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Enrichment and identification of fetal cells in maternal blood and ligands
for such use

Background

The examination of fetal cells for early detection of fetal diseases and genetic
abnormalities is carried out in connection with many pregnancies, in particular
when the maternal age is high (35 years or above) or where genetic diseases are
known in the family. Fetal cells may be obtained by amniocentesis, the removal of
amniotic fluid from the amniotic cavity within the amniotic sac or by chorion biopsy,
where biopsies are taken from the placenta, so-called invasive sampling.

Prenatal aneuploidy screening employs either traditional chromosome analysis or
chromosome specific DNA probes for elucidation of numerical aberrations of the
most frequently abnormal chromosomes, particular chromosomes 13, 18, 21, X and
Y in the fetus.

Due to the invasiveness of the sampling methods described above and the risk of
abortion, it would be advantageously to perform fetal diagnosis by a non-invasive
procedure, such as for example by use of a maternal blood sample.

During pregnancy a variety of cell types of fetal origin cross the placenta and
circulate within maternal peripheral blood. The feasibility of using fetal cells in the
maternal circulation for diagnostic purposes has been hindered by the fact that fetal
cells are present in maternal blood in only very limited numbers, reported numbers
have been from one fetal cell per 10°-10® nucleated maternal cells or 1-10 fetal
cells per mi maternal blood. In addition most fetal cells cannot be distinguished
from maternal cells on the basis of morphology alone, thus alternative meathods of
identification of fetal cells have been investigated.

US2007/0015171 describes a non-invasive method for isolation and detection of
fetal DNA, The method enriches a maternal biood sample using antibodies that bind
specifically to maternal cells and/or antibodies that bind specifically to fetal cells.
The inventors suggest the use of a few specifically mentioned antibodies: Hie-1 is
an antibody that recognizes an antigen present on mature human leucocytes and
on very immature erythrocytes precursors, but not mature nucleated erythrocytes.
Thus, it is suggested that this antibody can be used to recognize maternal
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leucocytes, but not fetal nucleated erythrocytes. Anti-monocyte antibody (M3) and
anti-lymphocyte antibody (L4) are also suggested for removing maternal cells from
a sample. Finally, the authors suggest using a monocional antibody, which
recognizes the transferrin receptor (TfR) on fetal cells. DNA from isolated fetal cells
is subsequently made available for detection and diagnosis.

WO02008/132753 describes a method of identifying a trophoblast by detecting in
cells of a biological sample expression of a trophoblast marker selected from the
group consisting of an annexin IV, a cytokeratin-7, a cytokeratin 8 and a
cytokeratin-19. A trophoblast is referred to as an epithelial cell which is derived
from the placenta of a mammalian embryo or fetus; a trophopblast typically
contacts the uterine wall. Three types of trophoblasts are mentioned, the villous
cytotrophoblast, the syncytiotrophoblast and the extravillous trophobilast.
Importantly, the inventors used monoclonal antibodies against Vimentin to estimate
the extent of fibroblast contamination of trophoblasts isolated from first trimester
placentas. Thus, the trophoblasts isolated by these inventors do not comprise
Vimentin.

Gussin et al., 2004, hypothesized that fetal cells in maternal blood that do not
respond to hematopoietic culture conditions represent endothelial cells. They
investigated whether endothelial progenitor cells of fetal origin may be selected
from maternal blood on the basis of their expression of CD133 or CD105 and
expanded in culture. The authors concluded that CD133+ and CD105+ cells
isolated from maternal blood can be expanded in vitro under endothelial conditions.
These cells appear to be of maternal, rather than fetal, origin.

Thus, there remains a need for improved methods of isolating fetal cells from
maternal blood samples such as to facilitate pre-natal detection and diagnosis.

Summary of the invention

The present invention is based on the identification of antigens that can be used for
identification and/or enrichment of fetal cells of a maternal blood sample. In
particular the invention is based on the surprising finding that fetal cells in a
maternal blood sample displays both endothelial and epithelial characteristics, By
utilizing this transition the inventors provides a new method for enriching and
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identifying fetal cells in a maternal blood sample and also discloses new antigens
for this purpose.

In one aspect of the disclosure, there is provided a method of isolating a fetal cell
in @ maternal blood sample, said method comprising the steps of:

a. Permeabilizing cells in a maternal blood sample or a fraction thereof,

b. Contacting the sample with a hybridization probe comprising at least 10
contiguous nucleotides complementary to a gene encoding an endothelial cell
marker or a ligand directed to an endothelial cell marker, wherein the
endothelial cell marker is selected from the group consisting of CD105,
CD146 or CD141, Vimentin, VCAM, ICAM, VEGFR-1, VEGFR-2, VEGFR-3,
ITGAS5, ITGB5, CDH11 or CDH3,

c. Selecting the cells specific for said endothelial cell marker thereby enriching
the sample for cells with endothelial phenotype,

d. Contacting the cells selected in c) demonstrating an endothelial phenotype
with a hybridization probe comprising at least 10 contiguous nucleotides
complementary to a gene encoding an epithelial cell marker or a ligand
directed to an epithelial cell marker, wherein the epithelial cell marker is
selected from the group consisting of CK1, CK2, CK3, CK4, CK5, CK6, CK7,
CK8, CK9, CK10, CK13, CK14, CK15, CK16, CK17, CK18 or CK19,

e. Detecting the cells with endothelial phenotype also binding the epithelial cell
marker of step d), and

f. Optionally, diagnosing and/or predicting the genetic content of the cells
detected in e),

wherein step a)-e) may be performed in any order.
In another aspect, the present disclosure refers to a method comprising the steps
of

a. Permeabilizing cells in a maternal blood sample or a fraction thereof,

b. Contacting the sample with

i. a hybridization probe comprising at least 10 contiguous nucleotides
complementary to a gene encoding an endothelial cell marker or
ii. aligand directed to an endothelial cell marker
, wherein the endothelial cell marker is selected from the group
consisting of CD105, CD146 or CD141, Vimentin, VCAM, ICAM,
VEGFR-1, VEGFR-2, VEGFR-3, ITGA5, ITGB5, CDH11 or CDH3,

c. Selecting cells that bind the hybridization probe or the ligand of the previous
step and thereby enriching the sample for cells that bind the hybridization
probe or the ligand of the previous step, and

d. Contacting the (enriched) sample with
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i. a hybridization probe comprising at least 10 contiguous nucleotides
complementary to a gene encoding an epithelial cell marker or
ii. aligand directed to an epithelial cell marker,
wherein the epithelial cell marker is selected from the group consisting of
CK1, CK2, CK3, CK4, CK5, CK6, CK7, CK8, CK9, CK10, CK13, CK14, CK15,
CK16, CK17, CK18 or CK19.
In a preferred first example of the disclosure the maternal blood sample is
contacted with an endothelial cell marker and the cells with endothelial phenotype
is thereby enriched by selecting the cells specific for said endothelial cell marker.
Such a method of identifying a fetal cell in a maternal blood sample comprises the

steps of:

Providing a maternal blood sample or a fraction thereof
Contacting the sample with a hybridization probe comprising at
least 10 contiguous nucleotides complementary to a gene
encoding an endothelial cell marker or a ligand binding to an
endothelial cell marker and
enriching the cells specific for said endothelial cell marker.
Contacting the cells selected in b) demonstrating an endothelial
phenotype with a hybridization probe comprising at least 10
contiguous nucleotides complementary to a gene encoding an
epithelial cell marker or a ligand directed to an epithelial cell
marker

e. Detecting the cells with endothelial phenotype also binding the
epithelial cell marker of step c).

f. Optionally, diagnosing and/or predicting the genetic content of
the cells detected in d)

wherein step b-e may be performed in any order

Brief description of the figures

Figure 1. Male fetal cell identified by X and Y specific probes. The arrow indicates
the fetal cell.

Figure 2. Frequency of fetal cell per ml of maternal blood.

Figure 3. Fetal cell showing pan cytokeratin staining. The arrow indicates the fetal
cell.

Figure 4. Fetal cell showing cytokeratin 7 staining. The arrow indicates the fetal
cell.

Figure 5. Fetal cell showing vimentin staining. The arrow indicates the fetal cell.
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Figure 6. Fetal cell stained with cytokeratin (green) and with FISH probes for
chromosome 21 (red) and the X chromosome (blue). Arrows point to the three
copies of chromosome 21 in the fetal cell. The background of maternal cells
contains two copies each of chromosome 21

Disclosure of the invention

The present invention is based on the identification of antigens that can be used for
identification and/or enrichment of fetal cells of a maternal blood sample. In
particular the invention is based on the surprising finding that fetal cells in a
maternal blood sample displays both endothelial and epithelial characteristics. The
present invention for the first time discloses that fetal cells present in a maternal
blood sample undergoes a unigue transition which none of the normal maternal
cells in blood do. Already from the early blastocyst stadium the celis of the embryo
differentiates into three germ layers, namely endoderm, mesoderm and ectoderm.
Mesoderm represents soft tissue celis such as muscles, fat and blood vesseals.
Ectoderm and endoderm represents epithelial cells covering the outer and inner
surfaces. Mesodermal and ectodermal cells have distinct differences in marker
expression pattern.

Epithelial-mesenchymal transition (EMT) is a process by which epithelial cells lose
their epithelial characteristics and acquire a mesenchymal-like phenotype. EMT has
been described in early embryogenesis where migration and transient
dedifferentiation of embryonic epithelial cells are required for the formation of e.g.
the neural tube.

EMT has also been described in relation to cancer where several oncogenic
pathways induce EMT. EMT has especially been studied in relation to the metastatic
process in the recent years.

The present invention relates to the realization made by the inventors that fetal
cells present in the maternal blood undergoes EMT and by utilizing this
characteristic the present invention provides a new method of isolating and
identifying fetal cells present in a maternal blood sample. By utilizing a mesoderm
marker (i.e. an endothelial marker) as a positive selection marker the fetal cells
present in a very low number in a maternal blood sample is enriched together with
some maternal cells. Positive identification of the fetal cells is subsequently done by
contacting the remaining cells with an epithelial marker thereby utilizing the EMT
phenomenon. None of the normal maternal cells present in a blood sample is
expressing any epithelial markers.
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By utilizing this transition the inventors provides a new method for enriching and
identifying fetal cells in a maternal blood sample and also discloses new antigens
for this purpose.

Thus the methods of the invention comprise isolation of cells expressing endothelial
cell markers followed by detection of cells, which in addition expresses epithelial
cell markers,

The identified antigens may be used for identification of fetal cells in a maternal
blood sample by detecting or quantifying the mRNA or the protein (antigen)
encoded by the mRNA. When the term detection is used herein, it covers both
detection and quantification. In two separate embodiments howeaver, the term
detection covers either detection or quantification. Generally, the skilled man will
recognize when detection also covers quantification, i.e. when it is relevant to
quantify mRNA levels or the levels of the protein encoded by the mRNAs. This may
e.g. be necessary for detection of a given mRNA which is expressed at a low level in
maternal cells (but not absent) and where the same mRNA is expressed at e.g. 3
fold higher levels in fetal cells.

When the term enriching is used herein, it covers isolation of one or more celi(s)
from any of the other celis present in the sample. In one embodiment the enriched
cell(s) is not isolated from the sample but rather any diagnosing is performed on
the celi(s) while still present in the sample. The sample may then be present on a
glass slide and the diagnosis may be performed using microscopy and the cells are
in this embodiment rather detected than isclated.

Another discovery that the present inventors have made is that a step of fixing the
cells of the maternal sample greatly aids identification and enrichment of fetal cells
from the sample. This fixation step may be performed together with the methods of
enriching and/or identifying fetal cells described herein or together with methods of
enriching and/or identifying fetal cells that have been described in the prior art
(e.g. US2007/0015171 described in the background section).

Fixation of the cells of a maternal blood sample

In one embodiment of the invention the discovery that fixation of the cells of a
maternal blood sample greatly increases stability of fetal cells in a maternal blood
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sample, while allowing enrichment and identification of fetal cells e.g. as further
described herein above. In one embodiment the fixation procedure can be
performed on a non-enriched blood sample immediately after sampling (i.e. step a
of the method described in the first embodiment), resulting in fixation of cellular
components in the maternal blood sample. At the same time the fixation is so mild
that maternal erythrocytes can be lysed selectively in a subsequent lysis step. The
fixation may in one embodiment be performed at any suitable time point between
step a-d of the method described in the first embodiment. In one embodiment the
fixation is performed after step a of the method described in the first embodiment.
In another embodiment the fixation is performed after step b of the method
described in the first embodiment. In another embodiment the fixation is performed
after step ¢ of the method described in the first embodiment. In yet another
embodiment the fixation is performed after step d of the method described in the
first embodiment.

In a preferred embodiment the method of the first embodiment of the invention as
described in the “Summary of Invention” comprises the following steps:

a. Providing a maternal blood sample or a fraction thereof

b. Fixating the cells of said maternal blood sample,

c. Contacting the sample with a hybridization probe comprising at
least 10 contiguous nucleotides complementary to a gene
encoding an endothelial cell marker or a ligand binding to an
endothelial cell marker and

d. enriching the cells specific for said endothelial cell marker.

e. Contacting the cells selected in b) demonstrating an endothelial
phenotype with a hybridization probe comprising at least 10
contiguous nucleotides complementary to a gene encoding an
epithelial cell marker or a ligand directed to an epithelial cell
marker

f. Detecting the cells with endothelial phenotype also binding the
epithelial cell marker of step ¢).

g. Optionally, diagnosing and/or predicting the genetic content of
the cells detected in d)

wherein the steps c-e may be performed in any order.

Thus, one embodiment of the invention is a method comprising the steps
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a. Providing a maternal blood sample or a fraction thereof
b. Contacting the sample with a fixation solution

Preferably, the maternal blood sample is contacted with the fixation solution
immediately after the sample has been obtained. The term immediately as used in
the present context means that the sample is not subjected to any other
manipulations before being contacted with the fixation solution. Preferably, the
sample is contacted with the fixation solution no more than 24 hours after the
sample has been provided, More preferably, the sample is contacted with the
fixation solution no more than 12 hours, such as 8 hours, 4 hours, 2 hours, 1 hour,
30 minutes, 15 minutes after the sample has been provided. Most preferably, the
sample is contacted with the fixation solution no more than 1 hour after the sample
has been provided,

In another preferred embodiment, the fixation solution is added to whole blood and
preferably before an optional sedimentation step such as e.g. sedimentation by
gravity or sedimentation by centrifugation.

Fixation is preferably done for between 1 and 60 minutes, More preferably, fixation
is done for between 5 and 30 min and most preferably, fixation is done between 5
and 15 minutes such as 10 minutes.

The fixation solution preferably comprises between 2.5% and 7,5 %
paraformaldehyde, more preferably between 3% and 6%, and most preferably
between 4% and 5%.

In addition to paraformaldehyde, the fixation so!utibn preferably comprises salt at a
concentration between 0,05 M and 0,3 M. More preferably the concentration is
between 0,1 and 0,2 M and most preferred is a concentration between 0,125 and
0,175 M. The salt is preferably LiCl, KCI, NaCl or PBS, with PBS being most
preferred.

When the above mentioned concentrations of the fixation solution are used, it is
preferred to add between 0,2 and 10 volumes of the fixation solution to the
maternal blood sample for fixation, more preferably between 0,5 and 5 volumes is
added and most preferably between 1 and 3 volumes is added . Typically 2/3
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volumes are added. In yet another embodiment, it is preferred to add between 1/3
and 3/3 volume of fixation solution, e.g. 2/3 volume.

It will be clear to the skilled man that the various concentrations of the fixation
solution and folds of dilution can be adjusted such as to give the desired final
concentrations after the fixation solution has been added to maternal blood sample.
Preferably, the final concentration of paraformaldehyde is between 2 and 6%, more
preferably between 3 and 5 % and most preferably between 3,5% and 4,5%. A
typical final concentration is 4%.

Preferably, the fixation step is followed by a step of lysis comprising:

¢. Contacting the fixated sample of step a with a lysis buffer

The lysis buffer typically comprises a non-ionic detergent, preferably Triton X-100.
Preferred concentrations of the detergent are between 0,01 % {(w/w) and 0,5%,
more preferably between 0,05%-0,3%, and most preferably 0,1%.

In a preferred embodiment, the lysis step is performed immediately after the
fixation step. That is both the fixation and the lysis is performed after step a and
before step b of the method described in the first embodiment. I.e. the lysis
solution is added directly to the sample, e.g. after fixation for 10 minutes. Lysis is
typically done for a period of 15 minutes to 120 minutes, more preferably 30 to 60
minutes and most preferably for 40 to 45 minutes.

As mentioned above, the lysis step surprisingly allows selective lysis of maternal
erythrocytes.

Another embodiment of the invention is the use of the lysis buffer for selective lysis
of maternal erythrocytes in a maternal blood sample or a fraction thereof, as
described herein above. In a preferred embodiment, the lysis buffer is for use in the
method of the present invention and the lysis buffer may be added to the maternal
blood sample or a fraction thereof after step a of the method described in the first
embodiment.
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Contacting the maternal blood sample with a ligand or a probe

One embodiment of the present invention provides a method of selecting a fetal cell
in a maternal blood sample, said method comprising the steps of

a. Providing a maternal blood sample or a fraction thereof

b. Contacting the sample with
i. a hybridization probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding an endothelial
cell marker or
ii. aligand directed to an endothelial cell marker

¢. Selecting cells that bind the hybridization probe or the ligand of the
previous step and thereby enriching the sample for cells that bind the
hybridization probe or the ligand of the previous step

d. Contacting the (enriched) sample of step with
i. a hybridization probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding an
epithelial cell marker or
ii. aligand directed to an epithelial cell marker .

Preferably, the method further comprises a step of identifying fetal cells of the
sample. As will be clear, identification preferably comprises detecting the presence
of the ligand directed to an epithelial cell marker on or in the fetal cell or detecting
the presence of an a hybridization probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding an epithelial cell marker on or in
the fetal cell.

In a preferred embodiment the maternal blood sample is contacted with ligand or
hybridization probe binding an endothelial cell marker or a gene encoding said
marker and the cells with endothelial phenotype is thereby enriched by selecting
the cells specific for said endothelial cell marker. Such a method comprises the
steps of:

a, Providing a maternal blood sample or a fraction thereof
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b. Contacting the sample with a hybridization probe comprising at least
10 contiguous nucleotides complementary to a gene encoding an
endothelial cell marker or a ligand directed to an endothelial cell
marker and

¢. selecting the cells specific for said endothelial cell marker thereby
enriching the sample for cells with endothelial phenotype

d. Contacting the cells selected in ¢} demonstrating an endothelial
phenotype with a hybridization probe comprising at least 10
contiguous nucleotides complementary to a gene encoding an
epithelial cell marker or a ligand directed to an epithelial cell marker

e. Detecting the cells with endothelial phenotype also binding the
epithelial cell marker of step d).

f. Optionally, diagnosing and/or predicting the genetic content of the
celis detected in e)

wherein step b-e may be performed in any order.

The skilled person would know that in one embodiment steps b, ¢, d, e and f
described above may be performed in any order, preferably in the order described
above or in the order b, d, ¢, e and f, more preferably in the order described above.
Thus, in one embodiment the sample is contacted with a hybridization probe or
ligand directed to an endothelial cell marker followed by contacting the same
sample with a hybridization probe or ligand directed to an epithelial cell marker
before the selection step is performed.

In a preferred embodiment, the endothelial cell marker is selected from the group
consisting of CD105, CD146 or CD141, Vimentin, VCAM, ICAM, VEGFR-1, VEGFR-2,
VEGFR-3, ITGAS, ITGB5, CDH11 or CDH3. An endothelial marker of the present
invention is a marker which is expressed primarily in or on endothelial cells. Said
endothelial marker is not particularly expressed in or on any other cell type.

Most preferred is CD105 (SEQ ID NO 1 and SEQ ID NO 2).

In a preferred embodiment, the epithelial cell marker is selected from the group
consisting of CK1, CK2, CK3, CK4, CK5, CK6, CK7, CK8, CK9, CK10, CK10, CK13,
CK14, CK15, CK16, CK17, CK18 or CK19, An epithelial marker of the present
invention is a marker which is expressed primarily in or on epithelial cells. Said
epithelial marker is not particularly expressed in or on any other cell type.
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In a preferred embodiment, the method further comprises contacting the sample
with M30 antibody (or another ligand directed to apoptotic CK18). In a preferred
embodiment the epithelial marker is selected from the group consisting of: CK4,
CK5, CK6A, CK6B, CK7, CK8, CK10, CK13 and CK18. Most preferred id CK18 (SEQ
ID NO: 12 and SEQ ID NO 13).

The antigens for use in the present invention and encoding genes are identified in
table 1.

Table 1:

NCBI accession: Short Accession nr.
Human Endoglin CD 105 AF035753
Human Vimentin Vim NM_003380
Human Cytokeratin 1 KRT1 X69725
Human Cytokeratin 2 KRT2 NM_000423
Human Cytokeratin 3 KRT3 NM_057088
Human Cytokeratin 4 KRT4 NM_002272
Human Cytokeratin 5 KRT5 NM_000424
Human Cytokeratin 6 KRT6 NM_080747
Human Cytokeratin 7 KRT7 NM_005556
Human Cytokeratin 8 KRTS8 NM_002273
Human Cytokeratin 10 KRT10 NM_000421
Human Cytokeratin 13 KRT13 NM_153490
Human Cytokeratin 14 KRT14 NM_000526
Human Cytokeratin 15 KRT15 NM_002275
Human Cytokeratin 16 KRT16 NM_005557
Human Cytokeratin 17 KRT17 NM_000422
Human Cytokeratin 18 KRT18 NM_199187
Human Cytokeratin 19 KRT19 NM_002276
Vascular Cell Adhesion Molecule VCAM P19320
Intercelliular Adhesion Molecule 1 ICAM NP_000192
CD9 Molecule Cb9 NP_001760
Vascular Endothelial Growth Factor Receptor 1 (Fit-1) | VEGFR-1 P17948
Vascular Endothelial Growth Factor Receptor 2 VEGFR-2 P35968
Vascular Endothelial Growth Factor Receptor 3 VEGFR-3 P35916




10

15

12

Integrin, alpha V ITGADS AAI36443
Integrin, beta V ITGBS ABY87537
Cadherin 11 CDH11 EAW83002
Cadherin 3 CDH3 pP22223
Carboxypeptidase M CPM AAH22276
Lymphoid Cell Activation Antigen CcD39 AAB32152
Plasminogen Activator Inhibitor 1 PAI-1 PO5121
CD200 Molecule CD200 AAH31103
EPH Receptor B4 EPHB4 EAL23820
Endothelial Protein C Receptor EPCR AAH14451
Proteinase Activated Receptor 1 PAR-1 P25116

The antigens for use in step b of the method described in the first embodiment and
encoding genes are preferably selected from table 2. Thus, the endothelial cell
marker of step b) of the method of the first embodiment of the invention described

in the Summary of the invention is preferably selected from the markers encoded

by the genes of table 2:

Table 2:

NCBI accession: Short Accession nr.
Human Endoglin CD 105 AF0Q35753
Human Vimentin Vim NM_003380
Vascular Cell Adhesion Molecule VCAM P19320
Intercellular Adhesion Molecule 1 ICAM NP_000192
Vascular Endothelial Growth Factor Receptor 1 (Fit-1) | VEGFR-1 | P17948
Vascular Endothelial Growth Factor Receptor 2 VEGFR-2 | P35968
Vascular Endothelial Growth Factor Receptor 3 VEGFR-3 | P35916
Plasminogen Activator Inhibitor 1 PAI-1 p05121
Endothelial Protein C Receptor EPCR AAH14451

The antigens for use in step d of the method described in the first embodiment and
encoding genes are preferably selected from table 3. Thus, the epithelial cell
marker of step d) of the method of the first embodiment of the invention described
in the Summary of the invention is preferably selected from the markers encoded

by the genes of table 3:
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Table 3:

NCBI accession: Short Accession nr.,
Human Cytokeratin 1 KRT1 X69725
Human Cytokeratin 2 KRT2 NM_000423
Human Cytokeratin 3 KRT3 NM_057088
Human Cytokeratin 4 KRT4 NM_002272
Human Cytokeratin 5 KRTS NM_000424
Human Cytokeratin 6 KRT6 NM_080747
Human Cytokeratin 7 KRT7 NM_005556
Human Cytokeratin 8 KRTS8 NM_002273
Human Cytokeratin 10 KRT10 NM_000421
Human Cytokeratin 13 KRT13 NM_153490
Human Cytokeratin 14 KRT14 NM_000526
Human Cytokeratin 15 KRT15 NM_002275
Human Cytokeratin 16 KRT16 NM_Q005557
Human Cytokeratin 17 KRT17 NM_000422
Human Cytokeratin 18 KRT18 NM_199187
Human Cytokeratin 19 KRT19 NM_002276

It should be noted that the hybridization probe of step b and d of the method
described in the first embodiment (see Summary of the Invention) may be
complementary to either the coding strand or the non-coding strand of the gene.
Preferably, the probe is complementary to the coding strand (non-template strand).
In a related embodiment, the probe is directed to the mRNA. If the probe is to be
directed to the mRNA, it may be directed to splice junctions, which means, that the
sequences are split in the DNA.

The term “a fraction thereof” is used to indicate that the maternal blood sample
may be contacted directly with a ligand or a hybridization probe or that the
maternal blood sample may be pre-processed such as to only comprise a fraction of
the original maternal blood sample when being contacted with the ligand or
hybridization probe. The maternal blood sample may e.g. be subject to
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concentration of its cells, a coagulation step or an enrichment step before being
contacted with the ligand or hybridization probe.

In a preferred embodiment, the method comprises
a. Providing a maternal blood sample or a fraction thereof
b. Contacting the samplie with
i. a hybridization probe comprising' at least 10 contiguous
nucleotides complementary to a gene encoding human
vimentin and/or
if. a ligand directed to human vimentin.

In another preferred embodiment, the method comprises
a. Providing a maternal blood sample or a fraction thereof
b. Contacting the sample with
i. a hybridization probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding human
cytokeratin 7 and/or '
ii. aligand directed to human cytokeratin 7.

In a more preferred embodiment, the method comprises
a, providing a maternal blood sample or a fraction thereof
b. contacting the sampie with
i. & hybridization probe comprising at least 10 nucleotides
complementary to a gene encoding CD105 and/or
ii. aligand directed to CD105 (SEQ ID NO: 1 or SEQ 1D NO: 2)
and
¢. contacting the sample with
i. a hybridization probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding cytokeratin 7
(SEQ ID NO: 7) and/or
ii. a ligand directed to human cytokeratin 7 in done after the
maternal blood sample has been contacted with an endothelial
marker, in a preferred embodiment CD105.

In yet another preferred embodiment, the method comprises
a. Providing a maternal blood sample or a fraction thereof
b. Contacting the sample with
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a cross-reacting hybridization probe comprising at least 10
contiguous nucleotides complementary to the genes in the
group consisting of a gene encoding human cytokeratin 1-6,
8, 10 and 13-19 and/or

A cross-reacting ligand directed to human cytokeratins 1-6, 8,
10 and 13-19.

In this embodiment, the ligand can bind to multiple cytokeratins, i.e. cytokeratins

1-6, 8, 10 and 13-19. This cross reactivity can be achieved by directing the ligand

to conserved (identical) regions of the cytokeratin. Likewise, cross reacting

hybridisation probes can be designed by directing the probe to conserved (identical)

regions of the genes encoding the mentioned cytokeratins.

In a preferred embodiment, the method comprises:

a. Providing a maternal blood sample or a fraction thereof
b. Contacting the sample with

a hybridization probe comprising at least 10 nucleotides
complementary to a gene encoding CD105 and/or
a ligand directed to CD105 and

c. Contacting the sample with

i

a cross-reacting hybridization probe comprising at least 10
contiguous nucleotides complementary to the genes in the
group consisting of a gene encoding human cytokeratin 1-6,
8, 10 and 13-19 and/or

A cross-reacting ligand directed to human cytokeratins 1-6, 8,
10 and 13-19.

In still another embodiment, a mixture of hybridisation probes or ligands {one for

each antigen or gene) are used as an alternative to a cross reacting hybridisation

probe or cross reacting ligand.

In one such embodiment, the method comprises the steps of

a. Providing a maternal blood sample or a fraction thereof

b. contacting the sample with

a hybridization probe comprising at least 10 nucleotides
complementary to a gene encoding CD105 and/or
a ligand directed to CD105 and
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¢. Contacting the sample with
i. A mixture of hybridization probes, comprising hybridisation

probes comprising at least 10 contiguous nucleotides
complementary to the genes in the group consisting of a gene
encoding human cytokeratins 1-6, 8, 10 and 13-19, a
hybridisation probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding human
cytokeratin 7 and a hybridisation probe comprising at least 10
contiguous nucleotides complementary to a gene encoding
human vimentin and/or

ii. A mixture of ligands comprising a cross-reactive ligand
- directed to human cytokeratins 1-6, 8, 10 and 13-19, a ligand
directed to human cytokeratin 7 and a ligand directed to
human vimentin

In a preferred embodiment cells reactive to both an endothelial (i.e. CD105) and
epithelial marker (i.e. cytokeratin 7) is subsequently identified and selected for
further analysis,

In a preferred embodiment step b preferably utilizes a hybridisation probe as
described herein below and step d utilizes a ligand as described herein below.

Whole blood selection

In one embodiment, the maternal blood sample of step a of the method described
in the first embodiment is whole blood, i.e. the blood has not been subjected to any
fractionations before being contacted with a ligand directed to an endothelial cell
marker or a hybridisation probe directed to a gene encoding an endothelial cell
marker.

Fixation and selective lysis

In a preferred embodiment of the invention, the cells of the maternal blood sample
are fixed as described in one embodiment of the invention. The number of maternal
cells largely exceeds the number of foetal cells present in a maternal blood sample,
thus it may be useful to include a step of enrichment whereby maternal cells are
removed from the sample to be analysed. The enrichment step may be performed
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at any suitable time point during the procedure, most suitable as step after step a
of the method described in the first embodiment. In order not to remove any foetal
cells it is preferred that the enrichment step does not discriminate between
different foetal nucleated cell types. A large fraction of the maternal cells in the
blood sample is comprised by erythrocytes. Several methods of removing
erythrocytes is known, and most convenient is erythrocyte lysis, which may be
achieved by NH,Cl mediated lysis Thus, in a preferred embodiment, the maternal
erythrocytes are selectively lysed immediately after fixation. Accordingly the
method of identifying a fetal cell in a maternal blood sample comprises the steps
of:

a. Providing a maternal blood sample or a fraction thereof
b. Enriching the fetal cells by subjecting said maternal blood sample to
erythrocyte lysis
¢. Fixating the remaining cells,
d.Contacting the sample with a hybridization probe comprising at least
10 contiguous nucleotides complementary to a gene encoding an
endothelial cell marker or a ligand binding to an endothelial cell
marker and
e. enriching the cells specific for said endothelial cell marker
f. Contacting the cells selected in b) demonstrating an endothelial
phenotype with a hybridization probe comprising at least 10
contiguous nucleotides complementary to a gene encoding an
epithelial cell marker or a ligand directed to an epithelial cell marker
g. Detecting the cells with endothelial phenotype also binding the
epithelial cell marker of step ¢)
h. Optionally, diagnosing and/or predicting the genetic content of the
cells detected in d)
wherein step b-e may be performed in any order, preferably in the order indicated
above,

Permabilization

In yet another embodiment, the cells of the maternal blood sample is subjected to
a permeabilization step before being contacted with ligands or hybridisation probes
as described above. L.e. the permeabilixation step is performed before step b of the
method described in the first embodiment. This step preferably comprises
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contacting the sample with methanol, acetone or saponine. Preferably, the
permeabilizing agent is methanol. Accordingly the method of identifying a fetal cell
in a maternal blood sample comprises the steps of:

a. Providing a maternal blood sample or a fraction thereof

b. Permeabilizing the cells of said maternal blood sample,

¢. Contacting the sample with a hybridization probe comprising at least
10 contiguous nudeotides complementary to a gene encoding an
endothelial cell marker or a ligand binding to an endothelial cell
marker and

d.enriching the cells specific for said endothelial cell marker

e. Contacting the cells selected in b) demonstrating an endothelial
phenotype with a hybridization probe comprising at least 10
contiguous nucleotides complementary to a gene encoding an
epithelial cell marker or a ligand directed to an epithelial cell marker

f. Detecting the celis with endothelial phenotype also binding the
epithelial cell marker of step ¢)

g.Optionally, diagnosing and/or predicting the genetic content of the
cells detected in d)

wherein step b-e may be performed in any order

Positive selection

Preferably, antigen dependent enrichment comprises contacting the maternal blood
sample with antibodies directed to CD105 as described in the examples section and
in one embodiment of the invention. I.e. in one embodiment step b of the method
described in the first embodiment is an antigen dependent step.

In a preferred embodiment, the maternal blood sample is fixed, lysed and enriched
using antibodies directed to CD105 before being contacted with ligands or
hybridisation probes directed at epithelial cells (i.e. step d of the method described
in the first embodiment).

Efficiency

A preferred embodiment of the present invention makes fetai cell identification
commerciaily feasible, because it dramatically lowers the number of individual cells
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that has to be analysed for identification of fetal cells. The present invention
reduces the number of cells in the sample 10 to 20 fold such that they can be
analysed using automated scanning of about 20 to 30 slides. I.e. the invention not
only provides fetal cell specific antigens for use in fetal cell identification. It also
provides enrichment methods that dramatically reduce the number of cells that is
to be analysed for fetal cell identication. The methods enables consistent
identification of 0,1 to 1,1 fetal celis/ml of maternal blood sample and with the
analysis of only 20 to 30 slides / 10° - 107 total cells.

The area of the slides that are covered by cells is typically 15 mm x 15 mm further
underscoring the efficiency of the method.

Hybridisation probes

Hybridisation probes of step b and d of the method described in the first
embodiment of the invention in the section “"Summary of the Invention” are used as
generally in the art and are typically DNA or RNA, preferably DNA. In preferred
embodiments, the probes are modified with non-natural nucleotides that improve
binding affinity and/or binding specificity. Preferred examples of such non-natural
nucleotides are LNA (locked nucleic acids), TINA (twisted intercalating nucleic
acids), PNA (peptide nucleic acid), INA (intercalating nucleic acids), morpholino and
2 O-substituted RNA monomers such as 2'0-methy! RNA monomers and 2'0-(2-
methoxyethyl) RNA.

The length of the probes may be any suitable length, such as in the range of 10 to
200 nucleotides, preferably between 10 and 30 nucleotides, more preferably 15-25
nucleotides and preferably, the probe is fully complementary to the gene encoding
encoding human cytokeratin 1, 2, 3, 4 (SEQ ID NO: 3), 5 (SEQ ID NO: 4), 6A (SEQ
ID NO: 5), 6B (SEQ ID NO: 6), 7 (SEQ ID NO: 7), 8 (SEQ ID NO: 8), 10 (SEQ ID
NO: 9), 13 (SEQ ID NO: 10 and SEQ ID NO: 11), 14, 15, 16, 17, 18 (SEQ ID NO:
12 and SEQ ID NO: 13) and 19, CD105 (SEQ ID NO: 1 and SEQ ID NO: 2) and/or
human vimentin over the length of the probe.

In one embodiment the probe is at least 85% complementary to a gene encoding
any of the proteins described in table 1-3, preferably of table 2, such as at least
90% complementary, for example at least 95% complementary over the length of
the probe. The probe may be complementary to the DNA or the mRNA encoding
said protein,
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In one embodiment the probe is at least 85% complementary to the gene encoding
human cytokeratin 1, 2, 3, 4 (SEQ ID NO: 3), 5 (SEQ ID NO: 4), 6A (SEQ ID NO 5),
6B (SEQ ID NO: 6), 7 (SEQ ID NO: 7), 8 (SEQ ID NO: 8), 10 (SEQ ID NO: 9), 13
(SEQ ID NO: 10 and SEQ ID NO: 11), 14, 15, 16, 17, 18 (SEQ ID NO: 12 and SEQ
ID NO: 13) and 19, CD105 (SEQ ID NO 1 and SEQ ID NO: 2) and/or human
vimentin, such as at least 90% complementary, for example at least 95%
complementary over the length of the probe. The probe may be complementary to
the DNA or mRNA encoding said protein.

In one preferred embodiment the probe is fully complementary to the gene
encoding CD105 (SEQ 1D NO: 1 and SEQ ID NO: 2) over the length of the probe. In
another preferred embodiment the probe is fully complementary to the gene
encoding CK18 (SEQ ID NO: 12 and SEQ ID NO 13) over the iength of the probe,

In one embodiment the hybridization probes for use in step b of the method
described in the first embodiment of the invention in the section “Summary of the
Invention” may be selected from hybridization probes hybridizing to a nucleotide
encoding a protein selected from the group consisting of: CD 105, Vimentin, VCAM,
ICAM, VEGFR-1, VEGFR-2, VEGFR-3, PAI-1 and EPCR.

Most preferred is CD105 (SEQ ID NO: 1 and SEQ ID NO: 2).

In one embodiment the hybridization probes for use in step d of the method
described in the first embodiment may be selected from hybridization probes
hybridizing to a nucleotide encoding a protein selected from the group consisting
of: CK1, CK2, CK3, CK4, CK5, CK6, CK7, CK8, CK10, CK13, CK14, CK15, CK16,
CK17, CK18 and CK19.

Most preferred is CK18 (SEQ ID NO: 12 and SEQ ID NO: 13).

Reporter dyes

The hybridization probes and ligands to be used according to the invention in step b
and d of the method described in the first embodiment of the invention described in
“Summary of the Invention” may comprise or preferably be linked to a reporter dye
(also herein termed a label). Said hybridization probes or ligand are preferably
covalently linked to a reported dye. The reporter dye is preferably a fluorescent
reporter dye, Preferably, the reporter dye is selected from the group consisting of
FAM™, TET™, JOE™, VIC™, SYBR® Green, 6 FAM, HEX, TET, TAMRA, JOE, ROX,
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Fluorescein, Cy3, Cy5, Cy5.5, Texas Red, Rhodamine, Rhodamine Green,
Rhodamine Red, 6-CarboxyRhodamine 6G, Alexa Fluor, Oregon Green 488, Oregon
Green 500 and Oregon Green 514,

In one embodiment, the hybridization probes also comprise a quenching dye. In a
preferred embodiment, the guenching dye is selected from the group consisting of
TAMRA™, Black Hole Quencher™, DABCYL, BHQ-1, BHQ-2, DDQ I, DDQ 1T and
Eclipse Dark Quencher.

The use of reporter and quenching dye is desirable because it allows various kinds
of quantifications in addition to identification.

Typically, the reporter dye and the quencher dye are located near each other in the
hybridization probe, allowing light- or laser-induced fluorescence emitted by the
reporter to be quenched by the quencher dye. When the oligonucleotide binds to a
complementary template strand, the reporter dye and the quencher dye are
separated from each other such that the quencher no longer quenches the signal
from the reporter, i.e. hybridization can be detected.

Thus, in one embodiment, the hybridization probe is capable of forming a stem-loop
structure, wherein the guencher and reporter dye are brought into proximity in the
stem. In one embodiment, the oligonucleotide is a so-called molecular beacon. The
guencher and the reporter are no longer in proximity, when the molecular beacon
base pairs to a template strand. Therefore the laser-induced signal from the
reporter dye is no longer quenched.

Instead of using a reporter dye and a quencher dye, a so-called FRET (fluorescence
resonance energy transfer) pair comprising a donor fluorophor and an acceptor
filuorophor may be used. When the donor fluorophor is excited by an external light
source, it emits light at a wavelength, which excites the acceptor fluorophor, which
in turn emits light at a different wavelength, which can be detected and measured,
The energy is only transferred from the donor to the acceptor if the donor
fluorophor and acceptor fluorophor are in close proximity.

Preferred FRET pairs include BFP-YFP, CFP-YFP, GFP-DsRed, GFP-Cy3, GFP-
mOrange, YFP-RFP, FAM-ROX, FAM-Cy5, FAM-Hex, FAM-TAMRA and Cy3-Cy5.
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In one embodiment of the present invention the hybridization probes and ligands to
be used in step b of the method described in the first embodiment is preferably
linked to a reporter dye, said reporter dye being different from the reporter dye
linked to the hybridization probes and ligands to be used in step d of the same
method,

Ligands

The ligand as used in the method of the invention in step b and d of the method
described in the first embodiment is preferably an antibody, a peptide or an
aptamer. A ligand as used in the method of the invention binds primarily to the
cell(s) of interest, preferably with a higher affinity than binding to other cells. Thus
preferably the ligand binds primarily to said endothelial cell marker or said epithelial
cell marker.

The ligand may be an aptamer, Aptamers are nucleic acid based high-affinity
ligands that bind to antigens such as proteins. They are typically identified using in
vitro evolution techniques such as SELEX (systematic evolution of ligands by
exponential enrichment). In SELEX, iterated rounds of selection and amplification of
nucleic acids from an initial library is used for identification of high-affinity
aptamers, Since the initial library is very large (e.g. 10** different sequences) and
sequences may be mutated during iterated rounds, identification of high affinity
aptamers can now be done on a routine basis and such methods are known to the
skiled man. Preferred aptamers are less than 50 nuclectides in length.

High affinity peptides may be generated using phage display. In phage display, a
library of phages displaying peptides are selected against the target and
subsequently amplified in an evolution process similar to SELEX. Various systems
for phage display exist and the size of the peptide may be chosen to suit particular
needs. In one embodiment, the peptides to be used with the method of the
invention have a size of less than 50 amino acids.

Often the library is displayed at a scaffold, e.g. an antibody scaffold. Thus, phage
display may be used to identify high affinity antibodies. Other in vitro evolution
techniques for antibody generation involve mRNA display, ribosome display and
covalent DNA display.



10

15

20

25

30

35

23

The ligand may aiso be an antibody. An antibody according to the invention is a
polypeptide or protein capable of recognising and binding an antigen comprising at
least one antigen binding site. Said antigen binding site preferably comprises at
least one CDR. The antibody may be a naturally occurring antibody, a fragment of a
naturally occurring antibody or a synthetic antibody.

The term “naturally occurring antibody” refers to heterotetrameric glycoproteins
capable of recognising and binding an antigen and comprising two identical heavy
(H) chains and two identical light (L) chains inter-connected by disulfide bonds.
Each heavy chain comprises a heavy chain variable region (abbreviated herein as
V) and a heavy chain constant region (abbreviated herein as Cy). Each light chain
comprises a light chain variable region (abbreviated herein as V,) and a light chain
constant region (abbreviated herein as C). The Vs and V_ regions can be further
subdivided into regions of hypervariability, termed complementarity determining
regions (CDRSs), interspersed with regions that are more consearved, termed
framework regions (FRs). Antibodies may comprise several identical
heterotetramers.

Antibodies may also be generated using immunization of suitable animals such as
mice, rat, goat, rabbit, horse efc,

Antibodies used for the present invention may be either monoclonal or polycional.
Methods of generating both types of antibodies are well known to the skilled
artisan. In addition to in vitro evolution methods outlined above, monoclonal
antibodies are typically prepared using hybridoma technology.

In a preferred embodiment the ligand is an antibody or an aptamer that recognizes
and binds an antigen selected from the group consisting of:

CK1, CK2, CK3, CK4, CK5, CK6, CK7, CK8, CK10, CK13, CK14, CK15, CK16, CK17,
CK18, CK19, CD105, Vimentin, VCAM, ICAM, VEGFR-1, VEGFR-2, VEGFR-3, PAI-1,
EPCR, CD9, ITGAS, ITGB5, CDH11, CDH3, CPM, CD39, CD200, EPHB4 and PAR-1.

In a preferred embodiment the ligand for use in step b of the method described in
the first embodiment of the invention in the section “"Summary of the Invention” is
selected from the group consisting of: CD 105, Vimentin, VCAM, ICAM, VEGFR-1,
VEGFR-2, VEGFR-3, PAI-1 and EPCR,

Most preferred is CD105 (SEQ ID NO: 1 and SEQ ID NO: 2).
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In a preferred embodiment the ligand for use in step d of the method described in
the first embodiment of the invention in the section “"Summary of the invention” is
selected from the group consisting of: CK1, CK2, CK3, CK4, CK5, CK6, CK7, CK8,
CK10, CK13, CK14, CK15, CK16, CK17, CK18 and CK19.

Most preferred is CK18 (SEQ ID NO: 12 and SEQ ID NO: 13).

Specificity of ligands

Preferably the ligands for use in step b and d of the method described in the first
embodiment bind specifically to fetal cells. When referring to specificity, what is
meant is that the ligands have a higher binding affinity for fetal cells than for
maternal cells. Binding affinity may be expressed in terms of a dissociation constant
(kd) and specificity as a ratio between the kd of a given ligand for maternal cells
and the kd of the same ligand for fetal cells. I.e. a ligand may have a kd of 10° M
for maternal cells and 10° M for fetal cells. In this case, the specificity would be
10.000. However, since both fetal celis and maternal cells are not necessarily a
homogenous population, specificity may aiso be expressed in terms of the fold of
enrichment that can be achieved with a given ligand (as further described below).

In a preferred embodiment, the ligands are generated by the method of the present
invention described herein below . I.e. the specificity of the ligands has been
optimized.

Preferably, the method further comprises a step of identifying fetal cealls of the
sample and/or a step of enriching fetal celis of the sample. In a preferred
embodiment, the step of enrichment is performed before the step of identification.

After enrichment and/or identification, a step of detection and a step of prediction
and/or diagnosis are often performed.

Identification

When the method comprises a step of identification, one embodiment comprises
detecting the presence of the ligand or the hybridization probe on or in the fetal
celis (step e of the method described in the first embodiment).

Detection may be enabled by labeling the ligand or the hybridization probe with
fluorescent dyes or other dyes suitable for detection. Thus, the method may e.g. be
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fluorescent in-situ hybridization (FISH). The probe may comprise a quencher as
well as a fluorophor or a FRET pair as described above, which enables detection of
hybridisation probes bound to their target sequences. Alternatively or additionally,
probes binding to their targets are separated from non-binding probes by one or
more washing steps.

Identification may alsc be done using immunostaining using a ligand such as an
antibody.

Identification may be done using multicolor FISH or multicolor immunostaining. L.e.
different hybridization probes with different fluorescent labels may be used
simultaneously or two (or more) different antibodies with different fluorescent
tabels may be used simultaneously. They may both be specific for fetal cells or one
may be specific for fetal cells and the other may be specific for maternal cells.

In one embodiment the identified fetal cell may be subjected to Laser Capture
Microdissection (LCM).

Enrichment

In a preferred embodiment, a ligand dependent or hybridization probe dependent
enrichment step is performed after the maternal sample has been contacted with
the ligand or the hybridization probe i.e. step ¢ of the method described in the first
embodiment of the invention in the "Summary of the Invention”, In one
embodiment, enrichment may also be performed after step d of the method
described in the first embodiment. For enrichment, a ligand is preferred over a
hybridization probe.

The ligand used in step c of the method described in the first embodiment of the
invention is preferably linked to a metal molecule, such as magnetic beads.

When referring to enrichment, what is meant is that the ratio of fetal celis to
maternal cells of the sample is increased. The fold of enrichment is preferably more
than 1000 fold, even more preferably more than 10.000 fold and most preferably
more than 100.000 fold.

In another embodiment, the fold of enrichment is selected from the group
consisting of more than 10 fold, more than 100 fold, more than 1000 fold, more
than 10.000 fold, more than 100.000 fold and more than 1.000.000 fold.
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The basis of the enrichment is the identified mRNAs preferentially expressed in fetal
cells and proteins encoded by the mRNAs.

As will be clear to the person skilled in the art, additional antigen dependent
enrichment steps based on ligands (or antigens) known from the prior art may be
performed. Examples of such antigens known from the prior art are: CD34, Tra,
Octl, Cryptol, SSEA1, CD29, CD33, CD146 and CD166.

As described above in relation to e.g. CD105, an enricﬁment step may also be
performed before the maternal sample has been contacted with the ligand or the
hybridization probe, i.e. before step b of the method described in the first
embodiment.

Flow-based sorting
In a preferred embodiment, the enrichment is done using fluorescent activated cell

sorting (FACS). Thus, the ligand is fluorescently labelled which allows FACS. FACS
and suitable labels are well known o the skilled artisan and examples have been
given above,

As an alternative to FACS, microfluidic device cell sorting may be used.

Immobilization

In another preferred embodiment, enrichment is done using immobilization of the
ligands. The ligands for use in step b and/or d of the method described in the first
embodiment of the invention in the “Summary of the Invention” may e.g. by
immobilized on beads such as magnetic beads, sepharose beads, agarose beads
etc. When the ligands and cells bound thereto are immobilized, unbound cells can
be washed of the beads. Such washing process may be performed in batch oron a
column. After enrichment (fractionation), bound cells can be eluted using high or
low salt, cleavable linkers, low or high pH, denaturing agents etc. More preferably,
bound ceils are eluted using competitive elution with soluble antigens or secondary
ligands binding to the fetal cell specific ligands, e.g. antibodies directed to the fixed
part of the ligand used for immobilization.
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A preferred method of enrichment is MACS (immunomagnetic cell sorting), where
the ligands are immobilized on magnetic beads. 1.e. cells bound to the ligands can
be separated from non-binders by selecting the particles using magnetism.

In a preferred embodiment enrichment in step b of the method described in the
first embodiment is performed using CD105 immobilized on magnetic beads.

Negative selection using antigens

Ligands that bind specifically to maternal cells may also in one embodiment be used
for enrichment. Thus, in a preferred embodiment, the method further comprises a
step of contacting the sample with a maternal cell specific ligand directed to a
maternal antigen. This step may be performed at any time suitable such as before
step b of the method described in first embodiment. After contacting the sample
with a maternal cell specific ligand, enrichment may e.g. be done using FACS,
MACS, microfluidics or immobilization as described above.

Preferably, the ligand is selected from the group consisting of ligands that bind to
antigens encoded by mRNAs preferentially expressed in maternal blood cells but
not in fetal cells as identified by the present inventors. '

As will be clear to the person skilled in the art, additional antigen dependent
enrichment steps (negative selections) based on ligands (or antigens) known from
the prior art may be used. Thus in one embodiment, an additional antigen
dependent enrichment step is performed, where the ligand is selected from the
group consisting of ligands that bind to maternal specific antigens known from the
prior art such as CD45, HLA-A, HLA-B or antibodies selected from the group
consisting of HLe-1, M3 and L4.

A preferred cell type marker for negative selection is CD45 also known as leukocyte
common antigen. CD45 is a transmembrane protein expressed by all differentiated
hematopoietic cells except erythrocytes and plasma cells. The CD45 protein exists
in different forms which are all produced from a single complex gene giving rise to
eight different mature mRNAs and resulting in eight different protein products. It is
expressed on all leukocytes but not on other cells, and thus functions as a pan-
leukocute marker including the different and diverse types of leukocytes (or white
blood celis) such as neutrophils, eosinophils, basophils, lymphocyte (B and T cells),
monocytes and macrophageds.
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Due to the expression of CD45 on a large majority of the nucleated cells present in
maternal biood a negative selection using the CD45 marker is preferred. Following
depletion of CD45 positive cells, the CD45 negative cells of the sample is collected.
Such depletion and collection can be performed by any suitable method known in
the art,

In one embodiment the cells present in the maternal biood sample or a fragment
thereof is counterstained using a CD45 marker at any suitable time point thereby
identifying the maternal cells present in the sample. The CD45 negative cells of the
sample may then be collected. Such a counterstain and collection may be
performed using any suitable method known in the art.

HLA

The human leukocyte antigens, part of the human major histocompatibility complex
(MHC) is responsibie for cell-surface antigen-presenting proteins and many other
genes.

Two classes of the human leukocyte antigens are present, class I antigens (A, B &
C) and class II antigens (DR, DP, & DQ) which have different functions. Both
classes include a high number of variable alleles.

HLA genes not expressed by fetal cells may be used for depletion of maternal cells
in the sample. L.e. the maternal blood sample or fraction thereof present in step a
of the method described in the first embodiment may be subjected to antigens
directed at HLA genes.

Other enrichment methods

Additional enrichment methods that do not use antigen specific ligands may also be
used.

A preferred additional method of enrichment is lysis of erythrocytes such as NH,Cl
mediated lysis, which allows selective lysis of erythrocytes leaving nucleated cells
intact. This method is known by a person skilled in the art. In a preferred
embodiment lysis of erythrocytes is performed before step b of the method
described in the first embodiment. For NH,Cl mediated lysis preferably a
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concentration of 0.1-0.2 mM NH,Cl is used, such as 0.14-0.18 mM NH,Ct more
preferably mM 0.15-0.17 NH,Cl.

Also the methods of fixation and selective lysis described herein above may be used
for enrichment.

The sample may also be subjected to initial separation based on size or density,
such as by Ficoll-Hypaque density gradient centrifugation. This results in production
of a supernatant layer, which contains platelets; a mononuclear cell layer; and an
agglutinated pellet which contains non-nucleated erythrocytes and granulocytes.
The mononuclear layer is separated from the other layers to produce a maternal
sample enriched in fetal cells,

Also physical properties of celis, such as but not exclusively charge, may be utilized
for enrichment,

Sedimentation

The celis present in the blood sample may be enriched by sedimentation, where the
majority of cells présent in the sample are allowed to sediment. The blood sample
may prior to sedimentation be diluted in a suitable solution, such as 0.15 M NacCl,
The sedimentation may continue until total sedimentation has occurred, such as for
at least 5 hours, or preferably overnight.

Preferably the sample is allowed to sediment at a temperature below room
temperature, such as at a temperature of less than 15 °C, such as less than 10 °C
or 8 °C or 6 °C, preferably at a temperature of 2-8 °C or around 4 °C.

A minor population of celis with a low density may not sediment and may be
isolated by mild pre-fixation as described, such as in 0.5 % paraformaldehyde
followed by centrifugation.

Combining ligands and enrichment methods
As will be understood, the various ligands and enrichment methods may be

combined. Thus, 1, 2, 3 or more fetal cell specific ligands directed at cells with
endothelial phenotype (i.e. endothelial cell markers) may be used at the same time
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or in succession. Likewise iterated enrichments using respectively fetal cell specific
ligands and maternal specific ligands may be used.

The sample

It is desirable to obtain as large a maternal blood sample as possible in order to
increase the total number of fetal cells. Accordingly, the size of the maternal blood
sample of step a in the method described in the first embodiment is preferably in
the range of 0.5 to 50 mil, such as in the range of 1 to 40 mi, such as from 5 to 35
mi or 10 to 30 ml.

The maternal blood sample provided is preferably obtained from a pregnant woman
between 5 -24 or 6 -20 weeks of gestation, more preferably between 7-16, or 8-12
weeks of gestation.

Dilution - concentration

Also, according to the invention the sample may be diluted or concentrated at
anytime during the method. The sample may be diluted at least 1.5 times, such as
twice, more preferred at least three times, such as five times by adding isotonic
buffers, such as saline solutions, phosphate buffered saline sotutions, PBS, and/or
suitable growth media, such as basal media, and tissues growth media. A method
step may include difution of a sample by addition of various components allocated
for the specific method step.

For carrying out the method it may for the feasibility of the different method steps
be advantageous to concentrate the sample e.g. to reduce the volume without
removing any cells. The sample volume may be decreased to less than 80 %, such
as 70, or 60 or 50 % of the original sample volume, or even preferable to less than
40 %, such as 25 % of the original sample volume. A concentration step may be
centrifugation. The method may according to the invention comprise one or more
concentration steps. Centrifugation is a preferred method for concentrating the
cells. In order to avoid damages of cells a mild centrifugation is preferred, such as
300 g for 10 minutes,
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Detection and diagnosis

Preferably, the method of the invention may be used for prenatal detection and
prediction and/or diagnosis {(i.e. step e and f of the method described in the first
embodiment). Thus, an identified cell may be subject to detection and prediction
and/or diagnosis or a maternal blood sample enriched for fetal celis may be
subjected to detection and prediction and/or diagnosis.

In one embodiment, fetal proteins are made available for detection e.g. via
immunoblotting, protein sequencing or mass spectrometry.

In another preferred embodiment, detection and/or diagnosis comprises a step of
making fetal DNA or RNA available for detection.

Preferred detection methods of step e of the method described in the first
embodiment are FISH (fluorescent in situ hybridization), northern blotting,
southern blotting, DNA/RNA sequencing, microarray analysis and amplification.
Such methods may be used to detect the presence of specific sequences that
indicate a certain condition, e.g. pre-natal disease or predisposition to a certain
disease. The methods may also be used to detect a chromosomal aneuploidy such
as trisomy 13, trisomy 18 or trisomy 21. The detection methods can also be used to
determine the gender of the fetus by detecting Y specific sequences.

In an alternative embodiment, the number of fetal cells in the sample is compared
to a standard number. Increased numbers of fetal cells in the sample may indicate
that the pregnancy is at risk. The number of fetal cells in the sample (as well as in
a control sample) can be estimated using e.g. FACS.

Identification of specific ligands

One embodiment of the invention is a method of identifying a fetal cell specific
ligand comprising the steps:

a) Providing a library of fetal cell specific ligand candidates

b) Providing a pool of maternal cells

¢) Contacting the library of step a with the maternal cells of step b

d) -Selecting ligands that do not bind to the maternal cells to generate a
library depleted for ligands that bind matemal celis
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In a preferred embodiment, the method further comprises the steps of

e) Contacting the library of step a or the library of step d with a fetal cell
f} Selecting ligands that bind to the fetal cell to generate a library that is
enriched in ligands that bind to fetal cells, but not maternal cells

It should be clear that one cell suffices for selection of the ligands of step f, but that
more fetal cells may obviously be used.
In one embodiment the identified specific ligands are selected so that it is ensured
that the ligands are directed to epithelial cells of placental origin.
Steps b-f may be carried out by the steps of
g) Providing a maternal blood sample
h) Contacting the library with a maternal blood sample
i} Selecting ligands that bind to the feta! cells by removing individual fetal
cells, which have been identified by FISH-demonstration of a Y
chromosome and/or which have been identified by the method of fifth
aspect of the invention, and collecting the ligands solely from these cells.
The maternal blood sample may have been enriched for fetal cells.
In a preferred embodiment, the method further comprises:
iy multiplying/amplifying the selected ligands such as to prepare an
amplified library for additional selections against fetal cells and/ or

against maternal cells.

As will be clear, multiple rounds of selection and amplification may be performed to
identify the very best ligands.

In another embodiment the method of identifying a fetal cell specific ligand are
performed as described in Example 1 of PCT/DK2010/050002.
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The library of fetal cell specific ligand candidates may be a library of antibodies or
peptides displayed on phages (phage display), mRNA (ribosome display or mRNA
display) or on DNA (covalent display or plasmid panning). The library may also be a
library of DNA or RNA oligonucleotides for the identification of aptamers.

The term “candidates” is used to imply that the compounds of the library do not
necessarily bind to fetal cells. They are to be tested for binding for the identification
of fetal cell specific ligands,

In one embodiment, the library of fetal cell specific ligand candidates is a f’uE{y
random library. In such case, the library may first be iteratively selected against
fetal cells and amplified, before counter selection (negative selection) against
maternal cells is performed.

In another embodiment, the library of fetai cell specific ligand candidates is based
upon known ligands of fetal cells. Such library may e.g. be created by displaying an
antibody that binds 1o fetal cells on a phage and mutagenesis of the gene encoding
the antibody to create a library. In such case, mutagenesis may improve specificity
while retaining or even improving affinity for fetal cells.

In one embodiment, the ligand binds to an antigen encoded by a gene selected
from the group consisting of consisting human cytokeratin 1, 4-6, 8, 10, 13, 18 and
19, human cytokeratin 7 and human vimentin. Thus affinity and/or specificity of the
ligands are optimized using the method outlined above.

Fetal cell specific ligands and hybridization probes

In one embodiment of the invention the endothelial specific ligand and hybridisation
probes of step b of the method described in the first embodiment of the present
invention may be selected from the group consisting of:

i. aligand directed to an antigen selected from the group
consisting of CD105, Vimentin, VCAM, ICAM, VEGFR-1,
VEGFR-2, VEGFR-3, PAl-1, EPCR and

fi, a hybridization probe directed to nucleic acid
comprising at least 10 nucleotides of a gene selected
from the group consisting of a gene encoding CD105,
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Vimentin, VCAM, ICAM, VEGFR-1, VEGFR-2, VEGFR-3,
PAI-1, EPCR

In one embodiment of the invention the epithelial specific ligand and hybridisation
probes of step d of the method described in the first embodiment of the present
invention may be selected from the group consisting of:
i. a ligand directed to an antigen selected from the group
consisting of human CK1 CK1, CK2, CK3, CK4, CK5, CK8,
CK7, CK8, CK10, CK13, CK14, CK15, CK16, CK17, CK18
and CK19 and
ii. a hybridisation probe directed to nucleic acid comprising
at least 10 nucleotides of a gene selected from the group
consisting of a gene encoding CK1, CK2, CK3, CK4, CK5,
CK6, CK7, CK8, CK10, CK13, CK14, CK15, CK16, CK17,
CK18 and CK19.

In one embodiment the fetal cell specific ligand and hybridisation probe is selected
from the group consisting of: CD105 and CK18.

In one embodiment, the ligand or the hybridisation probe is characteristic in that it
enables 90% correct selection of cells in a test sample comprising 99,9% maternal
cells and 0,1 % fetal cells. I.e. when referring to 90 % correct identification, what
is meant herein is that when performing the selection with the test sample and with
the ligand, 90 fetal cells will be collected for each 10 maternal cells and likewise for
better/worse correctness. A preferred selection method is MACS. More preferred is
a ligand that enables 95% correct selection, 98% correct selection or even more
preferred 99% correct cell selection. Since a maternal blood sample has a very low
abundance of fetal cells, it is even more preferred that the ligand enables 99,9%,
99,99% or 99,999% correct cell selection from a test sample as described above.

Preferably, the ligands are aptamers, peptides or antibodies, Most preferred are
antibodies.

The ligands are preferably identified using the method described herein above or in
pPCT/DK2010/050002 such as to have an improved specificity.
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In one embodiment of the invention the ligands or hybridization probes of the
identified using the method described herein above or in PCT/DK2010/050002 are
used for enriching a maternal blood sample for fetal cells or for identifying fetal
cells in a maternal blood sample. Preferably use of the ligands or the hybridization
probes is as described herein above. ‘

Also provided is a kit comprising a ligand or a hybridization probe as described
herein above and instructions for use.

Preferably, the kit comprises a first ligand for enrichment and a second ligand
and/or a hybridization probe for identification. More preferably, the kit comprises a
first ligand being an endothelial cell marker and a second ligand and/or
hybridization probe being an epithelial marker. The endothelial cell marker is used
for enrichment of the fetal cells and the epithelial marker is used for identification
of the fetal cells present in the sample which contain both endothelial and epithelial
phenotype.

In a preferred embodiment, the kit also comprises a fixation buffer and a lysis
buffer as described herein above in the section “fixation and selective lysis”..

In one embodiment of the invention the ligands or hybridization probes is used for
identification of further fetal cell specific ligands. In a preferred embodiment of this
use, the ligands and/or hybridization probes are used in the method described
herein above or in PCT/DK2010/050002.

One aspect of the invention is a fetal cell identified by the method described herein
above. Said cell is characteristic by its expression of a marker selected from the
group of human cytokeratins 1, 2, 3, 4 (SEQ ID NO: 3), 5 (SEQ ID NO: 4), 6A (SEQ
ID NO: 5), 6B (SEQ ID NO: 6), 7 (SEQ ID NO: 7), 8 (SEQ ID NO: 8), 10 (SEQ ID
NO: 9), 13 (SEQ ID NO: 10 and SEQ ID NO: 11), 14, 15, 16, 17, 18 (SEQ ID NO:
12 and SEQ ID NO: 13}, and 18human vimentin and CD105 (SEQ ID NO: 1 and
SEQ ID NO: 2) and can be distinguished from other celis by the expression of
CD105 or vimentin and/or co-expression of CD105 or vimentin and cytokeratins.
Preferably, the fetal cell has been isolated or identified e.g. as described in other
aspects of this invention, and is not present in the human body.
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One aspect of the invention is the use of the fetal cell identified by the method
described herein above for detection and diagnosis as described above or for the
generation of further fetal cell specific ligands e.g. as described in the section
“identification of specific ligands”.

Yet another aspect is a kit comprising

a.
i. a hybridization probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding an epithelial
cell marker or
ii. a ligand directed to an epithelial cell marker .
b.

i. a hybridization probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding an endothelial
cell marker or

ii. a ligand directed to an endothelial cell marker

and instructions for use.

Pre-natal gender determination

The isolated fetal cell according to the present invention may further be used for
determination of gender of the foetus, either by use of male specific probes or by
employing antigen binding members identified by the method described herein for
the detection of foetal cells, followed by suitable methods for determination of
gender known to a person skilled in the art.

Prenatal diagnosis of chromosomal abnormality

In parallel to determination of gender, the invention further relates to methods for
determination of chromosomal abnormalities by detection of foetal cells based on
antigens or binding member recognising said foetal cell antigens isolated or
identified based on the present invention. Such methods of determination of
chromosomal abnormalities relates to the detection of such as aneuploidy,
translocation, unbalanced transiocation, rearrangement, subtelomeric
rearrangement, unbalance chromosomal rearrangement, unbaiance subtelomeric
rearrangement, deletion, inversions, unbalanced inversions; duptication and
telomere instability and or shortening. The chromosomal abnormality may further
be such as single nucleotide substitution, micro deletion, micro-insertion, short
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deletions, short insertion, multi-nucleotide changes, DNA methylation and/or loss of
imprint. (LOI) In a preferred embodiment chromosomal aneuploidy is a complete
and/or partial trisomy. Such as trisomy 21, trisomy 18, trisomy 13, trisomy 16
and/or XXX and other sex chromosome abnormalties. Alternatively the aneuploidy
is a complete and/or partial monosomy, such as monosomy X, monosomy 21,
monosomy 22, monosomy 16 and/or monosomy 15,

DNA hybridisation technigues may be used for determination of gender or
determination of chromosomal abnormalities. Techniques known in the art includes
methods such as fluorescent in situ hybridization (FISH), primed in situ labeling
(PRINS), quantitative FISH (Q-FISH) and multicolor-banding (MCB). Fluorescense in
situ hybridization (FISH) makes use of molecular probes labelled as described
above with e.g. a fluorescence. A probe corresponding to a géne or DNA sequence
is used and shows a signal under a microscope at a specific locus in a nucleus, The
FISH technique may be applied to interphase cells and may confirm the presence of
an euploid or an aneuploid of chromosomes X, Y, 13, 15, 18, 21. FISH is useful for
identifying abnormat numbers of chromosomes such as trisomies and monosomies
and may, when probes are available for specific regions of chromosomes, be used
to determine if deletions, translocations, or duplications are present.

As an alternative to the above mentioned hybridisation techniques PCR methods
may be used for determining chromosomal abnormalities. This would require initial
isolation of the few fetal cells. PCR methods according to the invention includes
suitable method known in the art, capable of detecting abnormalities as trisomies
etc. as described above. PCR methods may further be employed for determination
of minor abnormalities, such as small deletions of mutation in specific genes.
Quantitative fluorescent PCR (QF-PCR) is an example of such methods suitable for
detection of for example trisomy 13, 18, 21, triploidies, double trisomies as well as
X and Y aneuploidies (V. Cirigliano, 2004). By the design of suitable primers for
minor but none the less severe chromosomal abnormalities PCR methods may be
used for determination of disease such as for example Cystic Fibrosis which is often
caused by a 3 bp deletion in the Cystic Fibrosis Gene leading to a protein which
lacks a critical phenylalanine amino acid.

The foetal cells may as described above be a stem cell. Stem cells come in different
varieties, relating to when and where they are produced during development, and
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how versatile they are. The foetal stem cells detected may be of any type, such as
embryonic, or somatic, being piuripotent or muitipotent.

Use of stem cells.

By applying the technology described herein, foetal stem cells may be isolated from
a maternal blood samples by use of a binding member, antibody or antibody
fragment recognising said foetal cell antigen according to the invention. Stem celis
can produce more stem cells and they can be used to generate specialized cell
types such as nerve, blood or liver cells. Depending on the types of stem cells
isolated the cells may have varying application in the development of cells of
specific cell types or tissue, Pluripotent stem cells may give rise to any cell type
whereas multipotent stem cells may give rise to a more limited number of cell
types. For example, blood-forming (haematopoietic) stem cells may be capable of
forming all types of blood cells, whereas mesenchymal stem cells are capable of
forming mesenchymal cells.

Stem cells, especially pluripotent stem cells may be used for treatment of a variety
of disease. Pluripotent stem cells are traditionally embryonic stem cells, which due
to ethical considerations are of limited availability. The possibility of using stem
cells isolated from a maternal blood sample is an attractive alternative. Pluripotent
stern cells may be used for treatment of a plurality of diseases for which
conventional methods does not provide suitable treatment.
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Examples

EXAMPLE 1

Preparation of blood samples.

Peripheral blood samples of 24 mi were obtained from pregnant women 11 {0 14
week’s gestational age. Blood samples were drawn before an invasive procedure
and after informed consent. All blood samples were collected in heparinized tubes
and processed immediately after they were collected.

In addition to the heparin blood, 5 ml of blood was drawn into EDTA tubes. This
blood was used for fetal gender analysis. The gender of the fetus was determined
by real time PCR of free fetal DNA using y-chromosome specific genes. Only blood
samples from male pregnancies were processed further,

Fixation

For each sample 3 ml of whole blood was aliquoted into pre-coated 50 ml
centrifugation tubes (8 tubes per sample) using pre-coated pipettes (pre-coating
buffer was 2% BSA in PBS w/o Ca®* and Mg** Two ml of 10% formaldehyde in PBS
was added to each tube using pre-coated pipettes. After careful mixing, the blood
was fixed for 10 minutes at room temperature.

Selective lysis

After fixation, 30 ml of 0,12% Triton X-100 in PBS (w/o Ca2+ and Mg2+) was
added to each tube. The tubes were inverted 3 times, and the red blood cells were
lysed for 45 minutes at room temperature. Following lysis, 15 mi cold (4°C) 2%
BSA in PBS (w/o Caz+ and Mg2+) was added to each tube. After mixing by
inverting the tubes twice, unlysed cells were pelleted by centrifugation at 500 g for
15 minutes at 4°C. After removing the supernatant, cells were re-suspended in 10
mi of 4°C cold PBS (w/o Ca2+ and Mg2+), and stored overnight at 4°C.

Permeabilization

Samples were permeabilized by adding 10 mi of cold (-20°C) methanol followed by
an incubation at 4°C for 10 minutes. After centrifugation at 500 g for 10 minutes,
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the cell pellets were pooled into 2 tubes using pre-coated pipettes. The empty tubes
were rinsed with 1 ml of cold MASC buffer (PBS, 0,5% BSA, 2mM EDTA). The
pooled cells were then transferred to two pre-coated 15 ml tubes and centrifuged at
500 g for 10 minutes. After removal of the supernatant, the cells in each tube were
re-suspended in 500 pl MACS buffer.

Positive selection using CD105 microbeads and MACS.

To 500 ul cell suspension 130 ul of CD105 microbeads (Miltenyi) were added and
the cell suspension was incubated for 60 minutes at 4°C, The cells were then
washed by adding 6 mi of cold MACS buffer followed by a centrifugation for 10
minutes at 500 g. The supernatant was removed and the cells re-suspended in 2 ml
of cold MACS buffer.

The CD105 labeled cell suspension was applied to a pre-washed LD column
(Miltenyi) already in place on the magnet and stacked on top of a pre-washed MS
column (Miltenyi). When the cells had run through the LD column, it was washed
twice with 2 ml of cold MACS buffer. The MS column was washed with 1 mi of cold
MACS buffer. The LD column was then removed from the magnet, placed on a pre-
coated 15 ml tube, and the cells were eluted by applying 2 times 5 m} of cold MACS
buffer. The first 5 ml of buffer ran through the column without applying a plunger.
The second 5 ml of buffer was forced through the column by applying a plunger.
The MS column was then removed from the magnet and placed on the collection
tube. The cells were eluted the same way as for the LD column using 2 times 1 ml
of cold MACS buffer instead of 2 times 5 mi of buffer. The collection tube was
centrifuged at 500 g for 10 minutes. The supernatant was discarded and the cell
pellet was re-suspended in cold MACS buffer. The cell suspension was then placed
on poly-lysine coated slides, and the slides were air-dried (overnight) before further
analysis.

Identification of male fetal cells by X- and Y-chromosome specific FISH and
automated scanning.

Before hybridization, slides were rinsed in PBS for 5 minutes and dehydrated for 3
minutes each in 60%, 80% and 99,9% ethanol. The chromosome-specific repeat
DXZ1 probe CEP X alpha satellite DNA [abeled with spectrum green and DYZ1 probe
CEP Y satellite III labeled with spectrum orange (Abbott Molecular) were used for
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this analysis. Hybridization mixtures containing both probes were prepared by
mixing 1 part of the X-probe, 1 part of the Y-probe, 1 part of distilled water and 7
parts of hybridization buffer. Fifteen pi of hybridization mixture were added and
covered by a 24 x 24 mm cover slip. The cover slips were sealed with rubber
cement, and the DNAs denatured on a hot plate at 83,5°C for 7 minutes and
hybridized overnight in a humidified atmosphere at 42°C. Hybridized slides were
washed for 2 minutes at 73°C in 0,4 x SSC with 0,3% Tween 20 and for 1 minute
at room temperature in 2x5SC with 0,1% Tween 20. The slides were then mounted
in Vectashield with DAPL,

Cells containing a red FISH signal located in a DAPI stained nucleus were identified
by automatic scanning using two different types of scanners. The MDS (version
5.8.0) slide scanning system originally developed'by Applied Imaging, and the
MetaCyte scanning system developed by Metasystems. With the MDS scanning
system, slides were scanned at 20X magnification using scan function 5. With
MetaCyte, slides were scanned at 10x magnification using a classifier developed
and optimized in-house for detection of true Spectrum Orange FISH signals. After
scanning, cells identified by the scanner were inspected visually by automatic
relocation. Cells that had one green X signal and one orange Y-signal significantly
bigger than the X-signal were classified as male fetal cells.

Antibody staining of male fetal celis.

Fetal cells were stained with the following antibodies used individually. Pan
Cytokeratin (product no. C2562, Sigma-Aldrich). Cytokeratin 7 (product no. M7018,
DAKO Cytomation) and Vimentin (product no. V2258, Sigma-Aldrich). The anti-pan
cytokeratin antibody recognizes human cytokeratin 1, 4-6, 8, 10, 13, 18 and 19.
The anti-cytokeratin 7 antibody recognizes human cytokeratin 7, and the anti-
vimentin antibody recognizes an epitope of human vimentin that is not detected in
human lymphoid cells. All three antibodies are mouse monocionals isotype IgG1,
IgG2 (cytokeratins) or IgM (vimentin).

After air drying, sfides were re-hydrated in 4xSSC in 10 minutes, then pre-
incubated for 30 minutes at room temperature with 100 pi blocking buffer
consisting of 4xSSC containing 10% normal goat serum, 1% BSA and 0,5%
blocking reagent (Roche) or 100 pl Imaging Enhancer (Molecular Probes). Slides
were then incubated for 60 minutes at room temperature with 100 pl primary
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antibody diluted 1:50 in blocking buffer. After antibody incubation, slides were
washed 3 times for 5 minutes in 4xSSC. For detection, slides were incubated for 30
minutes at room temperature with 100 il AlexaFluor-488 conjugated rabbit anti-
mouse IgG (cytokeratins) or IgM (vimentin) (Molecular Probes) diluted 1:200 in
blocking buffer, washed 3 times 5 minutes in 4xSSC and then incubated for 30
minutes at room temperature with 100 pl AlexaFluor-488 conjugated goat anti-
rabbit Ig (Molecular Probes) diluted 1:200 in blocking buffer. After washing two
times for 5 minutes in 4xSSC and once for 5 minutes. in 2xSSC, slides were
mounted in Vectashield with DAPI (Vector Laboratories).

Vimentin antibody staining following Pan Cytokeratin staining.

The coverslips were removed by washing in 4xSSC for 10 minutes. The slides were
then rinsed in 4xSSC for 5 minutes and incubated for 30 minutes with 100 ui
blocking buffer or Imaging Enhancer as described above. Slides were then
incubated for 60 minutes at room temperature with 100 pl anti-vimentin antibody
diluted 1:50 in blocking buffer. After antibody incubation, slides were washed 3
times for 5 minutes in 4xSSC. For detection, slides were incubated for 30 minutes
at room temperature with 100 i AlexaFluor-555 conjugated rabbit anti-mouse IgM
diluted 1:200 in blocking buffer. After washing 2 times for 5 minutes in 4xSSC and
once for 5 minutes in 2x5SC, slides were mounted in Vectashield with DAPI.

Antibody stained slides were placed in the scanning microscope and fetal cells were
inspected visually for positive or negative staining by automatic relocation.

Experimental results of Example 1.

The fetal origin of cells enriched by magnetic cell sorting (MACS) with the CD105
protocol was tested in 32 blood samples from pregnant women carrying male
fetuses. FISH was carried out with X- and Y-chromosome specific probes, and cells
that exhibited one X and one Y signal significantly bigger than the X signal were
considered fetal cells (Figure 1). Between 0,1 and 1,1 fetal cells per m! of blood
were detected in maternal blood samples (Figure 2). 97% of the samples were
positive for fetal cells, In one blood sample no fetal cells were detected.

Twenty-one male fetal cells were characterized by staining with anti-cytokeratin 7,
anti-pan cytokeratin and anti-vimentin antibodies using the protocol described
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above. Three of 21 fetal cells stained positive with the anti-cytokeratin 7 antibody,
10 of 14 cytokeratin 7 negative cells stained positive with the anti-pan cytokeratin
antibody, while 3 out of 4 fetal cells negative for cytokeratin staining stained
positive with the anti-vimentin antibody. In addition, 4 out of 4 pan cytokeratin
positive cells also showed positive staining with the anti-vimentin antibody. These
results demonstrate, that CD105 based magnetic cell sorting (MACS) of maternal
blood samples reveal a novel fetal cell type in maternal blood expressing
cytokeratins and/or vimentin, thus discriminating this cell type from fetal
trophoblasts.

Example 2
WHOLE BLOOD SELECTION AND INSIDE COLUMN STAINING

Blood sampling

Peripheral blood samples of 30 m| were obtained from pregnant women 11 to 14
week’s gestational age. Blood samples were drawn before an invasive procedure
and after informed consent. All blood samples were collected in either heparinized
tubes or EDTA tubes and processed within 4 hours after they were collected.

In addition to the heparin blood, 5 ml of blood was drawn into EDTA tubes. This
blood was used for fetal gender analysis. The gender of the fetus was determined
by real time PCR of free fetal DNA using y-chromosome specific genes.

Preparation of biood samples - CD105 selection

20 - 50 pi of CD105 microbeads (Miltenyi) were added per ml of bicod, and after
mixing the sample was incubated for 30 minutes at room temperature. After
incubation, the blood sample was aliquoted into 6 pre-coated 50 ml tubes (pre-
coating buffer was 2%BSA in PBS w/o Ca2+ and Mg2+) and 20 m! of MACS-~buffer
was added to each tube prior to centrifugation at 445g for 12 minutes at 4°C. The
supernatants were removed and MACS-bufffer was added to a final volume of 7,5
mi. After careful mixing using a pre-coated pipette the CD105 labelled whole blood
was applied to 2 pre-washed whole blood columns in aliquots of 3 ml of blood.
When the blood had run through the columns, the columns were washed twice with
4 ml MACS-buffer, removed from the magnet and placed on a pre-coated 15 ml
tube, and the cells were eluted from the columns by plunging using 5 ml of whole
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blood column elution buffer (Miltenyi). After centrifugation at 445¢g for 12 minutes
at 4°C the supernatant was discarded and the cell pellet was re-suspended in 500
ul of PBS using a pre-coated pipettetip.

Fixation and permeabilization

The cells were fixed for 20 minutes after adding 500 pl of inside fix (Miltenyi) After
fixation, 10 ml of MACS-buffer was added and the tubes were centrifuged at 500g
for 10 minutes at 4°C. The supernatant were then discarded and the cell pellet was
re-suspended in 500 pl of MACS-buffer. The cells were permeabilized 500 ul of ice-
cold MeOH and incubated for 10 minutes at 4°C. The cells were then applied to a
pre-washed MS column (Miltenyi) already placed in the magnet. After the cell
suspension had entered the column completely, the cells were washed by applying
500 it of MACS-buffer to the column.

Staining of cells inside MS columns.

Fetal cells were stained with a cocktail of the following antibodies. Pan Cytokeratin
(product no. C2562, Sigma-Aldrich). Cytokeratin 7 (product no. M7018, DAKO
Cytomation) and Cytokeratin 8/18 ( product 18,0213, Invitrogen). The anti-pan
cytokeratin antibody recognizes human cytokeratin 1, 4-6, 8, 10, 13, 18 and 19,
The anti-cytokeratin 7 antibody recognizes human cytokeratin 7, and the anti-
cytokeratin 8/18 recognizes cytokeratin 8/18. All three antibodies are mouse
monoclonals isotype IgG1, IgG2.

Before antibody staining, columns were pre-incubated for 10 minutes at room
temperature after having applied 500 y! Imaging Enhancer (Molecular Probes) and
then washed once by applying 500 pi of MACS-buffer. Columns were then incubated
for 30 minutes at room temperature after having applied 200 yl of the cytokeratin
cocktail diluted 1:50 in blocking buffer consisting of 4xSSC containing 10% normal
goat serum, 1% BSA and 0,5% blocking reagent (Roche). After antibody
incubation, columns were washed 3 times with 500 yl of MACS-buffer. For
detection, columns were incubated for 30 minutes at room temperature with 200 ul
AlexaFluor-488 conjugated F(ab)2 fragments of goat anti-mouse IgG (Invitrogen)
diluted 1:50 in blocking buffer, washed 3 times with 500 yl MACS-buffer and then
incubated for 30 minutes at room temperature with 200 i AlexaFluor-488
conjugated F(ab)2 fragments rabbit anti-goat 1gG (Invitrogen) diluted 1:50 in
blocking buffer. After incubation, the columns were then washed once with 500 pl
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MACS-buffer and twice with 500 pl PBS w/o Ca2+ and Mg2+. The columns were
then transferred from the magnet to a 15 mi tube and the cells were recovered by
applying 500 yl MACS-buffer twice using the plunger when applying MACS-buffer
the second time. After the cells have been pelleted by centrifugation at 500g for 10
minutes at 4°C, the cellpellet is re-suspended in PBS w/o Ca2+ and Mg2+, the cells
were smeared onto slides and the slides were air-dried overnight in the dark and
then mounted in Vectashield with DAPI (Vector Laboratories).

Analysis of cytokeratin stained slides

Identification of cytokeratin stained cells

Fetal cells stained with the anti-cytokeratin antibody cocktail were identified by
automatic scanning using the MetaCyte scanning system developed by
Metasystems. Slides were scanned at 10x magnification using a classifier developed
and optimized in-house for detection of cytokeratin stained cells. After scanning,
cells identified by the scanners were inspected visually by automatic re-location.

FISH identification/verification of (male) fetal cells

In case of male pregnancies, the specificity of the antibody staining was confirmed
by XY FISH. Before hybridization, the cover slips were removed and the slides were
rinsed in PBS for 5 minutes and then dehydrated for 3 minutes each in 60%, 80%
and 99,9% ethanol, The chromosome-specific repeat DXZ1 probe CEP X alpha
satellite DNA labelled with spectrum aqua and DYZ1 probe CEP Y satellite III
labelled with spectrum orange (Abbott Molecular) were used for this analysis.
Hybridization mixtures containing both probes were prepared by mixing 1 part of
the X-probe, 1 part of the Y-probe, 1 part of distilled water and 7 parts of
hybridization buffer. Fifteen pl of hybridization mixture were added and covered by
a 24 x 24 mm cover slip. The cover slips were sealed with rubber cement, and the
DNAs denatured on a hot plate at 83,5°C for 7 minutes and hybridized overnight in
a humidified atmosphere at 42°C. Hybridized slides were washed for 2 minutes at
73 Cin 0,4 x SSC with 0,3% Tween 20 and for 1 minute at room temperature in
2xSSC with 0,1% Tween 20. The slides were then mounted in Vectashield with
DAPI.
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Trisomi 21 analysis

In case of high risk pregnancies (1:50 or higher), cytokeratin stained fetal cells
were analysed for the presence or absence of trisomi 21 (Downs syndrome) using
the chromosome 21 specific LSI 21 probe labelled in spectrum orange (Abbott
Molecular). The CEP X probe labelled in spectrum aqua was used together with the
LSl 21 probe as an internal control. Hybridization mixtures containing both probes
were prepared by mixing 1 part of the X-probe, 1 part of the LSI 21 probe, 1 part
of distilled water and 7 parts of hybridization buffer.

Before FISH, the cover slips were removed by washing the slide for 10 minutes in
2% paraformaldehyde (PFA) in PBS. The slides were then post-fixed by incubation
for 10 minutes in 4% PFA, washed in PBS for 2 minutes and dehydrated for 3
minutes each in 60%, 80% and 99,9% EtOH. After air-drying the slides were pre-
denatured with hybridization mixture containing no probes in the foilowing way. 18
il hybridization mixture was added and covered with a 24 X 24 mm cover slip. The
slides were then placed on a hot plate at 90°C for 10 minutes. The cover slips were
removed, the slides were washed in PBS for 5 minutes and in ice-cold 99,9% EtOH
for 10 minutes. After air drying 18 pl hybridization mixture containing the LSI 21
probe and CEP X probe was added and covered with a 24 x 24 mm cover slip. The
cover slip was sealed with rubber cement, and the DNAs were denatured on a hot
plate at 90 ° C for 10 minutes and hybridized overnight in a humidified atmosphere
at 42 ° C. Hybridized slides were washed for 2 minutes at 73 ° C in 0,4 x SSC with
0,3% Tween 20 and for 1 minute at room temperature in 2xSSC with (,1% Tween
20. The slides were then mounted in Vectashield with DAPI. Enumeration of
chromosome 21 FISH signals in stained fetal cells was done by re-location using the
original scan file. Figure 6shows a case of non-invasive prenatal diagnosis of trisomi
21 (Downs syndrome).
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1. A method of isolating a fetal cell in a maternal blood sample, said method comprising

the steps of:

a.
b.

Permeabilizing cells in a maternal blood sample or a fraction thereof,
Contacting the sample with a hybridization probe comprising at least 10
contiguous nucleotides complementary to a gene encoding an endothelial cell
marker or a ligand directed to an endothelial cell marker, wherein the
endothelial cell marker is selected from the group consisting of CD105, CD146
or CD141, Vimentin, VCAM, ICAM, VEGFR-1, VEGFR-2, VEGFR-3, ITGA5,
ITGB5, CDH11 or CDH3,

Selecting the cells specific for said endothelial cell marker thereby enriching
the sample for cells with endothelial phenotype,

Contacting the cells selected in c) demonstrating an endothelial phenotype
with a hybridization probe comprising at least 10 contiguous nucleotides
complementary to a gene encoding an epithelial cell marker or a ligand
directed to an epithelial cell marker, wherein the epithelial cell marker is
selected from the group consisting of CK1, CK2, CK3, CK4, CK5, CK6, CK7,
CK8, CK9, CK10, CK13, CK14, CK15, CK16, CK17, CK18 or CK19,

Detecting the cells with endothelial phenotype also binding the epithelial cell
marker of step d), and

Optionally, diagnosing and/or predicting the genetic content of the cells

detected in e),

wherein step a)-e) may be performed in any order.

2. The method of claim 1, wherein the target of the endothelial marker is located at the

surface of the cell to be identified.

3. The method of claim 1, wherein the target of the epithelial marker is located

intracellular of the cell to be identified.

4. A method comprising the steps of

a. Permeabilizing cells in a maternal blood sample or a fraction thereof,

b. Contacting the sample with
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i. a hybridization probe comprising at least 10 contiguous nucleotides
complementary to a gene encoding an endothelial cell marker or

ii. a ligand directed to an endothelial cell marker
, wherein the endothelial cell marker is selected from the group
consisting of CD105, CD146 or CD141, Vimentin, VCAM, ICAM, VEGFR-
1, VEGFR-2, VEGFR-3, ITGA5, ITGB5, CDH11 or CDH3,

c. Selecting cells that bind the hybridization probe or the ligand of the
previous step and thereby enriching the sample for cells that bind the
hybridization probe or the ligand of the previous step, and

d. Contacting the (enriched) sample with

i. a hybridization probe comprising at least 10 contiguous
nucleotides complementary to a gene encoding an epithelial cell
marker or

ii. a ligand directed to an epithelial cell marker,

wherein the epithelial cell marker is selected from the group consisting
of CK1, CK2, CK3, CK4, CK5, CK6, CK7, CK8, CK9, CK10, CK13, CK14,
CK15, CK16, CK17, CK18 or CK19.

. The method of claim 4 further comprising a step of identifying fetal cells of the

sample.

The method of any of claims 4 and 5, wherein identification comprises detecting the

presence of the ligand or the hybridization probe on or in the fetal cell.

The method any of the preceding claims, wherein the maternal blood sample is

whole blood.

The method of any of the preceding claims, wherein cells in the sample are subjected
to a fixation step after the selection/enrichment step.

The method of any of the preceding claims, wherein cells in the sample is
permeabilized after the fixation step and before being contacted with the epithelial

cell marker directed ligand or hybridization probe.

The method of any of the preceding claims, wherein the endothelial cell marker is
selected from the group consisting of: CD105, CD146 or CD141.
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11. The method of any of the preceding claims, wherein the endothelial cell marker is
CD105.

12. The method of any of the preceding claims, wherein the epithelial cell marker is
selected from the group consisting of: CK8, CK18, CK19 or CK7.



