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SOMATIC CELLS FOR USE IN CELL THERAPY

FIELD OF THE INVENTION

* This invention relates to cell therapy and in particular to products and methods for

use in somatic cells therapy such as stem cell therapy.

LIST OF REFERENCES

The following references are considered to be pertinent for the purpose of

understanding the background of the present invention:

1. WO 03/020874, Improved Method for Freezing Viable Cells;

2. US 5,827,741, Cryopreservation of Human Adult and Fetal Pancreatic Cells and

Human Platelets;
3. US 6,723,497, Therapeutic Platelets and Methods;

4.  Chen et al. 2001, Beneficial effect of intracellular trehalose on the membrane
integrity of dried mammalian cells. Cryobiology 43(2):168-81.

5. Crowe et al. 2003, Stabilization of membranes in human platelets freeze-dried with
trehalose. Chem. Phys. Lipids. 122(1-2):41-52.

6. Fujiki et al. 1999, Mechanistic Findings of Green Tea as Cancer Preventive for
Humans. Proc. Soc. Exp. Biol. Med. 220(4) 225-228,;

7. Kumazawa et al. 2004, Direct evidence of interaction of a green tea polyphenol,
epigallocatechin gallate, with lipid bilayers by solid-state Nuclear Magnetic Resonance.
Biosci Biotechnol Biochem. 68, 1743-7.

8.  Suganuma et al. 1999, Green Tea and Chemprevention Mutation Research 428, 339-
344,
9.  Sherry Chow et al. 2001, Cancer Epidemiology, Biomarkers & Prevention 10, 53-58

10. FDA, CBER, 1998, Guidance for human somatic cell therapy and gene therapy;
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11. US 20050020524, Boyd RL. Hematopoietic stem cell gene therapy
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13. US 20050118712, Tsai, MS. Two-stage culture protocol for isolating mesenchymal
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via gene transfer of pancreatic beta-cell-associated transcriptional factor
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CDI14+ monocytes

16. US 20050095228, Fraser JK. Methods of using regenerative cells in the treatment of .

peripheral vascular disease and related disorders

17. US Patent application 20050142118, Wernet P. Human cord blood derived
unrestricted somatic stem cells (USSC)

18, US 20050059152, Tanavde V. In vitro culture of mesenchymal stem cells (MSC) and a

process for the preparation thereof for therapeutic use
19. US 20040197310, Sanberg PR, et al. Compositions and methods Jor using umbilical
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BACKGROUND OF THE INVENTION

Somatic cellular therapy or cell therapy, including gene therapy, already has great
importance in medicine. With technological and scientific advancement the role of cell

therapy and its possible applications in medicine are likely to increase.

There are currently numerous examples of work being done in the field of cell
therapy. One of the most common applications is bone marrow transplantation. In this kind
of cell therapy hematopoietic stem cells (HSC) are taken from a donor bone marrow,
umbilical cord blood (UCB) or peripheral blood and transfused into a patient. The HSC

migrate into the recipient bone marrow where some of the HSC remain as a continuous
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population of HSC and others differentiate into new and healthy blood cells. This treatment

can be autologous, xenogeneic or allogeneic.
Examples of the types of work being done in research in cell therapy include:

= Use of UCB as a source for HSC for treatment of patients whose immune systems

have been damaged, such as in US patent application publication No. 2005/0020524,

~ Ex vivo expansion of somatic cells such as in US 6,887,704 and US patent
application publication No. 2005/0142118.

— The use of somatic cells as study models for the assessment of
immun(;toxicity/immunotolerance, for the development of cosmetic and
pharmaceutical active principles and for the development and implementation of
methods of cell and tissue therapy (e.g. US patent application publication Nos.
2005/0118712, 2005/0042754, 2005/0008623, and 2005/0095228).

—  Culturing mesenchymal stem cells (MSC) and their preparation for therapeutic use
such as in US patent application publication No. 2005/0059152. Amongst the
published uses for MSC is the grafting of & donor's MSC to a recipient of an organ
(from the same donor, in order to prevent graft rejection (immunosuppresion) (Ryan et
al., 2005).

— Use in treating circulatory disorders and heart problems such as in US patent
application publication No. 2004/0197310.

—  The use of macrophages in wound healing (Danon et al., 1997).

Preservation at a temperature below 0°C (defined herein as “cryopreservation”),
allows for long storage times and may be at any temperature below 0°C, including such
temperatures below -20°C, -70°C, -135°C, or in liquid nitrogen.” Cryopreservation is
achievable by freezing or by vitrification. In vitrification, ice-crystals are not formed,
however high concentrations of cryoprotectant agents that are known to be toxic must be
added to the biological material. These cryoprotectant agents must be removed before the
biological sample is used, in order not to harm the recipient of the biological material.

Freezing is also known to cause damage. For example, ice crystals forming in the solution
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exert extra-cellular mechanical stress. Intracellular stress can be caused for example by

osmosis of water into the extra-cellular space, to replace water that is already frozen.

One factor that has a major effect on the success of cryopreservation is the
compasition of the solution in which the biological material is immersed prior to freezing.
Currently many different cryopreservation solutions are known. Normally, such solutions
contain a balanced salt solution such as phosphate buffered saline (PBS), cryoprotectant

agents (CPAs), and other molecules including butandiol and methanol.

In addition, sugars, proteins, carbohydrates such as hydroxy ethyl starch (HES),
dextran, proteins (especially sefum proteins such as albumin) and other macromolecules are
also used and are generally termed herein "cryoprotectants”. Trehalose, for example, is
thought to be protectivé by binding to lipid polar groups and replacing water. An example
for a currently used storage technique may be found in International patent application
publication No. WO 01/23532. Currently used cryoprotectant agents, namely, DMSO,
ethylene glycol, glycerol and other polyalcohols, are toxic to cells and therefore upon
thawing need to be removed or even washed. Use of serum may also be hazardous, since
there is a hazard of contamination (especially when the source is human) or if the source is
non-human (e.g. bovine) there are also health hazard (e.g. prions and ill match of the cells to

the human body).

In most cryopreservation protocols, preservation of the frozen biological material is
at a temperature below -130°C. This is normally done in containers of liquid nitrogen (LN)
by either immersion of the biological material in LN or in LN vapor. This adds significantly
to the cost of long-term preservation. In addition, incidents are known where the LN in the
container evaporated (either due to a malfunction of the container or human error) and the
biological materials were damaged. Furthermore, when storing in LN cross contamination

can occur. This might be discovered only after use and cost also in patients' lives.

Moreover, in many applications, the cell therapy technique includes a step of
processing the cells and usually such processed or treated cells are more sensitive to
preservation in cold temperatures. The result is that the cells have a very short shelf life after
the process is completed and the cells must be administered to a patient (e.g. injected) or

otherwise used in a very short time, sometimes even a few hours after the process is
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completed. This limitation causes the market of providing treated or processed cells to be
considered as a "service". A good long term preservation method will allow the treated cells
to be regarded more as a "product", ready to be used whenever required and not only when

their processing is completed.

One method that can overcome these obstacles is lyophilization of the frozen
biological material (e.g. as described in US patent application publication No.2004-
191754). Lyophilization is a process in which ice crystals are removed by sublimation and
desorption, resulting in dry, or partially dry, matter. The lyophilized material may be stored
at room temperature for a long period of time and be rehydrated for use by simply adding
water. Lyophilization results in higher survival rates than air drying or heating, but is still a

damaging process.

In order to enhance the biological material’s ability to survive the freeze-drying
process, intercellular and/or extra-cellular lyoprotectant agents (LPAs) are often added to the
biological material. Carbohydrates and polymers (such as PVP, Dextran, Hydroxy Ethyl
Starch (HES), glucose, sucrose, mannose, lactose, trehalose and other) are known to be used
for stabilization of the cells during lyophilization and storage in the dry state (Yu et al.,
2004).

One method of lyophilization of cells includes introduction of trehalose into the
cells. Trehalose is known to protect cell membranes in a dry state (Chen et al., 2001). It was

also shown to improve platelet survival after freeze-drying (Crowe et al., 2003).

Umbilical cord blood (UCB) is a source for hematopoietic stem cells (HSC). HSC
are cells that can differentiate into all blood cells. Other sources for HSC are bone marrow
and a very small amount of HSC can be found circulating in peripheral blood (as WBC).
Morphologically, HSC have a round nucleus similar to the mononuclear white blood cells
(lymphocytes and monocytes). They resemble lymphocytes very much, and may be slightly
bigger. The method to differentiate between them is according to cell membrane antigens.
HSC are normally identified by expression of the CD34 antigen. HSC (from peripheral
blood, bone marrow or UCB) are given to patients whose immune systems have been
damaged, e.g. due to chemotherapy and/or radiotherapy and in different diseases such as:

acute and chronic leukemias, myelodysplastic syndromes, Hodgkin lymphoma, non-
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Hodgkin lymphoma, and multiple myeloma, aplastic anemia, thalassemia, sickle cell

anemia, neuroblastoma and more.

The current method for the preservation of somatic cells is using 5-10% DMSO and
storage in liquid nitrogen (LN). When storing SC from UCB and from peripheral blood the
cells are separated using ficoll-paque and the fraction that is stored are the MNC (Cord
Blood Barnk Standard Operating Procedures, Chapter 4).

Lyophilization of mononuclear cells derived from human umbilical cord blood was
described by Xiao, HH.,, et al., 2004 and Lil et al. 2005.

Epigallocatechin gallate (EGCG)

Epigallocatechin gallate (EGCG) is a polyphenol (MW 458.4) found naturally for
example in green and black tea. The well-known beneficial effects associated with such tea
are attributed, at least in part, to EGCG. Among the mechanisms associated with EGCG’s
beneficial effects are its ability to function as an antioxidant, its ability to associate with the
phospholipids bi-layer of the cell membrane (Fujiki et al. 1999) and the lipid head groups of
liposomes (Kumazawa et al., 2004) and more. Whilst EGCG is the main constituent of
green tea, other polyphenols that are found naturally in green tea, such as epicatechin gallate
(ECG) epigallocatechin (EGC) and epicatechin (EC), are also found in green tea and, like
EGCG, are considered to be non-toxic. These polyphenols share structural and functional

properties with EGCG (Suganuma et al. 1999).

International patent application Publication No WO02/01952 describes a
preservation fluid for cells and tissues, containing a polyphenol as the active ingredient. The

fluid may further contain trehalose.

SUMMARY OF THE INVENTION

The present invention is based on the inventors’ surprising discovery that
preservation by either freezing or freeze drying of somatic cells, which have either
undergone manipulation or not (as described below), and subsequent reconstitution of said
cells resulted in viable, functioning post-preservation cells that can be used for the purposes

of cell therapy.



10

15

20

25

WO 2007/015252 PCT/IL2006/000902

The present invention is further based on the finding that preserved mononuclear
cells composed mainly of stem cells can be reconstituted and transplanted into an animal,
while maintaining their viability and functionality as indicated by their ability to increase the
survival rate of immune-compromised animals, and their ability to produce circulating blood

cells cérrying the graft cell's genetic material.

Thus, the present invention provides, by a first of its aspects, a preserved cell
preparation, essentially free of one or more members of a group of cryoprotecing agents
consisting of polyalcohols, DMSO and cryoprotecting proteins, the preserved cell
preparation comprising somatic cells and at least one polyphenol, wherein upon
reconstitution of cells in the cell preparation, at least a portion of said stem cells are viable,
said portion being sufficient for use of the cell preparation in somatic cell therapy.
Preferably, the cell preparation is free of polyphenol and DMSO and does not require the

addition of serum proteins (e.g. albumin, known as a cryoprotecting protein).

In accordance with a second aspect, the present invention provides the use of a
preserved cell preparation for the production of a therapeutic composition for somatic cell
therapy, the preserved cell preparation being essentially free one or more members of a
group of cryoprotecing agents consisting of polyalcohols, DMSO and cryoprotecting
proteins, the preserved cell preparation comprising somatic cells, wherein upon
reconstitution of cells in the cell preparation, at least a portion of said somatic cells are
viable, said portion being sufficient for use of the therapeutic composition in somatic cell

therapy.

In accordance with a third aspect, the present invention provides a reconstituted cell
preparation being essentially free of one or more members of a group of cryoprotecing
agents consisting of polyalcohols, DMSO and cryoprotecting proteins, the preserved cell
preparation comprising post-preservation somatic cells and at least one polypenol, wherein
at least a portion of said post-preservation somatic cells are viable, said portion being
sufficient for use of the reconstituted cell preparation in somatic cell therapy. According to a
preferred embodiment, the reconstituted cell preparation is essentially free of polyalcohol,

DMSO and serum proteins (e.g. albumin).
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In accordance with a fourth aspect, the present invention provides a method of
treating a subject in need of somatic cell transplantation, the method comprises
administering to said subject a cell preparation essentially fiee of one or more members of a
group of" cryoprotecing agents consisting of polyalcohols, DMSO and cryoprotecting
proteiﬁs, the preserved cell preparation comprising a effective amount of post-preservation
and viable somatic cells the amount of the viable somatic cells being sufficient for re-

establishing the stem cells in the subject's body.

In accordance with one embodiment, the somatic cells are stem cells, preferably

human stem cells (hSC).

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in practice,
preferred embodiments will now be described, by way of non-limiting example only, with

reference to the accompanying drawings, in which:

Figures 1A-1B are bar graphs showing membrane integrity (Figure 1A) and percentage
(Figure 1B) of cells after freeze thawing or freeze drying with different solutions: HSA &
Trehalose (1) HSA, Trehalose & EGCG (2) HSA & EGCG (3) Trehalose & EGCG
(4) Dextran & EGCG (5) (results in Figure 1A are shown as the percentages of treated

samples compared to the fresh samples).

Figures 2A-2B are bar graphs demonstrating the percent of membrane integrity of samples
after freeze thawing and freeze drying as compared to the fresh samples (set as a 100%)
using a freezing solution comprising 0.4M trehalose (Figure 2A) or 0.1M trehalose
(Figure 2B). The graphs show an EGCG dose response on UCB derived MNC.

Figure3 is a graph showing the proliferation of mononuclear cells (MNC) after freezing
and thawing and after lyophilization and re-hydration, according to some embodiments of

the invention. (x2.5 EGCG=1.03mM; x10 EGCG=4.12mM)

Figures 4A-4B are graphs showing membrane integrity (Figure 4A) and percentage of

cells that are metabolizing (Figure 4B) after freezing at different cooling rates prior to
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thawing or drying (results are shown as the percentages of treated samples compared to the

fresh samples).

Figure 5 is a photograph of CFU-GM colonies grown from previously lyophilized MNC

as viewed by a light microscope.

Figures 6A-6C are bar graphs showing the percentage of membrane integrity in
macrophages that were frozen and thawed and macrophages that were freeze dried with
different trehalose concentrations where macrophages were separated on Ficoll-Paque
gradient prior to freezing (Figure 6A) or without prior separation on Ficoll-Paque gradient

(Figure 6B); or eells were frozen as whole macrophage units (Figure 6C).

Figure 7 is a bar graph demonstrating the survival patterns of mice injected with bone

marrow derived MNC compared with mice that were not administered with NMC.

DETAILED DESCRIPTION OF THE INVENTION

Some terms used herein and their meanings are as follows:

Somatic cells - any sample that comprises cells of an organism, which are not
gametes. Such cells include stem cells, white blood cells (WBC), umbilical cord blood
(UCB) cells (which are not stem cells) or fractions thereof, embryos, embryonic stem cells,
bone marrow cells and other mononuclear cells (MNC), such as lymphocytes or a

combination of any of the above. Such cells may be taken from a mammal, e.g. humans.

Stem cells - cells that have the capaéity to replicate themselves into cells with similar
properties in order to maintain a pool of precursor cells which may then differentiate to
produce specialized cell types. Such stem cells may comprise, without limitation, any of the
following: pluripotent stem cells, totipotent stem cells, and unipotent stem cells, adult stem
cells, embryonic stem cells, hematopoietic stem cells (HSC), mesenchymal stem cells
(MSC) and stromal stem cells. HSC may give rise to cells of the lymphoid lineage and to
cells of the myeloid lineage. HSC may be obtained from any source, including isolation
from mononuclear cells found in Umbilical cord blood (UCB), bone marrow or the
peripheral blood. Such cells may be taken from a mammal, e.g. humans and human derived

stems cells.
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Cellular therapy or cell therapy - administration to humans of autologous,
allogeneic, or xenogeneic living cells for any purpose including diagnostic or preventive
purposes (Guidance for Industry- Guidance for Human Somatic Cell Therapy and Gene
Therapy, FDA, Center for Biologics Evaluation and Research (CBER), March 1998), and

healing or treatment of any condition or malady, for example regenerative medicine.

For the purpose of this invention, the term cell therapy also includes the process of
therapeutic cloning which means the use of stem cells to produce cloned embryo that serves
as a source for embryonic stem cells used for cell therapy. In the framework of cellular
therapy use may be made of any appropriate somatic cells as known in the art, including but
not necessarily manipulated cells. Cellular therapy may also include the use of stem cells for
production of tissue or organ for transplantation including the use of the cells for therapeutic

cloning (e.g. as a source for nuclei in nuclear transfer).

Regenerative medicine - any technique to replace or repair organs or tissues that are
damaged by disease, aging or trauma, so that function can be restored or at least improved
by means other than transplantation of the same intact tissue or organ.

(http://www.chemeng.mcmaster.ca/courses/che4t3/Regenerative%20Medicined.pdf). This

includes the use of scaffolds, cell selection, genetic engineering and tissue engineering
methods. It encompasses, among other things, the fields of tissue engineering, biomaterials,

and stem cell applications.

Manipulated cells - somatic cells (e.g. stem cells) that underwent any treatment,
processing or manipulation, for any purpose other than manipulation that is related solely for
the preservation of the cells (such as addition of a preservation agent or solution, cooling,
lyophilizing etc.). Examples for such manipulated cells include cells that underwent one or
more of; separation (from other cells or materials), expansion, culturing, mixture with other
material (e.g. biological or chemical), activation, differentiation etc. and any other treatment
that is intended to allow the cells to be used for cell therapy. Manufacture of products for
stem cell therapy may involves the ex vivo propagation, expansion, differentiation, selection

or pharmacologic treatment of cells, or other alteration of their biological characteristics.

Preservation - the process of maintaining cells under conditions in which its

biological activity is considerably reduced (or eliminated) while it nonetheless remains
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P

viable and may resume essentially normal biological activity when taken out of the
preservation state. Specific examples of preservation are hypothermic preservation and

cryopreservation (including e.g. freezing and freeze drying).

. "Preserved cells" — cells maintained under conditions in which their biological
activity is considerably reduced (or eliminated) while they nonetheless remain viable and
may resume essentially normal biological activity when taken out of the preservation state.
The cells may be preserved by any known preservation method, including those mentioned

above.

Preservation solution - 2 solution permitting the preservation of biological material,
such that it retains its viability. A specific embodiment of a preservation solution is one for
preserving biological material at low temperature. Such solution comprises such
components that would allow the biological material to endure the preservation and, at
times, also sustain the biological material, while being preserved. It would normally
comprise a balanced salt solution such as phosphate buffered saline (PBS) or Sodium
Chloride (NaCl) and other constituents that are known to improve the biological material’s
ability to withstand preservation conditions. Hypothermic preservation solutions and

cryopreservation solutions are examples of preservation solutions.

Cryopreservation - a process including at least one step of lowering the temperature
of biological material from a temperature that is above the freezing temperature of the
biological material (or the solution in which it is immersed) to a temperature that is below
that freezing temperature. Cryopreservation encompasses freezing, vitrification and
lyophilization. The term “cryopreservation solution” refers to any solution or media in
which a biological material is immersed before cryopreservation. Typically,
cryopreservation solutions contain a balanced salt solution such as phosphate buffered saline
(PBS) or NaCl and at least one (intracellular and/or extra-cellular) cryoprotectant agent
(CPA) or intracellular and/or extra-cellular lyoprotectant agent (LPA) or polyalcohol. A
cryopreservation solution may be a freezing solution, a vitrification solution, a Iyophilization

solution and/or a mixture of such solutions.

Freezing - a process of cryopreservation that causes the formation of ice crystals

within the frozen material.
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Appropriate freezing conditions - freezing conditions that would maintain cells of a
biological material in a viable state. Such conditions relate to the freezing solution and its
constituents (e.g. a freezing solution with added polyphenols that optionally does not
comprise a significant amount of a polyalcohol, CPA and/or glycerol and/or DMSO and/or
other undesired chemicals such as ethylene glycol, propylene glycol and other alcohols,
butandiol and methar‘xol), the freezing protocol including rate of cooling, temperature
regime, directional freezing or stationary freezing, and the like. Non-limiting embodiments

for such appropriate conditions include those embodiments and examples described herein.

Freezing solution - any solution or media in which biological material is immersed
before freezing. It comprises constituents that are intended to maintain the biological
material whilst reducing the damage caused to the biological material by freezing and/or

thawing. Freezing solutions normally comprise intercellular and/or extra-cellular CPAs.

Lyophilization or freeze-drying - a process of cryopreservation in which cells are
frozen and afterwards at least partially dried. Thus, in the present invention wherever cells
are said to be freeze-dried or lyophilized, this may mean that at least two steps were

executed, one of which for freezing the material and the other for at least partial drying.

Lyophilization solution - any solution or media in which a biological material is
immersed before lyophilization. Typically, lyophilization solutions contain constituents that
are intended to maintain the biological material whilst reducing the damage caused to the
biological material by freezing, drying, during storage and/or re-hydrating. Lyophilization
solutions normally comprise one or more intercellular and/or extra-cellular LPAs.
Lyophilization normally begins as primary drying (wherein water content of the biological
material is reduced by 90-95%) and then secondary drying (wherein water content is

reduced below 90-95%).

Cryoprotectant agent- any agent that is added to a solution and which improves the
post thaw viability of a biological material cryopreserved in that solution. Intracellular CPAs
are thought to replace water inside the cells, thus preventing crystallization therein, to
enlarge the un-frozen fraction of the frozen solution, to buffer osmolarity and/or to stabilize
the membrane and prevent mechanical damage caused by ice crystals. Examples of CPAs

are DMSO, glycerol, ethylene glycol, poly ethylene glycol (PEG), propylene glycol, sugars,
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such as sucrose, dextrose, trehalose, and proteins (e.g. serum proteins, albumin, fetal calf
serum, of human or other source, etc), carbohydrates such as hydroxy ethyl starch (HES),

dextran, etc.

. Lyoprotectant agent - a substance that is added to a solution and stabilizes biological
material during lyophilization in said solution and/or during storage and may result in higher
viability rates. Examples of LPAs include antioxidants, sugars, membrane stabilizers, high

molecular weight molecules, etc.

Essentially free of [ma’geri'al] - free of the stated material (e.g. any polyalcohols such
as glycerol, or~DMSO, or serum proteins or any other serum components), or that any
amount of the stated material present in the solution is so low so as not to have any effect (or
at least no significant effect) on the preservation process, on the outcome of the preservation
process or on the properties of the biological material (for example the viability of living
matter, e.g. cells, if such are included in such material). after it is taken out of the

preservation conditions.

Appropriate storing conditions - any such conditions that maintain the somatic cells
viable. Under such conditions the temperature may be any temperature above 0°C (e.g. room
temperature) or below 0°C, as long as, the cells are kept away from humidity and oxygen
(e.g. under vacuum or with an inert gas displacing all air, such as Nitrogen, Argon, etc.).
Generally, dryer lyophilized cells may be maintained at higher temperatures with minimal
damage than cells that are less dry. In addition, the nature of the components of the
lyophilization solution affects the storage temperature, since storage is best if it is at such
temperature where the components of the solution do not liquefy. It is appreciated that when
the somatic cells are lyophilized and intended to be stored at a given temperature (e.g. room
temperature), it is preferred that the preservation solution will not contain agents (e.g.
cryoprotectant agents or lyoprotectant agents) that are liquid at the given temperature.
Finally, it is recommended that storage be away from light and any other form of radiation

(at all temperatures).

Polyphenol(s) - both natural and/or synthetic polyphenol. Examples include
catechins, such as those naturally found in green tea. Examples of catechins are

epigallocatechin gallate (EGCG), epicatechin gallate (ECG) epigallocatechin (EGC)
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epicatechin (EC), DL-Catechin (DL-C) gallocatechin gallate (GCG), and including any
other catechin, natural or synthetic and any mixture thereof. The term “polyphenols™ also
denotes, without limitation, green tea extract (GTE) that comprises catechins as well as any
catechin-comprising fraction thereof. Smaller amounts of catechins are also found in other
sourcés such as black tea, grapes and wine. When biological material is claimed in the
context of this invention as comprising polyphenols, the amount of polyphenols is in excess

of the amount naturally found in the relevant biological material.

Viable - cells that are functional or capable of functioning as measurable by any one
of a variety of assays and models known iﬁ the art. Cells that, in their majority are said to
have survived cryopreservation, are considered viable cells. The term viable may be used to
describe cells that are capable of cell therapy, for example, stem cells (e.g. HSC) that are
able to proliferate and re-establish a function (e.g. the immune system) of an animal or
human. Additionally, in vitro assays may be used to evaluate the functional recovery of the
cells, for example, a colony forming unit (CFU) assay that evaluates the ability of the stem
cells to from colonies, or a proliferation assay. In addition membrane integrity assay can be
used, a metabolism assay or even a simple cell counting assay. Numerous such assays are
known in the art including such assays as described in the experiments section of this
application. In some cases, the actual and desirable function of the cell is not required in
vivo, for example when the cells are used in therapeutic cloning; in such cases the functional
recovery of the cell is being measured by the outcome of the in vitro procedure, for example,
development of embryos using somatic cells cloning. Therefore, the term viable can also
refer to somatic cells that are capable of being used in cloning as part of a therapeutic
cloning process. In some preferred embodiments viable cells are cells, which have at least
50% viability or even at least 60% viability as compared to fresh cells, which may be

assayed for example using membrane integrity as an indication of viability.

Reconstituted cells—- Cells after preservation, particularly after cryopreservation, and
which were taken out from the preservation state, i.e. were brought to their original

consistency by thawing, warming, rehydrating and the like of the preserved cells.

Establishment of cells — reconstituted cells which exhibit a similar functionality to

that of the original cells prior to preservation.



10

15

20

25

30

WO 2007/015252 PCT/IL2006/000902

16

Washing - a process wherein cells are removed from a solution in which they are

immersed and suspended in a new solution at least once, twice or more.

The present invention is based, among other things, on the inventors’ finding that
EGCG protects mononuclear cells (and especially stem cells) during preservation processes
including cooling, cycles of freezing and thawing, freeze-drying and hydrating and that
these preserved cells were capable of re-establishing the immune system in an immune
compromised animal after transplantation. It has then been envisaged by the inventors that
with the ongoing progresses in the field of cell therapy, a need exists for providing preserved
somatic cell preparations. Thus, the present invention is aimed at providing preserved
somatic cell preparations (preferably stem cells) particularly for use in cell therapy, such as

stem cell transplantation.

One of the benefits of using EGCG is that this compound, and to a lesser extent the
other polyphenols, are considered beneficial food additives and as such may not need to be
removed from the biological material before the biological material is used. In fact, the FDA

classified EGCG as GRAS (Generally Regarded As Safe).

The present invention particularly concerns somatic cells. A non-limiting and
preferred group of somatic cells in accordance with the invention include stem cell.
Examples of stem cells in accordance with the invention non-exclusively include
hematopoietic stem cells (HSC) obtained from bone marrow tissue of an individual at any
age or from cord blood of a newborn individual, embryonic stem cells (ESC) obtained from
the embryonic tissue formed after gestation (e.g., blastocyst), or embryonic germ cells
(EGC) obtained from the genital tissue of a fetus any time during gestation, preferably
before 10 weeks of gestation and mesenchymal stem cells (MSC). Preferred stem cells
according to the present invention are human stem cells, more preferably, HSC and MSC.
According to some embodiments of the invention, the stem cells comprise or consist only of
non-embryonic stem cells. According to yet other embodiments of the invention the somatic

cells do not consist of stem cells.

Somatic cells can be obtained using well-known cell-culture methods. For example,
hESC can be isolated from human blastocysts. Human blastocysts are typically obtained

from human in vivo pre-implantation embryos or from in vitro fertilized (IVF) embryos.
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Other options for obtaining embryonic stem cells include use of somatic cells as donors for
nuclear transfer. The nucleus is transferred into an enucleated oocyte and resulting in an
embryo having the donor's genes. Yet another option is the formation parthenogenetic
embryos (where oocytes are chemically activated to form an embryo).Alternatively, a single
cell hﬁman embryo can be expanded to the blastocyst stage. For the isolation of humaﬁ ESC
the zona pellucida is removed from the blastocyst and the inner cell mass (ICM) is isolated
by immunosurgery, in which the trophectoderm cells are lysed and removed from the intact
ICM by gentle pipetting. The ICM is then plated in a tissue culture flask containing the
appropriate medium which enables its outgrowth. Following 9 to 15 days, the ICM derived
outgrowth is dis\sociated into clumps either by a mechanical dissociation, or by an enzymatic
degradation, and the cells are then re-plated on a fresh tissue culture medium. Colonies
demonstrating undifferentiated morphology are individually selected by micropipette,
mechanically dissociated into clumps, and re-plated. Resulting ESC are then routinely split
every 1-2 weeks. For further details on methods of preparation hESC see Thomson et al.,
[U.S. Pat. No. 5,843,780; Science 282:1145, 1998; Curr. Top. Dev. Biol. 38:133, 1998;
Proc. Natl. Acad. Sci. USA 92: 7844, 1995]; as well as Bongso et al., [Hum Reprod 4: 706,
1989]; and Gardner et al., [Fertil. Steril. 69:84, 1998].

Commercially available somatic cells can also be used in accordance with the
invention. Stem cells, such as Human ESC, may be purchased for example from the NIH
human embryonic stem cells registry. Non-limiting examples of commercially available
embryonic stem cell lines are BG01, BG02, BG03, BG04, CY12, CY30, CY92, CY10,
TEO03 and TE32.

Potential applications of somatic cells (e.g. hESC) are far ranging and include drug
discovery and testing, generation of cells, tissues and organs for use in transplantation,
production of biomolecules, testing the toxicity and/or teratogenicity of compounds and
facilitating the study of developmental and other biological processes. For example, diseases
presently expected to be treatable by therapeutic transplantation of hESC or hESC derived
cells include Parkinson's disease, cardiac infarcts, juvenile-onset diabetes mellitus, and
leukemia [Gearhart J. Science 282: 1061-1062, 1998; Rossant and Nagy, Nature Biotech.
17:23-24, 1999].
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In some embodiments of the invention, small amounts of one or more polyaclcohols,
e.g. glycerol, or other CPAs (e.g. DMSO or serum proteins) that are conventionally used in
preservation of biological material, particularly in preservation procedures involving cooling
to below freezing, may be included in the preservation solution. However, it was
surpriéingly found that it is possible to preserve cell preparations mainly comprising stem
cells even without use of any one of polyalcohols, DMSO and serum in the preservation
solution. The preservation solution used in accordance with the invention is thus preferably

essentially free of any such CPA additives.

The preserved cell preparation of the present invention may be obtained by
hypothermic preservation or by cryopreservation, including freezing, lyophilization (freeze-

drying), and combinations of same.

The cells for preservation may be obtained from any source of somatic cells, e.g.
mononuclear cells (MNC), umbilical cord blood cells (UCB), hematopoietic stem cells

(HSC) and bone marrow, adipose tissue.

The appropriate storing conditions for the preserved cell preparation of the present
invention comprise any such conditions that maintain the cells viable. Such conditions
normally include the temperature, which in the case of frozen samples must be below 0°C,
preferably below -20°, below -70°C, below -80°C, below -135°C, or below -190°C (e.g. in
LN). The following non-limiting examples show that preservation in a mechanical freezer at
a sub-zero temperature above -100°C ( preferably below -70°C, or between -75°C and -85°C)
overnight, and at even lower temperature (in LN) for over 8 days resulted in viable
reconstituted cells. Further, the following non-limiting examples show that lyophilized cells
may be preserved for months (even 18 months and longer in room temperature) and provide
thereafter viable reconstituted cells. Thus, there is clear evidence that the preserving somatic
cells in accordance with the invention can be used for long term preservation of the cells
without causing significant damage to the cell population once reconstituted (taken out from

the preservation conditions).

In case of hypothermic preservation, the temperature is normally between 8°C and
0°C. In the case of lyophilized samples, the temperature may be any temperature above 0°C

(e.g. room temperature) or below 0°C, as long as, the material is kept away from humidity
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and oxygen. Generally, dryer lyophilized cells may be maintained at higher temperatures
with minimal damage than material that is less dry. In addition, the components of the
lyophilization solution affect the storage temperature, since storage is best if it is at such
temperature when the components of the solution do not liqqefy. It is appreciated that when
the célls are lyophilized and intended to be stored at a given temperature (e.g. room
temperature), it is preferred that the preservation solution will not contain agents (e.g. CPAs
or LPAs) that are liquid at the given temperature. Finally, it is recommended that storage be

away from light and any other form of radiation (at all temperatures).

A person skilled in the art of the invention would appreciate that the adding of the
preservation solution may be done in one or more steps such that one or more of the
solutions’ components would be added separately. Preferably, but not necessarily, the
preservation solutions would not contain substances that would need to be removed from the

cell preparation prior to use.

According to one embodiment, the preserved cell preparation is obtained by freezing

of the cells at a cooling rate of 5.1°C/min. until the cells are frozen.

According to another embodiment, the preserved cell preparation is obtained by
freezing of the cells at a cooling rate of 5.1°C/min. until the cells are frozen followed by

freeze-drying of the frozen cells.

It is noted that the invention concerns small as well as large volumes (e.g. 50ml) of
cell preparation. This is evident from the following examples relating to large volumes of
samples (30ml and 50ml). This result is surprising, for example, since with large volume of
cell samples the risk of prolonged recrystallization is greater, and thus there is a greater
probability of causing damage to the cells within the cell preparation. As appreciated, the
larger volume of the cell preparation means a greater amount of bulk in the sample. Heat

removal across the bulk of the sample is required which limits the rate of cooling.

The polyphenols used in the preparation of the preserved cells of the present
invention may include one or more catechins, such as EGCG, or be provided as green tea
extract (GTE). EGCG may be added for example at any concentration up to 1M, preferably
between about 50pM and about 4mM. One of the benefits of the present invention is that
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additives that are known to be hazardous or toxic, such as glycerol, other polyalcohols,
DMSO, proteins or any other undesired chemicals conventionally used in preservation of

biological material, need not be added.

. A person skilled in the art of the invention would be able to adjust the contents of the
preservation solution to the duration and purpose of preservation and the type of biological
material to be preserved. For example, when the purpose is hypothermic preservation, the
preservation solution is a hypothermic preservation solution. When the preservation is
cryopreservation, the preservation solution is a cryopreservation solution. In such case the
solution may be for example a freezing solution (in which case the biological material is
frozen) or a lyophilization solution (in which case the biological material is lyophilized).
Likewise, any physiologically acceptable buffer or salt may be used in addition to or instead
of PBS or NaCl. Non-limiting examples of such buffers are Hepes Talp, RPMI-1640 and F-
12. Examples of additional ingredients that may be used in the solution are macromolecules
that may protect the cells from mechanical damage, such as sugar, including dextran (for
example, 20%-30%). A preferred additive is trehalose and a preferred concentration thereof
is 0.1M. Thus, in accordance with one preferred embodiment of the invention the preserved

cell preparation comprises a combination of EGCG and trehalose (0.1M).

Preferably, the preservation solutions would not contain substances that would need
to be removed from the biological material prior to its use. It is also preferable that the
preservation solution would contain only elements that are considered safe or are known to
be found in blood without known hazardous effects. For example, EGCG was found
circulating in blood of human subjects after consumption of green tea (Sherry Chow et al.

2001).

One of the benefits of the present invention is that the preserved somatic cells may
be essentially free of additives that are known to be Hazardous or toxic, such DMSO or
polyalcohols such as glycerol, or serum proteins and other undesired chemicals such as
ethylene glycol, propylene glycol and other alcohols, butandiol and methanol). The term
“essentially free” more specifically defines that the additives in the cell preparation are less
than 5%, preferably less than 3%. The preserved cell preparation of the present invention

may comprise stem cells selected from MNC, UCB, and HSC, MSC (mesenchymal stem
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cells), and may have any temperature, above or below zero including temperatures of
cryopreservation or room temperature, providing that the cells are viable. In addition, the
cell preparation may be in a dry state or almost fully dry (comprising 20% or less or even

10% or less of its original water content).

The preserved cell preparation of this invention may accordingly be provided in a
hypothermic, frozen or freeze-dried state. It may also be provided in a revived/reconstituted
and viable form, after having been warmed, thawed and/or hydrated using any method

known in the art that is compatible with the type and condition of the preserved cells.

Freeze-drying and cryo.preservation in accordance with the present invention may be
carried out in any method suitable to the cells in question. The freezing step of the above
methods of the present invention can be done in any method or apparatus known in the art.
A preferred example would be using a directional fieezing device such as that which is
described in US patent application publication No. 2006/0057555 (derived from WO
03/020874), incorporated herein by reference in its entirety. Nevertheless, any freezing
method which allows cryopreservation of cells may be used, including using mechanical
freezers, stepwise freezing apparatus, the Planner freezing apparatus, slush freezing, freezing
in cryogenic fluid, freezing in controlled rate freezers, liquid bath freezer or cold air freezers,
etc. Likewise, the biological material may be treated additionally in one or more methods
known in the art, such as those described in US 5,827,741 or US 6,723,497, incorporated

herein by reference in their entirety.

The invention also provides the use of a preserved cell preparation for the production
of a therapeutic compositioﬁ for stem cell therapy, the preserved cell preparation being
essentially free of polyalcohols and comprising stem cells, wherein upon reconstitution of
cells in the cell preparation, at least a portion of said stem cells are viable, said portion being

sufficient for use of the therapeutic composition in stem cell therapy.

The preserved cell preparation may be used in combination with at least one
physiologically acceptable additive suitable for transplantation of said cell preparation in a
mammalian subject. A non-limiting list of additives acceptable for stem cell therapy is
provided in Cord Blood Bank Standard Operating Procedures, Chapter 4, 05/97 Amended
07/99.
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The present invention also provides a reconstituted cell preparation being essentially
free of polyalcohol and comprising post-preservation stem cells and at least one polyphenol,
wherein at least a portion of said post-preservation stem cells are viable, said portion being

sufficient for use of the reconstituted cell preparation in stem cell therapy.

In fact, the preserved cell preparation may also be further manipulated in order to
prepare the final form of a therapeutic composition including the reconstituted cells that
would eventually be administered to a subject in need of stem cells. The therapeutic
composition would comprise the reconstituted cell preparation or cells that were derived
from the stem cells of the cell preparation, e.g. their progeny, or cells comprising a

significant portion of said stem cells (e.g. the nucleus).

Reconstitution of the cells in the cell preparation may be achieved by any method
known for reconstitution of preserved biological material, including, without being limited

thereto, controlled warming, thawing and/or re-hydrating said cells.

According to one embodiment, a portion of the stem cells in the reconstituted cell
preparation after being taken out from the preservation condition are viable. Preferably at
least 20%, 40% or at least 70% of said cells are viable after freeze drying of the cells and at

least 80% or at least 90% of the cells are viable after freezing of the cells.

Viability may be assayed by any known method, such as a membrane integrity
assay. Due to the toxic effects known to be associated with polyalcohols, such as glycerol,
and DMSO, and due to the hazardous nature of serum components or proteins, it is preferred
that the reconstituted cell preparation would not comprise a significant amount thereof,
Preferably, the reconstituted cell preparation comprises a polyphenol, for example

epigallocatechin gallate (EGCQG).

The invention also provides a method of treating a subject in need of cell (preferably
stem cell) therapy, the method comprises administering to said subject a cell preparation
reconstituted from preservation conditions, the cell preparation being essentially free of
polyalcohol and comprising a effective amount of post-preservation and viable somatic cells
the amount of the viable somatic cells being sufficient for re-establishing the somatic cells in

the subject's body.
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In accordance with one embodiment, the method comprises administering to said
subject a cell preparation reconstituted from preservation conditions and is essentially free of

polyalcohol as well as of DMSO.

The method of the invention is applicable for autologous, allogeneic as well as
xenogeneic cell transplantation. However autologous and allogeneic stem cell

transplantations are preferred as these therapies are clinically approved.

Patients typically undergo a pre-transplant workup to evaluate, for example, heart,
liver, kidney, and lung functiop, as well as current disease status. In some embodiments,
patients deemed-to be eligible (e.g., healthy enough) for autologous stem cell transplantation
(ASCT) are subjected to a tumor de-bulking procedure prior to ASCT. For example, a
patient can be treated with high doses of chemotherapy, radiation therapy, and/or surgery
(e.g., surgery with anesthesia) before the transplant. Stem cells for transplant typically are
collected prior to tumor de-bulking regimens, since such potentially lethal procedures can be
immunosuppressive and can severely damage or destroy the bone marrow. ASCT following
a de-bulking procedure can reconstitute the patient's immune cells with stem cells present in
the transplant. In some other embodiments, a patient's stem cells can be collected by bone
marrow harvest using procedures known in the art, or by a stem cell apheresis procedure.
Collected stem cells can then be cryopreserved in accordance with the invention, and the
patient can undergo a de-bulking procedure such as high-dose chemotherapy and/or
radiation therapy. After the debulking procedure is completed, the patient's stem cells can be
reconstituted and transplanted. ASCT can be done almost immediately after a de-bulking
procedure (e.g., 24 to 48 hours after HDT), however, in accordance with the invention, when
a longer period of time (e.g., a week to several months) can elapse between a de-bulking
procedure and ASCT, the cells are preserved. Due to the likelihood of immuno-suppression
as a result of the de-bulking procedure, protective isolation precautions generally are taken
after ASCT at least until the re-infused stem cells begin to engraft. "Engraftment" refers to a
process whereby the transplanted stem cells begin to differentiate into mature blood cells. In
addition, stem cells can be treated prior to transplantation with, for example, anticancer
drugs or antibodies to reduce the number of cancerous cells that may be present in the

sample. Such procedures are referred to as "purging”.
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The reconstituted somatic cells may be combined with agents suitable for cell
transplantation, such as agents which improve the engrafiment, including fresh or
reconstituted MSC, and immunosuppressive drugs such as Cyclosporines, Tacrolimus, and

Sirolimus.

Additionally, the preserved cell preparation of the present invention may be part of a
stem cell transplantation kit, comprising in addition to the preserved cell preparation of the
present invention instructions for reconstituting the preserved cell preparation. Such
instructions may relate to.one or more of the manner of warming, thawing or hydrating the
preparation, manipulating the cell preparation after its reconstitution, the method of
administration of the reconstituted cell preparation, the term during which the reconstituted
cell preparation may be used, details regarding the suitable storage conditions for the

preservéd as well as the reconstituted cell preparation, etc.

Finally, when using a lyophilized, i.e. dry (or essentially dry) cell preparation of the
present invention may be used as a component in a biosensor or bioreactor or in the
operating thereof. A biosensor is a device comprising a biological component (e.g.
microorganisms, tissue, cells portions of cells, enzymes, antibodies, nucleic acids etc), for
the detection of an analyte. The device also comprises a detector component (e.g.
physicochemical, electrochemical, optical etc.). Amongst the known commercially available
biosensors are blood glucose biosensors. Other known applications of biosensor include the
detection of toxic substances, for example in environmental monitoring and in water
treatment facilities. The present invention provides for the first time, a dry cell composition
for use in a biosensor. A biosensor comprising dried cells composition of the present
invention may be stored even at room temperature for a relatively long period of time (e.g.
days, weeks, months or even years). An additional benefit of the biosensor of the present
invention is in that a single step may be used for activation of the cells and operation of the
biosensor (e.g. when assaying water, the assay sample may be used in the re-hydration of the

cells).

A bioreactor is an apparatus that maintains a biologically active composition (e.g. a
cell suspension or tissue culture). A bioreactor may be limited for grow cells or tissues or for

the production of substances facilitated by the biological material. The bioreactor is capable
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of maintaining and carefully monitoring predefined environmental conditions, including
temperature, humidity, pH, gas composition (i.e., air, oxygen, nitrogen, CO) and dissolved
oxygen levels, flow, circulation rate, etc. In addition, the bioreactor should be capable of
removing waste and introducing fresh nutrients and the like, and optionally replace
dead/éged cells. Bioreactors are normally controlled in an automated computerized fashion.
A unique bioreactor was developed by NASA, for artificially growing tissue (e.g. heart

tissue, skeletal tissue, ligaments, cancer tissue) in Cell cultures.

A bioreactor comprising dried cells preparation of the present invention may be
stored (or transported) at room temperature (or through cold outer-space) for a relatively
long period of time (e.g. days, weeks, months or even years). An additional benefit of the
bioreactor according to the present invention is in that it may be fully automated with
respect to the step of adding fresh cells, wherein in a single step dry cells are added into the

medium within the reactor (or before addition of the medium to the reactor).

NON-LIMITING SPECIFIC EMBODIMENTS

In the following some non-limiting examples are provided, showing how the present

invention may be practiced.

Materials and Methods

Unless otherwise stated, all materials were purchased from Sigma Inc. (St. Louis.

Missouri, USA) and PBS means phosphate buffered saline (Ca™ & Mg free).

Preparation of umbilical cord blood (UCB) cells

In the following experiments umbilical cord blood (UCB) was received from
“Sheba" Medical Center. The blood was separated on ficoll-paque gradient. 3ml of
Histopaque 1077 was put in a 15m] plastic test tube. Above it 3ml of UCB was put and the
samples were centrifuged for 36 minutes at 1000g. After spinning was finished the
mononuclear layer was taken out and PBS was added up to 10ml total volume. The samples
were centrifuged again for 10 minutes at 200g or 250g., after which, the supernatant was
discarded and another step of washing was performed (again, 10ml PBS was added and
samples were centrifuged for 10 minutes at 250g). At the end of this step a freezing solution

(as detailed in each experiment) was added to the cells pellet. The volume of the freezing



10

15

20

25

WO 2007/015252 PCT/IL2006/000902

26

solution varied depending on the desired cell concentration (concentrations may range for
example from 1 to 10 x10° celis/ml) or volume. Unless otherwise mentioned, a 2.5ml cell
suspension was transferred into a 16mm glass tube that was then frozen using a multi-
gradient directional freezing system (MTG-516 by IMT, Israel), operated essentially as
described in WO03/020874. |

Freezing procedures

Unless otherwise stated, the directional freezing system temperatures were set to:
5°C to -10°C to -40°C to -70°C. Seeding was performed before the samples entered
the -10°C temperaturé. The velocity at which the samples were pushed through the channels
of the freezing machine was set to 0.2mm/sec, resulting in a cooling rate of 5.1°C/min.
During freezing the samples were rotated at 60 rounds per minute (RPM). After completion
of the freezing process, samples were put in a liquid-nitrogen (LN) tank until they were

either thawed or transferred into a lyophilizer.

In all of the following experiments, freezing was done using this protocol, unless

stated otherwise. Thawing was done by immersing the samples in a water bath at 37°C.

Lyophilization procedure

Lyophilization was performed by taking samples out of the LN tank and putting
them in a commercial lyophilizer near the condenser (Labconco, USA), at condenser
temperature of -80°C. Samples were held in the lyophilizer for 3 days. After 3 days of

lyophilization samples were taken out and rehydrated with 2.4ml of double distilled water

(DDW) at 37°C..

Viability determination

Viability was assessed using the live/dead fluorescent stain SYBR14/PI (Propidium
Todide) or SYTO/PI (both from Molecular Probes, USA) for membrane integrity. These
stains are nucleic acid stains, SYBR14 and SYTO are membrane permeable molecules and
Pl can enter the cell only if the membrane is damaged. Where so specified, the assay used

was trypan blue (TB).
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Cell metabolism

Cell metabolism was assessed using the cell proliferation kit (Biological Industries,
Israel). This is a colorimetric assay which is based on the activity of mitochondrial enzymes
and uses the tetrazolium salt XTT. Cells are cultivated in a flat 96-well plate. To each well
we added 100l growth medium consisting of: RPMI 1640 supplemented with 10pl fetal
calf serum and 1% 200mM L-glutamine, 100units/ml penicillin and 100pg/ml streptomycin.
In each well we had 2.5-5%106cells/ml. After being incubated for 3 hours, samples were
read in an ELISA reader (Bio-Tek Instruments, USA) at a wave length of 450-500nm.

Cells recovery~

Cells recovery was evaluated by cells counts that were performed before and after

treatments using the automatic cell counter Pentra 60 (ABX Diagnostics, France).

Statistics

At least three replications for each experiment were performed (i.e. blood from 3
donors). From each sample at least 300 cells were counted. Means were calculated and
differences between treatments examined by t-tests using the General Linear Model
procedure of JMP (SAS Institute, 1994). Significance was P<0.05 unless otherwise stated.
Different letters represent statistically different samples. Results are shown as the calculated

means and their standard deviations.

Results

Mononuclear Cells (MINC) Derived from Umbilical Cord Blood (UCB)
In the following experiments, all cell samples contained mononuclear cells obtained

from UCB.

Experiment A:
Mononuclear cells obtained from UCB were subjected to freezing and freeze drying with

different freezing solutions as follows:
1)  0.IM Trehalose, 12.5% (w/v) human serum albumin (HSA) in PBS.

2)  12.5% (w/v) HSA and 0.IM Trehalose and 0.189mg/ml EGCG in PBS.



10

15

20

25

WO 2007/015252 PCT/IL2006/000902

28

3)  12.5% (w/v) HSA with 0.189mg/ml EGCG in PBS.
4)  0.189 mg/m] EGCG with 0.1M trehalose in PBS.

5)  30% (w/v) Dextran with 0.189mg/ml epigallocatechin gallate (EGCG) in
- PBS.

Figure 1A shows the viability rates as demonstrated by membrane integrity of the
cells. Specifically, it is shown that the solutions composed of EGCG and trehalose or EGCG
and Dextran gave best results after freezing and thawing or freeze drying and then re-

hydration.

Figure iB presents the percentage of the total number of cells (as counted using the
Pentra 60 (ABX, France)) that showed the best results in Figure 1A (referred to as solution
number 1, 4 and 5). As appreciated, membrane integrity is a parameter for cell viability.
With trehalose and EGCG most of the cells recover resulting in recovery rates of 92.06%
after freeze thawing and 93.18% after freeze drying, whereas, after freeze drying with
dextran and EGCG only 64.36% of the cells survived and after freeze drying with HSA and
trehalose 87.66% of the cells recovered. With all three solutions after freeze thawing more
then 90% of the cells survived, with 100% recovery of samples frozen with HSA and
trehalose, 98% recovery with samples frozen with dextran and EGCG and 92% with the
samples frozen with trehalose and EGCG.

Experiment B1:

The effect of different EGCG concentrations in a solution comprising EGCG and
trehalose was evaluated. The solutions were composed of 0.4M Trehalose and one of the
following EGCG concentrations: 0.189, 0.47, 0.945 and 1.89mg/ml EGCG, all in PBS. As a
control a solution composed of 0.4M trehalose and 12.5% (W/v) human serum albumin

(HSA) was used. All other experimental steps were performed as described above.

Figure 2A shows that viability increased with increasing EGCG concentration after
freezing and thawing as well as after freeze drying and re-hydration (with the exception of
the use of 0.945mg/ml EGCG after freeze-drying). The percentage of cells that presented an
intact membrane after freeze drying with 1.89mg/l EGCG was about 90% in this
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experiment. This survival rate is comparable to the rate obtained after freeze thawing. All

lyophilized samples that contained EGCG had more than 70% membrane integrity.

Experiment B2:

' Samples of UCB (2.5ml), prepared as described ébove, were suspended with a
freezing solution combosed of 0.1M trehalose and 0.945mg/ml EGCG (Zhejiang Yixin
Pharmaceutical Co., Ltd., China) in PBS (Ca™ and Mg"™ free) or composed of 0.1M
trehalose and 1.89mg/ml EGCG (Zhejiang Yixin Pharmaceutical Co., Ltd, China) in PBS
(Ca™ and Mg"™ free). The samples were frozen using the MTG-516 device at a cooling rate
of 5.1°C/min. After freezing, samples were stored briefly in LN until put in the commercial
lyophilizer (Labconco, USA) for 3 days. After which, samples were rehydrated by adding
2.4ml of double distilled water at 37°C. The samples were counted for viability using
SYBR14/P1 (Molecular Probes, USA) fluorescent dyes. Results are presented in Figure 2B
as the mean and standard deviation. Each rehydrated column represents a sample (one freeze

dried test tube). For each samples at least 300 cells were counted in different fields.

Experiment conditions
Freezing Device: MTG-516
Freezing Velocity: 0.2 mm/sec
Temperature gradient (°C) T=4°— -10° — -40° — -70°C
Sample volume: 2.5ml
Storage Temperature: LN Tank
Lyophilization time: 3 days
Rehydration method: Addition of 2.4ml DDW (37°C)
Survival assay: SYBR14/P1 (Molecular Probes, USA)

As seen in Figure 2B, membrane integrity was very high in both EGCG
concentrations, although the viability was a bit lower in the higher concentration. In light of

the above, the 0.945mg/ml EGCG solution was chosen for additional experiments.

Experiment C:

In this assay a freezing solution composed of 0.1M trehalose and either 0.47mg/ml
EGCG (x2.5) or 1.89mg/ml EGCG (x10) in PBS were used. Sample's volume was 2.5ml
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and samples were frozen and then lyophilized as described above. Afier being in the
lyophilizer for 72h, the samples were taken out and re-hydrated with 2.4rﬁ1 of DDW at 37°C.
After re-hydration samples were assayed for CD3 using FACS (fluorescent-activated cell
sorter) in accordance with the method described in Huiling et al. The Journal of
Immunology 2003, 171: 48244829,

CD3 is a known cellular marker that is present in mature lymphocytes but not in
other mononuclear cells, thus its presence indicates that mature lymphocytes are present in

the sample.

Membrane integrity of the samples was evaluated before and after re-hydration
using SYBR 14 and PI (Molecular Probes, USA). The membrane integrity and CD3

expression results are summarized in Table 1:

Table 1: Membrane Integrity and CD3 expression of UCB derived MNC

Sample-|..:: Membrane . . CD3
R T e R No.ii | integrity (%o)* | |- (%)
Fresh with 0.47mg/ml EGCG 1 97.36+2.2 -

o . 1 55.1%£8.5 80
Lyophilized with 0.47mg/ml EGCG 5 508114 20
Fresh with 1.89mg/ml EGCG 1 90.01+4.3 -

1 79.31+8.8 81
Lyophilized with 1.89mg/ml EGCG 2 |83.62457 83
3 88.44+3.2 82
4 88.03+5.6 78

It is worth noting that membrane integrity results in each row represent results from
at least 300 cells in 3 different places in the slide. The step of separation using the ficoll-
paque is meant to separate the lymphocytes from most other cell types. The CD3 results
indicate that mature lymphocytes were separated, and that they also survived the freeze
drying (i.e. that the survival was not limited to other cell types). The mean of the 4 samples
frozen with the higher EGCG concentration (1.89mg/ml) indicates that about 84% of the
cells show intact membranes after freeze drying and re-hydration as compared to about 90%
of the cells with intact membranes to begin with (i.e. fresh, after separation but un-frozen
cells). The measure of lymphocytes and their integrity after freezing is indicative of the

condition of other cell types in the sample (e.g. stem cells).
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In addition, a cell proliferation assay was performed. In brief, the hydrated cells were
incubated for 48 hour after which a proliferation assay based on thymidine incorporation
was carried out (Promega, USA). The results of the proliferation assay are depicted in
Figure 3, wherein the proliferation index of the cells is depicted as a function of their
number at initial plating. As can be seen, all cells lyophilized at a concentration of x10
EGCG depicted a higher proliferation index than those lyophilized in x2.5 EGCG.

In addition, as the cells’ initial plating number increased so did the proliferation
index. The almost linear proportion shown for one of the x10 EGCG samples is similar to
that observed with fresh cells (fresh cells not shown) This indicates that most of the
lymphocytes that survive freeze drying maintain their ability to proliferate and is thus is

indicative to the condition of other somatic cells (such as stem cells) in the sample.

Evaluation of different cooling rates

The following experiments were done with mononuclear cells (MNC) from
umbilical cord blood (UCB). The freezing solution that was used was composed of 12.5%
(w/v) human serum albumin (HSA) (Kamada, Israel) and 0.1M Trehalose in PBS.

The freezing temperatures of the MTG-516 (IMT, Isracl) were set to the same
temperatures as described above. The different cooling rates were achieved by varying the
velocities at which the samples were pushed along the predetermined temperatures. The
velocities were: 0.02, 0.2 and 2mm/sec, resulting in a cooling rate of 0.5 1, 5.1 and 51°C/min,
respectively. All other procedures of this experiment were performed as described above.

The MNC separation and freezing was done as described above.

Of all the cooling rates examined the best results were obtained at a cooling rate of
5.1°C/min for freeze thawing and freeze drying. At this cooling rate about 60% of the cells
presented an intact membrane after freeze thawing and about 25% of the cells presented an

intact membrane after freeze drying as seen in Figure 4A.

Figure 4B shows a comparison of cell metabolism rate. At all cooling rates the
percentage of cells that are metabolizing after freeze thawing is close to the percentage of
cells that are metabolizing after freeze drying. This indicates that about the same percentage

of cells maintain their capability to metabolize.
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Colony Forming Units (CFU) assay of frozen dried MNC derived from UCB

This experiment was designed to evaluate the functionality of the surviving
hematopoietic stem cells to differentiate into different white blood cells. This was done by
evaluating the ability of the stem cells to form colonies, thus the name of the assay is colony
forming unit (CFU) assay. In this specific assay the cells were evaluated for their ability to
differentiate into granulocytes — macrophage colonies, (referred to as CFU-GM assay). This
assay was performed at "Sheba" Medical Center. The assay involves 2 weeks of incubation
of the cells, after which the colonies that were formed were counted using a light

microscope.

Fresh UCB, from one donor, was separated as described above in order to receive
the MINC layer. The cell pellet was suspended with a freezing solution composed of 0.1M
Trehalose and 0.945mg/ml EGCG (Zhejiang Yixin Pharmaceutical, China) both were
dissolved in PBS. A total of 8 test tubes containing 2.5ml of cell suspension were frozen and
dried.

All experimental steps were performed as described above. Table 2 provides data
relating to the integrity of the cells in the different samples (total of 8 tubes) after
lyophilization, while Table 4 provides the number of CFU-GM colonies at the end of the
assay (CFU-GM = Growth of granulocytes and macrophage colonies). It is noted that in the
results in Table 3 the fresh cells were whole (un-separated) UCB. The results are shown as
the mean of live cells out of the total cells counted. At least 300 cells were counted in 3

different fields to calculate the mean and standard deviation.
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Table 2 — Membrane integrity rates of fresh and lyophilized samples

7" Treated sample” . . .| Membrane integrity (%)
Tren | smms
Lyo#1 90.06
Lyo #2 89.63
Lyo#3 87.14
Lyo#4 91.08
Lyo#5 - 89.43
~Lyo#6 89.91
Lyo #7 90.11
Lyo#8 89.91
Lyo Samples mean 89.65+1.13
Table 3: Number of CFU-GM colonies
Sample Total colonies Type
Fresh MNC 20 CFU-GM
Lyophilized 7 CFU-GM
MNC

Further results are demonstrated in Figure 5, specifically showing that freeze-dried

MNC, re-hydrated with double distilled water were able to develop into colonies. Thus,

indicating that the HSC survive lyophilization and were able to proliferate.

Lyophilization of mice bone marrow

The following experiment was designed to evaluate the survival of MNC derived

from bone marrow after freeze drying. Fresh mouse bone marrow cell suspension (7.5ml

diluted with PBS) contained approximately 50x10° cells. This cell suspension (5ml) was

centrifuged (200g, 10min) and pellet was suspended with 6ml freezing solution composed of
0.1M trehalose and 0.945mg/ml EGCG in PBS. Two samples were then freeze-dried. All

other experimental procedures were done as described above.
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Table 4 provides data concerning membrane integrity of cells after the indicated

treatments.

Table 4: Membrane integrity of fresh and lyophilized mice bone marrow stem

cells
Mreatment. . o %8 Membrane integrity | |
Freshcells ;&"ith freezin)gtsf)‘lution 8627:1:674 S—
Frozen dried Sample A 77.38+7.51
Frozen dried Sample B 79.64+2.76

~

Membrane integrity rates were quite high; about 78% of the cells maintained an
intact membrane. Bone marrow is a rich source of HSC. Therefore, it is reasonable to expect
that many of the surviving cells are HSC. It is noted that in vivo experiments (see below)
also support this assumption. In addition, it is observed that the same method of

lyophilization produces good viability rates both for human cells and for mice cells.

Freeze thawing and freeze drying of macrophage units

Macrophages

Macrophage units were supplied by Professor Danon, Israel blood services, Tel-
Hashomer, Israel. In the following experiments all buffy coats and/or macrophage units
referred to were manipulated using the method and system for cultivating macrophages
described in US patent No. 6,146,890 which is incorporated herein by reference in its
entirety, whereby hypo-osmotic shock is used to enhance the cells' differentiation into
macrophages. Such manipulated cells were reported not to maintain viability after a
conventional freezing process therefore their shelf life is very short, limiting their

applications.

Blood Separation

A part of the buffy coat was separated in order to produce mononuclear cells which
include the monocyte/macrophage layer. The blood was separated on a Ficoll-Paque
gradient for 30 minutes at 1000g, afterwards the mononuclear layer was drawn out and

washed twice in Phosphate Buffered Saline (PBS) (Calcium and Magnesium free, Bet
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Haemek, Israel) for 10 minutes at 200g. The pellet was then resuspended with 3ml of culture
medium (RPMI 1640 with glutamine, 10% fetal calf serum and 1% antibiotic, all supplied

by Bet Haemek, Israel). The rest of the buffy coat was left untouched.

Incubation

Whole buffy coat or mononuclear cells in culture medium were incubated for one
hour with different concentrations of Trehalose (0.1, 0.3, 0.5 and 1M). Incubation was done
at 37°C, 5% CO; humidified incubator.

Freeze thawing and fieeze-drying

Buffy coat samples and MNC samples were frozen by using the MTG-516 freezing
apparatus (IMT, Israel) at a cooling rate of 5.1°C/min. Samples were rotated during freezing
at 56 rounds per minute. After freezing, all samples were plunged into liquid nitrogen.
Thawing was done at 37°C in a water bath. Lyophilization was done by putting the frozen
samples in a commercial lyophilizer (Labconco, USA) with a condenser temperature of -
80°C. After drying, the cells were rehydrated with ultra pure water at 37°C in order to regain

their original volume (2.5ml).

Viability assessments

Viability assessments were done by evaluating the membrane integrity of the cells
using SYBR14/Propidium Iodide (PI) (Molecular Probes, USA) live/dead fluorescent
staining. These stains are nucleic acid stains, SYBR14 is a membrane permeable molecule

and PI can enter the cell only if the membrane is damaged.

Cell survival after freeze-thawing of macrophages was at an average of 60% in our
experiments, whether separated on Ficoll-Paque gradient prior to freezing (Figure 6A) or
not (Figures 6B and 6C). With best result of 72.0332.8% membrane integrity achieved
with samples frozen-thawed with 0.5M trehalose (Figure 6C).

Cell survival after freeze-drying was higher in cells that were frozen without Ficoll-
Paque treatment (Figures 6B and 6C in comparison to Figure 6A). It appears that the best
survival rates are achieved with a concentration of 0.5M Trehalose (Figures 6B and 6C). In

the second experiment, cell survival at that concentration was lower than that of the first one
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(55.35%2.9% (Figure 6C) in contrast to 91.86+4.2% (Figure 6B)). Yet, these survival rates

indicate that Iyophilization of these cells is possible.

CD34+ detection of frozen and frozen dried MNC derived from UCB

* The purpose of this experiment was to evaluate the percentage of the CD34+ cells
that survive lyophilization. CD45+\CD34+ cells are representative. of the HSC within the
MNC.

Fresh UCB (received from "Sheba" Medical Center) was separated using
Histopaque 1077 solution. MNC layer was collected and washed with PBS (Calcium and
Magnesium freé). Cell pellet was suspended with our freezing solution (0.1M Trehalose +
0.945mg/ml EGCG (Zhejiang Yixin Pharmaceutical, China), both were dissolved in PBS).
Samples were frozen in the MTG device (IMT, Israel) with the following parameters:
velocity=0.22mm/sec, Temperatures= 4°— -10° — -40° — -70°C, Rotation = 60rpm,
resulting at a cooling rate of 5.1°C/min. Samples were stored in LN prior to lyophilization.
Cells will be lyophilized for 3 days in a commercial lyophilizer (Labconco, USA).
Rehydration was done by addition of 2.4ml sterile DDW.

Cell survival was assayed by membrane integrity stains using SYBR 14/PI
(Live/Dead) stain (Molecular Probes, USA). In addition, the ratio of CD34+ cells (stem cells
marker) was evaluated by FACS. Table 5 shows membrane integrity of the different MNC
after the indicated treatments. Table 6 shows CD34-+/CD45+ cell number within the NMC

population.

Table 5 - Membrane integrity of fresh and lyophilized NMC

Fresh MNC

Lyophilized MNC #1 84.98

Lyophilized MNC #2 85.01
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Table 6 - Determination of CD34+/CD45+ cell number within the NM.C population

Sample | - .| Total MNC (1Qﬁ[ml) ,%CD34‘ B CD34 Total (cell
e e e | number/ml) -
Fresh UCB. 58 021 12400
Fresh MNC (Ficol) | 2.3 0.68 ' 15600
Lyophilization #1 | 2.5 0.69 17300
Lyophilization #2 | 2.5 0.70 17600

As can be seen in.Tables 5 and 6 a high amount of the cells (85%) have maintained
their membrane\ integrity (table 5) after lyophilization. In addition, there was no reduction in
the amount of HCS, as indicated by CD34+ cells, after Iyophilization as compared to the
fresh MINC sample.

Testing the in vivo survival and functioning of the frozen dried HSC

In order to demonstrate the application of cell therapy using the successfully freeze-
dried MNC the following experiment is performed. In this model reconstituted human MNC

derived from UCB is injected into immuno-suppressed mice.

Human UCB units are separated on ficoll-paque gradient to receive the MNC layer

and treated as follows:

e The MNC are divided into 2 groups (one group is freeze-dried and the other kept
fresh).

e The first group of cells are frozen using the MTG-516 (IMT, Israel) and
lyophilized using a commercial lyophilizer (Labconco, USA), all as detailed in
any one of the above experiments. Re-hydration is done by adding double distilled
water at 37°C to essentially the same volume as before freeze-drying (i.e. 2.5ml).

e The second group is maintained as liquid fresh cells (in buffer or medium, such as
RPMI medium that may be supplemented with fetal calf serum and antibiotics) at
4°C to room temperature, to be used as the control.

e From each group 0.5-40x10° (e.g. 20x10°) cells are injected (using intravenous,
intramuscular, transdermal, subcutaneous, or intraperitoneal injection) either by

one or more injections (e.g. bolus) or in form of an infusion (continuously) into
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immune compromised mice (e.g. Non-obese diabetes (NOD)-SCID mice that
receive a sub-lethal dose of radiation (375 ¢Gy)

* 4 -8 weeks after injection mice are sacrificed and one or more organs or tissues

. (e.g. bone marrow or spleen) are analyzed using FACS or any other assay known
in the art for human CD19 and CD45 cell markers (using mice anti human’
antibodies for these markers). CD 19 is a marker for pre-mature B cell and CD45
is a marker that is expressed on all lymphocytes. The presence of cells having
either marker indicates that the human cells have migrated into the mouse bone
marrow and differentiated. The results of the freeze-dried group are compared to
the results of the fresh group thus showing the fraction of stem cells that
maintained viability, showing that freeze dried cells survive and differentiate in
the mouse, enabling cell therapy.

* Optionally a third group of mice may be used as a control, and not injected with
MNC (or injected with saline or a buffer or medium as that in which the fresh
cells are held).

 The detailed protocols that are used in this experiment for FACS, mice (breeding,
handling and treatments) and for human cell engraftment evaluations are found in

the article by Avigdor at al., (2004).
Lyophilization of mice bone marrow

Survival of reconstituted mononuclear cells derived from mice bone marrow was
evaluated in vitro and in vivo. To this end, leg bones from 5 male NOD-SCID mice
(Balb.x57Bl) were used for the extraction of bone marrow. The culture medium for the
bone marrow contained RPMI-1640 medium with L-glutamine, supplemented with 1%

commercial antibiotics mix (Penicillin, Streptomycin, Nystatin) and 20% fetal calf serum.

About 5 ml culture medium was injected to the center of each bone in order to
collect the bome marrow cells (BM). The collected BM was centrifuged at room
temperature for 10 minutes at 1000 g. The supernatant was removed and the cell pellet
was suspended with 2ml of the above supplemented medium. Cell counting was done by

trypan blue according to the manufacturer's protocol. 20 ul from the resuspended cells
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were added to 380 pl solution of 4% trypan blue and the cells were counted using a

hemocytometer in a light microscope.

After another centrifugation (1000g, 10min), each cell pellet was suspended with
10ml . of freezing solution composed of: 0.1M Trehalose and 0.945mg/ml EGCG
(Zhejiang Yixin Pharmaceutical, China), in PBS (calcium and magnesium free). The
collected bone marrow was combined in a single sample, and the final cell count was
approximately 3.04x10%ml. Three samples of 2.5ml each were put is a 16mm glass test
tube (Manara, Israel) and were frozen using the MTG-516 freezing device. Samples were
stored for 30 min in LN prior insertion into a commercial lyophilizer (Labconco, USA)
for 4 days. Samples were sent maintained dry at room temperature under vacuum and in
the dark for about 2 hours and were then re-hydrated by addition of 2.4ml sterile warm
DDW (35% survival) to each sample. Cell survival was assayed by SYTO/PI and by
trypan blue. The functionality of the surviving cells was tested by injecting reconstituted
cells (including the freezing solution) into irradiated NOD-SCID female mice
(Balbex57BI). The recipient mice were irradiated one day prior injection of the cells with
900cGy to the entire body and divided into 2 groups each composed of 5 mice. The first
group was left un-touched, and the second group was injected with 0.5ml of the
reconstituted cells. The mice were then observed to see their survival. Cell viability was

also determined (Table 7).

Experimental conditions

Freezing Device MTG-516

Freezing Velocity 0.2 mm/sec, Rotation = 60rpm
Freezing parameters 4°C— -10°C— -40°C — -70°C
Sample volume 2.5ml

Storage Temperature LN

Lyophilization Commercial device (Labconco)
Cell count ABX-Pentra 60

Cell staining Trypan blue
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Table 7: Viability as indicated by membrane integrity of lyophilized mice bone

marrow cells

Before Freezing' .| After lyophilization

90.01+4.4 43£10.4

There was a decrease in cells viability after lyophilization (from 90% in fresh cells
to 43% after lyophilization and reconstitution). As demonstrated in Figure 7 mice that
were injected with MNC had a longer life expectancy then the mice that were not injected
at all, and at 19 days (above 2 weeks) from irradiation, 3 times more mice were alive
from the test group. The survival pattern indicates that administration of reconstituted
lyophilized MNC improves the function of the immune system at least in the short term

as opposed to un-treated mice.

Freeze thawing of mice bone marrow

Bone marrow derived from male NOD-SCID mice (Balbcx57BI) was collected as

detailed above. The supernatant was removed and the cell pellet was suspended with 2ml

_of the above supplemented medium. After centrifugation, every cell pellet was suspended

with 5Sml of freezing solution composed of: 0.1M Trehalose and 0.945mg/ml EGCG
(Zhejiang Yixin Pharmaceutical, China), in PBS (calcium and magnesium free), such that
the final cell concentration was approximately 2.09-10%ml. 2 samples each containing a
volume of 2ml cells suspension were frozen in the MTG-516 device. The samples were
stored in LN for 4 days, thawed in a 37°C water bath, and combined. Cell survival was
assayed by Trypan Blue staining. The functionality of the thawed cells was assayed by
injecting thawed cells into female irradiated NOD-SCID mice (Balb.x57Bl) irradiated as
detailed above one day before injection. The irradiated mice were divided into 2 groups,
each composed of 5 mice. The first group was left un-touched and the second group
0.5ml of the thawed cells was injected. The mice were then observed to see their survival.
With the exception of a single mouse from the control group, all mice survived for at

least 3.5 weeks after irradiation.

At 3.5 weeks after injection of the thawed cells blood samples were taken from the

mice for PCR analysis for indication of Y chromosome, being present only in the injected



10

15

20

WO 2007/015252 PCT/IL2006/000902

41

male blood cells. As positive controls for blood from a male mouse genetically identical
to the BM donor mice and pure DNA with Y chromosome were used. As a negative

control blood was taken from two un-injected female mice.

Experimental conditions

Freezing Device MTG-516

Freezing Velocity 0.2 mm/sec

Temperature 4°C— -10°C— -40°C — -70°C
Rotation - 60rpm

Sample volume 2 ml

Storage Temperature LN

Thawing Water bath (37°)
Cell count ABX-Pentra 60
Cell staining Trypan Blue

Table 8: Membrane integrity of fresh and lyophilized thawed mice BM cells

wolut

cell concentration Viability | cell concentration
p p Viability (%)
(10°/ml) (%) (10°/mI)
2.64 82.81+8 2.75 53.5

As seen in Table 8, there was no significant change in the cells concentration
before and after freezing, and after thawing 64.6% of the cells were viable as compared to

the fresh cells.

In the PCR assay (results not shown) 2 of the injected female mice displayed
presence of Y chromosome in their blood cells. The control female blood did not display
this chromosome. This indicates successful engrafiment of the thawed BM, in at least 2
out of 5 mice, because only stem cells that have successfully engrafted into the bone
marrow could produce blood cells having Y chromosome at 3.5 week after

transplantation.
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Human Mesenchymal stem cells (MSC) were supplied by Pluristem Life Systems

Inc. in a 600 ml flask with Filter cap for continuous venting (NUNC) were incubated

(37°C, 5% CO,) overnight. The medium was aspirated. The adherent cells were

suspended using 6 ml- of Trypsin-EDTA (Solution A, Biological Industries Ltd., Israel)

for 5 min and then fresh RPMI medium (12ml) was added to the flask in order to

deactivate Trypsin. The suspended cells were divided to two 50ml tubes, and centrifuged

at 1200rpm for 8min. One of the pellets was suspended with 5ml of sterile freezing

solution, and a 2ml aliquot was taken for freezing. The aliquot was frozen in the MTG-

516 device and transferred to LN for 8 days. Thawing was in a water bath (37°C). The

viability of the fresh (before and after addition of the freezing solution) and thawed cells

was assayed by SYTO/ PI staining and the results are shown in Table 9.

Experimental conditions
Freezing Device:
Freezing solution:
Freezing conditions:
Freezing Velocity:
Rotation rate:
Temperature gradient:
Sample volume:
Storage conditions:
Thawing method:

Thawing time:

Cell count and MCV values:

Survival assay:

MTG-516
0.945mg/ ml of EGCG + 0.1M of trehalose

0.22 mm/sec

60rpm

4°— -10° — -40° — -70°C

2 ml

LN

Water bath

60sec

ABX-Pentra 60 device and manual count

SYTO/ PI staining
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Table 9: concentration and viability of mesenchymal cell

. Fresh - Thawed
CCell [y
ety | Yo viability
concentratlon S R
0%/ 0% m)”

control 0.2 69.85

freezin

e 05 822 06 415

solution

In Situ Freeze Drving of MSC

MSC taken from incubation (as described above for the freeze thawing protocol,
37°C, 5% CO,) are left on the plate. The medium is aspirated and the cells are then
optionally washed at least once with 20ml of PBS or freezing solution (0.1M trehalose
and 0.945mg/ ml of EGCG). The washing solution is aspirated and fresh freezing solution
(e.g. 2 or 2.5ml to a 35mm diameter Petri dish) is added. Alternatively, before freezing,
even a higher freezing solution is added to the plate, but most of the freezing solution is
aspirated before freezing, living only trace amounts of the solution in the plate. The dish
is then placed in conventional mechanical freezer (-80°C) until frozen. After complete
freezing, the cells are lyophilized in a commercial lyophilizer (Labconco, USA, withj

condenser set to -80°C) until dry (e.g. 3 days).

For rehydration, in the case of freezing with the freezing solution DDW is added in
a volume similar to the freezing solution (e.g. 1.9 or 2.4ml). Where the freezing solution
is aspirated prior to freezing, any solution known not to damage the cells may be used

(e.g. saline or medium).

Embryonic development nuclear transfer using freeze dried granulosa cells and donor

cells

Fresh sheep granulosa cells were freeze dried according to the above protocol for
UCB, with a freezing solution composed of 0.IM Trehalose and 0.945mg/ml EGCG
(Zhejiang Yixin Pharmaceutical, China in PBS (calcium and magnesium free)). 2.5ml of
cells suspension were frozen in 16mm diameter glass test tubes (Manara, Israel) using the

MTG-516 apparatus. After freezing, the samples were stored in LN tanks and later
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lyophilized (Labconco, USA) for 3 days. In the lyophilizer the samples were placed next
to the condenser. After lyophilization, the dry samples were stored under vacuum, at RT
and in the dark for at least 12 to 18 months before being used as nucleus donors in
nuclear transfer. Cells were hydrated with sterile DDW Milli-Q grade), and immediately
injectéd into enucleated oocytes [Loi, P., et al. Biology of Reproduction 58: 1177-1187
(1998); Ptak, G., et al. Biology of Reproduction 67: 1719-1725 (2002)]. As a control, the

same protocol was carried out using as donors granulosa cells from a different donor.

Results

" Enucleated oocytes reconstructed with freeze dried granulosa cells initiated
cleavage at similar rates to control embryos generated using fresh granulosa cells.
Development to the blastocyst stage was somewhat lower for freeze dried reconstructed

embryos than for control embryos (16% and 21% respectively).

Freeze thawing large volume (30ml)

Fresh UCB (Sheba Medical Center) were separated on a Ficoll-Paque gradient
using Histopaque-1077 solution. The MNC layer was collected and washed once with
PBS (Calcium and Magnesium free), and suspended with a freezing solution (0.1M
trehalose and 0.945mg/ml EGCG (Zhejiang Yixin Pharmaceutical Co., Ltd, China) in

PBS (calcium and magnesium free)).

The cells of were frozen in MTG device in a volume of 30 ml (2.1-10° cells/ml) in
a glass tube (Diameter=22 mm, length=148 mm), and stored over night in an LN tank.
Thawing was performed by placing the tube 2.5 minutes at room temperature (in the air)
and then slowly inserting the tube into a pre warmed water bath (41°C) until complete
thawing (ca. 300 seconds). The viability of the fresh and thawed cells was assayed by
Trypan blue (TB) as described previously.

Experimental conditions

Freezing Device: MTG
Freezing Velocity: 0.2 mm/sec
Temperature gradient (°C) T=4°— -10° — -40° — -70°C

Sample volume: 30ml
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Storage: Over night (18 hours) in LN Tank
Thawing method: Room temp and water bath (37°C)
Thawing time: 2.5 min in air and 300sec in water bath
Cell counts: Pentra 60 (ABX, France) & hemocytomer
Survival assay: TB

Table 10 - MNC properties before and after freeze thawing

Cell - Cell |
A % viability ) % % viability
concentration % MNC concentration
6 (TB) p MNC (TB)
(10°/ml) (10°/ml)
2.1 95.7 92.55+2.1 2 98.3 83.4+6.7

As seen in Table 10, freeze thawing of large volume of MNC derived from UCB
has yielded high viability rates, and membrane integrity results were very high (90%

compared to fresh cells).

The effect of cooling rate on freeze thawing of MNC in large volume (S0ml) samples

A fresh UCB unit was received from Sheba Medical Center and separated on a
Ficoll-Paque gradient using Histopaque-1077 solution. The MNC layer was collected and
washed once with PBS (Calcium and Magnesium free), and the pellet was suspended
with a freezing solution (0.1M trehalose and 0.945mg/ml EGCG (Zhejiang Yixin
Pharmaceutical Co., Ltd, China) in PBS (calcium and magnesium free)). Sample volume
was 50ml and cells suspension concentration was 1-10° cells/ml. The sample was placed
in a cryopreservation bag and freezing was performed using a modified MTG apparatus
(essentially as disclosed in W02005/072790) and stored in -80°C conventional
mechanical freezer overnight. The bag was thawed the following day by immersion in a
water bath with forced water flow which was pre warmed to 37°C for 90 sec. Viability

was assayed by Trypan blue and SYTO/PI staining.

Experimental conditions

Freezing Device: as described in W0O2005/072790
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Freezing Velocity: 0.2 mm/sec
Temperature gradient (°C) T=-6°C— -35°C — -70°C
Sample volume: 50ml
Storage Temperature: -80°C Freezer
Thawing method: Bath (37°C)
Thawing time: 90sec
Cell count and MCYV values: Pentra 60 (ABX, France) & hemocytomer
Survival assay: ' TB, SYTO / PI staining (Molecular Probes,

USA)

Table 11: viability of MNC

R LA S, Vlablhty' SR
“%MNC: ! ,fSYTO/PI ST
. 89.9 89.4+104 9202:1:86
Thawed MNC 1 88.6 71.63 % 13.6 83.01+105

As seen in Table 11 survival rates were very high after freeze thawing in both
methods of staining (the results of the thawed MNC were 80% of those of the fresh cells
when using SYTO/PI and 90% when using TB). Thus, when the proper freezing
parameters are maintained (i.e. temperature gradient and ice interface velocity) survival
rates of MNC may be high even at volumes of 50ml and higher. In addition over night
storage of the frozen cells (50ml) -80°C did not cause a significant decline in survival

comparing to previous data obtained in smaller volumes.
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CLAIMS

1. A preserved cell preparation essentially free of one or more members of a group of
cryoprotecting agents consisting of polyalcohols, DMSO and cryoprotecting proteins, the
preserved cell preparation comprising somatic cells and at least one polyphenol, wherein
upon reconstitution of cells in the cell preparation, at least a portion of said stem cells are

viable, said portion being sufficient for use of the cell preparation in stem cell therapy.

2. The preserved cell preparation of Claim 1, wherein preservation comprises

hypothermic conditions, freezing or freeze-drying and combinations of same.

3. The preserved cell preparation of Claim 2, wherein after thawing of the frozen cell
preparation at least 90% of the somatic cells are viable as compared to the total number of

cells in the cell preparation prior to freezing.

4. The preserved cell preparation of Claim 2, wherein after re-hydrating the freeze-
dried cell preparation at least 60% of the somatic cells are viable as compared to the total

number of cells in the cell preparation prior to freeze-drying.

5. The preserved cell preparation of any one of Claims 1 to 4, wherein said polyphenol
is a synthetic or naturally derived catechin selected from epigallocatechin gallate (EGCQG),
epicatechin gallate (ECG) epigallocatechin (EGC) epicatechin (EC), DL-Catechin (DL-C)
gallocatechin gallate (GCG), and mixtures of same.

6. The preserved cell preparation of Claim 5, wherein said polyphenol is EGCG.

7. The preserved cell preparation of claim-6, comprising upon reconstitution or before

freezing between 50uM to 4mM EGCG.

8. The preserved cell preparation of any one of Claims 1 to 7, comprising a
cryoprotecting agent.
9. The preserved cell preparation of Claim 8, wherein said cryoprotecting agent is

trehalose.

10. The preserved cell preparation of any one of Claims 1 to 9 comprising EGCG and

trehalose.
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11. The preserved cell preparation of Claim 10 comprising upon reconstitution or before

freezing EGCG at a concentration between about 0.5mg/m to about 1 mg/ml.

12. The preserved cell preparation of Claim 11 comprising upon reconstitution or before

freezing EGCG at a concentration of about 0.945mg/ml.

13. The preserved cell preparation of any one of Claims 1 to 12, obtainable by cooling

the cells at a cooling rate of 5.1°C/min.

14. The preserved cell preparation of Claim 12, obtainable by freezing said cells

followed by freeze drying of the frozen cells to obtain a dry preserved cell preparation.
15. The preserved cell preparation of any one of Claims 1 to 12, comprising stem cells.

16. The preserved cell preparation of Claim 14, wherein said stem cells are selected
from hematopoietic stem cells, embryonic stem cells, embryonic germ cells and

mesenchymal stem cells.
17. The preserved cell preparation of Claim 15, wherein said cells are human stem cells.

18. Use of a preserved cell preparation for the production of a therapeutic composition
for cell therapy, the preserved cell preparation being essentially free of one or more
members of a group of cryoprotecting agents consisting of polyalcohols, DMSO and
cryoprotecting proteins, the preserved cell preparation comprising somatic cells, wherein
upon reconstitution of cells in the cell preparation, at least a portion of said cells are viable,

said portion being sufficient for use of the therapeutic composition in cell therapy.
19. The use of Claim 18, wherein said somatic cells comprise stem cells. -

20. The use of Claim 18 or 19, in combination with at least one physiologically
acceptable additive suitable for transplantation of said cell preparation in a mammalian

subject.

21. The use of any one of Claims 18 to 20, wherein said preserved cell preparation is as

defined in any one of Claims 2 to 17.

22. A reconstituted cell preparation being essentially free of one or more members of a
group of cryoprotecting agents comprising polyalcohol, DMSO and cryoprotecting proteins,

the reconstituted cell preparation comprising post-preservation somatic cells and at least one



WO 2007/015252 PCT/IL2006/000902

49

polypenol, wherein at least a portion of said post-preservation somatic cells are viable, said

portion being sufficient for use of the reconstituted cell preparation in cell therapy.

23. The reconstituted cell preparation of Claim 22, wherein said somatic cells comprise
stem cells.
24. The reconstituted cell preparation of Claim 23, wherein reconstitution of said cells

comprises warming, thawing and/or re-hydrating said cells.

25. The reconstituted cell preparation of Claim 24, wherein at least 20% of the

recovered cells are viable.

N

26. The reconstituted cell preparation of Claim 25, wherein at least 60% of the

recovered cells are viable.

27. The reconstituted cell preparation of Claim 23, wherein at least 90% of the cells are

viable as compared to the total number of cells in the cell preparation prior to freezing.

28. The reconstituted cell preparation of Claim 24, wherein at least 60% of the cells are

viable as compared to the total number of cells in the cell preparation prior to freeze-drying.

29. The reconstituted cell preparation of any one of Claims 22 to 28, wherein said
polyphenol is a synthetic or naturally derived catechin selected from epigallocatechin gallate
(EGCQ), epicatechin gallate (ECG) epigallocatechin (EGC) epicatechin (EC), DL-Catechin
(DL-C) gallocatechin gallate (GCG), and mixtures of same.

30. The reconstituted cell preparation of Claim 29, wherein said polyphenol is EGCG.

31. The reconstituted cell preparation of Claim 30, wherein said EGCG is present in an

amount of between 50uM to 4mM EGCG.

32. The reconstituted cell preparation of Claim 31, wherein said EGCG is present at a

concentration of between about 0.5mg/ml to about 1.0mg/ml.

33. The reconstituted cell preparation of Claim 32, wherein said EGCG is present at a

concentration of about 0.945mg/ml.

34. The reconstituted cell preparation of any one of Claims 22 to 33, comprising stem

cells.
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35. The reconstituted cell preparation of Claim 34, wherein the stem cells are selected
from hematopoietic stem cells, embryonic stem cells, mesenchymal stem cells, and

embryonic germ cells.

36. The reconstituted cell preparation of any one of Claims 22 to 35, wherein said cells

are human cells.

37. A method of treating a subject in need of somatic cell transplantation, the method
comprises administering to said subject a cell preparation reconstituted from preservation
conditions, the cell preparation being essentially free of one or more members of a group of
cryoprotecting agents consisting of polyalcohols, DMSO and cryoprotecting proteins, the
cell preparation comprising a effective amount of post-preservation and viable somatic cells

the amount of the viable cells being sufficient for establishing said somatic cells in the

subject's body.
38. The method of Claim 37, wherein the cell preparation comprises stem cells.
39. The method of Claim 38, wherein said stem cells are selected from hematopoietic

stem cells, embryonic stem cells, mesenchymal stem cells or embryonic germ cells.
40. The method of Claim 35 wherein the cell preparation comprises human cells.

41. A somatic cell transplantation kit comprising a preserved cell preparation according
to any one of Claims 1 to 16 and instructions for reconstituting the preserved cell

preparation.
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