10

15

20

25

30

WO 2013/040644 PCT/AU2012/001135

METHOD FOR THE EX VIVO EXPANSION OF HEMATOPOIETIC STEM AND
PROGENITOR CELLS

FIELD OF THE INVENTION

The present invention relates to hematopoietic cells, and more specifically to methods
for long-term in vitro culturing and ex vivo expansion of hematopoietic cells. The
invention also provides compositions useful for culturing cells, such as media for
culturing hematopoietic cells, specifically haematopoietic stem cells (HSC) and
haematopoietic progenitor cells (HPC).

BACKGROUND OF THE INVENTION

Circulating blood cells, such as erythrocytes, leukocytes, platelets and lymphocytes,
are the products of the terminal differentiation of recognisable precursor cells
originating from hematopoietic progenitor cells (HPC) and hematopoietic stem cells
(HSC).

The transplantation capability of hematopoietic cells in the treatment of
haematological and immunological disorders and cancers has provided great benefits
and advances in addressing the pathogenesis of many diseases. The expansion of
HPC for bone marrow transplantation is one such example of the potential application

of human long-term bone marrow cultures for use in treatment of disease.

Human autologous and allogeneic bone marrow transplantation are currently utilised
as therapies for diseases such as leukemia, lymphoma, and other life-threatening
diseases. For these procedures however a large amount of donor bone marrow must
be removed to ensure that there are enough cells for engraftment for the treatment
procedures. The ability to increase the number of hematopoietic cells such as HSC
and HPC through expansion would reduce the need for large bone marrow donations
and would make possible the ability to obtain a small marrow donation and then

expand the number of progenitor cells in vitro prior to infusion into the recipient.
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Human bone marrow cultures have been shown to present limited hematopoietic
potential, producing decreasing numbers of hematopoietic progenitor and mature
blood cells with cell production ceasing by six to eight weeks. This is largely
attributed to the dependence of the HPC on various environmental influences, such
as essential growth factors (hematopoietic growth factors and cytokines) found in
vivo. In addition to these factors, interactions with cell surface molecules and
extracellular matrices may be important for hematopoietic progenitor cell survival and
proliferation. However, despite many efforts to advance in vitro expansion using
exogenous growth factors, only a limited increase in the number of pluripotent cells

has been successfully achieved.

Umbilical cord blood provides a source of HSC and HPC that can be manipulated and
utilised for effective transplantation treatments of childhood diseases. These cells
have shown a number of advantages over progenitor cells collected later in life,
including a lower incidence of graft versus host disease (GvHD) and a greater

tolerance of immunological incompatibility between donor and recipient.

The use of umbilical cord blood also provides a considerable advantage as a HSC
source compared to bone marrow and mobilised peripheral blood, due to these cells’
relative immunological and replicative immaturity that results in a lower incidence of
GvHD, greater permissibility of human antigen leukocyte mismatches, and increased
proliferative potential following transplantation. Disadvantages exist however as the
use of umbilical cord blood for transplantation is limited in part to the low number of
cells obtained per unit, and the delayed reconstitution of neutrophils and platelets.
Further, the low numbers of HSC and HPC in each umbilical cord blood sample
generally limit the sole usefulness of umbilical cord blood transplantation in full grown

adult recipients.

There presently exist two main options for increasing the cell dose of HSC and HPC
available for transplantation: either transfusion of multiple cord blood units, or ex vivo
expansion. Dual umbilical cord blood has been used successfully in adult
transplantation, resulting in reduced relapse and an increased potential for improved
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survival. However, dual transplantation utilising multiple cord blood units requires
increased stringency in human antigen leukocyte (HLA) matching, and it is also
associated with an increased incidence of GvHD. Additionally, as multiple cord blood
transplantation does not affect cell composition, this option provides a limited ability to
mitigate the delay in reconstitution. Due to these factors, interest has increased in ex
vivo expansion for the generation of sufficient HSC and/or HPC for long-term
engraftment, and to increase numbers of hematopoietic cells and multipotent cells
capable of producing short-term reconstitution. The expanded cells can be
transplanted alone, or with un-manipulated cells from the same or a different unit, to

augment long-term engraftment while minimising reconstitutional delay.

Clinical trials have shown ex vivo expansion to be a safe and viable means of
increasing cell dose, although it has initially been seen to produce only moderate
expansion with a high degree of cell differentiation. More recently, it has been shown
that significant expansion of HSCs and HPCs capable of repopulation is possible, but
with no clear consensus regarding optimum expansion conditions. A method for
expanding hematopoietic progenitor cells would therefore enhance the effectiveness
of umbilical cord blood transplants and would also make hematopoietic cell sources
like umbilical cord blood a viable source of HPCs for transplantation in adults.

The ability to more readily expand populations of HSCs and HPCs would also provide
benefits in forming a supplemental treatment to chemotherapy, or provide assistance
in the treatment of other disease states concerning an alteration of hematopoietic
cells, and may also provide a further application for human long-term bone marrow
cultures. A successful approach that can provide for HSC and HPC expansion would
greatly facilitate the production of a large number of further differentiated precursor
cells of a specific lineage, and in turn provide a larger number of differentiated
hematopoietic cells with a wide variety of applications, including blood transfusions.
This would greatly improve treatment aspects and outcomes of treatments such as

chemotherapy.

A need therefore exists to provide systems, enhanced conditions, compositions and
methods for the improved culture and maintenance of hematopoietic cells such as
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HSC and HPC to increase the cell dose available for transplantation and to influence
favourably hematopoietic cell viability and pluripotency under long-term culture in
vitro. Such an improvement is needed to also provide improved ex vivo expansion to
lead to the generation of sufficient hematopoietic cells for long-term engraftment, and
therefore to increase numbers of HPC and other multipotent cells capable of
producing short-term reconstitution and to influence favourably hematopoietic
progenitor cell viability and pluripotency under long-term culture in vitro.

The discussion of documents, acts, materials, devices, articles and the like is included
in this specification solely for the purpose of providing a context for the present
invention. It is not suggested or represented that any or all of these matters formed
part of the prior art base or were common general knowledge in the field relevant to
the present invention as it existed before the priority date of each claim of this

application.

SUMMARY OF THE INVENTION

HSC manipulation is useful as a supplemental treatment to chemotherapy or radiation
therapy. For example, HSC are localised into the peripheral blood and then isolated
from a subject that will undergo chemotherapy, and after the therapy the cells are
returned. Bone marrow is one of the most prolific tissues in the body and is therefore
often the organ that is initially damaged by chemotherapy drugs and radiation. The
result is that blood cell production is rapidly destroyed during chemotherapy or
radiation treatment, and chemotherapy or radiation must be terminated to allow the
hematopoietic system to replenish the blood cell supplies before a patient is re-

treated with chemotherapy.

Accordingly, HSC and/or HPC transplantation is often used to treat haematological
disorders and cancers such as multiple myeloma and leukaemia. HSC and HPC are
commonly sourced from autologous bone marrow or a matched donor, however
compatibility between the donor and recipient is often limiting. It is commonly difficult
to locate a suitable and compatible donor, with only a 50% success rate of finding a
matched donor in Caucasian patients. Further, the probability of finding a suitable
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donor decreases markedly in ethnic groups. Therefore, there presently exists a need
to provide alternative sources of HSC and/or HPC to assist the treatment of those
presently in need.

The present invention provides methods and compositions for extending the ex vivo
viability of hematopoietic cells to increase their numbers while maintaining the
properties of self-renewal and pluripotency. It is determined that through the culturing
of a population of HPC and/or HSCs in the presence of any one of ficolin-1, ficolin-2,
ficolin-3, or fragments or functional equivalents thereof, the ex vivo viability of a HPC
and/or HSC population, or the culturing or expanding a HPC and/or HSC population
can be extended

Described herein are methods and compositions for enriching and expanding HSC
and HPC ex vivo by growing cells in the presence of specific compositions and under
particular culture conditions. Upon completion of cell culture based expansion of HSC
and HPC, the cells can be isolated for further use such as in implantation, thereby
reducing potential inflammatory reactions by increasing the number of HSC and HPC

transplanted.

It is considered that the present invention can also provide novel compositions that
utilise the effects of novel growth factor combinations as aforementioned and in
combination with various culture conditions such as oxygen levels on HSC and/or
HPC obtainable from numerous sources, such as from umbilical cord blood, so to
increase the longevity of culture and pluripotency, multipotency, maintenance and/or
expansion of these cells ex vivo. The present invention further provides for methods
and products originating from the use of these methods whereby populations of HSC
and/or HPC are further cultured in environments wherein the concentration of oxygen
is less than a normal ambient oxygen concentration and which provides

advantageous effects on the culture and the resulting cell populations.

The utilisation of various conditions and novel compounds on various target
populations allows the selection of appropriate culture conditions for specific end-
points defined by the resulting expanded cell type and the number of cells cultured
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and/or expanded prior to harvesting. As a result, optimised conditions have been
identified for enhanced fold expansion of all target populations, with the potential for
direct clinical translation to increase transplantable cell dose and minimise

reconstitutional delay.

In addition, the present invention provides methods, expanded cell populations,
populations of cells capable of being transplanted to a recipient in need thereof,
devices and compositions for the controlled production in large numbers of specific
lineages of progenitor cells and their more differentiated hematopoietic cells. In one
embodiment of the invention, there is provided the controlled production and
maintenance of the properties of self-renewal, pluripotency and differentiation result
from conditions reminiscent of aspects of the hematopoietic niche, with optimisation of
the effects of each factor separately and in combination.

Where the terms “comprise”, “comprises”, “comprised” or “comprising” are used in this
specification (including the claims) they are to be interpreted as specifying the
presence of the stated features, integers, steps or components, but not precluding the
presence of one or more other features, integers, steps or components, or group

thereof.

Other aspects of the present invention will become apparent to those ordinarily skilled
in the art upon review of the following description of specific embodiments of the

invention.

BRIEF DESCRIPTION OF THE FIGURES

For a further understanding of the aspects and advantages of the present invention,
reference should be made to the following detailed description, taken in conjunction
with the accompanying figures.

FIGURE 1 shows the purity of target populations determined on the basis of cell
surface markers or colony-forming units. CD34" enriched cells were incubated across
a range of oxygen levels (2.5% = 19 mmHg, 5% = 38 mmHg, 10% = 75 mmHg, and
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20% = 150 mmHg), in the presence of combinations of growth factors thrombopoietin
(T, 50 ng/ml), stem cell factor (S, 50 ng/ml), Fit-3 ligand (F, 80 ng/ml) and Interleukin-
6 (I, 100 ng/ml) (T, TS, TSF, TSFI), compared to thrombopoietin, stem cell factor and
granulocyte colony-stimulating factor (TSG, each 100 ng/ml). Target populations were
identified by flow cytometry using cell surface markers, and by growth in ‘Complete’
methylcellulose medium for enumeration of blast forming unit-erythrocyte (BFU-E),
colony-forming  unit-granulocyte/macrophage (CFU-GM), colony-forming unit-
granulocyte/erythrocyte/monocyte/macrophage (CFU-GEMM), and total blast/colony-
forming units. N=4 independent cord blood units, each performed in triplicate. Results
are expressed as mean + standard error of the mean. Letters a — d indicate

statistically different groups, with p values as shown.

FIGURE 2 shows the fold expansion of HSC, HPC and multipotent cells, assessed
phenotypically and functionally. The effect of growth factor combination and oxygen
level on the fold expansion of target populations was determined by manual counts,
flow cytometry and colony-forming unit counts. Fold expansion illustrates the increase
in target population numbers over pre-culture values. Growth factor combinations
were thrombopoietin (T, 50 ng/ml), stem cell factor (S, 50 ng/ml), Fit-3 ligand (F, 80
ng/ml) and Interleukin-6 (I, 100 ng/ml) (T, TS, TSF, TSFI), compared to
thrombopoietin, stem cell factor, and granulocyte colony-stimulating factor (TSG, each
100 ng/ml). Oxygen levels tested were 2.5%, 5%, 10% and 20%. N=4 independent
cord blood units, each performed in triplicate. Results are expressed as mean +
standard error of the mean. Letters a — c indicate statistically different groups, with p

values as shown.

FIGURE 3 shows the cumulative fold expansion of target populations, and relative
gene expression levels during serial expansion. Cumulative fold expansion of
hematopoietic stem, progenitor and multipotent target cells was determined with
growth factor combination TSFI in 5% and 10% oxygen compared to TSG in 20%
oxygen. Changes in target population cell numbers were assessed on the basis of
manual cell counts, detection of cell surface markers, and colony-forming unit counts.
Gene expression levels quantified relative to house-keeping genes were determined
relative to expression in one condition (TSFI in 10% oxygen) at each time point. N=4
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independent cord blood units, each performed in triplicate. Results are expressed as
mean = standard error of the mean. Serial expansion was shown across 3 weeks (W0

— W3). Letters a — ¢ indicate statistically different groups, with p values as shown.

FIGURE 4 shows Hematopoietic cell types that were distinguishable utilising three
methods of assessment. 1) Expression patterns of surface marker cluster of
differentiation molecules (CD) for phenotypic identification of stem, progenitor and
multipotent cells, as indicated on the right hand side, and for lineage committed cells
as indicated below. 2) Functional assessment of multipotent cells were performed
with Colony/Blast Forming Unit (CFU/BFU) assays for granulocyte (G), erythrocyte
(E), monocyte (M) and macrophage (M) cells, as indicated (*). 3) Gene expression
patterns for self-renewing hematopoietic stem cells, and for progenitor and
multipotent cells are indicated on the left hand side. (Cell images adapted from A.
Rad, 2007.)

FIGURE 5 shows that after CD34+ enrichment, only samples with a viability and
CD34+ purity of 80% or greater were used for ex vivo expansion. Cells were
assessed both pre- and post-culture for single step and serial expansion. Viable cell
number was determined by manual count with trypan blue exclusion. Purity of target
populations was determined as a percentage of cells expressing surface marker
combinations by flow cytometry, and clonogenicity as the number of blast or colony-
forming units per 1,000 plated cells for CFU assays. At each time point, viable cell
numbers and purity or clonogenicity of target populations were used to calculate the
endpoint of fold expansion or cumulative fold expansion over pre-culture numbers.
Target population purity and clonogenicity were also used as end-points. Real time
PCR of gene expression was quantified relative to the average of two house-keeping
genes, and determined relative to expression found with TSFI in 10% oxygen.

FIGURE 6 shows the fold expansion of total cells and of HSC subsets defined by
phenotypic markers (CD34+CD45+7AAD-) in the presence of different growth factor
combinations (at the concentrations indicated in the text) and at different oxygen
concentrations (2%, 5%, 10%, and room air (20% O;)). Data are the mean of 10

different experiments, and all values are calculated as the fold expansion compared
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to the seeded population. (None — No growth factors added; TF — Thrombopoietin,
Flt-3 ligand; TFl — Thrombopoietin, FIt-3 ligand, Interleukin-6; TFS — Thrombopoietin,
FIt-3 ligand, SCF; TFSI - Thrombopoietin, FIt-3 ligand, SCF, Interleukin-6; TSG -
Thrombopoietin, SCF, G-CSF)

FIGURE 7 shows the total colonies per 1000 cells in each of the culture conditions

described in Figure 6.

FIGURE 8 shows the fold expansion of total cells and of HSC subsets defined by
phenotypic markers — CD34+, CD34+CD133+ and CD34+CD38-. All analyses were
gated for viable cells only (7AAD-). Cells were culture in the presence of TFSI growth
factors, with or without the addition of ficolins-1, ficolin-2, or ficolin-3 at 50 ng/ml or

100 ng/ml, in 10% oxygen.

FIGURE 9 shows the total colony numbers and colony morphology of cells cultured in
the presence of TFSI +/- ficolins-1, ficolin-2, or ficolin-3 at 50 or 100 ng/ml in 10% Ox.
After 8 days of culture in these growth factors, 1000 cells from each condition were
seeded into semisolid media (Methocult, Stem Cell Technologies, Vancouver) in
triplicate for each condition and cultured for a further 12-14 days. Colony numbers

and types were then counted under an inverted microscope.

FIGURE 10 shows the fold expansion of total cells and of HSC subsets defined by
phenotypic markers — CD34+, CD34+CD133+ and CD34+CD38-. All analyses were
gated for viable cells only (7AAD-). Cells were culture in the presence of TFSI growth
factors, with or without the addition of ficolins-1, ficolin-2, or ficolin-3 at 50 ng/ml or

100 ng/ml, in 5% oxygen.

FIGURE 11 shows the total colony numbers and colony morphology of cells cultured
in the presence of TFSI +/- ficolins-1, ficolin-2, or ficolin-3 at 50 or 100 ng/ml in 5%
O,. After 8 days of culture in these growth factors, 1000 cells from each condition
were seeded into semisolid media (Methocult, Stem Cell Technologies, Vancouver) in
triplicate for each condition and cultured for a further 12-14 days. Colony numbers

and types were then counted under an inverted microscope.
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DETAILED DESCRIPTION OF THE INVENTION

Human autologous and allogeneic bone marrow transplantation methods are used as
therapies for diseases such as leukemia, multiple myeloma, lymphoma, and other life-
threatening diseases. As such, in the treatment of haematological diseases,
immunological disorders and cancers, HSC and HPC are turned to as an increasing
more popular and established form of medical treatment.

Umbilical cord blood is often sought as a source for harvesting HSC and HPC where
a compatible bone marrow donor for transplantation purposes is not available.
Studies conducted in vitro have shown that HSC obtained from umbilical cord blood
possess better proliferative and engraftment capability than those from bone marrow.
Thus, the use of umbilical cord blood is considered to provide several advantages
over other sources of hematopoietic cells, such as the fact that there is a less
stringent requirement for matching the HLA in umbilical cord blood than in bone
marrow. Unfortunately, the number of hematopoietic cells present and available in
umbilical cord blood is often less than 0.1% of the total nucleated cells. The low
population of these cells and the limited propensity for them to be successfully
expanded to a suitable density for transplantation can often cause limitations and
problems for their use, as the failure to achieve a threshold cell dose limit of, in some
instances at least 1.7 x 10° CD34+ cells/kg, has been seen to correlate to a lower

transplantation success rate.

A method of increasing stem cell numbers would furthermore reduce the time and
discomfort associated with bone marrow/peripheral stem cell harvesting and
subsequently increases the pool of stem cell donors. A method to increase stem cell
numbers also permits umbilical cord blood to be useful for adult patients, thereby
expanding the use of allogeneic transplantation.

Accordingly, the methods and compositions of the present invention provide improved
systems and processes for the culturing, expansion and maintenance of

hematopoietic cells. The present invention further provides for an improvement in the
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number of progeny that can be obtained from a sample of HPC or HSC while at the
same time maintaining or increasing the repopulating capacity and pluripotency of

those cells.

1. Definitions

The term hematopoietic stem cell, or “HSC” as used herein, refers to immature blood
cells having the capacity to self-renew and to differentiate into more mature blood
cells comprising granulocytes (e.g., promyelocytes, neutrophils, eosinophils,
basophils), erythrocytes (e.g., reticulocytes, erythrocytes), thrombocytes (e.g.,
megakaryoblasts, platelet producing megakaryocytes, platelets), and monocytes
(e.g., monocytes, macrophages). It is known in the art that such cells may or may not
include CD34+ cells. CD34+ cells are immature cells that express the CD34 cell
surface marker. CD34+ cells are believed to include a subpopulation of cells with the
stem cell properties defined above.

It is also well known in the art that hematopoietic stem cells can include pluripotent
stem cells, multipotent stem cells (e.g., a lymphoid stem cell), and/or stem cells
committed to specific hematopoietic lineages. The stem cells committed to specific
hematopoietic lineages may be of T cell lineage, B cell lineage, dendritic cell lineage,
Langerhans cell lineage, erythroid, megakaryocytic, myeloid and/or macrophage cell
lineage. In addition, HSCs also refer to long term HSC (LT-HSC) and short term HSC
(ST-HSC). LT-HSC and ST-HSC are differentiated, for example, based on their cell
surface marker expression. LT-HSC are CD34-, SCA-1+, Thy1.1+/lo, C-kit+, lin—,
CD135-, Slamf1/CD150+, whereas ST-HSC are CD34+, SCA-1+, Thy1.1+/lo, C-kit+,
lin—, CD135-, Slamf1/CD150+, Mac-1 (CD11b)lo (“lo” refers to low expression). In
addition, ST-HSC are less quiescent (i.e., more active) and more proliferative than
LT-HSC. However, LT-HSC have unlimited self-renewal (i.e., they survive throughout
adulthood), whereas ST-HSC have limited self-renewal (i.e., they survive for only a

limited period of time).

Any of these HSCs can be used in any of the methods described herein. Optionally,
ST-HSCs are useful because they are highly proliferative and thus, quickly increase
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the number of HPSs and their progeny. Similarly, it is known in the art that such cells
may or may not include CD133+ cells, which may also be found in the “blood
products”, and are also known to include a subpopulation of cells with the "progenitor
cells" properties defined above. Additionally, HSCs are optionally obtained from
blood products.

As considered in the present invention, the expanded HSCs retain at least some of
the pluripotency of the initial stem cells or HSCs. Pluripotency includes stem cell
activity or potential, such as the ability to differentiate into other blood cell types or the

ability to multiply without differentiating.

A “blood product” as considered herein includes a product obtained from the body or
an organ of the body containing cells of hematopoietic origin. Such sources include
unfractionated bone marrow, umbilical cord, peripheral blood, liver, thymus, lymph
and spleen. All of the aforementioned crude or unfractionated blood products can be
enriched for cells having hematopoietic stem cell characteristics in a number of ways.
For example, the more mature, differentiated cells are selected against, utilising cell
surface molecules that they express. Optionally, the blood product is fractionated by
selecting for CD34+ cells. CD34+ cells include a subpopulation of cells capable of
self-renewal and pluripotentiality. Such selection is accomplished using, for example,
commercially available magnetic anti-CD34 beads. Unfractionated blood products
are optionally obtained directly from a donor or retrieved from cryopreservative
storage. The ability to isolate HSC using specific stem cell markers are known to
those skilled in the art.

According to the present invention, it is considered that all of the aforementioned
crude or unfractionated blood products can be enriched for cells having hematopoietic
progenitor cells, or "HPC" characteristics in a number of ways.

The term “HPC” as used herein refers to hematopoietic progenitor cells, which are
rare in circulating blood, and are cells that can differentiate into a variety of
specialised cell types, and give rise blood cells types. It is generally understood that
they exist in the blood at various stages of maturation.
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By way of a non-limiting example, the blood product can be depleted from the more
differentiated progeny. The more mature, differentiated cells can be selected against
cell surface molecules for which they posses and express. Specific ligands or
receptors can also be utilised and the HPC can be enriched prior to further

manipulation.

In the present invention it is considered that the term “ambient” relates to region that
is completely surrounding or encompassing the present culture area. It is considered
that the term ambient in the context used in the present specification would be
understood by one of minimal skill in the art and that this term would be known by the

skilled addressee.

The term “ambient concentration of oxygen” as used herein is understood to mean
the amount of environmentally available oxygen found per unit volume in different
environmental media or in the surrounding environment, and is considered to be a

term that would be understood by a person skilled in the art.

The term "stromal cells" as used herein is considered to comprise fibroblasts and
mesenchymal cells, with or without other cells and elements, and can be seeded prior
to, or substantially at the same time as, the hematopoietic progenitor cells, therefore
establishing conditions that favour the subsequent attachment and growth of HSC
and/or HPC. Fibroblasts can be obtained via a biopsy from any tissue or organ, and
include foetal fibroblasts. These fibroblasts and mesenchymal cells may be
transfected with exogenous DNA that encodes, for example, one of the hematopoietic

growth factors described.

According to the present invention, it is considered that the term "stromal cell
conditioned medium" refers to medium in which the aforementioned stromal cells
have been incubated. In the methods of the invention, the incubation is performed for
a period sufficient to allow the stromal cells to secrete factors into the medium. Such
"stromal cell conditioned medium" can then be used to supplement the culture of HPC
promoting their proliferation and/or differentiation. Thus, when cells are cultured
without any of the foregoing agents, it is meant herein that the cells are cultured
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without the addition of such agent except as may be present in serum, ordinary
nutritive media or within the blood product isolate, unfractionated or fractionated,
which contains the hematopoietic progenitor cells.

As considered in the present invention, the term "inoculated stromal cells” or “stromal
cell inoculated medium” it is meant that the cell culture chamber is free of stromal
cells which have been introduced into the chamber as an inoculum for promoting
survival, proliferation or differentiation of the HPC, excluding, however, stromal cells
which are contained naturally in the isolated blood product.

The “subject” as referred to herein is, for example, a bone marrow donor or an
individual with or at risk for depleted or limited blood cell levels. Optionally, the
subject is a bone marrow donor prior to bone marrow harvesting, or is a bone marrow
donor after bone marrow harvesting. The subject is optionally a recipient of a bone
marrow transplant. The methods described herein are particularly useful in subjects
that have limited bone marrow reserve such as elderly subjects or subjects previously
exposed to an immune depleting treatment such as chemotherapy. The subject,
optionally, has a decreased blood cell level or is at risk for developing a decreased
blood cell level as compared to a control blood cell level. As used herein the term
control blood cell level refers to an average level of blood cells in a subject prior to or
in the substantial absence of an event that changes blood cell levels in the subject.
An event that changes blood cell levels in a subject includes, for example, anaemia,
trauma, chemotherapy, bone marrow transplant and radiation therapy. For example,
the subject has anaemia or blood loss due to, for example, trauma.

As considered in the present invention, the terms “harvesting hematopoietic stem
cells”, “harvesting hematopoietic progenitor cells”, “harvesting HSC” or “harvesting
HPC” are considered to refer to the dislodging or separation of cells and are
considered as techniques to which the person skilled in the art would be aware. In
one example, the “harvesting” may be accomplished through the use of a number of
methods, such as enzymatic, non-enzymatic, centrifugal, electrical, or size-based
methods, or preferably, by flushing the cells using culture media (e.g., media in which

cells are incubated) or buffered solution. The cells are optionally collected,
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separated, and further expanded generating even larger populations of HSC or HPC

and differentiated progeny.

As considered in the present invention, the term “control curve” is considered to refer
to statistical and mathematically relevant curves generated through the measurement
of the growth characteristics of different volumes of the blood product can be cultured
under identical conditions, and wherein the cells can be harvested and counted over
regular time intervals. These "control curves" as considered in the present invention

can be used as one method to estimate cell numbers in subsequent occasions.

According to the methods of the present invention it is considered that any suitable
expansion container, flask, or appropriate tube such as a 12, 24 or 96 well plate, 12.5
cm 2 T flask or gas-permeable bag can be used for any of the culturing methods of

the present invention. \

As considered in the present invention, the term “hematopoietic growth factor” is
considered to refer to at least one factor that influence the survival, proliferation or
differentiation of hematopoietic cells. These growth factor(s) can be obtained by
purification, by recombinant methodologies or can be derived or synthesised.
Accordingly, the growth factor(s) that are of particular interest in connection with the
methods and compositions of present invention are hematopoietic growth factors.

As considered in the present invention, the term “ficolin” is considered to relate to
several variant proteins that exist in the ficolin family, including predominantly ficolin-1
(M-ficolin), -2, and -3. These are all secreted pattern-recognition lectins that
contribute to the innate immune recognition of pathogens. Ficolins have one
fibrinogen-like domain and one collagen-like domain and circulate as disulfide-linked
homo-oligomers. Following ligand binding, ficolins associate with MASP serine
proteases to trigger the lectin complement cascade. Ficolin-1 in humans is encoded
by the FCN1 gene (SEQ ID: 1), ficolin-2 is encoded by the FCN2 gene (SEQ ID: 3),
and ficolin-3 is encoded by the FCN3 gene (SEQ ID: 5). The protein products
translated from FCN1, FCN2 and FCN3 are provided a SEQ ID: 2, SEQ ID: 4, and
SEQ ID: 6 respectively.
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Ficolins are proteins structurally related to the Angiopoietin-like proteins, and possess
similar domain structures, particularly a single fibrinogen-like domain. In examination
of the homology of ficolins and Angiopoietin-like proteins at the amino acid level, there
is seen to be however only approximately 20 — 25% level of homology. The ficolin
family of proteins are characterised by the presence of a leader peptide, a short N-
terminal segment, followed by a collagen-like region, and a C-terminal fibrinogen-like
domain. The collagen-like and the fibrinogen-like domains are also found separately
in other proteins such as complement protein C1q, C-type lectins known as collectins,
and tenascins. However, all these proteins recognise different targets, and are

functionally distinct.

In all of the culturing methods according to the invention, except as otherwise
provided, the media used can be one that is conventionally suitable for culturing cells.
Examples of culture media known in the art and capable of being used for cell culture
include RPMI, DMEM, ISCOVES. Typically these media are supplemented with
human or animal plasma or serum. Such plasma or serum can contain small
amounts of hematopoietic growth factors. In the preferred conditions of the present
invention, the utilised media is provided without the addition of serum.

2. Culture of HSC and/or HPC with ficolin

An ability to expand populations of HPC or HSC derived from a suitable source, such
as umbilical cord blood or bone marrow, would provide substantial benefits to the
medical community and improve prospects of successfully performing treatments,
transplantation surgeries, or other therapies for hematologic and oncologic disease

where higher cell doses are required.

In the present invention it has been discovered that the use of particular agents such
as ficolins, when used either individually or in combination, can enhance the
expansion of HSC and HPC populations. Ficolins are proteins structurally related to
the Angiopoietin-like proteins, and possess similar domain structures, particularly a
single fibrinogen-like domain. They have previously been recognised as modulators
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of immune function, however they have not been investigated for their effect on

hematopoietic stem or hematopoietic progenitor cells.

These agents have been seen to provide enhancements to the self-renewal and
expansion of hematopoietic cells. As discovered by the inventors (see Examples) it
was found that maintenance of the most primitive class of colony forming cells, CFU-
GEMM, was achievable in the presence, but not in the absence, of ficolins indicating
that these agents are most likely active in selectively preserve primitive HSC
populations.

Accordingly, in an aspect of the present invention there are provided supplements to
cultures that are suitable for the growth of HSC and/or HPC, where the supplements
provided are one or more of the agents ficolin-1, ficolin-2 or ficolin-3 or fragments or

functional equivalents or combinations thereof.

As considered in the present invention, fragments and functional equivalents of ficolin
are understood to include fragments that include the fibrinogen-like domain (in the
case of ficolin 1, for example, amino acids 115-325), or smaller fragments that include
the lectin-binding activity (as a non-limiting example), in the case of ficolin 1, amino
acids 200-300).

In one embodiment, the population of hematopoietic cells for culture or expansion can
be harvested, for example, from a bone marrow sample obtained from a suitable
subject, from previously established culture, or from umbilical cord blood. Optionally,
the HSC can be obtained from a blood product selected from the group comprising
unfractionated bone marrow, umbilical cord, peripheral blood, liver, thymus, lymph
and spleen.

In a further embodiment, the hematopoietic cell populations obtained from the use
and application of the methods or compositions of the present invention can include
HSC and/or HPC comprising an improved therapeutic potential due to their enhanced
capacity to restore blood and immune cells in transplant recipients. In a yet another
embodiment, it is considered that the cell populations cultured in accordance with the
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methods of the present invention can retain the potential to undergo differentiation in
order to generate cells for other tissues such as for example, brain, muscle and liver

cells.

It is considered that unfractionated blood products can be obtained directly from a
donor or retrieved from cryopreservative storage, however it is viewed that these are
merely non-limiting examples of where such blood products can be obtained in
providing a source of hematopoietic cells for use in the methods of the present
invention. According to the present invention, it is considered that the origin of
hematopoietic cells from any suitable animal, for example, human, non-human
primates, porcine or murine. In a preferred embodiment, the hematopoietic cells are

human cells.

In an embodiment of the present invention, the methods for culturing the HSC and/or
HPC as used in the present invention can utilise any of the growth factors as herein
mentioned and can be supplemented with one or more of ficolin-1, ficolin-2 or ficolin-3
or fragments or functional equivalents or combinations thereof. In a preferred
embodiment ficolin-1, ficolin-2, ficolin-3, fragments or functional equivalents or
combinations thereof are added to in the culture system so to constitute between
approximately 50 ng/mL-200 ng/mL of the culture media. In a more preferred
embodiment the concentration of ficolin-1, ficolin-2, ficolin-3, fragments or functional
equivalents or combinations thereof in the culture system are between approximately
50 ng/mL - 100 ng/mL.

3. Culturing of HPC and/or HSC in low oxygen (O») environments

In the present invention, the inventors have also determined that the amount of
oxygen, when provided to a cell culture at levels less than the ambient concentration
of oxygen can provide enhanced growth characteristics such as improved purity of

target populations, with no or very limited effect on clonogenicity.

The effect of the low concentration of oxygen on the growth of cells such as HPC
and/or HSC can be further attenuated through the inclusion of an agent such as
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ficolin, or functional equivalents thereof, whereby there is provided improved purity of

target populations, with minimal effect on clonogenicity.

Accordingly, in a further aspect of the present invention there are provided methods
for extending ex vivo viability of a HPC and/or HSC population, or culturing or
expanding a HPC and/or HSC population, where said method comprising culturing
the HPC and/or HSC population in the presence of ficolin-1, ficolin-2 or ficolin-3 or
fragments or functional equivalents or combinations thereof and in an environment
wherein the concentration of oxygen is reduced compared with the normal ambient

oxygen concentration.

The culture of the hematopoietic cells preferably occurs under conditions to increase
the number of such cells and/or the colony forming potential of such cells. The
conditions used refer to a combination of conditions known in the art (e.g.,
temperature, CO2 content, nutritive media, etc.). In particular however, the inventors
have found that the concentration of oxygen in the culture environment is critical to

the expansion of hematopoietic progenitor cells.

In an embodiment of the invention, the population of HSC and/or HPC of the present
invention can be cultured in a low oxygen environment to enhance their probability of
self-renewal and decrease the probability of differentiation and do so in the presence
of an agent such as ficolin-1, ficolin-2 or ficolin-3 or fragments or functional

equivalents or combinations thereof.

In a further embodiment, there are provided methods for modifying the capacity to
extend ex vivo viability of a population of HPC and/or HSC, or culturing or expanding
a HPC and/or HSC population through the appropriate selection of oxygen
concentrations during culture, and where an agent such as ficolin-1, ficolin-2 or ficolin-
3 or fragments or functional equivalents or combinations thereof have been provided

to the culture system.

In another embodiment, the concentration of oxygen in the culture system constitutes
less than the ambient concentration level of oxygen present in the atmosphere. In a
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more preferred embodiment, the concentration of oxygen is less than approximately
20%, more preferably the oxygen is between approximately 1% and approximately
12% of the culture atmosphere. In a particularly preferred embodiment oxygen

constitutes approximately 10% of the culture atmosphere.

In a further embodiment, the cells of the present invention are cultured in the
presence of an agent such as ficolin-1, ficolin-2 or ficolin-3 or fragments or functional
equivalents thereof and in an environment wherein the concentration of oxygen is less
than the ambient level of oxygen present in the environment and where the cells are
cultured in an oxygen concentration of between approximately 1% and approximately
12% oxygen.

In another embodiment, the cells of the present invention are cultured in the presence
of any one or more agents such as ficolin-1, ficolin-2 or ficolin-3 or fragments or
functional equivalents, in an environment wherein the concentration of oxygen is at
least 0.5%, or at least 1.0%, or at least 1.5%, or at least 2.0%, or at least 2.5%, or at
least 3.0%, or at least 3.5%, or at least 4.0%, or at least 4.5%, or at least 5.0%, or at
least 5.5%, or at least 6.0%, or at least 6.5%, or at least 7.0%, or at least 7.5%, or at
least 8.0%, or at least 8.5%, or at least 9.0%, or at least 9.5%, or at least 10.0%, or at
least 10.5%, or at least 11.0%, or at least 11.5%, or at least 12.0%, or at least 12.5%,
or at least 13.0%, or at least 13.5%, or at least 14.0%, or at least 14.5%, or at least
15.0%, or at least 15.5%, or at least 16.0%, or at least 16.5%, or at least 17.0%, or at
least 17.5%, or at least 18.0%, or at least 18.5%, or at least 19.0%, or at least 19.5%,
or at least 20.0%.

In a preferred embodiment, an oxygen concentration in the range of 5 — 10% may be
used in the culture of umbilical cord blood HSC and/or HPC in the presence of an
agent such as any one or more of ficolin-1, ficolin-2 or ficolin-3 or fragments or
functional equivalents or combinations thereof. In particularly preferred embodiment,
an oxygen concentration of approximately 5% may be used in the culture of HSC
and/or HPC.



10

15

20

25

30

WO 2013/040644 PCT/AU2012/001135
21

In accordance with the methods of the present invention, it is considered that the time
necessary to culture and expand populations of HSC and/or HPC in accordance with
the methods and using the compositions of the present invention and under reduced
oxygen, is a time that can be determined by a person skilled in the art. This can be
understood to vary depending upon the original number of cells seeded during
culture. As a non-limiting example, discoloration of the media can be used as an

indicator of confluency.

It is further considered that in the application of the embodiments of the present
invention, different volumes of a blood product can be cultured under identical
conditions in order to generate "control curves" that can be used to estimate cell
numbers in subsequent occasions. It is considered that the art, and therefore one of
ordinary skill, is replete with techniques to determine the appropriate culture time
using the modified oxygen concentration conditions and methods of the present
invention. As may be contemplated by one of ordinary skill, various factors may
however affect the measurement or time span encountered in the culture of cells.
Considerations such as the initial seeding density at culture may affect the culture
time. For example, if more cells are seeded initially, the optimum time for culture may

be shortened relative to if a lesser number of cells were initially provided for seeding.

It would be considered however that the application of techniques such as in
monitoring for a change in cell number (for example, by determining optical density or
direct counting), by monitoring for changes in pH of the media, or examining for a
slowing of rate of growth (for example, by calculating the doubling time of the cells)
may all represent valid and suitable means for determining the appropriate culture

time.

In a further embodiment of the present invention, ficolin-1, ficolin-2 or ficolin-3 or
fragments or functional equivalents or combinations thereof are provided in addition to
culture media suitable for growth of HPC and/or HSC, where the culture conditions
include oxygen concentrations at less than the ambient level, and more preferably
less than approximately 15% , less than approximately 14%, less than approximately
13%, less than approximately 12%, less than approximately 11%, less than
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approximately 10%, less than approximately 9%, less than approximately 8% less

than approximately 7%, less than approximately 6%, or less than approximately 5%.

In a preferred embodiment, ficolin-1, ficolin-2 or ficolin-3 or fragments or functional
equivalents or combinations thereof are provided to culture media wherein the oxygen
concentration is approximately 5%. In a particularly preferred embodiment, ficolin-1
or fragments or functional equivalents thereof are provided in addition to the culture
media wherein the oxygen concentration is approximately 5%.

4. Culturing of HSC and/or HPC with ficolin using altered culture conditions

The expansion of hematopoietic cell populations such as HSC and/or HPC in vivo is a
function of the combined influence of multiple factors within the bone marrow
environment within which these cells are normally found. This area is quite commonly

termed the “hematopoietic niche”.

The most primitive and pluripotent stem cells are usually located immediately
adjacent to the endosteal surface within the trabecular spaces in the bone marrow.
This niche is therefore composed of cellular interactions between the stem cells and
adjacent stromal cells, including osteoblasts, as well as interactions with extracellular
matrix components, three dimensional interrelationships between different cell types,
and the diffusion of growth factors and other soluble signal molecules within the bone

marrow cavity.

Accordingly, in a further aspect of the present invention, there are provided methods
for the culture of HSC and/or HPC in the presence of agents such as ficolin-1, ficolin-
2 or ficolin-3 or fragments or functional equivalents or combinations thereof, and
additionally in the presence of growth factors as herein described which can provide
additional effects to the culture of the cells, such as an increase in the renewal and

pluripotency properties of the HSC and/or HPC cells.

In utilising the methods of the present invention it is possible to take an enriched
population of HSC and/or HPC, and stimulate them with agents and/or growth factors
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that promote hematopoietic cell maintenance, or promote expansion and/or
differentiation in order to yield the more mature blood cells, in vitro. Such expanded
populations of blood cells may be applied in vivo, such as in replenishing a patient’s
hematopoietic cell population, or may be used experimentally. Such differentiated
cells include those described above, as well as T cells, plasma cells, erythrocytes,
megakaryocytes, basophils, polymorphonuclear  leukocytes, monocytes,
macrophages, eosinophils and platelets.

The growth factors that are of particular interest in connection with the methods and
compositions of the present invention are hematopoietic growth factors. These
growth factors can be obtained by purification, by recombinant methodologies or can
be derived or synthetically.

In an embodiment of the present invention there are provided methods for culturing or
expanding HSC and/or HPC populations in conventional growth media in the
presence of ficolin-1, ficolin-2 or ficolin-3 or fragments or functional equivalents or
combinations thereof, with the addition of a growth factor selected from the group
comprising interleukins 3, 6 and 11 (l), stem cell factor (S), thrombopoietin (T),
fibroblast growth factor, insulin-like growth factor and FLT-3 ligand (F).

As determined by the inventors of the present invention, and as discussed in the
Examples, thrombopoietin alone resulted in cell viability of only 60% and which is
below preferred transplant standards and unsuitable for maintenance of cell cultures
for research. The combination of growth factors TS when provided to the culture
media was seen to increase the viability of expanded cells. In addition, TS increased
the percentage of the most primitive HSC (CD34"CD38™) to levels higher than were
observed pre-culture, and dramatically increased fold expansion.

Accordingly, in a further embodiment of the present invention, the growth factors TS
are provided to a culture media comprising HPC and/or HSC and ficolin-1, ficolin-2 or
ficolin-3 or fragments or functional equivalents thereof to increase the viability of the
expanded culture.



10

15

20

25

30

WO 2013/040644 PCT/AU2012/001135
24

In a further embodiment, populations of HPC and/or HSC can be cultured with a
combination of growth factors where the culture can comprise thrombopoietin (T),
stem cell factor (S), FLT-3 ligand (F) and Interleukin-6 (I) in the culture media. In a
further embodiment of the present invention, the agents ficolin-1, ficolin-2 or ficolin-3
or fragments or functional equivalents or combinations thereof are provided in

addition to the growth factor combination of TSFI.

In still a further embodiment of the present invention, each growth factor can be
provided at a concentration in the range of approximately 50 ng/mL — 100 ng/mL. In
preferred embodiment, in the application of the methods or compositions of the
present invention, T is provided at approximately 50 ng/mL, S is provided at
approximately 50 ng/mL, F is provided at approximately 80 ng/mL, and is provided at
approximately 100 ng/mL.

As also determined by the inventors, the addition of Flt-3 ligand (F) to the combination
TS has minimal additive effects on purity and fold expansion of most target
populations, although there was determined to be a significant reduction in BFU-E
and CFU-GEMM clonogenicity. Therefore, in a further embodiment there is provided
the growth factor F in combination with TS in the presence of HSC and/or HPC for the

culture of the aforementioned cells.

In the application of the methods of the present invention, the addition of interlukin-6
(I) was observed to decrease the overall purity and clonogenicity of target populations
with TSFI when compared to TS or TSF, but this combination also showed a dramatic
increase in viable cell fold expansion with a corresponding increase in clinically
predictive populations of CD45'CD34" and CD133", and the more primitive
CD34*CD38~ population.

Together with the increase in CD34'CD38~ expansion, the inventors have also
determined that interleukin-6 in combination with other growth factors can influence
cord blood HSC fate. The combination TSFI significantly increased fold expansion of
CFU-GM, CFU-GEMM and total blast/colony-forming units, indicative of a greater
short-term repopulating capacity. In contrast, the growth factor combination TS and
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granulocyte-colony stimulating factor (G) (i.e. TSG) resulted in similar fold-expansion
of viable cells, but a much higher proportion of differentiated cells. This shift towards
granulocytic differentiation at the expense of expansion of other stem and progenitor
populations may result in exhaustion of the most primitive HSC with less beneficial

outcomes after transplantation.

It is considered that through the utilisation of the methods and compositions of the
present invention, it is possible that the culture of HSC, such as HPC can be
performed for 6, 7 or 8 weeks, and that it is possible to harvest hematopoietic
progenitor cells during this time interval for subsequent exposure to culture conditions
containing hematopoietic growth factors that promote hematopoietic cell

maintenance, expansion and/or differentiation.

Accordingly, in a further embodiment, the growth factors TSFI are provided to a
culture media for culturing HSC and/or HPC so to increase the period to which the
aforementioned cells can be cultured. Preferably, they may be cultured to a period of
6 weeks, more preferably a period of 7 weeks, and even more preferably a period of 8
weeks. In a further embodiment of the present invention, agents such as ficolin-1,
ficolin-2 or ficolin-3 or fragments or functional equivalents or combinations thereof are

provided in addition to the growth factor combination of TSFI.

5. Culture of HSC and/or HPC in conditions of selected culture media with ficolin

and low oxygen

In a further aspect of the present invention, there are provided methods and
compositions for the culture HSC and/or HPC in a low oxygen environment and in the
presence growth factors and agents such as ficolin-1, ficolin-2 or ficolin-3 or
fragments or functional equivalents or combinations thereof, and in the presence of

reduced oxygen concentrations compared to the ambient level.

In one embodiment, there is provided the growth factor combination of TSFI at any of
the aforementioned concentrations and combinations in the culture media, and the

presence of any one of ficolin-1, ficolin-2 or ficolin-3 or fragments or functional
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equivalents or combinations thereof and in an environment where the oxygen
concentration is less than the ambient concentration of oxygen. In a preferred
embodiment, the concentration of oxygen is less than 20%. In a more preferred
embodiment, there is provided the growth factor combination of TSFI present wherein
the oxygen levels of 5% - 10% which results in enhanced fold expansion of all target
populations. In a particularly preferred embodiment there is provided the growth
factor combination of TSFI in the presence of an oxygen level of 10% which can
provide enhanced fold expansion of all target HSC/HPC populations.

Through the application of the methods and compositions of the present invention it
has been shown that a growth factor combination of TSFI at oxygen levels of 5% and
10% results in enhanced fold expansion of all target populations, and therefore
represents the most desired conditions for increasing transplantable cell doses from
umbilical cord blood.

It has also been determined by the inventors that in the use of the methods and
compositions as hereinbefore described, that if HSC and/or HPC are cultured in the
presence of a growth factor combination such as TS + F, an effect is that there is
provided an enhancement in the probability of self-renewal of these cells and
therefore to decrease the probability of differentiation.

In a further embodiment of the present invention, the hematopoietic cells of the
present invention can be cultured in the presence of a growth factor combination TS +
F and in the presence of ambient oxygen levels to provide a maximisation of purity.
In a more preferred embodiment oxygen constitutes approximately 20% of the culture
atmosphere in the presence of the growth factor combination TS + F. In an further
preferred embodiment, there is provided a growth factor combination TS + F in an
approximately 20% oxygen level to provide expansion while maximising purity for
increasing purity of a primitive CD34"CD38 HSC population.

In a further aspect of the present invention, methods are provided for the culture of
HSC and/or HPC where they can be cultured in a low oxygen environment in
combination with an agent such as ficolin, optimised growth factors of TSFI to
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enhance their probability of self-renewal and decrease the probability of
differentiation. In one embodiment, oxygen in the culture system constitutes 1%, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14% and 15% of the culture
atmosphere in the presence of growth factors TSFI. In another embodiment, the
oxygen concentration constitutes approximately 10% of the culture atmosphere in the
presence of growth factors TSFl. In yet another embodiment the oxygen
concentration constitutes approximately 10% of the culture atmosphere in the
presence of growth factors TSFI. In a particularly preferred embodiment, the oxygen
concentration constitutes approximately 5%.

In another embodiment, ficolin-1, ficolin-2 or ficolin-3 or fragments or functional
equivalents thereof are provided in addition to the growth factor combination of TSFI
where the oxygen concentration is less than the ambient level, and more preferably
less than approximately 10%, less than approximately 9%, less than approximately
8% less than approximately 7%, less than approximately 6%, or less than
approximately 5%.

In a preferred embodiment, ficolin-1, ficolin-2 or ficolin-3 or fragments or functional
equivalents or combinations thereof are provided in addition to the growth factor
combination of TSFI wherein the oxygen concentration is approximately 5%.

In a particularly preferred embodiment, ficolin-1 or fragments or functional equivalents
thereof are provided in addition to the growth factor combination of TSFI wherein the

oxygen concentration is approximately 5%.

0. Compositions for the culture of HSC and/or HPC with selected media

As previously discussed, the growth factors that are of particular interest in
connection with the methods and compositions of the present invention are
hematopoietic growth factors. Accordingly, a further aspect of the present invention is
directed toward providing culture compositions for extending ex vivo viability of a HPC
and/or HSC population, or culturing or expanding HSC and/or HPC populations in

conventional growth media for use in the methods of the present invention.
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In an embodiment of the present invention, there are provided compositions that can
include ficolin-1, ficolin-2 or ficolin-3 or fragments or functional equivalents or
combinations thereof. In a preferred embodiment ficolin-1, ficolin-2, ficolin-3,
fragments or functional equivalents or combinations thereof are added to in the
culture system so to constitute between 50 ng/mL - 200 ng/mL of the culture media.
In a preferred embodiment the concentration of ficolin-1, ficolin-2, ficolin-3, fragments
or functional equivalents or combinations thereof in the culture system are between
approximately 50 ng/mL - 200 ng/mL. In a more preferred embodiment, the
concentration of ficolin-1, ficolin-2, ficolin-3, fragments or functional equivalents or
combinations thereof in the culture system are between approximately 50 ng/mL —
100 ng/mL.

In a particularly preferred embodiment, the concentration of ficolin-1, ficolin-2, ficolin-
3, fragments or functional equivalents or combinations thereof in the culture system
are provided at approximately 50 ng/mL, or at approximately 51 ng/mL, or at
approximately 52 ng/mL, or at approximately 53 ng/mL, or at approximately 54 ng/mL,
or at approximately 55 ng/mL, or at approximately 56 ng/mL, or at approximately 57
ng/mL, or at approximately 58 ng/mL, or at approximately 59 ng/mL, or at
approximately 60 ng/mL, or at approximately 61 ng/mL, or at approximately 62 ng/mL,
or at approximately 63 ng/mL, or at approximately 64 ng/mL, or at approximately 65
ng/mL, or at approximately 66 ng/mL, or at approximately 67 ng/mL, or at
approximately 68 ng/mL, or at approximately 69 ng/mL, or at approximately 70 ng/mL,
or at approximately 71 ng/mL, or at approximately 72 ng/mL, or at approximately 73
ng/mL, or at approximately 74 ng/mL, or at approximately 75 ng/mL, or at
approximately 76 ng/mL, or at approximately 77 ng/mL, or at approximately 78 ng/mL,
or at approximately 79 ng/mL, or at approximately 80 ng/mL, or at approximately 81
ng/mL, or at approximately 82 ng/mL, or at approximately 83 ng/mL, or at
approximately 84 ng/mL, or at approximately 85 ng/mL, or at approximately 86 ng/mL,
or at approximately 87 ng/mL, or at approximately 88 ng/mL, or at approximately 89
ng/mL, or at approximately 90 ng/mL, or at approximately 91 ng/mL, or at
approximately 92 ng/mL, or at approximately 93 ng/mL, or at approximately 94 ng/mL,
or at approximately 95 ng/mL, or at approximately 96 ng/mL, or at approximately 97



10

15

20

25

30

WO 2013/040644 PCT/AU2012/001135
29

ng/mL , or at approximately 98 ng/mL, or at approximately 99 ng/mL, or at

approximately 100 ng/mL.

In yet a further embodiment, there can additionally be included growth factor(s)
selected from the group comprising interleukins 3, 6 and 11 (1), stem cell factor (S),
thrombopoietin (T), fibroblast growth factor, insulin-like growth factor and FLT-3 ligand

(F).

In another embodiment of the present invention, each growth factor is provided at a
concentration of 50 ng/mL — 100 ng/mL. In a more preferred embodiment, T is
provided at approximately 50 ng/mL, S is provided at approximately 50 ng/mL, F is
provided at approximately 80 ng/mL, and | Is provided at approximately 100 ng/mL.
In a further embodiment, a combination of growth factors are cultured with the HPC
and/or HSC when the culture comprises thrombopoietin (T), stem cell factor (S), FLT-

3 ligand (F) and Interleukin-6 (l) in the culture media.

7. Culturing methods of HSC / HPC with selected media compositions

In a further aspect of the invention, there are provided methods for in vitro culture of
HSC and/or HPC, to produce differentiated cells of hematopoietic origin wherein in a
first culturing step, a first amount of hematopoietic progenitor cells is expanded in an
environment under conditions and for a period of time to increase the number of
cultured hematopoietic progenitor cells relative to said first amount or to increase the
number of the hematopoietic progenitor cells, thereby producing a second amount of
hematopoietic progenitor cells. The time required to increase the number of cultured
hematopoietic progenitor cells is can be determined by measurements known to
practitioners of the art, such as measurement of cell number, optical density or pH of
the culture, or by calculating the doubling time of the cells.

In a second culturing step, at least a portion of the second amount of cultured
hematopoietic cells, such as hematopoietic progenitor cells, are cultured in an
environment that includes at least one agent selected from the group consisting of a
hematopoietic growth factor as discussed above that promotes hematopoietic cell
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maintenance, expansion and/or differentiation, inoculated stromal cells and stromal

cell conditioned medium, to produce differentiated cells of hematopoietic origin.

In application of the methods of the present invention, the culturing can further
comprise a second culturing step that can be a plurality of second culturing steps,
each comprising culturing only a portion of a second amount of hematopoietic cells,
such as HPC.

In a further aspect of the present invention, the hematopoietic progenitor cells are
continuously cultured for an extended period of time, and aliquots of the cultured cells
are harvested spaced apart in time or intermittently. In an embodiment of the present
invention, the cells are suspended in media containing growth factors and other
agents as herein described, and the cells can be harvested simply by agitation and
centrifugation of the media. Therefore, in an embodiment of the present invention it
is possible to expand the number of hematopoietic progenitor cells, and
simultaneously harvest portions of those cells being expanded for treatment to
develop even larger populations of differentiated cells.

The present invention is considered to bring together many different aspects of the
hematopoietic niche, including optimisation of growth factor types and concentrations
to maximise hematopoietic self-renewal, addition of other novel and known factors,
and optimisation of culture conditions and systems. The sum of these aspects
represents a novel and effective system for increasing the number of HSC capable of
repopulating tissues and organs such as the bone marrow after transplantation.

The isolated cell population provided using the methods of the present invention will
have an enriched population of cells compared with a naturally occurring cell
population. Typically, the cell population is a HSC or HPC cell population, selectively
enriched from a biological source. The cell populations may comprise enriched
populations of HSC and/or HPC CD34+CD38- or CD133+CD38- cells.
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8. Use of HSC and/or HPC cultured according fo the methods of the present

invention for transplantation or therapy

In a further aspect of the present invention, the hematopoietic cells cultured according
to the methods of the present invention can be utilised for bone marrow
transplantation of a subject.

The potential application of hematopoietic cells cultured according to the methods of
the present invention can be envisaged to supplement or replace human autologous
and allogeneic bone marrow transplantation currently used as therapies for diseases
such as leukemia, lymphoma, and other life-threatening diseases.

In a further aspect of the present invention, there are also provided methods of
treating an individual in need of a hematopoietic stem cell-based therapy, comprising
removing hematopoietic stem cells from the individual or from a donor; culturing the
cells in a culture medium containing an amount of growth factor combination as
considered herein, a protein effective to promote expansion of hematopoietic stem
cells, such as any of the aforementioned ficolin proteins, harvesting the cultured cells,
and transplanting the cultured cells into the individual.

The HSC produced by the methods of the present invention can be provided to the
subject, for example, before, at the same time, or after chemotherapy, radiation
therapy or a bone marrow transplant. The subject optionally has depleted bone
marrow related to, for example, congenital, genetic or acquired syndrome
characterised by bone marrow loss or depleted bone marrow. Thus, the subject is
optionally a subject in need of hematopoeisis. Optionally, the subject is a bone

marrow donor or is a subject with or at risk for depleted bone marrow.

Employing the methods and conditions of the present invention, it is possible to
increase the period of time of culture of HPC and to stimulate the expansion of HPC
number and/or colony forming unit potential. In one embodiment, it is considered that

once expanded, the cells, for example, can be returned to the body to supplement or
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replenish a patient's hematopoietic progenitor cell population. This can be
advantageous, in the instance following a period where an individual has undergone
chemotherapy. Furthermore, there are certain genetic conditions such as
thalassemias, sickle cell anemia, Dyskeratosis congenital, Shwachman-Diamond
syndrome, and Diamond-Blackfan anemia wherein HPC numbers are decreased, and
the methods of the invention in expanding HSC and/or HPC number may be useful

and applicable.

The present invention will now be more fully described by reference to the following

non-limiting Examples.

EXAMPLES

EXAMPLE 1

CD34" cell enrichment

Umbilical cord blood was collected from full-term deliveries at Barwon Health,
Geelong Hospital and St. John of God Hospital Geelong, Australia, under approval
from Barwon Health Human Research Ethics Committee (97/14 and SJOG 139) and
Deakin University Human Research Ethic Committee (EC 72-2009), with all
participants providing written informed consent.

Within 24 hours of collection, mononuclear cells were obtained by Ficoll-paque Plus
(GE Healthcare) density gradient centrifugation, followed by CD34" cell enrichment
using direct antibody-labelled magnetic bead kit and dual columns (Miltenyi Biotec).
A cell aliquot was used for flow cytometric analysis, and the remainder cryopreserved
in Recovery Freezing Media (Invitrogen).

To determine the effect of culture conditions on HSC, cord blood units were enriched
for CD34" cells, with a minimum of 280% CD34" purity and viability for expansion
studies. Changes in cultured hematopoietic cell populations were assessed in three
ways: 1) phenotypically, by flow cytometry of surface markers; 2) functionally, with
CFU assays; and 3) genomically, by real-time PCR (FIGURE 4). Purity or
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clonogenicity of target populations post-culture, fold expansion in target population

numbers, and relative gene expression were used as end-points (FIGURE 5).

EXx vivo expansion

Cryopreserved cells were thawed at 37°C, transferred drop-wise to 10x volume of
Stemline || media (Sigma Aldrich), centrifuged at 400 rcf for 10 minutes at room
temperature, and resuspended in Dulbecco’s Phosphate-Buffered Saline (D-PBS,
Invitrogen) for manual viability cell counts with Trypan Blue stain (Sigma Aldrich).

CD34" enriched cells were cultured in tissue culture wells (Interpath) coated with 10
pug/ml RetroNectin (recombinant human fibronectin fragment, Scientifix), and seeded
at 0.5x10* viable cells per 1.1 ¢cm? in 1 ml Stemline Il media. Media was
supplemented with human recombinant growth factors (Millipore): Thrombopoietin (T,
50 ng/ml) £ Stem Cell Factor (S, 50 ng/ml) £ Flt-3 Ligand (F, 80 ng/ml)  Interleukin-6
(I, 100 ng/ml) (T, TS, TSF, TSFI), compared to Thrombopoietin + Stem Cell Factor +
Granulocyte Colony-Stimulating Factor (TSG) (each 100 ng/ml, Stemline I
manufacturer's recommendations). Cells were cultured in physiologically-relevant
oxygen levels consistent with peripheral blood (10%, ~75 mmHg), cord blood (5%,
~38 mmHg), and bone marrow (2.5%, ~19 mmHg) (Galaxy R* incubators, HD
Scientific) and compared to ambient oxygen levels (20%, ~150 mmHg) (Heraeus
incubator, Kl Scientific), giving a total of 20 separate conditions.

For single-step expansion cells were cultured for 8 days before harvesting, and for
serial expansion cells were reseeded at 2x10* then 3x10* viable cells per 1.1 cm?
after 1 and 2 weeks of culture, respectively. Cells were harvested by pipetting and D-
PBS washes, followed by viability counts with Trypan Blue stain.

Enriched CD34" cells were cultured with the step-wise addition of growth factors T,
TS, TSF, TSFI, and compared to TSG — recommended by manufacturers of FDA-
approved HSC expansion media, Stemline Il — and for all combinations, cells were
cultured in physiologically-relevant oxygen levels of 2.5%, 5% and 10%, and ambient
(20%).
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Target population purity was determined phenotypically by flow cytometry. Within this
study, the average pre-culture value for 7AAD viability was 85+5%, and purity for
CD45+CD34+, CD133+, and CD34+CD38-- were 81+5%, 61+8% and 2.8+0.1%,
respectively (data not shown). For post-culture populations, viability across oxygen
groups was considerably lower with thrombopoietin alone (T, 60+6%) compared to all
other growth factor combinations (>81+3%, p<0.01) (FIGURE 1). The purity of
CD45+CD34+ was 24+2%, and of CD34+CD38-- cells 2.2+0.4%. However,
insufficient cells from the T alone condition were available for further analysis.
Addition of stem cell factor (S) resulted in no change in CD45+CD34+ purity, but
increased the percentage of CD34+CD38-- (4.8+0.6%, p<0.01) to higher than pre-
culture levels. No significant difference in purity was observed by the addition of FIt-3
ligand (F). Addition of Interleukin-6 (I) had no effect on CD133+ purity (12+1%), but
resulted in a loss of purity of CD45+CD34+ and CD34+CD38--cells compared to TS
or TSF. Purity of all target populations was lowest with TSG (p<0.01). Interestingly, an
oxygen effect was observed, with 20% oxygen resulting in the greatest purity across
all target populations (p<0.01) (FIGURE 1).

Examination of fold expansion showed increased numbers of viable cells in 5% and
10% oxygen, and the lowest expansion when cultured in ambient (20%) oxygen. Fold
expansion of CFU-GM was also enhanced in 5% oxygen, and expansion of total
blast/colony-forming units was enhanced in 5% and 10% oxygen. Additionally, the
intermediate level of fold expansion observed in 2.5% oxygen in this study is

consistent with both in vivo and in vitro data.

Phenotypic analysis by flow cytometry

Target cell purity was determined pre- and post-culture by flow cytometry
(FACSCalibur, Becton Dickinson) with: CD45-FITC + CD34-PE + 7AAD, CD34-FITC
+ CD133-PE + 7AAD and CD38-FITC + CD34-PE + 7AAD for HSC, HPC and
multipotent cells (CD133-PE Miltenyi Biotec); and CD61-FITC + CD34-PE + 7AAD,
CD11b-FITC + CD14-PE + 7AAD, CD3-FITC + CD19 + 7AAD (CD11b-FITC
Beckman Coulter; others BD Biosciences) for lineage committed cells (FIGURE 4).
Viable CD45°CD34" populations were determined using the Miltenyi Biotec modified
ISHAGE protocol, and CD34*'CD38 gates were determined according to published
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recommendations. CD34" enriched samples used for expansion experiments had
greater than 80% 7AAD viability and CD34" purity.

Functional Analysis by colony-forming unit (CFU) assay

Pre- and post-culture cells were seeded in ‘Complete’ methylcellulose medium with
recombinant cytokines (H4434; STEMCELL Technologies), and incubated for 14
days for enumeration of blast forming unit-erythrocyte (BFU-E), colony-forming unit-
granulocyte/macrophage (CFU-GM), colony-forming unit-
granulocyte/erythrocyte/monocyte/macrophage cells (CFU-GEMM), and total

blast/colony-forming units, as per manufacturer’s instructions (FIGURE 4).

Clonogenicity was determined by number of colony-forming units per 1,000 cells. Pre-
culture values for BFU-E and CFU-GM were 7115 and 7415, CFU-GEMM 13+2 and
total blast/colony-forming units 15815 per 1,000 cells (data not shown). Post-culture
assessment showed TS resulted in the highest number of BFU-E, CFU-GM, CFU-
GEMM and total blast/colony-forming units (445, 313, 4.8+0.5, and 8016 colonies
per 1,000 cells). TSF resulted in lower clonogenicity of BFU-E, CFU-GEMM and total
blast/colony-forming units, which was further reduced with TSFI for BFU-E and total
blast/colony-forming units. Culture with TSG resulted in values equivalent to TSFI for
BFU-E and total blast/colony-forming units, but an even lower number of CFU-GEMM
(p=0.01) (FIGURE 1).

Across all populations, greatest post-culture purity and clonogenicity was obtained
with TS = F. Of particular interest is the increase in purity of CD34+CD38-- cells with
TS, to higher than pre-culture levels. Both phenotypically and functionally, target
populations were the least pure in the presence of TSG. Additionally, an oxygen
effect was observed, with target population purity enhanced at ambient levels, but not
in clonogenicity.

RNA, cDNA and Real Time-PCR

Pre- and post-culture samples were stored in Trizol (Invitrogen) until RNA isolation

using an RNAspin mini RNA Isolation Kit (lllustra), and quantification using the
NanoDrop Spectrophotometer (Thermo Scientific).  Reverse transcription was
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performed with Superscript Ill First Strand Synthesis kit (Invitrogen) using random
hexamers. Real-time PCR was performed using 7500 FAST Real time PCR System
(Applied Biosystems). SybrGreen PCR Master Mix (Applied Biosystems) was used for
primer pairs corresponding to HoxB4 (Forward: 5-CCTGGATGCGCAAAGTTCA-3' —
SEQ ID: 7, Reverse: 5-GCTTGGGCTCCCCGC-3' — SEQ ID: 8) and Nf-ya (Forward:
5-GATGGTCATGATGGTTCCTG-3’ — SEQ ID: 9, Reverse: 5'-
GGTATTGTTTGGCATTCACG-3' — SEQ ID: 10) (Sigma Genosys). Tagman PCR
Master Mix (Applied Biosystems) was used for CD34 pre-optimised Gene Expression
Assay (Hs00156373_m1; Applied Biosystems), and for house-keeping genes Beta
Actin (Forward: 5-GACAGGATGCAGAAGGAGATTACT-3' — SEQ ID: 11, Reverse:
5-TGATCCACATCTGCTGGAAGG-3' - SEQ ID: 12, Probe: fam-
ATCATTGCTCCTCCTGAGCGCAAGTACTC-tamra — SEQ ID: 13) and GAPDH
(Forward: 5-CCACATCGCTCAGACACCAT-3' — SEQ ID: 14, Reverse: 5'-
CCAGGCGCCCAATACG-3 - SEQ ID: 15, Probe: fam-
AAGGTGAAGGTCGGAGTCAACGGATTTG-tamra — SEQ ID: 16) (Sigma Genosys).

At each time point, gene expression levels were quantified relative to the average of
both house-keeping genes (FIGURE 5). Gene expression during serial expansion
was determined relative to TSFI in 10% oxygen. Results are presented as the mean *
standard error. One-way ANOVA with Tukey’'s comparison was performed utilising

software program Minitab (version 15), with a significance level of p<0.05.
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Purity and Fold Expansion Determination

Cells assessments were performed pre- and post-culture for single-step expansion,
and weekly during serial expansion. Pre- and post-culture target population purity
and colony-forming unit clonogenicity were used to determine the overall change in

cell population proportions (FIGURE 5).

Fold expansion reflected the increase in target cell numbers following culture. At
each time point, the viable cell number is multiplied by the purity or clonogenicity of
specific target populations, thereby giving the target cell number at each time point.
These numbers are compared pre- and post-culture to determine the fold expansion
of these target cell populations. Cumulative fold expansion indicates the fold

expansion of target population numbers over successive weeks.
Results are presented as the mean + standard error. Two-way ANOVA using General
linear model statistical analysis was performed with Tukey’s pairwise comparison,

with a significance level of p<0.05.

Clinically valid enhanced fold expansion of HSC, HPC and multipotent cells

Of primary clinical interest is the fold expansion of cell populations, which represent
the increase in transplantable cell dose. Thrombopoietin (T) alone was insufficient to
ensure clinically valid expansion, with only a doubling of viable cell numbers
(2.0£0.3), no change in CD45+CD34+ cell numbers, and only a doubling in
CD34+CD38-- cell numbers (2.61+0.8) (FIGURE 2). There were insufficient cells for
analysis of CD133+ cells, or CFU assays. Addition of stem cell factor (S) increased
expansion of viable cells to 254 fold, with a corresponding increase in all target
populations. Minimal enhancement was observed with the addition of FIt-3 ligand (F).
However, inclusion of interleukin-6 (1) in the culture media greatly enhanced fold
expansion of viable cells (9947 fold) and all target populations (p<0.01) (FIGURE 2).
Specifically, CD45+CD34+, CD133+, and CD34+CD38-- cell numbers were expanded
2113, 1912, and 78+10 fold, respectively. TSG resulted in similar fold expansion of
viable cells, but not target HSC and HPC populations; indicative of a greater degree
of differentiation, primarily down the granulocytic lineage (data not shown). A modest
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oxygen effect was observed for the viable cell fold expansion, with overall

enhancement in 5% and 10% oxygen, and lowest in 20% oxygen (p<0.04).

Fold expansion of multipotent cells was determined functionally using CFU assays.
There was no effect of growth factor combination or oxygen level on fold expansion of
BFU-E (18+1.2 fold) (FIGURE 2). However, TSFI greatly enhanced expansion of
CFU-GM and total blast/colony-forming units (27+3 and 22+3 fold) compared to all
growth factor combinations, and enhanced expansion of CFU-GEMM (1713)
compared to TSG (71, p<0.01). In addition, 5% oxygen enhanced fold expansion of
CFU-GM (<0.02), and culture in 5% and 10% oxygen enhanced expansion of total
blast/colony-forming units, while 20% oxygen resulted in lower fold expansion for both
of these colony types (p<0.01). In contrast to purity data, the results from both
phenotypic and functional analysis of fold expansion indicate that TSFI results in
optimal expansion of HSC, HPC and multipotent cells, with the optimal oxygen levels
being 5% and 10%.

Consistent enhanced expansion validated across multiple cord blood units

To determine the clinical validity of optimised conditions, fold expansion was
assessed in 10 independent cord blood units, each cultured with TSFI in both 5% and
10% oxygen. Mean values for all populations were consistent with data presented in
FIGURES 1 and 2, with 87+13 fold expansion of viable cells, 1913, 1715 and 73115
fold expansion of CD45+CD34+, CD133+, and CD34+CD38-- cells, respectively.
Mean expansion of clonogenic populations (BFU-E, CFU-GM, CFU-GEMM, total
blast/colony-forming units) were between 2515 to 3616 (TABLE 1). Although a range
of values were seen across target populations, optimised conditions of TSFI in 5%
and 10% oxygen resulted in expansion of all populations in all samples, thereby
demonstrating robust effects across multiple cord blood units (TABLE 1).
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Fold Expansion

Viable Viable
Viable Viable CFU- Total
cD45* CD34+ BFU-E CFU-GM
cells cD133* GEMM BFU/CFU
CD34* CD38"
Mean %
standard
87 +13 19 3 175 73115 25+5 36+6 30 +6 30 45
error of the
mean
Median 87 21 15 73 26 39 30 33
Range 17 - 148 7.1-36 3.5-36 22 -122 2.9-47 1.8 -61 1.4 -67 2.1-54

TABLE 1 shows the validation of cord blood ex vivo expansion with TSFI in 5% and
10% oxygen. Clinical validity of optimised conditions (TSFI in 5% and 10% oxygen)
was determined for multiple cord blood units. Fold expansion of target cell populations
was assessed both phenotypically and functionally. Growth factor combination
consisted of thrombopoietin (50 ng/ml), stem cell factor (50 ng/ml), Flt-3 ligand (80
ng/ml), and Interleukin-6 (100 ng/ml). N=10 independent cord blood units, each
performed in triplicate.

Serial expansion with enhanced cumulative HSC and progenitor fold expansion

Expansion conditions can result in exhaustion of HSC and a concomitant loss of long-
term repopulation potential. Serial expansion indirectly assesses this loss through
examination of cumulative fold expansion. The optimised conditions TSFI in 5% and
10% oxygen were compared to TSG in 20% oxygen.

Flow cytometric analysis showed TSG in 20% oxygen resulted in the greatest total
viable cell numbers after three weeks in culture; however, this occurred concurrently
with lower expansion of CD45+CD34+ (p<0.01) (FIGURE 3). In comparison, TSFI in
5% and 10% oxygen resulted in enhanced cumulative fold expansion of
CD45+CD34+ cells (p<0.01). In regards to the expansion of neutrophilic and
megakaryocytic precursors, TSG in 20% oxygen resulted in predominantly
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granulocytic differentiation, while TSFI in 5% and 10% oxygen resulted in enhanced
expansion of megakaryocytic cells (CD61+), and continued expansion of granulocytic
cells (CD11b+ CD14-, N=1 cord blood in triplicate, data not shown). At no point in
single-step or serial expansion were B cells (CD19+) or T cells (CD3+) detected,
thereby confirming low immunogenicity of expanded cells was maintained (data not

shown, N=4 cord blood, each in triplicate).

Functional assessment over 3 weeks of serial expansion showed TSG in 20% oxygen
resulted in low cumulative fold expansion of BFU-E which dropped below initial
expansion levels in week 3, with simultaneous complete exhaustion of CFU-GEMM.
In comparison, cumulative fold expansion was enhanced with TSFI in 5% oxygen
(CFU-GM and CFU-GEMM) and with TSFI in 10% oxygen (all blast and colony-
forming units, p<0.02). Notably, TSFI in 10% oxygen showed significantly enhanced
expansion of CFU-GM and total blast/colony-forming units when compared with both
5% TSFl and 20% TSG (p<0.01) (FIGURE 3).

In accordance with single-step and serial expansion findings, the relative gene
expression levels for hematopoietic stem and progenitor marker CD34, and for HSC
self-renewal associated genes HoxB4 and Nf-ya were highest with TSFI in 10%
oxygen, and higher with TSFI in 5% and 10% oxygen than TSG 20% oxygen
(p=<0.01), indicative of a greater proportion of CD34+ cells and self-renewing HSC
present throughout the culture period (FIGURE 3). In summary, analysis of all target
populations and relative gene expression levels indicate that TSFI in 10% oxygen
results in the greatest cumulative fold expansion and proportion of HSC, HPC and
multipotent cells, with a reduced likelihood of HSC and HPC exhaustion.

EXAMPLE 2

Long-term Cultures

CD34+ hematopoietic progenitor cells were derived from human umbilical cord blood,
isolated using magnetic anti-hnuman CD34+ beads (Miltenyi Biotec). All culture
conditions were seeded with 1 - 2x10* cells in Stemline medium (Millipore) containing
growth factors and other additives as in EXAMPLE 1. Cultures were performed in
triplicate of each culture condition. Accordingly, each culture condition used three
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culture wells, each seeded with 1 — 2x10* CD34" cells in 1 ml of medium. All
experiments were performed independently on at least three different cord blood
samples. Cells were cultured in the presence of 2%, 5%, 10% or 20% (atmospheric)
oxygen tensions in a low oxygen incubator. Oxygen tensions were monitored

regularly through the culture period

After 8 days of culture, all cells were harvested from all culture wells, counted, and
surface antigen stained. Antibodies used for surface phenotype determination include
anti-CD34 (BD Biosciences), anti-CD133 (Miltenyi Biotec), anti-CD38 (BD
Biosciences and anti-CD45 (BD Biosciences) antibodies to evaluate progenitor cell
distributions. Cell viability was assessed by staining with 7AAD. Flow cytometry
analysis of the cells was performed using multi-parameter FACScan flow cytometry
analysis and according to the methods described in EXAMPLE 1. Cells were gated
according to size (forward and side scatter) and viability (7ZAAD-). Appropriate
controls included matched isotype antibodies to establish positive and negative
quadrants, as well as appropriate single colour stains to establish compensation. For
each sample, at least 10,000 list mode events were collected.

Colony-formation Assays

To determine whether HPCs retain the ability to produce myeloid and erythroid
colonies, methylcellulose assays were performed as follows. Cells were added at
1x10%ml to 3.0 ml of methylcellulose medium with cytokines (IL-3 20 ng/ml; GMCSF
30 ng/ml; erythropoietin 3 IU/ml; stem cell factor 50 ng/ml; all Stem Cell Technologies,
Vancouver) plus 0.5 ml of DMEM (2% FCS, 10 IV/ml penicillin, 10 ug/ml streptomycin,
1 mM L-glutamine). 1 ml of this mixture was added to a scored Petri dish using a
syringe and a blunt needle to avoid bubbles. Triplicate assays were performed for
each condition. The Petri dishes were then placed in an incubator with 5% CO, at 37°
C. for 10 — 14 days. After 10 — 14 days, the number of colonies were determined by
manual counting. Positive colonies were scored on the basis of an accumulation of
40 or more cells. Erythroid colonies were scored after 14 — 21 days on the basis of a
gold-brown pigment, demonstrating hemoglobin, whereas myeloid colonies were
identified by their predominantly transparent appearance. Mixed colonies were
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defined as colonies containing myeloid cells, erythroid cells and megakaryocyte

precursors.

EXAMPLE 3

Optimisation of culture conditions

Cells from 10 different umbilical cord blood samples were cultured for 8 days in the
presence of different combinations of growth factors, consisting of Thrombopoietin, 50
ng/ml, FIt-3 ligand 80 ng/ml, Interleukin-6, 100 ng/ml, Stem cell factor (SCF), 50
ng/ml, and G-CSF 100 ng/ml in the presence of 2%, 5%, 10% or 20% oxygen
(FIGURE 1). In all samples tested, the combination of Thrombopoietin, FIt-3 ligand,
SCF and Interleuki-6 (TFSI) in either 5% or 10% O, gave the greatest total expansion
of CD34+CD45+ hematopoietic cells, averaging a 30 fold increase (compared to the
pre-culture values) (FIGURE 6). This was even more evident in the colony assays
(FIGURE 7).

It has been demonstrated that the cellular variability between cord blood units can
impact on expansion capability. The optimised ex vivo expansion conditions as
described above were tested to confirm consistency using ten independent cord blood
units. It was found that in those expanded with TSFI in both 5% and 10% oxygen, all
target populations in every cord blood sample underwent expansion. As the average
banked cord blood unit contains only sufficient cells for transplantation into recipients
weighing <40kg (Kogler G., et al, 1998), fold expansion values of >3 are the
preferred minimal target for clinical applicability.  The optimised conditions
demonstrated that this could be achieved in 9 out of 10 samples, with the remaining
cord blood unit showing reasonable expansion by phenotypic assessment (3.5 to 22
fold) and 1.4 to 2.9 fold expansion by functional assays. Consistent achievement of
higher expansion values enable protocols in which partial cord blood volumes are
expanded, allowing for possible transplantation of both unmanipulated and expanded
cells from the same cord blood unit, thereby maximising the likelihood of long-term

engraftment with minimal reconstitutional delay and no increase in GvHD.

The long-term repopulation potential utilising the optimised culture conditions were
assessed and it was determined that the optimised conditions of TSFI in 5% and 10%
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oxygen resulted in significantly higher cumulative fold expansion in all target cell and
colony populations, compared to TSG (Thrombopoietin (T) + Stem Cell Factor (S) +
Granulocyte Colony-Stimulating Factor (G)) in 20% oxygen. Moreover, TSFI in 10%
oxygen showed enhanced and continual expansion of CD45'CD34" cells, CFU-GM,
CFU-GEMM and total blast/colony-forming units, thereby demonstrating greater
maintenance and expansion of hematopoietic stem and progenitor cells over time. In
comparison, TSG in 20% oxygen resulted in differentiation, and exhaustion of CFU-
GEMM, indicating a loss of self-renewing HSC. It was found in using the optimised
culture conditions as described above that the relative expression levels of clinically
relevant gene CD34" and self-renewal associated genes HoxB4 and Nf-ya (Sharma,
S., etal, 2006; Zhu J., et al., 2005; Stein M. |., et al., 2004) were highest with TSFI in
10% oxygen, and higher in 5% and 10% TSFI compared to TSG in 20% throughout

serial expansion.

EXAMPLE 4
Effect of Ficolins
Taking the best method from Example 3 (TFSI in 5% or 10% O,), the effect of adding

ficolins-1, ficolin-2, or ficolin-3 to the culture media at either 50 ng/ml, 100 ng/ml or

200 ng/ml in the presence of TFSI growth factors was examined. For all ficolins, the
addition of 200 ng/ml did not prove significantly beneficial in any of the experiments
(data not shown). Ficolin-1 induced a consistent increase in total cell numbers, as
well as CD34+ cells, CD34+CD133+ and CD34+CD38- cells, at both 50 ng/ml and
100 ng/ml, most notably at 10% O..(FIGURE 8). This enhanced expansion was also
reflected in increased colony forming units (FIGURE 9). Despite the less marked
effects of ficolin-1 on phenotypic expansion at 5% O, (FIGURE 10), this culture
condition was most effective at expanding colony forming units, with a greater than 3-
fold increase in total colonies seen at 100 ng/ml in 5% Oz, compared to TFSI alone
(FIGURE 11).

The effects of ficolin-2 on phenotype were minimal at 10% O, (FIGURE 6), but more
marked at 5% O, (FIGURE 10). Again, the expansion measured by phenotype
underestimated the degree of expansion of colony forming cells at both oxygen
concentrations (FIGURE 9, FIGURE 11). This discrepancy is even more marked with
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ficolin-3, where there was no evidence of expansion of phenotypically defined HSC'’s
at either oxygen concentration (FIGURE 8, FIGURE 10), but clear expansion of
colony forming cells, particularly at 100 ng/ml (FIGURE 9, FIGURE 11).

Of particular note in all experiments is the maintenance of the most primitive class of
colony forming cells, CFU-GEMM, in the presence, but not in the absence, of ficolins
(FIGURE 9, FIGURE 11), indicating that these agents selectively preserve primitive
HSC populations.

It is to be understood that various other modifications and/or alterations may be made
without departing from the spirit of the present invention as outlined herein.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of extending ex vivo viability of a HPC and/or HSC population, or
culturing or expanding a HPC and/or HSC population said method comprising
culturing the HPC and/or HSC population in the presence of at least one of ficolin-1,

ficolin-2, ficolin-3, or fragments or functional equivalents thereof.

2. The method according to claim 1, wherein renewal capacity and/or
pluripotency of the HPC and/or HSC is maintained or increased.

3. The method according to claim 1 or claim 2, wherein the HSC and/or HPC are
further cultured in an environment wherein a concentration of oxygen is less than a

normal ambient oxygen concentration.

4. The method according to any one of claims 1 — 3, wherein the HSC and/or
HPC are cultured in the presence of at least one of ficolin-1, ficolin-2, ficolin-3, and
fragments or functional equivalents thereof at a concentration of in the range of

approximately 50 ng/ml - 200 ng/ml.

5. The method according to claim 4, wherein the HSC and/or HPC are cultured in
the presence of ficolin-1 or fragments or functional equivalents thereof.

6. The method according to any one of claims 3 — 5, wherein the concentration of
oxygen is less than approximately 20%.

7. The method according to any one of claims 3 — 6, wherein the concentration of
oxygen is less then approximately 12%.

8. The method according to any one of claims 3 — 7, wherein the concentration of

oxygen is between approximately of 5% - 10%.

9. The method according to any one of claims 3 — 8, wherein the concentration of

oxygen is approximately 5%.
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10.  The method according to any one of claims 1 — 9, wherein the HSC and/or
HPC are cultured in the presence of growth factors selected from the group
comprising interleukins 3, 6 and 11, stem cell factor, stem cell ligand, FLT-3 ligand,

and thrombopoietin.

11.  The method according to any one of claims 1 — 10, wherein the HSC and/or
HPC are cultured in the presence of growth factors thrombopoietin, stem cell factor,
FIt-3 ligand and interleukin 6.

12.  The method according to claims 10 or claim 11, wherein the growth factors are
provided at a concentration of about 50 ng/mL — 100 ng/mL.

13.  The method according to claim 11 wherein thrombopoietin is provided at about
50 ng/mL, stem cell factor is provided at about 50 ng/mL, Flt-3 ligand is provided at
about 80ng/mL and interleukin 6 is provided at about 100 ng/mL

14.  The method according to any one of claims 1 — 13, wherein the HPC are
cultured to increase the number of HPC relative to the initial number of HPCs to

produce a second amount of HPCs.

15.  The method according to claim 14, wherein the second amount of HPC are
isolated and further cultured in a separate culture medium.

16. The method according to claim 15, wherein the separate culture medium
comprises a growth factor selected from the group comprising interleukins 3, 6 and
11, stem cell factor, stem cell ligand, FLT-3 ligand, and thrombopoietin that promotes
HPC maintenance, expansion and/or differentiation, to produce differentiated cells of

hematopoietic origin.

17.  The method according to claim 16, wherein the medium includes inoculated

stromal cells and/or is a stromal cell conditioned medium.
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18.  The method according to any one of claims 1 to 17, wherein the HPC are
cultured for a period of 6 — 8 weeks prior to expansion and/or differentiation of HPC
and/or HSC.

19.  The method according to any one of claims 1 — 18, wherein the HSC are
obtained from blood products selected from the group comprising unfractionated bone
marrow, umbilical cord, peripheral blood, liver, thymus, lymph and spleen. .

20. A medium for extending in vitro viability of HSC and/or HPC in culture including
hematopoietic growth factors selected from the group comprising interleukins 3, 6 and
11, stem cell factor, stem cell ligand, FLT-3 ligand, and thrombopoietin and at least
one agent to enhance the self-renewal and/or inhibits the differentiation of HSC or
HPC.

21.  The medium according to claim 20, wherein the agent is selected from the
group consisting of ficolin-1, ficolin-2, ficolin-3, and fragments or functional

equivalents thereof.

22. The medium according to claim 21, wherein the ficolin-1, ficolin-2, ficolin-3, or
fragments or functional equivalents thereof are present at a concentration in the range

of approximately 50 ng/ml - 200 ng/ml

23.  The medium according to claim 22, wherein the at least one agent is ficolin-1

or a fragment or functional equivalent thereof.

24. A population of cells derived from HSC and/or HPC when cultured according to

the method of any one of claims 1 — 19.

25. A population of cells derived from HSC and/or HPC when cultured using the

medium of any one of claims 20 — 23.
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26.  The population of cells derived from HSC and/or HPC when cultured using the
culture medium of any one of claims 20 — 23 and when used according to the method
of any one of claims 1 — 19.

27.  The population of cells derived from HSC and/or HPC according to any one of

claims 24 — 26 wherein the derived cells are expanded HSC and/or HPC cells

28.  The population of cells derived from HSC and/or HPC according to any one of
claims 24 — 26 wherein the cells are CD34+ cells, CD34+CD133+ and CD34+CD38-
cells.

29 The population of cells according to any one of claims 24 — 28 wherein the
cells can be formulated for clinical haemopoietic stem cell transplantation, or for
augmentation of haemopoietic function in a subject in need thereof.

30. The population of cells according to claim 29, wherein the subject is a human.
31. A method of treating a condition associated with an absence of haemopoietic
function, comprising administering to a subject in need thereof a therapeutically
effective amount of a population of cells according to any one of claims 24 — 28.

32.  The method of claim 31, wherein the subject is a mammal.

33. The method of claim 32, wherein the mammal is a human.

34. The method according to claim 1, substantially as hereinbefore described with
reference to any of the examples and/or figures.

35. The medium according to claim 20, substantially as hereinbefore described

with reference to any of the examples and/or figures.



