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Method for obtaining an enriched population of functional mesenchymal stem cells,

cells obtained thereof and compositions comprising the same.

Field of the invention

The present invention provides a method to obtain a composition comprising an enriched
population of cryopreserved, restored and transport conditioned functional mesenchymal stem
cells, obtained from an ex vivo sample of bone marrow mesenchymal stem cells for
hypothermic transport and local administration of said composition comprising an enriched
population of cryopreserved, restored and transport conditioned functional mesenchymal stem
cells, in therapy. Finally present invention relates to the use of said compositions comprising
an enriched population of cryopreserved, restored and transport conditioned functional
mesenchymal stem cells, obtained by the described method, in autologous or allogeneic
treatment of diseases susceptible to mesenchymal stem cell therapy, either by local or
systemic treatments, and more particularly in the treatment of osteoarticular diseases such as
degenerative disc disease, osteoarthritis, and bone repair; in lupus erythematosus, graft-
versus-host disease, and other autoimmune diseases; in peripheral vascular insufficiency and

other cardiovascular diseases.

Background of the invention

The gold standard of advanced osteoarthritis therapy with clinical impact, is prosthetic
replacement. This is especially problematic in young patients, since articular prostheses have
a limited duration also being an expensive procedure, issue that justifies exploring new

potentially more effective therapeutic methods.

There is a population of non-hematopoietic stem cells in the bone marrow called stromal
progenitor cells or mesenchymal stem cells (MSCs). These cells are characterized by their
multipotentiality, i.e. their ability to differentiate into other cell types. MSCs have a fibroblast
fusiform morphology population, which expresses CD73, CD90 and CD105 antigens and
shows absence of hematopoietic antigens, markers of monocytes, macrophages and B
lymphocytes. In addition, they retain the ability of in vitro differentiation towards osteoblasts,

adipocytes and chondrocytes when maintained in adequate conditioned environments.

The intra-articular infusion of mesenchymal stem cells (MSCs), for example in osteoarthritis,
is one of these new lines of research, according to its recognized regenerative and anti-

inflammatory potential.
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Studies with MSCs in animal models have proven the ability of said MSCs to survive after
infusion in the joint human body environment (such as intervertebral discs, knees, etc.) and,

to repair cartilage in a dose-dependent manner.

MSCs have, therefore, the ability to regenerate damaged or wrecked tissues such as bone,
cartilage, and other tissues. In addition, their ability to modulate immune reactions and to

control inflammation has been demonstrated by their action on T lymphocytes.

MSCs can be obtained from different organs and tissues, but bone marrow represents one of

its best and most accessible sources.

However, the frequency of MSCs in bone marrow is low and represents only between 0.001
to 0.01% of the bone marrow mononuclear cells. The fact that, for a single systemic treatment,
between 1.0x10° to 2.0x10% MSCs per Kg of body weight is generally used, and that in local
treatments a single dose administered locally can be as high as 20-40x10° cells, makes,

therefore, the direct collection in situ of such a large quantity from bone marrow not possible.

Cryopreservation allows that several aliquots of bone marrow mesenchymal stem cells may
be administered as only one dose, thus avoiding successive interventions on the patient and
reducing part of the manufacturing costs. In addition it allows us to eventually perform different

doses for the treatment, thus improving the efficacy of the same.

Moreover, cryopreservation is essential to perform allogeneic administration of MSCs,
reducing costs and providing a more efficient manner to treat patients when compared with the
use of autologous MSCs, which need to be prepared fresh from the same patient to be treated,

making the treatment less efficient, more expensive and logistically more complicated.

However, cryopreservation is not a straightforward procedure, and often results in severe
cellular lesions, as well as hidden damage which does not manifests when the cells are thawed
but only at a later stage. This compromises the functionality of the MSCs, both in their
differentiating capabilities, their ability to regenerate damaged tissue and the speed at which
said regeneration is performed. In addition, if the cryopreserving agents, such as dimethyl
sulfoxide (DMSO), remain in suspension when the MSCs are administered, adverse reactions
have been reported, such as nausea, tachycardia, bradycardia, hypotension, etc. On the other
hand DMSO added to the cell cultures at concentrations as low as 0.5% decreases the rate of

proliferation of MSC in vitro.

On the other hand, the allogeneic pathway opens the possibility of treatment of patients with
autoimmune diseases, whose own cells could carry the disease to be treated and therefore be
devoid of healing effects. In addition MSC are much less immunogenic than other cell types

and do not usually trigger rejection reactions and even the production of anti-HLA antigens
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against the donor is generally poor or non-detectable (J Garcia-Sancho et al., Transplantation
direct 3 (9): €205).

At present, there are several works featuring cryopreserved mesenchymal cells injection in the
bloodstream after thawing, directly and without previous treatments. However, the local
inoculation of MSCs into the articular cavity in osteoarthritis treatments, or into the
intervertebral disc in degenerative disc disease, is always preferred since all cells are able to
arrive to the site to be treated and are scarcely susceptible to be attacked by the host immune
system when the treatment is allogeneic. On the other hand, local treatment requires the
previous removal of the cryoprotectant agent, otherwise, the cryoprotectant agent, often
dimethyl sulphoxyde (DMSO), interferes with multiplication of MSCs. Even when the DMSO is
removed, cells with hidden damage are not detected with viability or metabolic assays and, as
explained, said hidden damage compromises their viability once administered, as well the
functionality, both in their differentiating capabilities, their ability to regenerate damaged tissue

and the speed at which said regeneration is performed.

For instance, Marquez-Curtis et al. (Cryobiology 71 (2015) 181-197) provide a review on how
the different conditions/processes used to cryopreserve and to thaw mesenchymal stem cells
result in a diverse cell viability and growth capability of the cell products obtained. In particular,
said review, proposes multiple solutions to improve the properties of the cell products obtained
after cryopreservation. On one hand Marquez-Curtis et al, describe different protocols
modulating the conditions for cryopreservation (freeze rate, storage temperature, % of
cryoprotectant) with use of dimethyl sulfoxide (DMSQ) to improve cell product quality after
thaw and to limit toxicity of DMSO. On the other hand, the authors also propose other
cryoprotectants, such as: glycerol; sugars, such as trehalose, raffinose, lactose, sucrose, etc.;
antioxidants; apoptotic inhibitors or mixtures thereof; along with processes such as:
vitrification; freezing in a magnetic field; etc., to try to keep the quality of the cell products
obtained after thawing, while avoiding toxicity issues, specially derived from the use of DMSO.
While reviewing the status of cryopreservation, said article indicates that it is known that after
thawing a significant loss in the recovery of viable cells occurs, the authors merely suggest a
variety of possible solutions which include, culturing cells post-thaw, without indication of
culturing conditions, culturing cells before cryopreservation, using chemical modulators, as
resveratrol or salubrinal, to decrease apoptosis, without providing any particular lead among

those suggestions.

Wei et al. (Veterinary surgery, 2018;47:19-29) also recognize the toxicity issues of DMSO and
admit the practical complications for its removal, indicating that, the use of said cryoprotectant
results in cell loss and lower number of colony forming units. In this sense, this article points

out towards the development of other cryoprotectants, different from DMSO, as a lead to
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develop stem cell products with adequate phenotype, differentiation and viability profiles, which

can be used directly after thawing avoiding the toxicity issues of DMSO.

In the same line, Yuan et al. (Cryotherapy, 2016: 18: 860-869) agree on the need to replace
DMSO because of its toxicity issues, and propose ZENALB® 4.5 (a protein supplement) as
cryoprotectant to replace DMSO and to obtain cell products which, directly after thawing, have

adequate phenotype, differentiation and viability profiles.

The international patent application publication WO 2010/064054 A1 follows, as well, the same
line of development, describing the toxicity of the commonly used cryoprotectant DMSO. The
publication proposes, instead, compositions with Hypothermosol® and the antioxidant 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) to store stem cells, including
mesenchymal stem cells, but also to cryopreserve them, without the need of DMSO as
cryoprotectant. Once more, document WO 2010/064054 A1 proposes the direct use of the

cells after thaw.

International patent application publication WO 2017/068140 A1 describes stem cell therapies
based on adipose-derived cells. Said publication proposes a method in which stem cells
obtained from the stromal vascular fraction of a lipoaspirate are cultured in a bioreactor and

consequently frozen and thawed, at least twice, and administered directly after thawing.

It is, therefore, found that the prior art suggests, as a general lead to develop cell products,
including mesenchymal stem cell products, which can be used in treatment after
cryopreservation, the replacement of DMSQO to avoid the viability and toxicity issues

encountered, as well as the direct use of the cell product after thaw.

On the other hand, Alves et al. (Tissue Engineering; part A, vol. 19, numbers 7 and 8, 2013)
analyze the effect of oxidative stress suffered by MScs during ex vivo culturing and the gradual
loss of differentiation potential and reduced clinical efficacy. To this end, the authors propose
the use of trolox as antioxidant to prevent said oxidative damage. However, the authors
conclude that while trolox supplementation can reduce the oxidative damage during early
culture periods, the beneficial effects shown by antioxidants were, nevertheless, unable to

rescue human MSCs differentiation capacity after in vitro expansion.

To this end, it is clear that the main key issue to develop efficient and standardized MSC based
therapies is to make sure that the manipulation of said cells, such as cryopreservation or
expansion, will not damage the cells compromising their activity, such as the capacity to

multiply and differentiate once administered.

Further, it is essential to formulate the MSCs in a composition which is able to retain, during
transport and until its administration, their functionality and viability, which are generally lost

within some hours.
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The invention provides a method to obtain an enriched population of cryopreserved, restored
and transport conditioned functional MSCs which are formulated in compositions developed

for hypothermic transport and local administration, which solves the above-mentioned issues.

Brief description of the invention

Present invention relates to a method for obtaining a composition comprising an enriched
population of cryopreserved, restored and transport conditioned functional mesenchymal stem

cells suitable for administration in therapy, said method comprising the steps of:

a. suspending an ex vivo sample of bone marrow mesenchymal stem cells in a
cryoprotecting medium comprising 5% to 10% dimethyl sulfoxide at a concentration
of 5x108 to 10x10%cells/ml;

b. cryopreserving the sample of bone marrow mesenchymal stem cells, cooling them
first to -70°C to -90°C for at least 24 hours prior to storing the sample in liquid

nitrogen;

G. restoring the sample of bone marrow mesenchymal stem cells, by performing the

following steps:

c¢1. thawing the sample of the bone marrow mesenchymal stem cells by

progressively increasing the temperature up to 35-39°C during 1 to 5 minutes;

c2. diluting the sample 10 to 30 times the initial sample volume with suitable culture

medium;

¢3. centrifuging the sample, discarding the supernatant and resuspending the pellet

of mesenchymal stem cells in suitable culture medium;
c4. selecting the mesenchymal stem cells with a viability of at least 70%;

¢5. seeding the mesenchymal stem cells selected in step (c4) on a plastic support
and incubating said mesenchymal stem cells with a suitable culture medium
comprising CO, from 7.5% to 10% and at least 5% fetal bovine serum, at a cell
concentration between 1000 to 5000 cells/ cm?, with adequate culture
conditions at 35-39°C,

¢6. replacing with fresh suitable culture medium comprising CO» from 7.5% to 10%
and at least 5% fetal bovine serum, at regular time intervals and isolating the
cryopreserved and restored functional mesenchymal stem cells from the

support when the cells occupy 80 to 100% of the support’s surface;
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suspending the enriched population of cryopreserved and restored, functional
mesenchymal stem cells isolated in step (¢6) in an adequate medium for transport
and storage at 2-8°C to obtain a composition comprising an enriched population of
cryopreserved, restored and transport conditioned, functional mesenchymal stem
cells, wherein said adequate medium for transport and storage at 2-8°C is an
isotonic medium comprising 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid 0.25 to 1 mM.

Present invention further relates to a composition comprising an enriched population of

cryopreserved, restored and transport conditioned functional mesenchymal stem cells

obtainable by the method of the invention.

Further, present invention also relates to a composition comprising an enriched population of

cryopreserved, restored and transport conditioned functional mesenchymal stem cells

obtainable by the method of the invention, for use as a medicament.

Description of the invention

Present invention relates to a method for obtaining a composition comprising an enriched

population of cryopreserved, restored and transport conditioned functional mesenchymal stem

cells (MSCs) in vitro. Said method comprises the steps of:

a.

suspending an ex vivo sample of bone marrow mesenchymal stem cells in a

cryoprotecting medium comprising 5% to 10% dimethyl sulfoxide at a cell

concentration of 5x108 to 10x108cells/ml;

cryopreserving the sample of bone marrow mesenchymal stem cells by decreasing

temperature, cooling them first to -70°C to -90°C for at least 24 hours prior to storing

the sample in liquid nitrogen;

restoring the sample of bone marrow mesenchymal stem cells, performing the

following steps:

c¢1. thawing the sample of the bone marrow mesenchymal stem cells by
progressively increasing the temperature up to 35-39°C during 1 to 5 minutes;

c2. diluting the sample 10 to 30 times the sample volume with suitable culture
medium;

¢3. centrifuging the sample, discarding the supernatant and resuspending the
mesenchymal stem cells in suitable culture medium;

c4. selecting the mesenchymal stem cells with a viability of at least 70%;

¢5. seeding the mesenchymal stem cells selected in step (c4) on a plastic support

and incubating said mesenchymal stem cells with a suitable culture medium
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comprising 7.5% to 10% CO. and at least 5% fetal bovine serum, at a
concentration between 1000 to 5000 cells/ cm?, with adequate culture
conditions at 35-39°C,

c6. replacing with fresh suitable culture medium comprising 7.5% to 10% CO- and
at least 5% fetal bovine serum, at regular time intervals and isolating the
enriched population of cryopreserved, restored functional mesenchymal stem
cells from the support when the cells occupy 80 to 100% of the support’s

surface;

d. suspending the enriched population of cryopreserved and restored functional
mesenchymal stem cells isolated in step (¢6) in an adequate medium for transport
and storage at 2-8°C to obtain a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem
cells, wherein said adequate medium for transport and storage at 2-8°C is an
isotonic medium comprising 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid 0.25 to 1 mM.

The suitable culture medium comprises at least 5% fetal bovine serum with 7.5% to 10% CO2
and the required amount of "HCOs. In this sense, the proportion of CO, and "HCOs in the
suitable culture medium remains constant, including a concentration of CO, from 7.5% to 10%,

and at least 5% fetal bovine serum.

Preferably said method further comprising an additional step (c7) of selecting an enriched
population of cryopreserved, restored and transport conditioned functional mesenchymal stem
cells that:

- show adherence to plastic; and

- present a viability of at least 70%; and

- present an expression 290% of CD90, CD 166, CD73 and CD105; and

- present an expression <10%of CD14, CD34, CD45 and HLA-DR <10%; and

- do not feature chromosomal aberrations; and

- present capacity to differentiate into osteoblasts, adipocytes and chondrocytes.

The term “isotonic medium”, for the purposes of present invention, refers to a solution that
preserves the volume of the cells by having the same effective osmolarity, or non-permeable
solute concentration than the cells, i.e. has the same osmotic pressure than the interior of the
cells. Accordingly, isotonic solutions allow free exchange of water across the membrane when

cells are suspended in said solutions and maintain the volume of the cells suspended therein.

The 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, or trolox is a vitamin E analog.
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In a more preferred embodiment said adequate medium for transport and storage at 2-8°C is
an isotonic medium comprising 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
0.25mM to 1mM is an animal component-free serum-free protein-free medium comprising 6-

hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.25mM to 1TmM.

In a more preferred embodiment said isotonic medium comprising 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid 0.25mM to 1mM is a medium comprising Na* 100 mM,
K*42.5 mM, Ca?" 0.05 mM, Mg?* 5 mM, Chloride 17 mM, dihydrogen phosphate 10 mM, HCO3
5 mM, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) 25 mM, lactobionate 100
mM, sucrose 20 mM, mannitol 20 mM, dextran with an average molecular weight of 40000 6%,
adenosine 2 mM, glutathione 3 mM, glucose 5 mM, human serum albumin 0.5% and 6-

hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 1 mM.

In another preferred embodiment said isotonic medium comprises a 1:9 to 9:1 mixture (v/v) of
a first composition comprising Na* 130 mM, K*4 mM, Ca?* 1.35 mM, Chloride 109 mM and
lactate 16 mM, with a second composition comprising Na* 159 mM, K*5 mM, Mg?* 0.8 mM,
Chloride 77 mM, dihydrogen phosphate 28 mM, citrate 10 mM and acetate 32 mM,
supplemented with glucose 5 mM, human serum albumin 0.1% to 0.5% and 6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid 0.25 to 1 mM.

In a more preferred embodiment said isotonic medium comprises a 1:9,ora1:4,ora 1:3ora
1:1, or a 3:1 or a 4:1 or a 9:1 mixture (v/v) of said first composition and said second
composition, supplemented with glucose 5 mM, human serum albumin 0.1% to 0.5% and 6-

hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.25 to 1 mM.

In a more preferred embodiment said isotonic medium comprises a 1:1 mixture (v/v) of said
first composition and said second composition, supplemented with glucose 5 mM, human

serum albumin 0.5% and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.5 mM

In a yet more preferred embodiment said isotonic medium comprises glucose 5 mM, human

serum albumin 0.5% and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.5 mM.

In a yet more preferred embodiment said isotonic medium comprises human serum albumin

0.5% and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 1 mM.

Present invention also refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells suitable
for administration in therapy obtainable according to the method for obtaining a functional

population of mesenchymal stem cells (MSCs) in vitro, described above herein.

An embodiment of present invention refers to a composition comprising an enriched population

of cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
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obtainable according to the method described above herein, for use as a medicament, in

particular for use in the treatment of diseases susceptible to mesenchymal stem cell therapy.

Another embodiment refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
obtainable according to the method described above herein, for use in the treatment of
diseases susceptible to mesenchymal stem cell therapy, wherein said composition comprising
a population of cryopreserved, restored and transport conditioned functional mesenchymal

stem cells is administered locally or in systemic treatments.

Another embodiment refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
obtainable according to the method described above herein, for use in the treatment of

osteoarticular diseases, bone repair; autoimmune diseases and cardiovascular diseases.

In one embodiment the osteoarticular diseases are selected from degenerative disc disease,

osteoarthritis, meniscus injuries, and rheumatoid arthritis,

In one embodiment the autoimmune diseases are selected from lupus erythematosus, graft-

versus-host disease, and systemic sclerosis.

In one embodiment the cardiovascular diseases are selected from peripheral vascular

insufficiency, myocardial infarction, stroke, and ischemia.

Said composition comprising said enriched population of cryopreserved, restored and
transport conditioned functional MSCs is capable to retain the functionality of the fresh MSCs

after thawing and also during hypothermic transport at 2 to 8°C for at least 72 hours.

For the purposes of present invention, bone marrow mesenchymal stem cells are non-
hematopoietic stem cells present in the bone marrow characterized by their mesodermal
multipotentiality and which are, accordingly, able to differentiate towards osteoblasts,

adipocytes and chondrocytes.

According to present invention, the term “population of functional mesenchymal stem cells”
refers to a sample of mesenchymal stem cells which comprises a quantity of mesenchymal
stem cells suitable for use in the treatment of diseases susceptible to mesenchymal stem cell
therapy, and wherein said sample comprises only mesenchymal stem cells with the functional
characteristics of fresh mesenchymal stem cells, i.e. show adherence to plastic; present a
viability of at least 70%; present an expression 290% of CD90, CD 166, CD73 and CD105;
present an expression <10%of CD14, CD34, CD45 and HLA-DR <10%; do not feature
chromosomal aberrations and present capacity to differentiate into osteoblasts, adipocytes and

chondrocytes.
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For the purposes of present invention “an enriched population of functional mesenchymal stem
cells” refers to a group of at least 0.5x108 functional mesenchymal stem cells which show
adherence to plastic; present a viability of at least 70%; present an expression 290% of CD90,
CD 166, CD73 and CD105; present an expression <10%of CD14, CD34, CD45 and HLA-DR
<10%; do not feature chromosomal aberrations and present capacity to differentiate into

osteoblasts, adipocytes and chondrocytes.

For the purposes of present invention, the term “cryopreserved cells” are cells maintained at
temperatures of -70°C or lower which, due to the preservation low temperature, have
substantially any metabolic or chemical activity which might cause damage to the cells

substantially stopped.

For the purposes of present invention the term “cryopreserved and restored cells” or
“cryopreserved and restored sample of mesenchymal stem cells” and equivalent terms, refer
to mesenchymal stem cells which have been previously cryopreserved, thawed, diluted,
isolated and cultivated in suitable culture medium comprising at least 5% fetal bovine serum,
high levels of CO, at 35-39°C, according to the method of the invention, wherein said
cryopreserved and restored cells feature substantially all metabolic and chemical activity of
fresh mesenchymal stem cells and have a viability of at least 70%, more preferably a viability

of at least 80%and even more preferably a viability of at least 90%.

For the purposes of present invention the term “cryopreserved, restored and transport-
conditioned cells” or “cryopreserved, restored and transport conditioned mesenchymal stem
cells” and equivalent terms, refers to mesenchymal stem cells which have been previously
cryopreserved and restored in suitable culture medium comprising at least 5% fetal bovine
serum, high levels of CO» at 35-39°C and which, after isolation, are conditioned for transport,
in a suspension comprising adequate isotonic medium for transport and storage at 2-8°C
comprising trolox 0.25 mM to 1mM. In this sense, for the purposes of present invention, the
term “conditioned” is equivalent to “conditioned for transport® or “transport-conditioned” or

“conditioned for transport and storage at 2-8°C”.

The term “comprise(s)” is interpreted as meaning that it includes a group of features, but
that it does not exclude the presence of other features, as long as they do not render the
claim unworkable. To this end, for the purposes of present invention, the term “comprises”
may be replaced by the term “consisting of’ and the term “consisting essentially of”. In this
manner, when the term “comprise(s)” is referred to a group of features A, B and C, it should
be interpreted as eventually including other features different from A, B and C, as long as they
do not render the claim unworkable, but also may be interpreted to only include said features

A, B, and C, or to include only substantially said features and, accordingly, “comprise(s)”
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should be interpreted to also include a group “consisting of” features A, C and C and a group

“consisting essentially of” features A, B and C.

The mesenchymal stem cells used in the method of the invention are originated from ex vivo
bone marrow mononuclear cells. Said ex vivo bone marrow mononuclear cells include several
types of ex vivo marrow stem cells, including ex vivo hematopoietic stem cells, ex vivo
mesenchymal stem cells, ex vivo endothelial progenitor cells and other precursor stem cells.
After trauma, cell growth factors may be able to promote tissue differentiation of the bone
marrow MSCs therefore making possible the repair of the injured organs and restoration of

organ function.

MSCs feature strong adhesion to the plastic in culture. This adhesion ability is used for the

isolation and purification of said MSCs from bone marrow mononuclear cells.

Preferably the method for obtaining a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells suitable

for administration in therapy, is carried out in 10 to 15 days.

In a preferred embodiment the ex vivo sample of bone marrow mesenchymal stem cells

comprises at least 8x10°¢ bone marrow mesenchymal stem cells.

In a preferred embodiment the ex vivo sample of bone marrow mesenchymal stem cells

comprises 8x10° to 10x10° bone marrow mesenchymal stem cells.

Preferably, the ex vivo sample comprises bone marrow mesenchymal stem cells with a viability
of at least 90%.

Preferably, the ex vivo sample comprises 8x10% to 10x10°mesenchymal stem cells with a
viability of at least 90%, with expression of CD90, CD 166, CD73 and CD105 290% and with
expression of CD14, CD34, CD45 and HLA-DR <10%.

In a preferred embodiment, the ex vivo bone marrow mesenchymal stem cell sample is
provided in a plastic support, separated from the plastic support using an enzymatic method

and, resuspended a suitable medium.

Preferred plastic supports are hydrophilic plastic supports or negatively charged plastic
supports. In a preferred embodiment said preferred plastic support comprise hydrophilic
groups. In a preferred embodiment said preferred plastic supports are tissue-treated plastic
supports having a hydrophilic character. Commercial examples of said preferred plastic

supports are Corning CellBIND® supports.

In a preferred embodiment, prior to step (a) the following steps are conducted:



10

15

20

25

30

CA 03112505 2021-03-11

WO 2020/058324 PCT/EP2019/074991
12

i.  washing with suitable medium the ex vivo bone marrow mesenchymal stem cell sample
in a plastic support;
i. adding an enzymatic solution and incubate at suitable conditions for the medium used,;
ii.  inactivating the enzymatic solution by adding equal volume of medium;

iv.  centrifuging and discard the supernatant.

In a preferred embodiment the suitable medium for washing the cells in step (i) is Dulbecco’s
Modified Eagle Medium (DMEM).

In another preferred embodiment step (i) is carried out in a culture medium selected from
Iscove’s Modified Dulbecco’s Medium (IMDM), Reduced Serum Media of Eagle’s Minimum
Essential Media, Eagle’s Minimum Essential Medium, modified Eagle’s Minimum Essential

Medium with nucleosides, glucose, etc., or any other suitable culture medium.

In a preferred embodiment, when the suitable medium is DMEM, step (ii) comprises adding an
enzymatic solution and incubating during 5 to 10 minutes at 35-37°C under 10% CO., more
preferably at 37°C.

In any case, the skilled person will recognize which are the possible culture medium and

conditions, as well as the modifications possible to conduct the culture of step (i).

Preferably, the enzymatic solution used in step (ii) comprises 0.05% trypsin and 0.02% tetra

sodium ethylenediaminetetraacetic acid (EDTA) in Hanks' Balanced Salt Solution.

A commercial example of the enzymatic solution used in step (ii) is a Trypsin-EDTA 1X solution
(Sigma 9417C)

Preferably, step (iv) comprises centrifuging the sample at 300 to 500 g at 15 to 25°C for 5 to

10 minutes, more preferably at 400g at 20°C for 5 minutes.

In a preferred embodiment, step (a) comprises providing a sample of 8x10% to
10x10°mesenchymal stem cells with a viability of at least 90%, with expression of CD90, CD
166, CD73 and CD105 290% and with expression of CD14, CD34, CD45 and HLA-DR <10%.

Preferably, the ex vivo sample of bone marrow mesenchymal stem cells used in step (a) are

obtained by a method comprising the steps of:

I.  providing an ex vivo sample of at least 30 ml of filtered bone marrow aspirate;
[I.  subjecting the ex vivo bone marrow aspirate to an anticoagulant;
lll.  selecting the mononuclear cells from the ex vivo bone marrow aspirate;
IV.  select the mononuclear cells with a viability higher than 70%;
V. seeding the mononuclear cells at 1.5x108 to 2x108 cells/cm? in a plastic support,

in a suitable culture medium and incubating them in adequate culture conditions;



10

15

20

25

30

CA 03112505 2021-03-11

WO 2020/058324 PCT/EP2019/074991
13

VI.  measuring the cell growth percentage and the appearance of mesenchymal stem
cells adhered to the plastic support at regular time intervals and
VI.1 changing the culture medium when the cell growth percentage is lower
than 60%, removing the supernatant; or
V1.2 isolating the sample of mesenchymal stem cells adhered to the plastic
support if the cell growth percentage is higher than 80%;
VI.3 performing subcultures up to 2 passages in order to increase and purify
said mesenchymal stem cells and isolating the mesenchymal stem cells
adhered to the plastic support from each of the subcultures if the growth

percentage is higher than 80%.

Preferably the method to obtain an ex vivo sample of bone marrow mesenchymal stem cells

of step (a), from an ex vivo sample of bone marrow aspirate, is carried out in 8 to 10 days.
In one embodiment, the anticoagulant used in step (Il) is heparin.

In one embodiment step (ll1) comprises selecting the mononuclear cells from the ex vivo bone

aspirate by density gradient.

Preferably step (Ill) comprises selecting in vitro the mononuclear cells from the ex vivo bone
aspirate by density gradient using a solution comprising ficoll, comprising:

.1 adding slowly a ficoll solution to the ex vivo bone marrow aspirate sample;

.2 centrifuging at the sample at 300 to 500 g, at 15 to 25°C for at least 30 minutes

without brake;

1.3  isolating and washing the interface with a suitable medium;

.4  centrifuging and discarding the supernatant;

1.5  washing the pellet with a suitable medium;

1.6  centrifuging and discarding the supernatant;

1.7 resuspending the pellet with the mononuclear cells in a suitable culture medium;

In a preferred embodiment step | comprises adding slowly a Ficoll solution in a proportion 2:3

(vol:vol) to the ex vivo bone marrow aspirate sample.

In a preferred embodiment washing is carried out with phosphate buffer containing 0.5 Human

Serum albumin.

In another preferred embodiment washing is carried out with a physiological saline solution in

step 111.3.
In another preferred embodiment washing is carried out with Ringer’s solution.

Preferably, step Il11.4 comprises centrifuging the sample at 300 to 500 g at 15 to 25°C for 5 to

10 minutes, more preferably at 400g at 20°C for 5 minutes.
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Preferably, step I11.6 comprises centrifuging the sample at 300 to 500 g at 15 to 25°C for 5 to

10 minutes, more preferably at 400g at 20°C for 5 minutes.

In a preferred embodiment the mononuclear cells selected in step (V) have a viability higher

than 70%, more preferably higher than 80% and most preferably higher than 90%.

Preferably, the mononuclear cell viability is determined using a dye-exclusion test. Said dye-
exclusion tests are based on the principle that live cells possess intact cell membranes that
exclude certain dyes, such as trypan blue, whereas dead cells do not. In this test, a cell
suspension is simply mixed with dye and then visually examined to determine whether cells

take up or exclude dye. Cells excluding the dye are therefore live cells.

In a preferred embodiment step V is carried out in a culture medium selected from Iscove’s
Modified Dulbecco’s Medium (IMDM), Reduced Serum Media of Eagle’s Minimum Essential
Media, Eagle’s Minimum Essential Medium, modified Eagle’s Minimum Essential Medium with

nucleosides, glucose, etc., or any other adequate culture medium.

In a preferred embodiment step V is carried out seeding the mononuclear cells at 1.5x10° to
2x108 cells/cm? in a plastic support, in DMEM with at least 5% fetal bovine serum (FBS)and
incubating at 35-39 °C under 7.5% to 10% CO.. The culture medium comprises preferably, at

least 5% fetal bovine serum with 7.5% to 10% CO> and the required amount of -HCOs.

In another preferred embodiment step V is carried out seeding the mononuclear cells at
1.5x108 to 2x108 cells/cm? in a plastic support, in DMEM, with at least 5% FBS and 0.5 %
gentamycin and incubating at 35-39 °C under 7.5-10% CO-.

Preferred plastic supports are hydrophilic plastic supports or negatively charged plastic
supports. In a preferred embodiment said preferred plastic support comprise hydrophilic
groups. In a preferred embodiment said preferred plastic supports are tissue-treated plastic
supports having a hydrophilic character. Commercial examples of said preferred plastic

supports are Corning CellBIND® supports.

In any case, the skilled person will recognize which are the possible culture medium and

conditions, as well as the modifications possible to conduct the culture of step (V).

Preferably, in step VI, if the cell growth percentage is less than 60- 80% a change of medium

is made.

Preferably, in step VI if it was greater than 80% the cell culture is submitted to cell dissociation
and expansion by performing subcultures up to 2 passages in order to increase and purify the
cell line of MSCs.
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In a preferred embodiment step (VI.3) comprises isolating the mesenchymal stem cells
adhered to the plastic support from each of the subcultures if the cell growth percentage is

higher than 80%; wherein isolating comprises:

i.  washing with suitable medium the bone marrow mesenchymal stem cell sample in a
plastic support;
i. adding an enzymatic solution and incubate at adequate conditions for the medium
used;
ii.  inactivating the enzymatic solution by adding equal volume of medium;

iv.  centrifuging and discard the supernatant.

In a preferred embodiment the suitable medium for washing the cells in step (i) is Dulbecco’s
Modified Eagle Medium (DMEM).

In a preferred embodiment, when the suitable medium is DMEM, step (ii) comprises adding an

enzymatic solution and incubating during 5 to 10 minutes at 35 to 39°C under 10% CO..

Preferably, the enzymatic solution used in step (ii) is a solution containing 0.05% trypsin and
0.02% and 0.05% sodium ethylenediaminetetraacetic acid. Preferably, the enzymatic solution
used in step (ii) comprises 0.05% trypsin and 0.02% tetra sodium ethylenediaminetetraacetic
acid (EDTA)in Hanks’ Balanced Salt Solution.

Preferably the centrifuging of step (iv) is carried out at 300-500 g at 15 to 25°C and during 30

minutes.

In any case, the skilled person will recognize which are the possible different media and
conditions, as well as the modifications possible to conduct the isolation of the mesenchymal

stem cells of step (VII).

In a preferred embodiment the ex vivo sample of mesenchymal stem cells obtained above, for
use in step (a), have a viability of at least 90%, with expression of CD90, CD 166, CD73 and
CD105 290% and with expression of CD14, CD34, CD45 and HLA-DR <£10%.

In a preferred embodiment the ex vivo bone marrow aspirate sample contains more than 3000

leukocytes/pl.

In a preferred embodiment the ex vivo bone marrow aspirate sample is an ex vivo iliac crest

marrow aspirate sample.

In a preferred embodiment the cryoprotecting medium of step (a) comprises a medium

comprising Fetal Bovine Serum and 5 to 10% DMSO.

In another preferred embodiment the cryoprotecting medium of step (a) comprises 5% DMSO

and 95% fetal bovine serum.
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In another preferred embodiment the cryoprotecting medium of step (a) comprises 10% DMSO

and 90% fetal bovine serum.

In another preferred embodiment the cryoprotecting medium of step (a) comprises an animal

component-free serum-free protein-free medium comprising 5% DMSO.

In yet another preferred embodiment the cryoprotecting medium of step (a) comprises an

animal component-free serum-free protein-free medium comprising 10% DMSO.

In a preferred embodiment the cryoprotecting medium of step (a) comprises 5 to 10% DMSO,
and 95 to 90% of an isotonic composition comprising Na+ 100 mM, K+ 42.5 mM, Ca2+ 0.05
mM, Mg2+ 5 mM, Chloride 17 mM, dihydrogen phosphate 10 mM, HCOs 5§ mM, 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) 25 mM, lactobionate 100 mM,
sucrose 20 mM, mannitol 20 mM, dextran with an average molecular weight of 40000 6%,

adenosine 2 mM, glutathione 3 mM, glucose 5 mM.

In a preferred embodiment the cryoprotecting medium of step (a) comprises 5 % DMSO, and
95 to 90% of an isotonic composition comprising Na+ 100 mM, K+ 42.5 mM, Ca2+ 0.05 mM,
Mg2+ 5 mM, Chloride 17 mM, dihydrogen phosphate 10 mM, HCO3 5 mM, 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES) 25 mM, lactobionate 100 mM, sucrose 20 mM,
mannitol 20 mM, dextran with an average molecular weight of 40000 6%, adenosine 2 mM,

glutathione 3 mM, glucose 5 mM.

In a preferred embodiment the cryoprotecting medium of step (a) comprises 10% DMSO, and
95 to 90% of an isotonic composition comprising Na+ 100 mM, K+ 42.5 mM, Ca2+ 0.05 mM,
Mg2+ 5 mM, Chloride 17 mM, dihydrogen phosphate 10 mM, HCO3-5 mM, 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES) 25 mM, lactobionate 100 mM, sucrose 20 mM,
mannitol 20 mM, dextran with an average molecular weight of 40000 6%, adenosine 2 mM,

glutathione 3 mM, glucose 5 mM.

In a preferred embodiment step (b) comprises cryopreserving the sample of bone marrow
mesenchymal stem cells at a speed of 1°C/min until -70°C to -90°C for at least 25 hours prior

to storing the sample in liquid nitrogen,

Preferably, step (c) of restoring the cryopreserved mesenchymal stem cells starts in

accordance to the date established for treatment which can be in up to 6 to 20 years.
Preferably, step (¢1) is carried out quickly, in 15 to 20 minutes.

Preferably step (¢c1) comprises thawing the cryopreserved mesenchymal stem cells by
progressively increasing the temperature up to 35-39°C during 1 to 5 minutes, while
maintaining a controlled speed of temperature increase. An adequate equipment to thaw the

cryopreserved mesenchymal stem cells in step (¢1) is a ThawSTAR® CFT2.
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In a preferred embodiment, the suitable culture medium of step (¢2) is Dulbecco’s Modified
Eagle Medium with at least 5% Fetal Bovine Serum and 7.5% to 10% CO.. The culture medium
comprises preferably, at least 5% fetal bovine serum with 7.5% to 10% CO- and the required

amount of "HCO:s.

In another preferred embodiment, the suitable culture medium of step (¢2) is selected from
Iscove’s Modified Dulbecco’s Medium (IMDM), Reduced Serum Media of Eagle’s Minimum
Essential Media, Eagle’s Minimum Essential Medium, modified Eagle’s Minimum Essential
Medium with nucleosides, glucose, etc., or any other adequate culture medium including 7.5%

to 10% CO, and at least 5% Fetal Bovine Serum.

In any case, the skilled person will recognize which are the possible culture medium comprising
at least 5% FBS and high levels of CO, and "HCOs3, and conditions at 35-39°C, as well as the

modifications possible to conduct the culture of step (¢2).

Preferably, step (¢3) comprises centrifuging the sample, discarding the supernatant and
resuspending the mesenchymal stem cells in suitable culture medium at a concentration of
1x10° to 5x108 cells/ml. Preferably, said suitable culture medium includes 7.5% to 10% CO-

and at least 5% Fetal Bovine Serum.

Preferably, step (¢3) comprises centrifuging the sample at 300 to 500 g at 15 to 25°C for 5 to

10 minutes, more preferably at 400g at 20°C for 5 minutes.

Preferably, the cell viability of the mesenchymal stem cells, in step (c4), is determined using a

dye-exclusion test.

Preferably, the cell viability of the mesenchymal stem cells, in step (c4), is determined using

Trypan Blue.

Said dye-exclusion tests are based on the principle that live cells possess intact cell
membranes that exclude certain dyes, such as trypan blue, Eosin, or propidium, whereas dead
cells do not. In this test, a cell suspension is simply mixed with dye and then visually examined
to determine whether cells take up or exclude dye. Cells excluding the dye are therefore live

cells.

Preferably, step (¢c6) comprises replacing with fresh adequate culture medium, comprising high
levels of CO,, preferably at least 5% Fetal Bovine Serum and 7.5% to 10% CO., at regular
time intervals and isolating the enriched population of cryopreserved and restored functional
mesenchymal stem cells from the support when the cells occupy 80 to 100% of the support’s

surface.
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In a preferred embodiment, the suitable culture medium of step (¢5) and (¢6) is Dulbecco’s
Modified Eagle Medium with 7.5% to 10% CO., with the required amount of -HCO3 and at least

5% Fetal Bovine Serum.

In another preferred embodiment, the suitable culture medium of step (¢5) and (¢6) is selected
from Iscove’'s Modified Dulbecco’'s Medium (IMDM), Reduced Serum Media of Eagle’s
Minimum Essential Media, Eagle’s Minimum Essential Medium, or any other adequate culture

medium with 7.5% to 10% CO, and at least 5% Fetal Bovine Serum.

Preferably the culture of step (¢5) and (c6) will be maintained at 35-39 °C with 7.5% to 10%
CO, with a suitable culture medium comprising at least 5% Fetal Bovine Serum. The culture

medium comprises additionally the required amount of "-HCOs.

Preferably the culture of step (¢5) will be maintained at the culture conditions adequate for the

selected culture medium.

In any case, the skilled person will recognize which are the possible culture medium and
conditions 35-39 °C, as well as the modifications possible to conduct the culture of step (¢5)

and (c6) comprising high levels of CO; and at least 5% Fetal Bovine Serum.

Preferably, in step (¢5) the medium is changed every 3 to 4 days until the cells occupy 80-
100% of the growing surface, obtaining a yield of 10000 to 40000 cells/cm?. Preferably step
(cb) is carried out in 10 to 15 days.

In a preferred embodiment step (c6) comprises isolating the enriched population of
cryopreserved and restored functional mesenchymal stem cells from the support when the

cells occupy 80 to 100% of the support’s surface; wherein isolating comprises:

i. washing with suitable medium the cryopreserved, restored and functional
mesenchymal stem cell sample in a plastic support;
i. adding an enzymatic solution and incubating at adequate conditions for the medium
used;
ii.  inactivating the enzymatic solution by adding equal volume of medium;

iv.  centrifuging and discarding the supernatant.

In a preferred embodiment the suitable medium for washing the cells in step (i) is Dulbecco’s
Modified Eagle Medium (DMEM).

In a preferred embodiment, when the suitable medium is DMEM, step (ii) comprises adding an

enzymatic solution and incubating during 5 to 10 minutes at 35-39°C under 7.5% to 10% CO..

Preferably, the enzymatic solution used in step (i) is a solution containing 0.05 % trypsin and

0.02% ethylenediaminetetraacetic acid. Preferably, the enzymatic solution used in step (ii)
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comprises 0.05% trypsin and 0.02% tetra sodium ethylenediaminetetraacetic acid (EDTA) in

Hanks' Balanced Salt Solution.

In any case, the skilled person will recognize which are the possible different media and
suitable conditions, as well as the modifications possible to conduct the isolation of the
enriched population of cryopreserved and restored functional mesenchymal stem cells of step
(c6).

Preferably the centrifuging of step (iv) is carried out at 300-500 g at 15 to 25°C and during 10
to 30 minutes, more preferably at 400g, 20°C during 10 minutes.

In a preferred embodiment, the enriched population of cryopreserved and restored functional

mesenchymal stem cells isolated in step (c6) have a viability 280%.

In a preferred embodiment, the enriched population of cryopreserved and restored functional

mesenchymal stem cells isolated in step (c6) have a viability 290%.

In a preferred embodiment said adequate medium for transport and storage at 2-8°C is an
isotonic medium comprising 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox)
0.25mM to 1mM.

The 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, or trolox is a vitamin E analog.

In a more preferred embodiment said isotonic medium comprising 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid 0.25mM to 1mM is an animal component-free serum-
free protein-free medium comprising 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
0.25mM to 1mM.

In a more preferred embodiment said isotonic medium comprising 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid 0.25mM to 1mM is a medium comprising Na* 100 mM,
K*42.5 mM, Ca?* 0.05 mM, Mg?* 5 mM, Chloride 17 mM, dihydrogen phosphate 10 mM, HCOs-
5 mM, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) 25 mM, lactobionate 100
mM, sucrose 20 mM, mannitol 20 mM, dextran with an average molecular weight of 40000 6%,
adenosine 2 mM, glutathione 3 mM, glucose 5 mM, human serum albumin 0.5% and 6-

hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 1 mM.

In another preferred embodiment said isotonic medium comprises a 1:9 to 9:1 mixture (v/v) of
a first composition comprising Na* 130 mM, K*4 mM, Ca?* 1.35 mM, Chloride 109 mM and
lactate 16 mM, with a second composition comprising Na* 159 mM, K*5 mM, Mg?* 0.8 mM,
Chloride 77 mM, dihydrogen phosphate 28 mM, citrate 10 mM and acetate 32 mM,
supplemented with glucose 5 mM, human serum albumin 0.1% to 0.5% and 6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid 0.25 to 1 mM.
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In a more preferred embodiment said isotonic medium comprises a 1:9,ora1:4,ora 1:3ora
1:1, or a 3:1 or a 4:1 or a 9:1 mixture (v/v) of said first composition and said second
composition, supplemented with glucose 5 mM, human serum albumin 0.1% to 0.5% and 6-

hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.25 to 1 mM.

In a more preferred embodiment said isotonic medium comprises a 1:1 mixture (v/v) of said
first composition and said second composition, supplemented with glucose 5 mM, human

serum albumin 0.5% and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.5 mM

In a yet more preferred embodiment said isotonic medium comprises glucose 5 mM, human

serum albumin 0.5% and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.5 mM.

In a yet more preferred embodiment said isotonic medium comprises human serum albumin

0.5% and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 1 mM.

An adequate commercial isotonic medium is Hyportermosol®-Base supplemented with 1 mM
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, and 0.1% to 0.5% Human Serum

Albumin.

The Hyporthermosol®-Base solution contains Na* 100 mM, K* 42.5 mM, Ca?* 0.05 mM, Mg?*
5 mM, CI 17.1 mM, dihydrogen phosphate 10 mM, bicarbonate 5 mM, 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) 25 mM, lactobionate 100 mM, sucrose 20 mM,

mannitol 20 mM, glucose 5 mM, adenosine 2 mM and gluthatione 3 mM.

Preferably said method further comprises, an additional step (c7) of selecting an enriched
population of cryopreserved, restored and transport conditioned functional mesenchymal stem

cells that;

— show adherence to plastic; and

— present a viability of at least 70%; and

— present an expression 290% of CD90, CD 166, CD73 and CD105; and

— present an expression <10%of CD14, CD34, CD45 and HLA-DR <£10%; and
— do not feature chromosomal aberrations; and

— present capacity to differentiate into osteoblasts, adipocytes and chondrocytes.

Preferably the composition comprising an enriched population of cryopreserved, restored and
transport conditioned functional mesenchymal stem cells suitable for administration in therapy
obtained according to the method of the invention, is transported in an isothermal packaging
that ensures a constant temperature between 2 and 8 ° C for at least >72hours, at all times of
the year and climatic conditions. An example of packaging used with the method of the

invention is the ORCA® packaging system.
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The composition comprising an enriched population of cryopreserved, restored and transport
conditioned functional mesenchymal stem cells remain stable even after undergoing up to 10

duplications.

An embodiment refers to a composition comprising an enriched population of cryopreserved,
restored and transport conditioned functional mesenchymal stem cells obtainable according to
the method of the invention.

Another embodiment refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
obtainable according to the method of the invention, for use as a medicament. Another
embodiment refers to the use of a composition comprising a population of cryopreserved,
restored and transport conditioned functional mesenchymal stem cells suitable for
administration in therapy, obtained according to the method of the invention, for use in the

manufacture of a medicament

Additionally, the invention refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
obtainable according to the method of the invention, for use in the treatment of diseases

susceptible to mesenchymal stem cell therapy.

Another embodiment refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
obtainable according to the method of the invention, for use in the treatment of diseases
susceptible to mesenchymal stem cell therapy, wherein said composition comprising a
population of cryopreserved, restored and transport conditioned functional mesenchymal stem

cells is administered locally or in systemic treatments.

Another embodiment refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells
obtainable according to the method of the invention, for use in the treatment of osteoarticular

diseases, bone repair; autoimmune diseases and cardiovascular diseases.

In one embodiment the osteoarticular diseases are selected from degenerative disc disease,

osteoarthritis, meniscus injuries, and rheumatoid arthritis,

In one embodiment the autoimmune diseases are selected from lupus erythematosus, graft-

versus-host disease, and systemic sclerosis.

In one embodiment the cardiovascular diseases are selected from peripheral vascular
insufficiency, myocardial infarction, stroke, and ischemia. In a preferred embodiment the

disease is optic nerve ischemic disorder.
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For the purposes of present invention the term “autologous treatment”, or “autologous therapy”,
refers to a treatment wherein the bone marrow mesenchymal stem cells used in step (a) of the
method of the invention are bone marrow mesenchymal stem cells from the same person as
the person for who the enriched population of functional mesenchymal stem cells for use, or
for who the composition comprising an enriched population of functional mesenchymal stem

cells for use, according to the invention is intended.

For the purposes of present invention the term “allogeneic or allogenic treatment’, or
“allogeneic therapy” refers to a treatment wherein the bone marrow mesenchymal stem cells
used in step (a) of the method of the invention are bone marrow mesenchymal stem cells from
a different person than the person for who the enriched population of functional mesenchymal
stem cells for use, or for who the composition comprising an enriched population of functional

mesenchymal stem cells for use, according to the invention is intended.

The compositions comprising an enriched population of cryopreserved, restored and transport
conditioned functional mesenchymal stem cells, obtainable according to the method of the
invention, described above herein, are, therefore, used in the manufacture of a medicament
for autologous or allogeneic treatment of the treatment of diseases susceptible to
mesenchymal stem cell therapy, either by local or systemic treatments, in particular

osteoarticular diseases, osteoarthritis, autoimmune disease and cardiovascular diseases.

An embodiment of the invention refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
obtainable according to the method of the invention, for use in as a medicament to be

administered at a concentration of 5x10° to 10x108 cells/ml.

An embodiment of the invention refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
obtainable according to the method of the invention, for use in as a medicament to be
administered at a cell density of 1x10° to 10x10° cells/ml and a dose of 0.5 to 90 million cells,

depending on the indication.

An embodiment of the invention refers to a composition comprising an enriched population of
cryopreserved, restored and transport conditioned functional mesenchymal stem cells,
obtainable according to the method of the invention, described above herein, for use in the
autologous treatment of osteoarticular diseases, bone repair; autoimmune diseases and

cardiovascular diseases.

Another embodiment refers to a method of treatment of osteoarticular diseases, bone repair;
autoimmune diseases and cardiovascular diseases comprising administering a therapeutic

amount of a composition comprising a composition comprising an enriched population of
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cryopreserved, restored and transport conditioned functional mesenchymal stem cells, to a
subject in need thereof, wherein said composition comprising said enriched population, are

obtainable according to the method described in the present disclosure.

Brief description of the figures

Figure 1: effects of Composition 2 according to the invention and of reference composition 1
and a composition comprising a Ringer’s lactate solution supplemented with glucose and
human serum albumin, on cell viability during 3 days storage under hypothermic conditions.

(2-8 °C). Data are mean * sem of 5 different donors

Figure 2: effects of Composition 2 and Composition 3, according to the invention, and of
reference Composition 1 and a composition comprising a Ringer's lactate solution
supplemented with glucose and human serum albumin, on cell viability during 3 days storage

under hypothermic conditions. (2-8 °C). Data are mean * sem of 5 different donors

Figure 3: Cell viability versus time achieved by (1) the compositions comprising MSCs
cryopreserved in FBS+10%DMSO, restored at 35-39°C with medium comprising 10% CO, and
transport conditioned to obtain composition 3, according to the invention (filled bars); (2) with
a composition comprising MSCs in Hypothermosol ® with trolox cryopreserved and thawed
and maintained at room temperature (20-25°C) for the times indicated, according to
W02010/064054 (bars with diagonal lines); and (3) with a composition comprising MSCs in
Ringer Lactate and 10% DMSO cryopreserved and thawed (white bars). Values are means +/-

SD of 3 donors. All the measurements were done by in triplicate.

Reference Figure 4: Effect of DMSO in mesenchymal stem cells growth. Fresh mesenchymal
stem cells were seeded at 1000 cells per cm? with 0%, 0.1%, 0.3%, 1% and 5% DMSO and

grown at 37°C for the times shown. The values are mean + SD of 3 donors.

Figure 5: growth curve of composition 3 comprising cryopreserved, restored and transport
conditioned mesenchymal stem cells obtained according to the method of the invention after
72 hours of hypothermic transport (2-8°C). Mean+SD of triplicate values. Representative of 3

similar experiments with different donors.

Examples

The invention is illustrated in the examples, as well as in the figures and generic schemes. The
substituents and integers used in the following schemes are as defined in the embodiments of

the instant invention, unless otherwise indicated. This section is set forth to aid in an
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understanding of the invention but should not be construed to limit in any way the invention as

set forth in the claims.

The compositions comprising an enriched population of functional mesenchymal stem cells
obtained according to the method of the invention and used in the examples have been
processed using Good Manufacturing Practice (GMP) at the Cell Production Unit of the
Instituto de Biologia y Genética Molecular (IBGM) of Valladolid, following the standard
operation procedures approved by the Spanish Medicines Agency, AEMPS (PElI Num.10-134
and PEI num 15-007).

Example 1: obtaining a population of functional mesenchymal stem cells according to

the method of the invention

Bone marrow aspirate subjected to a protocolized anticoagulant procedure is the cellular
source for obtaining the MSCs used to obtain the compositions of the example. The bone

marrow aspirate was processed within 24 hours after its extraction.
The process of obtaining MSCs approximately lasts 21 to 28 days.

In the first step the mononuclear cell fraction (MNCs) was selected with Ficoll density gradient.
Subsequently, a cell viability study was carried out by Trypan Blue exclusion technique:
mononuclear cells (MNCs) must have a viability 270% to start with culture. MNCs were seeded
in culture flasks containing DMEM + 20% FBS (if bacterial contamination problems are
expected, add 0.5 % gentamycin), and were incubated at 37 °C under 10% CO.. Every 3 or 4
days the appearance of the cell monolayer and the confluence (% of the culture surface
occupied by the cells) were observed with the inverted microscope. If confluence was less than
60- 80% a change of medium was made; if confluence was greater than 80% the cell culture
was submitted to cell dissociation and expansion (passage) and subcultures were performed

in order to increase number and to purify the cell line of MSC.

The cells obtained during the first passage were washed, quantified and suspended in
cryopreservation medium. The cell concentration was set at 5-10x108 MSC per 1ml of

cryopreservation medium made of 90% FBS + 10% DMSO (cryopreservant).

The cryopreservation procedure was performed gradually, maintaining the cells at -80 +8° C
for 24-72 hours. After this period of time the cells were stored under liquid nitrogen at nominally
-196° C until use.

The restoration, including re-expansion, of the sample was scheduled in accordance to the

date established for treatment which can be in up to 6 to 20 years later.
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During the restoration, the cryoprotectants were removed quickly, in 15-20 min, taking into

account that the sample must be properly tempered to its culture temperature (37 °C).

Finally, the cells were resuspended in complete culture medium to perform counting and cell

viability studies, excluding cell batches with less than 70% viability.

Once known the number of viable cells restored, a sample of 5x10° cells was taken for
cytogenetic analysis as seen below in this example. The remaining solution was seeded at a

concentration between 1000- 5000 cells per cm?.

This culture was maintained at 37 °C with 10% CO,. The medium was changed every 4 days
until the cells occupied 80-100% of the growing surface. At this moment a dissociation with
trypsin-EDTA was carried out. The restoration, including re-expansion time lasts for 10-15 days

since the thawing is conducted.

Cell viability was greater than 80% and did not change in about 12 hours.

Example 2: Compositions comprising an enriched population of functional

mesenchymal stem cells, obtained according to the method of the invention.

The effects of several compositions on cell viability along 3 days storage under hypothermic
conditions (2-8 °C) in the functional characteristics of the enriched population of cryopreserved
and restored functional mesenchymal stem cells obtained in Example 1, were investigated.
Three different media were used to condition the MSCs for transport, Ringer-Lactate solution,
SSP+ platelet additive solution and Hypothermosol®-FRS, of which compositions are shown
in Table 1.

The following functional actions were investigated combining the three solutions:

1. The K concentration of the medium was increased in order to favor K* pumping through
the membrane Na/K ATPase into the cells and restoration of the alkali-ion gradients,
which dissipate because of the inhibition of the plasma membrane Na/K ATPase due
to lowering temperature. In addition, the Mg?* content of the medium was increased in

order to stabilize the plasma membrane.

2. Buffer capacity (phosphate, citrate, bicarbonate and HEPES) was increased for better
maintenance of pH. The presence of lactate and acetate also contributed by decreasing

proton production during metabolism.

3. Nutritive potency of the medium was favored by adding metabolic substrates that act

through different metabolic pathways such as glucose, acetate and adenosine.

4. Plasma membrane-impermeable osmolytes such as lactobionate, sucrose, mannitol or

dextran were added to oppose colloid osmotic cell lysis.
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5. Finally, antioxidant capacity was increased by complementation of the medium with
glutathione and the soluble vitamin E analog 6-hydroxy-2,5,7,8-tetramethylchroman-2-

carboxylic acid (trolox).

The beneficial activity of each one of these additives was investigated to show if the effects of

the modification were positive. The different solutions tested are shown in table 1:

10

15

Composition | Ringer’s solution SSP+ Composition 1 | Composition 2 | Composition 3
(mmoles/L) with lactate
Na 130 159 145 145 100
K 4 5 4.5 4.5 42.5
Ca 1.35 0.7 0.7 0.05
Mg 0.8 0.4 0.4 5
Cl 109 77 93 93 17
H2PO4 28 14 14 10
HCOs3 5
Lactate 28 14 14
Acetate 32 16 16
Citrate 10 5 5
HEPES 25
Lactobionate 100
Sucrose 20
Mannitol 20
Dextran-40.% 6%
Adenosine 2
Glutathione 3
Trolox 0.5 1
Glucose 5 5 5 5
HSA, % 0.1-0.5% 0.5% 0.5% 0.5%
TABLE 1

Figs. 1 and 2 show the effects of several compositions on cell viability during 3 days storage

under hypothermic conditions. (2-8 °C).

The usual transport solution, Ringer-Lactate supplemented with glucose and Human serum

albumin (shown in circles in figures 1 and 2), stabilized the cryopreserved and restored MSCs

for 12 hours but it is unsuitable for longer periods.

A combination of SSP+ (Platelet additive solution, Ringwald et al. 2006, Transfusion Med Reyv,

vol 20, num 2, 158-164) with Ringer Lactate supplemented with glucose and human serum

albumin (Composition 1, shown with empty triangles in figures 1 and 2) did not also improve
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sufficiently the viability of the cells during 3 days storage under hypothermic conditions. (2-8
°C), however, when to that solution trolox is added to obtain composition 2 (shown with
diamonds in figures 1 and 2), the stability increases very significantly, as shown in figures 1

and 2, wherein said composition provided more than 80% viability after 72 hours.

Composition 3 with trolox also provided similar performance as seen in figure 2 (shown with

filled triangles).

Preservation seemed adequate with compositions 2 and 3 even after 7 days at 4°C.

Example 3: viability and characterization of a composition comprising an enriched

population of functional mesenchymal stem cells, obtained in Example 1.

A study of 7 batches originated from seven different donors, of compositions comprising an
enriched population of functional MSCs, were prepared with the isotonic medium with trolox,
composition 3, according to Example 2, directly after obtaining the cells as described in
Example 1, according to the method of present invention, was carried out, and a group of

parameters were evaluated, in order to:

- prove that the enriched population of functional mesenchymal stem cells, obtained in
Example 1, according to the method of the invention are suitable for application in

therapy

- prove that the enriched population of functional mesenchymal stem cells, obtained in
Example 1, preserve the typical characteristics of MSCs defined by the Society for
Cellular Therapy (ISCT) (Dominici et al., Cryotherapy, 2006, vol 8, No 4, 315-317);
(Wuchter et al, Cryotherapy, 2015, 17:128-139), and

- demonstrate the absence of phenotype and genotype aberrations in the enriched

population of functional mesenchymal stem cells, obtained in Example 1.

The parameters measured were:

1. cellular morphology measured by adhesion capability;
2. cellular performance measured as expansion (growth) capability of the cells
per cm?;

cell viability measured using Trypan Blue;

immunophenotype analysis analyzing positive expression of CD73, CD90, CD105 and
CD166 and negative expression of CD14, CD34, CD45 and HLA-DR;

sterility of the compositions obtained according to the method of the invention; and

cytogenetic studies to check for structural abnormalities and genetic aberrations.
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Morphology: In all the 7 cases assessed, cell cultures presented adherent cells of fibroblastic
aspect.

Cellular performance: The number of cells per cm? obtained is shown in Table 2 for the
enriched population of functional mesenchymal stem cells, obtained in Example 1, (Processed

5 MSCs) in Example 1, and of control MSCs (Control MSCs) that have not gone through the
method of the invention.

DONOR Performance Performance

Control MSCs Processed MSCs
(cellslcmz) (cellslcmz)

1 18019 9707

2 25021 18227

3 12228 12500

4 22966 22138

5 19079 15972

6 13349 19340

7 18078 23758

MEANSEM 183911753 173771906

TABLE 2

The mean numbers of cells/cm?, 18391 vs 17377 (last line in Table 2) do not differ significantly,

indicating that the method of the invention has not affected the growth of the cells.

10  Viability: The cell viability obtained, of the enriched population of functional mesenchymal
stem cells, obtained in Example 1 (Processed MSCs) and of control MSCs (Control MSCs)
that have not gone through the method of the invention, is shown in Table 3:

DONOR VIABILITY MSCs VIABILITY MSCs
Non-processed (%) Processed (%)

1 99 95

2 98 96

3 96 93

4 99 90

5 99 98

6 98 98

7 99 96
MEAN*SEM | 98.3+0.4 95.1+1.2

TABLE 3

Viability was very much preserved, and no significant differences between the values found in

15 controls and cells obtained in Example 1 (98 vs 95; see last line in Table 3)
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In all cases, cell viability must be 270%.
Immunophenotypic analysis:

In 2006, the ISCT proposed three criteria for defining mesenchymal cells: first, these cells must
be adherent in culture; second, express CD90 and CD105 antigens in the absence of
hematopoietic antigens such as CD34 and CD45; and third, mesenchymal cells must be able
to differentiate "In Vitro" into osteoblasts, adipocytes and chondrocytes. In addition, since this
population does not present a characteristic phenotype, other adhesion molecules such as the
presence of CD73, CD166 and absence of CD14 and HLA- DR should be analyzed.

The phenotypic control of the enriched population of functional mesenchymal stem cells was
carried out by means of an analysis of the surface antigens by flow cytometry, which allows us

to verify the presence of specific markers of mesenchymal cells.

A suspension of 1 million functional mesenchymal stem cells in 2 ml of PBS was prepared,
distributed in 4 tubes (250,000 cells / tube in a volume of 500 pl), and marked with the antibody

pattern shown in Table 4 below. The doses used were the recommended by the manufacturer.

Table: Antibody combination pattern for cytometry analysis

1 CONTROL

2 CD 14 CD 166 CD 34

3 CD 45 CD 73 CD 90

4 CD 105 | HLA-DR CD 90
TABLE 4

The tubes were incubated in the dark at 4 ° C for 20 minutes. After this time, 2.5 ml of PBS
was added to wash and centrifuged for 5 minutes at 2000 rpm. The supernatant was removed,
and the cell pellet resuspended in 500 ul of PBS before passing the sample through the flow

cytometer.

The analysis showed that both, the enriched population of functional mesenchymal stem cells,
obtained in Example 1, and control MSCs (fresh MSCs) that have not gone through the method
of the invention, expressed CD73, CD90, CD105 and CD166 (>90%) and were negative
(<10%) for CD14, CD34, CD45 and HLA-DR.

On the other hand, we have studied the percentage of expression of the markers used in the

immunophenotypic study (see Table 5) in seven donors.
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% EXPRESSION MARKERS
CD14 | CD34 | CD45 | CD37 | CD90 | CD105 | CD166 | HLA-DR

1 0.04 0 0.03 | 100 |99.97 | 99.67 | 99.96 0.77
2 0.23 0.17 | 0.07 | 100 100 | 97.22 99.6 0.10
3 0.04 236 | 0.15 | 99.95|99.756 | 97.68 | 99.79 2.47
4 0.12 0.06 | 0.14 | 99.86 | 99.94 | 96.5 99.74 0.22
5 0 0.03 0 100 | 99.97 | 99.05 100 0.39
6 0.17 0.11 0.19 1 99.94 | 100 | 98.96 | 99.91 0.18
7 0.07 0.32 | 0.33 | 100 |[99.51 | 92.03 100 0.08
TABLE 5

Sterility of the cells obtained.

Results obtained in the products sterility assessment are in accordance with the established
acceptance criteria. No microbiological growth (detected by CO, production in an automated
system—Bact/Alert and conforming European Pharmacopoeia Monograph 6.2.27) was
observed in any case and no presence of mycoplasma was detected.by PCR/NAT based

procedure complying European Pharmacopoeia Monograph 6.2.7.

Cytogenetic studies.

In addition to all the above, the karyotype of the enriched population of functional mesenchymal
stem cells, obtained in Example 1, was obtained and evaluated to rule out possible

chromosomal aberrations of the medicine.

In the cytogenetic study performed theenriched population offunctional mesenchymal stem
cells, obtained in Example 1, there were no structural abnormalities verified by G bands (with

a resolution of 400 bands).
In summary, from the results obtained in this example we can conclude that:

1. Both, the enriched population of functional mesenchymal stem cells, obtained in Example
1, (Processed MSCs) and control MSCs (Control MSCs) that have not gone through the

method of the invention are adherent cells of fibroblastic appearance.

2. The number of cells obtained per cm?in the enriched population of functional mesenchymal
stem cells, obtained in Example 1, is the same as in the control and sufficient to perform quality

controls as well as to obtain adequate treatment doses.

3. The viability of both the enriched population of functional mesenchymal stem cells, obtained
in Example 1, (Processed MSCs) and control MSCs (Control MSCs), that have not gone

through the method of the invention, is the same and above the lower limit fixed (270%).
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4. The phenotype of both, the enriched population of functional mesenchymal stem cells,
obtained in Example 1, (Processed MSCs) and control MSCs (Control MSCs), that have not
gone through the method of the invention, meet the criteria established by the International
Society for Cellular Therapy (ISCT): expression of CD105 and CD90, in the absence of
typically hematopoietic markers such as CD34, CD45 and HLA-DR. The cells (both, control
and processed) are also positive for CD73, CD166 and do not express CD14. Taking into
account the expression percentages obtained, and following the parameters settled in ISCT
(Wuchter et al, 2015), we established the acceptance criterion in the expression 290% for
considered positive markers likeCD73, CD90, CD105 and CD166, and the expression <10%
is considered negative for markers like CD14, CD34, CD45 and HLA-DR.

5. In summary, the method of the invention does not modify or transform the characteristics of
the enriched population of functional MSCs obtained by said method, thus being bioequivalent
to MSCs which have not gone through the method of the invention, the fresh cells used before,
which showed significant therapeutic value in several indications (Orozco, Transplantation,
2011, 92:822-828; Orozco, Transplantation, 2013, 95(12):1535-1541; Vega, Transplantation
2015, 99:1681-1690; Noriega, Transplantation 2017, 101:1945-1951).

6. The enriched population of functional mesenchymal stem cells, obtained in Example 1, do

not present genotypic aberrations after the cryopreservation process.

7. The absence of chromosomal aberrations in the enriched population of functional
mesenchymal stem cells, obtained in Example 1, allow us to conclude that the MSCs remain

stable when they undergo up to 10 duplications.

Example 4: characterization of a composition comprising an enriched population of
functional mesenchymal stem cells, obtained according to the method of the invention

after a 72 hours-transport.
The objectives of test were:

- Evaluate the sterility, viability and immunophenotype of the compositions comprising
an enriched population of functional mesenchymal stem cells, obtained according to

the method of the invention after a 72-hour transport process.

- Show that MSCs of said compositions maintain in vitro re-expansion capacity, i.e. the

same in vitro growth capability, after carrying out a 72-hour transport process.

As a cellular source of obtaining MSCs processed according to the method of the invention, a
bone marrow aspirate from 3 different donors was used and subjected to the protocol
anticoagulant procedure. The aspirate sample was processed within 24 hours after its

extraction.
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The compositions comprising an enriched population of functional MSCs were obtained
according to the method of the invention as described in Example 1. The enriched population
of functional MSCs obtained were suspended in composition 3 according to the example 3
above herein, and the packaging process was carried out in a 5 ml syringe in doses of 2012
million cells resuspended in 2 ml for use in degenerative disc disease (DDD) treatments. For

use in osteoarthritis the dose of cells would be 40 million cells suspended in 8 ml.

The composition, comprising an enriched population of functional mesenchymal stem cells,
obtained according to the method of the invention, has a characteristic immunophenotype of
mesenchymal cells, with the presence of CD90, CD105, CD166 and CD73 antibodies, and
absence of CD14, CD34, CD45, HLA- DR markers.

Cell viability needs to be greater than 90% for releasing for medical use the obtained
compositions and, the viability of the released compositions must be greater than 80% within
72 hours of its issue (product expiration date) after performing a shipping simulation, since this

product has a stability of 72 hours at 2-8 ° C.

The dose for therapy was 20 + 2 x 10° cells in a final volume of 2 ml. The container containing

the composition was identified by a label containing the data of the manufactured product.

The composition was transported in an ORCA equipment which is a validated isothermal
packaging that ensures a constant temperature between 2 and 8 ° C for at least 168 hours, at
all times of the year and climatic conditions. In addition, the packaging does not require
transportation in refrigerated vehicles. Also, each box incorporated a data logger (thermo-
recorder) that provided a graph of the temperature at which the product had been maintained

throughout the transport time.

The ORCA®packaging which consists of a box of 4.4L with external dimensions 345 x 317 x
308 mm and a weight of 7.2 kg.

To demonstrate that the compositions obtained in this example suspended with composition
3, according to present invention, remain stable after the 72-h transport process and maintains
sterility, viability and phenotypic characteristics of MSCs defined by the Society for Cellular
Therapy (ISCT) (Dominici et al., Cryotherapy, 2006, vol 9, No 4, 315-317), a study of 3 lots

was carried out to evaluate the following parameters:

- Transport temperature

- Cell Viability

- Immunophenotypic analysis

- Sterility

- Growth kinetics test to verify that cells maintain the ability to duplicate after the transport

process.
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The ORCA isothermic packaging allowed the transport temperature to be maintained for 72

hours in a range of 2t0 8 ° C.

Cell Viability

Cell viability was evaluated at 72 h after the transport process, with the Trypan Blue exclusion
method. All trials were performed in triplicate. Table 6 shows the initial viability of the donors

analyzed and the mean viability obtained at 72 hours + standard deviation.

DONOR %Viability %Viability
Initial 72 hour
1 99 83.9+2.9
2 98.4 84.242.3
97 84.5+2.4
TABLE 6

In all cases, the cellular viability at 72 hours was 280%, so it meets the criteria established in

this study.

Immunophenotypic analysis

Flow cytometry analysis showed that at 72 hours after the compositions were dispatched, the
cells tested expressed CD73, CD90, CD105 and CD166 and were negative for CD14, CD34,
CD45 and HLA-DR in all composition’s expression pattern. Table 5 shows the percentage of
expression of the markers analysed by flow cytometry at the time of shipment of the
compositions and at 72 hours after the product was shipped. All donors show a mesenchymal

cell phenotype after the transport process.

MARKERS DONOR 1 DONOR 2 DONOR 3
INITIAL 72 HOUR INITIAL 72 HOUR INITIAL 72 HOUR

CD14 0 0 0.4 0.1 0.1 0
CD34 0.1 0.1 2.5 0 0 0
CD45 0 0 0.6 0.1 0.1 0
CD73 99.7 100 99.8 99.9 100 99.8
CD90 99.8 100 99.8 99.3 99.9 99.9
CD105 93.9 99.7 93.9 96.6 98.6 98.5
CD166 99.8 99.8 99.8 99 99.9 99.9

HLA-DR 1.3 0.1 1.3 0 0 0.1

TABLE 7
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Growth kinetics test

Growth kinetics tests we carried out recording the number of cells at different time intervals
when culturing after the transport process. These results show that in for the three donors
analysed, the enriched population of functional MSCs maintain the capacity of duplication after

a transport process of 72 hours.

Sterility

The sterility of the compositions was evaluated after the simulation of the transport. After 72
hours of obtaining the composition with the enriched population of functional mesenchymal
stem cells, 3 cell expansion processes were initiated. These expansions were maintained for
a period of 11 days with culture media without antibiotics. None of the three cultures shows
signs of microbiological contamination, all present adequate growth kinetics and therefore

maintain sterility.
Based on the results obtained in this study, we can conclude that:

1. The viability of the mesenchymal cells in the compositions obtained with the method of the
invention after a 72 hours transport process was 280%.

2. In the study of growth kinetics, it is observed that the mesenchymal cells comprised in the
compositions, maintained in culture medium without antibiotic, preserve the sterility after
transport.

3. The phenotype of the mesenchymal cells comprised in the compositions following a 72-
hour transport process complies with the criteria established by the International Society
for Cellular Therapy (ISCT): expression of CD105 and CD90, in the absence of typically
hematopoietic markers such as CD34, CD45 and HLA-DR. They are also positive for
CD73, CD166 and do not express CD14. With percentages of expression 290% for the
positive markers and £10% for the negative markers.

4. The mesenchymal cells comprised in the compositions maintain the “in vitro” reexpansion
capacity after carrying out a hypothermic transport process of 72 hours, since they are

able to divide.

Example 5: Reproducibility of the method

The present example aims to verify the reproducibility of the process, to evaluate if said
process provides a standardized product adequate for use in therapy as a medicinal product,

and to confirm that the product obtained complies with a set of final product specifications.
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Bone marrow aspirates were the cellular source for obtaining the compositions of the invention
used in the test, processed according to the donation requirements according set by Directive
2006/17/EC and Spanish RD1301/2006.

The bone marrow aspirates were processed within 24 hours after extraction.

The yield and viability of mononuclear cells in the samples are shown in table 8:

Mononuclear cells
COUNTING VIABILITY
DONOR 1 360,400,000 99%
DONOR 2 1,350,719,900 99%
TABLE 8

The isolation of samples of mesenchymal stem cells, to be used in the method of the invention,
takes approximately 21 to 28 days, as detailed above. A fraction of mononuclear cells (MNCs)
was selected in said samples by density gradient method with Ficoll. At the end of this process,
counting and viability controls were performed using the Trypan Blue exclusion method with
Neubauer Chamber. At this point, the mononuclear cells with a viability greater than 70% were

selected to start the process of obtaining mesenchymal cells.

After the selection process, MNCs were seeded at a density of 175,000 cells /cm? and kept in
culture at 37 ° C and 10% CO.. Every 3 or 4 days, the appearance of the cell was is observed
with inverted microscope, and the percentage of growth was recorded. If it was less than 60-
80% a change of medium was made, and if it was greater than 80%, dissociation and cellular
expansion (pass) was carried out, performing subcultures in order to increase and purify the

MSCs over other non-dividing cells present in the sample.

An immunophenotypic study was performed by flow cytometry and showed that the
mesenchymal cells in the sample expressed CD73, CD90, CD105 and CD166 in a percentage
290% and were negative forCD14, CD34, CD45 and HLA-DR markers, since their expression

was < 10%

Table 9 shows the percentage of expression of the markers analysed by flow cytometry at the

time of obtaining the cellular stock of the two analysed donors:
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MARKERS Expression DONOR 1 DONOR 2
CD14 <10% 0.07% 0%
CD34 <10% 0.04% 0.05%
CD45 <10% 0% 0.04%
CD73 290% 100% 98.53%
CD90 290% 99.92% 99.33%
CD105 290% 99.73% 91.08%
CD166 290% 98.21% 99.19%
HLA-DR <10% 0.04% 0.05%
TABLE 9

Cells obtained during this first step were cryopreserved for obtaining the mesenchymal stem

cell sample of step (a) of the method of the invention.

At this point, an enzymatic digestion with tripsin-EDTA was performed thus allowing to obtain
a cell suspension which is cryopreserved in FBS containing 10% DMSO or with commercial
kits (CryoStor ® CS5) and stored in liquid nitrogen at -196 ° C for 24 days.

The process of restoration and revitalization lasts approximately 7 to 10 days, allowing to

obtain the compositions containing MSCs according to the invention.

The restoration process begins by thawing a cryovial incubated 1-2 min at 37 °C or using
automatized devices such as a ThawSTAR® CFT2 Thawing Instrument, and the cells were

seeded at a density of 2,000 cells/cm?.

Controls performed after the thawing of the samples showed satisfactory results as seen in
Table 10, in terms of viability and cell counting and, therefore the cellular restoration process

was started to obtain the compositions of the invention.

QCs on Product after freezing DONOR 1 DONOR 2

Vial integrity Entire and sealed Entire and sealed

Viability 78.6 % 86 %

Cell-Counting 8,000,000 cells 7,068,666 cells

Sterility Sterile Sterile
TABLE 10

The culture was maintained at371+2 ° C and 10% CO.. Every 3-4 days a medium change was
performed. During this process, the culture was monitored with the inverted microscope and it
was verified that the mesenchymal cells preserve their fibroblastic morphology after the

cryopreservation and thawing process.
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When the culture reached 80% of confluency, the mesenchymal stem cells were recovered by

enzymatic dissociation with trypsin-EDTA.

The enriched population of functional mesenchymal stem cells recovered were then
resuspended in the composition 3 of example 2, and the packaging process was carried out in

a 5 ml syringe in doses of 20 + 2 million cells resuspended in 2ml.

The enriched population of functional mesenchymal cells were analysed by cytogenetic studies
to verify if they presented alterations at karyotype level after the cryopreservation and thawing
process. Results obtained from this analysis do not show chromosomal aberrations. The

results of the controls performed are shown in Table 11:

Active Substance QCs DONOR 1 DONOR 2
Mycoplasma Detection Absence Absence
Viability 93% 97%
Cell-counting 23,077,500 cells 24,897,500 cells
Sterility Sterile Sterile
Karyotype No chromosomic No chromosomic

aberrations aberrations
Cumulative population doublings (PD) 1.86 1.97
Immunophenotype Complying Complying
TABLE 11

The immunophenotypic study performed by flow cytometry on the active substance shows that
the enriched population of functional mesenchymal cells of the compositions obtained
expressed CD73, CD90, CD105 and CD166 in a percentage 290% and were negative for
CD14, CD34, CD45 and HLA-DR, since its expression was <10%. Table 12 shows the
expression percentage of the markers analysed by flow cytometry at the time of obtaining the

active substance from the two donors analysed:

MARKERS Expression | DONOR 1 DONOR 2
CD14 <10% 0.04% 0%
CD34 <10% 0% 0%
CD45 <10% 0.36% 0.04%
CD73 290% 99.28% 97.75%
CD90 290% 98.25% 99.67%
CD105 290% 97.99% 98.75%
CD166 290% 100% 100%

HLA-DR <10% 0.09% 0.14%

TABLE 12
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In addition, in the study of the potency performed it is observed that the cells differentiate to
chondrogenic tissue. They were kept in culture for 30 days with conditioned medium and the
histological study was carried out by staining with Alcian Blue that allows us to observe the
acidic polysaccharides found in differentiated cells towards cartilage. The results of the

controls performed on the final product are shown in table 13.

QCs on Final Product DONOR 1 DONOR 2
Cell concentration 10,000,000 /1 ml 10,000,000 /1 ml
Viability 93% 97%
Sterility Sterile Sterile
Appearance on integrity Withish cell suspension
TABLE 13

The compositions obtained, containing an enriched population of functional mesenchymal
stem cells obtained according to the method of the invention, contained 20 million + 2 million

cells resuspended in composition 3 according to Example 2.

In this case, the packaging of 10 million in 1 ml was chosen since it is the density established
for the treatment of disc regeneration. Those compositions were packed in a 5 ml syringe

containing 2 ml of cell suspension, with a stability of 72 hours at 2-8 ° C.

The container carrying the compositions of the invention was identified with a label including
the data of the product. This container was then introduced into a sterile bag and exited the
sterile zone to the conditioning area, where the secondary packaging is performed in a box

with the corresponding identification.

The compositions were transported in a validated isothermal package which ensured a
temperature maintained between 2 and 8 ° C for up to 168 hours, also containing a data logger

that provides a graph of the product temperature throughout all the transport process.

In addition, during the whole manufacturing process, it is ensured the aseptic manufacture of

the compositions.

Example 6: Evaluation of cell viability

To compare the cell viability profile of the mesenchymal stem cells included in the compositions

obtained according to the method of the invention, with current cryopreservation methods.

To this end, a first sample of mesenchymal stem cells was cryopreserved with 10% DMSO
and FBS, restored at 35-39°C with DMEM with 10%CO3, and transport conditioned to obtain

composition 3 according to the method of the invention.
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A second sample of mesenchymal stem cells was frozen in Hypothermosol® FRS (containing
no DMSOQ!) and thawed at room temperature (21-25°C).

A third sample of mesenchymal stem cells was frozen in saline medium containing 10 % DMSO

and thawed at room temperature (21-25°C).
Values are means +/- SD of 3 donors. All the measurements were done by in triplicate.

As seen in figure 3, the mesenchymal stem cells included in the compositions obtained
according to the method of the invention provided a viability above 80% even after 72 hours of
storage (black bars). On the other hand, mesenchymal stem cells cryopreserved in
Hypothermosol ® FRS, without DMSO and thawed at room temperature (bars with diagonal
lines), provided lower than 50% viability after only 24 hours of storage. The viability results of
cells cryopreserved with DMSO in saline and directly thawed without restoration according to
the invention step were even lower. Only the compositions obtained according to the invention

showed an adequate stability and viability for postponed therapeutic use.

Reference example 7: evaluation of cell growth profile of fresh mesenchymal stem cells

in the presence of DMSO

The cell growth profile of the mesenchymal stem cells in presence of DMSO was analysed to
evaluate the effect of DMSO in current cryopreservation methods, which make use of the cells

directly after thaw and may be contaminated with DMSO.

For this purpose, a sample of freshly prepared MSCs was grown in DMEM containing FBS, 10

% CO, and different concentrations of DMSQO, as shown.

Reference figure 4 shows that DMSO interferes significantly with growth at concentrations as
low as 0.3%, suggesting that even a small contamination with DMSO, such as the produced

during use in the freezing-thawing steps, may hinder growth.

Example 8: Evaluation of the cell growth profile

Cell growth was also evaluated for a composition comprising functional cryopreserved,
restored and transport conditioned mesenchymal stem cells obtained according to the method

of the invention after thawing, restoration and 72 hours transport at 4 °C (CRT).

To this end, a sample of mesenchymal stem cells was cryopreserved with 10% DMSO and
FBS, restored at 35-39°C with DMEM with 10%CO- for 7 days, transport conditioned to obtain
composition 3 according to the method of the invention and incubated in hypothermia (2-8°C)

during 72 hours and subsequently cultured as in Figure 4.
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Figure 5 shows how the growth profile of the mesenchymal stem cells included in the
compositions obtained in the method of the invention is similar to that of cells cultured without
DMSO (Figure 4). This means that the process of restoration described here eliminates any of
the possible interactions and toxicity found in the use of DMSO during cryopreservation, while
providing a significantly improved cell viability profile even after 72 hr of hypothermic storage
following restoration and conditioning in the transport solution, according to the method of the

invention.

The stability, viability and cell growth profile of the compositions obtained according to the
method of the invention allow their storage and postponed use in therapy and solve the issues
of DMSO toxicity when administered. The method of the invention also allows to obtain
mesenchymal stem cells with suitable phenotype, cell grow and viability profile, in sufficient
number for therapeutic doses, solving the issues described in the prior art. Optimal results
require not only the adequate compositions in each one of the steps described,
Cryopreservation, Restoration and Transport-conditioning procedures, but adequate

sequence and duration of each elementary step.
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CLAIMS

1. A method for obtaining a composition comprising functional mesenchymal stem cells

suitable for administration in therapy, said method comprising the steps of.

a. suspending an ex vivo sample of bone marrow mesenchymal stem cells in a

cryoprotecting medium comprising 5% to 10% dimethyl sulfoxide at a concentration
of 5x10° to 10x10%cells/ml:

b. cryopreserving the sample of bone marrow mesenchymal stem cells, cooling them

first from -70°C to -90°C for at least 24 hours prior to storing the sample in liquid

nitrogen;

C. restoring the sample of bone marrow mesenchymal stem cells, by performing the

following steps:

cl.

c2.

c3.

c5.

c6.

c7.

thawing the sample of the bone marrow mesenchymal stem cells by
progressively increasing the temperature up to 35-39°C during 1 to 5 minutes;

diluting the sample 10 to 30 times the initial sample volume with suitable culture
medium;

centrifuging the sample, discarding the supernatant and resuspending the peliet
of mesenchymal stem cells in suitable culture medium;

selecting the mesenchymal stem cells with a viability of at least 70%;

seeding the mesenchymal stem cells selected in step (c4) on a plastic support
and incubating said mesenchymal stem cells with a suitable culture medium
comprising 7.5% to 10% CO, and at least 5% fetal bovine serum at a cell
concentration between 1000 to 5000 cells/ cm? with adequate culture
conditions at 35-39°C,

replacing with fresh suitable culture medium comprising 7.5% to 10% CO, and
at least 5% fetal bovine serum, at regular time intervals and isolating the
mesenchymal stem cells from the support when the cells occupy 80 to 100% of
the support’s surface;

selecting the mesenchymal stem cells that:

show adherence to plastic; and

present a viability of at least 70%; and

present an expression 290% of CD90, CD 166, CD73 and CD105; and
present an expression £10% of CD14, CD34, CD45 and HLA-DR <10%;
and
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— do not feature chromosomal aberrations; and
— present capacity to differentiate into osteoblasts, adipocytes and
chondrocytes; and
d. suspending the mesenchymal stem cells isolated in step (¢7) in an adequate
medium for transport and storage at 2-8°C to obtain a composition comprising
functional mesenchymal stem cells, wherein said adequate medium for transport
and storage at 2-8°C is an isotonic medium comprising 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid 0.25 to 1 mM.

N

A method according to claim 1, wherein the cryoprotecting medium of step (a) comprises
fetal bovine serum and 5% to 10% DMSO.

3. A method according to claim 1, wherein the cryoprotecting medium of step (a) is an animal
component-free, serum-free and protein-free medium, comprising 5% or 10% DMSO.

4. A method according to any of claims 1 to 3, wherein step (b) comprises cryopreserving the
sample of bone marrow mesenchymal stem cells at a speed of 1°C/min from -70°C to -
90°C for at least 25 hours prior to storing the sample in liquid nitrogen.

5. A method according to any of claims 1 to 4, wherein the isotonic medium comprising 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.25mM to 1mM, is an animal
component-free serum-free protein-free medium.

6. A method according to any of claims 1 to 4, wherein the isotonic medium comprising 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.25mM to 1mM comprises a 1:9to
9:1 mixture (v/v) of a first composition comprising Na* 130 mM, K*4 mM, Ca?* 1.35 mM,
Chloride 109 mM and lactate 16 mM, with a second composition comprising Na* 159 mM,
K*5 mM, Mg?* 0.8 mM, Chloride 77 mM, dihydrogen phosphate 28 mM, citrate 10 mM and
acetate 32 mM, supplemented with glucose 5 mM, and human serum albumin 0.1% to
0.5%.

7. A composition comprising a population of at least 0.5x10® mesenchymal stem cells and 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 0.25mM to 1mM obtainable
according to the method of claims 1 to 6, wherein said mesenchymal stem cells retain for
at least 72 hours during hypothermic transport at 2-8°C, the functionality of fresh
mesenchymal stem cells, including :

Date Regue/Date Received 2023-02-23



43

— showing adherence to plastic;

— presenting a viability of at least 70%;

- presenting an expression 290% of CD90, CD 166, CD73 and CD105;

— presenting an expression £10% of CD14, CD34, CD45 and HLA-DR =10%;
— not featuring chromosomal aberrations; and

— presenting capacity to differentiate into osteoblasts, adipocytes and chondrocytes.

8. A composition according to claim 7 for use as a medicament.

9. A composition according to claim 7, for use in autologous or allogeneic treatment of
osteoarticular diseases, autcimmune diseases and cardiovascular diseases.

10. A composition for use according to any of claims 8 or 9, wherein said composition is for
administration at a cell density of 1x108 to 10x108 cells/ml and at 0.5 to 90 million cells.

11. A composition for use according to any of claims 9 or 10, wherein the osteoarticular
diseases are selected from the group consisting of degenerative disc disease,
osteoarthritis, meniscus injuries, and rheumatoid arthritis.

12. A composition for use according to any of claims 9 or 10, wherein the autoimmune diseases
are selected from the group consisting of lupus erythematosus, graft-versus-host disease,
and systemic sclerosis.

13. A composition for use according to any of claims 9 or 10, wherein the cardiovascular
diseases are selected from the group consisting of peripheral vascular insufficiency,
myocardial infarction, stroke, and ischemia.

Date Regue/Date Received 2023-02-23



CA 03112505 2021-03-11

WO 2020/058324 PCT/EP2019/074991
1/4

FIGURE 1

Composition 2

w1 1 Composition 1
| \O Ringer-Lactate

1 i I " 1 ' i

0 20 40 &0 80
Time in hours




CA 03112505 2021-03-11

WO 2020/058324 PCT/EP2019/074991
2/4

FIGURE 2

100+

Composition 3
Composition 2

60~

% Viability
S
] M
()~ P
N

I

Composition 1

5 |
. \Q Ringer-lactate
0-

Time in hours



CA 03112505 2021-03-11

WO 2020/058324

J

Viability (%

3/4

FIGURE 3

100 A

foe]
1

0
L]
I

——
\\

oy
L]
I

n
1

PCT/EP2019/074991

f
o 24 43

Time in Hours




WO 2020/058324

Cell count

Cell count

CA 03112505 2021-03-11

PCT/EP2019/074991
4/4
REFERENCE FIGURE 4
300000 — ]
—e— 0% DMSO
—A—0.1% DMSO -
250000 1 —v— 0.3% DMSO 1
—e— 1% DMSO *— __
200000 - —<4— 5% DMSO 1
150000
100000
50000 -
0
| ! ] ! ] ! | ! ] ! ] |
0 2 4 6 8 10 12
Time in days
FIGURE 5
300000 —
250000 -
200000 -
150000
100000 - /§
50000 - §/§
/0/
04 o
I I I ! I I I ]
0 2 4 6 8 10 12

Time in days



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - CLAIMS
	Page 44 - CLAIMS
	Page 45 - CLAIMS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS

