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ADIPOSE-DERIVED STEM CELLS FOR TISSUE REGENERATION AND WOUND
HEALING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority under 37 CFR §119(e) to United States
Provisional Patent Application No. 60/641,034 filed December 30, 2004.

FIELD OF THE INVENTION

[0002] The present invention provides compositions, including adipose-derived stem
cells and adipose-derived stem cell side population cells, for promoting tissue regeneration,
particularly skin regeneration. Additionally, the present invention provides methods for
inducing tissue regeneration and wound healing.

BACKGROUND OF THE INVENTION

[0003] Stem cells have been shown to repopulate and repair tissues, organs and/or
organ systems. Of interest for regenerative medicine is the use of adult or post-natal stem
cells for cell-based therapies. One particular type of post-natal stem cell is an adipose-
derived stem cell which is found in the connective tissues within adipose tissue. Adipose-
derived stem cells have exhibited multi-potency in vitro by being able to differentiate into
cardiogenic, neurogenic, osteogenic, adipogenic and chondrogenic cell types after exposure
to the appropriate differentiating environment. In vivo, adipose-derived stem cells have been
demonstrated to successfully form new bone and near complete calvarial continuity around
the area of skull trauma. |

[0004] Adipose tissue derived from the mesenchyme contains a supportive stroma that
is easily isolated. As a result, adipose tissue may represent a valuable source of stem cells.
Adipose tissue derives from the mesoderm and is composed of two different cell
populations, mature adipose cells and the stroma vascular fraction. This fraction contains
several cell types among which are pre-adipocytes. The stroma vascular fraction cells
appear to have multiple mesodermal lineage capabilities in vitro, differentiating toward
osterogenic, chondrogenic, and myogenic lineages in addition to adipogenic.

[0005] An increasing number of studies have isolated stem cells from adipose tissue
and have been successful in differentiating them into other cell types. . Collectively, these
studies provide evidence that adipose tissue contains an abundant, accessible, and

replenishable source of adult stem cells that can be readily isolated.

[0006] It is estimated that eight million people per year in the United States suffer from
wounds caused by mechanical trauma, vascular insufficiencies or diabetes and if these

wounds are left untreated, death due to infection can occur. Occasionally these wounds
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never fully heal and the injury or trauma site may remain open for periods ranging from
months to years. These wounds require long-term medical treatment, which in addition to
the devastating health implications can become costly to the patient and/or the health care

system.

[0007] An incision created by a surgeon, trauma as a result of blunt force or tissue death
caused by a variety of diseases all undergo a similar process of wound healing. Wound
healing occurs in three distinct phases. The inflammatory phase is characterized by
inflammation at the site of the trauma. This phase is critical for healing and involves
extensive cell migration. The second phase of wound healing is the proliferative phase,
which is marked by epithelialization, angiogenesis, granulation tissue formation and
collagen deposition. Angiogenesis, which involves new capillary formation, is used to
deliver nutrients and maintain granulation. Without formation of new capillaries into the
wound, required nutrients fail to reach the wound resulting in a chronically unhealed
wound. The third and final stage of wound healing is the maturational phase wherein
fibroblasts differentiate into collagen. The disposition of the connective tissue matrix and
collagen undergoes a contraction, resulting in scar tissue. Although scar formation is
critical to wound healing, excessive scar formation can have additional cosmetic and/or

pathologic consequences, such as keloids and/or hypotrophic scars.

[0008] Scar formation occurs in all tissues and the adverse effects of scar formation
include keloid, hypertrophic scars, burn contracture and scleroderma in skin; stricture,
adhesions and chronic pancreatitis in the gastrointestinal tract; cirrhosis and biliary atresia
in the liver; interstitial fibrosis and bronchopulmonary dysplasia in the lung; rheumatic
disease and ventricular aneurysm in the heart; retrolental fibroplasia and diabetic
retinopathy in the eye; transmission loss in nerves; ankylosis and osteoarthritis in the
bones and glomerulonephritis in the kidney. The ability of a wound to heal with minimal
scar formation can have a profound effect on the patient and on medical or surgical

practice.

[0009] Therefore there exists a medical need for methods and compositions to promote

wound healing by cellular regeneration therapy.

SUMMARY OF THE INVENTION

[0009a] In a first aspect, the invention provides a therapeutic composition for promoting

tissue regeneration in a mammal comprising isolated adipose-derived stem cells (ADSC)

5497296 1:LNB
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comprising ADSC side population (ADSC-SP) cells having the cell surface phenotype
Lin", Sca-1*, CD90*, CD34*"*, CD13"°¥, CD117" and CD18""*,

[0009b] In a second aspect, the invention provides a method of promoting tissue
regeneration in a patient in need thereof comprising administering a tissue regenerating

effective amount of the ADSC-SP cells according to the first aspect of the invention.

[0009¢] In a third aspect, the invention provides an isolated_adipose derived stem cell
side population (ADSC-SP) comprising isolated mammalian ADSC-SP comprising the
cell surface markers Lin’, Sca-1*, CD90", CD34""°*, CD13""**, CD117 and CD18™"*".

{0010] The present invention provides methods and compositions of adipose-derived
stem cells (ADSC) and ADSC side population (ADSC-SP) cells for tissue regeneration,

specifically wound healing, reduction of scar formation and skin regeneration.

[0011]) In one embodiment of the present invention, a therapeutic composition is
provided for promoting tissue regeneration in a mammal comprising isolated adipose-
derived stem cells (ADSC). In another embodiment, the ADSC comprise ADSC side

population

5497296 1:LNB
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(ADSC-SP) cells wherein the ADSC-SP cells comprise cell surface markers, including, but
are not limited to, Lin", Sca-1*, CD90*, CD34"**, CD13"°¥, CD117  and CD18""".

[0012] In an embodiment of the present invention, the therapeutic composition further
comprises a pharmaceutically acceptable carrier.

[0013] In another embodiment, the therapeutic composition comprises a tissue
regenerating effective amount of the ADSC and wherein the tissue regenerating effective
amount of the ADSC is approximately 0.5 to approximately 5.0 x10° cells per treatment site
per day.

[0014] In yet another embodiment of the therapeutic composition of the present
invention, the mammal is a human.

[0015] In one embodiment of the present invention, a method is provided for promoting
tissue regeneration in a patient in need thereof comprising administering a tissue

regenerating effective amount of ADSCs to a treatment site.

[0016] In another embodiment of the methods of the present invention, the ADSC
comprise ADSC side population (ADSC-SP) cells wherein the ADSC-SP cells comprise cell
surface markers including, but not limited to, Lin,, Sca-1*, CD90*, CD34"¥ CD13"°¥,
CD117 and CD18"°".

[0017] In yet another embodiment of the methods of the present invention, the method
comprises administering ADSC with an optional pharmaceutically acceptable carrier.

[0018] In another embodiment of the methods of the present invention, the method
comprises administering a tissue regenerating effective amount of the ADSC and wherein
the tissue regenerating effective amount of the ADSC is approximately 0.5 to approximately
5.0 x10° cells per treatment site per day.

[0019] In yet another embodiment of the methods of the present invention, the ADSC
are autologous or syngeneic.

[0020] In another embodiment of the methods of the present invention, the tissue
regeneration is skin regeneration at the site of a wound and wherein the wound is caused by

an event selected from the group consisting of disease, trauma, surgery, burns and bites.

[0021] In an embodiment of the methods of the present invention, the tissue
regeneration includes, but is not limited to, cardiac muscle regeneration, neural tissue
regeneration or vascular regeneration.

[0022] In yet another embodiment of the methods of the present invention, the tissue

regeneration minimizes scarring at a wound site.
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[0023] In one embodiment of the methods of the present invention, the administering
step includes, but is not limited to, topical application, intradermal injection, intravenous

injection and subcutaneous injection.

[0024] In another embodiment of the methods of the present invention, the method
further comprises differentiating the ADSC into cells of the same tissue type as the tissue in

need of regeneration.

[0025] In yet another embodiment of the methods of the present invention, the further
comprises administering a biologically active agent and wherein the bioactive agent is a
growth factor or an immunosuppressive agent. In another embodiment, the bioactive agent
is administered by a route comprising systemic administration or local administration at the

site of tissue regeneration.

[0026] In an embodiment of the methods of the present invention, the method further
comprises the administration of hyperbaric oxygen therapy. In another embodiment, the
method further comprises skin grafting.

[0027] In one embodiment of the present invention, an adipose derived stem cell side
population (ADSC-SP) is provided comprising isolated mammalian ADSC-SP cells
comprising the cell surface markers including, but not limited to, Lin, Sca-1", CD90",
CD34"*", CD13"°¥, CD117" and CD18"°". In another embodiment, the mammal is a
human.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided
by the Office upon request and payment of the necessary fee.

[0029] Figure 1 depicts the flow cytometric identification of murine adipose-derived
stem cell (ADSC) side population (SP) cells from freshly isolated adipose tissue according to
the teachings of the present invention. (A) Forward and side scatter light profile of total
adipocytes after tissue digestion; (B) Hoechst blue vs. Hoechst red emission of adipocytes
gated from R1 (cells that expel Hoechst dye become dimmer and form the side population);
(C) Backgate of R3 gated cells from Hoechst blue vs. Hoechst red to the original scatter plot.

[0030] Figure 2 depicts the flow cytometric analysis of verapamil-treated murine ADSC-
SP cells with inhibited Hoechst 33342 efflux according to the teachings of the present

invention.

[0031] Figure 3 depicts cell cycle analysis of murine ADSC-SP cells according to the
teachings of the present invention.
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[0032] Figure 4 depicts cell surface marker characterization of murine ADSC-SP cells

according to the teachings of the present invention.

[0033] Figure 5 depicts the characteristics of murine ADSC-SP cells after three days
(A), 1.5 weeks (B) and three weeks (C) in culture according to the teachings of the present
invention.

[0034] Figure 6 depicts morphogenic differentiation of murine ADSC-SP cells into
adipogenic cells, chondrogenic cells and osteogenic cells according to the teachings of the
present invention.

[0035] Figure 7 depicts the morphological signs of neurogenesis in murine ADSC-SP
cells after two days in culture according to the teachings of the present invention.

[0036] Figure 8 depicts flow cytometric analysis of freshly isolated human adipose cells
stained with Hoechst 33342 according to the teachings of the present invention.

[0037] Figure 9 depicts flow cytometric analysis of freshly isolated human adipose cells
stained with Hoechst 33342 and verapamil according to the teachings of the present
invention.

[0038] Figure 10 depicts cell surface marker characterization of human adipose SP
cells accordihg to the teachings of the present invention.

[0039] Figures 11A-F depict ADSC-SP-induced skin regeneration according to the
teachings of the present invention one day (A-C) and 14 days (D-F) after injury in control
mice (A and D) and in two mice implanted with human ADSC-SP cells (B, C, E, and F).
[0040] Figures 12A-C depict ADSC-SP-induced skin regeneration according to the
teachings of the present invention two weeks after injury. Normal dermis (A), control mouse
with no stem cells injected (B) and mouse implanted with human ADSC-SP cells into site of
injury (C).

DETAILED DESCRIPTION OF THE INVENTION

[0041] The present invention provides adipose-derived stem cells (ADSC) and ADSC
side population (ADSC-SP) cells from individuals for tissue regeneration, specifically wound
healing, reduction of scar formation and skin regeneration in a mammal.

[0042] The term "mammal” as used herein, encompasses any mammal. Preferably a
mammal is in need of such treatment or prevention. Examples of mammals include, but are
not limited to, cows, horses, sheep, pigs, cats, dogs, mice, rats, rabbits, guinea pigs,
monkeys, etc., more preferably, a human.

[0043] With the moral and ethical considerations of developing cell lines from human

embryonic cells, the search for alternative sources of stem cells is underway. The
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alternative sources of adult stem cells have been found in many tissue types, including
umbilical cord blood; mesenchymal tissue; skin; brain; bone marrow; adipose tissue and

amniotic tissue.

[0044] Most stem cell preparations from whole tissue are a mixture of cells consisting
of the stem cells and non-stem cells. More often than not, the non-stem cell population is
much more abundant. Procedures to isolate stem cells are becoming much more prevalent
and provide purified fractions of stem cells. Most isolation procedures include use of
antibodies, nuclear dyes, or magnetic beads.

[0045] A possible candidate for a vast supply of adult stem cells is adipose tissue.
Recent studies have shown that stem cells isolated from adipose tissue can differentiate and
give rise to many cell types. This indicates that adult pluripotent stem cells exist in adipose
tissue and have a high degree of plasticity.

-[0046] A functional staining method using the DNA binding dye Hoechst 33342 has
identified a rare population of cells from mouse bone marrow enriched for stem cells termed
“side population” cells. Side population (SP) cells have additionally been identified in other
tissue types.

[0047] The present inventors have identified the presence of SP cells in adult mouse
adipose tissue, accounting for 1.0-1.5% of total adipocytes freshly isolated from mice 6-8
weeks of age. Side population cells were undifferentiated and quiescent ex vivo. In culture,
adipose-derived SP cells proliferated at a slow rate on a layer of feeder cells providing
leukemia inhibitory factor (LIF). In the culture system, adipose-derived SP cells attached to
feeders, grew in colonies, and remained in an undifferentiated state. Leukemia inhibitory
factor, important for the maintenance of embryonic stem cells in an undifferentiated state,
may also do the same for adipose-derived SP cells.

[0048] The adipose-derived stem cell side population (ADSC-SP) is a cell population
found within adipose tissue that is pluripotent and suitable for use in tissue regeneration
applications.

[0049] The term “adipose-derived stem cell’ refers to a population of adipose cells
found in post-natal mammals that are pluripotent and have the potential to differentiate into a
variety of cell types. Adipose SP, adipose-derived SP and ADSC-SP cells all refer to the
same subpopulation of ADSC that in humans have the phenotype Lin", Sca-1", CD90",
CD34*" CcD13"" CD117" and CD18"". Any embodiment which discloses the use of
ADSC can be performed with ADSC-SP and any embodiment which discloses using ADSC-
SP can be performed with ADSC.
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[0050] The SP phenotype of ADSC-SP was inhibited by verapamil, suggesting that the
Hoechst dye exclusion phenomenon is due to ATP Binding Cassette (ABC) transporters.
Recent studies showed that the expression of one ABC transporter, the breast cancer
resistance protein 1 (Bcrp1) gene, is common to stem cells which reside in bone marrow,
skeletal muscle, gonad tissue, mammary tissue, liver, prostate glands, and the retina.
Collectively, these studies demonstrate that tissues contain their own subpopulation of adult
stem cells that contribute to tissue repair and maintenance. Also, this may suggest that
adult stem cells may share a common progenitor cell that, perhaps during development,

migrated to all tissue types while preserving pluripotent characteristics.

[0051] Additionally, the present inventors demonstrated that adipose SP cells have the
capability to differentiate into osteogenic, chondrogenic, neurogenic, and adipogenic cells.
Bulk isolation of adipose-derived stem cells can differentiate into multiple mesenchymal
lineages. Adipose-derived SP cells may be adipose precursor cells with a high degree of
plasticity and lay quiescent until some signal stimulates them to commit to a specific lineage
in response to apoptosis, cellular damage, or for tissue homeostasis.

[0052] Previously the characterization and isolation of ADSC-SP cells has been
difficult. Therefore, the present inventors have developed a method to isolate ADSC-SP.
Defined markers of bone marrow SP cells were used to determine if bone marrow- and
adipose-derived SP cells share common characteristics. Adipose SP cells were found to be
lineage negative (Lin). The lineage cocktail of antibodies identifies precursor cells
committed to various hematopoetic lineages. Lineage is define for murine cells as
expressing the markers CD3e, CD11c, CD45R/B220, Ly-76, Ly-6G and Ly-6C and for
human cells, expressing the markers CD2, CD3, CD14, CD16, CD19, CD24, CD56, CD66b
and glycophorin A. Adipose stem cells can reconstitute peripheral blood in mice,
demonstrating the high plasticity of adipose stem cells. Since adipose-derived SP cells did
not stain for any lineage markers, adipose-derived SP cells exist in an undifferentiated state.

[0053] Additionally, other cell surface markers common to hematopoetic stem cells
(HSCs) were examined. Adipose SP cells were CD34 positive, but the expression was low.
Over 80% of adipose SP cells expressed the phenotype Sca-1/Lin", which is associated with
hematopoietic progenitors. Adipose SP cells were found to be CD90*, CD13"¥ and
CD117". Interestingly, CD117 was not expressed on adipose-derived SP cells. This marker
is common to HSC and the absence on adipose-derived SP cells may suggest some type of
developmental divergence during organogenesis. The overall phenotype for murine
adipose-derived SP cells is Lin", Sca-1*, CD90*, CD34"¥ CD13"" and CD117. The
overall phenotype for human adipose-derived SP cells is Lin, Sca-1*, CD90*, CD34"",
CD13"% CD117 and CD18""".
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[0054] Adipose-derived SP cells, isolated from mouse adipose tissue and sorted into
culture, remain undifferentiated, are in a quiescent state, retain a high level of plasticity in
vitro and have the ability to differentiate into different cell types in vitro. The phenotype of
adipose-derived SP cells is similar to HSC and therefore adipose-derived SP cells may be
derived from a common progenitor cell that other stem cells, such as HSCs, may be related

to.

[0055] In one embodiment of the present invention, ADSC-SP cells are isolated from
adipose tissue by a method comprising obtaining adipose tissue from a mammal, forming a
cell suspension of adipose cells from the adipose tissue, staining the adipose cells with
Hoechst 33342 dye and isolating a side population of cells from the Hoechst-stained adipose
cells that is Lin", Sca-1*, CD90*, CD34""**, CD13"°*, CD117" and CD18""",

[0056] The adipose-derived stem cell side population cells are particularly suitable for
use in tissue regeneration. Adipose-derived stem cell side population cells have the ability
to differentiation into cells of a variety of lineages including, but not limited to, the adipogenic,
chondrogenic, osteogenic, neurogenic and cardiogenic lineages as demonstrated in
Example 3 and Figures 6 and 7.

[0057] In particular, the ADSC-SP cells of the present invention: are suitable for
treatment of wounds to induce tissue regeneration and healing without the formatioh of scar
tissue. These ADSC-SP cells present an improvement over existing therapies in that they
can be harvested from the mammal to be treated and can be used for tissue regeneration of
a variety of tissue injuries or defects.

[0058] Embodiments of the present invention provide compositions and methods for
tissue regeneration of skin at the site of a wound. A wound occurs when the structure and/or
integrity of tissues are compromised, for example when skin breaks, muscles tear or die, a
bone is fractured or the tissue is burned. A wound may be caused by accidents, trauma or a
medical procedure, by an infectious disease or an underlying disease condition. Depending
on the location, extent and severity of a wound it can be classified as closed or open.

[0059] The present invention provides ADSC and ADSC-SP for tissue regeneration. In
an embodiment of the present invention, the adipose-derived stem cells are autologous. In a
non-limiting example, approximately 0.5 to approximately 5.0 x10° adipose-derived stem
cells/10mm of treatment site per treatment site per day, are intradermally injected adjacent
to the treatment site. The adipose-derived stem cells aid in wound healing by increasing
vascularization, increasing cell migration to the site of injury, decreasing the amount of
scarring and increasing tissue regeneration. Adipose-derived stem cells also decrease the
healing time of wounds, thereby decreasing the possibility of infection. There are cosmetic,
as well as medical, benefits such as reduced scarring resulting from open or closed wound

8
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treatment. In addition, embodiments of the present invention aid in wound healing in

patients with chronic diseases such as diabetes.

[0060] The adipose-derived stem cells of the present invention provide tissue
regeneration for the treatment of both acute and chronic wounds. Acute wounds are those
wounds that heal promptly, within 30 days (or 60 days in diabetics). Non-limiting examples
of acute wounds that can be treated with the present invention include abrasions, avulsions,
contusions, crush wounds, cuts, lacerations, projectiie wounds and puncture Wounds.
Chronic wounds include, but are not limited to, diabetic skin sores, pressure sores, surgical
wounds, spinal injury wounds, burns, chemical-induced wounds and wounds due to blood
vessel disorders.

[0061] An advantage of the present invention is that wound healing with adipose-
derived stem cells results in wound healing by regeneration of like tissues rather than scar
formation.

[0062] In an embodiment of the present invention, the adipose-derived stem cell is
differentiated prior to use in tissue regeneration. In a non-limiting example, for tissue
regeneration of cardiac tissue after myocardial infarction, it is possible to differentiate the
adipose-derived stem cells into a cardiogenic precursor cell or cardiomyocyte prior to
transplantation of the cells to the treatment site.

[0063] The present inventive method also can involve the co-administration of bioactive
agents with the ADSC cells. By "co-administration" is meant administration before,
concurrently with, e.g., in combination with bioactive agents in the same formulation or in
separate formulations, or after administration of a therapeutic composition as described

above.

[0064] As used herein, the phrase, “bioactive agents” refers to any organic, inorganic,
or living agent that is biologically active or relevant. For example, a bioactive agent can be a
protein, a polypeptide, a polysaccharide (e.g. heparin), ah oligosaccharide, a mono- or
disaccharide, an organic compound, an organometallic compound, or an inorganic
compound. It can include a living or senescent cell, bacterium, virus, or part thereof. It can
include a biologically active molecule such as a hormone, a growth factor, a growth factor
producing virus, a growth factor inhibitor, a growth factor receptor, an anti-inflammatory
agent, an antimetabolite, an integrin blocker, or a complete or partial functional insense or
antisense gene. It can also include a man-made particle or material, which carries a
biologically relevant or active material. An example is a nanoparticle comprising a core with

a drug and a coating on the core.
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[0065] Bioactive agents also can include drugs such as chemical or biological
compounds that can have a therapeutic effect on a biological organism. Non-limiting
examples include, but are not limited to, growth factors, anti-rejection agents, anti-
inflammatory agents, anti-infective agents (e.g., antibiotics and antiviral agents), analgesics
and analgesic combinations, anti-asthmatic agents, anticonvulsants, antidepressants, anti-
diabetic agents, anti-neoplastics, anticancer agents, anti-psychotics, antioxidants,
immunosuppressive agents, vitamins and minerals, and agents used for cardiovascular

diseases such as anti-restenosis and anti-coagulant compounds.

[0066] Bioactive agents also can include precursor materials that exhibit the relevant
biological activity after being metabolized, broken-down (e.g. cleaving molecular
components), or otherwise processed and modified within the body. These can include such
precursor materials that might otherwise be considered relatively biologically inert or
otherwise not effective for a particular result related to the medical condition to be treated
prior to such modification.

[0067] Combinations, blends, or other preparations of any of the foregoing examples
can be made and still be considered bioactive agents within the intended meaning herein.
Aspects of the present invention directed toward bioactive agents can include any or all of
the foregoing examples.

[0068] In one embodiment of the present invention, the bioactive agent is a growth
factor. A growth factor is any agent which promotes the proliferation, differentiation and
functionality of the implanted ADSC. Non-limiting examples of suitable growth factors
include leukemia inhibitory factor (LIF), epidermal growth factor (EGF), fibroblast growth
factor (FGF), transforming growth factor-beta (TGF-B), insulin-like growth factor (IGF), and
vascular endothelial growth factor (VEGF), human growth hormone, platelet-derived growth
factor (PDGF) interleukins, cytokines or combinations thereof. Francisco, these are factors |
would come up with off the top of my head. Please add any other growth factors that might
be used with the ADSCs.

[0069] In one embodiment of the present invention, the bioactive agent is an
immunosuppressive agent. An immunosuppressive agent is an agent is any agent which
prevents, delays the occurrence of or decreases the intensity of the desired immune

response, e.g., rejection of a transplanted cell, tissue, or organ.

[0070] As used herein, "immunosuppression" refers to prevention of the immune
response (for example by the administration of an "immunosuppresive agent", as defined
herein) such that an "immune response”, as defined herein, is not detectable. As used

herein, "prevention" of an immune response means an immune response is not detectable.

10



WO 2006/074075 PCT/US2005/047437

An immune response (for example, transplant rejection or antibody production) is detected
according to methods well-known in the art and defined herein.

[0071] "Immunosuppression” according to the invention also means a delay in the
occurrence of the immune response as compared to any one of a transplant recipient that
has not received an immunosuppresive agent, or a transplant recipient that has been
transplanted with material that is not "immunologically blinded" or "immunoprivileged", as
defined herein. A delay in the occurrence of an immune response can be a short delay, for
example 1 hr-10 days, i.e., 1 hr, 2, 5 or 10 days. A delay in the occurrence of an immune
response can also be a long delay, for example, 10 days-10 years (i.e., 30 days, 60 days, 90
days, 180 days, 1, 2, 5 or 10 years).

[0072] "Immunosuppression” according to the invention also means a decrease in the
intensity of an immune response. According to the invention, the intensity of an immune
response can be decreased such that it is 5-100%, preferably, 25-100% and most preferably
75-100% less than the intensity of the immune response of any one of a transplant recipient
that has not received an immunosuppresive agent, or a transplant recipient that has been
transplanted with material that is not autologous. The intensity of an immune response can
be measured by determining the time point at which transplanted material is rejected. For
example, an immune response comprising rejection of transplanted material at day 1, post-
transplantation, is of a greater intensity than an immune response comprising the rejection of
transplanted material at day 30, post-transplantation. The intensity of an immune response
can also be measured by quantitating the amount of a particular antibody capable of binding
to the transplanted material, wherein the level of antibody production correlates directly with
the intensity of the immune response. Alternatively, the intensity of an immune response
can be measured by determining the time point at which a particular antibody capable of
binding to the transplanted material is detected.

[0073] Various strategies and agents can be utilized for immunosuppression. For
example, the proliferation and activity of lymphocytes can be inhibited generally with agents
such as, for example, FK-506, or cyclosporin or other immunosuppressive agents. Another
possible strategy is to administer an antibody, such as an anti-GAD65 monoclonal antibody,
or another compound which masks a surface antigen on a transplanted cell and therefore
renders the cell practically invisible to the immune system of the host.

[0074] An "immunosuppressive agent' is any agent that prevents, delays the
occurrence of or reduces the intensity of an immune reaction against a foreign cell in a host,
particularly a transplanted cell. Preferred are immunosuppressive agents which suppress
cell-mediated immune responses against cells identified by the immune system as non-self.

Examples of immunosuppressive agents include, but are not limited to, cyclosporin,
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cyclophosphamide, prednisone, dexamethasone, methotrexate, azathioprine,
mycophenolate, thalidomide, FK-506, systemic steroids, as well as a broad range of
antibodies, receptor agonists, receptor antagonists, and other such agents as known to one
skilled in the art.

[0075] In yet another embodiment of the present invention, adipose-derived stem cells

are administered with hyperbaric oxygen therapy for the treatment of chronic wounds.

[0076] In an embodiment of the present invention, adipose-derived stem cells are
administered with skin grafts to aid in the grafting process and with tissue regeneration.

[0077] Adipose-derived stem cells or differentiated cells may be transplanted into the
recipient where the cells will proliferate and differentiate to form new cells and tissues
thereby providing the physiological processes normally provided by that tissue. The term .
"transplanted" as used herein refers to transferring cells alone or cells that are embedded in
a support matrix. As used herein, the term "tissue" refers to an aggregation of similarly
specialized cells united in the performance of a particular function. Tissue is intended to
encompass all types of biological tissue including both hard and soft tissue. Soft tissue
refers to tissues that connect, support, or surround other structures and organs of the body.
Soft tissue includes muscles, tendons (bands of fiber that connect muscles to bones), fibrous
tissues, fat, blood vessels, nerves, and synovial tissues (tissues around joints). Hard tissue
includes connective tissue (e.g., hard forms such as osseous tissue or bone) as well as
other muscular or skeletal tissue.

[0078] In another embodiment of the present invention, the ADSC are administered
with a pharmaceutically acceptable carrier or excipients. The pharmaceutically acceptable
excipients described herein, for example, vehicles, adjuvants, carriers or diluents, are well-
known to those who are skilled in the art and are readily available to the public. It is
preferred that the pharmaceutically acceptable carrier or excipient be one which is
chemically inert to the thérapeutic composition and one which has no detrimental side
effects or toxicity under the conditions of use.

[0079] The choice of excipient or carrier will be determined in part by the particular
therapeutic composition, as well as by the particular method used to administer the
composition.  Accordingly, there are a wide variety of suitable formulations of the
pharmaceutical composition of the present invention. The formulations described herein are
merely exemplary and are in no way limiting. -

[0080] Often the physiologically acceptable carrier is an aqueous pH buffered solution.
Examples of physiologically acceptable carriers include, but are not limited to, saline,

solvents, dispersion media, cell culture media, aqueous buffers such as phosphate, citrate,
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and other organic acids; antioxidants including ascorbic acid; low molecular weight (less
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and
other carbohydrates including glucose, mannose, or dextrins; chelating agents such as
EDTA,; sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium;
and/or nonionic surfactants such as TWEEN™, polyethylene glycol (PEG), and
PLURONICS™,

[0081] The present invention further provides therapeutic compositions useful in
practicing the therapeutic methods of this invention. A subject therapeutic composition
includes, in admixture, a pharmaceutically acceptable excipient (carrier) or media and the
ADSC of the present invention, including cells or tissues derived therefrom, alone or in
combination with one or more bioactive agents, and at a strength effective for administration

by various means to a patient experiencing cellular or tissue loss or deficiency.

[0082] It is a still further embodiment of the present invention to provide therapeutic
compositions for use in methods which comprise or are based upon the ADSC of the present
invention, including lineage-uncommitted populations of cells, lineage-committed populations
of cells or tissues derived therefrom, along with a pharmaceutically acceptable carrier or
media. Also contemplated are therapeutic compositions comprising bioactive agents that act
on or modulate the ADSC of the present invention and/or the cells or tissues derived
therefrom, along with a pharmaceutically acceptable carrier or media.

[0083] The preparation of cellular or tissue-based therapeutic compositions is well
understood in the art. Such compositions may be formulated in a pharmaceutically
acceptable media. The cells may be in solution or embedded in a matrix. The preparation
of therapeutic compositions with bioactive agents (such as, for example, growth factors) as
active ingredients is well understood in the art. The active therapeutic ingredient is often
mixed with excipients or media which are pharmaceutically acceptable and compatible with
the active ingredient. In addition, if desired, the composition can contain minor amounts of
auxiliary substances such as wetting or emulsifying agents, pH buffering agents which
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