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“CULTURE FOR EXPANDING STEM CELLS EX-VIVO”
DESCRIPTION

The present invention relates to-.a culture including
an expansion medium and a cytokine composition con-
sisting of i) dinterleukin-6 (ILé); 1i) £flt3-ligand
(FLT3); iii) stem cell factor (scé) and iv) throm-
bopoietin (TPO), its use for expanding ex vivo stem
cells and/or parental cells and cellé differentiated
therefrom and the use of said cells obtainable from
said expansion.

It’is known that stem cells' and/or parental cells po-
tentially have revolutionary applications in the field
of the regenerative medicine and in other fields of
medicine and biology. Amongst the application examples
known in the art, the most studied and defined at a
clinical 1level is the bone marrow transplantation,
even 1if there are other kinds of therapies as the
transplantation of mesenchymal stem cells in the de-
generated joints.

A problem arising from the application of stem cells
and/or parental cells is‘xepréseﬁted by the reduced
humber of available cells at the time of the applica-
tion. There are protocols known in the art for in-
creasing the number of said stem and/or parental

cells. The increase of stem and/or parental cells oc-
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curs through the division of a mother stem cell in at
least two daughter cells. An example .of a protocol
known in the art for increasing the number of stem
cells is the use of a feeder layer. However, said pro-
tocols present a second problem, as they are not able
to maintain the maturation state in the daughter stem
cells gimilar to the maturation state of the mother
stem cell. Maturation state means, in the context of
the present invention, the total genotype and/or phe-
notype state of a cell.

A parameter used in the context of the present appli-
cation for measuring the maturation of cells resulting
from one or more division stebs is the probability of
self-maintenance (or Psm). The Psm value can be repre-

sented from the following formula:

Number of daughter cells similar in genotype and phenotype properties
to a mother stem cell resulting from an expansion and/or
Psm = differentiation of the same mother stem cell

Number of total cells resulting from an expansion and/or
differentiation of a mother stem cell

Psm can vary‘between 0 and 1 and its value depends on
multiple £factors, among which the number of daughter
cells,:the kind of division and the number of. division
steps.

For example, 'if only one of the daughter cells retains

the maturation étate of the mother stem cell in a 8in-

PCT/IB2008/001798
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gle division step, the Psm for the sinéle step is 0.5.
In the context of the present invention, the Psm value.
can be applied to a division.of a single cell or as an
avérage of the division of a plurality of cells, keep-
ing into account only stem and/or parental cells, and
not, for exampie; cells more differentiated and with—

out regenerative power which can result therefrom.

It is known in the art that the expansion of stem

and/or‘parental cells involves, besides their expan-
sion, a differentiation of the stem cells in differen-
tiated cells. In the context of the present invention,
differentiation means that a daughter cell has differ- .
ent genotype‘and phénotype properties with respect to
the mother cell and therefore it lowers the resulting
Psm value.

In the context of the present invention, all methods:
known in the art for quantifying the maturation of the
cells are applicable. The method to be applied mainly
depends on the type of stem cell to be'expanded. A
preferred method .is that of flow cytometry, such as
for example Beckton—Dickinson FACS. An example of said
method is the one of measuring the maturation state of
haematopoietic stem cells, in which the preéence of
the marker proteins CD34*CD133*CD45"" on the céils’is

measured.

PCT/IB2008/001798
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Some protocols have been proposed in the art, in which
there is described the expansion of stem cells in a
growth or division step of the mother cells, with a
Psm equal to 0.5. This means that for’each division
step of the stem cells, a daughter cell retains the
same maturation'state of the mother stem cell, ‘but the

other one ig differentiated. Said protocols, however,

" do not meet the demanded requirements since the proto-

cols allow to expand'thé stem cells with a Psm of 0.5
only for one or two generations. After the first or
second division.Astep, the Psm wvalue 1s drastically
lowered. By ‘“generations”, in the context of the pre-
sent invention, it is meant the number of division
steps of at least one mother stem cell. Therefore}
said protocols do not give satisfactor& results, as
the Psm only lowers after two generations and conse-
gquently the total increase of stem and/or mother cells
is relatively low and the total growth is not exponen-
tial.

An example in which the problems above mentioned con-
cerning the application of stem and/or mother cells
are well pointed out is inlthe transplantation  of
haematopoietic stem cells and/or mother cellsg from um-
bilical cord blood. The umbilical cord blecod is al-

logenic or autologous and rich in haematopoietic stem
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cells. Haematopoietic stem cells are used in the “bone
marrow transplantation” of humans with an ablated or
reduced haematopoietic gystem because of pathologies

or therapies consequent to some pathologies. The re-

duced number of haematopoietic etem cells + and/or

mother cells which can be used determines a consequent
problem of reduced effectiveness: this is known in the
art and proved by the fact that the bone marrow trans-
plantations from umbilical cord blood are mainly per-
formed on patients of a reduced weight. A second prob-
lem is the maturation state of the cells: ﬁaematopoij
etic stem/parental cells are at an immature state in
the umbilical cord blood and ﬁhis-allowe the post-
transplantation rooting within the bone marrow. With-
out said rooting in the bone marrow, there is an unde-
sired immune vulnerability in the patients. The prob-

lem is that the number of stem cells with the desired

maturity for the rooting is too low for the patient

requirement. Therefore, it is necessary to maintain
the similar‘haturation state ih the expanded haemato--
poietic stem/parental'cells, so as'to allow to said
expanded cells to rapidly take root in the bone maerw
and start to play'their protective}rele in a sho?t

time.

The‘Applicant has surprisingly found that the solution

PCT/IB2008/001798
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to the problems above mentioned includes the use of a
combination of cytokines existing in a culture includ-.
ing an expansion medium.
Aim of the present invention is a combination of cyto-
kines existing in a culture including.an expansion me-
dium. Said combination of cytokines consists of:

i) interleukin-6 (IL6)

ii) flt3-ligand (FLT3)

iii) stem cell factor (SCF)

iv) thrombopoietin (TPO)
Said culture, including the combination of cytokines
and the growth medium for growing or maintaining vi-

able stem and/or parental cells, includes in its defi-

nition industrial scale bioreactors.

In the context of the present invention, by “stem

cells” it is meant cells having the following fea-

tures:

e they are highly immature or non differentiated,

e they are capable of proliferation and at the same
time self-maintenance or self-renewal, and

* they are capable of generating daughter cells of the
same or a different kind.

Stem cells are mammalian totipotent, pluripotent or
multipotent cells known in the art. Totipotent stem

cells are cells capable of renewing and capable of

PCT/IB2008/001798
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differentiating in cells of the three germ laYers, en-
dodermis, mesodermis and ectodermis, for finally form-
ing a whole new organism. Pluripotenthtem cells are
differentiated from totipotent cells and all retain
their abilities, except of beihg able to form, only
starting from pluripotent cells, a'complete organism.
Multipotent stem cells are stem cells which are able
to produce cells of a common or similar phylogeny,
such as for example haematopoietic stem cells which
form all the cells of the haematopoietic system or as
’mesenchymal stem cells which form stromal cells, be-
longing to bone and/or fat tissues.
Optionally, stem cells according to the invention do
not include totipotent stem cells resulting from a
Homo sapiens embryo.
Optionally, stem cells according to the invention do
not include stem cells resulting from a Homo sapiens
embryo. |
Within the definition of stem cells there are also in-,
cluded parental cells, namely cells capable of devel-
oping in a single kind of cell or in cells of a
closely related, such as for example lymphoid cells
and plasma cells or endothélia} cells, which retain
the ability of renéwing themselves. An example of a

parental cell is the satellite cell, which is able to
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melt and increase the total mass of cells belonging to
a muscle. |

The growth medium existing in the culture according to
the invention can be any medium known in the art capa-
ble of providing the essential nutrients to cells, in
such a way that they can expand. Preferably, the
growth medium does not include other factors bgsides
those above listed and then reported in Table 1, known
in the art for having a stimulating effect on the
growth of stem cells.

An advantage of the combination of cytokines existing
in a culture including an expansion medium according
to the invention resides in its simplicity and in that
other factors, possibly responsible of the change of
the maturatibn state, are not present. Said advantage
is well pointed out when compared to growth media
known in the art, such as for example a feeder layer/
in which there’is a contamination with other “foreign”
cells, wherein there is not reproducibility and conse-
quently the expansion is not a standardized process
and stem cells are stimulated to differentiate them-
selves in myeloid cells.

In a preferred embodiment, thHe growth medium is lig-
uid. An example of a medium known in the art is Cell

Gro SCGM (CellGenix, Freiburg, Germany) or its deriva-
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tives. In preferred embodiments, cytokines are present
in said growth medium at the concentrations as reF
ported in Table 1:

Table 1: Concentrations of cytokines according to the

invention existing in the liguid growth medium

Cytokine according Cytokine concentration in a
to the invention liquid growth medium (ng/ml)
Interleukin-6 (IL6) 1-20, preferably 5-15, still

more preferably 9-11

flt3-ligand (FLT3) 20-80, preferably 35-65,

still more preferably 49-51

Stem cell factor (SCF) 20-80, preferably 35-65,

still more preferably 49-51

‘thrombopoietin (TPO) 1-20, preferably 5-15, still

)

more preferably 9-11

In a preferred embodiment, the growth medium according
to the invention does not include any serum. The use
of a medium free of serum is aavantageoﬁs since it al-
lows to reduce the possibility of contaminations (con-
taminations with factors affecting the. maturation
state of the stem cells during the expansiqn) and/or
reduce the possibility of infections within the me-
dium.

Another aspect of the invention is a method for ex-

panding  stem cells in which there is at least a step
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in which stem cells are contacted with the culture,
preferably mixed within the culture, according to the
invention as above described. Said method is carried

out ex vivo and with equipments known in the art for

preparing cell populations in cultures.

Said step for expanding the cells according to the in-
vention.jpreferably' has a Psm value equal or higher
than 0.4, and preferably equal or higher than 0.5 for
at least 3 generations of stem cells, preferably at
least 5 generatibns, more preferably 8 generations,
more preferably 10 generations, more preferably 12
generations, more preferably 15 generations, more
preferably 18 generations, still more preferably 20
generations. The Psm can preferably be equal or higher
than 0.4, preferably equal or higher than 0.5 for 50
generations. |

Alternatively, said cell expansion can be defined with
the fold expansion parameter. The method can prefera-
bly expand stem cells at least 5 times, preferably at
least 10 times, more preferably at least ;5 times and
still more preferably 20 times the number of initial
cells in 2 weeks. Cells can expand themselves up to 60
times the number of initial cells in 2 weeks. When
there are included also differentiated cells, with or

without the resulting regenerative potentials, said

PCT/IB2008/001798



10

15

20

25

WO 2009/010841

-11-

method can preferably expand the cells from 180 to 650
times the number of initial cells in 2 weeks, prefera-
bly from 200 to 650 times the number of initial cells.
The analysis of the produced cell population is pexr-
formed with methods known in the art, such as counting
with the Burker chamber or preferably flow cytometry
as above mentioned. For the fold-expansion, the multi-
plication of the resulting population relative to the
initial one is measured.

In a preferred version, cells are expanded with an
haemato-angio chain, that is haematopoietic and endo-
thelial from a “mother” cell in common. Preferably,
cells expanded according to said embodiment are‘
CD34'133%45" (haematopoietic cells) and CD34'133%45"
(endothelial cells). Said cells can be selected with
any methods known in the art for selecting cells, such
as for example with the CliniMACS system, Miltenyi
Biotech, Bergisch Gladbach, Germany.

In an embodiment of the method according to the inven-

tion, the cell expansion using the culture according

'~ to the invention is not limited to a number of genera-

tions and can continue in an indefinite way. Said em-
bodiment of the method includes obvious alterations
for rendering the same more lasting, which are however

known to the skilled in the art, such as for example

PCT/IB2008/001798
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including steps of cell passages when one arrives to
the confluence and restore of the medium and the cyto-
kines. Said method can expand stem cells independently
from the number of generations, preferably with a’Psm
equal or higher than 0.4, more preferably equal or
higher than 0.5.

In a still more preferred embodiment of the method ac-
cording to the invention, in said passage stem cells
are put in a culture according to the invention at a
céhcentration initially between 1000 cells/ml and
10000 cells/ml, preferably between 3500 cells/ml and
6500 cells/ml in a liquid growth medium, more prefera-
bly in a serum-free medium, sucﬁ. as Cell Gro SCGM
(CéllGenix, Freiburg, Germany) or its derivatives.
Said expansion has not maximum time limits .and the
length depends on the way the skilled in the art has
applied the ﬁethod. Preferably, the method lasts from
10 days to 60 days, more preferably from 12 to 30 days
and still more preferably from 13 to 24 days. During
said method, the concentrations of cytokines existing
in the culture accbrding to the invention are prefera-
bly returned in their starting concentration, as re-
ported in Table 1, at least twice a week.

Said method can preferably expand stem cells, prefera-

bly with a Psm equal or higher than 0.4, more prefera-

PCT/IB2008/001798
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bly equal or higher than 0.5 for at least 20 genera-
tions in 2 weeks, preferably from 26 to 60 generations
the number of iPitial cells in 2 weeks.’Alternatively,
cells are expanded with a fold expansion of 20 fold
from 26 to 60 times in two weeks. When also the re-
sulting differentiated cells are included, said method
can preferably expand the cells in at least 50 times
the number of initial cells in 2 weeks, preferably
from 180 to 650 times the initial cell number.

In preferred embodiments of said method, one works un-
der sterile conditions, such as for example with a
stéerile hood, and the population of cells obtainable
from said embodiment contains an endotoxins level un-
der the limit of 0.05 IU/ML (European Pharmacopoeia)
and does not show mycoplasma or bacterial mycotic con-
taminations.

Another advantage of the use of the culture according
to the invention or the methods as above mentioned is
that the resulting cells do not present altered karyo-
types and do not give rise to tumors when successively
implanted.

In an embodiment of the method, the resulting cells
are frozen after the expansion step.\Said step can use.
freezing methods of stem cells known in the art, such

as for example the introduction of the expanded cells

PCT/IB2008/001798
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in a solution containing 10% v/v of dimethyl sulfox-
ide, 70% v/v of autologous plasma (preferablyyirradi—
ated with 2500 rad) and 20% v/v of a commercially
avalilable medium and then freezing of the resulting
solution.

In other preferred embodiment of the method according
to the invention, the method of équnsion of the stem
cells can be incorporated in a method for preparing a
medicament as below described. The breparation of the
medicament can be carried out after, preferably imme-
diately after the expansion step of the cells. Alter-
natively, saild medicament can be produced after the
thawing of an aliquot of cells frozen as above de-
scribed. In the preparation-of the medicament it 1is
preferable to use cells which have been preventively
separated from the cytokines. All methods known in the
aft for separating cytokines are Contemplated, such as
for example the centrifugation in which the cytokines
remain in the supernatant and the cells within the
péllet.

According to anbther aspect, the present invention re-
lates to cells obtainable from the method according to
the invention and\their uses. Obtainable'éells include
stem "cells in a higher number and with a genotype

and/or phenotype profile equal to that of the parent

PCT/IB2008/001798
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cells. Said resulting cells are obtainable from a
process characterized by a number of Psm equal to or
higher than 0.4, preferably equal to of higher than
0.5, independently of the number of expanded genera-
tions, besides being characterized by the absence of
alterations of the karyotype and'the absence of tumors
in the resulting cells. In aavpreferred. embodiment,
said cells are present in a‘composition'together with
the cells differentiated therefrom and in a sufficient
quantity for allowing their application in therapeutic
processes as below mentioned.

In an embodiment of said aspect of the invention,'
cells are present in a frozen aliquot. Said aliquot
includes said cells obtainable according to the method
of the invention as above described and compositions
known in the art for maintaining viable the cells when
frozen, preferably those containing from 5 to 20% v/v
of dimethyl sulfoxide, for example a solution contain-
ing 10% v/v of dimethyl sulfoxide, 70% v/v of autolo-
gous plasma (preferably irradiated with 2500 raa) and
20% v/v of a commercially available medium.

Stem cells and resulting cells differentiated there-
from, directly obtained from the expansion method ac-
cording to the invention, can be used as medicaments.

Said medicaments can further include excipients and/or

PCT/IB2008/001798
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adjuvants and/or stabilizers and/or vehicles and can
be formulated according to methods known in the art.
The choice of such excipients and/or adjuvants and/or
stabilizers and/or vehicles in the composition varies
depending on the use, but it must maintain the suit-
ability of the cells obtainable according to the
method of the invention. The medicament can be in any
dosage form known in the art and preferably‘the me-
dicament is present in an injectiqn liquid. The me-

dicament can be administered by any way known in the

art, preferably parenterally, such as an injection.

In a preferréd empbodiment, said use as a medicament is
for the preparation of a medicament for the transplan-
tation of cells preferably belonging to the haemato-
poietic system and/or to the endothelial system, for
regrowing again the population of cells belonging to
the haematopoietic system and/or to the- endothelial
system at levels considered normal. Said application

can be directed to people suffering from a lack of

 cells belonging to the haematopoietic system. Said

lack can be due to the therapy of a pathology con-
nected with the existing cells, such as for example
due to a myelo- or lympho-ablative radiotherapy of a
patient suffering from leukemia. Alternatively, if the

cells belong to the endothelial system, said applica-

PCT/IB2008/001798
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tion can be directed to people suffering from vasculo-
pathies caused by acute or chronic diseases (for exam-
ple myocardium infarct or diabetic vasculopathy) .

The advantages of using said cells in the preparation
of such medicament is that cells are present in a sig-
nificantly greater number, therefore people of any
sizes can be treated and the rooting rate of cells to
the bone marrow is improved.

In another preferred embodiment, said use as a medica-
ment is for the preparation of a medicament for the
treatment of malignant pathologies, such as for exam-
ple acute or chronic leukemias or myelodisplastfc syn-
dromes, non malignant and congenital pathologies, such
as for example serious combined immunodeficiencies,
Wiskott-Aldrich syndrome, malignant osteoporosis, tha-
lagsaemia, Fanconi anemia, mucopolysaccharidoses and
acquired non-malignant pathologies, such as for exam-
ple serious aplastic anemia. Said medicaments can fur-
ther contain excipients and/or adjuvants and/or stabi-
lizers and/or vehicles and can be formulated according
to methods known in the art. The choice of such ex-
cipients and/or adjuvants and/or stabilizers and/or
vehicles in the composition varies depending on the
use, but it must retain the suitability of the célls

obtainable according to the meﬁhod of the invention.

PCT/IB2008/001798
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In another preferred embodiment, cells expanded ac-
cording to the method of the invention can bé used'in
a protocol of a gene tﬁerapy. By “gene therapy”, in
the context of the present invention, it is meant a
method of an ex vivo gene therapy, including the fol-
lowing stéps:

- withdrawing somatic cells from the concerned person'
- culturing said cells

- transfecting the cells with the gene of interest
during the culture, through a proper vector (for exam-
ple a viral vector),

- optionally, isolating and growing in a culture only
cells which have been transfected

- reintroducing the transfected cells in the body of
the subject.

Said steps can be performed by using common tecﬁniques
known in the art. |

The gene thérapy can be used for remedying to at least
an aberrant gene. trough the replacement or complemen-
tation with a wild-type gene(‘or fof introducing an
artificial gene for introducing a desired activity
bound to a protein or the corresponding gene within
the cellj

The use of a culture according to the invention for

expanding the cells before or durihg or after the cul-

PCT/IB2008/001798
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ture transfection, as above described, allows to im-
prove the effectiveness of the whole therapy. In a
still more preferred embodiment, the gene to be trané—
fected is introduced within the celi before the expan-
sion according-to the method of the invention or with
the culture according to the invention, in such a way
that only useful and desired cells are expanded.
Optionally, cells resulting from sald transfection can
then be used ex%vivo, for the preparation of a medica-
meﬁt to be used in a specific protocol of a gene ther-
apy. In another embodiment, the transfection intro-
duces genes which render the stem cells (and conse-
quently their descendants), when re-introduced in the
human body, resistant to treatments which could be
harmful for normal cells. An example known in the art
consists of the “Multi—drug resistance” (MDR) gene,
which allows treatments with toxic or harmful materi-
als for specific diseases in which iﬁ is not possible
to define the treatment of the cells in a specific
way .

In another embodiment of the invention, cells obtain-
able from the method according to the invention can be
used for preparing' autologous cell populations or
autologous components ex vivo. For example, there can

be used cells according to the invention for preparing

PCT/IB2008/001798
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platelet haemocomponents. Said preparation.'includes
contacting the cells obtainable ffom the method ac-
cording to the invention, for example through mixing,
with a solution including thrombopoietin, interleukin-
11, interleukin-6 and heparin. In this way, there is
obtained the expansion of the cells CD41" and CD61%,
which are megacaryocyte immature parents which subse-
quently prSduée platelet haemocomponents.

Cells obtainable from the method according to the in-
vention can be used in in vitro diagnostic assays for
evaiuating'the effects of chemical compounds or envi-
ronmental factors. The compounds include proteins or
other kinds of molecules of a biological origin. Envi-
ronmental factors includg, for example, media utiliz-
able for growing or maihtaining cells in a suitable
way, and fluids used in the preparations of said me-
dia. Said diagnostic assay could also be used for
evaluating the harmfulness Qf new drugs before start-

ing clinical protocols on a culture of just expanded

cells.

EXAMPLE 1 -~ EXPERIMENTAL PROTOCOL FOR THE EXPANSION OF

STEM CELLS CD34*

i) At dav 0:

- A bag containing heat-inactivated allogenic plasma

(HIAP) was placed under a hood and thawed at room tem-
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perature.

- An aliquot of umbilical cord blood was thawed and
cells CD34% ¢ were selected With the CliniMACS system,
Miiteny Biotech, Bergisch Gladbach, Gérmany. Said se-
lection gave a population of cells CD34" of O.Bé X
10°, equal to 88% of the total population of the se-
lected cells.

- The volume of the culture medium (containing Medium
CellGro, HIAP and cytokines) was calculated so as to
have a cell concentration in the culture medium of 5 x
10° cells/mL.

- At the caiculation result (72 mL) 10 ml were added,
needed as a control tube.

- HIAP volume to be withdrawn was calculated in order
to have a concentration of 10% (v/v) of the culture
end volume.

- The wvolume of Medium CellGro to be withdrawn was
calculated by subtracting the used HIAP volumes and
each solution of c¢ytokine. Cytokines must be at final
concentrations of 10 hg/mL for IL6 and TPO, 50 ng/mL
for SCF and FLT-3.

- The needed number of 10 mL tubes baged on the quan-
tity of medium calculated at the preceding point, was
prepared and visually inspected for verifying the in-

tegrity.
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- The following ingredients were withdrawn and trans-
ferred, under hooa, in the following order: first, the
quantity of Medium CellGro, then the quantity of HIAP
and the quantity of cytokines computed in a single
mixture. From said mixture 10 ml were withdrawn and
introduced within the control tube (with reagents but
without cells), which was therefore introduced within
the incubator.

- 1 ml of complete medium for each tube to be prepared
was added té another tube containing the cells.

- 9 mL of complete medium were dispensed within the
tubes and successively 1 ml of cell suspension, col-
lédted from the cell-containing tube pfepared in the
preceding step, was added.

- Each tube was microscopically observed (with an in-
verted microscope) for finding possible anomalies and
then the tubes were placed in the incubator at 37°C
and 5% CO,.

i1) At days 3; 7 and 10 - addition of cytokines.

- At day 3, tubes were withdrawn from the incubator.

- A golution containing 100 hg of TPO, 100 ng of ILG,
500 ng of f£lt-3 and 500 ng of SCF for each 400 microL
was prepared. 400 microL were added fo each tube, in-
cluding the control tube.

- Tubes were placed again within the incubator at 37°C
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and 5% CO,.
- At day 7, the operations were repeated.
- At day 10, the operations were repeated.

1ii) At day 14, release of the expanded product

- In sterile conditions and under a hood, a physio-
logical solution containing 2% p/v of human albumin
e.v, was prepared, which constitutes the reinfusion
buffer.

- All the tubes containing the expanding cells were
collected from the incubator at the fourteenth day.

- A macroscopic (turgidity) and microscopic (with an
inverted microscope) control of each tube was carried
out.

- After the control, the content of each tube was
poured in 50 mL tubes, each tube was washed with total
5 mL of reinfusion buffer and the 5 mL added to the 50
mL tube containing the cell suspension.

- A centrifugation at 1400 RPM for 10 minutes was car-
ried out at room temperature.

- At the end of the centrifugation the supernatanﬁ was
separated in 50 mL tubes marked with the product code
and the inscription “1° wash supernatant” and stored
under a hood.

- The pellet was re-suspended by adding 50 ml of rein-

fusion buffer and again centrifuged at 1400 RPM for 10
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minutes at room temperature.

-~ At the end of the centrifugation, the supernatant
was separated in 50 mL tubes marked with the product
éode and the inscription “2° wash supernatant” and
stored under a hood.

- The resulting pellets were re-suspended and added to
50 ml of reinfusion buffer so as to form end tubes.

- 800 microl of cell suspension were withdrawn from
said end tubes and a count of the total number of nu-
cleated ceils was performed in a Burker chamber. There
were counted 124.6 x 10° nucleated cells on average.

- Based on the mean concentration in the end tubes,
250,000 cells were withdrawn from the end tubes and
analyzed through a cytofluorometry process.

The following tests were carried out on the 1° and 2°

washes supernatant solutions:

i

sterility test, according to Eu. Ph. 2.6.1,

Culture test for microplasmas, according to Eu. Ph.

2.6.7, and

1

BACTEC test with Plus Aerobic/F* and plus Anaero-
bic/F* Culture Vials Soybean-Case in Digest Bfoth,
which ére kits produced by Becton, Dickinson ana Com-~
panyCome. Said kits allow fast methods for evaluating
the microbial contamination of the cells, through the

supernatant, before the release, according to GMP.
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- LAL chromeogenic test, according to Eu. Ph. 2.6.14.
At - the day zero, 0.36 x 10° cells CD34* (with a 88%
purity) were selected for expansion.

After the expansion, through a fluorbcytometry meﬁhod,
a total population of nucleated cells of 124.6 x 10°
was counted, in which there were present 9.97 x 10°
cells ©D34, 9.06 x 10° cells CD3133'; 0.007 x 10°
cells CD19+f 0.007 x 10° cells NK; 0.017 x 10° cells
CD3* and 1.4 x 10° cells CD61".

EXAMPLE 2 - TRANSPLANTATION OF CELLS EXPANDED ACCORD-

ING TC THE INVENTION IN A CHILD SUFFERING FROM THALAS-

SAEMIA, ONE SUFFERING FROM SICKLE CELL ANEMIA AND IN A

CHILD SUFFERING FROM REFRACTORY ANEMIA.

Three children suffering from thalassaemia (PT1);
sickle cell anemia (PT2) and refractory anemia (PT3)
were transfused with blood collected from thawed um-
bilical cord after an expansion carried out as de-
scribed in the Example 1.

Table 2 shows the expansion results of said cells. Be-
fore the expansion, the selection for the cells CD34°

was performed as above described.
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Table 2: Results of expansions on three aligquots of

thawed umbilical cord blood for transfusion in three

patients:
r
PT1 PT2 PT3
Age (years)/Sex 5/Male 9/Female 7 /Male
Body weight (BW) of
the patient (Kg) 15 29 25
Number of
Units of |nucleated
cells/BW | 24 x 10° 16 x 10° 23 x 10°
non ex- (Kg)
Number of
ded
panae cells
umbilical | CD34*/BW | 2.4 x 10°| 1.2 x 10° | 1.2 x 10°
(Kg)
cord Number of
blood cells
CD3*/BW 8.9 x 10°| 6.1 x 10° | 7.4 x 10°
(Rg) |
Number of
nucleated
cells/BW | 8.0 x 10°| 4.3 x 10%| 2.3 x 10°
(Kg)
Units of ) Number of
cells
expanded | cp3at/BW | 6.7 x 10°| 4.7 x 10° | 2.3 x 10°
umbilical (Kg)
Number of
cord cells
* 5 5 5
blood CD133 /BW [1.4 x 10°( 3.5 x 10° (2.1 x 10
(Kg) :
Number of
cells
CD3*/BW |1.0 x 10°| 1.0 x 10° Non de-
(Kg) tectable
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Number of
cells Non ' Non Non
Units of | CD19*/BW detect- detect- detect-
(Kg) able able able
expanded Number of
umbilical cells Non 2.0 x 10*° | 1.0 x 10°
CD56%/BW detect-
cord (Kg) able
blood Number of
cells
CD61*/BW | 1.0 x 10°| 4.6 x 10* | 5.4 x 10*
(Kg)

In all the three patients, the hystocompatibility was
determined through low resolution serology or typifi-
cation for antigens HLA -A or -B and high resolution
typification of the DNA for HLA-DRB1l. Anti-thymocyte
globulin (ATG) was transplanted daily from donors not
connected to a dosage of 3 mg/kg daily from four days
until two days before the transpiantation.

GVHD, graft-versus-host-disease, was classed according
to methods known in the art (Glucksberg H et al.,
Clinical manifesgations of graft—versué—host diséase
in human recipients of bone marrow from HLA-matched
sibling donors, Transplantation, 1974; 18; 295-304 and
19 and Storb R et al. Predictive factors in chronic
graft-versus-host - disease in patients wiﬁh. aplastic
anémia treated by bone marrow transpléntation from
HLA-identical siblings, Ann Intern Med 1983; 98: 461-
466). For the éonditioning therapy and the prophylaxis
of GVHD the»same drugs currently in use for a tréns—

plantation of non manipulated placental blood from a
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familial donor or from a non consanguineous'donor were
used. The conditioning methods have foreseen the ad-
ministration of the following drugs in different com-
binations and according to different administraﬁion
plans, generally starting about 3 weeks before the
transplantation: Busulfane, Thiotepa, Fludarabine,
Cyclophosphamide, Melfalan. Shortly, the GVHD prophy-
laxis is articulated on the use of Cyclosporin-3a,
steroids and anti-lymphocyte serum.

It has been established that the rooting of myeloids
was successfully carried out when neutrophils were ob-
served at a’concentration above 0.5 x 10°/L for three
consecutive days and the rooting of platelets when a
concentration of more than 30 x 10°/L for nine con-
secutive days was observed.

All the three patients are alive and without any
pathological complications after 29 months, 22 months
and 19 months after the trahsplantation for PT1, PT2
and PT3, respectively. The results concerning the
relative clinical outcomes are reported in Table 3.
Expanded cells, in form of a éferile and apyrogenic
cell suspension in a saline solution for e.v. use and
human albumina, were Qithdrawn with a syringe, in ste-
rility and under hood and the cells were generally.ad-

ministered through the central venous way used for the

PCT/IB2008/001798
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therapy.
Table 3. Clinical outcome of transplantation with

cells of umbilical cord blood expanded accordiﬁg to

invention in children with- haematopoietic dis-

the
eases.
PTL PT2 PT3
Outcome Alive and in | Alive and Alive and
after 15 months | a relative in a rela- | in a rela-
good clini- tive good tive good
cal condi- clinical clinical
tion condition condition
Day in which
the rooting of
myeloids (> 0.5 16 18 29
x 10°/L) was
obéerved
Day in which
the rooting of
platelets (> 30
x 10°/L) was 31 33 59
observed
Acute GVHD ‘No No Yes
Chronic GCHD No No No
Serious viral, .
bacterial or
mycotic infec- No No No
tions |
Re-development
of the patholo- No No No
gies
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It has to be noted that said very gdod results should
not have been possible if one considers that, for all
the three children the umbilical cord blood were not
enough, if it were not expanded according to the
method of the invention with the cﬁlture according to
the invention. In all the three cases, the level of
cells in the umbilical cord blood was lower than 3.7 x
107 cells nucleated for each kg of the patient, and as
shown by Gluckman et al. (Gluckman E et al. for Euro-
cord Transplant Group and European Blood and Marrow
Transplant Group (EBMT). Clinical outcome in recipi-
ents of cord blood transplant from related and unre-
lated donors. N Engl J Med 1997; 337:373-381) for hav-
ing a positive outcome in the transplantation from um-
bilical cord blood, at least 3.7 x 10’ nucleated cells
for each kg of patient are needed.

Said example shows the positive outcome in a short-
medium term, but it apply equally at the long term as
known in the art and shown by Locatelli F et al. (Lo-

catelli F et al. Related umbiliéal cord blood trans-

'plant in patients with Thalassemia and Sickle Cell

Disease, Blood, 2003; 101:2137-43).

EXAMPLE 3 -~ CONTROL FOR CHROMOSOMAL ANOMALIES IN CELLS

AFTER THE EXPANSION.

On chromosomal preparations of the cultured cells at
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14 days of expansion, as reported in the Example 1,
chromosomes were fluorescénce analyzed with a QF band
and with differential colorations for the purpose of
identifying structural anomalieé'both numerical (such
as trisomies, monosomieg) and structural (transloca-
tions, deletions and inversions).

In the expanded cells, chromosomic anomalies were not

observed.

EXAMPLE 4 ; EXPANSION ON PLURIPOTENT STEM CELLS
“Embryolid BRodies” (EB) cells were prepared’by growing
parthenogenic cells with a “hanging droplets” method
in a culture containing a glucose-low concentration
medium DMEM/F10 (1:1) with 2 mM glutamine added, 0.1
mM 2—mercaptoethanol, 75 pug/ml penicillin and 50 pg/ml
streptomycin, 1% p/v non essential amino acids (Gibco,
Invitrogen, Italy), 1% p/v nucleosides mix, 10% v/v
Knock-out serum replacer (Gibco Invitrogen Italy) and
5% v/v FBS (Gibco, Invitrogen Italy) for 9 days, in
which each day the medium was returned at the starting
concentrations -of ingredients.

EBs were dissoéiated in a sterile environment and pre-
pared in an expansion. medium acchding to a method
gimilar to the Example 1, wherein the only difference

was the length of three weeks instead of two. There-

fore, the medium was restored with the cytokines mix-
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.ture at 14" and 17" days and the expanded product was
released at the 21°° day. From an initial population
of 8400 EB cells, 212000 EB cells were counted after 3

weeks with a cytofluorometric method.
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CLAIMS
1. A culture including an expansion medium and a com-
position of cytokines consisting of:
i) interleukin-6 (IL6) ;
ii) flt3-ligand (FLT3);
I ii) stem cell factor (SCF)
iv) thrombopoietin (TPO) .
2. The culture according to claim 1, wherein the cul-
ture is liquid.
3. The culture according to claim 2, wherein the cy-
tokine IL6 is at a concentration between 1. and 20
ng/ml, preferably from 5 to 15 ng/ml, still more pfef—
erably from 9 to 11 ng/ml.
4. A culture according to the claim 2 or 3, wherein
the cytokine FLT3 is at a concentration between 20 and
éb ng/ml, preferably from 35 to 65 ng/ml, still more
preferably from 49 to 51 ng/ml.
5. The culture according any one of the claim 2 to 4,
wherein the cytokine SCF is at a concentration between .
20 and 80 ng/ml, preferably from 35 to 65 ng/ml, still

more preferably from 49 to 51 ng/ml.

6. The culture according to any one of the claims 2

to 5, wherein the cytokine TPO is at a concentration
between 1 and 20 ng/ml, preferably from 5 to 15 ng/ml,

still more preferably from 9 to 11 ng/ml.
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7. The culture according to any one of the claims 1
to 6, wherein the expansion medium is free of serum.

8. A method for expanding stem cells, wherein there
is at leastvone step in which the stem cells are con-
tacted with a culture according to one or more of the
claims 1 to 7.

9. The method according to claim 8, wherein the
method further includes the differentiation of stem
cells in cells differentiated therefrom.

10. The method according to claims 8 oxr 9, wherein
cells in said step are initially at a concentration
between 1000 cells/ml and 10000 cells/ml, preferably
‘between 3500 cells/ml and 6500 cells/ml.

11. A method according to any one of the claims 8 to
10, wherein said step lasts from 10 days to 30 days,
preferably from 12 to 20 days and still more prefera-
bly from 13 to 16 days.

12. The method éccording to any one of the claims 8
to 11, wherein the cytokines are returned at the ini-
tial concentration t&ice a week.

13. The method according to any one of the claims 8
to 12, wherein the stem cells expanded in 2 weeks are
at least 20 times the initial cells, preferably be-
tween 26 and 60 times the initial cells.

14. The method according to any one of the claims 8
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to 13, wherein the stem cells and descendants expanded
in 2 weeks are at least 50 tiﬁés the initial cells,
preferably. between 120 and 650 times the initial
cells.

15. Stem cells obtainable from the method according
to any one of the claims 8 to 14.

16. Stem cells and cells differentiated therefrom ob-
tainable according to the method according to any one
of the claims 9 to 14.

17. The cells according to claim 15 or 16 in a frozen
aliquot.

18. The cells according to claim 15 or 16 for use as
a medicament.

19. The use of cells according to the claim 15 or 16
for the preparation of a medicament for the transplan-

tation of cells and/or the regrowth of the cells be-

longing to the haematopoietic system and/or belonging

to the endothelial system.

20. The use of cells according to the claim 15 or 16
for the preparation of a medicament for the treatment
of malignant pathologies and congenital non malignant
pathologieg and acquired non malignant pathologies.
21. The use of cells according to the claim 15 or 16
for the preparation of a medicament to be used in spe-

cific protocols of gene therapy.
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22. The use of cells according to-the claim 15 or 16
for the in vitro preparation of aﬁtologous cell popu-
1ationé or components of a smaller size.

23. The use of cells according to the claim‘15 or 16

in vitro diagnostic assays.
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