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ALLOGENEIC STEM CELL TRANSPLANTS IN NON-CONDITIONED

RECIPIENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119 to U.S. Provisional

Application Serial No. 60/826,509 filed September 21, 2006, the entirety of which is hereby

incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention pertains to the area of stem cell therapy and

immunology. Particularly the invention relates to practical implementation of allogeneic

stem cell therapies with recipient conditioning. More specifically, the invention relates to

methods of donor stem cell selection, engineering of the stem cell graft and methods of

administering the stem cell graft.

BACKGROUND OF THE INVENTION

[0003] Stem cell transplants are a promising methodology for treatment of not

only degenerative diseases, but also for systemic rejuvenation and life extension. One of the

main drawbacks of stem cell therapy has been identifying sources of stem cells that not only

possess activity to regenerate various organs, but also are available in sufficient numbers.

Conceptually stem cell therapy with autologous cells is preferred clinically since such cells

theoretically are both accepted by the recipient, as well as do not cause graft versus host

disease (GVHD). Unfortunately, autologous stem cells are limited in number, lose

proliferative activity with age and degenerative conditions (1-4), and despite common belief,

in some cases actually can cause graft versus host (5, 6).

[0004] Allotransplantation of stem cells has been suggested as a means of

overcoming numerous drawbacks of autologous transplantation. Allogeneic cells offer the

possibility of an "off the shelf cellular product that can be used for all patient populations, as

well as the ability conceptually to have an unlimited number of stem cells for use. On



particular type of allotransplantation of stem cells involves the use of umbilical cord blood.

Cord blood has been used successfully as an alternative stem cell source to marrow,

particularly in pediatric patients with hematopoietic malignancies, bone marrow failure, or

inborn errors of metabolism, and currently expanding to adults. Cord blood was known since

the 1930s to be useful as a substitute for peripheral blood in transfusions (7). This may have

been what prompted the original report of using cord blood as a clinical source of

hematopoietic stem cells occurred in 1972 in a paper describing a pediatric acute

lymphoblastic leukemia patient under 6-mercaptopurine and prednisone therapy (8).

Although the treatment did not substantially affect clinical outcome, engraftment was

demonstrated for 38 days by differentiation based on erythrocyte markers. Supporting the

notion that cord blood may be a useful source of stem cells were laboratory reports

identifying high concentration of colony forming cells within this population in vitro in the

1970s and 1980s (9, 10). The first successful use of cord blood transplants was in 1989 by

Gluckman et al ( 11) who used sibling cord blood to treat a 5-year old patient with Fanconi

anemia who at last report was still in good health 18 years later (12). After this initial success

cord blood transplantation rapidly became one of the treatments of choice for pediatric

patients lacking sibling donors. The limitation of stem cell number in cord blood units is

overcome in pediatric patients due to lower body mass. Accordingly, more than

approximately 7000-8000 transplants have been performed (13) (14), with the general

consensus being that in comparison to bone marrow, cord blood possesses several unique

advantages and disadvantages. The advantages include less stringent matching requirements,

lower graft versus host disease, and lower risk of contamination. The disadvantages include

delayed kinetics of engraftment, limited supply of stem cells, and lack of ability to perform

donor-lymphocyte infusions (15).

[0005] The first widespread utilization of cord blood, and the area where it

originally grew as an accepted methodology was in the treatment of hematological

malignancies. Current day cord blood transplants involve administration of cord blood

mononuclear cells at approximately 1.5-2.5 x 107 cells per kilogram into patients having

undergone either myeloablative conditioning, or non-myeloablative conditioning. Matching

requirements are not as strict as in bone marrow or peripheral blood stem cell transplants.



Typically a 4/6 HLA loci match is clinically acceptable. Typical protocols for neutralizing

host hematopoiesis include components such as total body irradiation (TBI),

cyclophosphamide, busulfan, etoposide, other chemotherapeutics, and/or anti-thymocyte

globulin. Protocols that are non-myeloablative seek to eradicate host lymphocytes through

administration of anti-thymocyte globulin/TBI /busulfan/fludarabine. Although sometimes

similar agents that are used for myeloablation are also used for non-myeloablative

conditioning, these agents are used at a lower concentration or reduced frequency of

administration. The rationale of non-myeloablative conditioning is to allow for graft-versus-

tumor effect to occur, without subjecting patient to severe physiological stress of complete

myeloablation (16, 17).

[0006] In adults there have been numerous reports and publications regarding

myeloablative conditioning followed by cord blood transplantation for malignancy (18-23).

Herein are disclosed 2 well-cited studies that strongly supported this approach as an

alternative to patients lacking an HLA matched sibling donor. The first study was by the

Acute Leukemia Working Party of European Blood and Marrow Transplant Group. This

study assessed outcomes of 682 patients with acute leukemia that were recipients of stem

cells from unrelated donors. Of these patients, 98 had received cord blood and 584 received

bone marrow transplants. Bone marrow was HLA-matched at 6/6 loci, whereas cord blood

was mismatched up to 4/6 loci. Multivariate analysis revealed that cord blood recipients had

a lower risk of grade IHV GVHD. Transplant related mortality, relapse, and leukemia-free

survival were similar between patients receiving cord blood. Neutrophil engraftment was

significantly delayed in the group receiving cord blood. These findings led to the conclusion

that unrelated cord blood transplant can be performed in patients with acute leukemia that do

not have an HLA-matched bone marrow donor (24). The second study compared leukemia

patients that received cord blood grafts mismatched for one or two HLA loci, with patients

who received bone marrow matched at 6 loci, and with patients who received bone marrow

but were mismatched at 1 loci. Of the patients who received mismatched bone marrow and

mismatched cord blood there was no difference in mortality associated with transplant, nor in

leukemic relapse. The authors of the study, members of the International Bone Marrow

Transplant Registry, concluded, similarly to the previous study cited, that HLA-mismatched



(up to 4/6 loci) cord blood transplant should be recommended as an alternative to adult

patients lacking a HLA-matched adult donor (25).

I.

[0007] Non-myeloablative transplantation is also used in some situations for

treatment of malignant disease. Despite the name, non-myeloablative, this procedure still

causes significant immune deficiency in patients since ablation of the lymphatic system

occurs. The rationale for using non-myeloablative condition is that graft versus tumor effect

is preserved so the need for complete destruction of host hematopoiesis is minimized.

Another possible advantage of non-myeloablative conditioning in terms of malignancy is the

enhanced ability of T cells to reconstitute the host due to preservation of peripheral T cell

niches (26). This may theoretically allow for an enhance graft versus tumor effect. In a

typical study, 13 patients (median age 49) suffering from various advanced hematological

malignancies were transplanted with partially matched cord blood with a median nucleated

cell dose of 2.07 x 10(7)/kg following non-myeloablative conditioning. 8 of the patients

converted to donor chimerism between 4 weeks to 24 weeks. Median survival was 288 days

after transplant (27). Another representative study 20 patients with advanced malignant

lymphoma were conditioned with low dose fludarabine, melphalan and TBI prior to infusion

with an average of 2.75 x 10(7)/kg cord blood cells matched at 4/6 and 5/6 HLA loci.

Neutrophil engraftment occurred in 15 of the patients at an average of 20 days. 10 patients

achieved complete response and estimated 1-year probability of progression-free survival was

50% (28). These and numerous other studies demonstrate that although delayed in

engraftment in comparison to allogeneic bone marrow transplants, cord blood is a suitable

alternative for an easily accessible stem cells source for allotransplantation in patients with

malignancy (29, 30).

[0008] Overall, the main obstacle to cord blood transplantation in general, and

particularly after myeloablative conditioning regimens is the low number of donor cells that

are available in the graft. Approximately, the number of CD34+ cells in a unit of cord blood

is ten-fold less than obtained during a bone marrow graft (15, 31). It is known from several

trials that the lower number of CD34+ cells in the cord blood graft correlates with extended

time until hematopoietic recovery (32-34). Accordingly a variety of attempts have been made



to enhance the stem cell content of cord blood grafts using ex vivo expansion. A Phase I

study using the proprietary Aastrom Replicell system which includes culture in media

supplemented with fetal bovine serum, horse serum, PIXY321, flt-3 ligand, and

erythropoietin, demonstrated feasibility of achieving a median 2.4 expansion in overall

nucleated cells, a 82 fold expansion in CFU-GM, and a 0.5 fold expansion in lineage negative

CD34+ cells. Patients were administered the cells 12 days post cord blood transplant as a

"booster". No serious adverse events associated with administration of expanded cells were

observed. Unfortunately the small patient number did not permit significant analysis of

efficacy (35). Other attempts to increase the number of cord blood cells included

administration of 2 units from different donors (36), administration of third party mobilized

peripheral blood stem cells (37), as well as administration of third party mesenchymal stem

cells (38).

[0009] Since cord blood is more readily available as compared to bone marrow,

its use for treatment of non-malignant conditions requiring rapid intervention has been

pursued. This use of cord blood can range from need to reconstitute the immune system with

cells that are immunocompetent, to the need to deliver a functional enzyme to patients who

are deficient in the enzyme, to use of cord blood for repair certain tissues. One example of

cord blood transplantation for treatment of an abnormal immune system is a report on 8

children suffering from a variety of T cell immunodeficiencies including severe combined

immunodeficiency syndrome (SCID), reticular dysgenesis, thymic dysplasia, combined

immunodeficiency disease, and Wiskott-Aldrich syndrome. Following a myeloablative

conditioning regimen, administration of 3/6 (2 children), 4/6 (4 children), and 5/6 (2 children)

HLA mismatched cord blood was performed. Engraftment occurred in all but one patient

(average time to neutrophil engraftment was 12 days). In the patient that did not engraft, a

second cord blood transplant was performed and successful donor hematopoiesis was

observed. Based on clinical benefit observed in the patients and similar GVHD profile to

bone marrow transplantation, the authors concluded that unrelated umbilical donor cord

blood is a suitable alternative source of stem cells for children with severe T-cell immune

deficiency disorders that lack a suitable HLA-matched bone marrow donor (39). A similar

report evaluated 12 patients who received unrelated cord blood 7x 10(7) cells/kg for primary



immunodeficiency. All patients engrafted with average time to neutrophil reconstitution

being 22 days. 11 patients had full donor T and six full donor B-cell chimerism with normal

IgG levels and specific antibody responses to tetanus and hepatitis B vaccines 1 year after

transplant (40). In terms of bone marrow failure diseases, such as aplastic anemia, in a

recently published report, 9 patients (average age 25.3) were subjected to unrelated cord

blood transplants. Conditioning was performed in a non-myeloablative manner with

cyclophosphamide and antithymocyte globulin. Successful hematopoietic engraftment was

found in seven patients. At 32.2 month follow up (range: 4-69), the patients that engrafted

were alive and disease free (41).

[0010] Besides immune disorders, numerous deficiencies in stem cell function

can be corrected by introduction of functional cells. For example, beta-thalassemia, is a

hematopoietic disorder characterized by mutation in the beta hemoglobin gene, which in the

homozygous state (thalassemia major) leading to severe anemia and transfusion dependence.

5 pediatric patients with this condition received unrelated, 1 or 2 HLA mismatched cord

blood grafts at an average of 8.8 x 10(7) cells/kg. Preconditioning was performed with

busulfan, cyclophosphamide, and antithymocyte globulin. Times to neutrophil engraftment,

red blood cell transfusion independence, and platelet engraftment were 12, 34, and 46 days

after transplantation, respectively. At the average follow up time of 303 days after

transplantation, complete donor chimerism and lack of need for transfusion was observed in

all patients (42).

[0011] Congenital metabolic disorders are another area in which cord blood has

been successfully used. For example, Krabbe Disease is a neurodegenerative disorder that

causes death before the age of 2, in part by breakdown of myelin sheaths due to a deficiency

in activity of the enzyme lysosomal hydrolase galactosylceramide beta-galactosidase

(GALC). This enzyme is normally responsible for degradation of galactosylceramide and

psychosine. Accumulation of both sphingolipids sets off a series of biological cascades

culminating in demylination and nervous system dysfunction. Due to the hematopoietic

derivation of microglia, which normally express the GALG enzyme, Escolar et al

hypothesized that administration of cord blood into pediatric patients with Krabbe Disease

would result in neurological improvements. The investigators treated a total of 25 patients



with Krabbe Disease: 11 were asymptomatic and younger (12 to 44 days-old) and 14 were

symptomatic and older (142 to 352 days old). Following myeloablative conditioning and

unrelated cord blood transplantation, the asymptomatic population had 100% engraftment

and 100% survival at median follow up of 3 years. Furthermore, the same population

demonstrated progressive central myelination and approximately normalized gain in

developmental skills. In contrast, although the population that was treated during the

symptomatic phase also achieved 100% donor engraftment, minimal neurological

improvement was observed and survival was only 43% at average follow-up of 3.4 years

(43). The importance of this study is the demonstration that cord blood can be used as a type

of cellular "gene therapy" that systemically enters the patient circulation and normalizes

cellular function in the area of need. It is important to point out that ablation of the defective

microglia cells most likely did not occur in the patients since these cells are long-lived and

resistant to usual myeloablative protocols. Accordingly the dominance of the "healing"

capacity of cord blood over the enzymatically defective wild-type cells is an interesting point

to consider in light of other studies of regeneration.

II.

[0012] Numerous investigations have been performed demonstrating that stem

cells found in cord blood can differentiate into a variety of tissues. For example, using a

variety of chemical agents and modification of culture conditions, it was demonstrated that

cord blood mesenchymal cells, as well as freshly purified cells can be differentiated into

cardiomyocyte-like cells which were capable of beating in culture (44, 45). The ability of

bone marrow derived cells to differentiate into cardiomyocytes has been well established that

the cells within cord blood that differentiate into cardiomyocytes are of a similar phenorype

to the ones in bone marrow (46, 47). In bone marrow derived cardiomyocyte experiments

electromagnetic coupling and appropriate gap junction formation with cultured, freshly

explanted cardiomyocytes was demonstrated (48). Furthermore it has been demonstrated that

contacting bone marrow derived mesenchymal cells with cardiomyocytes induces

differentiation into cardiomyocytes (49). In contrast to in vivo experiments which suggest a

positive effect of bone marrow stem cells in heart disease models, some in vitro evidence

suggests that bone marrow derived cardiomyocytes may be proarrhythmic (50). It remains to



be seen whether cardiomyocytes derived from cord blood have similar properties, since to

date, to the authors' knowledge, no side-by-side comparison has been made between bone

marrow and cord blood in terms of cardiomyocyte differentiation.

[0013] The naturally residing stem cells in the liver, called "oval cells" express

hematopoietic stem cell markers such as CD34 and c-kit, and can be repopulated in vivo by

bone marrow derived cells, supports the notion that populations within cord blood may be

capable of differentiating into hepatocytes (51). Accordingly, investigators have

demonstrated that growth factors such as HGF alone, or in combination with FGF-4 are

capable of inducing in vitro generation of albumin-secreting hepatic-like cells (52-54). In

some experiments, it was demonstrated an enhanced rate of hepatic differentiation from cord

blood can be induced by mimicking injury in an in vitro system (55). The differentiation

from cord blood cell to hepatocyte-like cell is believed to occur in some systems by the cells

passing through a mesenchymal state prior to differentiation (56).

[0014] Numerous studies have also demonstrated differentiation of cord blood

cells into various neuronal lineages (57-62). Whether it is actually stem cells that

differentiate into neurons, or other cellular intermediaries exist remains to be completely

answered. Some studies suggest that, as in hepatic differentiation, cord blood cells pass

through a mesenchymal phase before becoming neurons (63), whereas other studies actually

describe a monocytic-like intermediary (64). It is believed that induction of differentiation

can be accomplished by exposure to the local neuronal microenvironment, even in the adult

brain (65). Accordingly, these studies support the notion that cord blood cells may be useful

for treatment of neurodegenerative diseases.

[0015] Numerous animal models have been performed to assess the potential of

cord blood transplantation for treatment of degenerative diseases. Provided herewith is an

overview of some of these studies to provide a sample of the wide array of potential uses that

cord blood may have when it is actually translated into a clinical approach.

[0016] Numerous genetic and acquired diseases exist in which regeneration of

muscle is desired. Particularly relevant are conditions such as Duchenne Muscular Dystrophy

in which one essential gene is defective causing muscular degeneration and premature death

(patients rarely live beyond 30). While gene therapy would be theoretically useful, practical



clinical implementation has yet to occur. An alternative treatment would be supplementing

the diseased individual with stem cells containing the appropriate gene. This was originally

investigated using bone marrow stem cells. It is known that bone marrow stem cells are

capable of differentiating into a wide variety of muscle like cells. For example, bone marrow

transplant with wild-type murine donors into a mouse model of muscular degneration

(Iaminin-alpha2-deficient (dy) mice) is capable of extending lifespan and enhancing growth

rate, muscle strength, and respiratory function as compared to controls (66). Similarly, in the

mouse model of muscular dystrophy, bone marrow transplantation from wild-type donors

results in mdx+ cells migrating and having beneficial function on injured muscles (67).

Accordingly, the use of cord blood transplantation was assessed in the dysferlin-deficient

mouse, which is a model of muscle degenerative diseases limb girdle muscular dystrophy

type 2B form and Miyoshi myopathy. Systemic administration of human cord blood

nucleated cells, or cord blood CD34+, lineage-negative cells under the cover of immune

suppression lead to stable integration of human dysferlin positive cells into muscle. The

authors did not comment on therapeutic effect, but suggested that increasing the number of

cells trafficking to the muscle may be a useful therapy for development (68). Another study

investigated the effect of direct intramuscular administration of nucleated human cord blood

cells into immune competent mice directly into injured muscles. The authors demonstrated

incorporation of the human cells into regenerating muscle (69). Unfortunately neither of the

two studies demonstrated therapeutic benefit.

[0017] In contrast to the relatively early stages of stem cell research for muscular

disorders, utilization of stem cells for myocardial infarction is much more advanced. Patients

with myocardial infarction are usually treated with stenting and thrombolytic agents, however

the death of existing myocytes, the formation of scar tissue, and pathological remodeling

causes the majority of post-infarct patients to develop congestive heart failure. The rationale

for stem cell therapy in the post-infarct situation is to supply cells capable of taking over the

function of the cells that have died, and/or to increase local perfusion so as to allow

cardiomyocytes that are hibernating to become functional. Bone marrow stem cells have

demonstrated ability to reduce pathology left ventricular remodeling and restore left

ventricular ejection fraction (LVEF) in numerous clinical studies (70-72). It is believed that,



at least in part, the CD34+ fraction of bone marrow is responsible for this effect, since even

CD34+ cells from peripheral blood are also beneficial to post-infarct cardiac function (73).

Given the high content of CD34 cells in cord blood, as well as various cells with

cardiomyocyte potential residing therein, numerous studies have investigated the use of cord

blood in animal models of infarction. For example, Hirata et al demonstrated that systemic

administration of 2x10(5) human cord blood CD34(+) cells into Wistar rats suffering from

myocardial infarction lead to improvement of LVEF. Microscopic analysis demonstrated

engraftment of human cells in the myocardial architecture (74). Utility of CD 133 cells

derived from cord blood for myocardial regeneration post infarct. Administration of 1.2-2 x

10(6) CD 133+ cells 7 days post infarct in athymic rats lead to improvement in LV

contractility by 42% in treated animals, whereas controls had a decrease in contractility of 39

+/- 10% at 30 days post infarct. Additionally, pathological ventricular remodeling as defined

by decrease in thickness of the anterior wall was observed only in the control animals (75).

In order to deal with the low number of cells attainable from cord blood, experiments were

performed to investigate the possibility of expanding endothelial progenitors ex vivo and

using them for post infarct repair. Culturing of cord blood in endothelium differentiation

media allowed up to 40-fold expansion of cell number. These cells were capable of

preserving LVEF in an animal model of infarction (76). Using a large animal model,

administration of 10(8) cultured unrestricted somatic stem cells (USCC) from human cord

blood was performed in pigs with artificially occluded left anterior descending 4 weeks after

occlusion. Improved regional perfusion, wall motion and LVEF was observed in comparison

to controls at 4 weeks post cell administration (77). These and other animal models

experiments (78-82) support the potential of cord blood cells for myocardial infarction,

administered systemically, or locally.

[0018] Stroke is a significant cause of morbidity and mortality being the third

cause of death and disability in the United States. Although rehabilitation procedures exist

and are clinically implemented, no medical intervention as been approved as of yet. One

therapeutic concept is administration of growth factors to either directly stimulate

neurogenesis, or to increase perfusion and thereby allow neuronal populations to exit state of

cell cycle arrest. This approach was assessed by systemic administration of the growth factor



FGF-2. Although some patients demonstrated improvement in the acute stroke setting, the

adverse effects, including hypotension associated with this intervention lead to halting of the

Phase III trial (83, 84). Other approaches have included stereotactic administration of

neurons derived from the human teratocarcinoma cell line NT-2. It was reported that some

patients had increased metabolic activity at the grafted site, however therapeutic results were

not significant (85, 86). Given the ability of cord blood cells to secrete numerous

neurotrophic factors (87), as well as to directly differentiate into a variety of neurons (88), the

use of such cells in animal models of stroke was performed by numerous groups with

demonstration of efficacy. For widespread clinical utilization, stereotactic implantation of

cells is very difficult. Accordingly a study was performed using the established middle

cerebral artery occlusion (MCAO) rat model of stroke, comparing intravenous versus

intrastriatal implantation of human cord blood cells under the cover of cyclosporin immune

suppression. In contrast to non-transplanted animals, rats receiving cord blood either through

the intravenous or intrastriatal route performed significantly better at task learning by the

passive avoidance test, as well as overall behavioral recovery. In the step test, significant

improvement was observed only in animals having received cells through the intravenous

route. This study demonstrated the feasibility of systemic cord blood administration for

treatment of stroke (89). In order to determine whether cord blood administration induces a

dose-dependent neurological recovery, the same group administered 10(4) up to 3 to 5x10(7)

human cord blood cells into rats subjected to MCAO. The authors observed a dose-

dependent recovery in behavioral performance as well as an inverse relationship between

HUCBC dose and infarct size (90). Using a similar MCAO model, it was reported that an

umbilical cord population expressing the embryonic markers Oct-4, Rex-1, and Sox-2, but

not hematopoietic markers was able to significantly inhibit behavioral defects (91). Although

the neuroprotective/neuroregenerative effects of cord blood cells are well established by

numerous other experiments (92-96), the mechanisms of this effect is still being debated. For

example, it was demonstrated that angiogenesis plays a critical role in cord blood mediated

protection from stroke in a study demonstrating that treatment with angiogenic inhibitors can

block beneficial effects of cell administration (97). Such indirect and/or paracrine effects are



also supported by observations that it is not necessary of the transplanted cells to enter the

brain to mediate beneficial effects (98).

[0019] In addition to the areas of muscular degeneration, cardiac infarction, and

stroke, cord blood stem cells have demonstrated therapeutic efficacy in numerous other

animal models such as enzymatic deficiencies (99, 100), autoimmune diabetes (101, 102),

liver pathologies (103-108), and even cancer (109). Given these powerful preclinical

observations, as well as the known multitude of stem cell activities found in cord blood, it

only is natural that regenerative applications (besides in the area of hematopoiesis) would be

pursued. As of yet there is one Phase I trial being performed in patients with type I diabetes

involving infusion of autologous cord blood cells for restoration of islet function, however

the trial is ongoing and no data have been published ( 110). One of the major limitations that

is impeding regenerative application of cord blood transplants is the fact that in contrast to

bone marrow, peripheral blood, or adipose derived stem cells, most patients do not have

autologous cord blood available. This makes it necessary to use allogeneic, HLA matched

cord blood. The current dogma is that in absence of immune suppression, administration of

an HLA-matched cord blood graft into a non-immune suppressed host will result in rapid

clearance of infused cells without therapeutic benefit. The current invention demonstrates

that this notion is incorrect and provides methods of making available stem cell

transplantation in general, and cord blood transplantation specifically, for regenerative uses

without the need for major host preconditioning that would normally preclude patients from

having access to this technology. In order to begin this part of the discussion, this discussion

will start by first overviewing the basic immunology of cord blood.

[0020] Mesenchymal stem cells are classically defined as cells that are adherent to

plastic and found in the non-hematopoietic CD34-, CD45-, HLA-DR- fraction of bone

marrow (111), adipose tissue ( 112), placenta ( 113, 114), scalp tissue (115) and cord blood

(45). Various markers have been described on mesenchymal stem cells including CD13,

CD29, CD44, CD90, CD105, SH-3, and STRO-I ( 116). Mesenchymal stem cells from cord

blood have demonstrated the ability to differentiate into a wide variety of tissues in vitro

including neuronal (63, 117, 118), hepatic (53, 119), osteoblastic (120), and cardiac (45).

Bone marrow derived mesenchymal stem cells are currently in various clinical trials, most



notably a Phase III trial by Osiris Therapeutics, who is using a "universal donor" cell for

patients suffering from advanced GVHD (121). Since mesenchymal stem cells are known to

possess the ability to home to the bone marrow and assist engraftment of hematopoietic stem

cells (122), as well as possessing numerous trophic activity that supports hematopoiesis both

in vitro and in vivo (123), mesenchymal stem cells are currently used experimentally to

enhance bone marrow engraftment clinically (124). An important aspect of mesenchymal

stem cells is their anti-inflammatory and immunomodulatory activity. These cells

constitutively secrete immune inhibitory factors such as IL-IO and TGF-β while maintaining

ability to present antigens to T cells (125, 126). This is believed to further allow inhibition of

immunity in an antigen specific manner, as well as to allow the use of such cells in an

allogeneic fashion without fear of immune-mediated rejection.

[0021] Honmou et al in U.S. Patent No. 7,098,027 teach the use of autologous

bone marrow and cord blood cells for remyelinating a patient in need thereof. However the

invention is only related to autologous transplants.

[0022] U.S. Patent No. 6,428,782 to Slavin et al describes a method of inducing

donor-specific tolerance in a host. Tolerogenic treatments of the present invention may be

administered to a host prior to transplantation of donor-derived materials. The tolerogenic

treatment involves (1) administering an immunosuppressive agent to a host mammal in a

non-myeloablative regimen sufficient to decrease, but not necessarily to eliminate, the host

mammal's functional T lymphocyte population; (2) infusing donor antigens from a non-

syngeneic donor into the host mammal; (3) eliminating those host T lymphocytes responding

to the infused donor antigens using a non-myeloablative dose of lymphocytotoxic or

tolerizing agent; and (4) administering donor hematopoietic cells to the host mammal. Donor

lymphoid cells used for cell therapy of a host mammal can be depleted of host specific

immunological reactivity by methods essentially similar to those used for tolerizing a host

mammal prior to transplantation. This approach, however, requires the use of host

conditioning. Furthermore the invention does not describe regenerative uses of the tolerated

graft, only hematopoietic uses.

[0023] Ildstad in U.S. Patent Application No. 20060018885 teaches methods of

enhancing engraftment of allogeneic bone marrow grafts through co-incubating prior to



administration a pharmaceutical composition that stimulates TNF-alpha expression and a

cellular composition comprising human hematopoietic stem cells and "facilitator cells" that

have a CD8+ TCR+ or CD8+ TCR- phenotype. The use of cord blood is not described in this

application. Nor are therapeutic immune modulatory aspects of the graft itself described.

[0024] Komanduri et al in U.S. Patent Application No. 2006/0057122 teach

methods of depleting cellular grafts of alloreactive populations based on removal of cells

expressing a combination of activation-associated T cell markers such as CD25, CD38, and

CD52. These markers are upregulated on cells bearing alloreactive potential subsequent to

stimulation with recipient cells. This method of depleting alloreactive cells does not decrease

immunogeneicity of the graft itself, and furthermore requires ex vivo culture, which is not

practically available on a large scale.

[0025] Young in U.S. Patent Application No. 2005/0026854 disclosed agents

capable of destruction of CD52+ cells, including CD52+ dendritic cells, without affecting

CD52 negative cells.

[0026] From the general review of the literature above, it is apparent that stem

cells in general, and specifically cord blood derived stem cells possess numerous properties

making them attractive for treatment of diseases. Unfortunately, to date, application of stem

cells is limited by the fact that no readily available sources exist that can be implemented

with ease. Although allogeneic stem cells are promising, the need for recipient

preconditioning, as well as fear of graft versus host disease have limited their application.

SUMMARY OF THE INVENTION

[0027] It is within the scope of the current invention to provide a means of

transplanting allogeneic stem cells without the need for preconditioning of the host. The

current invention teaches that in stark contrast to current dogma, if proper matching of stem

cells is performed with the recipient, allogeneic transplantation can be performed with

therapeutic benefits. The invention teaches that therapeutic benefits derived from allogeneic

cells that survive in the recipient, said therapeutic benefits may come directly from stem cells

that have "selected for" by the immunological pressures of the recipient immune system.

Alternatively therapeutic benefit may be derived, under some circumstances, from the



interaction between the allogeneic cells found in the stem cell inoculum and the immune cells

of the recipient.

[0028] Given the unique regenerative capabilities of cord blood, the easy

accessibility of HLA matched donors, and relative inexpensiveness as compared to other

cellular therapies; it is of great interest therapeutically to expand its use into non-conditioned

recipients. Another attractive feature of cord blood is that for regenerative activities

administration can be systemic since in various models of tissue destruction, local

administration does not significantly alter efficacy as compared to systemic (89, 127). One

simple method of stem cell therapy would be administration of cord blood units in patients

with degenerative diseases in the form of direct transfusions has described by Bhattacharya

(128). Unfortunately, this approach has not demonstrated clinical benefits in terms of

regeneration. Accordingly, the current invention provides methods for using cord blood, and

other stem cell sources in an allogeneic manner, without the need for host preconditioning,

through appropriate manipulation of the stem cell source, and/or matching and/or

coadministration of agents and other cells. For example, in one aspect, administration of

cord blood cells in combination with stem cell activators, localized chemoattractant agents, or

activators of endogenous stem cells is performed to yield therapeutic benefit. Clinically used

agents such as thalidomide (129), valproic acid (130), or 5-azacytidine (131, 132) all have

demonstrated ability to induce proliferation of CD34+ stem cells in vitro and/or in vivo.

These agents are useful in the practice of the current invention.

[0029] In one aspect of the invention, chemoattractant agents may be

administered at a site in need of repair, followed by systemic administration of cord blood

stem cells. Chemoattractant agents could include stromal derived growth factor-1 (133),

other various agonists of CXCR-4 (134), or hepatocyte growth factor (135).

[0030] An alternative aspect of the invention is administration of stem cells at the

narrow window period after tissue injury when endogenous chemoattractants are secreted by

the injured tissue. For example, following myocardial infarction, as well as stroke, there is a

period of time which concentration of local stem cell chemoattractants are so high that bone

marrow derived progenitors are mobilized (136). Activators of endogenous stem cells may

also be administered in the context of the current invention to allow localized tissue repair,



while exogenous stem cells are administered to provide support to the activated endogenous

cells. On example of clinically used stem cell activators are erythropoietin and human

chorionic gonadotropin, which are currently in clinical trials for stroke (137).

[0031] In accordance with the above, presented herein is a method of allogeneic

stem cell therapy without preconditioning of the recipient, the therapy comprising: a)

matching a patient with a stem cell source; b) manipulating the stem cell source; and c)

administering the stem cell source.

[0032] Also presented herein is a method of treating a disease by allogeneic stem

cell therapy without preconditioning of the recipient, the therapy comprising: a) matching a

patient with a stem cell source; b) manipulating the stem cell source; and c) administering the

stem cell source. The disease can be selected from a group consisting of: neurological,

gastrointestinal, dermatological, urological, respiratory, and cardiac diseases. The

neurological disease can be selected from a group consisting of: autism, Asperger syndrome,

acute stroke, chronic stroke, transient ischemic episodes, Rett syndrome, autism spectrum

disorder, childhood disintegrative disorder, amyotrophic lateral sclerosis, Huntington's

disease, Parkinson's disease, Alzheimer's disease, bipolar disorder, depression, disruptive

behavior disorder, dyslexia, fragile X syndrome, learning disabilities, obsessive-compulsive

disorder, oppositional defiant disorder, pervasive developmental disorder, reactive

attachment disorder, Rett syndrome, separation anxiety disorder, Tourette's syndrome, Lewy

Body dementia, AIDS dementia, mild cognitive impairments, age-associated memory

impairments, cognitive impairments and/or dementia associated with neurologic and/or

psychiatric conditions, including epilepsy, brain tumors, brain lesions, multiple sclerosis,

Down's syndrome, progressive supranuclear palsy, frontal lobe syndrome, and schizophrenia

and related psychiatric disorders, cognitive impairments caused by traumatic brain injury,

post coronary artery by-pass graft surgery, electroconvulsive shock therapy, and

chemotherapy; and to novel methods for treating and preventing delirium, myasthenia gravis,

dyslexia, mania, depression, apathy, myopathy associated with diabetes, Juvenile

Huntington's Disease, also known as the Westphal variant, cerebral palsy, Spinocerebellar

ataxia, Sensory ataxia, and Friedreich's ataxia



[0033] Also presented herein is a method of treating an inflammatory disease by

allogeneic stem cell therapy without preconditioning of the recipient, the therapy comprising:

a) matching a patient with a stem cell source; b) manipulating the stem cell source; and c)

administering the stem cell source. The inflammatory disease can be selected from a group

consisting of: asthma (including allergen-induced asthmatic reactions), cystic fibrosis,

bronchitis (including chronic bronchitis), chronic obstructive pulmonary disease (COPD),

adult respiratory distress syndrome (ARDS), chronic pulmonary inflammation, rhinitis and

upper respiratory tract inflammatory disorders (URID), ventilator induced lung injury,

silicosis, pulmonary sarcoidosis, idiopathic pulmonary fibrosis, bronchopulmonary dysplasia,

arthritis, e.g. rheumatoid arthritis, osteoarthritis, infectious arthritis, psoriatic arthritis,

traumatic arthritis, rubella arthritis, Reiter's syndrome, valve diseases, tuberous sclerosis,

scleroderma, obesity, metabolic disturbances associated with obesity, transplantation

rejection, osteoarthritis, rheumatoid arthritis, neoplasm; adenocarcinoma, lymphoma, uterus

cancer, fertility, glomerulonephritis, hemophilia, hypercoagulation, idiopathic

thrombocytopenic purpura, graft versus host disease, AIDS, bronchial asthma, lupus, multiple

sclerosis, gouty arthritis and prosthetic joint failure, gout, acute synovitis, spondylitis and

non-articular inflammatory conditions, e.g. herniated/ruptured/prolapsed intervertebral disk

syndrome, bursitis, tendonitis, tenosynovitis fibromyalgic syndrome and other inflammatory

conditions associated with ligamentous sprain and regional musculoskeletal strain,

inflammatory disorders of the gastrointestinal tract, e.g. ulcerative colitis, diverticulitis,

cardiomyopathy, atherosclerosis, stenosis, vascular calcification, fibrosis, pulmonary stenosis,

subaortic stenosis, Crohn's disease; inflammatory bowel disease, ulcerative colitis, multiple

sclerosis, treatment of Albright Hereditary, infectious disease, anorexia, cancer-associated

cachexia, cancer, Crohn's disease, inflammatory bowel diseases, irritable bowel syndrome

and gastritis, multiple sclerosis, systemic lupus erythematosus, scleroderma, autoimmune

exocrinopathy, autoimmune encephalomyelitis, diabetes, tumor angiogenesis and metastasis,

cancer including carcinoma of the breast, colon, rectum, lung, kidney, ovary, stomach, uterus,

pancreas, liver, oral, laryngeal and prosiate, meianoma, acute and chronic leukemia,

periodontal disease, neurodegenerative disease, Alzheimer's disease, Parkinson's disease,

epilepsy, muscle degeneration, inguinal hernia, retinal degeneration, diabetic retinopathy,



macular degeneration, ocular inflammation, bone resorption diseases, osteoporosis,

osteopetrosis, graft vs. host reaction, allograft rejections, sepsis, endotoxemia, toxic shock

syndrome, tuberculosis, usual interstitial and cryptogenic organizing pneumonia, bacterial

meningitis, systemic cachexia, cachexia secondary to infection or malignancy, cachexia

secondary to acquired immune deficiency syndrome (AIDS), malaria, leprosy, leishmaniasis,

Lyme disease, glomerulonephritis, glomerulosclerosis, renal fibrosis, liver fibrosis,

pancreatitis, hepatitis, endometriosis, pain, e.g. that associated with inflammation and/or

trauma, inflammatory diseases of the skin, e.g. dermatitis, dermatosis, skin ulcers, psoriasis,

eczema, systemic vasculitis, vascular dementia, thrombosis, atherosclerosis, restenosis,

reperfusion injury, plaque calcification, myocarditis, aneurysm, stroke, pulmonary

hypertension, left ventricular remodeling and heart failure.

[0034] Also presented herein is a method of treating a disease using allogeneic

stem cell therapy without preconditioning of the recipient, the therapy comprising: a)

selecting a patient that has not been preconditioned; and b) administering a stem cell source.

[0035] hi one aspect of the invention the cells can be selected from a group

comprising of stem cells, committed progenitor cells, and differentiated cells. In a further

aspect, the stem cells can be selected from a group consisting of: embryonic stem cells, cord

blood stem cells, placental stem cells, bone marrow stem cells, amniotic fluid stem cells,

neuronal stem cells, circulating peripheral blood stem cells, mesenchymal stem cells,

germinal stem cells, adipose tissue derived stem cells, exfoliated teeth derived stem cells, hair

follicle stem cells, dermal stem cells, parthenogenically derived stem cells, reprogrammed

stem cells and side population stem cells. In a particular aspect, the allogeneic stem cell

therapy consists of cord blood. Selection of cells to be used in the practice of the invention

can be performed based on a number of relevant factors to the clinical utilization, including

patient characteristics, and availability of the cells for administration.

[0036] One aspect of the invention involves administration of totipotent

embryonic stem cells, the totipotent embryonic stem cells express one or more antigens

selected from a group consisting of: stage-specific embryonic antigens (SSEA) 3, SSEA 4,

Tra-1-60 and Tra-1-81, Oct-3/4, Cripto, gastrin-releasing peptide (GRP) receptor,



podocalyxin-like protein (PODXL), Rex-1, GCTM-2, Nanog, and human telomerase reverse

transcriptase (hTERT).

[0037] In a certain aspect, the cord blood stem cells can be multipotent and

capable of differentiating into endothelial, muscle, and neuronal cells. In one aspect, patients

can be treated with a therapeutically effective amount of cord blood stem cells, the cord blood

stem cells may be identified by expression of markers selected from a group comprising:

SSEA-3, SSEA-4, CD9, CD34, c-kit, OCT-4, Nanog, CD 133 and CXCR-4, and lack of

expression of markers selected from a group consisting of: CD3, CD45, and CDl Ib. In

certain aspects, the cord blood stem cells can be unrestricted somatic stem cells. In some

aspects of the invention cord blood cells are used without purification by subset.

[0038] In another aspect of the invention, patients are treated with a

therapeutically effective amount of placental stem cells, the stem cells may be identified

based on expression of one or more antigens selected from a group comprising: Oct-4, Rex-1,

CD9, CD13, CD29, CD44, CD166, CD90, CD105, SH-3, SH-4, TRA-1-60, TRA- 1-81,

SSEA-4 and Sox-2. In some aspects of the invention placental stem cells are used without

purification by subset.

[0039] In another aspect of the invention, patients are treated with a

therapeutically effective amount of bone marrow stem cells; the bone marrow stem cells

comprised of bone marrow derived mononuclear cells. The bone marrow stem cells may also

be selected based upon ability to differentiate into one or more of the following cell types:

endothelial cells, muscle cells, and neuronal cells. The bone marrow stem cells may also be

selected based on expression of one or more of the following antigens: CD34, c-kit, flk-1,

Stro-1, CD105, CD73, CD31, CD146, vascular endothelial-cadherin, CD133 and CXCR-4.

In one particular aspect, the bone marrow stem cells are selectively enriched for mononuclear

cells expressing the protein marker CD 133.

[0040] In another aspect of the invention, patients are treated with a

therapeutically effective amount of amniotic fluid stem cells, wherein the amniotic fluid stem

cells are isolated by introduction of a fluid extraction means into the amniotic cavity under

ultrasound guidance. The amniotic fluid stem cells may be selected based on expression of

one or more of the following antigens: SSEA3, SSEA4, Tra-1-60, Tra-1-81, Tra-2-54, HLA



class I, CD 13, CD44, CD49b, CD 105, Oct-4, Rex-1, DAZL and Runx-1 and lack of

expression of one or more of the following antigens: CD34, CD45, and HLA Class II.

[0041] In another aspect of the invention, patients are treated with a

therapeutically effective amount of neuronal stem cells that are selected based on expression

of one or more of the following antigens: RC-2, 3CB2, BLB, Sox-2hh, GLAST, Pax 6,

nestin, Muashi-1, NCAM , A2B5 and prominin.

[0042] In another aspect of the invention, patients are treated with a

therapeutically effective amount of peripheral blood derived stem cells. The peripheral blood

derived stem cells may be characterized by expression of one or more markers selected from

a group comprising of CD34, CXCR4, CDl 17, CDl 13, and c-met, and in some cases by

ability to proliferate in vitro for a period of over 3 months. In some situations peripheral

blood stem cells are purified based on lack of expression of differentiation associated

markers, the markers selected from a group comprising of CD2, CD3, CD4, CDIl, CDl Ia,

Mac-1, CD14, CD16, CD19, CD24, CD33, CD36, CD38, CD45, CD56, CD64, CD68,

CD86, CD66b, and HLA-DR.

[0043] In another aspect of the invention, patients are treated with a

therapeutically effective amount of mesenchymal stem cells, the cells may be defined by

expression of one or more of the following markers: STRO-I, CD105, CD54, CD106, HLA-I

markers, vimentin, ASMA, collagen- 1, fibronectin, LFA-3, ICAM-I, PECAM-I, P-selectin,

L-selectin, CD49b/CD29, CD49c/CD29, CD49d/CD29, CD61, CD 18, CD29,

thrombomodulin, telomerase, CDlO, CD 13, STRO-2, VCAM-I, CD 146, and THY-I, and in

some situations lack of substantial levels of one or more of the following markers: HLA-DR,

CDl 17, and CD45. In some aspects the mesenchymal stem cells are derived from a group

selected of: bone marrow, adipose tissue, umbilical cord blood, placental tissue, peripheral

blood mononuclear cells, differentiated embryonic stem cells, and differentiated progenitor

cells.

[0044] In another aspect of the invention, patients are treated with a

therapeutically effective amount of germinal stem cells, wherein the germinal stem cells may

express markers selected from a group consisting of: Oct4, Nanog, Dppa5 Rbm, cyclin A2,



Texl8, Stra8, Dazl, betal- and alphaβ-integrins, Vasa, Fragilis, Nobox, c-Kit, Sca-1 and

Rexl.

[0045] In another aspect of the invention, patients are treated with a

therapeutically effective amount of adipose tissue derived stem cells, wherein the adipose

tissue derived stem cells may express markers selected from a group consisting of: CD 13,

CD29, CD44, CD63, CD73, CD90, CD166, Aldehyde dehydrogenase (ALDH), and ABCG2.

In an alternative aspect adipose tissue derived stem cells derived as mononuclear cells

extracted from adipose tissue that are capable of proliferating in culture for more than 1

month.

[0046] In another aspect of the invention, patients are treated with a

therapeutically effective amount of exfoliated teeth derived stem cells, wherein the exfoliated

teeth derived stem cells may express markers selected from a group consisting of: STRO-I,

CD 146 (MUC 18), alkaline phosphatase, MEPE, and bFGF.

[0047] In another aspect of the invention, patients are treated with a

therapeutically effective amount of hair follicle stem cells, wherein the hair follicle stem cells

may express markers selected from a group consisting of: cytokeratin 15, Nanog, and Oct-4,

in some aspects, the hair follicle stem cells are chosen based on capable of proliferating in

culture for a period of at least one month. In other aspects, the hair follicle stem cell can be

selected based on ability to secrete one or more of the following proteins when grown in

culture: basic fibroblast growth factor (bFGF), endothelin-1 (ET-I) and stem cell factor

(SCF).

[0048] In another aspect of the invention, patients are treated with a

therapeutically effective amount of dermal stem cells, wherein the dermal stem cells express

markers selected from a group consisting of: CD44, CD13, CD29, CD90, and CD105. In

some aspects, the dermal stem cells are chosen based on ability of proliferating in culture for

a period of at least one month.

[0049] In another aspect of the invention, are treated with a therapeutically

effective amount parthenogenically derived stem cells, wherein the parthenogenically derived

stem cells are generated by addition of a calcium flux inducing agent to activate an oocyte



followed by enrichment of cells expressing markers selected from a group comprising of

SSEA-4, TRA 1-60 and TRA 1-81.

[0050] In another aspect of the invention, patients are treated with a

therapeutically effective amount of stem cells generated by reprogramming, the

reprogramming being induced, for example, by nuclear transfer, cytoplasmic transfer, or cells

treated with a DNA methyltransferase inhibitor, cells treated with a histone deacetylase

inhibitor, cells treated with a GSK-3 inhibitor, cells induced to dedifferentiate by alteration of

extracellular conditions, and cells treated with various combination of the mentioned

treatment conditions. In certain aspects, the nuclear transfer comprises introducing nuclear

material to a cell substantially enucleated, the nuclear material deriving from a host whose

genetic profile is sought to be dedifferentiated. In certain aspects the cytoplasmic transfer

comprises introducing cytoplasm of a cell with a dedifferentiated phenotype into a cell with a

differentiated phenotype, such that the cell with a differentiated phenotype substantially

reverts to a dedifferentiated phenotype. In certain aspects, the DNA demethylating agent can

be selected from a group consisting of: 5-azacytidine, psammaplin A, and zebularine. The

histone deacetylase inhibitor can be selected from a group consisting of: valproic acid,

trichostatin-A, trapoxin A and depsipeptide.

[0051] In another aspect of the invention, patients are treated with a

therapeutically effective amount of side population cells, wherein the cells are identified

based on expression multidrug resistance transport protein (ABCG2) or ability to efflux

intracellular dyes such as rhodamine-123 and or Hoechst 33342. The side population cells

may be derived from tissues such as pancreatic tissue, liver tissue, muscle tissue, striated

muscle tissue, cardiac muscle tissue, bone tissue, bone marrow tissue, bone spongy tissue,

cartilage tissue, liver tissue, pancreas tissue, pancreatic ductal tissue, spleen tissue, thymus

tissue, Peyer's patch tissue, lymph nodes tissue, thyroid tissue, epidermis tissue, dermis

tissue, subcutaneous tissue, heart tissue, lung tissue, vascular tissue, endothelial tissue, blood

cells, bladder tissue, kidney tissue, digestive tract tissue, esophagus tissue, stomach tissue,

small intestine tissue, large intestine tissue, adipose tissue, uterus tissue, eye tissue, lung

tissue, testicular tissue, ovarian tissue, prostate tissue, connective tissue, endocrine tissue, and

mesentery tissue.



[0052] In a certain embodiment where committed progenitor cells are

administered, the committed progenitor cells can be selected from a group consisting of:

endothelial progenitor cells, neuronal progenitor cells, and hematopoietic progenitor cells.

The committed endothelial progenitor cells can be purified from the bone marrow or

peripheral blood, for example. In certain aspects, the committed endothelial progenitor cells

are purified from peripheral blood of a patient whose committed endothelial progenitor cells

are mobilized by administration of a mobilizing agent or therapy. In certain aspects, the

mobilizing agent can be selected from a group consisting of: G-CSF, M-CSF, GM-CSF, 5-

FU, IL-I, IL-3, kit-L, VEGF, Flt-3 ligand, PDGF, EGF, FGF-I, FGF-2, TPO, IL-I l , IGF-I,

MGDF, NGF, HMG CoA)reductase inhibitors and small molecule antagonists of SDF-I. In

certain aspects, the mobilization therapy can be selected from a group consisting of: exercise,

hyperbaric oxygen, autohemotherapy by ex vivo ozonation of peripheral blood, and induction

of SDF-I secretion in an anatomical area outside of the bone marrow. In certain aspects, the

endothelial progenitor cells express markers selected from a group consisting of: CD31,

CD34, AC133, CD146 and flkl.

[0053] In certain aspects, the committed hematopoietic cells can be purified from

the bone marrow or from peripheral blood. In certain aspects, the committed hematopoietic

progenitor cells are purified from peripheral blood of a patient whose committed

hematopoietic progenitor cells are mobilized by administration of a mobilizing agent or

therapy. In certain aspects the mobilizing agent can be selected from a group consisting of:

G-CSF, M-CSF, GM-CSF, 5-FU, IL-I, IL-3, kit-L, VEGF, Flt-3 ligand, PDGF, EGF, FGF-I,

FGF-2, TPO, IL-I l , IGF-I, MGDF, NGF, HMG CoA)reductase inhibitors and small

molecule antagonists of SDF-I. In certain aspects, the mobilization therapy can be selected

from a group consisting of: exercise, hyperbaric oxygen, autohemotherapy by ex vivo

ozonation of peripheral blood, and induction of SDF-I secretion in an anatomical area

outside of the bone marrow. In selected aspects, the mobilization therapy can be induction of

SDF-I secretion in an anatomical area outside of the bone marrow. In certain aspects, the

committed hematopoietic progenitor cells express the marker CD 133 and/or CD34.

[0054] In one aspect of the invention, matching of the stem cell source can be

performed by assessment of the HLA disparity between the stem cells and the recipient. In



certain aspects, transplantation of stem cells is performed only if the stem cell graft matches

at 4 out of 6 HLA loci for HLA-A, HLA-B, and HLA-DRBl.

[0055] In one aspect of the invention, matching of the stem cell source can be

performed by coculture of the stem cells with immune cells of the recipient, wherein the stem

cells that do not stimulate a significant immunological reaction from immune cells of

recipient origin are chosen for transplantation. The recipient immune cells can be selected

from a group consisting of: a) unseparated blood, b) peripheral blood mononuclear cells, c) T

cells, d) B cells, e) NK cells, f) gamma delta T cells, and g) NKT cells. Coculture of the cells

of the recipient performed for a period of time sufficient to stimulate immune reactivity in

vitro in response to the stem cells of the stem cell source.

[0056] In one aspect of the invention, matching of the stem cell source can be

based upon the immunological reaction of recipient immune cells as assessed by methods

selected from a group consisting of: a) morphological changes; b) alternation in metabolism;

c) alteration in surface marker expression; d) stimulation of proliferation; e) induction of

cytotoxic activity; f) alteration of migration; g) alteration in cytokine production; and h)

rosetting.

[0057] In one aspect of the invention, increase in immune reactivity of greater

than 10% of the parameter assessed, as compared to control, can be considered significant so

as to not allow the stem cell source to be used for transplantation into the patient whose

immune cells mediated the immune reactivity.

[0058] In one aspect of the invention immune reactivity can be assessed by

production of interferon gamma by lymphocytes of a recipient in response to culture with a

stem cell source that is considered for transplantation.

[0059] In one aspect of the invention immune reactivity can be assessed by

production of IL-2 by lymphocytes of a recipient in response to culture with a stem cell

source that is considered for transplantation.

[0060] In one aspect of the invention immune reactivity can be assessed by

production of TNF by lymphocytes of a recipient in response to culture with a stem cell

source that is considered for transplantation.



[0061] In certain aspects, the cells are matched for both immunological

parameters as well as HLA matched.

[0062] In one aspect of the invention immune reactivity can be assessed by

proliferation of lymphocytes of a recipient in response to culture with a stem cell source that

is considered for transplantation.

[0063] In one aspect of the invention, the stem cell source can be manipulated in

order decrease potential for graft versus host disease.

[0064] In one aspect of the invention, the stem cell source can be depleted of T

cells.

[0065] In one aspect of the invention, the stem cell source can be depleted of T

cells with potential to cause graft versus host disease.

[0066] In one aspect of the invention, the stem cell source can be depleted of T

cells through negative selection.

[0067] In one aspect of the invention, the negative selection can be performed by

binding a first agent to the T cells and second agent to an immobilized substrate, whereby the

first and the second agent have affinity towards each other, causing binding of the T cells to

the immobilized surface wherein the first binding agent can be a protein capable of binding a

marker on the T cells and the second agent can be a protein capable of binding the first agent

and the substrate and wherein first binding agent can be selected from a group of monoclonal

antibodies that recognize markers found on T cells.

[0068] In one aspect of the invention markers found on T cells that are useful for

negative selection are chosen from a group consisting of: CD2, CD3, CD4, CD5, CD6, CD7,

CD8, CD9, CD25, CD26, CD27, CD28, CD31, CD38, CD45, CD49a, CD52, CD55, CD56,

CD58, CD66, CD69, CD70, CD71, CD74, CD80, CD82, CD86, CD87, CD90, CD94, CD95,

CD96, CD97, CDlOO, CDlOl, CD109, CD121a, CD122, CD124, CD126, CD127,

CDwl28a, CD132, CD134, CD137, CD152, CD153, CD154, CD157, CD160, CD161,

CD162, CD166, CD173, CD174, CD178, CD183, CD200, CDw210, CD212, CD213al,

CD223, CD227, CD229, ICOS, Thy-1, PD-I, and PD-2.

[0069] In one aspect of the invention the T cells are depleted by resetting with

agents capable of binding T cells.



[0070] In one aspect of the invention the T cells are depleted using antibody and

complement, wherein the antibodies used for depletion bind with substantial affinity to

epitopes of markers selected from a group consisting of: CD2, CD3, CD4, CD5, CD6, CD7,

CD8, CD9, CD25, CD26, CD27, CD28, CD31, CD38, CD45, CD49a, CD52, CD55, CD56,

CD58, CD66, CD69, CD70, CD71, CD74, CD80, CD82, CD86, CD87, CD90, CD94, CD95,

CD96, CD97, CDlOO, CDlOl, CD109, CD121a, CD122, CD124, CD126, CD127,

CDwl28a, CD132, CD134, CD137, CD152, CD153, CD154, CD157, CD160, CD161,

CD162, CD166, CD173, CD174, CD178, CD183, CD200, CDw210, CD212, CD213al,

CD223, CD227, CD229, ICOS, Thy-1, PD-I, and PD-2.

[0071] In one aspect of the invention the T cells are depleted by the addition of

CAMPATH to the stem cells together with a composition containing complement under

conditions sufficient for stimulation of complement mediated lysis.

[0072] In one aspect of the invention the T cells are depleted by means of

coincubation with an immunotoxin, the immunotoxin capable of binding epitopes of markers

selected from a group consisting of: CD2, CD3, CD4, CD5, CD6, CD7, CD8, CD9, CD25,

CD26, CD27, CD28, CD31, CD38, CD45, CD49a, CD52, CD55, CD56, CD58, CD66,

CD69, CD70, CD71, CD74, CD80, CD82, CD86, CD87, CD90, CD94, CD95, CD96, CD97,

CDlOO, CDlOl, CD109, CD121a, CD122, CD124, CD126, CD127, CDwl28a, CD132,

CD134, CD137, CD152, CD153, CD154, CD157, CD160, CD161, CD162, CD166, CD173,

CD174, CD178, CD183, CD200, CDw210, CD212, CD213al, CD223, CD227, CD229,

ICOS, Thy-1, PD-I, and PD-2.

[0073] In one aspect of the invention the stem cell source can be depleted of

immunogenic cells hi certain aspects, the immunogenic cells express markers capable of

eliciting immune reactivity from allogeneic immune cells.

[0074] In one aspect of the invention the markers of immunogeneic cells can be

selected from a group consisting of: HLA molecules, HLA-like molecules, CD80, CD86,

OX-40 ligand, ICAM-I, and LFA-3.

[0075] In one aspect of the invention the immunogenic cells that are depleted are

chosen from a group consisting of T cells, B cells, monocytes, macrophages, and dendritic

cells.



[0076] In one aspect of the invention depletion of B cells, and/or monocytes,

and/or macrophages, and/or dendritic cells can be performed using a method selected from: a)

rosetting with beads capable of binding B cells and/or monocytes, and/or macrophages,

and/or dendritic cells; b) complement mediated depletion through the use of a single or

plurality of antibodies that bind B cells and/or monocytes, and/or macrophages, and/or

dendritic cells and activate the complement cascade sufficiently to cause inactivation of cells;

c) negative selection; and d) treatment with immunotoxins specific to B cells and/or

monocytes, and/or macrophages, and/or dendritic cells.

[0077] In one aspect of the invention, the stem cell source can be treated with

chemicals that deplete the antigen presenting cell concentration.

[0078] In one aspect of the invention, the stem cell source can be treated by

alterations in oxygen concentration in order to selectively deplete the antigen presenting cell

concentration.

[0079] In one aspect of the invention the stem cells source can be manipulated by

positively selecting cells with regenerative and immune modulatory potential, while not

selecting cells containing immunogenic and/or graft versus host inducing populations.

[0080] In one aspect of the invention the stem cell source can be treated with

agents or conditions that decrease overall immunogenicity of the stem cell source wherein the

agents can be selected from a group consisting of proteins, small molecules, and nucleic

acids.

[0081] In one aspect of the invention the stem cell source can be treated with

proteins that can be selected from a group consisting of: a) TGF-β; b) IL-4; c) IL-10; d) IL-

13; e) IL-20; and f) M-CSF.

[0082] In one aspect of the invention the stem cell source can be treated with

small molecules that are specific inhibitors of intracellular signal transduction pathways

known to be involved in immunogenicity wherein the intracellular signal transduction

pathways can be selected from a group consisting of: a) NF-kappa B; b) MyD88; c) IRAK; d)

TRAF-6; and e) protein kinase C zeta.

[0083] In one aspect of the invention the stem cell source can be treated with

nucleic acids can be selected from a group consisting of: a) antisense oligonucleotides; b)



short interfering RNA; and c) hairpin short interfering RNA wherein the nucleic acids are

designed to inhibit expression of immune stimulatory molecules from the stem cells.

[0084] In one aspect of the invention the stem cell source can be manipulated by

treatment with conditions that selectively expand tolerogenic cells within the stem cell source

wherein the tolerogenic cells within the stem cell source can be selected from a group

comprising: a) mesenchymal stem cells; b) alternatively activated macrophages; c) dendritic

cells with tolerogenic activities; d) B cell cells expressing CD5+ and/or the Bl phenotype; e)

NKT cells; f) gamma delta T cells; g) FoxP3 expressing T cells; and h) cells with veto

activity. The conditions include treatment with proteins selected from a group consisting of:

a) TGF-β; b) IL-4; c) IL-10; d) IL-13; e) IL-20; and f) M-CSF.

[0085] In one aspect of the invention the stem cell source can be manipulated by

addition of a population of cells capable of suppressing immunogenicity and graft versus host

ability of the stem cells.

[0086] hi one aspect of the invention the stem cell source can be administered to

the matched recipient as a heterogeneous cellular population.

[0087] In one aspect of the invention the stem cell source can be administered to

the matched recipient as a substantially homogeneous cellular population.

[0088] In one aspect of the invention the stem cell source can be administered

together with an expanded population of cells derived from the same stem cell source, the

population of cells possessing tolerogenic properties.

[0089] In one aspect of the invention the stem cell source can be administered

together with an expanded population of cells derived from a different stem cell source, but

matched according to HLA profile or immunogenic profile with the recipient, the population

of cells possessing tolerogenic properties, wherein the tolerogenic cell population can be a

population of cells capable of inhibiting immune responses. In certain aspects, the

tolerogenic cell population can be selected from a single or plurality of cells from a group

consisting of: a) mesenchymal stem cells; b) alternatively activated macrophages; c) dendritic

cells with tolerogenic activities; d) B cell cells expressing CD5+ and/or the Bl phenotype; e)

NKT cells; f) gamma delta T cells; g) FoxP3 expressing T cells; and h) cells with veto

activity.



[0090] In one aspect of the invention tolerogenic cell population comprises of

cells that have been endowed with tolerogenic potential through ex vivo manipulation. The

cells are administered in combination with the stem cell source. The ex vivo manipulation

consists of exposing cells outside of the body to agents that can be selected from a group

consisting of proteins, small molecules, and nucleic acids. The proteins can be selected from

a group consisting of: a) TGF-β; b) IL-4; c) IL-IO; d) IL-13; e) IL-20; and f) M-CSF. The

small molecules are specific inhibitors of intracellular signal transduction pathways known to

be involved in immunogenicity. The intracellular signal transduction pathways can be

selected from a group consisting of: a) NF-kappa B; b) MyD88; c) IRAK; d) TRAF-6; and e)

protein kinase C zeta. The nucleic acids can be selected from a group consisting of: a)

antisense oligonucleotides; b) short interfering RNA; and c) hairpin short interfering RNA.

The nucleic acids are designed to inhibit expression of immune stimulatory molecules from

the stem cells.

[0091] In one aspect of the invention the stem cell source can be administered in

combination with one or more agents capable of increasing stem cell activity in vivo. The

agents can be selected from a group comprising of stem cell factor, flt-3L, M-CSF, G-CSF,

GM-CSF, erythropoietin thrombopoietin (TPO), stem cell factor (SCF), IL-I, IL-3, IL-7,

FGF-I, FGF-2, FGF-4, FGF-20, IGF, EGF, NGF, LIF, PDGF, bone morphogenic proteins

(BMP), activin-A, and VEGF.

[0092] In one aspect of the invention the stem cell source can be administered in

combination with a locally applied agent, the agent possessing chemoattractant properties for

stem cells. The agent possessing chemoattractant properties for stem cells can be selected

from a group consisting of: SDF-I, VEGF, RANTES, ENA-78, platelet derived factors,

various isoforms thereof and small molecule agonists of VEGFR-I, VEGFR2, and CXCR4.

[0093] In one aspect of the invention the stem cell source can be administered at a

time when endogenously produced stem cell chemoattractant agents are increased in a patient

suffering from a pathology. The stem cell chemoattractant can be assessed in peripheral

circulation in the patient, the stem cell source can be administered based on concentration of

the stem cell chemoattractant. In one aspect of the invention wherein the chemoattractant can

be assessed using a biological assay. The biological assay can consist of administering a



circulating fluid or a derivative thereof to a population of stem cells in vitro in a manner such

that factors from the circulating fluid or derivatives thereof form a chemotactic gradient and

stem cells are observed for responsiveness to the chemotactic gradient. The stem cell

responses to the chemotactic gradient can be selected from a group consisting of: a)

chemotactic movement; b) activation of intracellular signaling pathways; c) alteration in

morphology; d) proliferation; e) alteration in gene expression; and f) alteration in protein

translation.

[0094] In one aspect of the invention the chemoattractant can be assessed using an

assay that detects proteins associated with stem cell chemoattractant activity. In one aspect of

the invention the assay that detects proteins can be selected from a group consisting of: a)

Enzyme linked immunosorbent assay; b) mass spectrometry; c) Western blot; and d)

Proteomics based assay. In one aspect of the invention the proteins can be selected from a

group consisting of: SDF-I, VEGF, RANTES, ENA-78, and platelet derived factors. In

certain aspects, an ELISA can be performed for detection of circulating SDF-I. In certain

aspects, increased concentrations of SDF-I as compared to a healthy volunteer are considered

a useful marker for determination of need of stem cell therapy.

[0095] In certain aspects of the above embodiments, exosomes derived from the

stem cell source or a source matched either by HLA or mixed lymphocyte reaction matching

are administered into recipient of stem cells in order to allow for immunological tolerance of

the recipient to the stem cell source.

[0096] In certain aspects of the above embodiments, an allogeneic stem cell

source can be administered without manipulation to a recipient that can be matched either by

HLA or mixed lymphocyte reaction.

[0097] In certain aspects of the above embodiments, the stem cells are

administered by a parenteral route.

[0098] In certain aspects of the above embodiments, the stem cells are

administered from a route selected from a group consisting of: intravenously, intraarterially,

intramuscularly, subcutaneously, transdermally, intratracheally, intraperitoneally or into

spinal fluid.



[0099] In certain aspects of the above embodiments, the stem cells are

administered in or proximal to a site of injury.

[0100] Also presented herein is a method of modifying a stem cell source so that

the stem cell source that does not match a recipient by mixed lymphocyte reaction matching

is made to match the recipient through either deimmunization of the stem cell source by

depletion of immunogenic components, or by augmentation of tolerogenic components of the

stem cell source.

[0101] Also presented herein is a method of treating a mother with a stem cell

source either derived from an offspring of the mother, or offspring-matched cells to the

mother, so as to replenish the activity of the naturally residing population of fetally derived

stem cells that reside in the mother.

[0102] In certain aspects of the above embodiments, the disease treated by stem

cell therapy is defective wound healing. In certain aspects, the wound is surgically induced.

[0103] In certain aspects of the above embodiments, the disease treated by stem

cell therapy is damage to non-malignant tissue of a cancer patient treated with a treatment

selected from a group consisting of: a) chemotherapy; b) radiotherapy; and c)

immunotherapy.

[0104] Also presented herein is use of a stem cell graft, in an allogeneic setting,

subsequent to matching for the purposes of enhancing immune response of a patient to

cancer. In certain aspects, the matching is performed as described above.

[0105] Also presented herein is use for the manufacture of a medicament, suitable

for administration in an allogeneic setting for treating a disease, of a stem cell source that has

been matched to the patient and subsequently manipulated.

[0106] Also presented herein is use for the manufacture of a medicament, suitable

for administration in an allogeneic setting for enhancing the immune response of a patient to

cancer, of a stem cell source that has been matched to the patient and subsequently

manipulated.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



[0107] Throughout the body of this application, certain terms such as "mixed

lymphocyte reaction" or "immune reactivity" are used. The inventor defines the phrase

"mixed lymphocyte reaction" to include any cellular mixture between a stem cell source and

recipient immune cells. Accordingly "mixed lymphocyte reaction" is not used only in the

strict sense that lymphocytes are admixed. Furthermore, the phrase "immune reactivity" is

defined to encompass any immunological interaction in vitro used to determine whether a

potential stem cells source from a potential donor may be suitable for use in a recipient hi

addition, the word "deimmunization" or "deimmunize" is defined a rendering a cell or

plurality of cells as decreased in immunogenicity. The word "immunogenicity" is defined as

being capable of eliciting an immune response.

[0108] In one embodiment of the invention, cord blood mononuclear cells,

without purging or manipulation are used as a source of cells for transplantation into a non-

preconditioned recipient subsequent to matching. It is known that cord blood possesses a

very high concentration of hematopoietic stem cells, which is similar to that found in bone

marrow: approximately 1 CD34 cell for 100 nucleated cells. However, in contrast to marrow,

CD34 cells from cord blood possess superior proliferative potential in vitro (138), superior

numbers of long term culture initiating cells and SCID repopulating cells (139, 140), as well

has a higher level of telomerase expression (141). Accordingly, due to these properties,

allogeneic cord blood stem cells are an excellent substitute for autologous bone marrow cells

in situations where a patient would benefit from infusion of CD34 cells. Said situations

include patients with degenerative diseases in which CD34 cells have demonstrated

therapeutic effect, the ability to differentiate into the cells that are degenerating, or the ability

to enhance endogenous cells into performing appropriate physiological function. Said

degenerative diseases include age-related, or disease induced abnormalities of the

neurological, gastrointestinal, dermatological, urological, respiratory, or cardiac systems. For

example, it is known that CD34+ cells can differentiate into cardiomyocytes, mature

endothelial cells, alveolar cells, renal cells, smooth muscle, hepatocytes, and neurons (142-

146). It is also known that CD34+ cells can stimulate endogenous islet precursors to

compensate for pancreatic insults (147). In one specific embodiment, cord blood is

administered into a recipient that has been matched using in vitro mixed lymphocyte culture



assay. The assay involves admixing an aliquot of cord blood mononuclear cells extracted

from a batch that is considered for donation, at a ratio of 1:100, 1:50, and 1:25, 1:17.5, and

1:1 with lymphocytes from a patient that is in need of therapy. Said cells are cultured for a

period of time sufficient for stimulation of alloreactivity. Cord blood batches that stimulate

alloreactivity are not used for infusion, whereas cord blood batches that do not stimulate

significant alloreactivity are used. Determination of alloreactivity may be made based on

morphological changes; alternation in metabolism; alteration in surface marker expression;

stimulation of proliferation; induction of cytotoxic activity; alteration of migration; or

rosetting. Said parameters may be assessed in the responding lymphocytes, in the stimulatory

cord blood cells, or both. In some embodiments said cord blood aliquots are irradiated or

chemically blocked from proliferation in order to allow detection of responding lymphocytes

without interference from cord blood cells. In one specific embodiment, lymphocyte

proliferation is chosen as an appropriate marker of alloreactivity. Mononuclear cells are

harvested as a source of lymphocytes from the blood of a patient in need of stem cell therapy

using density gradient centrifugation, by the Ficoll™ gradient. Approximately 5-20 ml of

blood is layered on said Ficoll™ and centrifuged for approximately 20-60 minutes at 500-

700g. The mononuclear layer is harvested and washed in a physiological solution such as

phosphate buffered saline, and cells are plated in culture media at approximately 1 x 106

cells/well. Varying concentrations of mitomycin C treated cord blood cells are added to

wells as stimulators. Seventy-two-hour mixed lymphocyte reaction is performed and the

cells were pulsed with 1 µCi [3H]thymidine for the last 18 h . The cultures are harvested onto

glass fiber filters (Wallac, Turku, Finland). Radioactivity is counted using a Wallac 1450

Microbeta liquid scintillation counter and the data were analyzed with UltraTerm 3 software

(Microsoft, Seattle, WA). If lymphocyte proliferation is more than 2 fold higher as compared

to lymphocytes cultured without stimulator cells, than the cord blood batch is not used for

therapy and other batches are screened. In some embodiments of the invention, other types

of responder cells of the patient are used for matching, said cells can include unseparated

blood, substantially purified T cells, substantially purified B cells, substantially purified NK

cells, substantially purified gamma delta T cells, and substantially purified NKT cells.

Within the context of the current invention, the use of all stem cells, progenitor cells, and



other cells with regenerative ability may be matched to said recipient in similar ways as

described in the examples above for cord blood.

[0109] In other embodiments of the invention, stem cells may be matched using

standard HLA matching that is currently performed clinically. The degree of matching

acceptable for cord blood is 4/6 loci selected from HLA-A, HLA-B, and HLA-DRBl. HLA-

A and HLA-B may be typed by means of the standard 2-stage complement-dependent

microcytotoxicity assay, and antigens assigned as defined by the World Health Organization

(WHO) HLA nomenclature committee. HLA-DRBl type may be determined by hybridization

of polymerase chain reaction (PCR)-amplified DNA with sequence-specific oligonucleotide

probes (SSOPs), with sequencing if needed.

[0110] Cellular administration may be performed a specific timepoints during the

progression of the disease pathology. For example, during stroke, key timepoints are known

when the concentration of stem cell chemotactic gradients are highest. These timepoints may

be selected on the basis of individual patients, or through experience with patient cohorts in

order to optimize the therapeutic effect of the administered stem cells. This concept is valid

also for myocardial infarction. For both stroke and myocardial infarction the potency of

chemoattractant molecules secreted by injured tissue is such that stem cells residing in bone

marrow are caused to enter circulation and putatively home to the site of injury (136, 148-

150). Accordingly, administration of matched allogeneic cord blood cells, or populations

thereof may be administered under the context of the current invention in order to assist and

accelerate this endogenous repair process.

[0111] Given the previously mentioned high concentration of CD34+ cells (151),

as well as the association of this cell type with stimulation of angiogenesis, cord blood

appears to be a potent source of angiogenic cells. It is reported that the concentration of this

potential endothelial progenitor fraction in cord blood CD34+ cells is approximately tenfold

higher as compared to bone marrow CD34+ cells (1.9% +/- 0.8% compared to 0.2% +/-

0.1%) (152). Regardless of phenotype of the angiogenesis stimulatory cell, whole cord

blood cells have been used in numerous animal models (82, 153, 154), as well as in the clinic

(155), for stimulation of angiogenesis. One particularly interesting characteristic of cord

blood endothelial progenitors is that they respond by proliferating and stimulating



angiogenesis to agents, which would normally inhibit angiogenesis of bone marrow

progenitors (154). Furthermore cord blood mesenchymal cells may indirectly contribute to

angiogenesis through paracrine production of cytokines and growth factors such as VEGF

(156) and numerous other pro-angiogeneic cytokines that these cells are known to produce

(157). Rare reports also exist of mesenchymal cells differentiating directly into endothelial

cells (158). Accordingly in one embodiment of the invention the angiogenic properties of

cord blood cells are capitalized upon by administration into a properly matched allogeneic

recipient in need thereof of either unfractionated cord blood, or specific cellular fractions

chosen for enhanced angiogenic activity. Furthermore, in some embodiments, angiogenic

activity may be augmented by in vitro culture of cord blood cells or fractions under

conditions stimulatory to angiogenesis. Said conditions include culture in the presence of

hypoxia, treatment of cells with angiogenesis stimulatory agents such as VEGF, HGF, FGF

or angiopoietin. Alternatively cells may be transfected in vitro with genes that enhance

angiogenic activity or with antisense/siRNA constructs that silence inhibitors of

angiongenesis. Once a cellular population with angiogenic activity is chosen, the invention

teaches administration into a patient that has been appropriately matched, either with HLA

4/6 loci matching, or matching using the mixed lymphocyte culture method. Administration

is performed according to methods of the invention so that said patient does not require

immune suppression prior to administration of the cellular graft. Conditions which may be

treated by this invention are not only limited to classical situations of ischemia, such as

peripheral vascular disease, angina, or chronic stroke, but also neurological diseases in which

hypoperfusion of the central nervous system contributes to deterioration. Said conditions

include cerebral palsy, various ataxias, and autism (159-161). In situations where increased

angiogenic potential of said stem cells is desired, said stem cells may be transfected with

genes such as VEGF(1 62), FGFl (163), FGF2 (164), FGF4 (165), FrzA (166), and

angiopoietin (167). Ability to induce angiogenesis may be assessed in vitro prior to

administration of said transfected cells in vivo. Methods of assessing in vitro angiogenesis

stimulating ability are well known in the art and include measuring proliferation of human

umbilical vein derived endothelial cells.



[0112] Cord blood contains mesenchymal populations that are capable of potently

expanding in vitro and in vivo. These cells are known to be of poor immunogenicity and

even have tolerogenic activities. Accordingly, this population has been most clinically

developed in term of administration to non-preconditioned hosts. For example, mesenchymal

stem cells from the bone marrow have already been used successfully for a variety of

applications without HLA matching. Administration of mesenchymal stem cells was

reported in a patient suffering severe, grade IV graft versus host disease in the liver and gut

subsequent to bone marrow transplant. Systemic infusion of 2 x 106 cells/kg on day 73 after

bone marrow transplant led to a long term remission of graft versus host disease, which was

maintained at the time of publication, 1 year subsequent to administration of the

mesenchymal stem cells (168). Phase I studies in healthy volunteers have also been

performed with systemic administration of ex vivo expanded mesenchymal stem cells and no

adverse events reported (169). These and similar studies were the basis for several clinical

trials in Phase I-III using "universal donor" mesenchymal stem cells in non-conditioned

recipients for treatment of Crohn's disease (170), GVHD (171), and myocardial infarction

(172). Although results of these trials have not been published, the allowance of regulatory

agencies to proceed to Phase III of clinical evaluation is indicative of clinical safety of these

cells. Unfortunately, currently, the only way of using mesenchymal stem cells involves

administration after an extended ex vivo culture. The administration of purified cells is not

available for widespread use, and only certain limited facilities are capable of such

expansion. Within the context of the current invention is the teaching that mesenchymal

stem cells residing within a cord blood graft may be administered, as part of the whole cord

blood population, or with certain subsets of cells residing in said cord blood, into a patient

that has been properly matched as described herein, without the need for immune

suppression. In contrast to the bone marrow derived stem cells used currently in clinical

trials, it appears that this type of stem cells from cord blood is actually superior. A recent

study compared mesenchymal stem cells from bone marrow, cord blood and adipose tissue in

terms of colony formation activity, expansion potential and immunophenotype. It was

demonstrated that all three sources produced mesenchymal stem cells with similar

morphology and phenotype. Ability to induce colony formation was highest using stem cells



from adipose tissue and interestingly in contrast to bone marrow and adipose derived

mesenchymal cells, only the cord blood derived cells lacked ability to undergo adipocyte

differentiation. Proliferative potential was the highest with cord blood mesenchymal stem

cells which were capable of expansion to approximately 20 times, whereas cord blood cells

expanded an average of 8 times and bone marrow derived cells expanded 5 times (173).

This, and other studies support the important role of mesenchymal stem cell content in the

biological activities of the cord blood graft. Given the potent ability of mesenchymal stem

cells from cord blood to expand preferentially in comparison to mesenchymal stem cells from

other sources, the invention teaches that cord blood may be administered into a non-

preconditioned host so as to allow for mesenchymal stem cells to expand in vivo, in a similar

manner that mesenchymal cells expand in the bone marrow of mothers who have had

children. Accordingly, on embodiment of the invention involves administration of cord

blood, or fractions thereof into a recipient that has been properly matched with either HLA

4/6 loci matching and/or mixed lymphocyte reaction matching, and subsequent to cellular

infusion, the administration of agents that would allow an enhanced in vivo expansion of

cord blood derived mesenchymal cells. Said patient may be treated with agents such as

mesenchymal stem cell stimulatory growth factors such as FGF-2, which has already been

used clinically and is approved in Japan (174). On particular embodiment would be

treatment of patients with non-healing wounds through administration of systemic cord blood

cells together with local administration of FGF-2 on the wound surface. Alternatively, the

fact that FGF family members form a localized depot subsequent to administration allow for

the use of cord blood transplants together with injected FGF-2 at the site of injury. The may

be useful for diseases in which direct administration of FGF-2 may be not be beneficial due

to fear of fibrosis, however the administration of a potent mesenchymal stem cell source

would reduce the occurrence of fibrosis and promote physiological tissue remodeling. The

administration of cord blood as a mesenchymal stem cell source, either alone or in

combination with a chemoattractant factor, may be used for treatment of a variety of

degenerative and/or inflammatory diseases. In some aspects of the invention, a

chemoattractant agent or combination of agents are administered either proximally, or

directly on the are of pathology where regeneration, and/or anti-inflammatory activity is



desired, with the purpose of attracting therapeutic cell populations and activating said cell

populations to perform the desired therapeutic activity. Said chemoattractant may be

administered in the form of a depot proximally, or directly on the are of pathology where

regeneration, and/or anti-inflammatory activity is desired. Said depot capable of substantially

localizing said chemoattractant is may be selected from a group consisting of: fibrin glue,

polymers of polyvinyl chloride, polylactic acid (PLA), poly-L-lactic acid (PLLA), poly-D-

lactic acid (PDLA), polyglycolide, polyglycolic acid (PGA), polylactide-co-glycolide

(PLGA), polydioxanone, polygluconate, polylactic acid-polyethylene oxide copolymers,

polyethylene oxide, modified cellulose, collagen, polyhydroxybutyrate, polyhydroxpriopionic

acid, polyphosphoester, poly(alpha-hydroxy acid), polycaprolactone, polycarbonates,

polyamides, polyanhydrides, polyamino acids, polyorthoesters, polyacetals,

polycyanoacrylates, degradable urethanes, aliphatic polyester polyacrylates, polymethacrylate,

acyl substituted cellulose acetates, non-degradable polyurethanes, polystyrenes, polyvinyl

flouride, polyvinyl imidazole, chlorosulphonated polyolifins, and polyvinyl alcohol.

Furthermore, said chemoattractant useful for the practice of the current invention may be is

selected from a group comprising: SDF-I, VEGF, RANTES, ENA-78, platelet derived

factors, various isoforms thereof and small molecule agonists of VEGFR-I, VEGFR2, and

CXCR4. In another aspect of the invention, the chemoattractant is administered into the area

in need, through transfection of a single or plurality of nucleotide(s) encoding said

chemoattractant factor.

[0113] In one specific embodiment of the invention, one or more units of cord

blood that are matched by mixed lymphocyte culture with the recipient, are used in the

treatment of peripheral limb ischemia. 105-109 allogeneic cord blood nucleated cells/kg,

preferably 106-108 /kg, more preferably, approximately 107/kg are administered

intravenously. Prior to administration, said patient is treated locally in the area of ischemia

with a depot formulation of SDF-I. Said patient is observed for reduction in ischemic pain

and neovascularization is quantified by imagining. If patient condition does not substantially

improve within 2-5 weeks subsequent to treatment, treatment is repeated.

[0114] In one specific embodiment of the invention, one or more units of cord

blood that are matched by mixed lymphocyte culture with the recipient, are used in the



treatment of steroid refractory Crohn's disease. 10 5-109 allogeneic cord blood nucleated

cells/kg, preferably 10 -10 /kg, more preferably, approximately 10 /kg are administered

intravenously. Said patient is observed for Crohn's Disease Assessment Index or other

clinically relevant markers. If patient condition does not substantially improve within 2-5

weeks subsequent to treatment, treatment is repeated.

[0115] In one embodiment stem cells subsequent to matching, and/or

manipulation, are administered in combination with a pregnancy associated compound, or

compounds known to induce ability of stem cells to self-renew and/or regenerate diseased

and/or degenerated tissue. Said compound or compounds may be administered at a

concentration that induces systemic levels similar to those observed in a pregnant woman. In

other embodiments compounds may be administered to achieve higher or lower levels than

those observed during pregnancy. On example of compounds that are useful for practicing of

the current invention is human chorionic gonadotrophin (HCG) and prolactin.

Administration may be daily at a concentration of 75-300 .mu.g per day, or 140 .mu.g per day

for both compounds. Variations and other compounds useful for practicing the current

invention are disclosed in U.S. Patent Application No. 2006/0089309 to Joseph Tucker. Said

other useful agents may include combination, or singular use of follicle-stimulating hormone

(FSH), gonadotropin releasing hormone (GnRH), prolactin releasing peptide (PRP),

erythropoietin, pituitary adenylate cyclase activating polypeptide (PACAP), serotonin, bone

morphogenic protein (BMP), epidermal growth factor (EGF), transforming growth factor

alpha (TGFalpha), transforming growth factor beta (TGFbeta), fibroblast growth factor

(FGF), estrogen, growth hormone, growth hormone releasing hormone, insulin-like growth

factors, leukemia inhibitory factor, ciliary neurotrophic factor (CNTF), brain derived

neurotrophic factor (BDNF), thyroid hormone, thyroid stimulating hormone, and/or platelet

derived growth factor (PDGF).

[0116] One embodiment of the current invention capitalizes on the multi-organ

regenerative capability of stem cell fractions found in cord blood. For example, cells with

markers of embryonic stem cells have been found in cord blood. Zhao et al identified a

population of CD34- cells expressing OCT-4, Nanog, SSEA-3 and SSEA-4 which could

differentiate into cells expressing endothelial and neuronal markers. In vivo administration



of these purified cells into the streptozotocin-induced murine model of diabetes was able to

significantly reduce hypoglycemia (175). The existence of cells with such pluripotency in

cord blood was also observed by Kogler et al who identified an Unrestricted Somatic Stem

Cell (USSC) with capability of differentiation into functional osteoblasts, chondroblasts,

adipocytes, and hematopoietic and neural cells. The USSC was demonstrated to be capable

of > 40 population doublings without spontaneous differentiation or loss of telomere length.

Interestingly, administration of these cells into preimmune sheep resulted significant human

hematopoiesis (up to 5%), hepatic chimerism with > 20% albumin-producing human

parenchymal hepatic cells, as well as detection of human cardiomyocytes. The mechanism of

differentiation was not associated with fusion (176). Support for presence of such

pluripotency in cord blood cells also comes from a similar experiment in which CD34+

Lineage- cells were transfected with GFP and administered in utero to goats. GFP+ cells

were detected in blood, bone marrow, spleen, liver, kidney, muscle, lung, and heart of the

recipient goats (1.2-36% of all cells examined) (146). The invention teaches that such

regeneratively potent stem cell fractions may be administered into a recipient that has been

matched with said stem cell graft based on HLA and/or mixed lymphocyte reaction without

preconditioning. In some embodiments of the invention, despite HLA and/or mixed

lymphocyte reaction matching, a decrease in immunogenicity is further sought. Accordingly,

cells may be transfected using immune modulatory agents. Said agents include soluble

factors, membrane-bound factors, and enzymes capable of causing localized immune

suppression. Examples of soluble immune suppressive factors include: IL-4 (177), IL-10

(178), IL- 13 (179), TGF-β (180), soluble TNF-receptor (181), and IL-I receptor agonist

(182). Membrane-bound immunoinhibitor molecules that may be transfected into stem cells

for use in practicing the current invention include: HLA-G (183), FasL (184), PD-IL (185),

Decay Accelerating Factor (186), and membrane-associated TGF-β (187). Enzymes which

may be transfected in order to cause localized immune suppression include indolamine 2,3

dioxygenase (188) and arginase type II (189). In order to optimize desired immune

suppressive ability, a wide variety of assays are known in the art, including mixed

lymphocyte culture, ability to generate T regulatory cells in vitro, and ability to inhibit natural

killer or CD8 cell cytotoxicity.



[0117) The current dogma that cord blood transplants require suppression of the

recipient immune system is based on the fact that even immune suppressed recipients of cord

blood sometimes develop graft failure. The invention is based on the novel finding that cord

blood cells can actually engraft without immune suppression if appropriately matched, and

under specific conditions manipulated. The low immunogenicity of cord blood as a stem cell

source, and its ideal use for the practice of the current invention is based on several

observations. For example, it is known that cord blood consists of similar immunological

populations of blood cells as peripheral blood, with the exception of the immature status of

these cells. Accordingly, there are numerous studies that suggest cord blood is less

immunogenic as a whole in comparison to peripheral blood. For example, the most potent

antigen presenting cell, the dendritic cell, possesses unique properties when freshly extracted

from cord blood. Specifically, cord blood dendritic cells are poor stimulators of mixed

lymphocyte reaction (190, 191) and weakly support mitogen induced T cell proliferation

(192), possess a predominantly lymphoid phenotype and absent costimulatory molecules

(193-196), and are believed to be involved in the non-inflammatory Th2 bias of the neonate

(193-195). Cord blood dendritic cell progenitors also exhibit distinct properties such as

enhanced susceptibility to natural and artificial immune suppressants (197, 198). When cord

blood versus peripheral blood derived dendritic cells are assessed for ability to stimulate

immune response to apoptotic or necrotic cells, peripheral blood derived dendritic cells

upregulate costimulatory molecules and stimulate T cell proliferation, whereas cord blood

derived dendritic cells do not. Given the immaturity and anti-inflammatory activity of cord

blood dendritic cells, it is suggested that cord blood in general will be more poorly

immunogenic as compared to other sources of nucleated cells. A comparison may be made

between cord blood grafts and liver transplants in that HLA-matching for liver transplants

does not seem to effect graft survival (199). Indeed dendritic cell populations with a

primarily lymphoid phenotype, similar to those found in cord blood are known to

predominate in the liver (199). A property of cord blood dendritic cell progenitors that is of

interest in the practice of the current invention, is their propensity towards generating

tolerogenic cells. It is reported that growth of cord blood progenitors in M-CSF gives rise to a

potently suppressive tolerogenic dendritic cell phenotype. These dendritic cells are not only



are poor allostimulators, but give rise to CD4+ CD25+ T regulatory cells that are capable of

inhibiting mixed lymphocyte reactions (200). Accordingly, within the practice of the current

invention is the expansion of donor-specific, or donor matched cord blood dendritic cells that

have been expanded ex vivo, and used to increase graft acceptance in the recipient without

the need for immune suppression. Since one of the major drawbacks of cell therapy in

general is viability of the infused cells subsequent to administration, it may be desired in

some forms of the invention to transfect said stem cells with genes protecting said cells from

apoptosis. Anti-apoptotic genes suitable for transfection may include bcl-2 (201), bcl-xl

(202), and members of the XIAP family (203). Alternatively it may be desired to increase the

proliferative lifespan of said stem cells through transfection with enzymes associated with

anti-senescence activity. Said enzymes may include telomerase or histone deacetylases.

Furthermore, the same concept applies to cells with tolerogenic potential, such as cord blood

derived dendritic cells, in that said cells may be transfected with either anti-apoptosis, or anti-

senescence genes.

[0118] Another interesting tolerogenic feature of cord blood dendritic cells is their

propensity to secrete large numbers of MHC II-bearing exosomes that lack expression of

costimulatory molecules (204). This type of exosome was used for prevention of

autoimmune disease by other authors (205). Within the context of the current invention is the

use of exosomes derived either from the cord blood of the donor, or from a donor-matched

third party in order to increase tolerogenicity towards the stem cells graft. Exosomes may be

purified using a variety of means known in the art. In one particular embodiment, matched

cord blood cells are cultured at a concentration of 104-108 cells per ml, preferably at

approximately 10 cells per ml. Exosomes may be purified from culture supernatant using

sequential ultracentrifugation: separation of cellular debris is first performed by

centrifugation at approximately 10,000g for 1 h followed by pelleting of the exosome through

centrifugation at 100,000 x g for 3 h. Immunoelectron microscopy can be used to confirm

that it is indeed exosomes that are being purified. The protein concentration of exosomes can

be assessed by the Bradford assay (Bio-Rad Laboratories, Mississauga, ON), or other means

of assessing protein content known in the art. It has been reported that exosomes from

activated T cells can be visualized directly by flow cytometry based on their size profile



(206). Accordingly it is possible to use MACS™ beads (Milteny-Biotech, Germany) as well

as Calibrite™ beads (BD Biosciences) in order to calibrate flow cytometry settings for

visualization of exosomes. The ability to visualize exosomes by flow cytometry allows for

identification of membrane proteins using antibody staining. Accordingly, exosome

populations derived from stem cell sources, such as cord blood can be identified for enhanced

tolerogenic properties and administered into a recipient of stem cells in order in enhance

tolerogenicity of said stem cell graft. In some embodiments of the invention, cord blood

derived exosomes are added to an ongoing mixed lymphocyte reaction with the aim of

inhibiting immune reactivity. Based on amount of inhibition, the proper exosome

concentration, as well as, if desired, type of exosome, maybe used clinically.

[0119] As previously noted, cord blood has approximately similar concentration

of CD34+ cells compared to bone marrow, that is, approximately 1:100 of the nucleated cells

are CD34+. The ability of CD34+ bone marrow hematopoietic stem cells to not only be

poorly recognized by allogeneic response, but actually have a veto-like effect has been

previously suggested as the reason why higher dose transplants are associated with enhanced

engraftment (207, 208). Induction of clinical transplantation tolerance using donor specific

bone marrow has been previously demonstrated (209). Mechanistically, in a murine model it

was demonstrated that the veto-like effect of donor bone marrow transplantation induced

tolerance is expression of FasL on bone marrow cells (210). Furthermore, human mixed

lymphocyte reaction responder cells can be specifically induced to undergo apoptosis by

stimulator, but not third party CD34 cells obtained from bone marrow (21 1). Accordingly,

one of the embodiments of the current invention is to capitalize on the veto effect of CD34

cells and to increase tolerogenicity and acceptance by administration of either expanded

CD34+ cells from the same cord, or from a matched third party cord. In another

embodiment, CD34+ cells from bone marrow matched to the cord blood may be used.

Enhancement of veto activity may be performed through genetically transfecting genes

encoding cytotoxic molecules on said CD34+. Although it is known that CD34+ express

FasL, enhancement of veto activity may be performed through transfecting the FasL gene

under control of a strong promoter. Additionally molecules may include TRAIL, TNF,

perforin, and granzyme family members.



[0120] Mesenchymal stem cells with proliferative ability greater than bone

marrow or adipose tissue are found in cord blood (173). It is likely that this cell population

plays an important role in the immunogenicity of the cord blood graft, both during the

immediate transplantation period, and also in the long term when these cells engraft into

donor tissue. Mesenchymal stem cells have been shown to possess immune suppressive

functions. For example, it was demonstrated in a murine model that flk-l+Sca-1- marrow

derived mesenchymal stem cell transplantation leads to permanent donor-specific

immunotolerance in allogeneic hosts and results in long-term allogeneic skin graft acceptance

(212). Other studies have shown that mesenchymal stem cells are inherently

immunosuppressive through production of PGE-2, interleukin-10 and expression of the

tryptophan catabolizing enzyme indoleamine 2,3,-dioxygenase as well as galectin-1 (213,

214). These stem cells also have the ability to non-specif ϊcally modulate the immune

response through the suppression of dendritic cell maturation and antigen presenting abilities

(215, 216). Immune suppressive activity is not dependent on prolonged culture of

mesenchymal stem cells since functional induction of allogeneic T cell apoptosis was also

demonstrated using freshly isolated, irradiated, mesenchymal stem cells (217). Others have

also demonstrated that mesenchymal stem cells have the ability to preferentially induce

expansion of antigen specific T regulatory cells with the CD4+ CD25+ phenotype (218).

Mesenchymal cells can antigen specifically inhibit immune responses as observed in a

murine model of multiple sclerosis, experimental autoimmune encephalomyelitis, in which

administration of these cells lead to inhibition of disease onset (219). Given the immune

regulatory functions of mesenchymal stem cells in the cord, in one embodiment of the current

invention, the mesenchymal cell content is expanded in vivo and used as a third-party cell

source for suppressing a pathological inflammatory response. In one embodiment,

adrenomedullin is administered in vivo in order to enhance activity of mesenchymal stem

cells.

[0121] As with peripheral blood, cord blood has numerous immunological

populations. The most well characterized cells in the cord blood with effector function, are

the T cells, and conversely the T regulatory cells. The majority of studies examining other

cord blood cell populations such as NK, NKT, and gamma delta T cells have actually used



cord blood as a starting population for in vitro expansion and hence are not of relevance to

the current invention (220-225). T cells from cord blood are known to have a propensity

towards an anti-inflammatory phenotype. This is illustrated, for example, experiments with

CD4+ T cells from cord blood were shown to produce significantly lower IFN-gamma and

higher IL-IO upon activation with mature dendritic cells as opposed to control adult blood

derived CD4+ T cells (226). Other experiments have demonstrated hyporesponsiveness to

mitogen and MLR stimulation (227, 228), as well as reduced levels of IL-2 production and

IL-2 responsiveness as opposed to adult T cells (229). This is not to say that cord blood T

cells are not capable of mounting inflammatory and ThI immunological attacks (230). For

example GVHD, in some cases lethal is a clinical reality in some cord blood transplant

patients. However it should be noted that cord blood transplantation in the vast majority of

cases takes place following ablation of host T cells. This creation of an "empty

compartment" naturally allows for homeostatic expansion, which conceptually primes T cells

for aggressive immune reactions and lack of need for a second signal (231). It is known from

the transplantation literature that T cells reconstituting a host that has been lymphoablated are

resistant to costimulatory blockade and tolerance induction (232). Furthermore the

pioneering experiments of Rosenberg's group demonstrated that infusion of tumor specific

lymphocytes following ablation of the recipient T cells, using conditions similar to those used

in cord blood transplant preconditioning allows for highly aggressive anti-tumor responses

that otherwise would not be observed (233). Accordingly, in one embodiment of the

invention T cells are not depleted from the graft due to intrinsically low possibility of GVHD.

In another embodiment, only T cells, which do not possess a T regulatory phenotype, are

depleted.

[0122] In addition to conventional T cells, cord blood is known to contain a

population of T regulatory (Treg) cells that possess immune suppressive activity. The role of

Tregs in immunological function is to control, in an antigen-specific manner, hyperimmune

activation. Treg depletion in animal models is associated with autoimmunity and transplant

rejection (234), whereas, augmented Treg function is found in pregnancy and cancer (220,

235). These Treg cells typically display the phenotype CD4+ CD25+, are resistant to FasL-

mediated apoptosis (in contrast to adult peripheral blood Tregs which are sensitive (236)),



and inhibit proliferation of CD4+ CD25- T cells with several-fold more potency than Tregs

isolated from adult peripheral blood (237). Additionally, in comparison to adult peripheral

blood, cord blood cells are found at a much higher frequency in cord (238). It has been

demonstrated that Tregs are associated with protection from autoimmune disease in animal

models, and clinical remission of autoimmunity (237, 239, 240). This suggests that the high

Treg content and suppressive activity of cord blood may not only be one of the reasons for

lower GVHD as compared to other stem cell sources, but also that cord blood derived cells

may have therapeutic applications of immune dysregulation diseases. Accordingly, in one

aspect of the invention, Treg cells are expanded from cord blood in order to allow an

enhanced state of chimerism. Expansion of Treg cells in ex vivo cultures is well known and

has been performed using various cocktails of anti-CD3, JL-2, TGF-β, and IL-IO. In one

particular embodiment of the invention cord blood mononuclear cell are extracted by

centrifugation over Ficoll. CD34+ cells are collected using, for example, magnetic

microbeads (Miltenyi Biotec, Auburn, CA), and preserved as a stem cell source. From the

CD34 negative fraction, CD25+ cells are isolated using means known in the art, such as, for

example, by positive selection with directly conjugated anti-CD25 magnetic microbeads (4

µL per 107 cells; Miltenyi Biotec). Cells are then applied to a second magnetic column,

washed, and re-eluted. After the double column procedure, an aliquot of the cells are assessed

by FACS analysis and the bulk of the cells are cultured with anti-CD3/CD28 mAb-coated

Dynabeads™ at a ratio of approximately 3:1 bead-to-cell. Cells are cultured at approximately

1 x 106 total cells per milliliter in a culture vessel. IL-2 is added on day 3 at 50 IU/mL

(Chiron, Emeryville, CA). Cell cultures are split as needed, approximately 1/3 every 3 days

during the fast-growth phase. Culture media may be RPMI 1640 (Invitrogen-Gibco, Carlsbad,

CA) supplemented with 10% recipient serum, L-glutamine, penicillin, and streptomycin.

Upon sufficient expansion, Treg cells are administered into a patient in need of therapy

together with stem cells. Stem cells may be from the same source as the origin of the CD4+

CD25+ Treg, or may be from a source that has been matched, either by HLA or by immune

reactivity. Said Treg are administered at a concentration sufficient to allow for immune

regulation and to promote graft persistence in the absence of need for immune suppressive

therapy. In some situations, said Treg cell may act as a inhibitor of immunity in an antigen-



specific manner, whereas in other situations, direct therapeutic activity may arise from Treg

inhibiting a pathological immune response, whereas the infused dose of stem cells contribute

to the tissue healing. This is particularly important in autoimmune diseases, in which tissue

regeneration is not sufficient to improve disease course if the underlying immunological

defect will cause re-attack of the regenerated tissue.

[0123] As previously stated, the possibility of using cord blood in absence of host

preconditioning would open up the door for a multitude of stem cell therapeutic applications.

The currently dogma amongst cord blood transplanters is that administration of allogeneic

cord blood, even if HLA-matched, would in the best case scenario lead to immunologically-

mediated rejection or the graft, and in the worse case cause GVHD. The current invention

provides means of clinically using cord blood administration in a non-preconditioned host

without substantial risk not only of host versus graft, but also without GVHD. One of the

premises of the invention is the unrecognized fact that cord blood transplantation has

previously been performed not for its regenerative abilities, but for the high oxygen carrying

capacity of fetal hemoglobin. In the 1930s it was reported that cord blood could be safely

used as a substitute for peripheral blood for performing transfusions (7). Since HLA-

matching was not available at that time and no adverse effects were noted, feasibility of cord

blood administration to a non-preconditioned host was suggested. A more recent Lancet

publication described the use of cord blood as a source of blood donation for malaria infested

regions in Africa. 128 pediatric patients with severe anemia needing transfusions were

transplanted with an average of 85 ml of ABO matched cord blood with no HLA matching.

No report of graft versus host was noted, and cord blood was proposed as a transfusion

source when peripheral blood is not available due to economical or social reasons (241). An

extensive review of 129 patients transplanted with a total of 413 Units of cord blood (average

86 ml) for the purposes of treating anemia, with no preconditioning or HLA matching

between 1999 to 2004 was published by Bhattacharya (242). Of these patients, aged 2-86

years old and suffering from advanced cancer (56.58%) and other diseases (43.42%) such as

ankylosing spondylitis, lupus erythematosus, rheumatoid arthritis, aplastic anemia, and

thalassemia major, no immunological reactions were noted with followed for some patients

of 1-4 years. The same author reported several other patient cohorts that have been similarly



treated and had no GVHD or other immune reactions (243-246). Furthermore, transfusion of

cord blood in non-HLA matched recipients was also associated with transient increases in

peripheral CD34 counts, without evidence of GVHD in patients with cancer and HIV (128,

247). An extreme case of mega-dose cord blood administration for transfusion purposes was

reported where as many as 32 units of cord blood were administered without HLA matching

and no evidence of GVHD was observed (128). Unfortunately in these studies the

regenerative ability of cord blood were not examined, nor were methods used to enhance the

stem cell activity of cord blood, as is thought in the current invention.

[0124] Further support for the premise of the current invention is that GVHD does

not occur in women receiving using paternal lymphocyte immunotherapy for treatment of

spontaneous abortions. Since paternal lymphocytes are from adults, and therefore relatively

more mature and immunologically reactive as compared to cord blood lymphocytes, the fear

of GVHD would be higher in this particular situation. Numerous trials have been performed

administering doses of up to 2 xlO9 paternal lymphocytes into pregnant mothers who have

had recurrent miscarriages (248, 249). These doses are higher than the 1.5-3 xlO7 nucleated

cells/kg administered during a conventional cord blood transplant, and also higher than the

doses of donor lymphocytes administered to CML patients after post transplant leukemic

relapse but also cause GVHD (250). Interestingly in pregnant women administered these

high doses of completely allogeneic cells, no GVHD has ever been observed in mothers

subjected to this procedure, although Th2 immune deviation has been reported by some

groups (251, 252). Thus the safety of practicing the current invention is supported by the

established lack of GVHD in allogeneic transfusions.

[0125] Support for the current invention from the aspect of matched stem cells

not being rejected by an immunocompetent allogeneic host comes from established examples

of such mismatched cells co-existing in the long-term in absence of immune suppression.

One example that suggests cells can exist in a state of chimerism after initial immune

suppression is in the area of liver transplantation. It is known that the liver contains various

populations of hematopoietic stem cells (253). In fact, liver transplant into irradiated rat

recipients leads to full donor-derived hematopoietic reconstitution (169). Patients who have

received liver transplants are known to contain donor-derived CD34+ cells in the bone



marrow even years after transplantation (254). This suggests that either the CD34 cells may

have a type of veto function that allows them to escape immune attack, or conversely it may

be argued that microchimerism in this case is the result of host conditioning and immune

suppression during the liver transplant, which allows of initial tolerance induction to occur,

and therefore the host does not clear the liver-derived CD34 cells in the same manner that it

does not reject the liver. This discussion now turns to the observations of fetal cell

engraftment in pregnant mothers. It is well established that during pregnancy fetal cells enter

maternal circulation (255). While circulating CD34+ cells of fetal origin are found a

percentage of women who have had children (256), in the bone marrow 100% of women who

have had children were found to contain male mesenchymal cells in their bone marrow (257).

Although some studies have correlated autoimmunity with residual lymphocytes causing a

GVHD-like reaction in the mother, more careful analysis of these studies show that immune

cells of fetal origin are largely outnumbered by cells of maternal origin. This is the basis for

the proposition of Khosrotehrani et al that the fetal cells are actually "pregnancy associated

progenitor cells" that act as allogeneic "repair cells" (258). The authors of this hypothesis

believe that these repair cells are actually migrating to the site of autoimmune damage in

order to control injury and cause regeneration. The authors cite numerous examples in

support of their idea, more notably, a case report of a hepatitis C patient who stopped

treatment but disease relapse was not observed. Biopsy analysis demonstrated the liver

parenchyma was heavily populated with cells of male origin that based on DNA

polymorphism analysis were derived from a previous pregnancy more than a decade earlier

(259). Additionally, they cite reports of maternal cells differentiating into thyroid, cervix,

gallbladder and intestinal epithelial cells (260-263). Data from animal models, although

scarce, supports the notion that fetal cells trafficking into the mother may play some

reparative function. For example, it was reported that EGFP expressing fetal cells would

selectively home into damaged maternal renal and hepatic tissues after gentamycin and

ethanol induced injury (264). Furthermore, another study demonstrated that subsequent to

excitotoxic injury in the maternal brain, fetal-derived EFGP postive cells can be identified

which express morphology and markers of neurons, astrocytes, and oligodendrocytes (265).

Accordingly, one embodiment of the current invention is to replicate the phenomena of fetal



to maternal trafficking through administration of cells that are matched to the recipient.

Furthermore, another embodiment of the current invention is administration of offspring, or

offspring-matched cells to a mother, so as to replenish a population similar to the "pregnancy

associated progenitor cells". Advantages of this embodiment of the current invention include

the fact that the mother already has some immune deviation to the haplotype, based on fetal-

maternal chimerism.

[0126] Clinical entry of a cord blood therapeutic in patients who are not

preconditioned would require a high margin of safety to be met. Accordingly, one in one

embodiment of the current invention, an approach for initiating cord blood clinical trials is

made through cord blood grafts that are depleted of T cells, B cells, and dendritic cells. In

this manner, even the remote possibility of GVHD would be negated, as well, the removal of

antigenicity by depletion of the B cells and dendritic cells would further reduce the possibility

of immune mediated rejection of the stem cells. A method of accomplishing this would be

the pretreatment of cord blood units with the clinically used anti-CD52 monoclonal antibody

CAMPATH™ (alemtuzumab; Genzyme, Cambridge, MA). It has been previously

demonstrated that this agent can be used in substantially "cleaning" grafts of T cells without

effecting hematopoietic activity both in vitro (266) and in the clinic (267). Furthermore,

CAMPATH™ has been shown to deplete B cells (267), as well as circulating blood dendritic

cells (268, 269). In one embodiment of the invention, cord blood mononuclear cells are

concentrated in a balanced salt solution (containing Ca2+) that is substantially free from

plasma and depleted of red blood cells and granulocytes. The volume of the mononuclear cell

suspension is adjusted so that the cell density did not exceed 5 x 107AnL, and CAMPATH-

IM is added to give a final concentration of 0.1 mg/mL. The mixture is incubated for 10 to

20 minutes at room temperature, and then recipient serum was added to a final concentration

of 25% (vol/vol). It mixture is subsequently incubated for a further 20 to 45 minutes at 370C.

The treated cord blood cells are washed once, assessed for viability, and infused into a patient

in need of therapy. Assessment of residual T cells, B cells, and dendritic cells may be

performed by flow cytometry. Additionally, "de-immunization" of the cord blood graft may

be verified by assessing ability to stimulate immune reactivity in vitro using the various

matching techniques known in the art, some of which are described in this application. In



another aspect of the invention, bone marrow, or mobilized peripheral blood mononuclear

cells may be used as the starting material for "de-immunization" by treatment with

CAMPATH.

[0127] The current invention provides other methods for deimmunization of a

stem cell graft. For example, exposure of cells to an environment of high oxygen content

may be used to selectively deplete antigen-presenting cells without damaging the stem cell

compartment. Similar methods of used in islet transplantation for "deimmunization" (270).

In one particular embodiment of the invention, a population of stem cells, for example a cord

blood mononuclear cell population, a bone marrow mononuclear population, or a population

of mobilized peripheral blood mononuclear cells is subjected to culture in approximately

95% oxygen and 5% carbon dioxide for a period of approximately 1-13 days, more preferably

approximately for 3-10 days, and more preferably for approximately 7 days. Subsequent to

culture, assess of content of antigen presenting cells is performed by means known in the art,

one such means including flow cytometry, immunoflourescent microscopy, or mixed

lymphocyte reactions with allogeneic cells. Additionally, content of stem cells may also be

assessed by the first two mentioned methods. Cells are subsequently infused into a recipient

in need of therapy. In some particular embodiments, HLA mismatch between donor stem cell

source may be higher that 4/6 for HLA-A, HLA-B, and HLA-DR, however through depleting

antigen presenting cell content of said donor stem cell source, compatibility for matching

using nixed lymphocyte reaction may be met, thus allowing for use of said stem cell source in

recipients that otherwise would have been excluded.

[0128] In one embodiment of the invention, allogeneic stem cells are collected

from amniotic fluid. Said amniotic fluid mononuclear cells may be utilized therapeutically in

an unpurified manner subsequent to matching. Said amniotic fluid stem cells are

administered either locally or systemically in a patient suffering from a degenerative

condition. In other embodiments amniotic fluid stem cells are substantially purified based on

expression of markers such as SSEA-3, SSEA4, Tra-1-60, Tra-1-81 and Tra-2-54, and

subsequently administered. In other embodiments cells are cultured, as described in U.S.

Patent Application No. 2005/0054093, expanded, and subsequently infused into the patient.

Amniotic stem cells are described in the following references (271-273). One particular



aspect of amniotic stem cells that makes them amenable for use in practicing certain aspects

of the current invention is their bi-phenotypic profile as being both mesenchymal and

endothelial progenitors (272, 274). This property is useful for treatment of patients with

degenerative diseases that would benefit from angiogenesis, but also from the effects of

mesenchymal stem cells. The use of amniotic fluid stem cells is particularly useful in

situations such as ischemia associated pathologies and/or inflammatory states, in which

hypoxia is known to perpetuate degenerative processes. The various embodiments of the

invention for other stem cells described in this disclosure can also be applied for amniotic

fluid stem cells. In some embodiments, said amniotic fluid stem cells may be administered

with a population of matched tolerogenic cells into the allogeneic recipient so as not to be

rejected by said recipient.

[0129] In another embodiment, allogeneic donors that have been matched with

HLA or mixed lymphocyte reaction are mobilized by administration of G-CSF (filgrastim:

neupogen) at a concentration of lOug/kg/day by subcutaneous injection for 2-7 days, more

preferably 4-5 days. Peripheral blood mononuclear cells are collected using an apheresis

device such as the AS104 cell separator (Fresenius Medical). 1-40 x 109 mononuclear cells

are collected, concentrated and administered locally, injected systemically, or in an area

proximal to the region pathology associated with the given degenerative disease. In

situations where ischemia is identified as causative to the disease localized cellular

administration may be performed within the context of the current invention. Methods of

identification of such areas of ischemia are routinely known in the art and includes the use of

techniques such as nuclear or MRI imagining. Variations of this procedure may include steps

such as subsequent culture of cells to enrich for various populations known to possess

angiogenic and/or anti-inflammatory, and/or anti-remodeling, and/or regenerative properties.

Additionally cells may be purified for specific subtypes before and/or after culture.

Treatments can be made to the cells during culture or at specific timepoints during ex vivo

culture but before infusion in order to generate and/or expand specific subtypes and/or

functional properties. The various embodiments of the invention for other stem cells

described in this disclosure can also be applied for circulating peripheral blood stem cells.



[0130] In another embodiment of the invention, allogeneic adipose tissue derived

stem cells are used as a stem cell source. Said adipose tissue derived stem cells express

markers such as CD9; CD29 (integrin beta 1); CD44 (hyaluronate receptor); CD49d,e

(integrin alpha 4, 5); CD55 (decay accelerating factor); CD105 (endoglin); CD106 (VCAM-

1); CD 166 (ALCAM). These markers are useful not only for identification but may be used

as a means of positive selection, before and/or after culture in order to increase purity of the

desired cell population. In terms of purification and isolation, devices are known to those

skilled in the art for rapid extraction and purification of cells adipose tissues. U.S. Patent No.

6,316,247 describes a device which purifies mononuclear adipose derived stem cells in an

enclosed environment without the need for setting up a GMP/GTP cell processing laboratory

so that patients may be treated in a wide variety of settings. One embodiment of the

invention involves attaining 10-200 ml of raw lipoaspirate, washing said lipoaspirate in

phosphate buffered saline, digesting said lipoaspirate with 0.075% collagenase type I for 30-

60 min at 37°C with gentle agitation, neutralizing said collagenase with DMEM or other

medium containing autologous serum, preferably at a concentration of 10% v/v, centrifuging

the treated lipoaspirate at approximately 700-200Og for 5-15 minutes, followed by

resuspension of said cells in an appropriate medium such as DMEM. Cells are subsequently

filtered using a cell strainer, for example a 100 µm nylon cell strainer in order to remove

debris. Filtered cells are subsequently centrifuged again at approximately 700-200Og for 5-15

minutes and resuspended at a concentration of approximately lxlO 6/cm2 into culture flasks or

similar vessels. After 10-20 hours of culture non-adherent cells are removed by washing with

PBS and remaining cells are cultured at similar conditions as described for culture of cord

blood derived mesenchymal stem cells. Upon reaching a concentration desired for clinical

use, cells are harvested, assessed for purity and administered in a patient in need thereof as

described above. The various embodiments of the invention for other stem cells described in

this disclosure can also be applied for adipose derived stem cells.

[0131] In one embodiment of the invention, allogeneic pluripotent stem cells

derived from deciduous teeth (baby teeth) are used. Said stem cells have been recently

identified as a source of stem cells with ability to differentiate into endothelial, neural, and

bone structures. Said pluripotent stem cells have been termed "stem cells from human



exfoliated deciduous teeth" (SHED). One of the embodiments of the current invention

involves utilization of this novel source of stem cells for the treatment of various

degenerative conditions without need for immune suppression. In one embodiment of the

invention, SHED cells are administered systemically or locally into a patient with a

degenerative condition at a concentration and frequency sufficient for induction of

therapeutic effect. SHED cells can be purified and used directly, certain sub-populations may

be concentrated, or cells may be expanded ex vivo under distinct culture conditions in order

to generate phenotypes desired for maximum therapeutic effect. Growth and expansion of

SHED has been previously described by others. In one particular method, exfoliated human

deciduous teeth are collected from 7- to 8-year-old children, with the pulp extracted and

digested with a digestive enzyme such as collagenase type I. Concentrations necessary for

digestion are known and may be, for example 1-5 mg/ml, or preferable around 3 mg/ml.

Additionally dispase may also be used alone or in combination, concentrations of dispase

may be 1-10 mg/ml, preferably around 4 mg/ml. Said digestion is allowed to occur for

approximately 1 h at 37°C. Cells are subsequently washed and may be used directly,

purified, or expanded in tissue culture. Recently, the commercial business of tooth stem cell

banking has been announced at the website www dot bioeden dot com. The various

embodiments of the invention for other stem cells described in this disclosure can also be

applied for for exfoliated teeth stem cells.

[0132] One embodiment of the current invention is the use of allogeneic hair

follicle derived stem cells for treatment of degenerative conditions. Said cells may be used

therapeutically once freshly isolated, or may be purified for particular sub-populations, or

may be expanded ex vivo prior to use. Purification of hair follicle stem cells may be

performed from cadavers, from healthy volunteers, or from patients undergoing plastic

surgery. Upon extraction, scalp specimens are rinsed in a wash solution such as phosphate

buffered saline or Hanks and cut into sections 0.2-0.8 cm. Subcutaneous tissue is de-

aggregated into a single cell suspension by use of enzymes such as dispase and/or

collagenase. In one variant, scalp samples are incubated with 0.5% dispase for a period of 15

hours. Subsequently, the dermal sheath is further enzymatically de-aggregated with enzymes

such as collagenase D. Digestion of the stalk of the dermal papilla, the source of stem cells is



confirmed by visual microscopy. Single cell suspensions are then treated with media

containing fetal calf serum, and concentrated by pelletting using centrifugation. Cells may be

further purified for expression of markers such as CD34, which are associated with enhanced

proliferative ability. In one embodiment of the invention, collected hair follicle stem cells are

induced to differentiate in vitro into neural-like cells through culture in media containing

factors such as FGF-I, FGF-2, NGF, neurotrophin-2, and/or BDNF. Confirmation of neural

differentiation may be performed by assessment of markers such as Muhashi, polysialyated

N-CAM, N-CAM, A2B5, nestin, vimentin glutamate, synaptophysin, glutamic acid

decarboxylase, serotonin, tyrosine hydroxylase, and GABA. Said neuronal cells may be

administered systemically, or locally in a patient with degenerative disease. Differentiation

towards other phenotypes may also be performed within the context of the current invention.

The various embodiments of the invention for other stem cells described in this disclosure

can also be applied for hair follicle stem cells.

[0133] In one embodiment of the invention, very early, immature stem cells are

used in an allogeneic manner. Said stem cells being parthenogenically derived stem cells that

can be generated by addition of a calcium flux inducing agent to activate oocytes, followed

by purifying and expanding cells expressing embryonic stem cell markers such as SSEA-4,

TRA 1-60 and/or TRA 1-81. Said parthenogenically derived stem cells are totipotent and can

be used in a manner similar to that described other stem cells in the practice of the current

invention. One specific methodology for generation of parthenogenically derived stem cells

involves maturing oocytes by culture 36 hour in CMRL- 1066 media supplemented with 20%

FCS, 10 units/ml pregnant mare serum, 10 units /ml HCG, 0.05 mg/ml penicillin, and 0.075

mg/ml streptomycin. Mature metaphase II eggs are subsequently activated with calcium flux

by incubation with lOuM ionomycin for 8 minutes, followed by culture with 2mM 6-

dimethylaminopurine for 4 hours. The inner cell mass is subsequently isolated by

immunosurgical technique and cells are cultured on a feeder layer in a manner similar to

culture of embryonic stem cells (275). The various embodiments of the invention for other

stem cells described in this disclosure can also be applied for parthenogenically derived stem

cells.



[0134] Unique, tissue-specific stem cells may also be used in the allogeneic

setting for the practice of the current invention. Cells expressing the ability to efflux certain

dyes, including but not limited to rhodamin-123 are associated with stem cell-like properties

(276). Said cells can be purified from tissue subsequent to cell dissociation, based on efflux

properties. Accordingly, in one embodiment of the current invention, tissue derived side

population cells may be utilized either freshly isolated, sorted into subpopulations, or

subsequent to ex vivo culture, for the treatment of degenerative conditions. For use in the

invention, side population cells may be derived from tissues such as pancreatic tissue, liver

tissue, smooth muscle tissue, striated muscle tissue, cardiac muscle tissue, bone tissue, bone

marrow tissue, bone spongy tissue, cartilage tissue, liver tissue, pancreas tissue, pancreatic

ductal tissue, spleen tissue, thymus tissue, Peyer's patch tissue, lymph nodes tissue, thyroid

tissue, epidermis tissue, dermis tissue, subcutaneous tissue, heart tissue, lung tissue, vascular

tissue, endothelial tissue, blood cells, bladder tissue, kidney tissue, digestive tract tissue,

esophagus tissue, stomach tissue, small intestine tissue, large intestine tissue, adipose tissue,

uterus tissue, eye tissue, lung tissue, testicular tissue, ovarian tissue, prostate tissue,

connective tissue, endocrine tissue, and mesentery tissue. Purification of side population

cells can be performed, in one embodiment, by resuspending dissociated cardiac valve cells

at 106 cells/ml, and staining with 6.0 µg/ml of Hoechst 33342 in calcium- and magnesium-

free HBSS+ (supplemented with 2% FCS, 10 mM Hepes, and 1% penicillin/streptomycin)

medium for 90 min at 370C. Cells are then run on a flow cytometer and assessed for efflux

of Hoechst 33342. Purified cells may be assessed for ability to form cardiac spheres, this

may be performed by suspending said side population cells at a density of 1-2 x 106 cells/ml

in 10-cm uncoated dishes in DME/M199 (1:1) serum-free growth medium containing insulin

(25 µg/ml), transferin (100 µg/ml), progesterone (20 nM), sodium selenate (30 nM),

putrescine (60 nM), recombinant murine EGF (20 ng/ml), and recombinant human FGF2.

Half of the medium is changed every 3 d . Passaging may be performed using 0.05% trypsin

and 0.53 mM EDTA-4Na every 7-14 d . Cardiospheres are then dissociated into a single-cell

suspension then used either for therapeutic purposes, or for evaluating therapeutic ability in

vitro or in animal models before clinical use. These methods have been described in other

publications to which the practitioner of the invention is referred to (277-279). The various



embodiments of the invention for other stem cells described in this disclosure can also be

applied for side population stem cells.

EXAMPLES

EXAMPLE 1

MATCHING OF STEM CELL SOURCE WITH RECIPIENT FOR NON-

PRECONDITIONED ALLOGENEIC TRANSPLANT: CORD BLOOD

[0135] Umbilical cord blood is purified according to routine methods (280).

Briefly, a 16-gauge needle from a standard Baxter 450-ml blood donor set containing CPD A

anticoagulant (citrate/phosphate/dextrose/adenine) (Baxter Health Care, Deerfield, IL) is

inserted and used to puncture the umbilical vein of a placenta obtained from healthy delivery

from a mother tested for viral and bacterial infections according to international donor

standards. Cord blood is allowed to drain by gravity so as to drip into the blood bag. The

placenta is placed in a plastic-lined, absorbent cotton pad suspended from a specially

constructed support frame in order to allow collection and reduce the contamination with

maternal blood and other secretions, The 63 ml of CPD A used in the standard blood

transfusion bag, calculated for 450 ml of blood, is reduced to 23 ml by draining 40 ml into a

graduated cylinder just prior to collection. An aliquot of the cord blood is removed for safety

testing according to the standards of the National Marrow Donor Program (NMDP)

guidelines. Safety testing includes routine laboratory detection of human immunodeficiency

virus 1 and 2, human T-cell lymphotropic virus I and II, Hepatitis B virus, Hepatitis C virus,

Cytomegalovirus and Syphilis. Subsequently, 6% (wt/vol) hydroxyethyl starch is added to

the anticoagulated cord blood to a final concentration of 1.2%. The leukocyte rich

supernatant is then separated by centrifuging the cord blood hydroxyethyl starch mixture in

the original collection blood bag (50 x g for 5 min at 1O0C). The leukocyte-rich supernatant is

transferred from the bag into a 150-ml Plasma Transfer bag (Baxter Health Care) and

centrifuged (400 x g for 10 min) to sediment the cells. Surplus supernatant plasma is

transferred into a second plasma transfer bag without severing the connecting tube. Finally,

the sedimented leukocytes are resuspended in supernatant plasma to a total volume of 20 ml.



Approximately 5x1 08 - 7x1 09 nucleated cells are obtained per cord. Cells are cryopreserved

according to the method described by Rubinstein et al (280).

[0136] A group of 25 cord blood stem cell sources, purified and cryopreserved as

described above, is available for treatment of a patient in need of stem cell therapy. An

aliquot of mononuclear cells from each of said 25 cord blood stem cell source is taken, said

aliquot comprising approximately 105 cells. Said cells are plated in Nunc 96-well plates at a

concentration of 104 cells per well in 9 wells in a volume of 100 uL per well. Prior to plating,

said cells are washed and reconstituted in DMEM-LG media (Life Technologies),

supplemented with 10% heat-inactivated fetal calf serum. Said cord blood cells are

considered "stimulators" for the purpose of the matching procedure. In order to generate

"responder" cells, 20 ml of peripheral blood is extracted from the patient in need of stem cell

therapy through venipuncture. Said 20 ml of peripheral blood is heparinized by drawing in a

heparinized Vacutainer ™, is layered on Ficoll™ density gradient and centrifuged for

approximately 60 minutes at 500g. The mononuclear layer is harvested and washed in

phosphate buffered saline supplemented with 3% fetal calf serum. For every 9 wells of

stimulator cells, to 3 wells, a concentration of 104 responder cells are added, to 3 wells a

concentration of 105 responder cells are added, and to 3 wells, media with no cells are added

in order to have a control for spontaneous activity of stimulator cells. Responder cells are

reconstituted in DMEM-LG media, supplemented with 10% heat-inactivated fetal calf serum

before being added to stimulator cells. Responder cells and media comprise a volume of 100

uL before being added to stimulator cells. Additionally, in order to have a control for

spontaneous activity of responder cells, 104 and 105 responder cells in a volume of 100 uL are

added in triplicate to 100 uL of media without stimulator cells. To have a control for

background or other contaminations, 3 wells are plated with 200 uL of media alone.

Accordingly, the total culture consists of 25 stem cell sources x 9 wells = 225 wells, that is, a

total of three 96-well plates are used. Additionally, 9 wells are used for the responder

controls in which no stimulator cells, or no cells at all are added. Seventy-two-hour mixed

lymphocyte reaction is performed and the cells were pulsed with 1 µCi [3H]thymidine for the

last 18 h. The cultures are harvested onto glass fiber filters (Wallac, Turku, Finland).

Radioactivity is counted using a Wallac 1450 Microbeta liquid scintillation counter and the



data were analyzed with UltraTerm 3 software (Microsoft, Seattle, WA). If lymphocyte

proliferation is more than 2 fold higher as compared to lymphocytes cultured without

stimulator cells, when subtracting the background proliferation of stimulators alone, then the

cord blood batch is not used for therapy. According to these criteria, 2 of the 25 batches of

stem cell sources are chosen for administration into said patient. Interestingly, one of the 2

batches was a 3/6 mismatch for HLA with the recipient when matched for HLA-A, HLA-B,

and HLA-DR.

EXAMPLE 2

DECREASING IMMUNOGENICITY OF CORD BLOOD STEM CELL SOURCE

[0137] Cord blood is collected as described in the previous example. In order to

further decrease immunogeneic components of said cord blood, as well as to significantly

deplete T cells, which may be causative of GVHD, the following procedure is performed:

cord blood mononuclear cells are concentrated in Good Manufacturing Practices (GMP)

grade-Hanks balanced salt solution (containing Ca2+). Cells are washed previously to

concentration so that said cells are substantially free from plasma and depleted of red blood

cells and granulocytes. The volume of the mononuclear cell suspension is adjusted so that the

cell density is approximately 3 x 1O7AnL, and CAMPATH-IM is added to give a final

concentration of 0.1 mg/mL. The mixture is incubated for 15 minutes at room temperature,

and then recipient serum is added to achieve final concentration of 25% (vol/vol). The

mixture is subsequently incubated for a further 30 minutes at 37°C. The treated cord blood

cells are washed once, assessed for viability, and infused into a patient in need of therapy.

EXAMPLE 3

DECREASING IMMUNOGENICITY OF A BONE MARROW DERIVED ALLOGENEIC

STEM CELL SOURCE

[0138] Bone marrow donors are chosen based on matching with a recipient in

need of therapy through mixed lymphocyte culture as described in EXAMPLE I, with the

exception that stimulator cells are lymphocytes derived from potential bone marrow donors.

Bone marrow stem cell source is collected as follows: Patients are positioned face down on a



horizontal platform and provided analgesics as per standard medical procedures. All

personnel involved in the procedure are dressed in sterile surgical gowning and masks. The

harvesting field comprising of both iliac crests is prepared by topically applying standard

disinfectant solution. Iliac crests are anaesthetized and the harvesting needle is inserted in

order to puncture the iliac crest. The cap and stylet of the harvesting needle is removed and 3-

ml of marrow is harvested into the 15-ml harvesting syringe containing heparin solution. The

process is repeated and the contents of the harvesting syringe are transferred into a 500-ml

collecting bag. Approximately 75-125 ml of bone marrow is harvested in total. Isolation of

mononuclear cells is performed by gradient separation using the Hetastarch method, which is

clinically applicable and reported to remove not only erythrocytes but also granulocytic cells.

The previously published method of Montuoro et al is used (281). Briefly, six-percent

(wt/vol) Hetastarch (HES40, Hishiyama Pharmaceutical Co., Osaka, Japan) is added to the

collected bone marrow sample to achieve a final concentration of 1.2 percent Hetastarch, (1:5

volume ratio of added Hetastarch to bone marrow). Centrifugation at 5Og for 5 min at 1O0C is

performed in order to generate a leukocyte rich supernatant. Sedimentation of bone marrow

takes place at a cell concentration of no more than 15 x 106 cells/ml in a total volume of

850ml per Hetastarch bag. The supernatant is transferred into a plasma transfer bag and

centrifuged (40Og for 10 min) to sediment the cells. The sedimented cells are subsequently

washed in phosphate buffered saline in the presence of 5% penicillin/streptomycin mixture

(Gibco, Mississauga, Canada) and 5% autologous serum. Cellular viability and lack of

potential contamination with other cells is assessed by microscopy. Bone marrow

mononuclear cells are subsequently concentrated in Good Manufacturing Practices (GMP)

grade-Hanks balanced salt solution (containing Ca2+). Cells are washed previously to

concentration so that said cells are substantially free from plasma and depleted of red blood

cells and granulocytes. The volume of the mononuclear cell suspension is adjusted so that the

cell density is approximately 3 χ 107/mL, and CAMPATH-IM is added to give a final

concentration of 0.1 mg/mL. The mixture is incubated for 15 minutes at room temperature,

and then recipient serum is added to achieve final concentration of 25% (vol/vol). The

mixture is subsequently incubated for a further 30 minutes at 370C. The treated cord blood

cells are washed once, assessed for viability, and infused into a patient in need of therapy.



EXAMPLE 4

TREATMENT OF ACUTE STROKE PATIENTS

[0139] A clinical trial is performed using allogeneic cord blood stem cells that

have been matched to recipients. Both purification of allogeneic cord blood stem cells and

matching is performed as described in EXAMPLE 1. Furthermore stem cells are depleted

significantly of T cells, B cells, and circulating dendritic cells as described in EXAMPLE 2.

[0140] A group of 50 patients in chosen. 25 patients serve as controls and 25 are

placed in the treatment group. Patients in the control group and in the treatment group all

receive typical standard of care. Inclusion criteria for participation in the trial are:

1. Subjects considered eligible to enter the study must sign an informed consent form
prior to the initiation of any study procedures. In the event that the subject must be
withdrawn and is re-screened for study participation at a later date, a new informed
consent form must be signed.

2. Age 18-80 yrs.
3. Stroke is radiologically confirmed as ischemic no earlier than 24 hours and no later

than 72 hours.
4. Infarct within the middle cerebral arterial territory
5. No significant pre-stroke disability
6. No other stroke in previous 3 months, Absence of major depression
7. Fugl-Meyer (FM) motor score of 23-83 out of 100
8. Functional Independence Measure (FIM) ambulation-subscore of 3 or more, and 50

foot walk takes longer than 15 seconds
9 . Female subjects must be post-menopausal or sterilized, or if she is of childbearing

potential, she is not breast feeding and she has no intention to become pregnant
during the course of the study.

10. Ability to complete the study in compliance with the protocol.

[0141] Exclusion criteria for entry into the trial is:

1. Patients with malignancies, or a history of malignancies (with the exception of basal
cell carcinoma (BCC) of the skin,) will be excluded from the study. Those patients
with a history of BCC are eligible for enrollment, and will be monitored by a qualified
dermatologist every 8 weeks for a period of 6 months for evaluation of their skin
condition. Patients with existing BCC will be excluded from the study.

2. Acute infection
3. Significant daytime somnolence or any substantial decrease in alertness, language

reception, or attention.
4. Renal insufficiency requiring dialysis or laboratory evidence of a serum creatinine

greater than 2.0 mg/dl.



5. ALT or AST greater than 2 times the upper limit of the normal range.
6. Positive pregnancy test.
7. History of coagulation disorders including heparin-induced thrombocytopenia.
8. History of blood cell diseases.
9. Uncontrolled insulin-dependent diabetes mellitus.
10. Subjects having a concomitant life-threatening disease in which their life expectancy

is estimated to be less than 2 years.
11. Any condition which in the opinion of investigator would interfere with the

participant's ability to provide informed consent, comply with study instructions,
possibly confound interpretation of study results, or endanger the participant if he/she
took part in the trial.

12. Use of an investigational drug, device or product, or participation in another clinical
trial.

[0142] Newly diagnosed stroke patients are immediately referred to a screening

for inclusion into the trial. During the screening visit, patients are evaluated for general

medical history, physical examination, vital signs (pulse, BP, respiratory rate, temperature), a

12-lead electrocardiogram, chest x-ray, and clinical laboratory tests (chemistry, hematology,

urinalysis, HIV and hepatitis viral screening. Gait Velocity, Stroke Impact Scale- 16 (SIS- 16),

National Institutes of Health Stroke Scale (NIHSS) , Barthel index, modified Rankin score, as

well as MRI neuroimaging will be performed as screening.

[0143] Following the screening, eligible patients are randomized into either the

treatment or the control group. Randomization is performed using alteration between groups

based on the sequence of entry. Determination if the first person enrolled into the trial is

treated or untreated is performed by use of a coin toss. For example, the first patient enrolled

enters the treatment group, the second the control group, the third the treatment group etc.

[0144] A stem cell dose of 5 x 107 nucleated cord blood cells per kilogram (post

CAMPATH depletion) is administered into patients in the treatment group. Cells are

administered intravenously. Patients are follow-up at visits that occur at 4, 8, and 12 weeks

post-initial cell dosing. At 4, 8, and 12 weeks post-initial cell dosing, patients are be assessed

for safety by the following parameters: physical examination, routine laboratory assessments

(including chemistry and hematology panel), and adverse event assessment. Efficacy

assessment is performed by: Gait Velocity, Stroke Impact Scale- 16 (SIS- 16), National

Institutes of Health Stroke Scale (NIHSS), Barthel index, and Modified Rankin score. MRI

neuroimaging is performed both at study entry and at 12 weeks post initial cell dosing.



[0145] A statistically significant improvement in: Gait Velocity, Stroke Impact

Scale-16 (SIS-16), National Institutes of Health Stroke Scale (NIHSS), Barthel index, and

Modified Rankin score is observed in the treatment group as compared to the control group.

Furthermore, MRI neuroimaging reveals that the area of neurological damage is substantially

smaller than at onset in the treatment group but not the control group.

EXAMPLE 5

TREATMENT OF CHRONIC STROKE PATIENTS

[0146] 50 patients are selected for allogeneic stem cell therapy that have suffered

from a major stroke more than 2 years prior to treatment. Cord blood stem cells are

administered based on mixed lymphocyte matching, as described in EXAMPLE 1, but not

depleted of T cells, B cells, or dendritic cells using CAMPATH. Cells are administered on a

twice a month for the period of 2 months. Average cell concentration infused is 1 x 107

nucleated cord blood cells per kilogram/per infusion. Cognitive function, Gait Velocity, and

Barthel Index performance improve significantly in 43 of the 50 patients that are treated.

EXAMPLE 6

TREATMENT OF MULTIPLE SCLEROSIS

[0147] 20 patients with rapidly progressive multiple sclerosis by Proser criteria

and at high risk for a fatal outcome who had no response to interferon, with patients being on

interferon for at least 4 months, with Kurtzke Expanded Disability Status Scale (EDSS) score

of 2-6 are chosen for treatment with allogeneic stem cell therapy. Cord blood stem cells are

purified and matched as described in EXAMPLE 1, depleted significantly of T cells, B cells,

and dendritic cells as described in EXAMPLE 2, and administered on a twice a month for the

period of 2 months. Average cell concentration infused is 1 x 107 nucleated cord blood cells

per kilogram/per infusion. At 3 and 6 months after initiating stem cell therapy, gadolinium

MRI scans and EDSS is evaluated and compared to baseline values prior to initiation of stem

cell therapy. Significant improvement is observed in 17 of the 20 patients.



EXAMPLE 7

TREATMENT OF AMYOTROPHIC LATERAL SCLEROSIS

[0148] Currently no treatment exists for amyotrophic lateral sclerosis (ALS) that

significantly alters disease progression. Given the previously described role of genetic

abnormalities, for example deficiencies in Superoxide Dismutase (SOD) activity, as well as

abnormal function of the Survival Motor Neuron (SMN) gene in ALS, a study is performed

to treat confirmed ALS patients with allogeneic stem cell therapy. Within the context of the

present invention, stem cell therapy is distinct than that used for other genetic diseases, such

as for Krabbe disease since no immune suppressive conditioning is performed. A group of

20 patients are selected for treatment and 20 selected as controls, both groups administered

standard of care. Eligibility for entry into the study includes: Definite-laboratory supported

ALS according to the revised El Escorial World Federation of Neurology criteria, disease

duration of more than 6 months and less than 36 months,

[0149] Vital capacity > 70% of normal value (slow expiration, best of a minimum

of three and a maximum of five measurements, with a respiratory function validly assessable

and a spontaneous, non-assisted ventilation), Ages 18 - 85 years (inclusive), and no

concomitant trial participation or serious illness. Patients are treated with allogeneic cord

blood cells as described in EXAMPLE 6 with the exception that therapy is administered for 2

months followed by a 2 month rest, and repeated a total of 3 cycles. At 6, 12, 18, and 24

months patients are assessed for respiratory function by the ALS Functional Rating Scale-

Respiratory, and for survival. At 24 months, 4 of the patients in the control group are alive,

whereas 19 in the treated group are alive. A sustained increase in respiratory function is

observed in 15 of the 20 treated patients but in none of the control patients.

[0150] One skilled in the art will appreciate that these methods, compositions, and

cells are and may be adapted to carry out the objects and obtain the ends and advantages

mentioned, as well as those inherent therein. The methods, procedures, and devices

described herein are presently representative of preferred embodiments and are exemplary

and are not intended as limitations on the scope of the invention. Changes therein and other

uses will occur to those skilled in the art which are encompassed within the spirit of the



invention and are defined by the scope of the disclosure. It will be apparent to one skilled in

the art that varying substitutions and modifications may be made to the invention disclosed

herein without departing from the scope and spirit of the invention. Those skilled in the art

recognize that the aspects and embodiments of the invention set forth herein maybe practiced

separate from each other or in conjunction with each other. Therefore, combinations of

separate embodiments are within the scope of the invention as disclosed herein. All patents

and publications mentioned in the specification are indicative of the levels of those skilled in

the art to which the invention pertains. All patents and publications are herein incorporated

by reference to the same extent as if each individual publication was specifically and

individually indicated to be incorporated by reference.

[0151] The invention illustratively described herein suitably may be practiced in

the absence of any element or elements, limitation or limitations which is not specifically

disclosed herein. Thus, for example, in each instance herein any of the terms "comprising,"

"consisting essentially of and "consisting of may be replaced with either of the other two

terms. The terms and expressions which have been employed are used as terms of

description and not of limitation, and there is no intention that in the use of such terms and

expressions indicates the exclusion of equivalents of the features shown and described or

portions thereof. It is recognized that various modifications are possible within the scope of

the invention disclosed. Thus, it should be understood that although the present invention

has been specifically disclosed by preferred embodiments and optional features, modification

and variation of the concepts herein disclosed may be resorted to by those skilled in the art,

and that such modifications and variations are considered to be within the scope of this

invention as defined by the disclosure.
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WHAT IS CLAIMED IS:

1. A method of allogeneic stem cell therapy without preconditioning of the recipient

comprising:

a) matching a patient with a stem cell source

b) manipulating the stem cell source; and

c) administering said stem cell source.

2. A method of treating a disease using allogeneic stem cell therapy without preconditioning

of the recipient comprising:

a) matching a patient with a stem cell source

b) manipulating the stem cell source; and

c) administering said stem cell source.

3. A method of treating a disease using allogeneic stem cell therapy without preconditioning

of the recipient comprising:

a) selecting a patient that has not been preconditioned; and

b) administering a stem cell source.

4 . The method of claim 2, wherein said disease is selected from a group consisting of:

inflammatory, neurological, gastrointestinal, dermatological, urological, respiratory, and

cardiac diseases.

5. The method of claim 4, wherein said disease is neural degeneration.

6. The method of claim 5 wherein said neurological disease is selected from a group

consisting of: autism, Asperger syndrome, acute stroke, chronic stroke, transient ischemic

episodes, Rett syndrome, autism spectrum disorder, childhood disintegrative disorder,

amyotrophic lateral sclerosis, Huntington's disease, Parkinson's disease, Alzheimer's disease,

bipolar disorder, depression, disruptive behavior disorder, dyslexia, fragile X syndrome,

learning disabilities, obsessive-compulsive disorder, oppositional defiant disorder, pervasive



developmental disorder, reactive attachment disorder, Rett syndrome, separation anxiety

disorder, Tourette's syndrome, amyotrophic lateral sclerosis Lewy Body dementia, ADDS

dementia, mild cognitive impairments, age-associated memory impairments, cognitive

impairments and/or dementia associated with neurologic and/or psychiatric conditions,

including epilepsy, brain tumors, brain lesions, multiple sclerosis, Down's syndrome,

progressive supranuclear palsy, frontal lobe syndrome, and schizophrenia and related

psychiatric disorders, cognitive impairments caused by traumatic brain injury, post coronary

artery by-pass graft surgery, electroconvulsive shock therapy, and chemotherapy; and to novel

methods for treating and preventing delirium, myasthenia gravis, dyslexia, mania, depression,

apathy, myopathy associated with diabetes, Juvenile Huntington's Disease, also known as the

Westphal variant, cerebral palsy, Spinocerebellar ataxia, Sensory ataxia, and Friedreich's

ataxia.

7. The method of claim 4 wherein said inflammatory disease is selected from a group

consisting of: asthma (including allergen-induced asthmatic reactions), cystic fibrosis,

bronchitis (including chronic bronchitis), chronic obstructive pulmonary disease (COPD),

adult respiratory distress syndrome (ARDS), chronic pulmonary inflammation, rhinitis and

upper respiratory tract inflammatory disorders (URID), ventilator induced lung injury,

silicosis, pulmonary sarcoidosis, idiopathic pulmonary fibrosis, bronchopulmonary dysplasia,

arthritis, e.g. rheumatoid arthritis, osteoarthritis, infectious arthritis, psoriatic arthritis,

traumatic arthritis, rubella arthritis, Reiter's syndrome, valve diseases, tuberous sclerosis,

scleroderma, obesity, metabolic disturbances associated with obesity, transplantation

rejection, osteoarthritis, rheumatoid arthritis, neoplasm; adenocarcinoma, lymphoma, uterus

cancer, fertility, glomerulonephritis, hemophilia, hypercoagulation, idiopathic

thrombocytopenic purpura, graft versus host disease, AIDS, bronchial asthma, lupus, multiple

sclerosis, gouty arthritis and prosthetic joint failure, gout, acute synovitis, spondylitis and

non-articular inflammatory conditions, e.g. herniated/ruptured/prolapsed intervertebral disk

syndrome, bursitis, tendonitis, tenosynovitic, fϊbromyalgic syndrome and other inflammatory

conditions associated with ligamentous sprain and regional musculoskeletal strain,

inflammatory disorders of the gastrointestinal tract, e.g. ulcerative colitis, diverticulitis,



cardiomyopathy, atherosclerosis, stenosis, vascular calcification, fibrosis, pulmonary stenosis,

subaortic stenosis, Crohn's disease; inflammatory bowel disease, ulcerative colitis, multiple

sclerosis, treatment of Albright Hereditary, infectious disease, anorexia, cancer-associated

cachexia, cancer, Crohn's disease, inflammatory bowel diseases, irritable bowel syndrome

and gastritis, multiple sclerosis, systemic lupus erythematosus, scleroderma, autoimmune

exocrinopathy, autoimmune encephalomyelitis, diabetes, tumor angiogenesis and metastasis,

cancer including carcinoma of the breast, colon, rectum, lung, kidney, ovary, stomach, uterus,

pancreas, liver, oral, laryngeal and prosiate, meianoma, acute and chronic leukemia,

periodontal disease, neurodegenerative disease, Alzheimer's disease, Parkinson's disease,

epilepsy, muscle degeneration, inguinal hernia, retinal degeneration, diabetic retinopathy,

macular degeneration, ocular inflammation, bone resorption diseases, osteoporosis,

osteopetrosis, graft vs. host reaction, allograft rejections, sepsis, endotoxemia, toxic shock

syndrome, tuberculosis, usual interstitial and cryptogenic organizing pneumonia, bacterial

meningitis, systemic cachexia, cachexia secondary to infection or malignancy, cachexia

secondary to acquired immune deficiency syndrome (AIDS), malaria, leprosy, leishmaniasis,

Lyme disease, glomerulonephritis, glomerulosclerosis, renal fibrosis, liver fibrosis,

pancreatitis, hepatitis, endometriosis, pain, e.g. that associated with inflammation and/or

trauma, inflammatory diseases of the skin, e.g. dermatitis, dermatosis, skin ulcers, psoriasis,

eczema, systemic vasculitis, vascular dementia, thrombosis, atherosclerosis, restenosis,

reperfusion injury, plaque calcification, myocarditis, aneurysm, stroke, pulmonary

hypertension, left ventricular remodeling and heart failure.

8. The method of any of claims 1-3 wherein said allogeneic stem cell therapy consists of

cord blood.

9. The method of any of claims 1-3, wherein said stem cell therapy consists of administration

of cells selected from a group comprising of stem cells, committed progenitor cells, and

differentiated cells.



10. The method of claim 9, wherein said stem cells are selected from a group consisting of:

embryonic stem cells, cord blood stem cells, placental stem cells, bone marrow stem cells,

amniotic fluid stem cells, neuronal stem cells, circulating peripheral blood stem cells,

mesenchymal stem cells, germinal stem cells, adipose tissue derived stem cells, exfoliated

teeth derived stem cells, hair follicle stem cells, dermal stem cells, parthenogenically derived

stem cells, reprogrammed stem cells and side population stem cells.

11. The method of claim 10, wherein said embryonic stem cells are totipotent.

12. The method of claim 11, wherein said embryonic stem cells express one or more

antigens selected from a group consisting of: stage-specific embryonic antigens (SSEA) 3,

SSEA 4, Tra-1-60 and Tra-1-81, Oct-3/4, Cripto, gastrin-releasing peptide (GRP) receptor,

podocalyxin-like protein (PODXL), Rex-1, GCTM-2, Nanog, and human telomerase reverse

transcriptase (hTERT).

13. The method of claim 10, wherein said cord blood stem cells are multipotent and capable

of differentiating into endothelial, muscle, and neuronal cells.

14. The method of claim 4, wherein said cord blood stem cells are identified based on

expression of one or more antigens selected from a group comprising: SSEA-3, SSEA-4,

CD9, CD34, c-kit, OCT-4, Nanog, and CXCR-4.

15. The method of claim 10, wherein said cord blood stem cells are unrestricted somatic

stem cells.

16. The method of claim 14, wherein said cord blood stem cells do not express one or more

markers selected from a group consisting of: CD3, CD45, and CDl Ib.

17. The method of claim 10, wherein said placental stem cells are isolated from the placental

structure.



18. The method of claim 17, wherein said placental stem cells are identified based on

expression of one or more antigens selected from a group comprising: Oct-4, Rex-1, CD9,

CD13, CD29, CD44, CD166, CD90, CD105, SH-3, SH-4, TRA-1-60, TRA-1-81, SSEA-4

and Sox-2.

19. The method of claim 10, wherein said bone marrow stem cells consist of bone marrow

mononuclear cells.

20. The method of claim 19, wherein said bone marrow stem cells are selected based on the

ability to differentiate into one or more of the following cell types: endothelial cells, muscle

cells, and neuronal cells.

2 1. The method of claim 19, wherein said bone marrow stem cells are selected based on

expression of one or more of the following antigens: CD34, c-kit, flk-1, Stro-1, CD105,

CD73, CD31, CD146, vascular endothelial-cadherin, CD133 and CXCR-4.

22. The method of claim 21, wherein said bone marrow stem cells are enriched for

expression of CD 133.

23. The method of claim 10, wherein said amniotic fluid stem cells are isolated by

introduction of a fluid extraction means into the amniotic cavity under ultrasound guidance.

24. The method of claim 23, wherein said amniotic fluid stem cells are selected based on

expression of one or more of the following antigens: SSEA3, SSEA4, Tra-1-60, Tra-1-81,

Tra-2-54, HLA class I, CD13, CD44, CD49b, CD105, Oct-4, Rex-1, DAZL and Runx-1.

25. The method of claim 24, wherein said amniotic fluid stem cells are selected based on

lack of expression of one or more of the following antigens: CD34, CD45, and HLA Class II.



26. The method of claim 10, wherein said neuronal stem cells are selected based on

expression of one or more of the following antigens: RC-2, 3CB2, BLB, Sox-2hh, GLAST,

Pax 6, nestin, Muashi-1, NCAM , A2B5 and prominin.

27. The method of claim 10, wherein said circulating peripheral blood stem cells are

characterized by the ability to proliferate in vitro for a period of over 3 months.

28. The method of claim 10, wherein said circulating peripheral blood stem cells are

characterized by expression of CD34, CXCR4, CDl 17, CDl 13, and c-met.

29. The method of claim 28, wherein said circulating peripheral blood stem cells lack

substantial expression of differentiation associated markers.

30. The method of claim 29, wherein said differentiation associated markers are selected

from a group comprising of CD2, CD3, CD4, CDI l , CDl Ia, Mac-1, CD14, CD16, CD19,

CD24, CD33, CD36, CD38, CD45, CD56, CD64, CD68, CD86, CD66b, and HLA-DR.

31. The method of claim 10, wherein said mesenchymal stem cells express one or more of

the following markers: STRO-I, CD 105, CD54, CD 106, HLA-I markers, vimentin, ASMA,

collagen- 1, fibronectin, LFA-3, ICAM-I, PECAM-I, P-selectin, L-selectin, CD49b/CD29,

CD49c/CD29, CD49d/CD29, CD61, CD18, CD29, thrombomodulin, telomerase, CDlO,

CD13, STRO-2, VCAM-I, CD146, and THY-I.

32. The method of claim 31, wherein said mesenchymal stem cells do not express substantial

levels of HLA-DR, CDl 17, and CD45.

33. The method of claim 10, wherein said mesenchymal stem cells are derived from a group

selected of: bone marrow, adipose tissue, umbilical cord blood, placental tissue, peripheral

blood mononuclear cells, differentiated embryonic stem cells, and differentiated progenitor

cells.



34. The method of claim 10, wherein said germinal stem cells express markers selected from

a group consisting of: Oct4, Nanog, Dppa5 Rbm, cyclin A2, Texl8, Stra8, Dazl, betal- and

alphaβ-integrins, Vasa, Fragilis, Nobox, c-Kit, Sca-1 and Rexl.

35. The method of claim 10, wherein said adipose tissue derived stem cells express markers

selected from a group consisting of: CD13, CD29, CD44, CD63, CD73, CD90, CD166,

Aldehyde dehydrogenase (ALDH), and ABCG2.

36. The method of claim 10, wherein said adipose tissue derived stem cells are a population

of purified mononuclear cells extracted from adipose tissue capable of proliferating in culture

for more than 1 month.

37. The method of claim 10, wherein said exfoliated teeth derived stem cells express

markers selected from a group consisting of: STRO-I, CD 146 (MUC 18), alkaline

phosphatase, MEPE, and bFGF.

38. The method of claim 10, wherein said hair follicle stem cells express markers selected

from a group consisting of: cytokeratin 15, Nanog, and Oct-4.

39. The method of claim 10, wherein said hair follicle stem cells are capable of proliferating

in culture for a period of at least one month.

40. The method of claim 10, wherein said hair follicle stem cells secrete one or more of the

following proteins when grown in culture: basic fibroblast growth factor (bFGF), endothelin-

1 (ET-I) and stem cell factor (SCF).

41. The method of claim 10, wherein said dermal stem cells express markers selected from a

group consisting of: CD44, CD13, CD29, CD90, and CD105.



42. The method of claim 10, wherein said dermal stem cells are capable of proliferating in

culture for a period of at least one month.

43. The method of claim 10, wherein said parthenogenically derived stem cells are generated

by addition of a calcium flux inducing agent to activate an oocyte followed by enrichment of

cells expressing markers selected from a group comprising of SSEA-4, TRA 1-60 and TRA

1-81.

44. The method of claim 10, wherein said reprogrammed stem cells are selected from a

group consisting of: cells subsequent to a nuclear transfer, cells subsequent to a cytoplasmic

transfer, cells treated with a DNA methyltransferase inhibitor, cells treated with a histone

deacetylase inhibitor, cells treated with a GSK-3 inhibitor, cells induced to dedifferentiate by

alteration of extracellular conditions, and cells treated with various combination of the

mentioned treatment conditions.

45. The method of claim 44, wherein said nuclear transfer comprises introducing nuclear

material to a cell substantially enucleated, said nuclear material deriving from a host whose

genetic profile is sought to be dedifferentiated.

46. The method of claim 44, wherein said cytoplasmic transfer comprises introducing

cytoplasm of a cell with a dedifferentiated phenotype into a cell with a differentiated

phenotype, such that said cell with a differentiated phenotype substantially reverts to a

dedifferentiated phenotype.

47. The method of claim 44, wherein said DNA demethylating agent is selected from a group

consisting of: 5-azacytidine, psammaplin A, and zebularine.

48. The method of claim 44, wherein said histone deacetylase inhibitor is selected from a

group consisting of: valproic acid, trichostatin-A, trapoxin A and depsipeptide.



49. The method of claim 10, wherein said side population cells are identified based on

expression multidrug resistance transport protein (ABCG2) or ability to efflux intracellular

dyes such as rhodamine-123 and or Hoechst 33342.

50. The method of claim 49, wherein said side population cells are derived from tissues such

as pancreatic tissue, liver tissue, muscle tissue, striated muscle tissue, cardiac muscle tissue,

bone tissue, bone marrow tissue, bone spongy tissue, cartilage tissue, liver tissue, pancreas

tissue, pancreatic ductal tissue, spleen tissue, thymus tissue, Peyer's patch tissue, lymph nodes

tissue, thyroid tissue, epidermis tissue, dermis tissue, subcutaneous tissue, heart tissue, lung

tissue, vascular tissue, endothelial tissue, blood cells, bladder tissue, kidney tissue, digestive

tract tissue, esophagus tissue, stomach tissue, small intestine tissue, large intestine tissue,

adipose tissue, uterus tissue, eye tissue, lung tissue, testicular tissue, ovarian tissue, prostate

tissue, connective tissue, endocrine tissue, and mesentery tissue.

51. The method of claim 9, wherein said committed progenitor cells are selected from a

group consisting of: endothelial progenitor cells, neuronal progenitor cells, and hematopoietic

progenitor cells.

52. The method of claim 51, wherein said committed endothelial progenitor cells are purified

from the bone marrow.

53. The method of claim 51, wherein said committed endothelial progenitor cells are purified

from peripheral blood.

54. The method of claim 53, wherein said committed endothelial progenitor cells are purified

from peripheral blood of a patient whose committed endothelial progenitor cells are

mobilized by administration of a mobilizing agent or therapy.

55. The method of claim 54, wherein said mobilizing agent is selected from a group

consisting of: G-CSF, M-CSF, GM-CSF, 5-FU, IL-I, IL-3, kit-L, VEGF, Flt-3 ligand, PDGF,



EGF, FGF-I, FGF-2, TPO, IL-Il, IGF-I, MGDF, NGF, HMG CoA)reductase inhibitors and

small molecule antagonists of SDF-I.

56. The method of claim 54, wherein said mobilization therapy is selected from a group

consisting of: exercise, hyperbaric oxygen, autohemotherapy by ex vivo ozonation of

peripheral blood, and induction of SDF-I secretion in an anatomical area outside of the bone

marrow.

57. The method of claim 51, wherein said committed endothelial progenitor cells express

markers selected from a group consisting of: CD31, CD34, AC133, CD146 and flkl.

58. The method of claim 51, wherein said committed hematopoietic cells are purified from

the bone marrow.

59. The method of claim 58, wherein said committed hematopoietic progenitor cells are

purified from peripheral blood.

60. The method of claim 59, wherein said committed hematopoietic progenitor cells are

purified from peripheral blood of a patient whose committed hematopoietic progenitor cells

are mobilized by administration of a mobilizing agent or therapy.

61. The method of claim 60, wherein said mobilizing agent is selected from a group

consisting of: G-CSF, M-CSF, GM-CSF, 5-FU, IL-I, IL-3, kit-L, VEGF, Flt-3 ligand, PDGF,

EGF, FGF-I, FGF-2, TPO, IL-I l , IGF-I, MGDF, NGF, HMG CoA)reductase inhibitors and

small molecule antagonists of SDF-I.

62. The method of claim 60, wherein said mobilization therapy is selected from a group

consisting of: exercise, hyperbaric oxygen, autohemotherapy by ex vivo ozonation of

peripheral blood, and induction of SDF-I secretion in an anatomical area outside of the bone

marrow.



63. The method of claim 62, wherein said mobilization therapy is induction of SDF-I

secretion in an anatomical area outside of the bone marrow.

64. The method of claim 59, wherein said committed hematopoietic progenitor cells express

the marker CD 133.

65. The method of claim 59, wherein said committed hematopoietic progenitor cells express

the marker CD34.

66. The method of any of claims 1-3, wherein said matching is performed by assessment of

the HLA disparity between said stem cells and said recipient.

67. The method of claim 66, wherein transplantation of stem cells is performed only if the

stem cell graft matches at 4 out of 6 HLA loci for HLA-A, HLA-B, and HLA-DRBl.

68. The method of any of claims 1-3, wherein matching of said stem cells to said patient is

performed by coculture of said stem cells with immune cells of the recipient.

69. The method of claim 68, wherein said stem cells that do not stimulate a significant

immunological reaction from immune cells of recipient origin are chosen for transplantation.

70. The method of any of claims 1-3, wherein said recipient immune cells are selected from

a group consisting of: a) unseparated blood, b) peripheral blood mononuclear cells, c) T cells,

d) B cells, e) NK cells, f) gamma delta T cells, and g) NKT cells.

71. The method of claim 68, wherein said coculture is performed for a period of time

sufficient to stimulate immune reactivity in vitro.



72. The method of claim 69, wherein said immunological reaction of recipient immune cells

is assessed by methods selected from a group consisting of: a) morphological changes; b)

alternation in metabolism; c) alteration in surface marker expression; d) stimulation of

proliferation; e) induction of cytotoxic activity; f) alteration of migration; g) alteration in

cytokine production; and h) resetting.

73. The method of claim 72, wherein immune reactions are assessed by stimulation of

proliferation of recipient immune cells over 10% of background proliferation.

74. The method of claim 72, wherein immune reactions are assessed by production of

interferon gamma.

75. The method of claim 72, wherein immune reactions are assessed by production of

interleukin-2.

76. The method of any of claims 1-3, wherein cells are matched both for immunological

parameters of claims 68-75, as well as HLA matched as defined in claim 67.

77. The method of any of claims 1-3, wherein said stem cell source is manipulated in order

to decrease potential for graft versus host disease.

78. The method of claim 77, wherein said stem cell source is depleted of T cells.

79. The method of claim 78, wherein said stem cell source is depleted of T cells with

potential to cause graft versus host disease.

80. The method of any of claims 78 and 79, wherein depletion is performed through negative

selection.



81. The method of claim 80, wherein said negative selection is performed by binding a first

agent to said T cells and second agent to an immobilized substrate, whereby said first and

said second agent have affinity towards each other, causing binding of said T cells to said

immobilized surface.

82. The method of claim 81, wherein said first binding agent is a protein capable of binding

a marker on said T cells and said second agent is a protein capable of binding said first agent

and said substrate.

83. The method of claim 82, wherein first binding agent is selected from a group of

monoclonal antibodies that recognize markers found on T cells.

84. The method of claim 83, wherein said markers found on T cells are selected from a

group consisting of: CD2, CD3, CD4, CD5, CD6, CD7, CD8, CD9, CD25, CD26, CD27,

CD28, CD31, CD38, CD45, CD49a, CD52, CD55, CD56, CD58, CD66, CD69, CD70,

CD71, CD74, CD80, CD82, CD86, CD87, CD90, CD94, CD95, CD96, CD97, CDlOO,

CDlOl, CD109, CD121a, CD122, CD124, CD126, CD127, CDwl28a, CD132, CD134,

CD137, CD152, CD153, CD154, CD157, CD160, CD161, CD162, CD166, CD173, CD174,

CD178, CD183, CD200, CDw210, CD212, CD213al, CD223, CD227, CD229, ICOS, Thy-

1, PD-I, and PD-2.

85. The method of claim 77, wherein said T cells are depleted by rosetting with agents

capable of binding T cells.

86. The method of claim 77, wherein T cells are depleted using antibody and complement.

87. The method of claim 86, wherein said antibodies used for depletion bind with substantial

affinity to epitopes of markers selected from a group consisting of: CD2, CD3, CD4, CD5,

CD6, CD7, CD8, CD9, CD25, CD26, CD27, CD28, CD31, CD38, CD45, CD49a, CD52,

CD55, CD56, CD58, CD66, CD69, CD70, CD71, CD74, CD80, CD82, CD86, CD87, CD90,



CD94, CD95, CD96, CD97, CDlOO, CDlOl, CD109, CD121a, CD122, CD124, CD126,

CD127, CDwl28a, CD132, CD134, CD137, CD152, CD153, CD154, CD157, CD160,

CD161, CD162, CD166, CD173, CD174, CD178, CD183, CD200, CDw210, CD212,

CD213al, CD223, CD227, CD229, ICOS, Thy-1, PD-I, and PD-2.

88. The method of 86 wherein CAMPATH is added to the stem cells together with a

composition containing complement under conditions sufficient for stimulation of

complement mediated lysis.

89. The method of claim 77 wherein T cells are depleted by means of coincubation with an

immunotoxin, said immunotoxin capable of binding epitopes of markers selected from a

group consisting of: CD2, CD3, CD4, CD5, CD6, CD7, CD8, CD9, CD25, CD26, CD27,

CD28, CD31, CD38, CD45, CD49a, CD52, CD55, CD56, CD58, CD66, CD69, CD70,

CD71, CD74, CD80, CD82, CD86, CD87, CD90, CD94, CD95, CD96, CD97, CDlOO,

CDlOl, CD109, CD121a, CD122, CD124, CD126, CD127, CDwl28a, CD132, CD134,

CD137, CD152, CD153, CD154, CD157, CD160, CD161, CD162, CD166, CD173, CD174,

CD178, CD183, CD200, CDw210, CD212, CD213al, CD223, CD227, CD229, ICOS, Thy-

1, PD-I, and PD-2.

90. The method of any of claims 1-3, wherein said stem cell source is depleted of

immunogenic cells.

91. The method of claim 90, wherein said immunogenic cells express markers capable of

eliciting immune reactivity from allogeneic immune cells.

92. The method of claim 91, wherein said markers are selected from a group consisting of:

HLA molecules, HLA-like molecules, CD80, CD86, OX-40 ligand, ICAM-I, and LFA-3.

93. The method of claim 90, wherein said immunogenic cells are T cells, B cells, monocytes,

macrophages, and dendritic cells.



94. The method of claim 93, wherein depletion of T cells is performed according to claims

74-83.

95. The method of claim 93, wherein depletion of B cells, and/or monocytes, and/or

macrophages, and/or dendritic cells is performed using a method selected from: a) rosetting

with beads capable of binding B cells and/or monocytes, and/or macrophages, and/or

dendritic cells; b) complement mediated depletion through the use of a single or plurality of

antibodies that bind B cells and/or monocytes, and/or macrophages, and/or dendritic cells and

activate the complement cascade sufficiently to cause inactivation of cells; c) negative

selection; and d) treatment with immunotoxins specific to B cells and/or monocytes, and/or

macrophages, and/or dendritic cells.

96. The method of any of claims 1-3, wherein said stem cells source is manipulated by

positively selecting cells with regenerative and immune modulatory potential, while not

selecting cells containing immunogenic and/or graft versus host inducing populations.

97. The method of any of claims 1-3, wherein said stem cell source is treated with agents or

conditions that decrease overall immunogenicity of said stem cell source.

98. The method of claim 97, wherein said agents are selected from a group consisting of

proteins, small molecules, and nucleic acids.

99. The method of claim 98, wherein said proteins are selected from a group consisting of: a)

TGF-β; b) IL-4; c) IL-IO; d) IL-13; e) IL-20; and f) M-CSF.

100. The method of claim 98, wherein said small molecules are specific inhibitors of

intracellular signal transduction pathways known to be involved in immunogenicity.

-I l l -



101. The method of claim 100, wherein said intracellular signal transduction pathways are

selected from a group consisting of: a) NF-kappa B; b) MyD88; c) IRAK; d) TRAF-6; and e)

protein kinase C zeta.

102. The method of claim 98, wherein said nucleic acids are selected from a group

consisting of: a) antisense oligonucleotides; b) short interfering RNA; and c) hairpin short

interfering RNA.

103. The method of claim 102, wherein said nucleic acids are designed to inhibit expression

of immune stimulatory molecules from said stem cells.

104. The method of any of claims 1-3, wherein said stem cell source is manipulated by

treatment with conditions that selectively expand tolerogenic cells within the stem cell

source.

105. The method of claim 104, wherein said tolerogenic cells within the stem cell source are

selected from a group comprising: a) mesenchymal stem cells; b) alternatively activated

macrophages; c) dendritic cells with tolerogenic activities; d) B cell cells expressing CD5+

and/or the B l phenotype; e) NKT cells; f) gamma delta T cells; g) FoxP3 expressing T cells;

and h) cells with veto activity.

106. The method of claim 104 wherein said conditions include treatment with proteins

selected from a group consisting of: a) TGF- β; b) IL-4; c) EL-IO; d) IL-13; e) IL-20; and f) M-

CSF.

107. The method of any of claims 1-3, wherein said stem cell source is manipulated by

addition of a population of cells capable of suppressing immunogenicity and graft versus

host-inducing ability of said stem cells.



108. The method of any of claims 1-3, wherein said stem cell source is administered to said

matched recipient as a heterogeneous cellular population.

109. The method of any of claims 1-3, wherein said stem cell source is administered to said

matched recipient as a substantially homogeneous cellular population.

110. The method of any of claims 1-3, wherein said stem cell source is administered together

with an expanded population of cells derived from the same stem cell source, said population

of cells possessing tolerogenic properties.

111. The method of any of claims 1-3, wherein said stem cell source is administered together

with an expanded population of cells derived from a different stem cell source, but matched

according to claims 60-70 with the recipient, said population of cells possessing tolerogenic

properties.

112. The method of any of claims 110 and 111, wherein said tolerogenic cell population is a

population of cells capable of inhibiting immune responses.

113. The method of claim 112, wherein said tolerogenic cell population selected from a

single or plurality of cells from a group consisting of: a) mesenchymal stem cells; b)

alternatively activated macrophages; c) dendritic cells with tolerogenic activities; d) B cell

cells expressing CD5+ and/or the Bl phenotype; e) NKT cells; f) gamma delta T cells; g)

FoxP3 expressing T cells; and h) cells with veto activity.

114. The method of claim 113, wherein said tolerogenic cell population comprises of cells

that have been endowed with tolerogenic potential through ex vivo manipulation.

115. The method of claim 114, wherein said ex vivo manipulation consists of exposing cells

outside of the body to agents that are selected from a group consisting of proteins, small

molecules, and nucleic acids.



116. The method of claim 115, wherein said proteins are selected from a group consisting of:

a) TGF- β; b) IL-4; c) IL-IO; d) IL-13; e) IL-20; and f) M-CSF.

117. The method of claim 116, wherein said small molecules are specific inhibitors of

intracellular signal transduction pathways known to be involved in immunogenicity.

118. The method of claim 117, wherein said intracellular signal transduction pathways are

selected from a group consisting of: a) NF-kappa B; b) MyD88; c) IRAK; d) TRAF-6; and e)

protein kinase C zeta.

119. The method of claim 115, wherein said nucleic acids are selected from a group

consisting of: a) antisense oligonucleotides; b) short interfering RNA; and c) hairpin short

interfering RNA.

120. The method of claim 119, wherein said nucleic acids are designed to inhibit expression

of immune stimulatory molecules from said stem cells.

121. The method of any of claims 1-3, wherein said stem cell source is administered in

combination with one or more agents capable of increasing stem cell activity in vivo.

122. The method of claim 121, wherein said agents are selected from a group comprising of

stem cell factor, flt-3L, M-CSF, G-CSF, GM-CSF, erythropoietin thrombopoietin (TPO),

stem cell factor (SCF), IL-I, IL-3, IL-7, FGF-I, FGF-2, FGF-4, FGF-20, IGF, EGF, NGF,

LIF, PDGF, bone morphogenic proteins (BMP), activin-A, and VEGF.

123. The method of any of claims 1-3, wherein said stem cell source is administered in

combination with a locally applied agent, said agent possessing chemoattractant properties

for stem cells.



124. The method of claim 123, wherein said agent possessing chemoattractant properties for

stem cells is selected from a group consisting of: SDF-I, VEGF, RANTES, ENA-78, platelet

derived factors, various isoforms thereof and small molecule agonists of VEGFR-I,

VEGFR2, and CXCR4.

125. The method of any of claims 1-3 wherein said stem cell source is administered in

combination with agents described in claims 115-1 18.

126. The method of any of claims 1-3, wherein said stem cell source is administered at a

time when endogenously produced stem cell chemoattractant agents are increased in a patient

suffering from a pathology.

127. The method of claim 126, wherein concentration of said stem cell chemoattractant is

assessed in peripheral circulation in said patient, said stem cell source is administered based

on concentration of said stem cell chemoattractant.

128. The method of claim 127, wherein said chemoattractant is assessed using a biological

assay.

129. The method of claim 128, wherein said biological assay consists of administering a

circulating fluid or a derivative thereof to a population of stem cells in vitro in a manner such

that factors from said circulating fluid or derivatives thereof form a chemotactic gradient and

stem cells are observed for responsiveness to said chemotactic gradient.

130. The method of claim 129, wherein said stem cell responses to said chemotactic gradient

are selected from a group consisting of: a) chemotactic movement; b) activation of

intracellular signaling pathways; c) alteration in morphology; d) proliferation; e) alteration in

gene expression; and f) alteration in protein translation.



131. The method of claim 127, wherein said chemoattractant is assessed using an assay that

detects proteins associated with stem cell chemoattractant activity.

132. The method of claim 131, wherein said assay that detects proteins is selected from a

group consisting of: a) Enzyme linked immunosorbent assay; b) mass spectrometry; c)

Western blot; and d) Proteomics based assay.

133. The method of claim 131, wherein said proteins are selected from a group consisting of:

SDF-I, VEGF, RANTES, ENA-78, and platelet derived factors.

134. The method of claim 133, wherein an ELISA is performed for detection of circulating

SDF-I.

135. The method of claim 134, wherein increased concentrations of SDF-I as compared to a

healthy volunteer are considered a useful marker for determination of need of stem cell

therapy.

136. The methods of any of claims 1-135, wherein exosomes derived from said stem cell

source or a source matched either by HLA or mixed lymphocyte reaction matching are

administered into recipient of stem cells in order to allow for immunological tolerance of said

recipient to said stem cell source.

137. The methods of any of claims 1-136 wherein an allogeneic stem cell source is

administered without manipulation to a recipient that is matched either by HLA or mixed

lymphocyte reaction.

138. The methods of any of claims 1-137 wherein said stem cells are administered by a

parenteral route.



139. The methods of any of claims 1-137 wherein said stem cells are administered from a

route selected from a group consisting of: intravenously, intraarterially, intramuscularly,

subcutaneously, transdermally, intratracheally, intraperitoneally or into spinal fluid.

140. The methods of any of claims 1-137 wherein said stem cells are administered in or

proximal to a site of injury.

141. A method of modifying a stem cell source so that said stem cell source that does not

match a recipient by mixed lymphocyte reaction matching is made to match said recipient

through either deimmunization of said stem cell source by depletion of immunogenic

components, or by augmentation of tolerogenic components of said stem cell source.

142. A method of treating a mother with a stem cell source either derived from an offspring

of said mother, or offspring-matched cells to said mother, so as to replenish the activity of the

naturally residing population of fetally derived stem cells that reside in said mother.

143. The method of claim 2, wherein said disease treated by stem cell therapy is defective

wound healing.

144. The method of claim 143, wherein said wound is surgically induced.

145. The method of claim 2, wherein said disease treated by stem cell therapy is damage to

non-malignant tissue of a cancer patient treated with a treatment selected from a group

consisting of: a) chemotherapy; b) radiotherapy; and c) immunotherapy.

146. Use of a stem cell graft, in an allogeneic setting, subsequent to matching for the

purposes of enhancing immune response of a patient to cancer.

147. The use of 146, wherein said matching is performed according to claims 66-76.



148. Use for the manufacture of a medicament, suitable for administration in an allogeneic

setting for treating a disease, of a stem cell source that has been matched to said patient and

subsequently manipulated.

149. Use for the manufacture of a medicament, suitable for administration in an allogeneic

setting for enhancing the immune response of a patient to cancer, of a stem cell source that

has been matched to said patient and subsequently manipulated.
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