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7) ABSTRACT

The present invention provides a human hematopoietic stem
cell surface marker, C1gR ,, which is present on both CD34~
and CD34"stem cells. This marker can be used to advantage
in methods for the positive selection of both CD34 and
CD34"stem cell populations.
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METHOD AND MARKER FOR THE ISOLATION
OF HUMAN MULTTPOTENT HEMATOPOIETIC
STEM CELLS

[0001] This application claims priority under 35 U.S.C.
§119(c) to U.S. Provisional Application No. 60/241,253
filed Oct. 18, 2000, the entire disclosure of which is incor-
porated by reference herein.

FIELD OF THE INVENTION

[0002] This invention relates to the isolation and purifi-
cation of human stem cells, and more specifically, the
invention is directed to a method and marker for the isolation
and purification of human multipotent hematopoietic stem
cells which may be used to advantage in medical procedures
such as bone marrow transplants and liver cell repopulation.

BACKGROUND OF THE INVENTION

[0003] Several publications are referenced by numerals in
parentheses in order to more fully describe the state of the
art to which this invention pertains. Full citations for these
references can be found at the end of the specification. The
disclosure of each of these publications is incorporated by
reference herein.

[0004] Mammalian blood cells may be divided into at least
three distinct lineages. These include the lymphoid, myeloid
and erythroid cell lineages. The lymphoid lineage comprises
B-cells and T-cells which regulate the cellular immune
system, provide for the production of antibodies as well as
for the detection of foreign agents and/or cells in the blood.
The myeloid lineage includes monocytes, granulocytes and
megakaryocytes which function to monitor the blood stream
for the presence of foreign bodies thereby providing pro-
tection against neoplastic cells. The erythroid lineage com-
prises the red blood cells which act as oxygen carriers.
Despite the extraordinarily diverse range in nature, mor-
phology, characteristics and function of blood cells, it is
believed that these cells are produced from hematopoietic
stem cells that are capable of self regeneration and, follow-
ing exposure to growth factors, become dedicated to a
specific blood cell lineage.

[0005] In general, the stem cell population constitutes a
very small portion of the total number of leukocytes in bone
marrow. Because these cells are less prevalent, the ability to
isolate and purify stem cells is more difficult. Unfortunately,
the isolation and study of hematopoietic stem cells has been
greatly impaired by the lack of known cellular markers
expressed on all hematopoietic stem cells.

[0006] The use of hematopoietic stem cells and their
progeny through bone marrow transplants to reconstitute the
hematopoietic system has been employed to treat various
blood-related diseases and disorders, such as aplastic ane-
mia, immune deficiencies and several forms of cancer
including lymphomas and leukemias (see review in Lu et al.
Critical Rev.Oncol/Hematol. 22:61-78 (1996)). Bone mar-
row transplantation is most commonly used in an attempt to
restore hematopoietic function following exposure to
myeloablative agents, for example after radiation therapy or
chemotherapy in the treatment of a variety of cancers. These
therapies, in addition to destroying the cancer, can also result
in myelosuppression or myeloablation which, in turn, can
lead to infection, bleeding disorders, and other complica-
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tions. Recent estimate have indicated that the need for
transplantation of bone marrow-derived hematopoietic stem
cells is growing at a rate of 20% per year and the market for
bone marrow derived hematopoietic stem cells is approxi-
mately $500 million per year (Strickland, D. Bioworld
Today 8(14):1).

[0007] Stem cells used for transplantation purposes may
be autologous in origin, i.e., they have been isolated from the
patient prior to undergoing the transplant. Alternatively, they
may be obtained from a donor sharing the appropriate
histocompatability antigens with the recipient.

[0008] Regardless of the source of stem cells so isolated,
a critical need exists for a more efficient and selective
isolation procedure to obtain appropriate stem cell popula-
tions with suitable regenerative capacity for repopulation of
the hematopoietic system in stem cell transplant patients.

SUMMARY OF THE INVENTION

[0009] In accordance with the present invention, a method
and cellular marker are provided for the isolation and
purification of a stem cell population having superior
engraftment capacity. In one embodiment of the invention,
the stem cell marker, C1gR,, which is present on both
CD34 and CD34 stem cells, 1s used to advantage to isolate
both cell populations. Thus, the availability of anti-C1gR
antibodies provides a new means to positively select these
cells from mixed cell samples.

[0010] In a further aspect of the invention, it has been
discovered that human Lin~CD347CD38™C1qR “eells effi-
ciently repopulate the bone marrow of NOD/SCID mice.
Accordingly, these cells are suitable for the reconstitution of
human bone marrow under appropriate conditions.

[0011] The human stem cells so isolated have utility in a
variety of protocols. They may be used to advantage to
regenerate the hematopoietic system of a host deficient in
stem cells. They may also be administered to a host that is
diseased following removal of bone marrow. In this aspect,
stem cells are removed, the patient is treated with drugs or
radiation following which, the regenerating stem cells are
re-introduced into the patient. The isolated stem cells of the
invention may be used to advantage for research purposes to
further detect and evaluate specific growth factors which
stimulate the differentiation and/or self-regeneration of stem
cells. In addition, these stem cells may be utilized in the
treatment of genetic diseases through gene replacement in
autologous stem cells.

[0012] In yet another aspect of the invention, the present
inventors have discovered the that C1gR*stem cells of the
invention differentiate into functional hepatocytes. Accord-
ingly, the stem cells of the invention may be used to
advantage in methods for the repopulation of the liver due to
injury or disease.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIGS. 1A-1D are scatter plots obtained from FACS
analysis of a human umbilical cord blood sample. C1gR*
cells are present in the lymphocyte-blast (FIG. 1B), granu-
locyte (FIG. 1C) and monocyte (FIG. 1D) populations.

[0014] FIGS. 2A and 2B show the results of FACS
analysis of an enriched C1qR,*cell population following
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removal of cells expressing lineage specific markers (CD2,
CD3, CD14, CD16, CD19, CD24, CD56, CD66b, CD41,
Glycophorin A) by positive immuno-magnetic selection
(FIG. 2A). The side scatter of the sample is shown in FIG.
2B.

[0015] FIGS. 3A and 3B are scatter plots of the lineage
depleted mononuclear cells of FIG. 2 gated on CD38 cells.
The side scatter is shown in FIG. 3B.

[0016] FIG. 4 is a graph indicating the levels of human
cell engraftment in NOD/SCID mice transplanted with
umbilical cord blood Lin"CD34"CD38 C1qR *versus Lin~
CD347CD38~C1qR ~cell populations. The level of human
engraftment was estimated using both Southern blot analysis
and flow cytometry.

[0017] FIGS. 5A-5H are scatter plots obtained following
four-color FACS analysis of one representative experiment
from a pool of four umbilical cord blood samples. To
determine whether other marker molecules are associated
with C1gR,, reactivity, cells were stained with fluorescent
markers for FLT-3 (FIG. 5A); CD117 (FIG. 5B); KDR
(FIG. 5C); AC133 (FIG. 5D); HLA-DR (FIG. 5E); CD90
(FIG. 5F); CXCR4 (FIG. 5G); and CD162 (FIG. 5H).

[0018] FIGS. 6A-6H are histograms showing the results of
four-color FACS analysis on the cells depicted in FIG. 5
gated on Lin"CD34"CD38™C1gR,*cells.

[0019] FIGS. 7A-7H are histograms showing the results of
four-color FACS analysis on the cells depicted in FIG. 5
gated on Lin"CD34"Cd387CIqR ,*cells.

[0020] FIGS. 8A-8J are micrographs of liver sections from
non-injected NOD/SCID mice immuno-stained for human
hepatocyte-specific antigen (FIGS. 8c-8f) or the human
hepatoeyte growth factor receptor, c-met (FIGS. 8i and 8j).

[0021] FIG. 9 shows the resolution of human hepatocyte-
specific gene products from human albumin-specific RT-
PCR reactions on an SDS polyacrylamide gel.

[0022] FIG. 10 is a scatter plot showing a rare population
(£0.1%) of human cells that express MHC class [ molecules
that lack CD45.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] A novel population of primitive human cells lack-
ing both lineage markers and CD34 expression (Lin"CD34~
CD387) has been identified which contains stem cells
capable of repopulating NOD/SCID mice or fetal sheep
(9-14). The identification and isolation of these cells has
been impaired in part because these cells lack widely
identified cellular markers, such as Thy-1, HLA-DR and
CD38. To date, only negative selection procedures have
been employed to purify these cells.

[0024] TIn accordance with the present invention, a stem
cell marker, C1qR, has been identified which is expressed
on both CD34%and CD34 cells. Accordingly, agents which
recognize C1gR, may be used to advantage for the positive
selection of primitive hematopoietic stem cells.

[0025] The ability to isolate and purify stem cells using
anti-C1qR will be extremely useful in bone marrow trans-
plantation,p as well as transplantation of other organs in
association with the transplantation of bone marrow. Stem
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cells are also important targets for gene therapy, where the
inserted genes promote the health of the individual into
whom the stem cells are transplanted. Moreover, the ability
to isolate stem cells may serve in the treatment of lympho-
mas and leukemias, as well as other neoplastic conditions
such as breast cancer.

[0026] In mice, the AA4.1 monoclonal antibody has been
used to identify early multipotent hematopoietic stem cells.
The cell surface marker recognized by AA4.1 has been
cloned and is identical to the murine C1qR,, a receptor for
the complement C1q molecule (15). Human C1qR, is a
highly glycosylated transmembrane protein that is the recep-
tor of the complement Clq molecule and in vitro mediates
enhancement of Fc and C3b-mediated phagocytosis (16).
This molecule has been identified in differentiated myeloid
and endothelial cells, however, C1gR; expression on human
hematopoietic stem cells has not yet been described.

[0027] As described in detail below, it has now been
discovered that CIqR, is expressed on both CD34and
CD34 human hematopoietic stem cells which have differing
capacities for repopulating the hematopoietic system. Thus,
in accordance with the present invention, a method is
provided for the isolation of human Lin"CD34 CD38~
C1qR*cells which are highly enriched in CD34"*-NOD/
SCID repopulating cells (CD34"°2SRC).

[0028] The presence of CIgR, on the surface of both
CD34"and CD34 hematopoietic stem cells indicates that
this marker may be used to advantage to isolate both stem
cell populations. Conventionally, human hematopoietic stem
cells are isolated by either positive selection of cells express-
ing CD34 (for CD34P°*SRC) or by negative depletion of all
cells expressing lineage markers or CD34 for isolation of
CD34°#SRC. The use of anti-C1qR, for the positive selec-
tion of essentially all repopulating cells provides significant
improvement over current methods and facilitates subse-
quent further sub-fractionation of the CIqR -expressing
cells (based on CD34 or other markers) to isolate desired cell

types.

[0029] The precise relationship of CD34 and CD34*stem
cells to each other is not well understood. In the mouse, there
have been conflicting reports suggesting that long-term
repopulating cells were only present in the CD34 cell frac-
tion, while others found long-term repopulating cells in both
the CD34%and CD34 fraction (12, 17-20). Additionally, cell
surface expression of CD34 on stem cells can be modulated
by in vivo exposure to 5-Fluorouracil treatment or by in vitro
exposure to cytokines. Whether this modulation corresponds
to cell activation or induction of cell cycling is unclear. It has
been suggested that CD34 protein cycles between the cyto-
plasm and the cell surface under these stimuli (19). How-
ever, this has yet to be conclusively proven.

[0030] Using the NOD/SCID mouse model, it was
reported that Lin"CD34~CD38 cells did not possess any
activity in standard CFC and LTC-IC assays but did contain
repopulating cells, termed CD34°°2-SRC (14). The hallmark
of this new class of hematopoietic repopulating cells is the
absence of classical stem cell-associated cell surface mark-
ers such as CD38, HLA-DR, and Thy-1, as well as distinct
survival and proliferation responses following in vitro
stimulation with a cocktail of cytokines. These differences in
phenotype and cytokine responsiveness eliminate any pos-
sibility that the human engraftment resulting from Lin~
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CD347CD38 cell transplants was initiated by CD34°**SRC
(Lin"CD34*CD38_) cells that may have been inadvertently
co-purified within the Lin"CD34~CD38 subfraction.

[0031] Monoclonal antibodies directed against C1qR , are
available and may be used to advantage in methods of the
invention for the isolation and characterization of C1gR,*
cells which may be either CD34 or CD34". Kits incorpo-
rating fluorochrome-conjugated antibodies and kits for mag-
netic cell sorting of C1gR *cells are also within the scope of
the present invention.

[0032]

[0033] The following definitions are provided to facilitate
an understanding of the present invention:

[0034] An “antibody” or “antibody molecule” is any
immunoglobulin, including antibodies and fragments
thereof, that binds to a specific antigen. The term includes
polyclonal, monoclonal, chimeric, and bispecific antibodies.
As used herein, antibody or antibody molecule contemplates
both an intact immunoglobulin molecule and an immuno-
logically active portion of an immunoglobulin molecule
such as those portions known in the art as Fab, Fab', F(ab")2
and F(v).

[0035] A “specific binding pair” comprises a specific
binding member (sbm) and a binding partner (bp) which
have a particular specificity for each other and which in
normal conditions bind to each other in preference to other
molecules. Examples of specific binding pairs are antigens
and antibodies, ligands and receptors and complementary
nucleotide sequences. The skilled person is aware of many
other examples and they do not need to be listed here.
Further, the term “specific binding pair” is also applicable
where either or both of the specific binding member and the
binding partner comprise a part of a large molecule.

[0036] A “stem cell marker” is a molecule present on the
surface of stem cells which can be used to identify and
isolate stem cells. This marker can be a protein, glycopro-
tein, or transmembrane protein. Representative stem cell
markers include, but are not limited to, FLI-3, CD117, KDR,
AC133, HLA-DR, CD38, CD90, CXCR4, CD162 and Thy-
1.

[0037]

[0038] The following protocols are provided to facilitate
the practice of Examples 1 through 4.

I. Definitions:

II. Materials and Methods:

[0039] Phenotypic Analysis of Bone Marrow and Umbili-
cal Cord:
[0040] Light density mononuclear cells were isolated from

human bone marrow and umbilical cord blood and stained
with an anti-C1qR , biotinylated monoclonal antibody (clone
R3, gift from Dr. Andrea Tenner) for 20 minutes, washed
twice in PBS+5% FCS and then incubated with anti-CD34
conjugated to fluorescein isothiocyanate (FITC) and anti-
CD38 conjugated to phycoerythrin (PE) (Becton Dickinson,
San Jose, Calif.); and Streptavidin-PE (Immunotech) for
another 20 minutes. An aliquot of cells was also stained with
mouse IgG conjugated to FITC and Streptavidin-PE, as an
isotype control. Cells were then washed twice in PBS+5%
FCS, analyzed on an Epics Elite Cell Sorter (Coulter) and
histograms were prepared using FlowJo software.
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[0041]

[0042] Mononuclear cells were stained with a mixture of
lineage-specific antibodies (CD2, CD3, CD14, CD16,
CD19, CD24, CD56, CD66b, CD41, Glycophorin A; Stem
Cell Technology, Vancouver, Canada), followed by addition
of secondary antibody conjugated to metal colloid. Cells
were then eluted through a magnetized column to enrich for
cells not expressing lineage markers (Lin"); The enriched
Lin"cells were then stained with anti-C1gR, biotinylated
antibody, followed by anti-human CD34-FITC, Streptavi-
din-PE and anti-CD38-Allophycocyanin (APC).

[0043]

[0044] Purified cells were plated in methyleellulose assays
under standard conditions. Briefly, 800 to 2,000 purified
cells were plated in methylcellulose cultures (HP4331, Stem
Cell Technology) aliquoted in 1 ml volumes in 35 mm
suspension culture dishes and incubated at 37° C. After 10
to 14 days, clonogenic progenitors were scored according to
standard criteria.

[0045] Long-term culture-initiating cells (LTC-IC) were
then established according to previously described methods.
Sorted cells were incubated on murine stromal cells
(M210B4, Stem Cell Technology) and cultured in Human
Long-Term Bone Marrow Culture Media (Stem Cell Tech-
nology) with hydrocortisone. Cultures were initiated in
limiting dilution (3 to 6 replicate wells per dilution) in
96-well plates, where 500-10,000 Lin"CD34 CD38 +/-
C1gR cells/well, were plated. After 5 weeks of incubation,
the abpility of cultured cells to produce clonogenic progeni-
tors was assessed by plating the entire contents of the
individual wells in methylcellulose assays. Wells that con-
tained at least one clonogenic progenitor were scored as
positive.

[0046]

[0047] Purified cell populations at the indicated dose were
transplanted by tail vein injection into sublethally irradiated
mice (375 cGy using a *’Cs-irradiator) according o stan-
dard protocol (14). Mice received alternate-day intraperito-
neal injections of human cytokines (10 ug of human SCF, 10
ug of human interleukin-3 and 10 ug of human granulocyte-
macrophage colony-stimulating factor (PeproTech, Rocky
Hill, N.J.) for the first two weeks. Mice were sacrificed 8 to
12 weeks post-transplant and the bone marrow from the
femurs, tibiae and iliac crests of each mouse were flushed
into IMDM containing 10% FCS.

[0048] Analysis of Human Cell Engraftment in Trans-
planted Mice:

[0049] Genomic DNA was isolated from the bone marrow
of transplanted mice by standard extraction protocols.
EcoRI-digested DNA was separated by agarose gel electro-
phoresis, transferred onto a positively charged nylon mem-
brane, and probed with a labeled human chromosome
17-specific-satellite probe (p17HS8). The level of human cell
engraftment was determined by comparing the characteristic
2.7 kb band with those of human/mouse DNA mixtures as
controls (limit of detection 0.05% human DNA).

[0050] Multiparameter FACS Analysis:

[0051] In order to determine the presence of other stem
cell markers and/or homing molecules on Lin"CD34~CD38~
ClqR,*and Lin~CD34*CD38°ClqR*cell populations, a
four-color FACS analysis was performed. Cells were stained

Lineage Depletion for Isolation of Lin~Cells:

Clonogenic Assays:

Repopulating Assay:
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with KDR, CD162, CD117-PE, CD90-PE, CXC-R4-PE,
Flt-3-PE, AC133-PE, HLA-DR-PE, CD34-APC, CD38-
PECy5 and biotinylated C1gR,. KDR and CD162, two
unconjugated antibodies, were identified using a goat anti-
mouse-PE. An isotype containing IG-G1-FITC, PE, APC
and PECy5 was used as a control.

[0052] The following examples provide illustrative meth-
ods of practicing the instant invention, and are not intended
to limit the scope of the invention in any way.

EXAMPLE 1

Presence of C1gR, Expressing Cells in Human
Bone Marrow and Umbilical Cord Blood

[0053] The identification of C1qR , as a new marker for the
most primitive human hematopoietic stem cells provides a
new means by which to further isolate and characterize this
cell population. With such a marker, enrichment of pluripo-
tent CD34 stem cells, which is desirable for their use in the
clinic, is now possible. Furthermore, the fact that more than
99.5% of Lin"CD34*CD38 cells co-express C1gR; indi-
cates that a positive selection procedure based on CIqR,
expression will allow the isolation of all hematopoietic stem
cells (both CD34-and CD34).

[0054] FIGS. 1A-1D show the results of FACS analysis of
a human umbilical cord blood sample. C1gR *cells were
present in the lymphocyte-blast (FIG. 1B), granulocyte
(FIG. 1C) and monocyte (FIG. 1D) populations. The same
results were obtained from human bone marrow samples
(data not shown). In order to enrich for more primitive cells
(e.g., cells not expressing lineage markers; designated Lin"),
a depletion of committed cells was performed. The enriched
Lin~cell fraction included a large proportion of cells that
expressed both CD34 antigen and C1qR, (FIG. 2A). Inter-
estingly, further examination of the forward and side scatter
revealed that the Lin"CD347C1qR *cell population was
smaller than the Lin"CD34"C1qR"cell population (FIG.
2B). These cell populations were then gated on CD38 cells.
Approximately 25 to 40% of the gated Lin"CD34CD38~
cells expressed ClgR.*, while 99% of the Lin~CD34*
CD387cells expressed C1qR*(FIGS. 3A and 3B).

EXAMPLE 2

Functional Activity of C1qR*Cells
[0055]

[0056] The clonogenic capacity of purified Lin"CD34~
CD387ClgR,*, Lin"CD34°CD387ClqR,", Lin"CD34*
CD38°ClqR,*and Lin"CD34*CD38"C1gR~cell popula-
tions were determined by standard CFC assays. Both Lin~
CD34°CD38°Cl1qR *and Lin"CD34-CD38"ClgR,~
fractions had a low plating efficiency (PE) with only 1 CFC
in 2,000 plated cells and 1 CFC in 3,125 cells, respectively
(Table 1A). Interestingly, myeloid (CFU-G, M and GM) and
erythroid (BFU-E) colonies were present in both fractions.
The presence of these cells indicated that the purification of
stem cells based on ClgR, expression did not skew the
differentiation pattern of the Lin"CD34~CD38 cell popula-
tion. In addition, both Lin~CD34~CD38°C1qR"and Lin~
CD347CD38"C1gR,"cell populations had a very low fre-
quency in long-term culture-initiating cells (LTC-IC) (Table
1B).

I. Clonogenic Assays:
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TABLE 1A

Number of CFC progenitors

CB (4 donors) CFC/10,000 cells Plating Efficiency

Lin"CD34 CD38™ C1qRp~ 32£02(n="7) 1/3,125
Lin"CD34"CD38~ C1qRp* 5+3.6(n=4) 1/2,000
Lin"CD34°CD38™ C1qRp* 330017 (n=2) 1/3
Lin"CD34°CD38™ C1qRp™ 2,500 £ 12 (n=2) 1/4
[0057]

TABLE 1B

Number of ITC-IC

CB (10 donors) Frequency of I'TC-IC

Lin~CD347CD38~ ClqRp~ 1/4,000
Lin"CD34-CD38~ ClqRp* 1/3,500
Lin"CD34*CD38~ Cl1qRp* 116
Lin"CD34"CD38 ClqRp~ 124

[0058] These results suggested that further fractionation of
Lin"CD347CD38 based on ClqR, expression did not
increase their clonogenic capacity. Moreover, the use of
Clqu as a positive selection marker did not enrich for more
commited progenitor cells. To the contrary, both Lin"CD34™*
CD38°C1qR,*and Lin"CD34*CD387C1gR, cell popula-
tions were highly clonogenic (in both CFC and LTC-IC
assays). Thus, the fractionation of Lin~CD34*CD38 cells
based on the expression of C1gR, did not appear to select
one way or the other for clonogenic cells.

[0059] 1II. Human Lin-CD34"CD38~C1qR ,*Cells Contain
SCID-repopulating Cells:

[0060] To determine whether the further purification of
Lin"CD347CD38 based on C1gR, expression could enrich
SCID-repopulating cell (SRC) activity and to determine the
frequency of repopulating cells, purified cells were trans-
planted at varying cell doses into NOD/SCID mice using
standard protocols. Mouse bone marrow was analyzed for
the presence of human cells after 6-8 weeks. The levels of
human cell engraftment in 29 NOD/SCID mice transplanted
with umbilical cord blood Lin™CD34-CD38~C1qR ;*or Lin~
CD347CD38™C1gR"cell populations were quantified by
flow cytometry and DNA analysis (FIG. 4). The majority of
mice (12 out of 14) transplanted with Lin"CD34-CD38~
ClIgR,"umbilical cord cells (dose ranging from 20,000 to
840,000 cells) were not engrafted (limit of detection:
<0.05%). To the contrary, 11 out of 15 mice engrafted when
transplanted with Lin"CD34°CD38™C1gR ,"cells indicating
that the C1qR *subfractions were highly enriched in SRC.
Transplantation with as few as 5,000 Lin"CD34-CD38~
C1gR,*cells derived from umbilical cord blood resulted in
engraftment, whereas as many as 840,000 Lin~CD34~
CD38™C1qR cells were incapable of repopulation (FIG.
4). Previously, transplantation of at least 125,000 Lin~
CD34"cells was necessary to obtain engraftment. However,
purification based on the expression of ClgR "provides
more than a 25-fold enrichment in CD34°°2-SRC.

[0061] As shown in FIG. 3A, more than 99% of Lin~
CD34*CD387cells expressed ClgR,. The presence of
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CD34P""-SRC activity in the Lin"CD34*CD38"C1qR, *cell
population was confirmed with a frequency similar to what
was reported previously, i.e., 1 in 600 Lin~CD34*CD38~
cells (data not shown). Thus, the positive selection of human
stem cells based on the expression of C1gR, allowed for the
isolation of both CD34PP**-SRC and CD4"°&-SRC.

EXAMPLE 3

Multi-parameters Analysis of Lin"CD34-CD38~
ClgR,"and Lin"CD34*CD38 ClgR*Cells

[0062] In order to determine whether other molecules
associated with hematopoietic stem cells (KDR, CD117,
HLA-DR, AC133, CD90) or stem cell homing (CXCR4 and
CD162) were present on Lin"CD34-CD38~C1gR *and Lin~
CD34*CD38~C1qR,*cell populations, a four-color FACS
analysis was performed. FIGS. 5A-5H show the results of
one representative experiment from a pool of four umbilical
cord blood samples. In FIGS. 6 A-6H and FIGS. 7A-7H, the
analysis was performed on gated Lin"CD34~CD38™C1qgR,*
and Lin"CD34°CD38™ClgR *cells, respectively. The most
important results from these analyses are the differences in
expression levels of HLA-DR, and AC133 between Lin~
(CD347CD38°C1qR,*and  Lin~CD34*CD38™C1gR *cells.
Both cell populations also expressed KDR, CD117, CXCR4
and CD162 with only slight differences in expression levels.

EXAMPLE 4

RT-PCR Analysis of Cell Surface Antigen

[0063] Lin'CD34'CD38'C1qu+and Lin"CD34~CD38~
C1qRcell populations were purified, and mRNA was
extracted to determine by RT-PCR the expression level of
receptors implicated either in stem cell survival, homing
and/or self-renewal. Table 2 below shows the representative
results from five umbilical cord blood samples and one bone
marrow sample. The expression of KDR in both cell sub-
fractions confirmed the presence of the cell surface proteins
observed by FACS.

TABLE 2
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[0065] Studies by Theise et al. (7) and Alison et al. (8)
based on patients who received bone marrow transplants,
indicated that some human adult stem cells present in bone
marrow also have the ability to give rise to hepatocytes.
However, these two studies did not distinguish whether
hematopoietic stem cells, mesenchymal stem cells or hepa-
tocytes stem cells residing in the bone marrow were respon-
sible for the liver engraftment.

[0066] Thus, in order to determine whether C1qR*he-
matopoietic stem cells differentiate in vivo into hepatocytes,
livers from sublethally irradiated NOD/SCID mice injected
with either Lin"CD347CD38™C1gR *or Lin"CD34*CD38~
ClgR, *eells were assessed by flow cytometry, immuno-
histochemistry, and RNA expression analysis. Paraffin-em-
bedded liver sections were immunostained for human
hepatocyte-specific antigen (HSA), and c-met (hepatocyte
growth factor receptor). Liver sections from non-injected
NOD/SCID mice were used as negative controls. Both
Lin™CD34°CD38°C1gR,"and  Lin"CD34*CD38 ClgR*
cells gave rise to individual and/or clusters of human hepa-
tocytes in mouse livers based on their morphology and
positive staining for HSA (FIGS. 8c-8f) or c-met (FIGS. 8i
and 8j).

[0067] The presence of human hepatocytes and their abil-
ity to express a human hepatocyte-specific gene in the
context of mouse liver tissue were confirmed by human
albumin-specific RT-PCR (FIG. 9). The presence of human
non-hematopoietic stem cells in the mouse liver was also
confirmed by the detection of a rare population (£0.1%) of
human cells expressing human MHC class 1 molecules
(HLA-ABC) which lacked the expression of CD45 (FIG.
10).

[0068] These data provide the first direct demonstration
that a highly purified and phenotypically defined human
stem cell population can repopulate the bone marrow and
differentiate in vivo into functional hepatocytes. It is also
one of the first demonstrations that, in the absence of overt
tissue damage (i.¢, sublethal irradiation), cell fate transitions

Expression of receptors implicated either in
stem cell survival, homing and/or self-renewal

mRNA expression Jagged-1 LIF-R KDR  FLI'3R  ¢MPL

Lin"CD347°CD38C1qR,~ - - + - -

Lin"CD34°CD38 Cl1qR," - - + - -
EXAMPLE 5

Cl1qR,*Cells Differentiate into Human Hepatocytes

[0064] Recent reports have indicated that the bone marrow
of adult rodents contains cells that have the capacity to give
rise to hepatocytes (21-23). Lagasse et al. established that
some hematopoietic stem cells present in adult bone marrow
co-purified with stem cells that gave rise 1o hepatocytes (2),
which supports the hypothesis that somatic stem cells can
change cell fate. However, these reports were based on adult
rodent stem cell populations which may differ from human
stem cells in their capacity to give rise to multiple tissues.

can occur. The therapeutic potential of bone marrow is likely
to be in the healing of liver after massive damage. Thus, the
hematopoietic stem cells of the invention are suitable for the
treatment of a wide variety of human disorders. In addition,
the treatment of liver diseases with hematopoietic stem cells
provides considerable advantages over the use of hepato-
cytes themselves.

[0069] The full developmental capacity of the new primi-
tive C1qR*cell populations is still under investigation. It is
highly likely that the C1qR *stem cells of the invention will
retain the plasticity to differentiate into brain, keratinocytes,
smooth muscle, cardiomyocyte, gut, lung and kidney epi-
thelium.
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[0070] In conclusion, the identification of C1gR, as a new
marker for the most primitive human hematopoietic stem
cells provides a new means to isolate and define this cell
population. Moreover, the identification of CI1gR, will
facilitate the enrichment of CD347stem cells, which is
required for their further characterization and ultimately for
their use in medical procedures. Despite the lack of under-
standing of the mechanisms underlying stem cell plasticity,
the results presented above suggest that human ClgR.*
hematopoietic stem cells provide a valuable source of stem
cells for therapeutic bone marrow and/or liver repopulation.
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[0098] While certain of the preferred embodiments of the
present invention have been described and specifically
exemplified above, it is not intended that the invention be
limited to such embodiments. Various modifications may be
made thereto without departing from the scope and spirit of
the present invention, as set forth in the following claims.

What is claimed is:

1. A method of identifying the presence of human hemato-
poietic stem cells in a mixed cell population comprising
exposing said cell population to an antibody or fragment
thereof immunologically specific for C1qR , the occurrence
of anti-C1gR,, binding being indicative of the presence of
said human hematopoietic stem cells in said cell population.

2. The method of claim 1, wherein said anti-C1gR , bound
cells are separated from non-anti-C1qR,, bound cells.

3. Stem cells isolated using the method of claim 1.

4. The method of claim 1, wherein the human hemato-
poietic stem cells are CD34~.

5. The method of claim 1, wherein the human hemato-
poietic stem cells are CD34*.

6. The method of claim 1, wherein said antibody com-
prises a detectable label.

7. The method of claim 1, wherein the mixed cell popu-
lation is obtained from a source selected from the group
consisting of bone marrow cells and umbilical cord blood
cells.

8. The method of claim 1 wherein step (b) comprises a
selection step selected from the group consisting of fluores-
cence-activated cell sorting and magnetic bead separation.

9. The method of claim 1, wherein the antibody or
fragment is in solution.

10. The method of claim 1 wherein said antibody or
antibody fragment is immobilized on a solid support.

11. The method of claim 10, wherein the solid support is
a magnetic bead.

12. The method of claim 1, wherein cells so isolated are
further contacted with a second antibody immunologically
specific for CD34.

13. The method of claim 1, wherein cells so isolated are
further contacted with a second antibody immunologically
specific for CD38.

14. The method of claim 1, wherein said mixed cell
population is contacted with antibodies immunologically
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specific for lineage-related markers selected from the group
consisting of CD2, CD3, CD14, CD16, CD19, CD24, CD56,
CD66b, CD41 and glycophorin A prior to the performance
of step a).

15. The method of claim 6, wherein said detectable label
is selected from the group consisting of fluorescein,
rhodamine, phycoerythrin, biotin, and strepavidin.

16. A method for obtaining human pluripotent stem cells,
comprising;

a) obtaining a mixed cell population suspected of com-
prising pluripotent stem cells;

b) exposing said mixed cell population to an antibody or
fragment thereof having binding affinity for C1qR ;

¢) separating anti-C1gR,, antibody bound cells from non
anti-Clqu antibody bound cells present in said mixed
cell population thereby isolating C1qR,*stem cells; and

d) resuspending said isolated C1gR *cells in a biologi-

cally compatible buffer.

17. The method of claim 16, whrein said mixed cell
population is obtained from bone marrow cells or umbilical
cord cells.

18. C1qR *cells isolated by the method of claim 16.

19. A method for repopulating a stem cell population in a
host animal, said method comprising:

a) exposing said animal to agents which essentially eradi-
cate said animal’s existing stem cell population;

b) obtaining a population of C1qR*stem cells which have
major histocompatiblity complex compatibility with
said host animal and

¢) transplanting said stem cells into said animal under
conditions suitable for engraftment, thereby repopulat-
ing said stem cell population is said host animal.

20. The method of claim 19, wherein said host animal is
a human.

21. The method of claim 19, wherein engraftment of said
stem cells repopulates cells in both the hematopoietic and
hepatocyte lineages.

22. The method of claim 19, wherein said C1qR *cells are
CD34".

23. The method of claim 16, wherein said cells form
hematopoietic cell colony forming units when cultured on
methylcellulose.
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