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ABSTRACT

This invention relates to antibodies that specific bind to fetal
CD36+ cells in preference to binding to maternal CD36+ cells
and methods for using these antibodies to detect and separate
fetal cells from adult biological fluids including maternal
peripheral blood.
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Figure 1: Fetal Cell Antibody Production
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Figure 2: Isolation of Fetal Cells from
Maternal Blood
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ANTIBODIES AGAINST CELLS OF FETAL
ORIGIN

[0001] This application claims priority to U.S. Ser. No.
60/579,693, filed Jun. 14,2004 and U.S. Ser. No. 60/618,963,
filed Oct. 15,2004, the teachings of each of which are explic-
itly incorporated by reference herein.

FIELD OF THE INVENTION

[0002] This invention relates to antibodies that bind to fetal
CD36+ cells in preference to binding maternal CD36+ cells
and the use of these antibodies for detecting and separating
fetal cells from maternal peripheral blood.

DESCRIPTION OF RELATED ART

[0003] The presence of fetal red blood cells in maternal
blood immediately after delivery was first reported by Zipur-
sky et al. in 1959 (“Foetal erythrocytes in the maternal circu-
lation,” Lancet 1:451-52). It was subsequently demonstrated
that fetal red cells, lymphocytes and trophoblasts cells are
present in maternal blood during pregnancy. (Herzenberg et
al, 1979, Proc Natl Acad Sci USA. 76: 1453-1455; Bianchi et
al., 1990, Proc Natl Acad Sci USA. 87:3279-83) It has been
widely recognized that the presence of fetal cells in maternal
blood provides an opportunity to obtain fetal cell samples for
clinical diagnostic testing and for research purposes at mini-
mum risk to the fetus. This contrasts to currently widely used
methods of obtaining fetal cell samples such as chorionic
villus sampling (CVS), amniocentesis, or periumbilical
blood sampling (PUBS). While effective and widely used,
these methods are directly invasive to the fetus and can
increase risk of fetal morbidity or mortality, including mis-
carriage. The usefulness of obtaining fetal cells from mater-
nal blood is, however, limited by the low numbers of fetal
cells that are present in the peripheral blood of the mother.
The reported ratios of fetal to maternal erythroid cells are
generally in the range of 1:4,000 to 1:80,000. The corre-
sponding reported ratios for lymphocytes are considerably
more variable, ranging from 1:100 to 1:300,000 depending
upon multiple factors including the specific analytical
method used and the gestational age of the fetus.

[0004] Numerous methods for recovering fetal cells from
maternal blood have been proposed. One group of such meth-
ods, exemplified by U.S. Pat. No. 5,641,628 and incorporated
herein by reference, proposes using fetal cell-specific mono-
clonal antibodies, particularly anti-CD71 (transferrin recep-
tor) to bind to fetal erythroid cells. Others have employed
antibodies specific for cell surface antigens such as CD34 and
glycophorin A for similar purposes. Certain commonly prac-
ticed embodiments of this approach employ antibodies that
have been conjugated to a detectable moiety such as a fluo-
rophore. Conjugated antibody binding to a fetal cell permits
these cells to be detected in the presence of other cells that do
not display the cognate antigen. This detection is sometimes
used in conjunction with fluorescence activated cell sorting
(FACS) instrumentation to permit labeled fetal cells to be
separated from the commingled unlabeled maternal cells. In
other common embodiments of this approach, fetal cell-spe-
cific antibodies are attached to a solid surface or magnetic
microparticle and use the immobilized antibody to capture
fetal cells. Antibody binding to the target fetal cells attaches
them to a supporting surface, microparticle, microporous fil-
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ter, porous insoluble matrix or other such entity while the
maternal cells are not bound and will, therefore, remain in the
liquid phase. The supporting entity with bound fetal cells can
then be readily separated from the maternal cell-containing
liquid phase. Both classes of fetal cell-separating methods are
based upon and utilize accepted methods and materials that
are well established in the art for this and other related pur-
poses. These approaches are limited by the aforementioned
rarity of fetal cells in maternal blood, as well as the develop-
mental biology of hematopoietic and fetal stem cells.

[0005] Detecting fetal cells in maternal blood using the
methods described above is an exercise in “rare event” detec-
tion. Performance of these direct immunological methods is
difficult to accurately assess from most published data
because, inter alia, typical metrics are reported as the “yield of
pure product” or “sensitivity” and “specificity”; or the data to
compute such metrics are frequently not reported at all. It is
more common for labeled or, if appropriate, recovered cell
counts to be reported without further determination or report-
ing of either false negatives or false positives contained
therein. Crude estimates of performance, however, can be
derived based upon the total cell count in the saniple and an
estimated frequency of occurrence of the cell type(s) of inter-
est in the sample. By way of example, assuming that it is
reported that a sample contains 1x10” total cells and that the
frequency of occurrence of the target cells in the sample is
1:25,000 (both values being realistic for experiments in
which fetal erythroid cells are labeled in or recovered from
maternal blood), it can reasonably be anticipated that there
will be approximately 40 fetal cells in the sample. If the
reported number of cells that are labeled or recovered using
the method being described is substantially less than this
anticipated value, the sensitivity of the method, i.e., the ratio
or percentage of the fetal cells actually present in a sample
that are detected by the method, can be considered low. Con-
versely, if the reported number of cells that are labeled or
recovered using the described method is substantially greater
than this anticipated value, the specificity of the method, i.e.,
the ratio or percentage of the cells detected by the method that
are actually fetal cells, is low. Applying this type of meta-
analysis to published experimental results for the labeling or
recovery of erythroid fetal cells from maternal blood often
vyields an imputed value of sensitivity or specificity (as appro-
priate) of less than 25% and occasionally less than 10%.

[0006] These imputed sensitivities and specificities for
direct immunological labeling or capture of fetal cells can be
putinto perspective by considering the results reported for the
closely analogous application of immunochemical screening
of cervical cytology specimens for the presence of dysplastic
and cancerous cells. Like fetal cell detection, cervical cytol-
ogy screening is an exercise in rare event detection in which
the frequency of occurrence of cells of interest is often in the
1:10,000 to 1:50,000 range. Similarly, some of the same
antibodies, most notably an antibody specific for CD71, are
used in some implementations of both applications. The
methods employed in performing the labeling of the sample,
for capturing the data; and interpreting these results is like-
wise very similar. Sensitivities and specificities are, however,
routinely reported for the cervical cytology results typically
fall within the 85% to 95% range. This comparison strongly
suggests that both the sensitivity and specificity of methods
for direct immunological labeling or capture of fetal cells in
or from a sample of maternal blood is inadequate.
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[0007] Numerous attempts have been made to improve the
sensitivity and specificity of fetal cell labeling and/or recov-
ery from maternal blood. These improvements have taken the
form of enriching the specimen in fetal cells prior to perform-
ing the final labeling or capture steps. Virtually all practitio-
ners of this art, for example, sediment the maternal blood
sample through a Ficoll or similar density gradient before
performing any operations that are fetal cell-specific. This
sedimentation process permits a maternal blood specimen to
be separated into three major fractions: erythrocytes, mono-
nuclear cells and platelets. The erythrocyte and platelet frac-
tions together account for the vast majority ofthe cells present
in the original sample, while the mononuclear fraction con-
tains the fetal cells of interest. Removing the bulk of the
potentially interfering cells from the sample non-specifically
enriches for target fetal cells and improves the likelihood that
these cells will be labeled or captured. However, most current
separation methods, including the ones discussed in the pre-
ceding paragraph, employ such enrichment methods, indicat-
ing that enrichment is not sufficient to remedy the deficiencies
in specificity and sensitivity known in these prior art methods.

[0008] Consequently, the mononuclear fraction has been
further enriched by some workers. One commonly-employed
method (see, for example, U.S. Pat. No. 5,641,628) selec-
tively isolates cells from the monocyte fraction that display
cell surface antigens associated with fetal cells. Conversely,
cells that do not display fetal cell-associated antigens can be
removed (subtracted) from the mixture (this is illustrated in
U.S. Pat. No. 5,877,299). Such selective isolation of fetal
cells typically uses antibodies specific for early stage fetal
cell markers such as CD34 and/or CD133, used either alone
or in combination. The subtractive approach typically uses
“cocktails” containing multiple antibodies, each of which is
specific for a particular type of cell to be removed from the
mixture. The mechanics of such separations are generally as
described above and are based upon established methods such
as FACS, magnetic separation, affinity chromatography or
cell panning.

[0009] The primary limitation on the efficacy of this
approach is a consequence of the process of cell development.
All cells derive from pluripotent stem cells that have the
potential to differentiate to form virtually any cell that is
found in an organism. Pluripotent stem cells are the predomi-
nant cell type in very early stage embryos, but decline rapidly
in number to the point of undetectability as the embryo devel-
ops. During development the ability of these pluripotent stem
cells to differentiate is progressively reduced as these cells
become committed to the formation of specific organs and
tissues. The initial restriction on differentiation results in the
formation of classes of multi-potent stem cells, each class
being capable of giving rise to all cell types within a particular
broad range. Hematopoietic stem cells, for example, can give
rise to any of the blood cell types. These stem cells have
considerable proliferative potential and exhibit the properties
of self-renewal, engraftment and, when appropriately stimu-
lated, differentiation into “progenitor” stem cells. These pro-
genitor cells retain the proliferative and engraftment capaci-
ties of the parent multipotent stem cells, but are restricted to
differentiation into cells of a specific hematopoietic lineage.
Whereas, for example, hematopoietic stem cells can give rise
to cells of the erythroid, myeloid, megakaryocytic, lymphoid,
and, possibly, veto lineages of blood cells, a progenitor cell
derived from a hematopoietic stem cell is committed to dif-
ferentiating into the cells of just one of these lineages (i.e.,
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erythroid, myeloid, megakaryocytic, etc.). Like pluripotent
and multi-potent stem cells, progenitor cells are not distin-
guishable on the basis of morphology, but rather are recog-
nized by their progeny. When suitably stimulated, these pro-
genitor cells undergo additional rounds of differentiation
leading to the penultimate differentiated cell within the par-
ticular progression. Within the erythroid lineage, for
example, an early stage of differentiation presents as a “burst
forming unit-erythroid” (BFU-E) and later presents as a
“colony forming unit-erythroid” (CFU-E) before progressing
to the morphologically identifiable erythroblast “precursor”
cells. These precursor cells further progressively differentiate
through the proerythroblast, basophilic, polychromatophilic,
and orthochromatic erythroblasts stages before enucleating to
become reticulocytes and ultimately erythrocytes.

[0010] This progression of changes resulting from differ-
entiation is reflected in changes in the cell surface antigens
that are presented by the cell. Within the erythroid progres-
sion, for example, hematopoietic stem cells and BFU-E cells
express CD34 and 17F11 (c-kit) while CD33 is expressed
during the BFU-E stage, but none of these antigens are
expressed during the CFU-E or later stages. CD71 (transfer-
rin receptor, TFR) appears in the late BFU-E or early CFU-E
stage and persists through the reticulocyte stage, while CD36
(thrombospondin receptor, TSPR) appears late in the CFU-E
stage and persists even in some mature erythrocytes. Glyco-
phorin A and the Blood Group A antigen appear at the eryth-
roblast stage and persist into mature erythrocytes. Other anti-
gens show similar changes in expression as a function of the
stage of differentiation.

[0011] This variability in expression is one limitation on
using these antigens for separating fetal cells from non-fetal
cells. Using CD34, for example, identifies cells at the hemato-
poietic stem cell and BFU-E stages, but does not identify any
of the later progeny. Conversely, CD71 does not identify cells
at the hematopoietic stem cell and BFU-E stages, but does
identify later stage cells. Thus a combination of CD34 and
CD71 antibodies would need to be employed in order to
ensure that all of the cells of interest are labeled and/or cap-
tured in order to avoid a significant loss in sensitivity. A
similar situation applies to “subtractive” methods of sample
enrichment because they require antibodies that bind to all of
the undesired cell types in all of their developmental stages
without binding to fetal cells.

[0012] A further limitation on existing methods of fetal cell
separation is that many of these antigens appear on multiple,
often unrelated cell types. CD71, for example, is intimately
involved in iron metabolism and is therefore expressed by
virtually all actively respiring mammalian cells. Similarly,
CD36 is involved in cell adhesion and certain regulatory
functions and is expressed by a variety of blood and other cell
types. This expression of antigens across broad ranges of cell
types impairs the specificity of methods dependent on these
antigens. In addition, expression of certain of these cell sur-
face markers is dependent not only on cell type and develop-
mental stage but on a variety of other, environmental factors
that reduce the usefulness of these antigens as differentiation
markers. CD71, for example, is under tight transcriptional,
translational and post-translational regulation. Expression of
CD71 is controlled not only by the stage of development of
the cell, but also by numerous environmental factors. This
environmental sensitivity can reduce the method’s, sensitiv-
ity, specificity or both. Finally, fetal and maternal blood cells
of the same type and development stage express essentially



US 2012/0045763 A1l

the same antigens, making it difficult to distinguish the origin
of any particular cell. Under certain circumstances, this type
of limitation can be overcome: fetal erythroblasts express
fetal hemoglobin while the maternal erythroblasts express the
adult form, for example, and the paternal Y chromosome can
be detected in cells from male fetuses.

[0013] In light of these limitations, other methods have
been developed for selectively enriching the fetal cell com-
ponent of maternal blood samples. One approach, disclosed
in U.S. Pat. No. 5,580,724, uses the higher proliferative capa-
bility of fetal cells compared with maternal cells of the same
cell type. In this method, CD34* cells are collected from the
maternal blood sample in accordance with one of the methods
outlined above and then expanded in cell culture in the pres-
ence of the appropriate cytokines and other factors. As fetal
CD34* cells have a higher proliferative capability than do
maternal CD34* cells, expansion through multiple cycles of
cell division progressively increases the proportion of early
stage fetal cells in the culture. As the combination of cytok-
ines and other factors used to promote this selective expan-
sion are largely specific for the promotion of proliferation but
not differentiation of CD34* cells, the population of later
stage fetal cells is not expanded to a similar degree.

[0014] U.S. Pat. No. 5,843,633 discloses yet another
approach, in which intact fetal cells or stem cells are used as
immunogens for preparing monoclonal antibodies. This
method results in a complex mixture of hybridomas each of
which expresses an antibody thatis directed against one of the
panoply of antigenic epitopes that are displayed by fetal or
stem cells. These hybridomas are typically purified into
clones each expressing a single antibody that is then individu-
ally screened against panels of fetal and other cell types to
determine which, if any, of these antibodies exhibits useful
levels of specificity for fetal cells. In order to adequately
assess antibody specificity, the screening panels must include
pure specimens of the target fetal or stem cell type(s) as well
as specimens of all of contaminating cell types that may be
present in a clinical sample. Hybridomas of sufficient speci-
fication are then expanded to produce larger quantities of the
selected antibody. While such methods have the potential to
have sufficient specificity, they are limited by the exhaustive
screening that is required in order to identify antibodies
exhibiting adequate specificity for fetal or stem cells.

[0015] Additional fetal cell-specific antigens have been
discovered by comparing proteins or genes expressed by fetal
cells proteins or genes expressed by maternal cells to identify
those proteins or genes that are strongly expressed in fetal
cells, but not in maternal cells. The quality of the comparisons
obtained by this method is sensitive to the purities of the
maternal and fetal cells used as specimens and to the stringent
procedural control required in order to obtain reproducible
results. These experiments have been performed using vari-
ous microarrays having signal-to-noise ratios sufficiently low
that significant numbers of replicates must be run in order to
obtain useful results. The genetic diversity of each sample and
the “coverage” of the array in terms of the percentage of the
total possible number of targets actually represented in the
array are also significant considerations. A particular limita-
tion is that the maternal and fetal cells of interest for the
present purpose are primarily stem cells and cells at the BFU
and CFU stages of differentiation. These cells are not recog-
nizable by morphological criteria, but rather are recognized
only through their progeny. This introduces significant uncer-
tainty as to the identities of the cells used in this procedure. In
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any case, once the antigen(s) that is/are uniquely expressed by
fetal cells is/are identified, the corresponding proteins can be
obtained and antibodies raised against these proteins in accor-
dance with standard methods.

[0016] There thus remains inthe art a need for more specific
and sensitive methods for identifying markers that can distin-
guish fetal cells from maternal cells, markers useful in such
methods, and reagents particularly antibodies for detecting
such markers.

SUMMARY OF THE INVENTION

[0017] The present invention provides antibodies that pref-
erentially bind to fetal cells rather than maternal cells, meth-
ods for preparing such antibodies and methods for using these
antibodies to detect and separate fetal cells from other cell
types. A particular and advantageous application of the meth-
ods and antibodies of this invention is to specifically label
fetal cells and separate such cells from other cell types, par-
ticularly maternal cells. Fetal cells isolated using the inven-
tive antibodies and methods are useful for fetal genetic analy-
sis for detecting or diagnosing disease states or for
determining fetal gender, and may find further utility in cell-
based therapies.

[0018] The present invention advantageously differs from
existing methods for

labeling or capturing fetal cells from maternal blood because,
inter alia, it forces fetal cells present in a sample into a
pre-defined state prior to labeling or capture, thus allowing
the entire population of fetal cells that is present to be labeled
or captured by the antibodies of the invention. By way of
example, antibodies against cell surface-specific antigens
CD34 and CD133 that are widely used separately or in com-
bination predominantly label or capture erythroid fetal cells
that are at the CFU-E or earlier stage of differentiation, but do
not label or capture erythroid fetal cells at later stages of
differentiation. This reduces the yield of fetal cells that can be
obtained from a maternal peripheral blood sample. Further-
more, this yield depends upon the degree of differentiation
that has happened to occur in the fetal cells in the sample.
Forcing all of the fetal cells into a pre-defined state and
employing antibodies that are specific for unique antigens
that are expressed by fetal cells in this state permits a higher
percentage of the fetal cells in a sample to be labeled or
captured in a consistent mannet.

[0019] The methods of the invention are also advantageous
because they permit fetal cell samples to be obtained using
minimally invasive methods without posing risks to the fetus.
[0020] Specific preferred embodiments of the invention
will become evident from the following more detailed
description of certain preferred embodiments and the claims.

BRIEF DESCRIPTION OF THE FIGURES

[0021] FIG. 1 shows a schematic flow chart for the prepa-
ration of fetal cell specific antibodies

[0022] FIG. 2 shows a schematic flow chart for the use of
fetal cell antibodies in the separation of fetal cells from mater-
nal peripheral blood.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Antibodies provided according to this invention
were prepared against peptide antigens that were chosen
based upon a systematic investigation of differences in gene
expression between fetal and maternal cells when said cells
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are forced into a pre-defined state. The samples employed in
these investigations consisted of separate pools of CD34*
cells (hematopoietic stem cells and erythroid progenitor
cells) of fetal and maternal origin. These pools of cells were
separately expanded in the presence of the appropriate cytok-
ines and other factors to increase the numbers of CD34" cells
present in the pools. These expanded pools of CD34* cells
were then separately expanded in the presence of certain
cytokines and other factors that promote the differentiation of
the CD34* cells to form cells that express CD36, but not
CD34.

[0024] The total RNA from these pools of fetal and mobi-
lized adult CD36" cells origin was then separately extracted
and transcribed into the corresponding cDNA preparations
that were, in turn, hybridized to “expression” or “EST”
microarrays from which the genes or ESTs that are uniquely
expressed by CD36" cells of fetal origin can be determined.
The amino acid sequences of the proteins that were encoded
by these uniquely expressed fetal genes were then determined
and evaluated to identify shorter sequences of amino acid
residues (typically 10-30 residues) that are unique to the fetal
proteins and were not found in any of the gene products
(proteins) expressed by CD36+ cells of maternal origin under
the same conditions. These unique fetal peptides were syn-
thesized; conjugated (if necessary or advantageous for anti-
genicity) to a carrier such as Keyhole Limpet Hemocyanin;
and used as immunogens for preparing monoclonal or poly-
clonal antibodies that bind specifically to these unique fetal
peptides. These fetal-specific antibodies were then conju-
gated to a detectable label such as a fluorophore or immobi-
lized on an insoluble support such as a magnetic micropat-
ticle, depending upon whether the antibody is to be used for
labeling fetal cells or capturing fetal cells from maternal
peripheral blood samples.

[0025] The antibodies of the present invention can be used
to recover erythroid cells of fetal origin from samples of
maternal peripheral blood, and thus the invention provides
methods therefor. In these methods of the invention, the
CD34* cell fraction is isolated from maternal peripheral
blood in accordance with conventional blood cell separation
methods and expanded in the presence of the appropriate
cytokines and other factors to force differentiation of the
CD34* cells into cells that express CD36 rather than CD34. If
the resulting CD36+ cells are to be identified in the sample,
for example, by fluorescence microscopy or are to be sepa-
rated from the sample, for example, by fluorescence-activated
cell sorting (FACS), the sample is treated with one or more of
the antibodies of this invention that have been conjugated to a
detectable label such as a fluorophore. Ifthe resulting CD36+
cells are to be directly captured from the sample, for example,
by magnetic separation, cell panning or affinity chromatog-
raphy, the sample is treated with one or more of the antibodies
of this invention that have been immobilized on an insoluble
support ofa type that is appropriate to the intended separation
method.

[0026] Cells that have been labeled as set forth in the pre-
ceding paragraph can be evaluated microscopically or further
analyzed for fetal gender, genetic abnormalities and disease
states by in-situ methods such as fluorescence in-situ hybrid-
ization (FISH) or reacted with other antibodies or probes and
analyzed by flow cytometry. Cells that have been captured in
accordance with the methods of the preceding paragraph can
be further analyzed for fetal gender, genetic abnormalities
and disease states by methods such as FISH, polymerase
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chain reaction (PCR), karyotyping, or similar methods or
they can be used for research or possibly therapeutic pur-
poses.

[0027] As disclosed herein, the inventive methods provide
for isolation of fetal cells from a variety of biological fluids,
including but not limited to peripheral blood, plasma or serum
thereof, and saliva.

[0028] The present invention provides minimally invasive
methods for detecting and capturing cells of fetal origin from
maternal peripheral blood. Due to the rarity of fetal cells in an
adult biological fluid such as maternal blood, the methods of
this invention include the step of removing more numerous
maternal cells from a biological fluid, for example maternal
erythrocytes and platelets from a maternal blood specimen,
using well-established techniques for sedimenting the speci-
men through a step-format density gradient using Ficoll or an
equivalent material as the denser medium. This process
results in the erythrocytes being pelleted at the bottom of a
centrifuge tube while the platelets remain in the supernatant
fluid. The mono-nucleated cells, including the fetal cells of
interest, are concentrated at the boundary between the more
and less dense media forming the gradient and can be recov-
ered in relatively pure form.

[0029] Using amaternal blood sample, the mono-nucleated
cell fraction obtained by density gradient sedimentation con-
sists of a mixture of small numbers of cells of fetal origin and
maternally derived hematopoietic stem cells, progenitor cells
and precursor cells commingled with a large number of
mature adult cells. The fetal cells and immature cells of
maternal origin can be differentiated from the mature adult
cells on the basis of the cell surface antigens (markers) that
are displayed by the cells. In particular, existing methods rely
on antibodies that specifically bind to the CD34, CD133
and/or similar antigens expressed by immature cells to permit
the immature cells of fetal and maternal origin to be separated
from the mature cells of maternal origin. Although the CD34,
CD133 and similar antigens are not strictly unique to imma-
ture blood cells, the other cell types that are known to express
these antigens, including small vessel endothelial cells,
embryonic fibroblasts, developing epithelial cells and certain
types of nerve cells, are unlikely to be present in significant
numbers in a properly drawn specimen of maternal blood.
[0030] Two general methods are routinely employed for the
initial separation of immature blood cells of fetal and mater-
nal origin (hereafter called CD34" cells) from mature blood
cells. One of these methods, fluorescence activated cell sort-
ing (FACS), relies upon selective detection of the immature
cells of interest by “labeling” these cells using antibodies that
have been conjugated to a fluorescent reporter moiety and that
specifically bind to antigens such as CD34 that are expressed
by the immature cells. In this method, the mono-nucleated
cell fraction obtained by density gradient sedimentation is
treated with one or more appropriate fluorescently conjugated
antibodies and processed by FACS, which individually exam-
ines and classifies each cell based upon fluorescence inten-
sity, forward scatter and side scatter. FACS diverts individual
cells that meet pre-determined fluorescent intensity, forward
scatter and side scatter criteria (specific for immature cells)
into a collection vessel. The cells collected in this vessel are
presumptively the desired immature cells of fetal and mater-
nal origin.

[0031] Alternative methods can be used for this initial sepa-
ration of immature blood cells of fetal and maternal origin
from mature blood cells. These include methods using anti-
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gen-specific antibodies to specifically immobilize cells of
interest onto an insoluble support that can readily be sepa-
rated from the mixture being resolved. Numerous variations
of this approach can be practiced in the collection of fetal cells
from maternal blood. For example, antibodies specific for
CD34, CD133 or similar markers of immature cells are
immobilized on the surfaces of magnetic microparticles.
When combined with the mono-nucleated cell fraction
obtained by density gradient sedimentation, these antibodies
bind to their corresponding antigens thereby capturing the
cells that display these antigens on the surfaces of the mag-
netic microparticles. Application of a strong magnetic field
causes these magnetic microparticles with captured cells to
be held against the sides of the column or container in which
this process is being performed, thus allowing the cells that do
not display these antigens and, therefore, are not bound to
magnetic microparticles, to be eluted. The microparticle-
bound cells can then be released from the microparticles and
collected as a fraction that is substantially enriched in the cells
of interest. Another example of these methods selectively
depletes the sample of mature cells in an initial separation and
subsequently captures the immature cells as described. This
initial depletion of mature cells, which is sometimes referred
to as “negative selection”, is generally regarded as improving
the captureefficacy in the second step. The capture antibodies
employed for depleting mature cells are specific for antigens
that are specifically expressed by mature cells and are often
used as “cocktails” containing multiple antibodies, each of
which is specific for a different mature cell marker.

[0032] Thecell fractions obtained using antibodies specific
for CD34 and/or other antigens expressed by immature cells
consist of mixtures containing predominantly immature cells
of both fetal and maternal origin. Such mixtures are the end
products of many of the methods that have been published
and/or patented for the recovery of fetal cells from maternal
blood. These mixtures have limited utility for diagnostic
applications, such as in those cases where the fetus is male
and the fetal cells in the mixture can be identified by detection
of the presence of a Y-chromosome, and in some therapeutic
applications where the substantial engraftment and prolifera-
tive capabilities of CD34™* cells are beneficial. Other applica-
tions, however, require that the sample be further enriched in
cells of fetal origin relative to those of maternal origin.

[0033] It has been demonstrated that the proliferative
capacity of CD34* cells of fetal origin are substantially
greater than those of CD34* cells of maternal origin. This
difference in proliferative capacity can be employed to dif-
ferentially enrich the fetal component of these samples by
expanding the cells of the sample in the presence of cytokines
and other factors that promote the proliferation of CD34*
cells. Under such conditions, the percentage of CD34~ cells
of fetal origin in the sample is increased in each cell division
cycle thus enriching the sample in CD34* cells of fetal origin.

[0034] These fetal cell-enriched cell populations are inad-
equate for many diagnostic procedures, which are best per-
formed using samples consisting almost entirely of cells of
fetal origin. Attempts to achieve this end have largely focused
upon identifying antigens that differentiate between fetal and
maternal CD34+ cells, preparing antibodies that specifically
bind to these antigens; and using these antibodies in separa-
tion procedures as described above. These antigens have been
identified and/or antibodies against unidentified fetal cell-
specific antigens prepared using empirical methods. For
example, antibodies specific for known cellular antigens are
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screened against panels of nominally pure fetal and maternal
cells, often prepared in accordance with the methods
described above, to identify those antibodies that apparently
preferentially bind to fetal cells. Alternatively, a host animal
such as a mouse can be immunized with nominally purified
fetal cells as an immunogen, and hybridomas prepared from
the resulting immune cells. These hybridomas are the sub-
cloned to homogeneity, for example, by limiting dilution and
screening the antibodies produced by these hybridomas
against panels of nominally purified fetal and maternal cells
prepared as previously described. These methods can in
theory produce antibodies useful for specific detection and/or
capture of fetal cells from maternal blood. However, the func-
tional quality of these antibodies is critically dependent upon
the purity and homogeneity of the immunogen used to pro-
duce them, the comprehensiveness of the fetal and maternal
cell panels employed for antibody screening, and the purity
and homogeneity of the members of these panels, defects in
any of which can limit the usefulness of these antibodies. This
is a particular problem with regard to the fetal and maternal
cells used to produce these antibodies, which are enriched for
fetal cells but are not pure preparations thereof. Furthermore,
even if the cells used are purely of fetal or maternal origin,
these preparations consist of mixtures of cells at different
stages of differentiation that display differing constellations
of antigens. Thus antibodies prepared according to these
methods will, at best, recognize only a subset of the fetal cells
that are present in a sample.

[0035] These limitations in the art for preparing fetal cell-
specific antibodies is addressed by the present invention.
Rather than using antibodies to cross-specific cell surface
markers, antigen discovery was performed using pooled
CD34* cells prepared as described above. Two separate cell
pools were prepared, one from maternal peripheral blood
from a non-pregnant donor and the other from fetal liver. The
first pool thus consisted of CD34™ cells solely of maternal
origin while the second consisted of CD34* cells solely of
fetal origin. Each pool of cells was then separately expanded
in the presence of cytokines and other factors that promoted
proliferation but not differentiation of CD34" cells. After
optional repurification of these expanded pools, they were
expanded a second time in the presence of cytokines and other
factors that promoted the differentiation of CD34+ cells to a
stage that expresses CD36 antigen but not CD34 antigen and
promoted proliferation of CD36* cells. In addition to increas-
ing the numbers of cells available, this forced shift in cell
phenotype reduced the percentage of the pools that consisted
of cells that could not differentiate to a CD36-expressing state
and collapsed the multiple CD34+ phenotypes that can so
differentiate into a smaller number of phenotypes that
expressed consistent levels of CD36. Positive or negative
selection can be used to further purify these CD36" pools if
desired. This process yielded defined pure preparations of
cells of maternal and fetal origin.

[0036] The proteins expressed by these viable, purified
adult and fetal cell preparations were determined by extract-
ing the total RNA from the cells of each preparation; synthe-
sizing the corresponding labeled cDNA mixtures from this
RNA; hybridizing these cDNA mixtures to separate, but iden-
tical “gene array” chips; and determining the amount of
c¢DNA binding to each of the probes in the gene arrays in
accordance with standard procedures known to those skilled
in the art. These data were then evaluated to identify those
genes that were strongly expressed by CD36* fetal cells, but
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not significantly expressed by CD36* maternal cells. A deci-
sion threshold (Wilcoxon Signed Rank Test p-value of>0.99,
more preferably >0.999, even more preferably >0.9999) was
typically employed in making these determinations (as dis-
closed in “Genechip Expression Analysis Technical Manual,
PN701024 Rev 3, 2004, Affymetrix Santa Clara Calif.).
[0037] The amino acid sequence of the protein product of
each gene determined to be uniquely expressed by CD36*
cells of fetal origin, and the amino acid sequences of all
proteins significantly expressed by maternal CD36* cells
were determined, typically by reference to standard databases
of such information such as Gene Bank and SwissProt. The
amino acid sequences of these proteins were then searched to
identify amino acid sub-sequences, typically of between 10
and 30 amino acid residues in length, that appeared in pro-
teins of fetal origin but not in proteins of maternal origin. The
peptides identified in this manner were taken to be unique
markers for CD36* fetal cells. These unique peptides were
chemically synthesized and antibodies raised against these
peptides in accordance with conventional techniques. In
some cases it was desirable to modify the peptide through the
addition of a N-terminal cysteine residue or a C-terminal
cysteinyl-alanine dipeptide in order to facilitate preparation
of the corresponding immunogen. The resulting antibodies
were screened against purified CD36" cells of fetal and
maternal origins to verify their specificity for binding to fetal
cells. These antibodies were conjugated to fluorophores for
use in FACS analysis and/or separation, or conjugated to
magnetic microparticles for use in the magnetic recovery of
fetal cells as needed. This procedure identified both extracel-
lular and intracellular protein antigens that are unique to
CD36* fetal cells. Antibodies against the extracellular anti-
gens can be used to capture CD36" fetal cells; in FACS
methods where it is desirable to detect and/or collect viable
CD36" fetal cells; and in microscopic methods where it is
desirable to detect and/or collect CD36™ fetal cells indepen-
dent of viability. Intracellular antigens, on the other hand, are
useful for detecting and/or collecting CD36* fetal cells using
FACS methods where cell viability is not a concern and in
microscopic methods where it is desirable to detect CD36*
fetal cells.

[0038] As provided herein, the antibodies of the invention
specifically bind to epitopes comprising peptide fragments of
cell surface proteins expressed by fetal cells. Preferably, the
epitopes comprising these peptides are available for immu-
nological binding by the antibodies of the invention on the
cell surface, most preferably the exterior cell surface, of fetal
cells. Preferably, the antibodies are capable of immunologi-
cally specific binding to cell surface antigens on fetal cells
preferentially to binding on maternal cells, due inter alfa to
greater expression of the antigen on the fetal cell surface;
better conformational arrangement of the antigenic protein on
the fetal cell surface; or presence on the fetal cell surface and
absence on the maternal cell surface.

[0039] As used herein, the term “preferentially bind” or
“preferential binding” will be understood to mean that the
antibodies and fragments thereof provided by the invention,
as well as mixtures of such antibodies or antibody fragments,
bind to fetal cells with an affinity or avidity that is about 5 to
about 200-fold, more preferably 10- to 100-fold, and even
more preferably 20- to 50-fold higher than said antibodies
and fragments thereof bind to maternal cells.

[0040] It will be further understood by those with skill in
the art that the antibodies and fragments thereof provided by
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the invention include antisera, purified polyclonal antibodies
and fragments thereof, as well as mixtures thereof, provided
alone or in combination, and further can comprise antibodies
or antisera raised by conventional methods using purified
fetal cells, and more preferably antigenic peptides obtained
from said cells, and even more preferably peptide antigens
produced by in vitro chemical or other synthetic routes and
used as an immungen according to conventional methods. In
particular, the invention also comprises monoclonal antibod-
ies and fragments thereof, and more particularly combina-
tions of a plurality of said monoclonal antibodies. Said anti-
bodies can be produced according to the methods set forth
herein, or antibodies raised by any method to be immunologi-
cally reactive with an antigen expressed preferentially on a
fetal cell.

[0041] These antibodies can be advantageously employed
for recovering hematopoietic cells of fetal origin from mater-
nal peripheral blood. These embodiments of the inventive
methods are practiced by obtaining a sample of peripheral
blood from a pregnant mother; isolating the mononuclear cell
fraction from this blood sample; collecting the CD34* sub-
fraction of these mononuclear cells; optionally expanding
these CD34* cells; expanding these cells in the presence of
cytokines that promote the differentiation of these cells to a
CD34-/CD36+ phenotype; and capturing or labeling the
CD36+ cells of fetal origin that are present in this sample
through the use of one or more of the antibodies of this
invention.

[0042] The invention thus provides antibodies, preferably
monoclonal antibodies, that are specific for CD36+ cells of
human fetal origin. The present invention also encompasses
antibody fragments, including but not limited to F(ab) and
F(ab)', fragments, of such antibodies. Antibody fragments are
produced by any number of methods, including but not lim-
ited to proteolytic or chemical cleavage, chemical synthesis
or preparation of such fragments by means of genetic engi-
neering technology. The present invention also encompasses
single-chain antibodies that are immunologically reactive
with an epitope specific for a cell of fetal cell origin, made by
methods known to those of skill in the art.

[0043] The following detailed examples are included to
demonstrate preferred embodiments of the invention. It
should be appreciated by those of skill in the art that the
techniques disclosed in therein represent techniques that
function well in the practice of the invention, and thus can be
considered to constitute preferred modes for its practice.
However, those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made in
various embodiments disclosed and still obtain a like or simi-
lar result without departing from the spirit and scope of the
invention.

Example 1
Preparation of Fetal Liver Cells

[0044] Fetal liver cells were obtained from Cambrex Bio
Science, Walkersville, Md.). Alternatively, such cells can be
isolated from fetal livers (FL, gestational ages 15-22 weeks)
from 5 different donors as follows.

[0045] Fetal livers from five donors are homogenized and
passed through a wire mesh in the presence of a DPBS/0.2%
BSA solution, where DPBS has a formula of Ca™/Mg**-free
Dulbecco’s phosphate-buffered saline (Biowhittaker, Walk-
ersville, Md.); BSA is bovine serum albumin (Sigma St.
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Louis, Mo.), containing 50 pg/ml gentamicin sulfate (Life
Technologies, Grand Island N.Y.). CD34" cells can be iso-
lated from this homogenate according to either the MACS or
FACS method described in Example 3. Alternatively, this
homogenate may be further purified according to the follow-
ing protocol prior to CD34* cell isolation according to either
the MACS or FACS method described in Example 3

[0046] Mature erythroid cells and other Lineage positive
cells are removed from the homogenate by immunomagnetic
bead depletion. Briefly, the homogenate is incubated with
saturating amounts of glycophorin A (GPA) mAb (American
Type Culture Collection, Rockville, Md.); the cells washed
twice by suspension/sedimentation in DPBS/BSA, incubated
for 15 minutes with BioMag goat-mouse IgG magnetic par-
ticles (Perseptive Biosystems, Framingham, Mass.); and the
magnetic particle-bound GPA* FL cells are captured by mag-
netic gradient separation in either a column or batch format.
The GPA™ FL cells, which are not bound by the magnetic
microparticles, are separated from the captured cells by elu-
tion with DPBS/BSA (column) or by decantation (batch) and
subjected to step density gradient separation by centrifuga-
tion for 25 minutes at 800 g (room temperature) using 1.077
g/ml Nycoprep (Life Technologies, Grand Island, N.Y.) as the
dense phase. The resulting light density fetal liver (LDFL)
cells are collected from the gradient interface; washed with
DPBS/BSA and resuspended in 2 ml of 10 pg mouse IgG1
and IgG2a (Sigma) in DPBS/BSA to block non-specific bind-
ing of monoclonal antibodies used for further cell capture.
The resulting GPA-LDFL. cell suspension is incubated for 30
minutes at 4° C. with the following FITC-conjugated anti-
bodies: anti-CD3, anti-CD4, anti-CDS8, anti-CD11b, anti-
CD14, anti-CD16 anti-CD19, anti-CD20, anti-CD36, anti-
CD34 (comprising the Lineage panel). After washing, the
labeled cells are subjected to negative selection using mag-
netic beads coated with sheep-anti-mouse IgG (Dynal, Oslo
Norway) in the manner described above to yield GPA™Lin™
LDFL cells. CD34™ cells are then isolated from the resulting
GPALin™ LDFL cells using the either the MACS or FACS
protocol described in Example 3 below.

Example 2
Preparation of Mobilized Peripheral Blood Cells

[0047] Mobilized peripheral blood cells were obtained
from Cambrex. Such cells can also be obtained as follows.

[0048] G-CSF (granulocyte colony stimulating factor)
mobilized peripheral blood (MPB) mononuclear cells are
obtained by leukapherisis from ten different normal adult
donors and isolated according to standard protocols known to
those of ordinary skill in the art. CD34" cells can be isolated
from this MPB blood fraction according to either the MACS
or FACS method described in Example 3. Alternatively, this
MPB blood fraction can be further purified according to the
following protocol prior to CD34" cell isolation according to
either the MACS or FACS method described in Example 3.

[0049] The mononuclear cell fraction is depleted of mature
erythroid cells and other Lineage positive cells by immuno-
magnetic bead depletion as described in Example 1. Briefly,
mature erythroid cells and other Lineage positive cells are
removed from the MPB blood fraction by incubating the cells
with saturating amounts of glycophorin A (GPA) mAb; wash-
ing twice by suspension/sedimentation in DPBS/BSA; incu-
bation for 15 minutes with BioMag goat-mouse IgG magnetic
particles (Perseptive Biosystems); and separating the mag-
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netic particle bound GPA* MPB cells from the unbound
GPA™ MPB by magnetic gradient separation in either a col-
umn or batch format. The GPA" MPB cells are subjected to
step density gradient separation by centrifugation for 25 min-
utes at 800 g (room temperature) using 1.077 g/ml Nycoprep
(Life Technologies, Grand Island, N.Y.) as the dense phase.
The resulting light density MPB cells are collected from the
gradient interface; washed with DPBS/BSA and resuspended
in 2ml DPBS/SBA supplemented with 10 ug mouse IgG1 and
1gGG2a (Sigma) to block non-specific binding of monoclonal
antibodies used for further cell capture. The resulting GPA-
MPB cell suspension is incubated for 30 minutes at 4° C. with
the following FITC conjugated antibodies: anti-CD3, anti-
CD4, anti-CD8, anti-CD11b, anti-CD14, anti-CD16 anti-
CD19, anti-CD20, anti-CD36, anti-CD54 (comprising the
Lineage panel). After washing, the labeled cells are subjected
to negative selection using magnetic beads coated with sheep-
anti-mouse IgG (Dynal, Oslo Norway) in the manner
described in Example 1 above to yield GPA™Lin~ MPB cells.
CD34* cells are then isolated from the resulting GPA™Lin~
MPB cells using the either the MACS or FACS protocol
described in Example 3 below.

Example 3

Purification of Adult and Fetal CD34* Progenitor
Cells

[0050] Thefetal liver cells and MPB mononuclear cell frac-
tions of Examples 1 and 2, respectively, were enriched in
CD34" cells in accordance with either of the following pro-
tocols:

MACS Protocol

[0051] Thefetal liver cells and MPB mononuclear cell frac-
tions prepared as described in Examples 1 and 2, respectively,
were immunomagnetically enriched in CD34* cells using a
MACS CD34 Isolation Kit (Miltenyi Biotec, Auburn, Calif.)
in accordance with the manufacturer’s instructions. Briefly,
the mononuclear cells were incubated with hapten-labeled
anti-CD34 antibody (QBEND-10, BD Pharmingen, San
Diego, Calif)) in the presence of 0.1% human IgG (Bayer
Elkhart, IN) as a blocking reagent and then incubated with
anti-hapten coupled to MACS microbeads. The labeled cells
were filtered through a 30 um nylon mesh to remove cell
clumps and aggregates. The labeled CD34* cells were then
captured from the mixture using a high-gradient magnetic
separation column (Miltenyi Biotec). After elution of the
non-labeled CD34~ cells, the magnetic field was removed and
the magnetically retained CD34" cells were eluted from the
column with staining buffer SB (DPBS supplemented with
0.2% BSA and 2 mM EDTA, pH 7.2) at 4-8° C. Greater than
90% of the recovered cells were CD34* as determined by
FACS (FACSCalibur; Becton Dickinson San Jose Calif))
analysis using the CellQuest Analysis Software (Becton
Dickinson).

FACS Protocol

[0052] The fetal liver and mononuclear cell fractions pre-
pared as described in Examples 1 and 2, respectively, were
alternatively enriched in CD34* cells by Fluorescence Acti-
vated Cell Sorting (FACS). The fetal liver and mononuclear
cell fractions were stained with 20 pl of fluorescein-labeled
anti-CD34 monoclonal antibody (catalog #34374X; BD
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Pharmingen) per 1x10° cells in SB for one hour at 4-8° C.
Non-specific binding control cells were stained in an identical
manner with fluorescein-labeled isotype-matched murine
IgG, (catalog #554679; BD Pharmingen). Immediately prior
to sorting, 1 ug/mL of the fluorescent DNA stain propidium
iodide (PI) was added to each sample to permit identification
and exclusion of nonviable cells. Cells were sorted and ana-
lyzed on a FACSVantage cell sorter (Becton Dickinson) in
accordance with the manufacturer’s instructions. A 488 nm
argon ion laser was used for excitation of the fluorophores,
and fluorescence was detected at 525 nm (fluorescein) and
620 nm (PI). Viable CD34" cells (CD34/PI") were collected
and stored on ice until used. Sample cells exhibiting CD34
fluorescence intensities greater than the 99” percentile of
those exhibited by the isotype-matched irrelevant murine
1gG1 controls were selected as being CD34*. Forward and
side light scatter excluded cell aggregates or debris. Greater
than 90% of the recovered cells were CD34" as determined by
FACSCalibur (Becton Dickinson) analysis using the
CellQuest Analysis Software (Becton Dickinson).

Example 4
Stimulation of Fetal CD34" Cells to Express CD36

[0053] Fetal and adult CD34" cells were isolated and puri-
fied as described in Example 3 and expanded by one of two
methods. In one set of experiments, CD34" cells were
expanded using Hematopoietic Progenitor Growth Media
(HPGM; Biowhittaker) supplemented with 50 ng/ml FlIt-3
ligand (FLT-3), 100 ng/ml TPO (thrombopoietin), and 100
ng/ml SCF (stem cell factor) for from four to six days at 37°
C. under 5% CQ, in liquid culture. These cells were then
stimulated to express CD36 by further expansion in HPGM
supplemented with 3 U/ml EPO (erythropoietin), 25 ng/ml
SCEF, 10 ng/ml Interleukin-3 (IL-3), and 10 ng/ml Interleu-
kin-6 (IL-6) for from four to six days at 37° C. under 5% CO.,.
Alternatively, CD34" cells were expanded using HPGM
supplemented (known hereinafter as “supplemented
HPGM”) with 2% deionized bovine serum albumin, 150
pg/ml iron saturated human transferring, 900 ug/ml ferrous
sulfate, 90 ng/ml ferric nitrate, 100 pg/ml insulin, 30 pg/ml
soybean lecithin, and 7.5 pg/ml cholesterol and 1x107¢ M
hydrocortisone (Sigma) wherein cells are cultured in supple-
mented HPGM containing 50 ng/ml Flt-3 ligand (FLT-3), 100
ng/ml TPO (thrombopoietin), and 100 ng/ml SCF (stem cell
factor) for four to six days at 37° C. under 5% CO, in liquid
culture. These cells were then stimulated to express CD36 by
further expansion in supplemented HPGM containing with 3
U/ml EPO (erythropoietin), 50 ng/ml IGF-1 (Insulin-like
growth factor-1), and 50 ng/ml SCF for from four to six days
at 37° C. under 5% CO,. The CD36-expressing cells were
recovered and purified by MACS to greater than 85% purity
as determined by FACSCalibur (Becton Dickinson) analysis
using the CellQuest Analysis Software (Becton Dickinson).

Example 5
Isolation of Total RNA

[0054] Total RNA was separately isolated from the CD36"
adult MPB and fetal liver cells using Trizol (Life Technolo-
gies, Gaithersburg, Md.) according to the manufacturer’s
instructions. Cells were pelleted and then lysed by resuspen-
sion in 1 mL Trizol per 5x10° cells by repeated pipetting. The
cell lysate was then incubated for S minutes at room tempera-
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ture and extracted with 0.2 volumes chloroform by vortexing
for 1 minute. The sample was then centrifuged for 30 minutes
at 13,000 rpm (12,000 g) at 4° C. in a microcentrifuge. The
RNA was precipitated by the addition of 2 volumes isopro-
panol, mixed and allowed to sit at room temperature for 10
minutes. The RNA was centrifuged for 45 minutes at 12
000xg. The RNA pellet was washed with 75% ethanol, briefly
dried; resuspended in RNase-free water or diethyl pyrocar-
bonate-treated (DEPC; Sigma) water (0.1%) and treated with
RNase-free DNase I enzyme (Life Technologies) according
to the manufacturer’s instructions. The RNA concentration
was then determined by using a Beckman DU 650 spectro-
photometer (Beckman Instruments, Palo Alto, Calif.). Alter-
natively, the total RNA was isolated using the RNeasy RNA
Isolation Kit (Qiagen, Valencia, Calif.) according to manu-
facturer’s instructions.

Example 6
Preparation of cDNA for Microarray Analysis

[0055] cDNA for analysis on an Affymetrix GeneChip™
microarray was prepared according to the manufacturer’s
instructions as set forth in the GeneChip Expression Analysis
Technical Manual (Affymetrix, Santa Clara, Calif.). Briefly,
total RNA was isolated from adult MPB and fetal liver cells as
described in Example 4 and reverse transcribed using a
T7-Oligo(dT) Promoter Primer in the first-strand cDNA syn-
thesis reaction. The second-strand ¢cDNA was synthesized in
an Rnase-H-mediated reaction and the resulting double-
stranded cDNA purified. The purified double-stranded cDNA
was transcribed in the presence of T7 RNA Polymerase and a
mixture of biotinylated nucleotide analogs and ribonucle-
otides to prepare complementary RNA (cRNA). The cRNA
was fragmented and hybridized to Affymetrix U133 arrays as
described in Example 7.

Example 7
c¢DNA Microarray Analysis

[0056] The resulting fetal and adult cDNA preparations
were separately analyzed using Affymetrix U133 microarray
chips according to the manufacturer’s instructions. The cor-
rected fluorescent intensities for the corresponding genes on
the fetal and adult microarray chips were measured and con-
verted to p-values in accordance with standard methods (see,
Statistical Algorithims Reference Guide, Affymetrix Inc.
Santa Clara, Calif.). Genes and Expressed Sequence Tags
(EST) that were more strongly expressed in the fetal cDNA
samples (where the Wilcoxon’s Signed Ranked Test p-value
(please see Genechip Expression Analysis Technical Manual
for complete explanation) was greater or equal to 0.99, pref-
erably >0.999 and more preferably 0.9999 were taken as
being uniquely expressed by CD36™ fetal cells relative to
CD36" adult cells. The genes that are preferentially expressed
in fetal CD36+ cells prepared in accordance with the present
invention are listed in Table 1. The ESTs that are preferen-
tially expressed in fetal CD36+ cells prepared in accordance
with the present invention are listed in Table 2.
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9
TABLE 1 TABLE 3
Genes that are Preferentially Expressed by CD36" Fetal Liver Cells 2mino Acid Sequences of Unique Peptides
Corresponding to Selected Genes

Wilcoxon
Gene name FL/MPB Ranked Gene Peptide A Peptide B
(Genbank/Unigene Accession No.) signal ratio p value

MS4A10 NTTQPKLLAPHQHEKSQKKS CINALSSNLKSPRLSQPAEE
ADO37 (AI890191) 1976/9.1 0.99998 (SEQ ID NO. 1) (SEQ ID NO. 2)
CSPG2 (NM_004385) 1959.5/29.4 0.99998
DCNPI (Hs.152477) 068.6/26.7 0.09908 MS4A7  FTPKGITIPQREKPGHMYQN YSNNPGSSFSSTQSQDHIQQ
Homo sapiens cDNA FLI30298 fis, 700528 0.99908 (SEQ ID NO. 3] (SEQ ID NO. 4)
clone BRACE2003172 (AR025198.1) MS4A6A  FSQAEKPEPTNQGQDSLKKH PASLQCELDKNNIPTRSYVS
Homo sapiens cDNA FLJ33028 fis, 2228.3/74 0.99998 (SEQ ID ND. 5] (SEQ ID NO. &)
clone THYMU2000140 (A1.048542) ’
Homo sapiens cDNA: F1LI21545 fis, 4129.6/21 0.99998 ASGR2 HELGGSEDCVEVQPDGRWND LQVYRWVCEKRRNATGEVA
clone COL06195 (AK025198.1) (SEQ ID ND. 7] (SEQ ID NO. 2)
KCNI2 (AF153820) 244.6/18.2 0.99998
MRC1 (NM_002438) 2036.7/23.1 0.99998 MS4A5  MDSSTAHSPVFLVFPPEITA TFGFILDQNYICGYSHQNSQ
MS4A4A (NM_024021) 126.9/7.9 0.99998 (SEQ ID NO. 9} (SEQ ID NO. 10}
MS4A6A (NM_022349) 5220.9/44.5 0.99998
MS4A7 (Hs.530735) 2661.9/60.7 0.99998
NMES1 (AF228422.1) 116.9/10.1 0.99998
PAG (NM__018440.1) 981/96.2 0.99998 Example 8§
PARVG (AF237772.1) 701/17.2 0.99998 . .
SL00AS (AW238654) 71329313 0.99998 Antibody Production
/!
ilsogﬁzg gll\\/[/[:gglz 19515)) 1227541_ g,fg g:ggigg [0057! The amino acid seque'nces'of the proteins corre-
C1QG (AT184968) 1399.7/6.1 0.99998 sponding to the genes and EST’s identified in Example 7 were
TIM3 (AW025572) 415.17/18.8 0.99998 determined by reference to GenBank, SwissProt and other
HRB2 (Hs.205558) 1064.6/59.9 0.99997 publicly available sources. Fach of these amino acid
&g?}fﬁ??ggi‘;ﬂ 333-22-143 8-33332 sequences was evaluated to identify peptide regions within
MGC21854 (AT639418) OLL11489 099996 each. protein that had unique amino qmd sequences. Where
PRAM-1 (Hs465812) 276.6/15.8 0.99996 possible, two or more such peptide regions were identified for
AKNA (Hs.494895) 661.1/37.7 0.99992 each protein. By way of example, the amino acid sequences of
AD026 (AF226731.1) 198.3/10.3 0.99990 two unique peptide regions of the proteins encoded by the
GPR84 (AF237762.1) 411213 0.99985 genes MS4A10, MS4A7, MS4A6A, ASGR2, MS4AS are
IDP2 (Hs.196482) 875/12.5 0.99985 listed in Table 3.
!
321;((‘35314(41?;51)30 134) igg:gég:g 8:3332? [0058] A N-terminal cysteine residue was added to the
PTGERN (Hs418093) 137.8/20 0.99817 MS4A10 (SEQID No. 11/12), MS4A7 (SEQ ID NO. 13/14)
CXCL16 (Hs.82407) 327.4/76.6 0.99775 and MS4A6A (SEQ IDNO. 15/16) peptides and the dipeptide
CREM (Hs.200250) 24140214 0.99751 CYS-ALA was added to the C-terminal of the MS4AS5 (SEQ
MS4AS5 (Hs.178066) ADatfllI‘ﬁt ID NO. 17/18) peptides to facilitate conjugation of these
vailable : : : .
MSAALO (Hs 450640) Data Not peptldes to .Keyhole Limpet Hemocyanin during the prepara-
Availble tion of the immunogen.

[0059] These peptides were synthesized using conven-
tional methods and polyclonal antisera and purified rabbit
polyclonal antibodies were obtained from Bethel Labs,
TABLE 2 Montgomery, Tex.; said antisera and purified antibodies can
be produced from said polyclonal antisera using methods that
are well known to those skilled in the art (see, for example,

ESTs that are Preferentially Expressed by CD36* Fetal Liver Cells

EST WITH GENBANK FL/MPB Harlow & Lane, 1988, Antibodies: A Laboratory Manual,
ACCESSION NUMBER signal ratio p value Cold Spring Harbor Laboratory Press: New York). The result-
ALO30884 40.5/35.5 0.99998 ing antlbod}es were affinity purified anq conjugated to the
AV646597 1612.5/63.5 0.99998 hapten biotin or the fluorophore fluorescein or phycoerythrin
AW135176 1820/77.8 0.99998 (PE) depending upon the intended use of the antibody conju-
AW872374 699.2/37.9 0.99998 gate thus produced.

BF892532 322.6/8.6 0.99998

AI536637 288.8/9.9 0.99998

BES49540 766.7/34.4 0.99998 Example 9

AW303397 695.4/14.4 0.99997 . . .

AI741439 231.6/7.9 0.99994 Isolation of CD34" Cells from Maternal Peripheral
AV660825 102.2/3.8 0.99992 Blood

AI681260 183.9/3.6 0.99990 ) ) )
AW006441 611/13.4 0.99990 [0060] Peripheral blood (PB) samples were obtained in
AWS75863 374.4/10.4 0.99990 heparinzined collection tubes by venipuncture of pregnant
AI915629 113/4.4 0.99951 -

AAORRT69 01/2.6 099914 female donors who were known by an independent means
AV688087 279.5/9.4 0.99914 such as amniocentesis to be carrying a male fetus. The Y-chro-

mosome of the fetus provided a definitive means of differen-
tiating between otherwise identical cells of maternal and fetal
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origins. The collected peripheral blood was diluted with
DPBS, underlaid with Ficoll-Paque (Pharmacia AB) and cen-
trifuged at 800 g for 30 minutes at 20° C. The mononuclear
cell fraction was collected from the buffy coat and were
stained with 20 ul/10° cells of fluorescein-labeled anti-CD34
monoclonal antibody (catalog #34374X; BD Pharmingen) in
SB for one hour at 4-8° C. Immediately prior to sorting, 1
pg/mL of the fluorescent DNA stain PI was added to each
sample to permit identification and exclusion of nonviable
cells. Cells were sorted and analyzed on a FACS Vantage cell
sorter (Becton Dickinson) in accordance with the manufac-
turer’s instructions. A 488 nm argon ion laser was used for
excitation of the fluorophores while detection was at 525 nm
(fluorescein) and 620 nm (PI). Alternatively, cells were pro-
cessed following the MACS protocol as described in
Example 3. The CD34" sub-population (viable CD34* cells)
was collected and stored on ice until used. By these methods,
between 500 to 3000 viable CD34+ cells could typically be
obtained from an approximately 30 ml sample of whole blood
from a female donor, which is about 70-85% of the number of
CD34+ cells expected from such a sample.

Example 10

Stimulation of CD36 Expression by CD34* Cells
from Maternal Peripheral Blood

[0061] The CD34* cells isolated as described in Example 9
were expanded either in Hematopoietic Progenitor Growth
Media (HPGM; Biowhittaker) supplemented with either 3
U/ml EPO (erythropoietin), 25 ng/ml SCF, 10 ng/ml Interleu-
kin-3 (IL-3), and 10 ng/ml Interleukin-6 (IL-6) for three to six
days at 37° C. under 5% CO, or in supplemented HPGM
containing 2% deionized bovine serum albumin, 150 pg/ml
iron saturated human transferring, 900 pg/ml ferrous sulfate,
90 pg/ml ferric nitrate, 100 pg/ml insulin, 30 pug/ml soybean
lecithin, and 7.5 pg/ml cholesterol and 1x10~5 M hydrocor-
tisone (Sigma) and further containing 50 ng/ml F1t-3 ligand
(FLT-3), 100 ng/ml TPO (thrombopoietin), and 100 ng/ml
SCF (stem cell factor) for four to six days at 37° C. under 5%
CO, in liquid culture. These cells were then stimulated to
express CD36 by further expansion in supplemented HPGM
containing with 3 U/ml EPO (erythropoietin), and 50 ng/ml
IGF-1 (Insulin like growth factor-1) for from four to six days
at 37° C. under 5% CO, to drive the cells to express CD36

Example 11

Separation of Fetal Cells from Maternal Blood by
FACS

[0062] The phenotype-shifted CD36* cells prepared as
described in Example 10 were immuno-stained with phyco-
erythrin (PE) conjugated anti-CD36 (BD Pharmingen) and
purified polyclonal antibodies (Bethel Labs, Montgomery,
Tex.) selected from among those prepared in accordance with
Example 7, conjugated to either fluorescein or biotin. If a
biotin conjugated antibody was used, a streptavidin-APC (al-
lophycocyanin) (BD Pharmingen) conjugate was used as the
detection reagent. All immuno-staining was performed
according to standard methods at 4-8° C. in a phosphate-
buffered saline (DPBS) buffer (pH 7.4) containing 0.2%
BSA. Prior to antibody staining, cells were incubated with
1% Gamimune (Bayer Health Care Research Triangle Park,
N.C.) for 30 minutes at 4-8° C. to block non-specific antibody
binding. The immuno-stained cells were sorted and analyzed
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on a FACSVantage cell sorter (Becton Dickinson) in accor-
dance with the manufacturer’s instructions. A 488 nm argon
ion laser was used for excitation of the fluorophores while
detection was at 525 nm (fluorescein) and 575 nm (PE and
APC). Those cells that stained positively for both CD36 and
the target peptide were collected and stored on ice until used.
Control cells were incubated with fluorochrome-conjugated
isotype-matched IgM-fluorescein (BD Pharmingen), IgM-
PE (BD Pharmingen) or anti-rabbit isotype controls. Cell
aggregates or debris were excluded by gating on forward and
side light scattering.

Example 12

Magnetic Separation of Fetal Cells from Maternal
Blood

[0063] The phenotype-shifted CD36" cells prepared as
described in Example 10 were immuno-stained with phyco-
erythrin (PE) conjugated anti-CD36 (BD Pharmingen) and a
biotin-conjugated antibody selected from among those pre-
pared in accordance with Example 7. The doubly-labeled
cells were incubated with streptavidin-conjugated MACS
microbeads (Miltenyi Biotec) and filtered through a 30 pm
nylon mesh to remove cell clumps and aggregates. Cells
expressing the selected fetal cell marker were then captured
from the mixture using a high-gradient magnetic separation
column according to the manufacturer’s instructions. After
elution of the non-retained cells, the magnetic field was
removed and the magnetically retained fetal cells were eluted
from the column with SB. The CD36* fetal cells in this eluate
were those that were also labeled with PE. All immuno-
staining was performed according to standard methods at
4-8° C. in a DPBS buffer (pH 7.4) containing 0.2% BSA.

Example 13
Detection of Gene Expression Using RNA Probes

[0064] Fetal cell expression of the genes identified in
Bxample 7 is demonstrated using RNA probes. Briefly, RNA
templates corresponding to one or more of the genes identi-
fied as described in Example 7 are prepared according to the
protocol provided using the Promega T-7 Riboprobe In-vitro
Transcription System (Promega, Madison, Wis.) in accor-
dance with its instructions or can be purchased inter alfa from
GeneDetect.com (Auckland, NZ). 5'-(a®*S$)rUTP can be
obtained from Amersham Pharmacia Biotech (Piscataway,
N.I) or NEN/Perkin Elmer (Boston, Mass.). All other
reagents can be obtained from Promega unless otherwise
noted. Buffers are prepared in accordance with the instruc-
tions provided for the GeneDetect One-Step RNA Probe Syn-
thesis Templates unless otherwise specified.

RNA Probe Preparation

[0065] RNA probes are prepared as follows. Two pl of 5x
Transcription Buffer, 1 pl of 100 mM dithiothreitol (DTT), 1
ul of Rnasin Rnase inhibitor; 1 pg of the desired RNA tem-
plate(s) in 3 pl water; and a mixture containing 5 pM each of
GTP, CTP and ATP in 2 ul of Transcription Buffer is added to
25 ul of *>S-UTP lyophilized into the bottom of a 1.5 mL
microfuge tube. After mixing, 1 pl of T7 RNA Polymerase is
added to the mixture, mixed and incubated for one hour at 30°
C. To ensure complete transcription, a second 1 ul aliquot of
T7 RNA Polymerase is added to the mixture, mixed and
incubated for an additional one hour at 30° C. before stopping
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the reaction by the addition of 1 ul of RQ1 Dnase and incu-
bating for 15 minutes at 37° C. The RNA probe is recovered
from the reaction mixture by the addition of 24 pl of 10 mM
Tris-HCI/1 mM EDTA (pH 8.0) buffer (TE) and 50 ug of
tRNA; vortexing; and desalting on a G-50 Sephadex column
(Amersham Pharmacia Biotech). Probe integrity is confirmed
by electrophoresis on a 15% polyacrylamide gel in Tris-
Borate-EDTA (TBE)-Urea buffer.

Fetal Cell Staining Using RNA Probes

[0066] CD36*/peptide* cells collected by FACS as
described in Example 11 or by magnetic separation as
described in Example 12 are prepared as monolayer cellular
preparations on a glass microscope slide by settling,
CytoSpin (Thermo-Shandon, Pittsburgh, Pa.), ThinPrep (Cy-
tyc, Boxborough, Mass.) or similar standard method. The
cells are covered with 1000 of hybridization buffer (HB) and
incubated at 42° C. for 1-3 hours to permeabilize the cells. For
each slide to be processed, 20 of the desired RNA probe and
1 pl of 50 mg/ml tRNA are combined, heated to 95° C. for 3
minutes and cooled by the addition of 17 plof HB. 20 ul of the
resulting mixture added to the 100 pl droplet of HB on the
slide and incubated overnight at 45-55° C. The labeled speci-
mens are then washed twice for 10 minutes each with 2xSSC-
BME-EDTA at room temperature; immersed in a 20 mg/ml
solution of Rnase A for 30 minutes at room temperature;
washed twice for 10 minutes each with 2xSSC-BME-EDTA
at room temperature; washed for 2 hours with 4 L of 0.1x
SSC-MBE-EDTA; washed 2x 10 minutes in 0.5xSSC at room
temperature; dehydrated for 2 minutes each in 50%, 70% and
90% ethanol containing 0.3M ammonium acetate and dried in
a vacuum desiccator. Labeled cells are detected by autorad-
iography in the standard manner.

Example 14

Diagnostic Testing of Fetal Cells: Microscopic
Detection and Evaluation of Fetal Cells Isolated
from Maternal Blood

[0067] CD36/peptide* cells that can be collected by FACS
as described in Example 11 or by magnetic separation as
described in Example 12 are prepared as monolayer cellular
preparations on a glass microscope slide by undisturbed set-
tling, CytoSpin (Thermo-Shandon, Pittsburgh, Pa.), Thin-
Prep (Cytyc, Boxborough, Mass.) or similar method,
immuno-stained as previously described; and evaluated using
fluorescence microscopy in accordance with methods known
to those skilled in the art. The presence of cells that stain
positively for both CD36 and the target peptide is indicative
of the presence of fetal cells in the preparation. The prepara-
tion may be subsequently counterstained in-situ with a chro-
matic stain such as hemotoxylin and the cells therein evalu-
ated morphologically or subjected to an in-situ hybridization
staining method such as fluorescence in situ hybridization
(FISH) to detect the presence of specific genes or mutated
genes within the cells in the preparation. Such counterstain-
ings are performed according to procedures that are known to
those skilled in the art. If the physical locations of the CD36%/
peptide™ cells within the preparation are determined, this
location information can be used to correlate the results
obtained by morphological analysis or in-situ hybridization
with specific fetal cells in the preparation. Such correlations
between CD36%peptide™ cells and the same cells subse-
quently stained with additional reagents can readily be per-
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formed using commercially available automated microscopy
systems such as exemplified by the AcCell or TracCell com-
puter assisted microscopy systems (Molecular Diagnostics,
Chicago, 111.).

Example 15

Diagnostic Testing of Fetal Cells: PCR Detection of
the Y-chromosome in Cells from a Male Fetus Iso-
lated from Maternal Blood

[0068] The CD36*/peptide™ cells collected by FACS as
described in Example 11 were tested by PCR to determine
whether they contained a Y-chromosome. Briefly, whole
genomic DNA was extracted from isolated cells by modified
salt precipitation method (Puregene DNA Isolation Kit, Gen-
tra systems, Minneapolis, Minn.). Approximately 50-200 ng
of DNA was analyzed by conventional Polymerase Chain
Reaction (PCR) for both the GAPDH and SRY loci, using a
GeneAmp PCR system 9700 Thermocycler (Perkin Elmer,
Foster City, Calif.), Platinum Taqg DNA Polymerase (Invitro-
gen Corporation, Carlsbad, Calif.) as an enzyme, and the
following procedure. Thin-walled PCR micro-tubes were
first incubated at 94° C. for 2 minutes to denature the sample
and activate the enzyme. Samples were then subjected to 10
cycles of amplification (the first 5 cycles consisting of a 15
seconds denaturation step at 94° C., 30 second annealing step
at 59° C., with the subsequent 5 cycles consisting of a 15
second denaturation step at 94° C., 30 second annealing step
at 57° C.,) followed by 30 cycles consisting of a 15 second
denaturation step at 94° C., 30 second annealing step at 55°
C.). This was followed by a final extension step for 10 minutes
at 72° C.The SRY sequence was used to measure the presence
of fetal DNA, while the glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) sequence was used to confirm the integ-
rity and quality of DNA in each sample. The following oli-
gonucleotides were used: SRY forward 5-TCC TCA AAA
GAA ACC GTG CAT-3' (SEQ ID NO. 19), SRY reverse
5-AGATTAATG GTT GCT AAG GAC TGG AT-3' (SEQ ID
NO. 20), GAPDH forward 5'-CCC CAC ACA CAT GCA
CTT ACC-3' (SEQ ID NO. 21) and GAPDH reverse 5'-CCT
AGT CCC AGG GCT TTG ATT-3' (SEQ ID NO. 22). The
PCR products were separated by 2% agarose gel electro-
phoresis, and the presence of a Y-chromosome specific frag-
ment obtain from DNA from these cells demonstrated that
they originated from the (male) fetus rather than from the
mother. By substituting the appropriate primers for the
Y-chromosome primer, PCR analysis may emploved in a
similar manner to detect the presence of specific genes and
mutated genes in the collected cells including ones that have
been correlated with the presence of particular disease states.
Similarly, the collected cells may be subjected to analyses by
methods such as FISH if suitable probes are employed.

Example 16

Diagnostic Testing of Fetal Cells: RT-PCR Detection
of the Y-chromosome in Cells from a Male Fetus
Isolated from Matermal Blood

[0069] Real time quantitative PCR analysis is performed on
isolated fetal cells as described in Example 11 using ABI
PRISM 7700 Sequence Detection System (Applied Biosys-
tem, Foster City, Calif.), As an internal control, the p-globin
TagMan system can be used consisting of two primers
p-globin-354 (forward), 5'-GTG CAC CTG ACT CCT GAG
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GAGA-3' (SEQIDNO. 23); (f-globin-455 (reverse), 5'-CCT
TGA TAC CAA CCT GCC CAG-3' (SEQID NO. 24) and a
dual-labeled fluorescent TagMan probe f-globin-402T,
S'(FAM) AAG GTG AAC GTG GAT GAA GTT GGT GG
(TAMRA)-3' (SEQ ID NO. 25). To detect the presence of Y
chromosome in isolated fetal samples as previously
described, the SRY TagMan system can be used consisting of
SRY-109 (forward) primer, 5'-TGG CGA TTA AGT CAA
ATT CGC-3' (SEQ ID NO. 26); SRY-245 (reverse) primer,
5'-CCC CCT AGT ACC CTG ACA ATG TAT T-3' (SEQ ID
NO. 27) and a probe SRY-142T, 5(FAM) AGC AGT AGA
GCA GTC AGG GAG GCA GA (TAMRA)-3' (SEQ ID NO.
28). TagMan amplification reactions are set up in a reaction
volume of 25 pil using the TagMan Universal PCR Master Mix
(Applied Biosystems). DNA amplifications are carried out in
8-well reaction optical tubes/strips (Applied Biosystems).
The TagMan PCR conditions are used as described in Tag-
Man guidelines using 40 cycles of 95° C. for 15 s and 60° C.
for 1 min. with 2-min preincubation at 50° C. required for
optimal AmpErase UNG activity and 10-min preincubation at
95° C. required for activation of AmpliTaq Gold DNA poly-
merase. Each sample was analyzed in triplicate. A calibration
curve is run in parallel with each analysis.

Example 17

Diagnostic Testing of Fetal Cells: FISH Determina-
tion of the Sex of a Fetus using Fetal Cells Isolated
from Maternal Blood

Slide Preparation

[0070] Cells of fetal origin isolated as described in
Examples 11 or 12, respectively, are pelleted in 15 mL screw-
capped tubes using a table-top centrifuge and washed once
with HPGM containing 10 U/mL of heparin (ICN Biomedi-
cals Inc, Aurora, Ohio). The cells are resuspended in 100 to
2004 of HPGM/heparin. A PAP pen (Research Products Inter-
national, Mt. Prospect, 111.) is used to mark a rectangle on
silane-treated slides, and 100 to 200 pL of cell suspension is
spread throughout the rectangle. Slides are incubated for 30 to
45 minutes at room temperature (RT) to allow the cells to
settle and attach to the slides. Excess liquid is removed by
tipping the slides sideways and the slides air-dried. The slides
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are fixed with methanol:acetic acid (3:1) for 15 minutes and
allowed to air-dry. Slides are stored at -80° C. until use.

Fluorescent In Situ Hybridization (FISH)

[0071] On the day of hybridization, the specimens are
thawed at room temperature (RT), refixed with methanol:
acetic acid (3:1), air-dried, and pretreated by incubation for
30 minutes at 37° C. in 2xSSC (3M NaCl, 0.3M sodium
citrate, pH 7.0). This is followed by dehydration in a series
containing ethanol at 70, 90, and 100% concentrations at RT.
The specimens are then treated with pepsin (20 mg/ml,
Sigma) to improve probe penetration and denatured in 70%
formamide/2xSSC for 2 minutes at 72° C. followed by the
dehydration series described above, on ice. 600 pul of each
alpha-satellite centromere specific probe for chromosomes X
andY, 16.8 ul of CEP buffer (Vysis, Downers Grove, I11.) and
2 pl of water are combined. The probe mixture is then dena-
tured at 70° C. for 5 minutes and applied to prewarmed (37°
C.) target specimens. The hybridization area is sealed with a
glass coverslip and placed into an 80° C. oven for 90 seconds.
After an overnight hybridization at 37° C. in a humidified
chamber, the coverslip and glue are removed. The slide is then
washed in 0.25xSSC at 67° C. for 12 seconds and rinsed in
IxPBD (2-phenyl-5-(4-biphenyl)-1,3,4,-oxadiazole;
ONCOR Gaithersburg, Md.) for | minute. The specimens are
then counterstained with DAPI (4,6-diamidino-2-phenylin-
dole II; Vysis) for 10 minutes prior to microscopic analysis.
The presence of X- and Y-chromosomes is determined by
fluorescence microscopy using a Zeiss Axioskop microscope
(Carl Zeiss, Thornwood, N.Y.).

[0072] The descriptions of particular antibodies and meth-
ods embodied above are intended to be representative of and
not limiting to the present invention. Although the antibodies
and methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those skilled in
the art that alternative implementations, compositions and/or
methods herein described can be made without departing
from the concept, spirit and scope of the invention. Specifi-
cally, it will be apparent that the antibodies herein described
may be implemented by alternative means and that the com-
positions and conditions described herein may be altered for
compatibility with specific cell and specimen types while still
achieving the same or similar results as described herein. All
such similar substitutes and modifications apparent to those
skilled in the art are deemed to be within the scope and spirit
of the invention as defined by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 28

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 1

Asn Thr Thr Gln Pro Lys Leu Leu Ala Pro His Gln His Glu Lys Ser

1 5 10

Gln Lys Lys Ser
20

15
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-continued

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 2

Cys Ile Asn Ala Leu Ser Ser Asn Leu Lys Ser Pro Arg Leu Ser Gln
1 5 10 15

Pro Ala Glu Glu
20

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 3

Phe Thr Pro Lys Gly Ile Thr Ile Pro Gln Arg Glu Lys Pro Gly His
1 5 10 15

Met Tyr Glnh Asn
20

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 4

Tyr Ser Asn Asn Pro Gly Ser Ser Phe Ser Ser Thr Gln Ser Gln Asp
1 5 10 15

Hig Ile Gln Gln
20

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 5

Phe Ser Gln Ala Glu Lys Pro Glu Pro Thr Asn Gln Gly Gln Asp Ser
1 5 10 15

Leu Lys Lys His
20

<210> SEQ ID NO 6

<211> LENGTH: 20

«212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 6

Pro Ala Ser Leu Gln Cys Glu Leu Asp Lys Asn Asn Ile Pro Thr Arg
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-continued

1 5 10 15

Ser Tyr Val Ser
20

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 7

His Glu Leu Gly Gly Ser Glu Asp Cys Val Glu Val Gln Pro Asp Cly
1 5 10 15

Arg Trp Asn Asp
20

<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 8

Leu Gln Val Tyr Arg Trp Val Cys Glu Lys Arg Arg Asn Ala Thr Gly
1 5 10 15

Glu Val Ala

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 9

Met Asp Ser Ser Thr Ala His Ser Pro Val Phe Leu Val Phe Pro Pro
1 5 10 15

Glu Ile Thr Ala
20

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 10

Thr Phe Gly Phe Ile Leu Asp Gln Asn Tyr Ile Cys Gly Tyr Ser His
1 5 10 15

Gln Asn Ser Gln
20

<210> SEQ ID NO 11

<211> LENGTH: 21

«212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
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-continued

<400> SEQUENCE: 11

Cys Asn Thr Thr Gln Pro Lys Leu Leu Ala Pro His Gln His Glu Lys
1 5 10 15

Ser Gln Lys Lys Ser
20

<210> SEQ ID NO 12

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 12

Cys Cys Ile Asn Ala Leu Ser Ser Asn Leu Lys Ser Pro Arg Leu Ser
1 5 10 15

Gln Pro Ala Glu Glu
20

<210> SEQ ID NO 13

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 13

Cys Phe Thr Pro Lys Gly Ile Thr Ile Pro Gln Arg Glu Lys Pro Gly
1 5 10 15

His Met Tyr Gln Asn
20

<210> SEQ ID NO 14

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 14

Cys Phe Thr Pro Lys Gly Ile Thr Ile Pro Gln Arg Glu Lys Pro Gly
1 5 10 15

His Met Tyr Gln Asn
20

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 15

Cys Phe Ser Gln Ala Glu Lys Pro Glu Pro Thr Asn Gln Gly Gln Asp
1 5 10 15

Ser Leu Lys Lys His
20

<210> SEQ ID NO 16
«211> LENGTH: 21
«212> TYPE: PRT



US 2012/0045763 A1l Feb. 23, 2012
16

-continued

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 16

Cys Pro Ala Ser Leu Gln Cys Glu Leu Asp Lys Asn Asn Ile Pro Thr
1 5 10 15

Arg Ser Tyr Val Ser
20

<210> SEQ ID NO 17

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 17

Cys Ala Met Asp Ser Ser Thr Ala His Ser Pro Val Phe Leu Val Phe
1 5 10 15

Pro Pro Glu Ile Thr Ala
20

<210> SEQ ID NO 18

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 18

Cys Ala Thr Phe Gly Phe Ile Leu Asp Gln Asn Tyr Ile Cys Gly Tyr
1 5 10 15

Ser His Gln Asn Ser Gln
20

<210> SEQ ID NO 19

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 19

tecctcaaaag aaaccgtgea t 21

<210> SEQ ID NO 20

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 20

agattaatgg ttgctaagga ctggat 26

<210> SEQ ID NO 21

<211> LENGTH: 21

«<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
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<400> SEQUENCE: 21

ccccacacac atgcacttac ¢ 21

<210> SEQ ID NO 22

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 22

cctagtccca gggetttgat t 21

<210> SEQ ID NO 23

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 23

gtgcacctga ctectgagga ga 22

<210> SEQ ID NO 24

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 24

cettgatace aacctgecca g 21

<210> SEQ ID NO 25

<211> LENGTH: 26

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222 LOCATION: (1)..(1)

<223> OTHER INFORMATION: 5'-FAM
<220> FEATURE:

<221> NAME/KEY: misc_feature
«222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: 3'-TAMRA

<400> SEQUENCE: 25

aaggtgaacg tggatgaagt tggtgg 26

<210> SEQ ID NO 26

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 26
tggcgattaa gtcaaatteg ¢ 21
<210> SEQ ID NO 27

«211> LENGTH: 25
«212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 27

ccecectagta cectgacaat gtatt

<210> SEQ ID NO 28

<211> LENGTH: 26

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
<220> FEATURE:

<221> NAME/KEY: misc_feature
«222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: 5'-FAM
<220> FEATURE:

<221> NAME/KEY: misc_feature
«222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: 3'-TAMRA

<400> SEQUENCE: 28

agcagtagag cagtcaggga ggcaga

25

26

1-23. (canceled)

24. A method for isolating CD36+ fetal cells from a bio-
logical fluid comprising the steps of:

(a) isolating CD34+ cells from the biological fluid;

(b) stimulating the isolated CD34+ cells to express CD36;

(¢) separating fetal cells from the non-fetal cells present in

the isolated cells by contacting the isolated cells with
one or a plurality of antibodies that specifically bind to a
cellular antigen that is detectably expressed by CD36+
fetal cells, but not detectably expressed by CD36+ non-
fetal cells; and

(d) isolating CD36+ fetal cells from step (c).

25. The method of claim 24, wherein the antibody specifi-
cally binds to a cellular antigen identified as MS4A10,
MS4A7, MS4AG6A, ASGR2 or MS4AS.

26. The method of claim 25, wherein the antibody specifi-
cally binds to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ IDNO:7,
SEQ ID NO:8, SEQ ID NO:9 or SEQ ID NO:10.

27. The method of claim 26, wherein the antibody specifi-
cally binds to SEQ ID NO:1.

28. The method of claim 24, wherein the CD34+ cells are
incubated in the presence of the cytokines Flt-3 ligand, TPO
(thrombopoietin), and SCF (stem cell factor).

29. The method of claim 24, wherein the fetal cells are
separated from the non-fetal cells by fluorescence activated
cell sorting (FACS).

30. The method of claim 24, wherein the fetal cells are
separated from the non-fetal cells by affinity chromatogra-
phy.

31. The method of claim 30, wherein the affinity chroma-
tography is performed by contacting the cells with the one or
aplurality of the antibodies that are conjugated or bound to an
insoluble support.

32. The method of claim 24, wherein the fetal cells are
separated from the non-fetal cells by magnetic separation.

33. The method of claim 32, wherein magnetic separation
is performed by contacting the cells with the one or a plurality
of the antibodies that are conjugated or bound to a magnetic
micro-particulate support.

34. The method of claim 24, wherein the biological fluid is
maternal peripheral blood.

35. The method of claim 24, wherein the isolated CD34+
cells are stimulated to express CD36 in the presence of:

(1) EPO (erythropoietin), SCF, Interleukin-3 (IL.-3), and

Interleukin-6 (IL-6):

(il) EPO, IGF-1 (insulin-like growth factor-1), and SCF; or

(i11) EPO, SCF, IL-3, and IGF-1.

36. A method for detecting fetal cells in a biological fluid
comprising the steps of:

(a) isolating CD34+ cells from the biological fluid,

(b) stimulating the isolated CD34+ cells to express CD36;

(¢) binding or labeling the cells with one or a plurality of

antibodies that specifically bind to a cellular antigen that
is detectably expressed by CD36+ fetal cells, but not
detectably expressed by CD36+ maternal peripheral
blood cells; and

(d) detecting the labeled fetal cells.

37. The method according to claim 36, wherein the bio-
logical fluid is maternal peripheral blood.

38. The method of claim 36, wherein the CD34+ cells are
incubated in the presence of the cytokines Flt-3 ligand, TPO
(thrombopoietin), and SCF (stem cell factor).

39, The method of claim 36, wherein the isolated CD34+
cells are stimulated to express CD36 in the presence of:

(1) EPO (erythropoietin), SCF, Interleukin-3 (IL-3), and

Interleukin-6 (IL-6);

(i1) EPO, IGF-1 (insulin-like growth factor-1), and SCF; or

(iii) EPO, SCF, IL-3, and IGF-1.

40. The method of claim 36, wherein the fetal cells are
detected by flow cytometry, microscopy or radiography.

41. A method for detecting fetal cells in a biological fluid
comprising:
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(a) isolating CD34+ cells from the biological fluid;

(b) labeling the isolated CD34+ cells by contacting the
cells with one or a plurality of detectably-labeled probes
that detect expression of one or a plurality of genes that
are AD026, AD037, AKNA, ASGR2, C1QG, CREM,
CSPG2, CXCL16, DCNP1, GPR84, HRB2, IDP2,
KCN ]2, MAFB, MGC21854, MRC1, MS4A4A,
MS4A6A, MS4A7, MS4A10. MS4A5, NMES1, PAG,
PARVG, PKIB, PRAM-1, PTGFRN, RASGRP4, RCP,
S100A8, S100A9, or TIM3; and

(¢) detecting the labeled cells,
wherein the detected labeled cells are fetal cells.

42. The method of claim 41, wherein the detectably-la-
beled probe is an antibody that specifically binds to SEQ ID
NO:1, SEQ ID NO:2, SEQ IDNO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ IDNO:7, SEQ ID NO:8, SEQ ID
NO:9 or SEQ ID NO:10.

43. The method of claim 42, wherein the detectably-la-
beled probe is an antibody that specifically binds to SEQ 1D
NO:1.

44. The method of claim 41, wherein the detectably-la-
beled probe is an mRNA probe or a riboprobe.
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45. The method of claim 41, wherein the biological fluid is
maternal peripheral blood.

46. The method of claim 41, wherein the CD34+ cells are
incubated in the presence of the cytokines Flt-3 ligand, TPO
(thrombopoietin), and SCF (stem cell factor).

47. The method of claim 41 further comprising, following
step (a), stimulating the isolated CD34+ cells to express
CD36.

48. The method of claim 47, wherein the isolated CD34+
cells are stimulated to express CD36 in the presence of:

(i) EPO (erythropoietin), SCF, Interleukin-3 (IL-3), and
Interleukin-6 (IL-6);
(1) EPO, IGF-1 (insulin-like growth factor-1), and SCF; or
(iii) EPO, SCF, IL-3, and IGF-1.
49. The method of claim 41, wherein the fetal cells are
detected by flow cytometry, microscopy or radiography.

50. A diagnostic method wherein fetal cells obtained in
accordance with claim 24 are genetically evaluated using
FISH, PCR or real time PCR.
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Figure 1: Fetal Cell Antibody Production
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