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Description

[0001] The invention relates to a method for purification of a cell population

BACKGROUND OF THE INVENTION

Preferred general cell types

[0002] The present specification is specifically directed to human cells, specifically to human cord blood cells.

Transmembrane and/or membrane associated proteins

[0003] The present specification is preferably directed to markers related to transmembrane and/or membrane asso-
ciated proteins.

Antibody target structures

[0004] The present specification is further directed to cell surface marker structures; which can be recognized by
antibodies. This group includes preferred plasma membrane proteins according to the specification furthermore the
specification is directed to molecules characterized by antibodies as cell makers. Preferably this group includes mRNA
of serologically defined colon cancer antigen 8, SDCCAG8, and mRNA of Sarcoma antigen NY-SAR-79.
[0005] Furthermore, the inventors noted a very recent publication (He X et al. (2005) Stem cells and Development
14,188-198) with a doubly selected cell populations of cord blood. The expression was compared to CD34- cell popu-
lations, so the actual relation of the more limited goup of markers presented in the article, with regard to preferred cell
populations according to the present specification was not indicated. The data appears to be more CD34 related in
contrast to the most preferred aspects of present specification.
[0006] The presence of less markers and different markers indicates difference in cell populations. It is also totable
that the purification process used by He et al. would not allow to access to present type of cells or corresponding
background cell populations
[0007] The present specification is not directed to markers of the publication as novel stem cell marker if the markers
with similar gene names actually do correspond to the specific markers of the present specification, it is realized that
the publication uses different identification number system for the mRNAs.
[0008] The present specification is specifically directed to the markers possibly also noted by He et al. when these
are analyzed form preferred complete and homogeneous cell populations of cord blood selected with regard to single
marker according to the present specification.
[0009] There is also an increasing need for methods for purification of cell population from various sample types.
Purified cell populations are developed for various scientific products and research tools and/or therapeutic products or
lead products for therapeutic development.
[0010] The inventors noted a publication (Yasui K et al. (2003) Stem Cells 21, 143-151) that discloses a method for
purification of a cell population of cord blood which was based on a single, positive selection, i.e. without reincubation
with the same specific binding reagent. This publication also discloses a reincubation step with an additional amount of
the same specific binding agent, but within a different context of a negative selection approach. The inventors also noted
a publication (Peters C et al. (1999) Leukemia 13, 2070-2078) that discloses a method for purification of a cell population
of blood which was based on a double, positive selection with reincubation. However, the reincubation is done with a
different specific binding reagent.
[0011] The samples, or sources of cell populations, are usually tissues, tissue cultures and/or cell cultures. The samples
contain beside the target cell population, also other cellular material or other cellular materials. The other cellular material
includes multiple different cell populations and/or cell like materials, which should be separated from the desired cell
population. The major problems are to maintain the desired cell population intact and remove other cellular material with
similarities with the desired cell population. Preferred sample is cell or tissue material containing free or easily mobilizable
cells such as blood and/or blood derived materials.
[0012] It has been realized that various human tissues contain multipotent cells such as various progenitor cells, or
stern cells, which are useful for scientific studies and developing therapeutics for animals and human. There is a need
for purification of multipotent cells from various sample types.
[0013] The current cell purification methods include affinity methods such as affinity bead methods. The purification
methods are not optimal especially for applications requiring highly pure cells, The present invention reveals a novel
purification method, which allows effective purification of a cell population. The method yields especially complete cell
populations. The complete cell populations are especially useful for scientific development, diagnostics development
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and cell culture and development thereof.
[0014] Hematopoietic stern cells (HSC), with their unique self-renewal and differentiation capacity, offer great potential
for the treatment of hematological disorders, immunodeficiency and inborn errors of metabolism [51,52]. HSCs can be
collected from mobilized peripheral blood (PB), bone marrow (BM) and cord blood (CB). Lately CB has been increasingly
utilized (PB), bone marrow (BM) and cord blood (CB). Lately CB has been increasingly utilized risk because it is readily
available, HLA mismatch is better tolerated and there is a decreased risk of graft-versus-host disease when using CB-
derived HSCs [53]. Even through the cell content of CB is limited, it has higher frequency of progenitors compared to
PB or BM [53-55]. CB-derived CD34+ cells have also been shown to proliferate more rapidly than their counterparts
from BM [56], and CB-derived HSCs possess increased engraftment potential when compared to cells from PB or BM
[57,58]. In addition, recent studies suggest that CB is a source of non-hematopoietic stern cells [59,60].
[0015] Enrichment of HSCs is based on the surface expression of phenotypic markers or the lack of expression of
lineage-specific markers. The most commonly used surface marker for HSC selection is CD34, a transmembrane glyc-
oprotein expressed on HSCs. CD34 is also used to quantify the stern cell content of collected units in CB banks [61].
Most, if not all, CD34+ cells express CD133 glycoprotein on their surface. CD133 is appears to be expressed on more
primitive cells and CD133+ grafts have been tested in stern cell transplantation [62-64]. Fluorescence-activated cell
sorting and immunomagnetic selection system employ these cell surface antigens to enrich HSCs. However, a major
challenge has been the difficulty to produce highly pure HSC fractions with good recovery. Furthermore, the handling
of CB is challenging due to the relatively high content of thrombocytes and nucleated erythroid precursor. For these
reasons, standardized protocols for PB sample handling and cell separation do not work well for CB. Only few studies
have investigated the efficiency of the immunomagnetic selection method used to isolate CD34+ cells from CB. Belvedere
et al. compared the results from 49 selections and reported mean CD34+ cell purities of 41% and 85% after first and
second passage through the separation column, respectively [67]. Melnik et al report an average purity of 60% for CB-
derived C34+ cells from 10 separations [68].
[0016] In this invention, different protocols were optimized to enrich HSCs with over 90% purity from fresh and cryo-
preserved CB. Cryopreserved CB cells have been considered especially challenging in selection procedures because
of cell aggregation caused by cell damage during thawing. The used protocols were based on positive selection of cells
expressing CD34 and CD133. The magnetic cell sorting system MACS was used due to its gentleness and time-
effectiveness. Further, the clonogenic capacity of selected HSC populations was determined using colony-forming unit
(CFU) assay.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Figure 1. Purity assessment of CB133+ and CD133- cell fractions by flow cytometry. Gates were set to exclude
>99% of control cells labeled with isotype-specific antibody. Percentages indicating the purity of isolated cell fractions
are shown for both plots.

Figure 2. Purity assessment of CD34+ cell fraction by flow cytometry. Purity of CD34+ cells (green) is 42%
when using one column separation.

Figure 3. Purity assessment of CD34+ cell fraction after one or two column separations. A) The CD34+ cell
fraction was 78% pure after the first column separation. B) A 92% pure CD34+ cell faction was obtained by an
additional labeling step in connection with a second column separation. CD34+ cell populations were defined by
first gating on forward and side scatter properties excluding platelets, and debris. Subsequent gates were set to
exclude >99% of control cells labeled with isotype-specific antibody. Percentages indicating the purity of isolated
cell fractions are shown for both plots. Abbreviations: SSC, side scatter; PE, phycoerythrin.

Figure 4. Purity assessment of CD34+ and CD34- cell fractions after two column separations. A) Purity of CD34+
cell fraction is 92.6 % after the first column separation, B) Purity of CD34- cell fraction is 97.1%.

Figure 5. Purity assessment of the CD34+ cell fraction by flow cytometry. The initial purity of CD34+ cells after
separation through single column was 47.5%. The CD34- fraction was 99.4% pure. CD34+ and CD34- cell populations
were defined by first gating on forward and side scatter properties excluding platelets and debris. Subsequent gates
were set to exclude >99% of control cells labeled with isotype-specific antibody. Percentages indicating the purity
of isolated cell fractions are shown for both plots. Abbreviations: SSC, side scatter; PE, phycoerythrin.

Figure 6. Purity assessment of CD34+/-, and CD133+/- . A) Purities for CD34+ and CD34- cell factions were
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97.1% and 99.1%; respectively. B) Purities for CD133+ and CD133- fractions were 93.6% and 99.1%, respectively.
CD34+/-, CD133+/- cell populations. were defined by first gating on forward and side scatter properties excluding
platelets and debris. Subsequent gates were set to exclude >99% of control cells labeled with isotype-specific
antibody. Percentages indicating the purity of isolated cell fractions are shown for both plots. Abbreviations: SSC,
side scatter IgG, immunoglobulin; PE, phycoerythrin.

DESCRIPTION OF THE INVENTION

Novel markers for human cord blood cell populations

[0018] The present specification revealed group af specific mRNA-level markers useful for the analysis of human cord
blood cell populations. The mRNA markers can be used for defining the status of specific cell population for scientific
evaluation and for cell populations used for cellular therapies. At the priority application level the present specification
is specifically mRNA-level markers even though part of the application and description may refer more to corresponding
protein or glycan structure implying a potential biological role associated with mRNA-level marker.
[0019] The inventors further revealed special cell surface markers for the human cord blood. The cell surface molecules
are preferably correlated with the mRNA expression. Preferred novel cell surface markers are glycan markers, preferably
sialylated N-glycan markers. In a preferred aspect the present specification is directed to a combined analysis of both
cell surface markers and mRNA markers.

Complete cell populations for novel screening methods

[0020] The specification produced for the first time complete cell population from human cord blood cells. It is realized
that the purity of the cell population and the purity of the negative control cell population are especially useful for screening
and selecting marker for further characterization, controlling the quality of and manipulation of the cell populations. The
inventors also applied mRNA array technologies to reveal novel mRNA level markers. The specification further revealed
and verified the presence of certain cell surface protein markers by using monoclonal antibodies
[0021] The specification further revealed novel glycan array markers by novel and effective mass spectrometric screen-
ing technology. The specification revealed the total N-linked glycomes of the preferred cell populations. It is realised
that the glycome comprises multide of glycan markers present in cell surface and correlating with certain glycosylation
enzyme mRNA expression. It is also realized that the specific glycomes comprise glycan structures important fot the
structures of cell surface proteins and the glycan structures can be used as additional or complementary markers with
cell surface transmembrane or cell surface associated proteins. The specification further revealed correlations between
glycosylation enzyme data and cell surface structures produced by the enzymes encoded by the mRNA-markers. It is
realized that the verified mRNA markers can be used as alternatives for the analysis of cell surface glycan structure
expression.
[0022] The specification is further directed to method of verification of the presence of glycan or protein level markers
by specific binding molecules by method comprising steps

1) obtaining a cell population according to the specification
2) contacting the cell population with a binding molecule specific for a preferred protein level and/or glycan level
marker on the cells, preferably the binding molecule is a protein, such as an enzyme or antibody, more preferably
a specific antibody
3) analysing the level of binding.

[0023] In preferred aspects the method is applied for analysis antibodies specific for glycan structures, more preferably
specific for structural epitopes obtained from glycome profiling and optionally by correlating the profiling result with mRNA
expression marker of a glycosylation enzyme participating to the biosynthesis of the structure.

Uses of the markers in further selecting optimised markers and development of specific binding molecules_for the markers

[0024] The specification is specifically directed to the use of the novel markers of specific preferred cell types for further
selecting most optimal markers and for development for specific binding molecules, which specifically recognize the
marker substances for development of optimised analytical tools and/or materials for manipulation of the cells.
[0025] The manipulation of the cells includes selection of specific subspopulations by using specific binding pairs to
the molecules to sort the cell subpopulations containg the selected marker of the cells for example by immunomagnetic
bead selection or fluorecent activated cell sorting methods, or manipulation of cell growth or differentiation by cultivation.
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Example of preferred glycan level and corresponding mRNA markers

[0026] In a preferred aspect the specification is directed to the use of specific glycan markers for recognition and
characterization of preferred cell populations. For example it was revealed that α3-sialylation, and specific sialyalted N-
glycan structures were increased in a preferred cell population according to the specification. A mRNA related to the
synthesis of this structure was also revealed to be highly upregulated in contrast to background cord blood cell population.
The glycan marker was reveled to characteristic marker for a cord blood stem cell population, especially cell population
comprising mainly CD133 cells. It is realized that such markers can be used for analysis for cell populations for example
for quality control of cell products. The cord blood cells and CD34 and CD133 cell populations and other cell populations
are important candidates for, and under development to, therapeutic cell populations. It is further realized, that especially
the sialyl markers and other markers, which are localized on cell surface, are especially useful for manipulation of that
cells for example in cell culture methods and/or cell sorting methods.
[0027] The specification realized that it is possible to use a specific glycan recognition reagent binding to the sialylated
structure such as α3-sialic acid, pereferably on N-glycan structures according to the specification by a specific sialidase
enzyme, a lectin such as a MAA-lectin or specific mRNA-binding probe which binds to mRNA of SIAT10-enzyme to
characterize cord blood cell populations more preferably cord blood stem cell populations such as CD 133 -cell populations
or CD133 comprising cell populations. The specification is further directed to mass spectrometric and NMR-methods
for the analysis of the presence of the marker and its level. Preferably the mass spectrometric method is used in
combination with digestion by specific glycosidase enzyme or enzymes.

Types of specific binding molecules

[0028] The markers according to the specification can be recognized specific binding molecules (or binding pairs).
The binding binding bind specifically to the target molecules or specifically enough for useful analysis against the back-
ground the cell materials are analysed or specifically enough for manipulation of cell population by sorting or by affecting
cell growth conditions.
[0029] The binding molecules include various recognition molecules well-known in the art such as nucleic acids and
aptarners, proteins, peptides and low molecular weight ligands. It is realized that specific binding pairs includes nucleic
acids such as probes or primers hybridising with the preferred mRNA-markers. The specific binding molecules includes
nucleic acid molecules for recognition of the novel mRNA markers. It is realized that the sequences used by the array/PCR
studies in the examples represent on part of possible selective nucleic acid sequences and that various other probes
or PCR-primers and other diagnostic nucleic acids or homologs (such as peptide nucleic acids) can be produced for
similar analysis.
[0030] The binding molecules further includes specific binding proteins or binding domains thereof for the protein level
markers and other molecules useful for recognition of proteins such as

a) specific ligand binding proteins such as growth factors/cytokines for growth factors/cytokines, growth factor/cy-
tokine receptors (or soluble binding domains thereof) for growth/cytokines factors, specific counter receptors such
as integrin counter receptors, collagen binding proteins,
b) immunological/artificial ligands such as antibodies or antibody domains, phage display peptides or aptamers
developed to bind to a protein marker or glycan marker
c) specific metabolic ligands such as substrates/inhibitors for ezymes (preferably specific substrates or inhibitors of
nucleotide modifying enzymes [such as ATPase substrates, nucleotidase substrate, metalloprotease substrates/in-
hibitors such as MMP28 ligands], and lower molecular weight binder/effector molecules such as nucleotides, nu-
cleotide sugars, oligosaccharide sequences/glycans for lectins.
d) carbohydrate specific binding pairs such as lectins, glycan specific antibodies, enzymes (e.g sialidases) and/or
non-enzymatic neolectins derived thereof.

[0031] It is realized that protein level markers according to the specification can be produced by recombinant protein
expression using recombinat DNA-technologies well known in the art. The recombinant proteins can be further specifically
modiefied to comprise preferred glycan structures by selecting a production host cell line which produces proper human
type glycosylation including mammalian cells and possible in vitro modification of the glycans of the cells or by using
specifically glycoengineered cells such as yeast cells developed and patented by Kirin Brewery (JP) or Glycofi (US) or
glycoengineered insect or plant cells. It is further realized that purified protein or glycan marker can be used for production
of specific binding molecules recognizing the marker structures. The specific binders of various types can be produced
by known technologies such as technologies for production of monoclonal antibodies by immunization or library selection
against the pure protein marker or by in selection of molecular libraries such as phage display peptide or protein such
as antibody libraries or other molecular libraries such as combinatorial chemistry libraries, chemical peptide libraries or
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nucleic acid librariess such as aptamer libraries against the pure protein markers. Methods producing antibody binders
includes various forms of antibodies including polyclonal, monoclonal, chimeric between species, humanized, hybrid
time, single chain, Fab-fragment, and minimal domain structure comprising antibodies.
[0032] Isolated glycan structures can be released and purified from glycoproteins or produced by chemical and/or
enzymaticsynthesis methods. For immunization glycans can be conjugated ot proteins such as keyhole limpet herno-
cyanin or bovinen serum albumin and for in vitro screening of peptide, aptamer or phage display librararies the glycan
structures can be conjugated to solid phases and/or marker proteins.

Methods for selecting optimal targets and their specific molecules

[0033] The specification is directed to the use of the target mRNAs and/or corresponding protein and/or glycan targets
listed in the specification for further selection of a marker or markers for the binding of the cells or materials derived
thereof preferably for analysis of of the cells or for the manipulation of the cells. The specification preferably uses whole
target lists and/or subgroups there in for effective selection of the optimised targets. It is realised that more optimal
targets may be needed because the requirements of specific use such as analytical applications such as the assay
formats and its requirement for example for specific types of monoclonal antibodies or for suitablility for cell manipulation
methods such as cell cultivation and/or cell selection and aim for specific manipualation of differentiation of the cell
population to a specific direction such as to neuroectodermal or mesenchymal direction. It is further realized that the
markers are preferably optimised/verified for the use in clinical context such as clinical trials and/or for larger populations
of cell donors including further heterogeneity in the markers.
[0034] It is further realized that for practical use lower number of markers would be useful as long as the preferred
activity/selectivity is obtained.
The preferred selection method preferably futher includes use of data from other cell experiment for theoretical prese-
lection of from a group according to the specification and use of the selected subgroup for selection of one or several
optimised targets. The specification is preferably directed to use of group or subgroup of preferred markers comprising
at least about 10 markers according to the specification, more preferably about 6 preferred markers according to the
specification, more preferably about 4 preferred markers according to the specification, and most preferably 3 markers
according to the specification for selection of 1-3 optimized markers according to the specification
[0035] The selection of optimal markers for a stem cell population according to the specification preferably includes
following steps:

1) producing pure, preferably complete, cell populations according to the specification
2) selecting preferred marker for testing the cell population from markers listed in Tables
3) Producing specific binding molecule recognizing the marker
4) testing the binding of the binding molecule to the cell population or testing the manipulation of the cell population
by the binding molecule
5) optionally repeating the test with multiple cell populations from different individuals and with a control cell popu-
lation(s)
6) selecting the optimal binding protein based on the binding activity and/or specificity and/or reproducibility

[0036] The specific binding molecules may be commercially available such as various antibody and ligand molecules.
As an optional step the binding molecule can be controlled against pure protein, glycoprotein or glycan cell surface
marker. Alternatively the specific binding molecules may be produced by immunization and/or library screening methods.
[0037] The specification is further directed to testing group of binding molecules against the specific marker protein
on target cell materials according to the specification. It is realized that it is useful to optimise the binders to the preferred
cell population as the presentation of the marker structures vary, especially the glycan structures may be different and
affect also binding of cell surface protein epitope recognizing antibodies. Preferred selection of the binders for isolated
pure proteins or for cell level analysis of the marker includes following steps:

1) Producing pure, preferably complete, cell population according to the specification
2) Producing specific binding molecule(s) recognizing the marker
3) Testing the binding of the binding molecule to the cell population or testing the manipulation of the cell population
by the binding molecule
4) Optionally repeating the test with multiple cell populations from different individuals and with a control cell popu-
lation(s)
5) Selecting the optimal binding protein or binding proteins based on the binding activity and/or specificity and/or
reproducibility or clinical suitability or other preferred quality.



EP 1 891 437 B1

8

5

10

15

20

25

30

35

40

45

50

55

Novel purification method for human cord blood cells

[0038] The inventors further discovered a novel method for purification of human cord blood cells. This method allows
effective, and reproducible purification of complete cell populations with good yield. The specification is further directed
to specific complete cell populations comprising approximately naturally occurring numbers of cells expressing either
high and low levels of the specific marker used for purification of the cell population. The specification is further directed
to use of the cell population for the analysis of the markers according to the specification.

Method for purification of mononuclear cell population

[0039] The present methods are further directed to a novel method for producing the highly purified cell populations
from cord blood. The purification of a mononuclear cell population from human cord blood, especially cord blood or
placental blood forms a special challenge. This appears to depend on the composition of human cord blood. In a few
documented publications purification of mononuclear cell populations to level of purity of about 50-60 % has been
reported. The mononuclear cell population refers here to a subpopulation of the mononuclear cells.

Binding molecule for the methods according to the invention

[0040] The method is based on the use of a specific binding molecule, which binds a marker structure on surface of
a cell population. In a preferred embodiment the present invention is directed to use of a protein binding molecule, more
preferably an antibody and most preferably a monoclonal antibody.
[0041] The present invention is further directed to glycan binding molecules, which recognize glycan marker structures
on a cell surface. In a preferred embodiment the binding molecule is a protein, more preferably an enzyme, a lectin or
a glycan binding antibody.

Novel cell purification method

Two step process for purification of a cell population

[0042] In a preferred purification method a binding molecule is used in a two-step process. In the preferred process
a substrate preparation from human early blood is

1) handled in process for substrate preparation
2) put in contact with a specific binding molecule
3) processed in an affinity purification method by the specific binding molecule
4) recovered from the affinity purification
5) put in the second cantact with a specific binding molecule
6) processed in an affinity purification method by the specific binding molecule
7) recovered from the affinity purification

A preferred affinity purification method

[0043] The affinity purification method is preferably a magnetic bead method, more preferably an immunomagnetic
bead method. It is further realized that many other affinity methods can be used including methods containing immobilized
affinity reagent. The preferred affinity reagent is antibody useful for purification of a mononuclear cell population, preferably
CD133-type cell population, from human tissue material, most preferably from human cord blood. Preferred antibodies
to for the purification method includes anti-CD34 and anti-CD133 antibodies.

Preferred clean and safe process for production of substrate preparation from human cord blood

[0044] A preferred substrate preparation of human cord blood is fraction of mononuclear cells prepared from human
cord blood.
[0045] In the preferred substrate preparation process the blood is collected in sterile collection bags, preferably con-
taining citrate phosphate-dextrose solution. The collected blood units are in a preferred embodiment tested negative for
pathogens, which may be present in blood products. In a preferred process the blood units are tested at least for human
immunodeficiency virus, hepatitis C virus, hepatitis B virus, human T-cell lymphotrophic virus and syphilis and unit with
negative test resuls are used.
[0046] The sample of mononuclear cells is preferably produced by a density method, more preferably by Ficoll-Hypaque
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density method.

Analysis of cell purity

[0047] The present invention is directed to pure cell populations when the purity is assessed by cell counting method
more preferably by FACS method. The present invention is preferably directed to purity of a cell preparation being a cell
count based purity The cell count based purity indicates the portion of number of pure from the total number of cells.

High yield of highly purified complete cell populations

[0048] The present invention is especially directed to obtain high yields of highly purified cell populations by the novel
purification process. It is realized that production of cell with, high yields is clear benefit in processes involving precious
and scarce material such as human cord blood. It is further realized that complete cell populations with different types
of positive cells offer a novel high yield raw material. The reproducibility of the process is further a beneficial factor in
effective use of cell materials.
[0049] It is know in the art that highly purified cell populations may be obtained by increasing washing of cells contacted
with magnetic beads. However this process will reduce the yield of the cells. Moreover the washing would release cell
populations with weak binding to affinity matrix, creating a biased cell population which actually does not correspond to
total cell population carrying the specific marker structure.
[0050] The inventor compared traditional purification methods using one and two purification rounds in immunomag-
netic methods. It was found out the purities and/or yields with cord blood were poor with both one and two column
methods. Extensive washing released substantial amounts of cells from columns at each purification round. It is realized
that the release of a specific cell depend on the affinity of the cell to immobilized affinity reagent and less avidly bound
cells are more easily lost biasing the cell population. As shown in Figure 3 the flow cytometric analysis pattern of the
cell population in the middle and after the present purification are very reproducible.

Preferred recovery % to be obtained by the method according to the invention

[0051] The current methods producing highly purified cells especially by affinity methods such as magnetic bead
methods usually fail to show any respectable yield from starting material. The measurement of the low amounts of cells
in starting material is difficult making recovery %-estimates difficult. The optimised process according to the invention
avoids the loss of materials and shows repducible and reasonable minimum recovery % values, The inventors were
able to obtain highly purified cell from early blood with the yield of over 50 %. This is high yield for highly purified cells.
The present invention is especially directed to production of highly purified cell populations, preferably complete cell
populations from human cord blood. The specification is directed to preferred highly purified complete cell populations
produced according to the invention with the yields of at least about 70 %, more preferably at least about 75 % of purified
cells, and even more preferably at lead about 80 %, and even more preferably at least about 90 % from the preferred
raw material preferably human cord blood.

Complete cell populations and production thereof

[0052] The present invention is specifically directed to the methods of isolating highly purified complete cell populations
by the methods according to the present invention. The complete cell populations would contain both weakly and highly
binding cells representing the original distribution of cells binding weakly and highly to a specific affinity reagent, preferably
a monoclonal antibody, in the raw material from which the cell are produced, preferably cord blood.
[0053] The specification is further directed to highly purified complete cell population produced from cord blood, pref-
erably the complete cell population is a mononuclear cell population from cord blood, preferably CD34-positive and
CD133-positive cells.

Reproducibility of the purificaton of the highly purified complete cell population

[0054] The present invention is specifically directed to processes according to the present invention when the highly
purified complete cell population is produced with less than 5% -unit variation from the mean purity % (for example mean
95% and variation less than +-5 %), more preferably with less than 3 %-unit variation from the mean purity. Alternatively
the invention is directed to highly reproducible processes when the highly purified cell population is produced so that
the differences of the purity figures from the mean purity are less than 3 %, more preferably less than 2.5 %, even more
preferably less than 2 %, in particular less than 1.5 % and most preferably less than 1%. The inventors were able the
to produce numerous cell populations (more than 10) with the reproducible yield.
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Preferred purity of reproducibly highly purified mononuclear complete cell populations from human cord blood

[0055] The present invention is specifically directed to production of purified cell populations from human cord blood
meaning neonatal blood, preferably from human cord blood and/human placental blood. As described above production
of highly purified complete cell preparations from human cord blood has been a problem in the field. In the broadest
embodiment the invention is directed to biological equivalents of human cord or placental blood as cord blood according
to the invention, when these would comprise similar markers and which would yield similar cell populations when sep-
arated similarily as the CD133 cell population and equivalents according to the invention or when cells equivalent to the
cord blood is contained in a sample further comprising other cell types. It is realized that characteristics similar to the
cord blood can be at least partially present before the birth of an human The inventors found out that it is possible to
produce highly purified cell populations from with purity useful for exact gene profiling and biomatker analysis.
The preferred purity depends of the affinity of the antibody used. For purification using commercial CD34-antibody
preferred purity of complete cell population is at least 90 %, more preferably at least 93 %, and most preferably at least
95 %. In a purification process according to invention by anti-CD133 antibody preferred purity of complete cell population
is at least 90 %, more preferably at least 93 %, and most preferably at least 95 %.
[0056] The present specification is directed to complete cell populations from human early blood with purity of at least
at least 85 %, more preferably at least 90 %, even more preferably with increasing preference 91 %, 92 %, 93 %, 94 %,
95 % respectively and most preferably with increasing preference at least 95 %, 96 %, 97 % or 98 %. In a specific aspect
the present specification is directed to ultrapure complete cell population in which the level of impurities is less than 10
%, more preferably less than 5 % and most preferably less than 3 %. The innovation is specifically directed to complete
cell populations purified by anti CD34 and anti-CD133 antibodies.
[0057] In a specific aspect the present specification is directed to highly purified human complete CD133+ and CD34+
cell populations derived from cord blood.

Highly viable cell populations

[0058] The present methods gives beside the unexpectedly high yields and recovery, completeness, purity and re-
producibility also highly viable cells. The highly viable cells survived the purification intact and are capable of prolifetating.
Preferably the complete cell population is at least 95 % viable, more preferably at least 97 % viable, even more preferably
at least 98 % viable, and most preferably at least 99 % viable. It is realized that background data usually does not give
any indication about the viability of the cells.

High through put production

[0059] It is realized that the present methods is suitable for production of relatively large scinticfic and even large scale
industrial and/or therapeutic cell samples. The scientific level process produces about 100 000- 1 000 000 cells from
about 108 of mononuclear raw material cells The method according to the invention can be upscaled 10-100 fold or even
more with established separation technologies. It is realized that in microscale FACS type processes may produce highly
pure cell populations, but currently these are not useful for production of larger amounts of cells from large amount of
starting material, using FACS to produce larger amounts in numerous batches would be extremely expensive and the
cell would suffer at least in terms of viability during lengthy process, probably affecting also recovery and purity. The
present invention is preferably directed to preferred purified cell batches comprising about cell in range of 100 000- 1
00 000 000, and in preferred embodiment in range of about 1 000 000 to 10 000 000 cells.

Highly purified cell population produced according to the invention

[0060] The present invention is preferably directed to the process according to the invention for the production of the
reproducible highly purified, preferably complete, viable cell populations according to the specification .

mRNA-analysis to reveal specific marker mRNAs of cell populations

Use of a highly purified mononuclear cell population of cord blood for mRNA analysis

[0061] The present specification is specifically directed to use the highly purified cell populations from human cord
blood for analysis of mRNA expression levels. It is realized that the gene expression analysis is highly sensitive and for
example 10-30 % contamination by cells with high expression levels of specific set of genes could bias the results of
gene expression analysis. The gene expression analysis may be performed by any gene expression analysis method,
preferably by a known gene expression analysis method.
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mRNA-analysis methods

[0062] In a preferred aspect the gene expression analysis is performed by at least one mRNA expression analysis
method preferably selected from the group: a hydridization method a gene array method, RT-PCR-method, qRT-PCR-
method or SAGE-method(serial analysis of gene expression). In an aspect expression of one preferred mRNA species
is performed. In a preferred aspect mRNA expression analysis is performed for multiple mRNA species. Preferably
multiple mRNA species are analysed in a profiling method. The profiling methods is preferably directed to the analysis
of the status of a cell population In another aspect the mRNA-profiling method is directed to or further directed to the
analysis of the purity of a cell population.

Analysis of common mRNA markers present in several individual cell populations

[0063] It was realized that even highly purified human cord blood cells population have differences in gene expression
levels. The present specification is directed to analysis of mRNA-markers of several individual purified populations of
human cord blood cells and comparing the expression profiles. Preferably the specification is directed to mRNA markers,
which are common for several individual cell populations. The common markers are especially useful for recognition of
cell populations where individual variations exist. According to the specification the analysis of individual variation of
mRNA-markers is especially useful for analysis of cell populations, especially mononuclear cell populations, of human
cord blood.

Preferred cell populations

[0064] Inventors discovered mRNA markers present in purified cell populations of human cord blood. More preferably
the cells have special differentiation capacity.
[0065] In a specific aspect the present specification is directed to mRNA markers overexpressed in human CD133+
and/or CD 34+ cell populations derived from cord blood. In a preferred aspect the present specification is directed to
mRNA markers overexpressed in both human CD133+ and CD 34+ cell populations derived from cord blood.
[0066] In another preferred aspect the present specification is directed to mRNA markers over-expressed in human
CD133+ but less effectively expressed in CD 34+ cell populations derived from cord blood. This indicates mRNA markers,
which are coexpressed with CD133. The present specification is specifically directed to methods for recognition of cell
populations with weak association with CD34 mRNA expression but with high expression of CD133 co-expressed mark-
ers. The analysis of CD133 associated markers would be useful for analysis of status or purity of CD133 or CD34 cell
populations.
[0067] The CD34 positive cell population is relatively large and heterogenous. It is not optimal for several applications
aiming to produce specific cell products. The present specification is preferably directed to specifically selected non-
CD34 populations, called homogenous cell populations. The homogenous cell population are in generally smaller size
mononuelear cell populations with size corresponding to CD133+ cell populations and being smaller than CD34+ cell
populations. The homogenous cell population may a subpopulation of CD34+ cell population, but in preferred aspect it
is a CD133 cell population or CD133-type cell population. Preferably the homogenous cell populations are selected by
binding a specific binder to a cell surface marker of the cell population. Preferably the homogenous cells are selected
by a cell surface marker having correlation low correlation with CD34-marker and high correlation with CD133 on cell
surfaces. Preferred cell surface markers include α3-sialylated structures according to the present specification enriched
in CD133-type cells. Pure, preferably complete, CD133+ cell population are preferred for the analysis according to the
present specification .
[0068] The present specification is directed to essential mRNA-markers, which would allow analysis or recogition of
the cell populations from pure cord blood derived material. The present specification is specifically directed to markers
specifically expressed early human cord blood cells.
[0069] The present specification is in a preferred aspect directed to native cells, meaning non-genetically modified
cells. Genetic modifications are known to alter cells and background from modified cells the present specification further
directed in a preferred aspect to fresh non-cultivated cells
[0070] The specification is directed to use of the markers for analysis of cells of special differentiation capacity, the
cells being preferably human blood cells or human more preferably cord blood cells.
[0071] In a specific aspect the specification is directed to the analysis of presence of cord blood derived mononuclear
cell populations by using the markers according to the present specification.
[0072] The specification further revealed novel markers for human multipotent cell or stem cells, the specification is
specifically directed to the markers for the analysis of stem cells.
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Preferred cell populations for the uses according to the specification.

[0073] The present specification is preferably directed to complete cell populations selected with regard to a single
marker.
The present specification is further directed to analysis of CD133-type cell populations, preferably complete cell popu-
lations on mRNA levels and their correlation with marker mRNAs.
The "CD133-type cell populations" according to the specification are similar to the CD133+ cell populations, but preferably
selected with regard to another marker than CD133. The marker is preferably a CD133-coexpressed marker. In a
preferred aspect the specification is directed to CD133+ cell population or CD133+ subpopulation as CD133-type cell
populations
[0074] The specification is further directed to analysis of the marker levels by methods according to the present
specification , and analysis of the preferred marker combinations according to the present specification.

Transmembrane and/or membrane associated glycoproteins

[0075] The present specification is in a preferred aspect directed to glycoproteins of the preferred cell populations,
most preferably CD133-type cells. The specification is further specifically directed to the analysis of potentially N-glyc-
osylated proteins in connection with analysis of the preferred glycan markers, preferably N-glycan makers according to
the specification.
The preferred mRNAs corresponding to potential N-glycoproteins preferably include: AREG, ALCAM, ITGA9, FLT3,
PTPRD, TM7SF3, PON2, DST, ADAM28, CRIM1, CRHBP, DSG2, EMP1, FSTL1, GPR125, IGFBP7, KIT, MMP28,,
PILRB, SCA-1, SV2A, SEPP1, TIE1, TNFRSF21, and LRP6 and VLA4.
The specification is further directed to following glycoproteins of higher membrane association, cell surface availability:
ALCAM, ITGA9, FLT3, PTPRD, TM7SF3, PON2, ADAM28, CRIM1, CRHBP, DSG2, EMP1, FSTL1, GPR125, IGFVBP7,
KIT, PILRB, SCA-1, SV2A, SEPP1, TIE1, TNFRSF21, and LRP6 and VLA4.
A preferred group includes following glycoproteins AREG, ALCAM, ITGA9, FLT3, PTPRD, TM7SF3, PON2, DST, which
belong to a subgroup of preferred transmembrane proteins and a growth factor AREG.
Anothor preferred group includes cell surface receptor type glycoproteins such as ADAM28, ALCAM, CRIM1, FLT3,
ITGA9, KIT, LRP6, PILRB, PTPRD, TNFRSF21, and VLA4. The receptor type glycoproteins are further preferred as
specific subgroups of receptor molecules according to the specification . Another preferred subgroup of the receptors
includes novel adhesion related receptors ADAM28, CRIM1, ITGA9, LRP6, PILRB, PTPRD, TNFRSF21, and VLA4.
[0076] The inventors to were able to show that the highly pure complete cell populations according to the present
specification preferably CD133+ cells, can be useful as source of effectively cultivable cell types.
[0077] Present specification is specifically directed to the cultivation of the preferred cells according to the specification,
and cells produced by the preferred methods according to the specification. In a preferred aspect the specification is
directed to production of non-hematopoietice cells.
[0078] The specification is directed to effective production of specific hematopoietic cell populations shown tobe ef-
fectively produced in examples, more preferably CFU-GM colonies and CFU-GEMM colonies. The specification is further
directed to methods according to and described by the specification to be used in context of cultivation of the preferred
cells.
[0079] The specification is further in a preferred aspect directed to the analysis of the cultivated cells, preferably
cultivated cells being produced according to the specification, when the cultivated cells are compared with the data or
cells according to the present specification.
[0080] The inventors have also discovered a method for purification of cell populations, especially from human cord
blood. This method allows effective, and reproducible purification of complete cell populations with good yield. The
specification is further directed to specific complete cell populations comprising approximately naturally occurring num-
bers of cells expressing either high and low levels of the specific marker used in the purification process of the cell
population.
[0081] The present invention provides a method for in vitro purification of a cell population from a sample or raw
material containing multiple cell populations, comprising the following subsequent steps:

a) contacting said sample with a cell-type-specific binding reagent linked to a polyvalent matrix by mixing said reagent
with the sample so that a complex of said binding reagent and a cell population of interest forms;
b) immobilizing the complex obtained from step a);
c) removing the material that is not immobilized;
d) releasing the immobilzed complex;
e) contacting the sample obtained from step d) with an additional amount of the specific binding reagent linked to
a polyvalent Matrix by mixing the additional amount of binding reagent with said sample;
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f) immobilizing the complex obtained from step e);
g) removing the material that is not immobilized;
h) releasing the immobilized complex; and
i) recovering a cell population bound to the binding reagent, wherein said sample containing multiple cell populations
is not taken from a human embryo.

Method for purification of mononuclear cell populations

[0082] The present method is further directed to producing highly purified cell populations from cord blood. The puri-
fication of specific mononuclear cell populations from human cord blood, especially cord blood or placental blood forms
a special challenge. This appears to depend on the composition of human cord blood. In a few documented publications
purification of mononuclear cell populations to level, of purity of about 50-60 % has been reported The mononuclear cell
population refers here to a subpopulation of the mononuclear cells.

Binding molecules

[0083] The method is based on the use of a specific binding molecule, which binds to a marker structure, such as a
protein, on the surface ofa cell belonging to a certain cell population. In a preferred embodiment the present invention
is directed to the use of a protein-binding molecule, which preferably is an antibody and most preferably a monoclonal
antibody.
[0084] The present invention is further directed to glycan binding molecules, which recognize glycan marker structures
on a cell surface. In a preferred embodiment the binding molecule is a protein, more preferably an enzyme, a lectin or
a glycan binding antibody.

Two step process for purification of a cell population

[0085] In a preferred purification method, a binding molecule is used in a two-step process. In the preferred process
a substrate preparation from a sample is

1) handled in process for substrate preparation;
8) put in contact with a specific binding molecule;
9) processed in an affinity purification method by the specific binding molecule;
10) recovered from the affinity purification;
11)put in the second contact with a specific binding molecule;
12) processed in an affinity purification method by the specific binding molecule; and
13) recovered from the affinity purification

A preferred affinity purification method

[0086] The affinity purification method is preferably a magnetic bead method, more preferably an immunomagnetic
bead method, It is further realized that many other affinity methods can be used including methods containing immobilized
affinity reagent. The preferred affinity reagent is an antibody useful for purification of a mononuclear cell population,
preferably CD133-type cell population, from human tissue material, most preferably from human cord blood. Preferred
antibodies for the purification method includes anti-CD34 and anti-CD133 antibodies.

Preferred clean and safe process for production of human cord blood sample

[0087] A preferred sample or substrate preparation of human cord blood is a fraction of mononuclear cells prepared
from human cord blood.
[0088] In the preferred substrate preparation process the blood is collected in sterile collection bags, preferably con-
taining citrate phosphate-dextrose solution. The collected blood units can be tested for pathogens, which may be present
in blood products. In a preferred and regular process the blood units are tested at least for human immunodeficiency
virus, hepatitis C virus, hepatitis B virus, human T-cell lymphotrophic virus, and syphilis, and only units with negative
test results are used.
[0089] The sample of mononuclear cells is preferably produced by a density gradient method, more preferably by
Ficoll-Hypaque density method.
[0090] There is increasing need for methods for purification cell population from various sample types. Purified cell
populations are developed for various scientific products and research tools and/or therapeutic products or lead products
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for therapeutic development.

Sample materials

[0091] The samples, or sources of cell populations, are preferably tissues, tissue cultures and/or cell cultures. The
samples contain, beside the target cell population, also other cellular material or other cellular materials. The other
cellular material indicates multiple different cell populations, and/or cell like materials, which should be separated from
the desired cell population. The invention is directed to the maintaining the desired cell population intact and remove
other cellular material with similarities with the desired cell population. Preferred sample is cell or tissue material containing
free or easily mobilizable cells such as blood and/or blood derived materials.
[0092] The other cell like materials mean here degraded cells and materials derived from cells and tissues. Cell
purification, cell culturing and cell storage methods may yield contaminating other cell like materials. Especially storage
in lower temperatures and freezing/cryopreservation cause increase of other cell like material in sample. The invention
is especially directed to purification of cell population containing other cell like materials, more preferably cryopreserved
cells, and most preferably cryopreserved cord blood cell.
[0093] The invention reveals additional methods useful for the handling of cells aimed for cryopreservation or use in
the purification involving cryopreserved cells, especially for prevention of aggregation of cryopreserved cells. The in-
vention is directed to selection of anticoagulant solution for handling of cells preventing the aggregation of cryopreserved
cells. It was revealed that the ethylenediamine tetraacetic acid (EDTA, Merck, Darmstadt, Germany)/its concentration
in standard solution was not useful while the anticoagulant citrate dextrose solution, formula A (ACD/A, Baxter Healthcare,
Lessines, Belgium) was revealed to be effective in preventing the aggregation, the invention is especially directed to the
citrate dextrose solution and like for the handling of the cells aimed for cryopreservation and purification, especially
purification by magnetic bead methods, and preferably according to the invention. The invention further revealed that
DNAse solution is useful for prevention of the aggregation, and the invention is directed to the use of DNAse in the
handling of cell for the purification, preferably for the purification of the cord blood cells by magnetic beads, especially
for the handling of cells for the purification according to the present invention.

Cell populations

[0094] Cell population is according to specification functionally and/or structurally homogenous population of cells.
Preferably the cell population comprise at least one specific marker structure, which can be recognized by specific
binding reagent according to the specification. The most preferred cell populations according to the specification are
CD34+ and CD133+ cell populations, especially when purified from human cord blood or equivalent. The cell population
may be homogenous or heterogenous with regard to the level of expression of the marker.
[0095] The preferred cell population may represent a minor fraction of the cells in the sample. Purification of such low
proportion of cells is especially challenging. The invention is especially directed to purification of cell population repre-
senting less than 10%, more preferably less than 5 %, even more preferably about 0.05- 1 % and most preferably about
0.1-0.5 % of the total number of the cells in the sample.

Preferred "negative cell populations"

[0096] The present specification is further directed to corresponding "negative cell populations", which means highly
pure multiple cell population containing sample materials from which a specific cell population has been removed by the
methods according to the invention. Most preferred negative cell populations are CD34- and CD133 - cell from human
cord blood. The negative cell populations ate especially useful materials e.g. for controlling and standardising scientific
experiments studying the positive cell populations. The specification is especially directed to the use of a specific cell
population and its corresponding negative cell population for the comparison with each other in structural and/or functional
analysis, preferably by preferred profiling method(s).

Preferred purification of multipotent cells

[0097] It has been realized that various human tissues contain multipotent cells such as various progenitor cells, or
stem cells, which are useful for scientific studies and developing therapeutics for animals and human. There is a need
for purification of multipotent cells from various sample types.
[0098] Most preferably the invention is directed to purification of multipotent cell populations from cord blood, such as
CD34+ and CD133+ cell populations.
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Uses of the cell populations

[0099] The cell populations according to the specification, especially complete cell populations, are especially useful
for scientific development and studies including analytical development of complete and pure cell population, diagnostics
development, and for studies and production of therapeutic cells and cell culture and development thereof.

Preferred analysis of the cell populations by profiling of complete cell population

[0100] The specification is especially directed to profiling of marker molecules of cell populations purified according
to the invention, especially complete cells populations. The preferred profiling methods includes mRNA-profiling for
example by mRNA-cip tecgene expression profiling methods and novel glycomics profiling of expressed glycans on cells.

Analysis of cell purity

[0101] The present invention is directed to the preparation of pure cell populations, wherein the purity can be assessed,
e.g., by cell counting method, such as FACS method.

High yield of highly purified complete cell populations

[0102] It is known in the art that highly purified cell populations may be obtained by increasing washing of cells contacted
with magnetic beads. However this process will reduce the yield of the cells. Moreover, the washing would release cell
populations with weak binding to affinity matrix, creating a biased cell population which actually does not correspond to
total cell population carrying the specific marker structure.
[0103] The inventors compared traditional purification methods using one and two purification rounds in immunomag-
netic methods. It was found out that the purities and/or yields with cord blood were poor with both one and two column
methods. Extensive washing released substantial amounts of cells from columns at each purification round. It is realized
that the release of a specific cell depend on the affinity of the cell to immobilized affinity reagent and less avidly bound
cells are more easily lost biasing the cell populations. The present data including the flow cytometric analysis patterns
indicates that the process and the purified cell populations are very reproducible.

Preferred recovery % to be obtained by the method according to the invention

[0104] The current methods producing highly purified cells especially by affinity methods such as magnetic bead
methods usually fail to show any respectable yield from starting material. The measurement of the low amounts of cells
in starting material is difficult making recovery %-estimates difficult. The optimised process according to the invention
avoids the loss of materials and shows reproducible and reasonable approximate minimum recovery levels. The method
can allow, under optimal conditions, the yield of about 50 % or more of highly purified cells from cord blood. This is
relatively good yield level for highly purified cells. The present invention is especially directed to production of highly
purified cell populations, preferably complete cell populations from human cord blood. The specification is directed to
highly purified complete cell populations obtainable by the method according to the invention with the yields of at least
about 70 %, preferably at least about 75 % of purified cells, and even more preferably at least about 80 %, and even
most preferably at least about 90 % from the raw material such as human cord blood.

Complete cell populations and production thereof

[0105] The present invention is specifically directed to the methods of isolating highly purified complete cell populations
by the methods according to the present invention. The complete cell populations would contain both weakly and highly
binding cells representing the original distribution of cells in the raw material from which the cells are isolated. The weakly
binding and highly binding cells indicate the binding efficiency of the desired cell population with regard to the binding
reagent The binding efficiency is in preferred embodiment measured by FACS analysis.
[0106] The present invention is especially directed to the production of a complete cell population; when the cell
population to be purified from a sample, that contains substantial amount of weakly binding cells. The preferred substantial
amounts includes ranges of relatively low amount of weakly binding cells amounts, preferably observable by FACS
analysis, above about 0.1% preferably at least about 1%, more preferably at least about 3 %, even more preferably
about 0.5 -5 % and most preferably about 1-10 %. Including low amounts of weakly binding cells are useful for many
application as the minor population have effect of analytics and function, especially in biological use and/or cell culture.
The referred substantial amounts further includes ranges of relatively high amount of weakly binding cells amounts,
preferably observable by FACS analysis, above about 5 % preferably at least about 8 %, more preferably at least about
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10 %, even more preferably about 5 -15%, even more preferably about 5 -35 %, and most preferably about 5-50 %. The
methods are especially preferred for CD34+ cells according to the invention. These comprise varying amounts CD34+
dim cells (estimated to vary between depending on the sample 0-40%). The FACS analysis of CD133+ populations
reveal only scattered cells outside of the main population indicating very low amount of CD133+ dim cells in the population.
[0107] The specification is further directed to highly purified complete cell population produced from cord blood, pref-
erably the complete cell population is a mononuclear cell population from cord blood, and in a more preferred aspect
said mononuclear cell populations consists of CD34-positive or CD133-positive cells.

Reproducibility of the purification of the highly purified complete cell population

[0108] The present invention is specifically directed to processes according to the present invention wherein a highly
purified complete cell population is produced with less than 5% -unit variation from the mean purity % (for example mean
95% and variation less than +-5 %), more preferably with less than 3 %-unit variation from the mean purity. Alternatively,
the invention is directed to highly reproducible processes, when the highly purified cell population is produced so that
the differences of the purity figures from the mean purity are less than 3 %, preferably less than 2.5 %, more preferably
less than 2 %, even more preferably less than 1.5 %, and most preferably less than 1%. The inventors were able to
produce numerous cell populations (more than 10) with the reproducible yield.

Preferred purity of reproducibly highly purified mononuclear complete cell populations from human cord blood

[0109] The present invention is especially directed to production of purified cell populations from cord blood, preferably
from human cord blood and/human placental blood and corresponding materials. As described above production of
highly purified complete cell preparations from human cord blood has been a problem in the field. In the broadest
embodiment the invention is directed to biological equivalents of human cord or placental blood as cord blood according
to the invention, when these would comprise similar markers and which would yield similar cell populations when sep-
arated similarily as the CD133+ cell population and equivalents according to the invention or when cells equivalent to
the cord blood is contained in a sample further comprising other cell types. It was revealed that it is possible to produced
highly purified cell populations from cord blood with purity useful e.g. for exact gene expression profiling and biomarker
analysis.
[0110] The preferred purity depends of the affinity of the antibody used. For commercial CD34-antibody, the preferred
purity of a complete cell population is at least 90%, more preferably at least 93%, and most preferably at least 95%. For
anti-CD133 antibody, preferred purity of a complete cell population is at least 90%, more preferably at least 93%, and
most preferably at least 95%.
[0111] The present specification is directed to complete cell populations from human early blood with purity of at least
85%, more preferably at least 90 %, 91 %, 92 %, 93 %, 94%, or 95%, and most preferably at least 95 % 96 %, 97 % or
98 %. In a specific aspect, the present specification is directed to an ultrapure complete cell population in which the level
of impurities is less than 10 %, more preferably less than 5 %, and most preferably less than 3 %. The specification is
specifically directed to complete cell populations purified by anti-CD34 and anti-CD133 antibodies.
[0112] In a specific aspect the present specification is directed to highly purified human complete CD133+ and CD
34+ cell populations derived from cord blood.

Highly viable cell populations

[0113] The present methods gives beside the high yields and recovery, completeness, purity and reproducibility also
highly viable cells. The highly viable cells survived the purification step intact and are capable of proliferating. Preferably,
the complete cell population is at least 95 % viable, more preferably at least 97 % viable, even more preferably at least
98 % viable, and most preferably at least 99 % viable.

High throughout production

[0114] It is realized that the present method is suitable for production of relatively large scientific and even large scale
industrial and/or therapeutic cell samples. The scientific level process produces about 100 000-1 000 000 cells from
about 1-2 x 108 of mononuclear raw material cells The method according to the invention can be upscaled 10-100 fold
or even more with established separation technologies. It is realized that in microscale FACS type processes highly
pure cell populations may be produced, but currently these are not useful for production of larger amounts of cells from
large amount of starting material, using FACS to produce larger amounts in numerous batches would be extremely
expensive and cells would suffer at least in terms of viability during the lengthy process, probably affecting recovery and
purity, as well. The present invention is preferably directed to the purified cell batches of CD34+ or CD133+ cells
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comprising cells in range of 105-108, and in preferred embodiment in range of about 106 to 107 cells.

Highly purified cell population obtainable by the method disclosed

[0115] The present invention is preferably directed to the process according to the invention for the production of the
reproducible highly purified, preferably complete, viable cell populations according to the specification.
[0116] It is noted that the sequences of the target or marker genes listed in the tables and figures are available in the
public databases such as in GenBank. The tables provide accession numbers, the Affymetrix probe set ID, and name
for each of the sequences.

EXPERIMENTAL SECTION

Cells

[0117] Umbilical CB was obtained from the Helsinki University Central Hospital, Department of Obstetrics and Gynae-
cology, and Helsinki Maternity Hospital. All donors gave the informed consent and the study protocol was accepted by
the ethical review board of the Helsinki University Central Hospital and Finnish Red Cross Blood Service. CB was
collected in sterile collection bags (Cord Blood Collection system, Medsep Corporation, Covina, USA) containing citrate
phosphate dextrose solution, and processed within 4-20 hours. All CB units tested negative for human immunodeficiency
virus, hepatitis C virus, bepatitis B virus, human T-cell lymphotropic virus, and syphilis. Mononuclear cells (MNC) were
isolated by Ficoll-Hypaque density gradient (Amersham Biociences, Piscataway, USA). CD133+ cells were enriched
through positive immunomagnetic selection using CD133 Cell Isolation Kit and MACS affinity columns (Miltenyl Biotec,
Bergisch Gladbach, Germany). CD133+ cells were subjected to 2 rounds of separation. CD133- cells from the same
CB unit were collected for control purposes. Microarray analysis was performed using 4 separate CB units In addition,
6 CB units were processed for quantitative real-time polymerase chain reaction (qRT-PCR) analysis.

Flow cytometry

[0118] Immunomagnetically selected cells were labeled with phycoerythrin (PE)- and fluorescein isothiocyanate
(FITC)-conjugated monoclonal antibodies (mAbs) to evaluate the purity of cell fractions. Labeling was carried out using
CD133/2-PE (clone 293C3, Miltenyi Biotec) and CD45-FITC (clone 2D1, Becton Dickinson, Franklin Lakes, USA) in 50
ml of phosphate-buttered saline (PBS) at room temperature for 20 minutes. Isotype-identical monoclonal antibodies
tgG2b-PE and IgG1-FITC (Becton Dickinson) served as controls. Flow cytometry analysis was performed on Becton
Dickinson FACSCalibur™ with a 488 nm blue argon laser. Fluorescence was measured using 530/30 nm (FITG) and
585/42 nm (PE) bandpass filters. Data were analyzed using the ProCOUNT™ software (BD Biosciences, San Jose,
USA) and Windows Multiple Document Interface for Flow Cytometry, WinMDI version 2.8 (http://facs.scripps.edu/soft-
ware.html).

Example 1a. Immunomagnetic separation of CD34+/CD133+ cells from cord blood

Preparation of mononuclear cells

[0119] Cord blood is diluted 1:4 with PBS-2mMEDTA and 35 ml of diluted cord blood is carefully layered over 15 ml
of Ficoll-Paque®. Tubes are centrifuged for 40 minutes at 400xg without brake. Mononuclear cell layer at the interphase
is collected and washed twice in PBS-2mM EDTA. Tubes are centrifuged for 10 minutes at 300xg. Cell pellet is resus-
pended in a final volume of 300 ml of PBS-2mM EDTA-0.5%BSA per 108 total cells.

Labeling of CD34+/CD133+ cells

[0120] 100 ml of FcR Blocking Reagent and 100 ml of CD34 or CD133 Microbeads are added per 108 total cells.
Suspension is incubated for 30 minutes at 6-12°C. Cells are washed with PBS-2mMEDTA-0.5%BSA and resuspended
in 500 ml of PBS-2mM EDTA-0.5%BSA per 108 cells.

Magnetic separation

[0121] Column type is chosen according to the number of total cells: MS column for <2x108 cells and LS column for
2x108-2x109 cells. The column is placed in the magnetic field and rinsed with PBS-2mMEDTA-0.5%BSA. Labeled cell
suspension is applied to the column and the cells passing through the column are collected as the negative cell fraction.



EP 1 891 437 B1

18

5

10

15

20

25

30

35

40

45

50

55

The column is then washed four timers with PBS-2mMEDTA-0.50%BSA. The column is removed from the magnetic
field and the retained positive cells are eluted with PBS-2mMEDTA-0.5%BSA using a plunger.

Additional labeling of CD34+lCD133+ cells

[0122] The eluted positive cells are centrifuged for 5 minutes at 300xg and resuspended in 300 ml PBS-21mM EDTA-
0.5%BSA. 25 ml of FcR Blocking Reagent and 25 ml of CD34 or CD133 Microbeads are added. Suspension is incubated
for 15 minutes at 6-12°C. Cells are washed with PBS-2mM EDTA-0.5%BSA and resuspended in 500 ml of PBS-2mM
EDTA-0.5%BSA.

Additional magnetic separation

[0123] A MS column is placed in the magnetic field and rinsed with PBS-2mMEDTA-0.5%BSA. Labeled cell suspension
is applied to the column. The column is washed four times with PBS-2mMEDTA-0.5%BSA. The column is then removed
from the magnetic field and the retained positive cells are eluted with PBS-2mMEDTA-0.5%BSA using a plunger.

Results

[0124] The low level of purity of cell populations isolated from cord blood is a problem known in the field. In general,
the current level of purity is not good enough for analytics wfth gene expression arrays or the like. A reason for the
problem is the composition of other cellular materials in cord blood and low amount cells in the target cell population.
Furthermore the part of positive of the cells can be lost in expensive washings of the sample during the isolation process,
which would reduce yield and enrichment of positive cells. Moreover, the methods involving expensive washings produced
cell populations, which contain major amount of marker positive cells in the negative cell population, for example in
CD34- or CD133- cell fractions, this would biase the control(baseline) cell population used for example in gene expression
analysis. The methods involving extensive washing require large amount of material and the cell populations are easily
biased so that part of the cells with low affinity towards the binding reagent are lost more easily than the cells with high
expression of the specific marker. Furthermore, the washing may cause stress to cells and reduces the amount of alive
and viable cells. Preferably, the method of the invention involve up to 1-5 washing steps, more preferably 3-5 and most
preferably 4 washing steps during the steps c) and g).

Single column method

[0125] Figure 5 shows one example of purity (47 %) of CD34+ cells from one purification round using immunomagnetic
separation (Miltenyi Biotech). This method gave 81 % purity for CD 133+ cells. The purifications from human cord blood
with regard to CD34 are especially difficult, so the process was first developed for CD34+ cell population.

Effect of extensive washing and using two column method

[0126] Table 3 shows increased release of CD34+ cells from columns of immunomagnetic beads containing anti-
CD34 antibody. It is realized that the process increases the purity of cells but at the same time reduces effectively the
recovery of the cells, the purity for CD34+ cells is still under 80 %. Table 4 shows the increase of cell purity in a column
method. Using two column rounds increased the yield but did not give special benefit with regard to one column method.
High amount of CD34+ cells (19%) were observed in the flow through of the second column.

Using additional labeling between purification rounds using two column system

[0127] Figure 3. shows the purities of CD34+ cells in the novel two column process. Fig. 3A shows the purity of GD34+
cells after first column separation (78 %). Additional labeling and second column purification increased the purity to 92
% as seen in Fig. 3B. Figure 6 shows additional example of highly purified cord blood CD34+ or CD133+ cells using
two column separations, and the negative flow through fraction from (CD34- or CD133-) the first column.

Characteristic yield and recovery of the novel purification method

[0128] The purification may be performed for example from about 1 x 108 mononuclear cells punted by Ficoll gradient
from one unit of cord blood cells (approximately 80 ml, the amounts vary from experiment to experiment and reagents
were adjusted -with regatd to starting material). Cord blood contains about 1-2 % of CD34+ cells, the average yield of
CD34+ cells in various experiment is about 0.5-1 x 106 cells (0.97 %), from this recovery can be estimated to be between
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about 50-75 %. The unit contains about 1 % (or less) of CD133+ cells. The uncertainly of the measurement from the
low amount of positive cells is substantial. The yield of CD133+ cells in the individual experiments was 0:5-1 x 105 cells
corresponding to about 0.29 % of the mononuclear cells used. The estimated recovery is about 30 %.

Example 1b.

Materials and Methods

Cord blood units

[0129] Umbilical cord blood (CB) was obtained from informed and consenting donors at the Helsinki University Central
Hospital, Department of Obstetrics and Gynaecology. Permit to collect and use donated stem cells has been obtained
from the ethics board of the Helsinki University Central Hospital (550/E8/02) and the ethics board of the Finnish Red
Cross Blood Service (40/02).
[0130] The umbilical cord was clamped according to standard hospital procedure and CB collections were performed
ex utero. CB was collected into a sterile collection bag (Cord Blood Collection system, Medsep Corporation, Covina,
URSA) containing 25 ml of Citrate Phosphate Dextrose solution. The collection volume varied between 45-105 ml. Some
CB units were volume reduced and cryopreserved in a BioArchive system at the Finnish Red Cross Blood Service, Cord
Blood Bank as previously described [69] and some units were processed freshly within hours from collection. Altogether,
8 cryopreserved and 12 fresh CB units were used to optimize the protocols. In addition, 10 cryopreserved and 9 fresh
CB units were used to test the optimized protocols.

Handing of card blood units

[0131] Cryopreserved CB unit was taken from the BioArchive system and kept for two minutes in the gas face of liquid
nitrogen, 3-5 min at room temperature and in 37°C water bath until completely thawed. CB was transferred from the
freezing bag into 50 ml tubes containing total freezing solution: 2.5% albumin (Finnish Red Cross, Blood Service, Helsinki,
Finland), 50% NaCl (Baxter Healthcare) and 50% Gentran40 (Baxter Healthcare). Freezing bag was rinsed with 15 ml
of freezing solution and combined in the same tube. Cells were pelleted by centrifugation 600 g, 10 min and supernatant
was discarded. When cell clumping occurred cell pellet was resuspended in 200 ml 1mg/ml DNaseI (Sigma-Aldrich,
Steinheim, Germany). Cells were then suspended carefully in 100 ml phosphate-buffered saline (PBS, pH 7.4) supple-
mented with 0.6% ACD/A. Fresh CB was diluted 1:4 with balanced salt solution, PES, supplemented with 2 mM EDTA;
to reduce the size and number of cell aggregates and to give better lymphocyte/mononuclear cell (MNC) yield in density
gradient centrifugation:
[0132] MNCs were isolated by density gradient using 15 ml of Ficoll-Paque reagent (Amersham Biociences, Piscat-
away, USA) and 35 ml of diluted CB. The two-phase system was centrifuged at 400 x g for 40 minutes. MNCs, collected
from the interface between the two phases, were then washed twice with balanced salt solution using centrifugation of
300 x g for 10 minutes. MNC counting was performed by automatic cell counter Sysmex K-10000 (Sysmex Corporation,
Kobe, Japan).

Separation of CD34+/CD133+ cells

[0133] CD34+ and CD133+ cells were enriched through positive selection using the MiniMACS or MidiMACS separation
system (Miltenyi Biotec). For the labeling of CD34+ cells, Direct CD34 progenitor Cell Isolation Kit was used, whereas
CD133+ cell were labeled using the CD133 Cell Isolation Kit. 100 ml of FcR Blocking Reagent, to inhibit unspecific or
Fc-receptor mediated binding, and 100 ml of CD34/CD133 MicroBeads for magnetic labeling of cells were added per
108 cells, as per manufacturer’s recommendations.
[0134] MS or LS MACS affinity columns were used depending on the number of MNCs. MS column was used for up
to 2 x 108 MNCs, and LS column was used for 2 x 108 to 2 x 109 of total MNCs. Labeled cell suspension was subjected
to immunomagnetic separation, where magnetically labeled cells retain in the column and unlabeled cells pass through
the column. After several washes, the column was removed from the magnet and the retained CD34+ or CD133+ cells
were eluted with 1-5 ml of PBS supplemented with 0.5% bovine serum albumin and 2 mM EDTA, using a plunger. CD34+
and CD133+ cells were subjected to one or two rounds of separation and their negative counterparts were collected for
control purposes. In the two-column system, an additional labeling step between the column separations was tested,
using 25 ml of both FcR Blocking Reagent and MicroBeads. The optimum purity and yield was obtained when using the
additional labeling in connection with the two column system.



EP 1 891 437 B1

20

5

10

15

20

25

30

35

40

45

50

55

Purity

[0135] To determine the purity of column purified CD34 and CD133 cell fractions, 1 x 105 cells in PBS supplemented
with 1% bovine serum albumin (BSA) were incubated with fluorescein isothiocyanate (FITG)-conjugated CD45 (clone
2D1, Becton Dickinson, Franklin Lakes, USA) or FITC-conjugated CD34 (clone AC136, Miltenyi Biotec) and phycoerythrin
(PE)-conjugated CD34 (clone 345802 Becton Dickinson) or PE-conjugated CD133 (clone 293C3, Miltenyi Biotec) mon-
oclonal mouse anti-human antibody at 4° for 15 min. Platelets were detected with PE-conjugated mouse anti-human
CD41a monoclonal antibody. Isotype-identical monoclonal antibodies IgG2-PE and IgG1-FITC (Becton Dickinson)
served as controls. After washing with PBS-1%BSA, cells were analyzed using Becton Dickinson FACSCalibur™ with
a 488 nm blue argon laser. Fluorescence was measured using 530/30 nm (FITC) and 585/42 mn (PE) bandpass filters.
Data were analyzed using the ProCOUN™ software (BD Biosciences) or Windows Multiply Document Interface for Flow
Cytometry, WinMDI version 2.8 (http://facs.scripps.edu/software.html). CD34+, and CD133+ cell populations were de-
fined by first gating on forward and side scatter properties excluding platelets and debris. Subsequent gates were set
to exclude >99% of control cells labeled with isotype-specific antibody.

Colony forming unit assay

[0136] MNCs (1 x 105) and enriched HSCs (2 x 103) suspended in 300 ml Iscove’s Modified Dulbecco’s medium
supplemented with 2% fetal bovine serum (Gibco/Invitrogen, Paisley, United Kingdom) were mixed vigorously with 3 ml
of MethoCult GF H4434 containing recombinant cytokines and erythropoietin (StemCell Technologies). The cells in
MethoCult medium were plated in duplicate into sterile 35 mm petri dishes, and colonies were scored according to their
morphological charactefistics by light microscopy after a 14-dray culture. The assay was performed in triplicate for each
cell type (CD34+, CD133+ and MNC).

Results and Discussion

Handling of cord blood (CB) cells

[0137] The isolation of pure mononuclear cell (MNC) fractions from CB, and subpopulations thereof, brings about a
special challenge. This appears to bye due to the large number of thombocytes and erythroid progenitors in CB. In Ficoll-
Paque gradient, all erythroid cells do not sediment to the bottom layer, but are retained in the interphase of plasma and
Ficoll-Plaque. The erythroid cells remaining in the interphase are nucleated progenitors that hamper the subsequent
immunomagnetic selection of HSC populations. The unusually slow Sedimentation of erythroid cells is not seen when
working with peripheral blood.
[0138] When handling cryopreserved CB, aggregation was observed. Aggregation was reduced by replacing ethyl-
enediamine tetraacetic acid (EDTA, Merck, Darmstadt, Germany) with anticoagulant citrate dextrose solution, formula
A (ACD/A, Baxter Healthcare, Lessines, Belgium) in the sample buffer. In some cases aggregation was so substantial
that the cells needed to be resuspended in DNaseI containing buffer. DNase digests the DNA released from dead cells
and prevents the aggregation. No aggregation was seen When handling fresh CB cells. DNase treatment did not affect
on the viability or colony-forming potential of selected GB cells.

MNC fraction

[0139] In cryopreserved CB, the mean MNC concentration was 5.14 x 149/l (range 0.96-10.0, SD=3.43) , and the
mean platelet concentration was 8.30 x 109/l (range 0-17, SD=5.46). Cryopreserved CB contained a mean of 0.14 x
1412/l erthrocytes (range 0.02-0.67, SD=0.20), and mean hematocrit was 2%.
Fresh CB contained a mean of 2.68 x 109/l MNCs (range 1.24-3.62, SD=0.64). The difference in MNC concentration
between cryoproserved and fresh samples was not statistically significant (P=0.06). The remarkably high disparity in
the standard deviation of MNC concentration between cryopreserved and fresh CB may be due to the processing and
freezing of cells performed to bank the CB units [69]. The mean concentration was 205.89 x 109/l (range 84-505,
SD=130.58) for platelets and 0.12 x 1012/l (range 0.03-0.50, SD=0.14) for erythrocytes. The mean hematocrit was 1%.

Immunomagnetic separation of HSC populations

[0140] When using the Direct CD34 progenitor Cell Isolation Kit with single columm separation and the protocol
recommended by the manufacturer (Miltenyi Biotec, Bergisch Gladbach, Germany), a purity of less than 50% was
reached for CD34+ cells was reached (Figure 5). To obtain highly pure CD34+ cells, the immunomagnetic selection
method was optimized. Several washing steps (3-10) was tested for single column separation. A purity of 80% was
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achieved with extensive washing, but the yield was poor (less than 50% of the expected yield). Two successive column
separations resulted in 77% purity, but a great number of CD34+ cells were still lost during the process. An aditional
labeling between the two column separations increased the purity to >90% (Figure 3) and resulted in acceptable yield
as well. The optimized two-column method with additional labeling proved reliable and was applied to the separation of
both CD34+ and CD133+ cells. The purity of positively selected CD34+/CD133+ cells was reprocucibly over 90% and
their negative counterparts were nearly 100% pure.
[0141] Generally 0.86% of CD34+ cells (range 0.5b-1.45, SD=0.36) and 0.21% of CD133+ cells (range 0.04-0.41,
SD=0.12) were recovered from CB MNCs. The recovery of CD34+ cells was higher from fresh CB (1.0%) when compared
to cryopreserved CB (0.78%), although the difference was not statistically significant (P= 0.54). The results are consistent
with the study by Almici et al showing no significant differences in yield or in purity for fresh CB CD34+ cells in comparison
to crypreserved cells [70]. This was the case with CD133+ cells as well, the recovery being 0.29% for fresh CB and
0.12% for cryopreserved CB (P=0.11). The purities were not affected by the initial percentage of HSC populations in
CB. The results of the purity assessment for representative samples of CD34+/-, and CD 133+/- cells are shown in figure 6.
[0142] With the optimized protocols, a purity of 90% at least was achieved for CD34+, and CD133+ cells. Fresh CB
was easier to handle and the recovery of HSC was higher from flesh CB. However, the viability was 99% at least for all
the selected cell types from fresh and cryopreserved CB. This demonstrates that the optimized protocols work well in
HSC enrichment for both fresh and cryopreserved CB. HSCs, enriched by the protocols described here, have been used
in gene expression studies with great reproducibility and consistency [71].
[0143] It has been suggested that the binding of an antibody to the surface of a HSC may influence proliferation and
differentiation through intracellular signaling pathways [64]. Anti-CD34 antibody has been shown to induce tyrosine
phospherylation in BM-derived CD34+cells [72]. Further studies on the effect of the interaction between HSCs and the
antibodies used for their selection as well as the possible impact of this contact on HSC graft potency are awaited.

Colony forming unit assay

[0144] CFU assay was used to measure the clonogenic capacity of CD34+, and CD133+ cells as well as MNCs. Total
CFU (CFU-TOT) number was determined as the sum of granulocyte-erythroid-macrophage-megakaryocyte (CFU-
GEMM), granulocyte-macrophage (CFU-GM), erythroid (CFU-E) and burst-forming erythroid (BFU-E) colonies. CFU-
TOT counts were 84.5, $0; and 0.47 per 1000 cells for CD34+, CD133+, and MNCs, respectively. CD34- and CD133-
cell populations have shown very limited colony forming potential in our previous studies with CFU-TOT counts of 0.1
and 0.58 per 1000 cells, respectively.
[0145] The highest proportion of CB-derived HSCs formed CFU-GM colonies (mean 57.8%) and CFU-GEMM colonies
(mean 35.8%). The proportion of individual colony types for CD34+, CD133+, Lin- and MNCs is represented in Table
2. BFU-Es represented a mean of 5.8 % of the HSC colony content This may be due to the inefficient removal of erythroid
progenitors during the depletion. Very little CFU-E colonies were observed In HSC (mean 0.7%). The high proportion
of BFU-E (15.4 %) and CFU-E (5.5 %) colonies formed by the MNC population reflects the unusual sedimentation of
erythroid progenitors in CB. The results show that all the selected HSC populations have substantial clonogenic potential
and are highly non-committed. Taken together, the markers traditionally used to separate HSC populations are useful
until more specific markers are found.

Conclusions

[0146] Immunomagnetic cell sorting enables fast and gentle separation of HSCs. However, the previously reported
protocols are not optimal for CB and result in unsatisfactory purity and yield, indicating a need for optimization of the
procedure. With the modified protocols presented here, over 90% pure HSC fractions can be reproducibly obtained.
This is essential for the use of specific hematopoietic progenitor cell types in research and therapeutic applications.
[0147] The single most important factor influencing engraftment in HSC transplantation appears to be the nucleated
cell content. Even though the cell content is limited in CB and there is no possibility to obtain an additional graft from
the same donor, the increased engraftment potential of CB-derived HSCs makes them an appealing alternative for HSCs
from PB or BM. It remains to be seen whether the total nucleated cell content or a population of highly pure and specific
hematopoietic progenitor cells will prove to be more important for graft potency.

EXAMPLE 2 Precense of cell surface molecules

[0148] Gene expression profile of CD 133+ cells showed expression of several transcripts encoding plasma membrane
proteins, of which the presence of CD135, CD166; DSG and SV2 on cell surface was studied by flow cytometry analysis.
In addition, the presence of four embryonic stem cell markers SSEA3, SSEA4, TRA-1-60 and TRA-1-81 were studied.
These related genes encoding for these protein products were not represented in Affymetrix HU133 Plus 2.0 chip used
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for gene expression profiling of CD133+ cells.

Materials and methods

Cells

[0149] Mononuclear cells (NMC) isolated from fresh cord blood units by Ficoll-Hypaque density gradient. Ten cord
blood units were used for flow cytometric analysis.

Flow cytometry

[0150] MNCs were double-labeled with phycoerythrin (PE)-conjugated CD135 (FLT3)/CD166 (ALCAM) monoclonal
antibodies (mAbs) (BD Biosciences Pharmingen, San Diego, CA, USA) and CD45- fluorescein isothiocyanate (FT-
TC)/CD34-FITC mAbs. Isotype controls IgG1,k PE/FTTC were used. Purified SV2, DSG2, SSEA3, SSEA4, TRA-1-60
and TRA-180 mAbs were used with secondary FITC-conjugated mAbs: anti- mouse IgG1, anti-rat IgM, anti-mouse IgM
and anti-mouse IgG3. Flow cytometry analysis was performed on Becton Dickinson FACSCalibur™ and fluorescence
was measured using 530/30 nm bandpass filters.

Results

[0151] Presence of CD135 and CD166 markers was verified on cell surface. CD135 and CD166 mAbs labeled on
average 11% and 20% of MNCs, respectively. Most of the CD34 labeled cells are also labeled with CD135 and CD166.
CD135 and CD166 also label some of the CD41 and CD14 labeled cells. SV2, DSG, SSEA3, SSEA4, TRA-1-60 and
TRA-1-81 mAbs did not label MNCs. This may be due to no marker on cell surface or because of poor reactivity of the
antibody.

Table 1. Transmembrane and/or membrane associated molecules (Affymetrix probe ID number)
ADAM28 205997_at a disintegrin and metalloproteinase domain 28
ALCAM 201951_at Activated leukocyte cell adhesion molecule
AREG 1557285_at Amphiregulin (schwannoma-derived growth factor)
ATP9A 212062_at ATPase, Class II, type 9A
C14orf1 202562_s_at chromosome 14 open reading frame 1

CRIM1 282551_s_at cysteine-rich motor neuron 1
CYYR1 235044_at cysteine and tyrosine-rich 1
DSG2 217901_at Desmoglein 2
DST 215016_x_at dystonin
EMP1 201324_at epithelial membrane protein 1
FLT3 206674_at fms-related tyrosine kinase 3

FLVCR 222906_at feline leukemia virus subgroup C cellular receptor
FSTL1 208782_at foilistatin-like 1
GCNT2 230788_at glucosaminyl (N-acetyl) transferase 2, I-branching enzyme
GPR125 210473_s_at G protein-coupled receptor 125
ITGA9 206009_at integrin, alpha 9
KIAA0152 200616_s_at KIAA0152 gene product

KIAA0286 212821_at KIAA0286 protein
KIT 205051_s_at v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene 

homolog
LAPTM4B 208029_s_at associated protein transmembrane 4 beta
LRP6 225745_at low density lipoprotein receptor-related protein 6
MMP28 239272_at matrix metalloproteinase 28

NUP93 202188_at nucleoporin 93kDa
PILRB 220954_s_at paired immunoglobin-like type 2 receptor beta
PON2 210830_s_at paraoxonase 2
PTPRD 213362_at Protein tyrosine phosphatase, receptor type, D
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[0152] References for cell purification method:

51: Bhattacharya A, Slatter MA, Chapman CE, Barge D, Jackson A, Flood TJ et al.: Single centre experience of
umbilical cord stem cell transplantation for primary immunodeficiency. Bone Marrow Transplant 2005, 36: 295-299.

(continued)

SLC16A14 238029_s_at carrier family 16 (monocarboxylic acid transporters), 
member 1

SV2A 203069_at synaptic vesicle glycoprotein 2A
TM6SF1 1558102_at Transmembrane 6 superfamily member 1
TM7SF3 217974_at transmembrane 7 superfamily member 3
TNFRSF21 218856_at tumor necrosis factor receptor superfamily, member 21

TRO 230882_s_at trophinin
VEZATIN 223089_at transmembrane protein vezatin
VLA4 213416_at very late activation antigen 4

Table 2. Frequency of different types of GFU colonies will CD34+, CD133+, Lin- and MNC populations.

Cell type CFU-GM CFU-GEMM BFU-E CFU-E

CD34+ 58.2% 33.2% 7.2% 1.4%
CD133+ 57.4% 38.3% 4.3% 0.0%
MNC 37.8% 41.3% 15.4% 5.5%

Table 3. Single column purification method, CD34+ cell purity in fractions.

Cell fraction CD34 purity

MNC 1 %

CD34- 0.34 %

Wash 1-4 0.41 %

Wash 5-6 1 %

Wash 7-8 3 %

CD34+ 78 %

Table 4. Traditional two column purification method, CD34+cell purity in fractions.

Cell fraction CD34 purity

MNC 0.79 %

CD34-/1. column 0.38 %

Wash 1-2 0.32 %

Wash 3-4 0.46 %

Wash 5-6 0.51 %

CD34+ / 1.column 68 %

CD34- / 2. column 19 %

Wash 1-3 13 %

CD34+ / 2 column 77 %
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Claims

1. Method for in vitro purification of a cell population from a sample containing multiple cell populations comprising the
following subsequent steps:

a. contacting said sample with a cell-type-specific binding reagent linked to a polyvalent matrix by mixing said
reagent with the sample so that a complex of said binding reagent and a cell population of interest forms;
b. immobilizing the complex obtained from step a);
c. removing the material that is not immobilized;
d. releasing the immobilized complex;
e. contacting the sample obtained from step d) with an additional amount of the specific binding reagent linked
to a polyvalent matrix by mixing the additional amount of binding reagent with said sample;
f. immobilizing the complex obtained from step e);
g. removing the material that is not immobilized;
h. releasing the immobilized complex; and
i. recovering a cell population bound to the binding reagent;

wherein said sample containing multiple cell populations is not taken from a human embryo.

2. The method according to claim 1, wherein said polyvalent matrix is a solid phase.

3. The method according to claim 2, wherein said solid phase is a magnetic material.

4. The method according to claim 3, wherein said magnetic material is a magnetic bead.

5. The method according to claim 1, wherein the cell population is recovered as a complex of the binding reagent and
the cell population, and said cell population is released from the binding reagent.

6. The method according to claim 1, wherein the binding reagent is a monoclonal antibody.

7. The method according to claim 1, wherein the cells in said sample are labelled with a marker and the binding reagent
is a labelled antibody applicable for an immunoassay or FACS analysis.

8. The method according to claim 1, wherein the steps c) and g) involve up to 1-5 washing steps.

9. The method according to claim 1, wherein the cell population is a cell population selected from the group consisting
of: a stem cell population, a natural stem cell population derived from blood, and a stem cell population, which is a
cord blood cell population.

10. The method according to claim 9, wherein said cord blood cell population contains CD34 or CB133 -antigen.

Patentansprüche

1. Verfahren zur in vitro-Aufreinigung einer Zellpopulation aus einer Probe, die mehrere Zellpopulationen enthält, wobei
das Verfahren die folgenden aufeinanderfolgenden Schritte umfasst:

a. das Inkontaktbringen der Probe mit einem zelltyp-spezifischen Bindungsreagens, das an eine polyvalente
Matrix gekoppelt ist, durch Mischen des Reagens mit der Probe, so dass sich ein Komplex aus dem Bindungs-
reagens und einer Zellpopulation von Interesse bildet;
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b. das Immobilisieren des in Schritt a) erhaltenen Komplexes;
c. das Entfernen des Materials, das nicht immobilisiert ist;
d. das Freisetzen des immobilisierten Komplexes;
e. das Inkontaktbringen der in Schritt d) erhaltenen Probe mit einer weiteren Menge des spezifischen Bindungs-
reagens, das an eine polyvalente Matrix gekoppelt ist, durch Mischen der weiteren Menge des Bindungsreagens
mit der Probe;
f. das Immobilisieren des in Schritt e) erhaltenen Komplexes;
g. das Entfernen des Materials, das nicht immobilisiert ist;
h. das Freisetzen des immobilisierten Komplexes; und
i. das Rückgewinnen einer Zellpopulation, die an das Bindungsreagens gebunden ist;

wobei die Probe, die mehrere Zellpopulationen enthält, nicht von einem humanen Embryo entnommen wird.

2. Verfahren nach Anspruch 1, wobei die polyvalente Matrix eine Festphase ist.

3. Verfahren nach Anspruch 2, wobei die Festphase magnetisches Material ist.

4. Verfahren nach Anspruch 3, wobei das magnetische Material eine magnetische Perle ist.

5. Verfahren nach Anspruch 1, wobei die Zellpopulation als ein Komplex des Bindungsreagens und der Zellpopulation
rückgewonnen wird, und die Zellpopulation vom Bindungsreagens freigesetzt wird.

6. Verfahren nach Anspruch 1, wobei das Bindungsreagens ein monoclonaler Antikörper ist.

7. Verfahren nach Anspruch 1, wobei die Zellen in der Probe mit einem Marker markiert sind und das Bindungsreagens
ein markierter Antikörper ist, der anwendbar ist für einen Immunnachweis oder eine FACS-Analyse.

8. Verfahren nach Anspruch 1, wobei die Schritte c) und g) bis zu 1 bis 5 Waschschritte umfassen.

9. Verfahren nach Anspruch 1, wobei die Zellpopulation eine Zellpopulation ist, die ausgewählt ist aus der Gruppe
bestehend aus: einer Stammzellpopulation, einer aus Blut abgeleiteten natürlichen Stammzellpopulation und einer
Stammzellpopulation, die eine Nabelschnurblutstammzellpopulation ist.

10. Verfahren nach Anspruch 9, wobei die Nabelschnurblutstammzellpopulation CD34- oder CD133-Antigen enthält.

Revendications

1. Procédé de purification in vitro d’une population cellulaire à partir d’un échantillon contenant des populations cellu-
laires multiples comprenant les étapes consécutives suivantes :

a. mise en contact dudit échantillon avec un réactif de liaison spécifique du type de cellule lié à une matrice
polyvalente en mélangeant ledit réactif à l’échantillon, de telle sorte qu’un complexe dudit réactif de liaison et
une population de cellules d’intérêt se forment ;
b. immobilisation du complexe obtenu à partir de l’étape a) ;
c. élimination de la matière qui n’est pas immobilisée ;
d. libération du complexe immobilisé ;
e. mise en contact de l’échantillon obtenu à partir de l’étape d) avec une quantité supplémentaire du réactif de
liaison spécifique lié à une matrice polyvalente en mélangeant la quantité supplémentaire de réactif de liaison
audit échantillon ;
f. immobilisation du complexe obtenu à partir de l’étape e) ;
g. élimination de la matière qui n’est pas immobilisée ;
h. libération du complexe immobilisé ; et
i. récupération de la population cellulaire liée au réactif de liaison ;

dans lequel ledit échantillon contenant les populations cellulaires multiples n’est pas prélevé sur un embryon humain.

2. Procédé selon la revendication 1, dans lequel ladite matrice polyvalente est une phase solide.
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3. Procédé selon la revendication 2, dans lequel ladite phase solide est un matériau magnétique.

4. Procédé selon la revendication 3, dans lequel ledit matériau magnétique est une perle magnétique.

5. Procédé selon la revendication 1, dans lequel la population cellulaire est récupérée sous la forme d’un complexe
du réactif de liaison et de la population cellulaire, et ladite population cellulaire est libéré du réactif de liaison.

6. Procédé selon la revendication 1, dans lequel le réactif de liaison est un anticorps monoclonal.

7. Procédé selon la revendication 1, dans lequel les cellules dans ledit échantillon sont marquées avec un marqueur
et le réactif de liaison est un anticorps marqué pouvant être utilisé dans un immuno-dosage ou une analyse FACS.

8. Procédé selon la revendication 1, dans lequel les étapes c) et g) impliquent de 1 à 5 étapes de lavage.

9. Procédé selon la revendication 1, dans lequel la population cellulaire est une population cellulaire sélectionnée à
partir du groupe constitué par : une population de cellules souches, une population de cellules souches naturelles
dérivées du sang, et une population de cellules souches, qui est une population de cellules de sang de cordon.

10. Procédé selon la revendication 9, dans lequel ladite population de cellules de sang de cordon contient des antigènes
CD34 ou CD 133.
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