetus does not inherit the nontransmitted

maternal allele from the fathar), the maternal cells

react with both antibodies and the fetal cells react

- with one antibody (two out of four times) or neither
antibody (one out of four times).

When the mother is heterozygous for an HLA locus

(and the fetus does not inherit the nontransmitted

maternal allele from tha father), the mother and fetus

have different alleles for that HLA locus. Therefore,
vhen a maternal blood sample i combined with

antibodies, maternal celle react with both antibodies
and fetal) cells react-with only one of the antibodies.

10

25

30

35
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differential staining with two fluorochrones as a selection criteria.
When using red and green 5  fluorochrones, the four patterns are (1)
unst ai ned, (2) red only, (3) green only and (4) red and green.
Foll ow ng staining or |abeling of the cells with a . red and a green
fluorochrone for each of the two maternal alleles, maternal cells are
red and green. 10. Fetal cells are either red or green, depending on the
allele the fetus inherited. By selecting cells . exhibiting either red
or green fluorescence, but not both, the fetal cells can be isolated.
Since nost flow cytonmeters can sort =ofl three 15 paranmeters, an additiona
selection criteria can be cell size. This criteria elimnates dead-

cells, debris and cel | clugg However, when the saneke is careful ly
mani pul at ed and kept Whepr ther aptibodies %oy (tyqi@aternal antigens axe, he o

problem 20 ° labeladauntnfaltﬂdreﬁﬁOituhﬂdchuumezddE&ng&ablabérea|on
criteria is DNA

content can be & n&ﬁﬁ%@&i taI éﬁtg%( &qeigﬂm t§1P‘§Pg’Q§n g

f1 uor ochr omes sd@hbﬁs-ﬂhbemedchsternAI cells ugjay fluorescence-

4' - 6-di am gi NnopgRRAtEd e SF! onycin
E (7AI\/DI) !i'lh fl uo%hrgr?ge&e Wdﬁend?%mqﬁﬁgﬁﬁgbggggl?g SZI lact
the fetal cells 2 XECHYSIY,0 Letplrel Qrﬂj"‘

antibodieg for a cell-gurface antigen encoded by a
nontranemitted maternal allele are hound to a solid
phase, such as a magnetic bead, only waternal cells
10 bind to the solid phase. The non-hound fetal cells can
be readily separated: from the bound maternal cells and
recovered.
. The recovered fetal cells can be used in a variety
of assays. The DNA in the recovered fetal cells can be
15 used to detergine a variety of genetic traits. In a
preferred embodiment, the fetal cells are cultured and
the cultures used for karyotyping. It is also
envisaged that cytogenetic abnermalities classically
revealed by karyotyping and by in situ hybridization
20 nay also be revealed by gel electrophoresis.

The present fetal cell recovery method provides
advantages which could not be achieved in prior art
metheds. The most significant difference from prior
art methods is that no information regardaing the

25 paternal contribution is nécessary. only maternal HLA
alleles need to be identified. Not only is there no
need to jdentify alleles of the natural father that may
be distinguishing, but, so long as the fetus does not
inherit nontranemitted maternal alleles from the

30  father, only a limited number of antigins need be
investigated to find a pattern that dietinguighes
maternal and fetal cells.

There is also no need to use a mixture of
antibodies specific for all non-maternal allele-encoded

as antigene for the selected loci. ‘The method does not
rely on attempting to identify fetal cells with
diecrininating paternal allelese that the child may have

This is the replacement sheet
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light is required to excite Hoechst and DAPI dyes. - Each of the
above-descri bed dyes can be used with FITC 30

and PE. A flow
cytonmeter can process about 10[err] to 10[err] cell s per hour
usual | y about 4x10[err] cells per hour. Typi cal ly, the sanple
prepared from about 20 m of mat ernal bl ood includes at | east about
2x10[err] cells 35

whi ch can be sorted in about 5 hours to provide
sufficient fetal cells for analysis.=Fwever
- 30 -

substantially fewer cells may be required, depending on
inherited. Furthernmore, since the method zeparates
fetal and maternal cells based on ahsence of the
maternal antigen in fetal cells, fetal cells can be

effectively separated aven if the paternal éntigen had

never been previously encountered. Once antigens

precent on the maternal celle are identified, any of
the nontransmitted antigens can form the basis of the
saparation.  Furthermore, the presence of cells in the
sample which do not react with one of the antibodies
indicates that the fetal cells have been dietinguished
based on differential antibody reactivity. HNo
additional evaluation needs to be made,

The method also does not attempt to distinguish
the fetal cells based on "fetal' antigens such'as fetal
hemoglobin which may also be expressed by some maternal
cells. In the present method, rather than selecting a
fetal antigen that is present on some maternal cells
(ohcofetal antigens), the method utilizes a maternal
antlgen which is not present on any fetal cells. oOnce
an antibody that does nhot react with some cells in the
sanmple is identified, all of the cells which do not
react with the antibedy are fetal cells. Furthermore,
all nucleated fetal cells that express HLA antigens
fail to react with the antibody because the HLA antigen
is not transmitted to that fetus. The lack of
reactivity is not related to a particular fetal stage
of develaopment or to a particular fetal cell type.
Therefore all non~reactive cells are fetal cells.

10

15

20

25

30 Selection of Polymorphic ‘Genetic Lacus-Encoded Antigens

The fetus inherite half of its chromosomes fron
ite mother and half from ite father. For each
polymoxrphic locug, such as an HLA locug, the fetus
inherits one allele from iteg mother and one from its

as father. Therefore, the wother 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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t he anal ysis nethod to be used

‘ : The ability of the cell sorter to
separate maternal and fetal cells ultimately depends on the 5
percentage of fetal cells in the sanple. To obtain a fetal cell sanple

that is at | east about 60% pure (60% of the sorted cells are fetal

cells), the fetal cells must constitute about 0.001% of the maternal
cells or greater. Preferably, the sanple contains 80% nore 10
preferably 90% fetal cells post-sorteng0d - When 100% purity is

desired, the sorted cells can be nlcronanlpulated For exanple, cel
suspensi ons cont

of suspension m&&Su® . g - s mak dua{l H’ﬁ e,ri%gpgcﬁe‘?el %eckj\ég#sme
coln]t ai Im ng i ndi dirthed tee It mﬁﬁamitted all.llelel fadhcthenfathars (e. g,
Mdent [Ty othgto- | abelESE AU Wifsianse Yobl, "she) SECAELTL RNELE, |0

contal ni.ng those
cel I's can be narddedeestl ene of|the mtew ga.leles. When the wother ) ysis,

?n?I Iys' SI lcange rﬁ&w?dzg?m for thb Youds,. u\l&aﬁbwuﬁuahg raewsi fi ed
etal ce or Si e as
few as fivertht E"Y% %ﬁ%e‘rﬁlﬂg%y r E%BQEME*BQ

necessary to
obtain 5 met apha:khecabhtrmshimc} allele (fiamndihey me n@h®od used to

i nduce netaphase) §fid ihood of that event depends on the frequency of
the nontransmitted allele in the population. Loai are
10 preferably selected to minimize the likelihood that the
fetus inherited the allele for the selected antigen
from tha father as described bhelow. :
Numexous polymorphic loci arve well known, as are
methods for determining allele=types for those loci
15 directly or iﬁdirectly by determining the cell surface
antigens expressed by the loci. The selected loci have
at least two alleleg each of which comprises a
significant percentage of the population, ?te;erably,
the loci have numercus alleles which are present in a
20 éigniticant percentage of the population. Belection of
euch loci maximizes the 1likelihood that the father will
not provide the nontranemitted maternal allele to the
fetus,
In a preferred embodiment, the selected alleles of
26 the looi are routinely detected using berological
methods. In thie way, the antibody reagents available
to type the loci are then available for use as reagents
{n the separation method of this invention.
Suitable loci encode cell surface antigens present
30 on celle in early through late stages of
-~ differentiation. However, any surface antigens
expressed by nucleated fetal celle can be used.
Exenplary suitable genetic loci encode the blood group
antigens, particularly the ABO group, the Kidd group,
the Puffy group, the lLewis group, the P group, the I
group, and like groups. Polymorphic loci which would
provide equivalent results are those assaciated with

96
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the length of culture required. For cells selected to have 2C or
greater DNA, a substantially shortened culture period may be used. 30
Al ternatively, ways can be envi saged of i dentifyi ng nonozygosity

(indicative of the presence of a nonogeni ¢ disease) in a mxed cell,
popul ati on containing mnimal fetal material including as few as

one fetal cell in ten cells. 35 Fol | ow ng sorting, the separated
cells can be washed twi ce in a physiologic buffer and resuspended in
- 31 -

an appropriate . nediumfor any subsequent analysis to be -
performed on the cells. - 11 -

the minor histocémpatibility antigen loci and any other
polymorphic loci that encode cell surface antigens
present on fetal and maternal cells. .Most preferred
genetic loci for use in the method are the HIA loci.
The antigene are aexpressed by all nucleated cells and
are present on fetal cells early in developﬁent.
Furthermore, methode for determining the HIA type of an
individual are well known and numerous antibodieg for
liLA antigens are commarcially available. The remainder
of the discuszion of selection of antigens will use the
HLA antigens as exemplary. Similar considerations
apply to use of antigens encoded'by other polymorphic:
genetic 1ocd.

For the prezent methed, if the maternal HLA type
ie known, any HLA antigen-specific antibodies that are
available for any two maternal HLA antigens can be
used. Preferably the antibodies are gpecific for the
antigéna of any HILA locugs at which the mother s
heterozygous.

Hhen the wmaternal HLA type is unkhown, the alleles
for at least one HLA locus, preferably two or mere
loci, are determined, preferably by using antibodies
spacific for antigens of that locus. When antibodies
gpecific for two allelez of a locus react with the
maternal cells, those antibodies can be uged to |
jdentify and separate fetal cells. In this way, it is
clear at the outset of the gseparation procedure that
antibody reagents useful in the method are available.
Alternatively, the HLA type can be determined by DRA
methods and an allele can be eelected based on
availability of antibodies for the encoded antigen.

Praferably, the loci are any two of the Clase I
loci (A, B, and C) and the Class II (DR, DQ and DF)
loci. 8ince thoge loci are commonly typed by

. serological methods, HLA antigen-specific antibodies
for many alleles of those loci are commercially

10
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Post - Recovery Processing 5 Fol l owi ng the present recovery nethod,
whet her based on solid phase or FACS-separation, the fetal cells
can be used in the sane manner an fetal cells obt ai ned by ot her

met hods such as ammi ocentesis and chorionic villus biopsy. The cells
can be used as a ‘10 source of DNA for analysis of the fetal alleles, as
by pol ynmerase chain anplification. PCR anal ysis nethods have been
used to detect, for exanple, fetal sexz -  [err]-thal asseni a,
phenyl ket onuria (PKU), and Dudhenne's nmuscul ar dystrophy. 15
Alternatively, the cells can be cultured in the - same- manner as bi opsy
materi al s ford&n@hﬁh&nqugln particulpdes thepecate, NuBereueubat i on peri od

may be - L1 |anelidienc o’ A% alb DRIDYCRAEEGeREE! oF t han
or equal to 2

IS use sel ectign _criterion I S. invention

is further illust raE‘EcFQ;;PQﬂé“i the Hld eﬂ-&‘sﬁ'@cp\spc Ehe ﬁgﬁah mting

exanples. coaerwﬁwaesmrﬁugiaMMabud@yew aatibgadde g6 the
concentr atJ ons

erc I se d
Procedur e€ whi & %é% co?l ﬁf‘ %ﬁ%fg‘é&% ngnr g&%lﬂgéhgbg 8%€CI’I bed
in the presentthensatigeaz of a ‘pﬂ'&@dmfesﬁmlaﬁ me@é‘eﬁ-ncﬁhm ed out in
t he | abopetRey are aealisbid, iprdferdiily, ithsalleles chosen

are fram.a locus that has numerous alleles present in

gignificant numbers in the population, as described
10 above. )

antibodies specific for the antigen of any of the
alleles of maternal HLA loci can bé salected for use in
separating cellé of the maternal blood sawple. The
antibodies can be polyclonal or monoclonal, preferably

15 monoclonal. The selected alleles can bg for two
‘ different loci.

When the alleles for two HLA lock are used, the
fetus will only inhérit both alleles if the alleleg are
on one chromosome and recombination has not ocdurred.

20 In that case, the use of two loci will have tha sana
result as use of a single locus. That is, half of the
time the gelaction results in an effective geparation
and half of the time, the fetus has the sawme alleles ac
the motlier and no -separation is achieved. To ensure
separation using two .alleles, the selected alleles must
i be from different chromosomes; i.e.;-that is from
different maternal haplotypes. :
Most DNA methods and all serclogic methods do not .
determine the haplotype of the mother. For two genetic
30 loci, four allale types are determined, hut no
information as to tha allales that comprice a haplotype
ie determined. For the present method, it ie preferred
that the haplotype is datarmined to ensure that the
celected alleles are not inherited together. Methods
as for determining haplotypesz include analyzis of haploid

celle (exenmplified by analysis of DNA in epern) and a

nethod vwhere DNA ig dfluted to haplofd (Ruanoc et al,

25
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EXAMPLE 1 30 Preparation of Label ed Anti bodies

‘Two ‘nonocl onal antibodies specific for two HLA A | ocus alleles were

| abel ed. The anti body desi gnated GSP 16.1 (Anti-A 1, 9, 10 and 11,

| gM nonocl onal anti body from Genetic Systens, Seattle, WA, 10th 35

I nt ernati onal Workshop No. 2004) was | abeled with FITC. The anti body
designated GSP 20.1 (Anti-A2, we9; |9G nonocl onal anti body from
Genetic Systens, Seattle, WA - 32 -

10t h I nternational Wrkshop No. 2021) ﬂ?s | abel ed with

Proc. Natl. Acad. Sei USA, 87:16296-6300 (1990)). A
preferred method is described in EPO application Serial
No. 90.309107.2, £iled 8/20/90 entitled Intron Sequence
Analysis Method for Detection of Adjacent and Remote

Locus Alleles as Haplotypes by Malcolm J. Simons,
published February 25, 1991.

Alternatively, if both maternal alleles for a
single genetic locus are determined, the alleles are
necesszarily present on different chromosomes and the
fetus inherits one and only one of the allelas from the
mother. Therefore, whenever appropriate reagents are |
available, antibodies specific for two antigens encoded
by alleles_ of a single genetic locus are selected.

As stated previouely, the antibodies are -
preferably specific for the two antigens expressed by
the alleles of one HLA locus. In another preferred
embodiment, the antibodies are specific for both
antigens exprassed by the alleles of more than one HLA
locus. When the fetus inherits the nontransmitted
waternal allele(s) from the father, the separation
process lis repeated selecting antibodies to antigens
produced by the allelez of another HIA locus or loci.
Similar considerations apply for selection of antigens
. encoded by other polymorphic genetic loci.

25 Once the antibodies for use for a particular
sample are selected, the antibodies are’ either bound to
a solid phase or used to label the cells, depending on
the type of separation precedure. Each of the
procedures ig described generally below. In addition,
an exemplary preferred procedure for each type of

geparation method is described in detail in the
Examples. '

10

a5

20

ao

Source and Purification of Cellsg
The present method is deszigned to recaver fetal

cells present in a maternal blood sample, particularly
% venous blood sanmple.

35

‘Preferably, the pregnant woman
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biotin. Cells which reacted with the biotinylated anti body were
subsequently reacted with PE-| abel ed strepavidin. The reagents used to
purify and | abel the 5 anti bodi es are descri bed bel ow.
Bi oti nyl ati on Buffer 0.42 gm Na[err]CJ err]

8..06 gm
NaHCO err] 10 : QS tolliter, pHto 8.4 FI TC Conj ugati on Buffer
3.18 gm Na[err]CJ err] 5.86 gm NaHCO err] 15 S tol
liter, pHto 9.6 FITC (Signa Ghedli cal Co., cat. #F-7250)
St ock Sol ution FITC Dissolve 10 ng in 1 m
DVSO (di met hyl sul § oxi de) r ki L.an F co.DiJute stock to
1 my/m 20 5d {n her/girst trimesl:\g{- crr'%z;?ﬁhEH:%. co f-(lgjgﬁﬂ%# can
buf f er - Iy osdaanplendiel isapreyentsdofrom clotting Stock
ES)R/:Suot lon Biotiguch &kS&%¥fipld dBhtdininy weparin or; preferably, ACD

' solution. The sample is preferably stored at 0 to 4°C

5 .

until usae to minimize tha number of dead cells, cell
debris and cell clumps. The number of fetal cells in
the sample varies depending on factoxe including the
age of the fetus, number of fetal/maternal bleeds, the
volume of hlood in each epizode, and the amount af tine
10  esince the last bleed. Typically, from 7 to 20 ml of
- maternal blood providee eufficient fetal cells upon
separation from.maternal cells. Preferably, 30 ml or
more blaod is drawn to ensure sufficient cells without
the need to draw an additional sample. When a second
separation is necessary, cells canh be incubated at 37°C
for about 2 hours, then washed to remove prévionsly
used antibodies, Additional bloaod gamples are not
reqguired. .
Maternal blood contains at least three main types
20  of nucleated fetal cella: nutleated erythroid celle,
syncytiotrophoblasts and lymphoid celle. Blood samples
are purified to eliminate red bloed cells (RBCEe).
Preferably, the three main types of nucleated fetal:
cells are maintained in the purifiecd sample. RBCs can
25 be eliminated by incubating the cellsz in a hypotonic
golution, e.g., 0.87% ammonium chloride with 0.037%

° EDTA.  %hie procedure is particularly preferred for
golid phage-based separations since density gradient
materiale such as Ficoll can coat the cells with sugar

30 - which interferes with thie separation process.
Alternatively, peripheral blood lymphoid cells

{PBL2) harvested by dengity gradient sgeparation can bhe

uzed. PBLe corprisge the majority of the nucleated

fetal celle. To purify PBLs, conveniently, a density
as gradient medium having a density intermediate betwaan

the densities of RBCE and PBLs such as Ficoll-Hypague
and Percoll (both from Pharmacia, Piscataway, NJ) is

15
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Working Solution Biotin: Dilute stock to 1 ng/ni

in DVBSO For the 1gG antibody (GSP 20.1), theé antibody was 30
first purified by colum chromatography using a MABTrap -G Kit
(Pharmacia LKB) to renove ot her proteins, particularly al bumn. This

kit utilizes Protein G Sepharose 4 Fast Fl ow Chr omat ogr aphy nedi a.
(Use of Protein G Sepharose is equivalent.) The antibody- 35
containing eluate (15 m) was concentrated in an Am con B125

concentrator until the final vol umre-wgs - approximately 2.0 n
(approximately four tinmes the - 33 -

used to harvest the PBLs. The layer of PBLs is removed

and resuspended in a suspension medium. The cells are
washed and the pellet is resuspended in the suspension
medium at an eppropriate concentration for the

5 separation procedure. Similarly, specific banding
materials for density gradient separation of nucleated

erythroid celle and syncytiottophoblasts can be

utiliged.

.80lid phase separation methods are discussed
below, followed by discussion of FACS separations.
Suspension media and appropriate cell concentrations
for solid phase-based and FACS-based separation
procedures. are dascribed in those discussions.

10

15 * Solid Phase Separation
As stated previously, fetal cells can bhe sepafated.
from maternal cells in blood bazed on the lack of
reactivity of the fetal celle with an antibody epecific
for a nontransmitted maternal cell~surface antigen.
Briefly, the maternal antigen-specific antibody can be
bound to the solid phase directly or through use of a
golid phase-affixed bridge which binds the antigen-
specific antibody. Maternal cells bind to the bridge
and are affixed to the solid phase. When the antigen-
25 gpecific antibody is for the antigen of the
nontransmitted allele, fetal cells do not bind to the
solid phase and can be separated and recovered.
Separation procedures are described balow.

20

30 Selection and Preparation .
of Solid Phase for Separation

The golid phase for separating fetal calls can be
those uged conventionally for antibody-based cell
gseparations, such as plastic plates, dishes, flagksa,
and tubeg; beadg, e.g., polyacrylamide, Sephadex,
agarose-polyacrolein, trisacryl and latex; nylon daisks
and ox ‘red blood cells. The eolid phase can be in the
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original volune). The antibody was renoved fromthe
12 X 75 mmtest tube. The vol une was adjusted to exactly 2.5 mM wth

bi oti nyl ation buffer. The I gM anti body was not pre-purified. A
0.5 mM 5 anti body ‘sanple was diluted to 2.5 mM with FITC

concentrator to a

conj ugati on
buffer. A PD-10 colum from Pharmaci a LKB was washed with 25
m of the appropriate conjugation buffer (FITC conj ugation buffer for
the FITC | abel ed anti body and 10

biotin conjugation buffer for the
bi oti nyl at ed anti body). The 2.6 X8 -sanple of each anti body was
applied to the appropriate colum. Wen the colum stopped dri pping, a

3 m aliquot of the appropriate conj ugation buffer was applied. Each
anti body- 15 cont ai ni ng el uate was col | ect

eci%b Each el uate was
concentrated i nfowmASEcanddshs flask ek ckuwhe With which the eehls a¥g une was
1 m. The wohithedud)e pregenveds f beads her aimantinaeotontdinences

nssessed Using. PARKE Anbtcmn SRLED (e-9» pedds she ARCHIpbarRERER
that utilizes tithrough wivixziii theé gellsdave passedn deehk prefevred is
et he 8L e lo it bilad"Bidkht 1n » wibid'at Qs cal cul at e
container. Affinity chromatography methods for cell
isolation are well known and are described in Affinity
chromatog:apby:'A.Practical Approaclhi, ed. P.D.G. Dean,
IRL Press (1985) and the references cited thérein, each
10 of which is incorporated herein by xreference in ite
entirety. o
- The antibody can be bound to the selected solid
phase by conventional processes for tha sgolid phase
materials ihcluding adsorption, ionic bonding, van der
15 Waals adsorpt&oﬂ. electrostatic bonding, or other
non~covalent or covalent bonding. Procedures for
non-covalent bonding are described in U.S; Patent No.
4,528,267. Procedures for cavalently bonding antibody
golid supports are described by Ichiro Chibata in
20  IMMOBILIZED ENZYMES. Halsted Press: New York (1978) and
A. Cuatrecasas, J. Bio. Chem. 24%:3059 (1970), the
entire conternts of which are hereby incorporated by
reference. _ , .
The antibody can he bound to the £olid phase
25  either directly or indirectly such as through the use
of a surface layer to which the antibody is attached.
For e*ample, the surface can be toated with a protein
and the protein coupled with the antibody using a
coupling agent (for example, glutaraldehyde). The
30 antibody can be bound by applying the antibody in
aqueous solution to a surface coated with a layer ,
having free igocyanate groupe (guch as a polyether
igocyanate). Additionally, the antibody can be coupled

to a hydroxylated material by means of cyanogen
35 bromide. '

Alternatively, an antibody "bridge" can be bound
" to the solid phase and used to indirectly bind the
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25 as follows. A 100 [err]| aliquot of the working solution - of FITC
.per ng of protein was added to the |IgM anti body. A 120 [err]l of
wor ki ng sol ution of biotin/ng protein was added to the 1gG anti body.
Each sol ution was ‘m xed, and each tube was covered with al um num f oi
30 and rocked on a hemat ol ogy bl ood rocker overnight  at room -

t enper at ure. One PD-10 column for each antibody was prepared by
running 25 [err]l of Phosphate Buffered Saline (PBS), pH 7.4 (0.01 M
phosphate, 0.15 M Nad) through it. =387

“Foll owi ng the incubation, each
diluted to 2.5 m with PBS and Iayered over
- 34 -

anti-maternal antigen antibody either prior to or

during the separation procedure. Bridges include
antibodies which are specific for immunoglobnlin of the
species of the anti-maternal aﬁtiqen antibody, also

5 referred to a seoond antibody. For mouse monoclonal
antibodies, exemplary bridge antibodies are goat anti-
mouse immunoglobulin, goat anti-mouse IgG and goat
anti-mouse Ig¥. - Other bridées include use of gtaph
protein A (6PA) (which binds tha Fc region of

10 immunoglobulin) or use of avidin to bind biotinylated
antibodies. When applicable, specialized wethods for
binding antibodies ‘to a particular type of solid phase
are described below. Many-solid phase-bagsed call
separations are generally performed by reacting the

15 - specific antibody with the cells and then reacting the
cells with solid phase-affixed second antihody or
other bridge.

For golid phase appllcations, following binding of
the antibody, the solid phase can ba “blocked"™ to

.20  reduce non-specific bhinding such as by use of
water~-soluble, nen-imnune animal proteins including
albuming, cagein and non-fat milk.

In a preferred solid phase separation method, the
antibody is affixed to a metal or magnetic bead and
25 combined with the cells in a tube or other container.

.~ Following binding, solid phase-affixed maternal cells
are removed from the ¢ell suspension medium using a
magnet. Beads which are attracted by a wagnat are
commercially available. A preferred bead s sold by

30 Dynal AS under the nawme DYNABEAD (available from
Robbins Scientific of Mountain View, CA). antibodies
can be conjugated to the beade according to the
manufacturer's directions. In addition, beads having
goat ahti-mouse IgG antibodies conjugated to the

35 surface are available. Any mouse monoclonal IgG
antibody can be readily bound to the bead by incubation
with the bead in a physioclogic solution. A tube holder
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When the col um stopped dripping, a 3 m aliquot of PBS was run

t hrough and the eluate was coll ect ed. - Each anti body was again
concentrated in the Am con B125 to a final volune of 1 m. The protein
content 5 was again quantitatad, and the final concentration was

adjusted to 40 [err]g/m . In the case of the IgM anti body, t he anmount

of anti body present was estinmated to be one- half of the total protein
present and was diluted to 40 Leng] g/ mM . Bovine serum al bum n ( BSA) '
was added to a 10 final

concentration of 10 ng/m and sodi um azi de was
added to a final concentration of 0.1%

EXAVPLE 2 containing mwagneh ite, vhdch.the PYNABEAD bepds are

Hepar.ini zed whol gébraeeed b dlewavadlatlentronbynal Aslayered onto
roomtenperature Fi cq%l -

ratio of 5 mi bl %ﬁﬁ%“fﬁn f?%ﬂﬁ%@g@%t&@?ﬁ@g@%‘%@ﬁte“ ers 2

ubes were
spun in a sw nginateniaks nust rhdveapmropdatienspacing 80 thavo g  The

mononuol ear ¢ ayepaPhrRft Nodffs ' EERVEEALE vith arMRitiPoayURE £3Rea es hed
twice with RPM 1640 t|ssue ., culture I a di at,ech,. I'nc. . Herndon,:
VA Cvith oo Ehe coboRD EabEARES ant toha) denia WG, dooiRbbevh o
the antigen can pass through the column. Column
nateriale which are suitable for use in separating
cells include variousz typee of beads and ox red hlood
10  cells. | ,
_ Similarly, an antibody for the selected maternal
antigen can be affixed to a solid phase such as a
microtiter plate, a culture dish, & test tube, a
centrifuge tube or like suitable containers for cells.
Non-hound fetal célls can be separated from maternal
cells and removed hy gently washing the surface of the
solid phasa. Solid phase waterials which are suitable
for affinity separation of cells are well known and are
comnmercially available.

As stated above, for each type of the solid phase
the antibodies can either bhe affixed €o the solid phase
or bound to the solid phase by réaction with a solid
phase~affixed bridge. Adaditional alternative _
ewhodiwente which provide the same xesgult can be

- readily envisaged by ohe of ordinary ekill.

15

20

2S5

Preparation of Cells

' guspension media and appropriate cell
concentrations for solid phase-based separation .
procedures can be those used conventionally for solid
phase-affixed, antibody-bazed cell geparations. The
suspension mediun can be any physiolaogic wedium
compatible with antibody function and with pregervation
of the fetal and materpal cells; e.qg., phyeioclogic
galine, phosphate huffered saline and 1ike solutions
uged for immuncassay procedures.. The suspension medium
can also be a tissgue oculture medium which optimizee the

30

as
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henocytoneter, adjusted to 5 x 10[err]/m in RPM, then 25

recount ed.
"EXAMPLE 3 Labeling Cells in a Blood Sanpl e '
Label ed anti body is usually used at a 30 conceptration of about 2
[err]g/10[err] cells. In this case, 50 [err]l of ‘the antibody per
10[err] cells was used for staining. The cells were stai ned and
sorted

effectively using that anount of anti body.
cells (10[err] cells in 100 [err]g of RPM 1640 tissue 35
pl us 5% aut ol ogous plasm), prepared as
stai ned as described bel ow - 19

The
cul ture nedi a
described in Exanple 2, were

- 35 -

abflity to culture recovered cells. Suitable tissue

culture media are deacribed in the description of

suspension media for FACS separation ﬁethods. The
suspension medium can additionally contain antibiotics,
and like additives commonly present in tissue culture
media. The suspension medium should be frae £rom
reagents which can intarfera with subsequent use of the
separated cells.‘ For exampié, preservatives are
preferably not used if the cells are to be cultured

10  fallowing separation. '

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

15 during the separation pracess. In addition, the medium
| may contain an anticoagulant such as heparin or ACD.

80lid phase separation procedures are performed in -
a relatively short period of time, so that use of PBS
'{g sufficient to maintain cell viability throughout the
20 separation procedure. However, the cells are
preferably resuspended in a tissue culture medium
following separation for uses involving culture of the
cells. ' | _

) Following purification of the blood sample, if
any, the cells are washed and the pellet is resuspended
in the selected suspension medium at an appropriate’
concentration for solid phase separationg. Generally,
those concentrations range from about 10° to about 10°
cellg/ml, preferably about 10° to about 10’ cells/ml.

.The cell suspansion is contacted with the solid
phase-affixed antibaody as described hereinafter.

25

30

' S0lld Phase Separation Process
To effect the separation, cells of the gample are
combined with a solid phase-~affixed antibody epecific
for one of the melected maternal antigens for a time
sufficient for antibody binding. The period of time
This is the replacement sheet
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to assess the conjugation of the |abel to the
Tube #1.--No antibody -added (negative) Tube #2--GSP 16.1

(Anti-All, 1gMnonoclonal 5 anti body) FI TC conj ugat ed; 50
[err]l Tube #3--GSP ,20.1 (Anti-A2, 1gG nonocl onal

anti body) Biotin conjugated; 50 [err]l Tube #4--GSP 16.1 + GSP
20.1; 50 [err]l of each 10 The tubes were m xed and i ncubated in
the dark at 4[err]C for 30 minot@9 -After this tine, 10 [err]l of TAGO

(Burlingane, CA) PE-strepavidin was added to tubes #3 and #4. This
reagent reacts with_biotin, |

ending to a bi.oti n/ avj di n- PE.conpl ex whi ch
al | ows the bioti¥arises P&S@pgﬁqc&‘l the ctepperalire ang .cl‘ ﬂ‘?glcggggnwer e

i ncubat ed an addifhcobatiofisnofusesiittie adkiowe tdinute at amdws were washed
twice with ice ¢

P ended i R 20 -
EXAVPLE 4 Celpaaedid are adbaiREg: Lgb‘g?%%k é’e#"sﬁg Wiy be Cell's
whi ch were | abel Femidreds &t BS€-i nMBXanbnportant is khat Lhavecded to flow
cytonetric agal yguredvieht tine for thectell Upuftesa centfdeil)td/ Vonas | 00
~red fluorescence  eq contact with the solid phaga-affixed antihbody.

Usually times of from about 10 to about 60 minutes are
sufficient. '

The cells bound by the maternal antigen-gpecific
antibody (and thus to the solid phase)} are separated
from cells which are not bound to the solid phase.

When there are cells in the sample which are not bound
by the selected antibody, these cells are recovered.
When all cells in the zample are bhound by the first
antibody, the procedure is repeated using an antibody
for the sacond gelected maternal cell surface antigen
and non-bound, separated cells are recovered. The
separations ueing the £irst and second antibedies can
be performed sequentially. Preferably, the separations
are separately performed at substantially the same time
using different aliquots of the sample cells.

For bead separations, matermal cells alvways bind
to the bead. .Fetal celle do not bind when the solid
phase-affixed antibody is for m nontransmitted maternal
25 antigen. The cells in the gample can'he divided and an

aliquot of cells can he combined separately with beads

containing antihddy epecific for aach of the selected

maternal antigens simultaneously. Fetal celle bind to

one of the sgete of beads, if the nontransmitted allele
30 vag not inherited from the father. 8olid phase-affixed

waternal celle are ceparated from non-bound fetal celle
by aseparating the beads from the sugpension medium.

For magnetic beads, the celle are incubated with
the beades for about an hour, preferably at 4°C. The
anuba.i:i:on ie preferably not more than about an hour to
avoid clumping by monocyteg. The beade are present in
the incubation at about 10° to 10’ beads/ml. A

anti bodi es.

10

15

20
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25 (PE). (The cells were from a donor [donor A] having
type A2, All.) This results in a plot that is ~ternmed a
t wo- di nensi onal (2D) plot, contour plot (if contours are drawn), dot
plot (if dots are used to represent cells present) or cytogram Wen

the X-axis 30 representing FITC and the Y-axis representing PE
fl uorescence are plotted agai nst one another, the

t he HLA

resul ting graph can
be divided into four quadrants. Lower left is where the negative or
unstai ned cells ' fall. Lower rig?% Js where the FITC | abeled (green)
35 cells fall. Upper left is where tThe PE- |abeled (red) cells
fall. Upper right is where the FITCG and PE- | abel ed (green and red)
cells fall

preferred cell to bead ratio is about 2 beades/cell.
Following incubation, maternal cells affixed to the
beads are moved to the side of the tube in which the
incubation is performed using a wagnet and non-bound
fetal cells are removed by'gentle washing. The f£inal
wash medium preferably contains not more than 1%
protein.

For column-based separations, the method is
acconplished by passing an aliquot of the sample
through the column at a flow rate sufficient to parmit
antibody binding. Fetal cells pass through the calumn
vhen the solid phase-affixed antibody is for a

" nontransmitted maternal antigen. The cells in the
sample can be divided and an aliqudt of celle .can be
pasged through,a column containiqq antihédy epecific
for each of the selected maternal antigens
sinultanecusly. Fetal celle elute from ona of the

- eolumns, if the nontransmitted allele was not inherited
from the father.

' Alternatively, cells can be passed through one
c¢olumn and, when no fetal cells elute, either cells can
be removed from the column and passed through ancther
column or a sacond aliquot of cells can be passed
through a column for the.second waternal antigen.

Cells can be separated from column materials or other
solid phase surfaces using an exceas of the maternal
antigen or a competitive inhibitor for the antibody
binding site, by mechanical disruption (e.g.,
pipetting), or, for ox red blood cells, by lysis of the

30 erythrocytes. Additional techniques for removing cells

affixed to particular surfaces are well known and

include cleavage of particular bonds used to attach the
antibody to the s0lid phase; e.g. cleavage of digulfide
bonds with thiocl. Preferably, geparate aliquotas of the

‘cells are used so that fetal cellse having the selected

maternal antigen need not be separated from the golid

phage. TH" " |
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- 36 - This property of cell identification based upon
‘their | abeling characteristics as they fall into the various quadrants
of the graph was used to | ocate and subsequently sort out those

| ocated cells. 5 EXAMPLE 5 Dilution
Studies to Evaluate Rare Cell Sorting In these studies, cells from

a bl ood sanple from donor A (sanple A) were mxed with cells froma
bl ood 10 sanple fromdonor B (sanple B) to mimc rare event cell

anal ysis/sorting using a flow cytoneter. This series of experinments
was perfornmed to evaluate the abili+y2df- flow cytometry to not only

define but also isolate these rare cells. These studies were perforned
by 15 di luting bIoodfromt i ndi vidual s '

allele in comon. ﬁ%ﬁ’?mﬁ' ong, BELNL TR i e‘ﬁ%ﬂb@? BFaEE%FCg?rom
each i ndi vi dualtumaraa ihaceddsbare incpbstedtwith Lhemeldd phase-

Al f f f
sgﬁr{)ﬁgni cglrl S(Sféﬁﬁ‘ese%ﬁ%"z 1‘ ar Eiﬁ&t&fﬂﬁﬁx&o £oz°'iﬁﬂ190&yr ace o

iacte é?? 'ﬁ’e Qgcl onal
anti bodi es, hadinstinged Follo éﬂﬁﬁhaﬁ oRy¢ e%%rﬁ@’ Gelif, ANEe.
Antigen GSB gently washed from the surface and recovered.

FACE geparation
The fetal cells can also.be separated from
matarnal celle in bleoed based on the differential
10  labeling of the celle and separation of the labeled
cells ueing FACS. Briefly, as stated previously, the
maternal cells-can be labeled with an -antibody for a
selected maternal antigen. In that case, fifty percent
" of the time, the sample will contain unlabeled fetal
15  celle. Prefenablyj the maternal cells are douhle-
labeled. When the selected maternal antigens are
encoded by alleles of different genetic loci, three out
of four times, fetal cells are unlahkeléd or single~
labeléﬁ depénding on whether the fetus inherits one or
20 neither of the maternal alleles. When the selected
maternal antigens are encoded by alleles of the eame
genstic locus, fetal cells are single-labeled. The
separation procedure is described below using double
labaled maternal cells as exemplary. '
25 '
Rreparation of Cells
suspension media and appropriate cell
concentrations for FACS-based separation procedures are
those conventionally used. Following purification, if
3o any, the cells are washed and the pelletiis resuspended
in the suspension medium at an appropriate
conceﬁtration for sorting. The concentration should
not be too dilute. However, the flow cytometer can be

adjusted to provide an appropriate cell flow rate using
as z;elati.vely concentrated or ralatively diluted samples.

Preferably the cell concentration is. from about 10° to
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20.1 is also found on the surface of sanple B cells.
. reacted with this nonocl onal 25
their surface.
pregnant woman and the fetus.
at ratiaos of 5% . 1%
was 30 mxed into sanple B at
0.0001% The dilutions of Ainto B
1000 cells of A were present in the t

Thus,

0.1% and 0.001% In the second study,
ratios of 1% 0.1% 0.001% and
e cal cul ated so t hat at

These cells, when
anti body, had only red fluorescence on
the |l abeling patterns mmc the patterns of a

Sanple A was m xed into sanple B
sanple A

| east

st t ube. The cells
wer e | abel ed according the procedure in 35

anti bodies GSP 16.1 and GSP 20.1
of nixed cells about $x10%Y 3®re hriafezably from appubaPry0s

10

18

20

25

30

as

Exanpl e 3. Monocl onal
were both added to pach of the

1x10’ cells/ml.

The suspension medium is a physlologic solution,
such as a physiologic buffer, to maintain cell
integrity. Most physiologic buffers, e.g. Tris buffer,
phosphate buffer (PB), citrate buffer, phosphate
buffered saline (PBS) are suitable. Balanced salt
golutions such as Earle's balanced salt solution .

t ubes

é“Ué%E**bed in

(EB8S), Hank's balanced salt solution (HBSS), and Gey's

balanced salt solution (GBSS) are also suitable.
Preferably, the suspension medium is a tissue culture
medium (e.g., basal nediam Eagle and Dulbecco's
modified Eagle's medium) , more preferably an enriched
tissue culture medium suitablp for use with lymphocyte
cultures such as RPMI 1640, The use of a tissue
culture medium, particularly a medium adapted for the

growth of the sample cell typa, provides an environment
vhich maxinmizes cell stabllity.

The suspension medium can additionally be

supplemented with a protain source at a relatively high

concentration. The protein source can be albumin such
as bovine serum albumin (BSA) or, preferably, buman
gerum albumin (HSA) at a concentration in the range of
from .about 5 to about 10%. Alternatively, the protein
source can ba serum such as fetal calf serum or human
serum at a concentration of from about 5 to about 10%.
8ince lymphocytes can be etimulated by the presence of
foreign antigens, preferably the protein source is
human. Most preferred is the use of about 5%
autologous. plasma which can be harvested from the
purified blood sample and ig nonimmunoganic.
Alternatively, the protein gource can be ‘added to
the flow cytometer collection veasel, rather than to
the suspenszion medium, to cushion the fall of the cell

" into the vessgel, enhancing cell stability.
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- 37 - Exanple 1 per 10[err] cells. The calls were vortexed, and
the tube was.covered wth alum numfoil and placed on an ice pack

whi ch was nmounted on a hemat ol ogy bl ood rocki ng device. 5 ﬁﬁfer

t he anti body incubation, strepavidin- phycoerythrin (TAGO was added
to each tube of biotin- | abel ed cells using 10 [err]l of undiluted
PE- strepavi di n per 10[err] cells. The cells were again vortexed and
i ncubat ed as previously for another 30 mnutes. 10 Fol | owi ng t he

i ncubation, the sanples were centrifuged at 1000 g for 3 m nutes,

washed twice with ice cold PBS_ pgsuspended in RPM to approxi mately
t he original volunme and placed on'ice. A separate set of

three control tubes containing 15 10[err] sanple A cells only was reacted
in the sane manllabeling &healeldewi th GSP 16.1, with GSP 20.1 and with GSP.

16.1 - i n conbi nat img %&QF@E @@eclﬁléogoéc&g H! ?q;u(ﬁrggw cells was

| eft untreated with nonocl onal anti bo roup o our tubes

" was used to ass@rified gellgy: praqlabaled iwittyfluoresoens antibedias qy,
and to set spetd filco oty thePhntigent rewdsded by @t QeagtnpResation,

5 maternal polymorphic locus,- selected as described
previously. The sntibodies can be polyclonal or
monoclonal, preferably monoclonal. brepa;atlon of
polyclonal ‘and motioclonal antibodies for an antigen of
interest is well known. o

1o For HIA antigens, as stated previously, HLA
antigen-specifié antibodies are commerci§11§ available.
iypically the HIA Class I loci (A, B and C) and the
Class II ‘DR and DQ loci are datermined by serological
methods. Therefore, antibodies specific for -those

15 antigens are readily available. Soutrces of HiA
antigen-gpecific antibodies include Genetic Systemns
(Seattle; WA) and c6 Diagnostics (Meguon, WI). Blood
group antigens ere also determined Berolegically and
the antibodies are commercially available. o

. 20 The antibody is labeled with a dye that
facilitatez cell sorting, particularly a fluorochrome.
sSujitable dyes for PACS analysis and/or sepavation are
well knoun. Those dyes are described in Practical Flow
Cytometry (Second kdition) by Howard M, Shapiro, supra,

25 at pages 115-198. Preferred dyes are fluorochromes
including fluorescein (e.g.; fluoreéscéin isothiocyanate
- FITC), rhodamine (e.g., tetramethylrhodamine
isothiccyanate = TRITC), phycoerythrin (PE),
allophycocyanin (APC) and Texas Red (Molecular Probes,

30 Eugend, OR). The combinations of fluorochromes used
for labeling are chosen so that distinguishable
wavelengthe of light are emitted. A preferred
combination is a fluorochrome that emitz green light
together with one that emits red or orange light, e.g.,

is FITC with PE or Texas red. .

For thoze flow cytometers that can perform a four-~
color sort, the cells can be labeled with antibodies
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| og anplification offset, signal gains, etc. The fl uorescence

. paraneters of the instrunent were adjusted i to produce four quadrant
separation of the cells (as 25 di scussed previously). The

| owest dilution tubes were anal yzed/ sorted first. Because the cells
in this study were fresh, treated with mld centrifugati on and kept
at | ow tenperatures, there was mninmal debris and cl unping of 30
the cells as evaluated by the 90 degree versus forward | i ght scatter
paranmeter. The cells formed a tight, 26 - dense cluster on the display.
Only one region (gate) was defined for sorting. This was an area

where the dual -l abel ed sanple A cells 35 woul d f al

on | og green versus
{ﬁg red fl uoreSf&ft l%t:i?ensw d ‘iJ @8?1* r?&ieiikl 2| igtegﬁg €9£ereg| on,
I'Si | v |
.‘e CoOMPLs refera e an(ibéa é% are speéif c fgr both

antigens expressed by the allelee of two maternal HLA
loci. Maternal celle are labeled with all four

5 fluorochromes. Fetal cells are labeled with two of the
four fluorochromes when none of the nontranémitted
maternal alleles is inherited from the father. By
using four fluorochromes from two loci, the fetal cells
remain distinguishabla from the maternal celle aven

10 vwhen the fetus inherits one of the ngntiansmiteed
maternal allelez from the father. A second staining is
only necessary when the fetus inherits both

 nontransmitted maternal alleles from the father. When
the antibodies are for antigens expressed by three or
.18

four maternal doci, using the additional dyes increases
the likelihood that the fetus did not 1nher1t each of
the maternal alleles.
Fatal calle are only indistinguishable fron
maternal cells by the method of the prasent invention
20 in the case vhere the fetus inherits all six
nontransmnitted maternal alleles from the father.
The antibody can be labeled with the flucrodhrgme,
 directly ornindireetly, by well known methods. The
ccnjugation methods for attaching labels to ahtibodies
256 - getierally can be used for these purposes. Direct
labeling methodz for dyes euch as FITC are described in
Catty et al, in "Antisera in Immunoassays with Special
Raference ta Monoclonal Antibodies to lluman
Imnmunoglobulins®, IMMUNOASSAYS FOR THE 80's, supra, pp
133=153 and TUE HANDBOOK OF EXPERIMENZ'AL IMMUNOLOGY 4th
Edition, Vol. 1: Imnmunocytochemisatry, ed. D.M. Weir,
Blackwell Scientific Publications and in the
publication= cited in those references. The entire
contents of each of those references ig hereby
s incorporated by reference. '
Ppeferably the labeled antibody is purified to
remove unbound label prior to use. Preferably, the

30
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- 38 - whi-ch cells to sort. If the cell fell into the defined

gate region of the display, the cell was sorted. The i nstrunent

~was set to sort in one drop defl ection/purity node. This nmeans a cel
is sorted 5 only if it can confidently be sorted w thout -an unwant ed

cell being sorted with it. The inclusion of unwant ed cells can occur

If the cells are located in close proximty to one another resulting

i n unwant ed . cells being included in a drop of fluid including 10

wanted cells. This one drop deflectjogdpurity made | ends an added

di scrinmnation to the process resul Tifgy in a higher percentage of

purity in the sorted cells of choi ce. The average speed of

the sort was apprgskdhbe! usa& u&@sgmeﬁé e etdbo eiéﬁ, assed

t hrough t he i nstr at |

e.co ted To eva uate the
nunber of ceIIstPaPFPHZHEntPﬁe EBF¥°%H@@mﬁéb ORe| FOT® 55 the nunber
of cells which preferablyzetd provide the IgG fraktion €ori polyedarisl us for

t nggg[ ted cell angibodadQESbi! ©of! ndnddh dhal sitlbdidtebSdeha! §gé &9! 1 d
s IgM fraction depending on the isotype of the antibody.
Procedures for {solating the antibody fraction of an
antibody include the use of racombinant protein G for
IgG and immunoprecipitation for IgM. Procedures that
additionally separate unbound fluorochrome ars well
io0 krniown and include use of a DEAE G 35 sepha&ex
(Pharmacia) column. . Exemplary purification procedures
are desoribed 1n detail in the examples. _

For dyes such as PE which are more aiffioult to
attach while maintaining antibody activity, the

15 antibody can ke labeled with biotin. The -dye can be
attached by incubation of the biotinylated. antibody
with PE-avidin or PE-strepavidin (which are
commercially available} eithex concurrently with or,
preferably, following incubation of the antibody with

20 the cells.. A procedure for conjugating bhiotin to an
antibody is described in Edward A. Bayer et-al, “"The
Avidin-Biotin Complex in Affinity Cytochemistry", in
METHODS XN ENZYMOLOGY Vol. 62 (1979)

. That article is 1nco:po:ate& herein by reference in its

25 entirety.

An exemplary preferred direct 1abq11ng method for
FITC is described in detail in the exgmples. A
preferred indirect labeling method for biotinylation of
an antibody and attachment of PE-gtyepavidin is also -

30 described.

To label the cells with the labeled, HLA antigen-
gpecific antibodies, the celle are incubated with the
antibodies for a time sufficient for substantially
complete antibody binding under the conditions used.

as An aexcess amount of antibody is pznte:ahlf uged. A
concentration of about 2 pg for 10° cells is desirable.
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| ocated directly under the sort streanms. - These beakers are | ayered
.Wwith 100 to 200 [err]|l of approximately 50% aut ol ogous plasma in RPM .
"This layer hel ps to cushion the cells when they enter the collection
vessel . 25 After at least 3,000 of the cells which were

| ocated in the gated region were sorted, the contents. of the beaker
was poured into another test tube and resubmtted to the flow

cytonmeter for statistical anal ysis. This process of -evaluating the
‘efficacy of 30 the sorting procedyresby analyzing the sorted cells

usi ng the instrunent is referred to as "pl ayback"”, "sort playback",
or sinply, "second pass". The statistics obtained fromthis

eval uation of thHoweveeg use of 80 | gl e \Puckfied antdbody &% ®he alteration
in the 35 perc@%@ﬂﬂtﬁtwﬂ f:!’oaﬁéﬁﬁ P@%ﬁll%%ﬂ”ﬂﬂ&ﬁnﬁ. ori gi nal
t ube due to the sort 8 fromt hi c a@é‘d”‘%“a%?ft t4he séorted
cell's that the percen B&ecéilﬂ are preferah Yy incub
maintain cell integrity. Incubation for about 30
5 minutees at 4°‘C is usually sufficient for substantially
complete antibody binding. The sdmple is preferably
nixed, as by using a hematology bleod rocking device,
during the incubation to ensure contact of the
antibodies with the cells. - Preferably, the incubatiocn
10 iz performed in the dark when using a fluorochrome
label. S8econdary reactions (e.g. incubation of
_fluorochrome-labeled avidin with biotin-labeled cells)
are performed in the same manner. -
Exemplary preferred cell labeling precedures for
15  direct and indirect labels are described. in detail in
the.example=:

Sorting Labeled Cells

Flow cytometry ieé a process in vwhich the
20 measurenent of physical and/or chemical characteristics
is mada while the cells or particles passg, usually
individually, through a wmeasuring apparatus in a fluid
stream. Biological particles, usually cells, have been
subjected to flow cytometric analysis using acoustic,
25 nuclear radiation, electronic and optical sensors.
optical measurementé are usged for the widest range of
applications.
. Moet of the present applications of flow
cytometers derive from the ability of the appar;tus to
30 define and quantify heterogenecus cell populations.
phyéical and chemical characteristice or parameters of
cells which can be measured by flow cytometry include
cell sige, cell shape, pigment content, protein
content, DNA content and DNA base ratiec. In addition,
36 celle can be labeled with one or more fluorochrome(s)
and characterized based on color differences.
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- 39 - purity or enrichnent of the sorted popul ation can be

‘eval uat ed. Using this process, the study denonstrated that in

t ubes where sanple A was diluted at or greater than 5 0.01% the flow
cytoneter was not able to discrimnate t he signal of the dual - abel ed
cells as clearly as with the lower dilution. The cells were

di scri m nat ed. However, the reliability of detecting only the rare
cells starts to dimnish. This is attributed to 10 statistical problens
related to the instrument whereby stray signals caused by inherent

noi se in the system -due to cel™ 2@Itrrrps debris, etc., may be eval uated
I n the region designated for our rare cells. To overcone - this
limtation, addition¥hepuostedenanding applications o5 £lev eytomatry col or,

cel| size, etc. yarmiba !&@ﬂtl?xcatioﬁcﬁﬁﬁf%dHBEQEEHE éﬁbh&cterization The

study al so denonstrated t I n tupes le A was diluted at
0.01% and gr eat &€ °PURB&#° fs' 8 el Is?ﬁﬁh<ﬁ* nggrgéPgeﬂ“$ere | ess
t han 3, 000. On nultiparameter analysis are used for this puxpose.

5 Flow sorting employs electrical and/or mechanical
means to divert cells with preselected characteristics
from thae main stream, and can be used to isolate pure
populations of viable cells with more homogeneous
characteristics than could ba obtained by any'other

10 means. Flov sorting is particularly useful in
circumstances in which further characterization of the
gelected cells requires short- or 1ong—tetm maintenance
in culture or amalytical procedures which cannot be
accamplighed by flow cytometry.

15 The parameters which can be used to sort cells
inelude ueaau&emgnts of light scattered by cells at two
different angles (less than 2¢, commonly called forward
gcattex, and &bout 90°') from an incideﬁt lasdr beam.
The fluorescence measurement capability of a

20 multiparameter flow cytometer incorporating the light
gcattering measurements can then be used to determine
other characteristics of the individual cell
subpopulutions. '

For samples containing substantially 1argez

25 nunbers of fetal cells, the cells can be selected by a
one or two step separation procedure by hinding the
cells to solid phase-affixad anti-maternal HLA . antigen
antibodies. For example, maternal celle and fetal
cells bind to a c¢olumn or othexr eolid phase (euch as a

30 tissue culture dish surface ar magnetic beads) with the
chared maternal antigan antibody. Only maternal celles
bind to a column (or other solid phaée) having  antibody
to the antigen the fetug did not inherit. In this way,
the fetal cells are separated from the maternal cells

35 when incubated with the antibody to the antigen the
fetue did not inherit.
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20 the playback, the reliability of the analysis was hi nder ed

- because there were so few cells am dst a pool of noise. This was best
seen when an analysis of a pl ayback of a 0.01%dilution tube showed
an enri chnment of this population to 30% The next higher dilution 25
tube (0.001% was sorted directly onto a m croscope stide coated wi.th
aut ol ogous plasma (dry). Eval uation of the wet nount of. this
sorted popul ation using a fluoreggence m croscope reveal ed

nearly 60% of the cells present carried the dual |abel. 30 Visual

I nspection reveal ed a background of dye crystals, debris, etc. which,
if pl aéed back, woul drer pu és e rehd Pesbant Mothiod,f khe egldaeage and
counte resu

recovery of dual® 95%539“3@&3'ghevg%%rﬁ%eég@%%g\ﬁggg\ég gbexpect ed to

have hi gher purid@iffezentibak staiming with twonflawrothnomesr ag ahe 0. 01%
dilution woul d bgeyectsof*BREEEFIA0 WRYEn SRS rdd Und Yhaltl 1 1Y
5 fluoxochromes, the four patterns are (1) unstained, (2)
red only, (3) green only and (4) red and green.

Follawing staining or labeling of the cells with a
red and a green fluorochrome for each of the two
maternal allelesa, ‘maternal celle are red and green.

10 Fetal cells are either red or green, depending on the
allele the fetus inherited. By selecting cells
exhibiting either red or green fluorescence, but not
both, the fetal cells can be isolated.

g8ince most flow cytometers can sort on three

15  parametérs, an additional selection criteria can be
cell size. éh;s criteria eliminates dead cells, debris
and cell clumps. However, when the sample is carefully
manipulated and kept refrigerated, dead cells do not
appear to be a problenm.

20 In a preferred embodiment, an additional selection
oriteria is DNA content. Fetal cells having greater
than 2C DNA content can be determined using a number
of vital-sgtaining fluorochromes such as the Hoechst
dyes, DAPY (4!'-6-diamidino-2~phenylindole),

25 hydroethidine and 7-aminoactinomycin D (7aMD). The
fluerochrome uged depends on the labels used to select
the fetal.cells. A second laser capable of emitting UV
light is required to excite Hoechst and DAPI dyes.

Each of the above-described dyes can be used with FITC

30 and PE.

A flow cytometer can procese about 10’ to 10°
cells per hour, usually about 4x10’ cells per hour.
Typically, the sample prepared from about 20 ml of
maternal bleed includes at least about 2x10° cells

35  which can be sorted in about § hours to provide
gufficient fetal cells for analysis. However,
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- 40 -

end enrich the

| ow -per cent age.

sorted and the
t he popul ati on
I nspection on

10 di I ution.

0.001%........

10

The eval uation of the diluti.on-sort studies

"denonstrated that the present nethod makes it possible to |l ocate, sort

diluted cell population appreciably fromits original

In 5 summary, the percentage of sanple A cells that were
percentage of sorted cells, as determ ned by eval uating
by FACS is | i sted bel ow. The eval uation by visual

a slide, as described above, 'is also showmn for a 0.001%
(prg-aBrL) (post-sort) 5%

75% 1% . .. ... . 60% 15

... 55% 0.01%............. 30%
0, 1 .

' gubs gk@i&&&f”f@J5¥jcells may be required, depending on

the analysis method to be used.

The ability of the vell gorter to separate
maternal and fetal cells ultimately depends on the
percentage of fetal cells in the sample. To obtain a
fetal cell sample that is at leagt about 60% pure (60%
of the gorted cells are fetal cells), the fetal cells
must constituté about 0.001Y of the maternal cells or
greater. Preferably, the sample contains 80%, more
preferably 90% fetal celle pdst-surting.

When 100¢ purity is desired, the sorted cells can
be micromanipulated. For example, cell suspensions
containipg an individual cell pér a preselected volume

- of sugpension medium can be prepared by limiting

15

20

25

30

k1

dilution. -Drops containing individual calls can placed
in suitable containers (e.g. 96 well plates) and
examined visually with a fluorescent microscepe to
identify single-labeled (or unlabeled) cells. Welle
containing those celle can be markad and the cells
pooled. ' .

- For PCR analysis, analysis can be performed using
.2 single, unambiguously identified fetal cell. For
karyotyping, the analysis can be performed using as few
as five cells in metaphage. The numnber of cells
necéssari‘to'ohtain 5 metaphase cells will vary
depending on the method used to induce metaphase and
the length of culture required. For cells gelected to
have 2C or greater DNA, a substantialiy shortened

" culture pariod may ba used.

Alternatively, ways can be envisaged of
identifying monozygosity (indicative eof the presence of
a monogenic disease) in a mixed cell population
containing minimal fetal material including as faw as
one fetal cell in ten cells. '

Following sorting, the separated cells can be
washed twice in a physiologic buffer and resuspended in
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visual l'y) 20 The Iimts of discrimnation of the nunber of

-cells in a gated region using two fluorescence paraneters as
determned in this study was about 0.01% Cells falling in this region
at higher dilution levels 25 appear to be overesti mated. '

EXAMPLE 6 Repeat of Dilution Studies The st udy
described in Exanple 5 was repeated, 30 I ncl udi ng repetition of the
nonocl onal anti body | abel ing process. The |imts of discrimnation in
t he second study again were at~tBd ©.01% | evel. The cells from
these studies were sorted onto slides coated with pl asma and air

e o pbr OXl MLl Y bPopeiate hbdTn rox “hhy Kol ThaiyRTs" Yo' BeOuO"

performed on the cells.

Post-Recovery Processing

5 . Following the present recovery method, whether
based on solid phase or FACS separation, the fetal
cells can be used in the same manhner az fetal cells
obtained- by other methods such as amniocentesis and
chorionic villus biopsy. The cells can be used as a

10 source of DNA for analysis of the fetal alleles, as by
polynerase chain amplification. PCR analysis methods
.have been used to detect, for example, fetal sex,
f-thalassemia, phenylketonuria (PKU), and Duchenne's

~ muscular dystrophy. |

15 Alterna?ively, the cells can be cultured in the
sawe manney as biopey materials for karyotyping
anzlyses. However, the incubation period may be
significantly shértened if a DNA content of greater
than or equal to 2C ig used as a selection criteriom.

20 This invention is further illustrated by the
following specific but non-limiting examples.
Temperatures are given in degrees Centigrade and
concentrations as weight percent unless otherwise
specified. Procedures vhich are constructively reduced

28 to practice are described in the present tense, and
procedures which have bheen carried out in the
laboratory are set forth in the past tense.

EXAMPLE 1
30 Preparation of lLabeled Antibodies
Two monoclonal antibodies gpecific for two HLA A

locus alleles were labeled. The antibody designated
GSP 16.1 (Anti-A 1, 9, 10 and 11; IgM monoclonal
antibody from Genetic Systems, Seattle, Wa; 10th

as International Workehop No. 2004) was labeled with FITC.
The antibody designated GSP 20.1 (Anti-A2, w69: IgG
monoclonal antibody from Genetic Systems, Seattle, Wa:;
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- 41 - _ EXAMPLE 7 Dilution Studies
Usi ng Singl e-Label ed Rare Cells Anot her study was perfornmed as
described in Exanple 6 in which the single-labeled cells were 5

diluted to be the rare cells. (The antibody | abeling procedur e was
not repeated.) Sanple A was treated as . the maternal, dual-1abel ed
cells and sanple B as the fetal, single-labeled cells at dilutions of
0.1, 0.01 and 0.001% The results obtained were simlar to those 10
described in Exanple 5, above. This geggn§trates t hat the fetal cells
can be separated fromthe maternal cell s based upon a single
fluorescent | abel. This nore closely mmcs the inventive nethod since

t he not her AV M rrationdd! WebkeRep Né| @O2X) Rale Qdbleleliowhenld

dual Iy | abel ed. As, dejmonst ed “this_siudy, .any, nbi,nat.i,on of the
four quadrants Wrmr%'@g'i I séegéﬁ B'Z"yl‘:h ?eBFgﬁgaw(%hs‘E% #é&?‘%é’é‘gﬁfly, green
only and red pl usantibody eeere cubsequentilyt veactrd s FR-liabeled| | s of
Interest. 20 strepavidin. The reagents used to purify and label the

5§ antibodies are described below. :

Biotinylation Buffer
0.42 gm Na,C0O,
8.96 gm NaHCO,
10 QS to 1 liter, pK to 8.4

FITC Conjugation Buffer
3.8 gm tia,,co,
5.86 gm NaRCo,

15 QS to 1 liter, pH to°9.6 _
FITC (Bigma Chemical Co., cat. §F-7250)
Stock Solution FITC: Dissolve 10 mg in 1 ml

DMEO (dimethyleulfoxide)
Working Solution FITC: pilute stock to 1 ng/nl
20 v _ . in PITC conjugation
| buffer

Biotin ' (Molecular Probes, cat. §8-1582)
Stock Solution Biotin: Dissolve 10 mg in 1 ml
25 . , ' MO - '
Working Solution Bietin: Dilute stock to 1 mg/ml
in DMSO

For the IgG antibody (GSP 20.1), the antibody wae
30 first purified by column chromatography usinq 8 MABTrap
G Kit (Pharmacia LKB) to remove other proteins,
particularly albumin. This kit utilizes Protein G
gepharase 4 Fagt Flow Chromatography media. (Use of
Protein G Sepharose is aguivalemt.) The antibody-
35 containing eluate (15 ml) was concentrated in an Amicon
B125 concentrator until the final volume was

approximately 2.0 nl (approximately four times the
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As shown in Exanples 5 through 7, a distinction was nmade between

-sanple A cells and sanple B cells based upon fl uorescence
characteristics foll ow ng | abeling with antibodi es for HLA antigens
where the 25 | abel ed cells shared a single antigen of one HLA | ocus.
EXAMPLE 8

FACS Separation of Rare Cells from Maternal Bl ood
Bl ood was drawn froma wonman in her ninth week of 30

t he studi es described in Exanpl es " 5-7, the nother and father shared
a conmon anti-gen for the A | ocu®3 The nother's other A antigen was
A2, which reacts with the GSP 20.1 anti bodi es. The . father's
discrimnating A antigen reacts.with GSP 16.1 35 ant i bodi es.
For this study, originadr valusep.20Thesantibedyswas removed Lrampdihal wit h

bi oti n/ PE and t hgopdeptiaito®SRola 32 X 75 mm test tuba. The volume was
adjusted to exactly 2.5 wl with biotinylation buffer.
The IgM antibody was not pre-purified.' A 0.5 ml
5  antibody sample wae diluted to 2.5 ml with FITC
conjugation buffer.
A PD~10 column from Pharmacia LKB was washed with
25 ml of the appropriate cénjugation buffer (FITC
“conjugation buffer for the FITC-labeled antibody and
10 ° bhiotin conjuqation_buffer for the biotinylated
antibody).  The 2.5 ml sample of each antibody was
applied to the appropriate column. When the column
stopped dripping, a 3 ml aliguot of the appropriate
conjugation buffer was applied. Each antibody=-
15 containing eluate was collected. ) ,
Each eluate was concentrated in an Amicon B125
concentrator until the f£inal volume wae 1 ml. The
antibody was removed from the concentrator and placed
in a 1.5 ml microcentrifuge tube. The amount of
20 protein present was assessed using a kit (Protein Assay
Kit #2, BioRad, Richmond, CA) that utilizes the
Bradford method of protein quantitation.
once the quantity of antibody. (the ameunt of
protein) was calculated, the FITC and biotin were added
26 as follows. A 100 ul aliquot of the working eoclution
of FITC per mg of protein was added to the IgM
antibody. A 120 pl of working solution of hiotin/mg
protein was added to the IgG antibody. Each golution
wag mixed, and each tube was covered with aluminum foil
10 and rocked on a hematology klood rocker overnight at
roon temperature. o -

One PD-10 column for each antibody was prepared by
running 25 ml of Phosphate Buffered Saline (PBS), pH
7.4 (0.01 M phoephate, 0.15 M NaCl) through it.
Following the incubation, each antibody preparation was
diluted to 2.5 ml with PBS and layered over the column.

pregnancy. As in

s
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- 42 - antibodies were labeled with FITC as described in

Exanple 1. The bl ood was purified and stai ned as descri bed in Exanpl es
2 and 3. For this study, mat ernal cells were stained red; paternal
cells green. 5 Cells in the maternal blood were predom nantly red
with rare (fetal) cells |abeled with red and green. Qut of about
5.5x10[err] sorted maternal cells, cells retrieved by the red and
green sort criteria conprised about 0.1% of the cell population. O
those sorted 10 cells, about 20% were,yed and green | abel ed.

The study described above was repeat ed %%'Eanples fromthe same woman
in her tenth and el eventh weeks of pregnancy and provi ded the sane

results. Thi s, €X i.hen hat of £t a _
present in the peWﬁﬁe?’QF g%h’&“o&ﬁ%ﬁﬁkﬁﬁ‘gp i :r’sﬁi Llf&%t?r%aéfpﬁ of
pregnancy, as ear Wasatunethroughnend fheeluate wvesr cefdectedm mat er nal
bl ood using a fl uor esCpgich antiﬁmndlw g}féﬁpr@m&ﬂtgal gﬂlgﬁ@w(@x{ nal
and fetal . .

B125 to a final volume of 1 ml.  The protein coutent:

§ was again guantitated, and the final concentration was
adjusted to 40 pg/ml. In the case of the IgM antibody,
the amount of antibody pregent was estimated to be one-’
half of the total protein present and was diluted to
40 pg/ml. Bovine serum albumin (BSA] was added to a

10 final concentration of 10 my/ml and sodium azide was
added to a final concentration of 0.1%. .

EXAMPLE 2

breparation of Cells for Labeling
1§ Heparinized whole blobd (30 ml) of each sample was

layered onto room-temperature Ficoll-Hypaque
(Pharmacia~-IKB) gradient material at a ratio of 5 ml
blood to 3 ml £icoll in separate tubes. The tubes were
spun in a swinging bucket centrifuge for 30 minutes at
20 400 g. The nononuclear layer of each was removed to
another tube and washed twice with RPMI 1640 tissue
culture medié (Mediatech, Inc., Herndon, VA) with 5¢
autologous plasma. The samples were then counted on a
hemocytometer, adjusted to § x 107/ml in RPMI, then
25  recounted. |

. EXAMPLE 3
Labeling Cells in a Blood Sample
Labeled antibedy is usually used at a
a0 concentration of about 2 ug/10° cells. In this case,
50 p1 of the antibody per 10° cells was used for
staining. The cells were stained and sorted
effectively using that amount of antibody.
o The celle (10° celle $n 100 ug of RPMI 1640 tissue
as culture media plus 5% autologous plasma), prepared as
described in BExample 2, vere stained as described below
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HLA anti gens encoded by .a single HLA | ocus. 20

-EXAMPLE 9 Separation of Rare Cells Using Magneti c Beads
Addi ti onal sanples of the cells used in Exanple 8 wer e separat ed
usi ng DYNABEAD magneti c beads (Robbins 25 Scientific, Muntain View, CA)

The GSP 16.1 anti body (IgM, the fetal HLA A antigen not.present on
mat er nal cells, was affixed to the beads by conjugation of the
anti body according the nmanufacturer's directions. This anti body was

used due to its availability This 30 35anti body separation functions in .
t he sane manner separations based on binding maternal cells,

S)ﬁ;ggt af fi xedt gﬁfj Fg&ﬁéé gﬁ?l eJ non ounﬁer gﬁli]:ei %Betﬁgl g

t han mat er na
cells for the nonankhbetiesd antigen 35 being solid phase-affixed and

fetal cells being non-myhe $1RONGdaRELhEAY EadW SHdga RRfhod) .
Tube §2--GSP 16.1 (Anti-All, IgM monoclonal
s antibody) FITC conjugated; 50 gl
Tube #s--csr;zd.z (Anti=-A2, IgG moneclonal
antibody) Biotin conjugated: 50 ul
Tube #4--GSP 16.1 + GSP 20.1; 50 gl of each

10 " The tubes were mixed and incubated in the dark at
4*c for 30 minutes. After this time, 10 pl of TAGO
(Burlingame, CA) PE~strepavidinh was added to tubes {3
and #4. This reagent reacts with biotin lending to a
biotinsavidin-PE complex which allows the biotin-

15 labeled cells to be fluorescent. The cells were
incubated an additional 30 minutes after which the
cells were washed twice with ice cold PBS and -
resuspended in 1 ml of PBS,

20 EXAMPIE 4
Sorting Labeled Cells
Cells which were labeled aes described in Example
were subjected to flow cytometric analysis ueing log
green fluoreecence (rITC) versus log red fluorescence
25 (PE). (The cells were frowm a denor {donor A) having
- the HLA type a2, all. } fThie results in a plot that is
termed a twn-dtuensianal (2D) plot, contour plot (if
contours are drawn), dot plot (if dote are used to
represent celles present) or cytogram. When the X-axis
30  representing PITC and the Y-axis représenting PE
fluorescence are ploﬁtnd against one another, the
resulting graph can be divided into. four quadrants.
Lower left is where the negative or unstained cells
fall. Lower right is where the FITC~ labeled (graen)
35 cells fall. Upper left i3 where the PE~ labeled (red)
celle fall. Upper right is where the FITC- and PE~
labeled (green and red) cells fall.

("]
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- 43 - The maternal blood cells were purified by anmoni um
chloride lysis and were suspended in PBS at 4[err]C. The manuf act ur er
reconmends using 1x10[err] to 1x10[err] beads per m and a ratio of
about five beads per cell. However, 5 upon consultation, a ratio of about

1 or fewer beads per cell was suggested for applications where cells
of choice were renoved froma m xture of cells. An

experinment using a ratio of 0.05 and 0.5 beads/cel |l was perfornmed. The -
GSP 16.1 anti body was 10 conj ugat ed 5@ the beads ("16.1 beads") and a
negative control antibody (GSP 56.1, an antibody for HLA B 27.1,

an antigen not present in either parent) was conjugated to a second

set of beads ("56.1 b ;! egp S 4l WalatNy he
purified blood cells \j\"%% {;Ze?ﬁ?uggt ed @%‘ﬁ?ﬁg‘f&:‘*‘a{w 8 #ee 0l 60
ni nut es. thedn, labeling, ghazarheristicn as, they, fajl, AyteqEheew
“beads to eval uat erarBiemisl Guubdrants ositheogfaph tvad used tiatliogaltadangadi |y

visible rosettes gfy Loheht1) o2t but those located cells.
5 .

. EXAMPLE 5
Dilution Studies to Evaluate Rare Cell Sorting
In these studies, cells from & bhlood sample from
donor A (sample A) were mixed with cells from a blood
10 sample from donor B (sample B) to uimic rare event cell
analysis/sorting using a flow cytometer. This series
-of experiments was performed to evaluate the ability of
flow cytome#r& to not only define but also isolate
these rare cells. These studies were performed by
15 diluting blood from two individuals who have one A
locus allele in comman. In this way, a predetermined
nunber of cells from each individual were known to be
present in a sample. ' '
aAntigens for GSP 16.1 and GSP -20.1 are both found
20 on the surface of sample A cells. These celle, when
reacted with these monoclonal antibodies, had both red
and green fluorescence on their surface. Antigen GSP
20.1 ie also found on the surface of sample B c¢elle.
Thesa cells, when reacted with this monoclonal
25 antibody, had only red fluorescence on their surface.
Thug, the labeling patterns mimic the patterns of a
pregnant woman and the fetus. ' .
Sample A was mixed into sample B at ratios of'ﬁ%,
1%, 0.1% and 0.0012%. In the second study, sample A was
3o mixed into eample B at ratioa of 1%, 0.1%, 0.001% and
0.0001%. The dilutions of A into B were calculated so
that at least 1000 cells of A were present in the test
tube. '
The cells were labeled according the procedure in
as Example 3. Monoclonal antibodies GSP 16.1 and GSP 20.1
were hoth added to each of the tubes of mixed ¢cells
using 50 pl of antibody prepared as described in
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beads had a few cells per bead and no prom nent 20 rosettes.
‘Cytocentrifugation of the control bead preparation denonstrated that
the rosetted cells were mai nl'y monocyt es. ‘To verify the
fetal origin of the rosetted cells, the study was repeated using the
bead to cell ratio of 25 0. 5. Slnce the beads were sufficiently |arge
to permt bi nding of FITC | abeled cells, the blood cells were
counter-labeled with FITC | abel ed GSP 16.1 anti bodi es prior to

i ncubation with the beads so that fetaB7cells were green. The cells
were incubated with the beads as 30 descri bed above, except that whenever
fl uorescent | abel s _were usg t he incubation was perforned in the

P
dark. Followi ng E¥2BBaS8i dnPeFha0s &?Hﬁrha?@eaﬂﬁl}@d"ere VOrEexedcchnd \iere

separat ed from meher tabec @S covergdawith alumbmet okl ravd\piddedownt he
magneti c beads

Tagnet | > W 88 padfPORALROvh! AbufiEbh S0l L ARG by HEoda 1040

rocking device.

5 " After the antibody incubation, strepavidin-
phycoerythrin (TAGO) was added to each tube of biotin-
labeled cells using 10 gl of undiluted PE-strepavidin
per 10° cells. The calls were again vortexed and
incubated as previously far another 30 ninutes.

10 . Following the incubation,” the samplas were .
centrifuged at 1000 g for 3 wminutes, washed twice with
dice cold PBS, resuspended in RPMI to appraximately the
original volume and placed on ice.

A separate set of three control tubes containing
1s 10° sample A celles only wae reacted in the sane wnanner
as above with GSP 16.1, with GSP 20.1 and with GSP 16.1
in combination with GSP 20.1. A fourth aliquot of
cells was left untreated with monoclonal antibodies. -
This group of four tubes vae used to assess the

20 antibedy labeling of the cells in the study, and to set
the flow cytometry instrument for color compensation,
log amplification offset, =ignal gains, etc. The
fluorescence parameters of the instrument were adjusted
to produce four guadrant separation of the cells (as

25 discussed previously). s

The lowest dilution tubes were annlyzed/sorted
first, Because the cells in this study were fresh,
treated with mild centrifugation and kept at low
temperatures, there was wminimal debris and clumping of

ao the cells ae evaluated by the 90 degree versue forward
light ecatter parameter. The cells formed a tight, -
dense cluster on the display.

only one region (gate) was defined for sorting.
This was an area where the dual~labeled sample A cells

35 would fall on log green versug log red fluorescence
parameter displey. By defining only one region, the
conputer had to make one decigion in the evaluation of
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- 44 - Anal ysis of the solid phase-affixed cells showed

the cells were green, confirmng that the cells were of - fetal origin
The fetus was subsequently determned to be a 5 mal e. The separated cells
were confirnmed to be fetal cells by the follow ng procedures. First,
t he presence of one of the paternal HLA antigens in the enriched
"fetal" cell population was confirned by the fluorescent staining of
the cells. That is, the cells 10 were not bound to the beads in a
non-speci fi ¢ manner. Second, the 3® esence of the Y chronosone in
separ at ed "fetal" cells was confirnmed by Y chronosone-specific
sequence am plification according to the procedure descri bed i n Kogan
et al, New Engl whiich/s®llsltooedrbp0 18 the il fell into theTdefipnedence

of the Y chrondsoifte aWiBEDrARe! ACeplay, PEHIS WK WadBdrekal he pater nal
ALA antlgens The instrument was set to sort in ome drop
deflection/purity mode. This means a cell is sorted
5 only $f it can confidently be sorted without an
unwanted cell being sorted with it. The inclusion of
‘unwanted cells can occur if the cells are located in
close proximity to one ancther resulting in unwanted
‘cells being included in a drop of fluid including
10 wanted cells. This one drop deflectien/purity mode -
lends an added discrimination to the process resulting

.in a higher percentage of purity in the sorted cells of
choice. ) .
' The average speed of the sort was approximately
1§ 10,000 cells/second. As the cells pagsed through the
instrument, statisticé were computed to evaluate the
number of cells falling in the sort gate region as well
as. the number of cells which the instrument sorted.
A collection apparatus for the sorted ‘cells
20 consisted of a 10 ml beaker fitted into a &olid support
located directly under the sort streams. - These beakers
 are layered with 100 to 200 gl of approximately 50%
' autologous plasma in RPMI. ‘This layer helps to cushion
thé cells when they enter the collection vessel. .
25 . ‘After at least 3,000 of the cells which were -
located in the gated region were sorted, the contents
of the beaker was poured into another test tuhe and
resubmitted to the -flow cytometer for statistical
analysis. Thie process of evaluating the efficacy of
30 the sorting procedure by analyzing the sorted cells
using the instrument is referred to as "playback",
wgort playback®, or giwmply, “second pass®. The
gtatistics obtained from thie evaluation of the eorted
cells provides information on the alteration in the
3s. percentage of the two cell populations from the
original tube dve to the sort procezs. It iz from this
analyeis of the sorted cells that the percéntaqe of
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denonstrates that the cells were of fetal origin and

‘preparation was sufficiently enriched for 20
anal ysi s.

that the cell
pur poses of geneti c.

- 39 .

pufity or enrichment of the sorted population can be
evaluated.

Using this process, the study demonstrated that in
tubes where sample A was diluted at or greater than
0.01%, the flow cytometer was not able to discriminate
the signal of the dual-labeled cells as clearly as with

" the lower dilution. The cells were discriminated.
However, the reliability of detecting only the rare
cells starts to diminish. This is attributed to

10 statistical problems related to the instrument whereby

stray signals caused by inherent noise in the system
due to cell clumps, debris, etc., may be evaluated in
the region designated for our rare cells. To ovexrcome
this limitation, additional parameters, such as a third

15 fluo:escant.polor, cell size, etc. can be used to

locate the rare cells. _
The study aleo demonstrated that in tubes where

sample A was diluted at 0.01% and qreater; the number

of cells which were sorted were lezs than 3,000. On

20 the playback, the reliability of the analysis was

hindered because there were sc few cells amidst a pool

of noise. This was best seen when an analysis of a

playback of a 0.01% dilution tube showed an enrichment

of thie population to 30%. The next higher dilution

25 tube (0.001k)'was sorted directly onto a microscope

slide coated with autologous plasma (dry).
Evaluation of the wet mount of this sorted
population using a fluorescence ﬁicroscope revaaled.

nearly 60% of the cells present carried the dual label.
30 Visual inspection revealed a background ef dye

crystals, debris, etc. which, if played back, would
have' been picked up by the flow cytometer and counted
resulting in what would appear as a lower onFall
recovery of dual-labeled celle. Lese diluted samples
are expected to have highar purity than more diluted
gamples. Therefore, the 0.01% dilution would be
expected to have greater than 60% purity.

38
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Dat e: : : 45 CLAI MB: 1. A nethod for
recovering fetal cells froma blood -

- 40 -

The evaluation of the dilution-sort studies
demonstrated that the present:method makes it possible
to locate, sort and enrich the diluted cell population
appreciably from its original low percentage. 1In

5 gummary, the percentage of sample A cells that were
sorted and the percentage of sorted cells, as
determined by evaluating the population by FAcCs is
listed below. - The evaluation by visual inspection on

: a slide, as descrihed above, is also shown for a 0.001%

10 dilution. -

(pre~sort) (post~8ort)
5% veveenasacnoseres 75%
. T A% cieiceriesveseaas 60%
15 0.1% cevreveanracess 55%
0.0L% soevoucarsases 30%

0.002% cvcicevacana. 60% (determined

visually) ‘

20 .

The 1limits of discrimination of the number of
celle in a gated region using two fluorescence
parameters as deterninea in this study was about 0,01%.
Cells falling in this region at higher dilution levels
25 appear to be overestimated. om

"EXAMPLE 6
' Repeat of Dilution Studies
The study described in Example 5 was repeated,

30 fncluding repetition of the monoclonal antibody
labeling procese. The limites of discrimination in the
gecond study again were at the 0.01% level. The cells
from these studies were sorted onto slides coated with
plasma and air dried. Approximately 100 cells from

as dilutione ranging from 1% through 0.0001% were sorted.
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sanpl e obtained froma pregnant individual, said blood 5
-conprising maternal blood cells having a first

encoded by a first allele of a pol ynmor phi ¢ genetic | ocus and a
‘second, different cell surface antigen encoded by a second allele of
a pol ynmor phi ¢ genetic | ocus, wherein said first and second 10
alleles are fromdifferent maternal hapl-otypes or are alleles of a
si ngl e pol ynorphic genetic | ocus, said met hod conpri si ng: a.
conbining cells of said sanple withead4li st anti body specific

for said first cell surface antigen for a 15 period of tine
sufficient for antibody binding;

sanpl e
cell surface antigen

EXAMPLE 7 :
pilution Studies Using Single-Labeled Rare Cells
Another study was performed as described in
Exawple 6 in which the single-labaled cells were
5 diluted to be the rare cells. (The antibody labeling
. procedure was not repeated.) Sample A was treated as
the maternal, dual-labeled cells and sample B as the
fetal,'aingle-labeled'éellé at dailutions of 0.1, 0.01
and 0.001%. fThe resulte obtained were similar to those
10 described in Example 5, above. This demonstrates that
the fetal cells can be separated from the maternal
.cells based upon a single fluorescent label. This more
closely mimics the inventive method gince the mother
antigens can be determined, allowing her cells to be
15 dually labeled. 'As demonstrated by this study, any
' - combination of the four quadrants where cells can be
placed (unstained, red only, green only and red plus

green) can be used to separate/sort the cells of
interest.

20

As shown in Examples 5 through 7, a distinction
was wmade between sample A cells and sample B cells
based upon f£luerescence characteristics following ..
1labeling with antibedies for KLA antigens where the.
25 labeled celle ghared a single antigen of one HLA locus.
EXAMPLE 8
FACS Separation of Rare Cells from Maternal Blood
Blood was dravn from a woman in her ninth week of
30 pregnancy. Ag in the studies described in Examples
5-7, the mother and father shared a common antigen for
the A locus. The mother's other A aﬁtigen was A2,
which reacts with the GBP 20.1 antibodies. The
father'!s discriminating A antigen zeacts with G6P 16.1
as antibodies.
For this study, the maternal GSP 20.1 antibodies
were labeled with hiotin/PE and the paternal GSP 16.1
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b. separating cells of said sanple bound to said first

antibody fromcells which are not bound to said first
ant i body; and c. recovering first non-bound, separated cells; 20
d. if all cells of said sanple are bound to said first

anti body, then conbining cells of said sanple with a second
anti body specific for said second cell surface antigen for a
period of tine sufficient for anti body binding; and (i)
separating cells of said 25 - 44npl e bound to said second anti body
fromcells whi ch are not bound to said second anti body; and

antibodies were labeled with FITC as described in
Example 1. The blood was purified and stained as
described in Examples 2 and 3. Far this study,
maternal cells vwere stained red; paternal cells green.
5 Cells in the maternal blood were predominantiy red
with rare (fetal) cells labeled with ired and green.
out of about §.5x10°¢ sarted maternal cells, celle
retrieved by tlie red and green sort criteria comprised
‘about 0.1% of the cell population. Of those morted
10 cells, about 20% were red and green labeled. h
The study described above was repeated on samples
- from the same woman in her tenth and eleventh waeks of
pregnancy and provided the same results.
This experiment demonstrates that fatal cells are

15  present in the peripheral blood of a woman in her first
trimester of pregnancy, as early as week 9, and can be
retyrieved from maternal blood using a fluorescent

staining pattern that distinguishes maternal and fetal
HLA antigens encoded by a single HLA locus.
20 .
: EXAMPLE 8
Separation of Rare Cells Using Magnetic Beads
Additional samples of the cells used in Exanple 8
. were separated using DYNABEAD magnetic baade (prbins

25 Scientific, Mountain View, cA). The GSP 16.1 antihody

(Ig), the fetal HILA A antigen not present on maternal
. calls, was.affikpd to the beads by conjugation ¢f the

antibody accoxdtﬁg the manufacturer's directions. This

antibody was used Que to its availability. This -

30  antibody separation functions in the same manner gs
geparations pased on binding maternal cells, except
that, in this case, the rare, fetal cells are solid
phase-affixed and maternal cellg are non-bound (rather
- than maternal cells for the nontransmitted antigen

s being solid phase-affixed and fetal cells beinq non-
bound as in the inventive method) .
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46 (ii1) recovering said second non-bound, separated

cel |l s. 2. The nmethod of claim1l wherein said blood sanple is 5
of a pregnant wonan. 3.. The method of claiml or claim?2
wherein said first antibody is |labelled with a fluorochrone, said
- second antibody is |abelled with a second different fluorochrone
10 and cells bound to said first or second anti body are
- 43 -

The maternal blood cells were purified by amnonium
chloride lysis and were suspended in PBS at 4°C. The
manufacturer recommends using 1x10° to 1x10’ beads per
ml and a ratio of about five beads per cell. However,

$ - upon censultation, a ratio of about 1 or fewer beads
per cell was suggested for applications where cells of
choice were removed from a mixture of cells.

An experiment using a ratio of 0.05 and 0.5
beads/cell was performed. The GSP 16.1 antibody was

10  conjugated to the beads (¥16.1 beads") and a negative
control antibody (GSP 56.1) an antibod? for HLA B 27.1,
.an antigen not present in either parent) was conjugated
to a aecond get of bheads ("56. 1 beads") to agsess non-
specific binding. The. pur;fied blood cells were

15 incubated with the beads at 4°C for 60 winutes.

The 16. 1 beads using a 0.05 to 1 ratio had too few
beads to avaluate. The 16.1 beads using a 0.5 to 1
ratio had readily visible rosettes of cells. The 56.1
beads had a few cells per bead and no prominent |

20 rosettes. Cytocentrifugation of the control bead

preparation demonstrated that the rosetted celles were
mainly monocytes.,

the study was repeated using the bead to cell ratio of

25 0.5. 8ince the beads were sufficiently large to pgrnit
binding of FITC-labeled cells, the blood cells were
counter-labeled with FITC=labeled GSP 16.1 antibodies
prior to incubation with the beade go that fetal cells
were green. The cells were incubated with the beads as

30 described above, except that whenevar fluoregecent

' labeles were used, the incubation was performed in the
dark. Following incubatien, the solid phase affixed
fetal cells vere geparated from ﬁaternal cells using a
magnet and removed from the magnetic beads. The

separated fetal cells were.placed in RPMI 1640 medium
for further analysis.

3s
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separated fromcells which are not bound to said first or

second

‘anti body using fluorescence-activated cell sorting. 15 - 4.
A nmethod for recovering fetal cells froma bl ood sanpl e obt ai ned

froma pregnant

i ndi vidual, said bl ood sanpl e conpri si ng mat er nal

bl ood cells having a first cell surface antigen encoded by a first

allele of a

pol ynor phic genetic |locus and a second, different cel

20 surface antigen expressed by a second allele of a

pol ynor phi c genetic | occus, wherein seu first and second
are fromdifferent maternal haplotypes or are

10

15 -

20

all el es

Analysis of the solid phase-affixed cells showed
the cells were green, confirming that the cells were of
fetal origin. i '

The fetus was subsequently determined to be a
male. The separated cells were tonfirmed to be fetal
celle by the following proceduxes. ‘First, the presence
of one of the paternal HIA.antigens in the enriched
"fetal“ cell population was confirmed by the

fluorescent staining of the ‘calls. That is, the cells

were not bound to the beads in a non-gpecific manner.
Second, the presence of the ¥ chromosome in separated
ufetal" cells was confirmed by Y chr¥omosome-specific
sequence amplification according te the procedure
described in Kogan et al, New Engl. J. Med. 317 985-990
(1987) .

The preéence of the Y chromosome setuences and the
presence of orne of the paternal HIA antigens
denonstrates that the cells were of fetal origin and
that the cell preparation was gufficiently enriched for
purposes of genetic. analysis.

This is the replacement sheet

0 3 Jup 99

Date:



al | el es—ef—a—singte—potynor phic genetic |ocus, said met hod

conprl onbi ning cells of sald sanple with a first -
antl bo %heet%—l“:ésseen &e lascﬁgm fic for said first cell surface antigen and a
a”" M nti body specific for said second cell
surface eriod of tinme sufficient for anti body
bi ndi ng; '
- 45 -

WHAT 1§ CLAIMED IS:

1. A method for recovering fetal cells from & blood
sample of a pregnant woman having a €irst cell
surface antigen encoded by a first allele of a
polymorphic genetic locus and a second, different
cell gurface antigen encoded by n second allele of
a polymorphic genetic iocus, gaid method
comprising:

a. combining the cells cof said sample with an

~antibody specific for said first cell surface
antigen for a period of tiwa sufficient for
antibody binding;

b. geparating cells of eaid sample bound to =aid
antihody from any cells which are not bound
to said antibody, and

c. recovering said non-bound, separated cells.

2. The method of Claim 1 wherein said antibody is
labeled with a fluorochrome and cells bound ta
said antibody ars separated from cells which are
not bound to said antibody using fluorescence~
activated cell sorting.

3. The wmethod of Claim 2 additionally comp:isinq the
gteps Of:
a. contacting said cells with a second antibody
' specific for eaid second cell surface antigen
and labeled with a second, different
fluerochrome for a period of time sufficient

for antibody binding to produce double-
labeled maternal cells; and

b. ceparating double~laheled cells from single-
.labeled and unlabeled calls.

4. The method of Claim 1 wherein esaid antiboedy is
affixed to a solid phase.

5. The method of Claim 4 comprising the additional
gteps of:

-
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b. _separating cells of said sanple bound to both said 5 first

and second antibodies fromcells which are not ' bound to both
sai dithisrsheetdes BeettBﬁ a@ﬁ‘tl bodi es; and C. recoveri ng said -
separ at re not bound to both said first and
second The net hod of claim4 wherein said. blood
f a pregnant wonan. 6. The nethod of
cIa|n14 or claimb5 wherein said first : anti body is |abelled
with a fluorochrome, said 15 - 4¢econd antibody is labelled with a
second different : fl uorochrome and cells bound to said first or

d _
secon a. separately combining cells of said sample

with a second antibody specific for said
second cell surface antigen for a period of
tima sufficient for antibody binding:

b. separating cells of said sample bound to said
second antibody from any cells which are not
bound to gaid second antihody; and

c. recovering said non-bound, separated cells.

6. The method af Claim § wherein said antibody for
said first cell surface antigen and said second .
antibody are contacted with said cells
sequentially.

- 7. The method of Claim 1 wherein said blood sample is
purified to remove red blood cells prior to
conbination with said antibody.

8. The method of Claim 7 wherein said purification is
performed using a gradient material having a
density intermediate between red blood celle and
lynphocytes.

9. The method of Claim 7 wherein said purification is
performed using a hypotonic solution.

-10. The method of Claim 1 wherein said cell surface
antigen i¢ a blood group antigen.

11. The method of Claim 1 whevein saild cell surface
antigen is an HLA anhtigen.

12. The method of Claim 31 wherein said first and said
‘second antigens are expressed by different alleles

) : of the eame polymorphic genetic lacus.

13. The method of Claim 1 wherein said first and said
second antigens .are expressed by alleles of two
different polymorphic genetic loci.

14. X method for recovering fetal cells from a blood
gample of a2 pregnant woman having different first
and gecond gell surface antigens expregsed by a
first allele of a polymorphic genetic locus and a

second allele of a polymorphic genetic lacus, eaid
method comprising: '

This is the repl.ac}ement s.hee_t :
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anti body are separated fromcells which are not

) bound to said
first ofhi a n Ce%si ng fl uorescence-activated cel
sorting. The net hod of any one of clainms 1, 2, 4 or 5
wherein

antigen is affixed to a solid phase.
wherein said second anti body
bound to said solid

15.

16.

17.

il8.

ti body specific for said first cell surface
5

: The nethod -of claim?7
i's solid phase-affixed and cells

-~ 47 -

a. combining the cells of egaid esample with a
first solid phase-affixed antibody specific
for said girst antigen for a pexriod of time
surgicient for antibedy binding;

b. separately combining the cells of said sanple
with a second solid phaze-a¥ffixed antibody
specific‘for said second antigen for a period
of time sufficient for antibedy binding:

c. separating cells bound to said sclid phase by
gaid first antibody and by said second
antibody from any non-bound cells; and

d. racovering sald separated, non-bound cells.

The method of Claim 14 wherein said solid phase is

a magnetic bead and solid phase~affixed cells are

separated from non-bound cells using a magnet.

The method of Claim 14 wherein steps (a) and (b)

are performed sequentially. :

The method of Claim 14 wherein said €£iret antibody

is labeled with a first visually-detectable label

and said second antibody is labeled with a second,
different visually-detectable label. _

A method for recovering fetal cells from a blood

gsample of a pregnﬁnt'wcman haviné different first

and second antigens expressed by a first and a

second allele of an HLA locus, said method

conmprising: ' .

a. combining the cells of said sample with a
first solid phase-affixed antibody specific
for said first antigan for a period of time
gufficient for antibody binding:

b. separately combining the cells of szaid sample
‘with a second solid phase-affixed antibody
specific for said secend antigen for a period
of time sufficient for antibody binding;

c. geparating cells bound to gaid solid phase by

said rirst antibody and hy eaid second

antibody from any non=bound bells; and

* c L M H] *
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48 1ﬁnm9a§~by*sard—aﬁ%rbody for said first cell surface | antigen

or by sai ti hpdy are separated from any non- bound cel | s.
5 9. i %{‘H Ben m'7 or claim8 wherein said solid

phases are i and solid phase-affixed cells are
separated f el l's using a nmagnet. 10. The nethod of

any one of the preceding clains

- 4B =

d. recovering said separated, non-bound cells.

19. The method of Claim 18 wherein said HLA loci are

" selected from A, B, and C. _

20. The method of Claim 18 wherein said HLA loci are
selected from DR, DQ, and DP. '

21. The method of Claim 18 comprising the additional
gtep of dbtaining DNA from said recovered fetal
celle.

22. The method of Claim 18 comprising the additional
step of culturing said recovered fetal cells.

23. The method of Claim 18 additionally compriszing the
step of determining the alleles of said pregnant
woman for' at least two HIA loci. '

24. The ‘method of Clain 24 wherein the antigens of
gaid HLA locus are determined using sarological
metheods.’ : )

25. The method of Claim 24 wherein the antigens of
said HLA locus ara determined by using DMA
analysis methods.

26. A method for recovering fetal cells from a blood

sample of a preghant woman having different first

and second antigens expressed by a first and a

. second allele of an HLA locug, said method
% _ comprising: - |

a. combining the cells of said sample with a
firet antibody specific for said first
antigen and labeled with a firsgt fluorochreme
and with' a second antibody specific for said
gecond antigen and labeled with a second,
different €luorochrome for a period of time
sufficient for antihody binding to preduce a
sample containing labeled cells;

b. separsting double-labeled cells of said
sanple from single-labeled cells using
fluorescence~activated cell sorting to
produce separated, single~labeled cells; and

AR O ) | This s the replacement shet
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10 This'®hesteias Baén Ei:ﬂa’zbdone of said first and second cell surface
r

anti ge group antigen. 11. The nethod of any one of
claim any one of clainms 3, 6 or 7 as dependent on
claim?2 or clal 5 wherein at | east one of said first and second

cell surface antigens is an HLA group anti-gen. 12. The
met hod of any one of the preceding clains wherein said first and
said second antigens are expressed 2049 - by different alleles of the sanme
pol ynor phi ¢ genetic | ocus.

c. recovering said separated, single-labeled
_ cells. |
27. The method of Claim 26 comprising the additional
- step of obtaining DNA from gaid recovered fetal
cells. B
28. The method of Claim 26 comprising the additional
step of culturing said recovered fetal cells.

l II “ I"I" I” III “"l ' This is the replacement sheet
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13. The method of any one of clains 1 to 11 wherein said first and

said second antigens are expressed by alleles 25 ... of two different
pol ynmor phi c genetic |oci. o 49
14. The method of claim2 or any one of clains 3 to 12 as dependent
on claim2 wherein the pol ynorphic genetic | ocus is an HLA | ocus.
50
ABSTRACT

FETAL CELL RECOVERY METHOD

The present invention provides a method for selectively
recovering fetal cells from a maternal blood sample. The method
is performed on a blood sample from a pregnant woman having
different first and second cell surface antigens expressed by a
first allele of a-polymorphic genetic locus and a second allele
of a polymorphic genetic locus. The method separates maternal
and fetal cells based on. differential reactivities of the cells
to antibodies specific for polymorphic cell surface antigens,
particularly the HLA antigens. In particular, the fetal .and
maternal cells are separated based on the non-reactivity of the
fetal cells to an antibody specific for a cell surface antigen
encoded by a non-transmitted maternal allele. The method can be
performed using solid phaseaffixed antibody and recovering non-
bound cells or using fluorescent labeled antibody and recovering
unlabeled cellé by fluorescence-activated cell sorting. 1In a
preferred embodiment, the cells are also contacted with a second
antibody specific for the second cell surface antigen. Fetal
cells are separated based on their reaction with, at most, one
of the antibodies.

Ve
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5 .. 15, Thé methoed—efclaim 14 wherein said HLA locus is - selected
from A B “and 16. The nethod of claim ' §

| ocus mﬂwﬂlﬂtm&m DQ and DP. 10 - ”_JV
of any one of t rrs COWDH;%I ng.the a
2

. %
[RSURRTRR RIS |

of obtai ning DNA from sai "ams . ~recovered fetal .
The net hod of any one of the precedi ng gkai ns '
additional step. of culturing said

CLAIMS:

1. A method for recovering fetal cells fxrom a blood
sample obtained from a pregmnant individual, said blood

.5 sample comprising maternal blood ceils having a first

cell surfacé antigen encoded by a first allele of a
' polymorphic genetic locus and a second. different cell
surface antigen encodeé by a second allele of a
\_ polymorphic genetic locus, wherein said first and second
10 glleles are from different maternal haplotypes or arxe
alleles of a single polymoxphic genetic locus, said
méthod comprising:
Sa. combining ‘cells of said sample with & first antibédy
specific for said first cell surface antigen for a
‘15 period of time sufficient for antibody binding;
| b. separating cells of said sample bound to said first
antibody from ceils wbich are not bound to séid'
first antibody; and
o c. recovering first non-bound, separated cells;

20 4. if all cells of said sample are bound to said first
antibody, then combiining cells of said sample with a
second antibody specific for said second cell
_sufface antigen for a pexiod of time sufficient for
antibody binding; and (i) separating cellg of said

25 sample bound to said second antibody from cells

which are not bound to said second antibedy; and

This is the replacement sheet
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recovered fetal

; 19. The nmethod of claim2 or any one of
clains 3 to*18 ﬁm'mﬂumw UMnt on claim2 which additionally conprises
t he step © L Whe alleles of the individual from
whom said maternal bl ood sanple is derivgg, for an HLA | ocus.

(ii) recovering said second non-bound, separated

cells.
2. The method of-claim 1 wherein said blood sample is
5 of a pregnant woman.
3. The method of claim 1 or claim 2 wherein said first

antibody is labelled witkh: a fluorochrome, said second _
antibody is labelled with a second different fluorochrome
s 10 and cells bound to said first or second antibody are
separated from cells which are not bound to said first or

second antibody using fluorescence-activated cell

: sorting.

15 4. A method for recovering fetal cells from a blood - -
sample obtained from a pregnant individual, said bloogd
sample comprising materﬁal blood cells ha#ing'a first
cell surface antigen encoded by a first allele of a
polymorphic genetic locus and a second, different cell

20 surface antigen expressed by a second allele of a
polymorphic genetic locus, wherein said first and second
alleles are from differ«nt matgrnal haplotypes or are
alleles of a single polymorphic genetic locus, said
method comprising:

25 a. 'combining cells of said sample with a first antibody

specific for said first cell surface antigen and a
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47
second antibody specific for said second cell
surface antigen for.a period of time sufficient for
antibody binding;
separating cells of said sample bound to both said
first and second antibodies from cells which are not
bound to both said first and second antibodies; and
recovering said separated cells that are not bound

to both said first and second antibodies.

The method of claim 4 wherein said blood sample is

of a pregnant woman.

The method of claim 4 or claim 5 wherein said first
antibody is labelled with a fluorochrome, said

second antibody is labelled with a second different
fluorochrome and cells bound to said first or second’
antibody are separated from cells which are not
bound to said first or second antibody using

fluorescence-activated cell sorting.

The method of any one of claims 1, 2, & or 5 wherein

said antibody specific for said first cell surface

antigen is affixed to a solid phase.

8.

The method of claim 7 wherein said second antibody

is solid phase-affixed and cells bound to said solid

This is the replacement sheet
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phases by said antibody for said first cell surface

antigen or by said second antibody are separated from any

non-bound cells.

9.  The method of claim 7 or claim 8 wherein said solid

phases are magnetic beads and solid phase-affixed cells
are separated from non-bound cells using a magnet.

10. The method of any cne of the preceding claims
whexrein at least one of said first and second cell
surface antigens is a-biood group antigen.

11. The method of any one of claim 2 or claim 5 or any
one of claims 3, 6 or 7 as dependent on claim 2 or claim
5 wherein at least one of said first and second cell
suxface antigens is an HLA group antigeh.

12. The method of any une of the preceding claims
wherein said first and zaid second antigens are expressed

by different alleles of the same polymorphic genetic

locus.

13. The method of any one of claims 1 to 11 wherein said

first and said second antigens are expressed by alleles

of two different polymorphic genetic loci.
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14. The method of claim 2 or any one of claims 3 to 12

as dependent on claim 2 wherein the polymorphic genetic

locus is an HLA locus.

15. The method of claim 14 wherein said HLA locus is

selected from A, B, and C.

16. The method of claim 14 wherein said HIA locus is

selected fxom DR, DQ, ani DP.

17. The method of any on¢ »f the preceding claims

comprising the additional step of obtaining DNA from said

recovered fetal cells.

18. The method of any one of the preceding claims
comprising the additional step of culturing said

recovered fetal cells.

19. The method of claim 2 or any one of claims 3 to 18
as'depenéent on claim 2 which-additionally compriges the
step of deterxrmining the alleles of the individual from

whom said waternal blood sample is derived, for an HLA

locus.
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