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COMPOSITIONS FOR THE MOBILIZATION, HOMING, EXPANSION AND 

DIFFERENTIATION OF STEM CELLS AND METHODS OF USING THE SAME 

CROSS REFERENCE TO RELATED APPLICATION 

5 This application claims the benefit of priority under 35 U.S.C. § 119(e) to 

U.S. Provisional Patent Application Serial No. 61/791,623, filed March 15, 2013; 

U.S. Provisional Patent Application Serial No. 61/832,713, filed June 7, 2013; and 

U.S. Provisional Patent Application Serial No. 61/897,449, filed October 30, 2013; the 

disclosure of each of which is incorporated herein by reference. 

10 TECHNICAL FIELD 

This invention relates to the field of stem cell technology. More particularly, the 

invention describes compositions for the mobilization, homing, expansion and/or 

differentiation of stem cells and methods of using the same. 

BACKGROUND 

15 Stem cells have the ability to divide for indefinite periods in culture and to become 

a wide variety of specialized cell and tissue types, which can then be used for basic 

research, drug discovery, and treatment (or prevention) of many diseases. Stem cells are 

typically divided into two main groups: adult stem cells and embryonic stem cells. 

Adult stem cells are undifferentiated but are present in differentiated tissues, and 

20 are capable of differentiation into the cell types from which tissue the adult stem cell 

originated. Adult stem cells have been derived from various sources, such as the nervous 

system, bone marrow; adipose tissue, dermis, pancreas and liver. Stem cells have also 

been isolated from umbilical cord and placenta. It is believed that stem cells of the adult 

type are also found in smooth muscle tissue, striated muscle tissue, cardiac muscle tissue, 

25 bone tissue, bone spongy tissue, cartilage tissue, pancreatic ductal tissue, spleen tissue, 

thymus tissue, tonsil 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 

30 tissue, uterus tissue, eye tissue (including retinal tissue), lung tissue, testicular tissue, 

ovarian tissue, prostate tissue, connective tissue, endocrine tissue, and mesentery tissue. 

Embryonic stem cells are undifferentiated cells derived from the embryo. 

Typically, these cells are extracted from the inner cell mass of a blastocyte and when 
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cultured under the unique conditions, either alone or in combination with a variety of 

feeder cells, the embryonic stem cells maintain euploid karyotype, do not undergo 

senescence, and retain the ability to differentiate into cells of the endodermal, ectodermal, 

and mesodermal lineages. 

5 Mesenchymal stem cells (MSCs) refer to cells that have the potential to self-renew 

and are capable of differentiating into multiple mesenchymal lineages. These cells may 

have the capacity to give rise to other germ layer cell types such as neuronal cells. The 

major source of MSCs is isolation from bone marrow and other tissues, such as adipose 

tissue. Due to their scarcity in adult tissues, MSCs are normally isolated only in small 

10 numbers, however, they have an extensive capacity for proliferation and can be readily 

expanded in culture to generate clinically-relevant numbers of cells through multiple 

passages. These cells have been shown to support tissue repair and regeneration, making 

them a promising tool for various therapeutic applications. 

One of the earliest clinical uses of stem cells was for performing bone marrow 

15 transplants in patients with hematological malignancies in which hematopoietic stem cells 

derived from the donor bone marrow were administered into the recipient subsequent to 

treating the recipient with a dose of radiation and/or chemotherapy in order to ablate not 

only the hematological malignancy but also non-malignant hematopoiesis. The 

administration of non-malignant hematopoietic stem cells results in donor-specific 

20 hematopoiesis, and in some patients, cure of the malignancy. This was first described in 

1957 in patients with acute leukemia following myeloablation. Stem cells have also been 

utilized as an autologous bone marrow transplant in patients administered high doses of 

chemotherapy and/or radiation therapy for the treatment of solid tumors, in order to restore 

bone marrow. The use of autologous hematopoietic cell transplants combined with high 

25 dose chemo/radiotherapy for solid tumors has been extensively investigated for breast, 

colon, lung, nasopharyngeal cancer, and other types of cancers. 

The clinical use of autologous stem cells has also been performed for a variety of 

autoimmune indications, including rheumatoid arthritis, multiple sclerosis, systemic lupus 

erythromatosis, and systemic sclerosis. 

30 The importance of technologies utilized to expand stem cells, both of adult and/or 

embryonic derivation is illustrated by the clinical uses of these cells in treatment of a wide 

range of diseases. The cell culture systems used in these treatments (e.g., liquid static 

culture, semi-solid culture and long term bone marrow culture) appears to have their own 

2 
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unique requirements which must be met before one can culture stem cells of human or 

other mammalian species. To date, however, a common requirement and disadvantage of 

stem cell culture systems has been the requirement for undefined components contained in 

animal sera (e.g., fetal bovine serum or horse serum) for optimal growth or expansion of 

5 stem cells. 

The use of serum in the culture of hematopoietic cells is disadvantageous for 

several reasons. Serum is a major source of undefined differentiation factors and thus 

tends to promote hematopoietic cell differentiation, rather than expansion. The efficiency 

of serum varies between lots of serum. Some lots of serum have been found to be toxic to 

10 cells. Moreover, serum may be contaminated with infectious agents such as mycoplasma, 

bacteriophage, and viruses. These problems cause inconsistencies in the growth-

supporting properties of the medium, making standardization of stem cell production 

processes difficult and making the interpretation of experiments carried out in serum-

containing media difficult. Thus, the use of serum represents a major obstacle for the 

15 clinical implementation of stem cell-related therapies. 

As a result, researchers have attempted to replace animal sera or conditioned media 

with serum-free culture media of varying degrees of chemical definition. These attempts 

have met with varying degrees of success, depending upon the identity of the cell type one 

is trying to expand. The development of serum-free media has been reviewed (Sandstrom, 

20 E. E. et al., Biotech. & Bioengin. 43:706-733 (1994); Collins, P. C. et al., Curr. Opin. 

Biotech. 7:223-230 (1996); McAdams, T. A. et al., TIBTECH 14:341-349 (1996)). A 

more attractive alternative would be a defined serum-free medium. Therefore, it is 

desirable to develop defined serum-free media and methods for (i) isolating stem cells and 

(ii) expanding these cells for an extended period of time through multiple passages while 

25 maintaining their multi-lineage differentiation potential. The creation of defined serum-

free media and methods should provide a robust platform that will help to enable the 

clinical implementation of stem cell-based therapies. 

SUMMARY OF INVENTION 
30 

One embodiment of the present invention is a method to cause an effect selected 

from the group consisting of stem cell mobilization, stem cell homing, stem cell 

expansion, and stem cell differentiation in a subject. The method includes administering 

DA-DKP to a subject in need thereof. In this embodiment and in all other embodiments 

3 
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described herein, the DA-DKP can be administered in various formulations, be 

administered by various routes of administration and be produced by various methods. 

For example, the DA-DKP can be administered as a pharmaceutical composition that 

includes DA-DKP. Such pharmaceutical compositions can also include N-acetyl 

5 tryptophan, caprylate and/or caprylic acid. Such pharmaceutical compositions can include 

a fraction of human serum albumin, wherein substantially all of the albumin has been 

removed from the fraction or can include a low molecular weight fraction of human serum 

albumin, such as a less than 5000 molecular weight fraction. Such fractions of human 

serum albumin can be produced by filtration. Also, the pharmaceutical composition can 

10 be prepared by heating human serum albumin under conditions effective to cause the 

formation of DA-DKP or by a process including contacting human serum albumin with an 

enzyme that cleaves the two N-terminal amino acids of human albumin under conditions 

effective to produce DA-DKP. The DA-DKP can be a synthetic DA-DKP. 

In all embodiments of the present invention, the DA-DKP can be administered 

15 locally to the subject. For example, the site of local administration can be selected from a 

joint, a surgical site, a site of a segmented skeletal gap or non-union fracture, a wound, an 

ulcer, and an inflammatory skin rash. Also, the DA-DKP can be administered as a 

parenteral formulation, can be administered systemically to the subject or can be 

administered as an oral dosage formulation. Further, the DA-DKP can be formulated as 

20 part of, or on an implantable device, such as one selected from a sponge, biocompatible 

polymer, bioerodible polymer, putty, gel, bone matrix, artificial bone matrix, bolt, screw, 

endotracheal tube, stent, contact lense, pacemaker, central IV tube, foley catheter, and 

intracranial device. 

In all embodiments of the present invention, administration of DA-DKP can 

25 increase production of CXCR4, decrease production of CXCL12, increase production of 

MMP14 or MMP13, increase production of aggrecan, increase production of SDF1, 

increase production of collagen 2A1 or any combination of the foregoing. Also, 

administration of DA-DKP can decrease production of a protein selected from the group 

consisting of MAPK-activated protein kinase 3, beta-adrenergic receptor kinase 1, ADAM 

30 metallopeptidase with thrombodpondin type I motif, MAPK-activated protein kinase 2, C-

Src kinase, Macrophage Scavenger Receptor, Noggin, Tyrosine kinase Bruton, Glycogen 

synthase kinase-3 alpha/beta, Glycogen synthase kinase-3 alpha/beta, HSP 90 alpha/beta, 

HSP 90 alpha/beta, Phosphoinositide-3-kinase, catalytic subunit alpha, and Eukaryotic 
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translation initiation factor 4A, Fibroblast Growth Factor 17 and combinations thereof. 

Further, administration of DA-DKP can decrease production of a protein selected from 

MAPK-activated protein kinase 3, Noggin, Phosphoinositide-3-kinase, catalytic subunit 

alpha, and combinations thereof. Administration of DA-DKP can also increase production 

5 of a protein selected from Clusterin (Apolipoprotein J), Prothrombin, C1QBP (Hyaluronan 

binding protein 1), TNFSF 15 (VEGF inhibitor), Mammaglobin 2, MIP3b (CCL 19), MCP 

1 (CCL 2), PTHrP, Spondin 1, Elafin (elastase inhibitor), IL 11, NPS-PLA2, CFC 1 

(cryptic protein), Testican 1 (SPOCK 1), Angiogenin, URB, MMP-3, IP 10 (cxcl 10), 

BSSP 4, IL 8 (cxcl 8), RSP02, Cystatin C, bFGF, Factor H, Coagulation Factor IX, SDF-1 

10 (cxcl 12), CATC (Dipeptidyl peptidase 1), PIGR, Ck-b-8-1 (MPIF 1 splice variant), Cls, 

EMR2, ART, DPP 2, SAA, TIMP-1, Semaphorin 3A, and combinations thereof. 

Administration of DA-DKP can also increase production of a protein selected from 

Clusterin (Apolipoprotein J), C1QBP (Hyaluronan binding protein 1), MCP 1 (CCL 2), 

PTHrP, Elafin (elastase inhibitor), IL 11, MMP-3, bFGF, SAA, TIMP-1, Semaphorin 3A, 

15 and combinations thereof. Administration of DA-DKP can also decrease production of a 

protein selected from MAPK-activated protein kinase 3, Noggin, Phosphoinositide-3 -

kinase, catalytic subunit alpha, and combinations thereof and increase production of a 

protein selected from the group consisting of Clusterin (Apolipoprotein J), C1QBP 

(Hyaluronan binding protein 1), MCP 1 (CCL 2), PTHrP, Elafin (elastase inhibitor), IL 11, 

20 MMP-3, bFGF, SAA, TIMP-1, Semaphorin 3A, and combinations thereof. Further, 

administration of DA-DKP can down regulates Akt pathways in the subject. 

Another embodiment of the present invention is a method of stimulating 

chondrogenesis in a subject by administering a pharmaceutical composition that includes 

DA-DKP and optionally, a component selected from N-acetyl tryptophan, caprylate, 

25 caprylic acid, and combinations thereof to a subject in need thereof. In this embodiment, 

chondrogenesis can be stimulated in a stem cell, such as a stem cell selected from a 

progenitor cell and mesenchymal stem call (MSC). In this embodiment, the stimulation of 

chondrogenesis can promote cartilage, bone, and/or ligament repair or induce repair or 

regeneration of chondral tissue, in the subject. Further, the chondrogenesis can treat or 

30 ameliorate a chondrogenic disease in the subject, and the chondrogenic disease can be a 

congenital cartilage disease, degenerative or fibrotic joint, rheumatoid arthritis or 

osteoarthritis. In this embodiment, the chondrogenesis can treat or repair a condition 

selected from a cartilage defect, a skeletal defect, or a fracture arising from trauma or 

5 
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surgery. Also, the DA-DKP administration can stimulate the formation of new bone or 

cartilage tissue. 

In the method of stimulating chondrogenesis, the administration can include 

stimulating stem cells ex vivo and then administering the stimulated stem cells to the 

5 subject. For example, the stem cells can be stimulated ex vivo by culturing a population of 

stem cells of chondrocyte lineage with DA-DKP, or composition comprising a DA-DKP, 

for a time sufficient to stimulate chondrogenesis, and the step of administering includes 

implanting the stimulated cells into a desired site in the subject. In this embodiment, the 

chondrogenesis can result in increased production of collagen, type 2A1 collagen, type 

10 1A1 collagen, or a 2-fold, 4-fold, 10-fold, 20-fold, or 25-fold increase in the production of 

collagen. 

Further embodiments of the present invention include use of DA-DKP or a 

composition including DA-DKP in the preparation of a medicament for the stimulation of 

chondrogenesis in a mammal, and use of DA-DKP or a composition including DA-DKP 

15 for the stimulation of chondrogenesis in a mammal. 

Another embodiment of the invention is a method of stimulating development of 

nervous tissue in a subject by administering a pharmaceutical composition that includes 

DA-DKP and optionally, a component selected from N-acetyl tryptophan, caprylate, 

caprylic acid, and combinations thereof to a subject in need thereof. In this embodiment, 

20 the development of nervous tissue can be stimulated in a stem cell, such as aprogenitor 

cell or mesenchymal stem call (MSC). The stimulation of development of nervous tissue 

can promote brain, spinal cord, and/or peripheral nerve repair or induce repair or 

regeneration of neurons, neuroglia, and/or astrocytes in the subject. The development of 

nervous tissue can treat or ameliorate a disease of the central nervous system and/or a 

25 disease of the peripheral nervous system in the subject, such as a neurodegenerative 

disease. Also, the development of nervous tissue can treat or repair a condition selected 

from an injury arising from trauma or surgery. 

In the method of stimulating development of nervous tissue, the administration 

can include stimulating stem cells ex vivo and then administering the stimulated stem cells 

30 to the subject. For example, the stem cells can be stimulated ex vivo by culturing a 

population of stem cells of neuron, neuroglia, and/or astrocyte lineage with DA-DKP, or 

composition that includes DA-DKP, for a time sufficient to stimulate development of 

6 
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nervous tissue, and the step of administering includes implanting the stimulated cells into 

a desired site in the subject. 

Further embodiments of the present invention include the use of DA-DKP or a 

composition that includes DA-DKP in the preparation of a medicament for the stimulation 

5 of development of nervous tissue in a subject, and use of DA-DKP or a composition that 

includes DA-DKP for the stimulation of development of nervous tissue in a subject. 

A further embodiment of the invention is a method of stimulating development 

of tissue in a subject by administering DA-DKP to a subject in need thereof. In this 

embodiment, the tissue can be selected from nervous system tissue, adipose tissue, liver 

10 tissue, smooth muscle tissue, striated muscle tissue, cardiac muscle tissue, bone tissue, 

bone spongy tissue, cartilage tissue, pancreatic ductal tissue, spleen tissue, thymus tissue, 

tonsil 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, 

15 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. 

Further embodiments of the invention are a serum-free, eukaryotic cell culture 

media supplement that includes DA-DKP, wherein a cell culture medium supplemented 

20 with said supplement is capable of supporting the expansion of stem cells, and a 

composition that includes stem cells in a serum-free media supplemented with the media 

supplement. 

Another embodiment of the invention is a method of expanding stem cells, that 

includes contacting the stem cells with DA-DKP, and culturing the stem cells under 

25 conditions suitable to facilitate the expansion of the stem cells. 

A further embodiment of the invention is method of providing stem cells to a 

mammal, by contacting stem cells with DA-DKP, cultivating the stem cells under 

conditions suitable to facilitate the expansion of the cells; and introducing the expanded 

cells into a subject. 

30 A still further embodiment of the invention is a method of causing stem cells to 

differentiate into a particular type of cell by contacting stem cells with DA-DKP, 

cultivating the stem cells under conditions suitable to facilitate the expansion of the stem 

7 
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cells, and adding one or more differentiation factors or changing culturing conditions to 

induce differentiation of the stem cells to form a different type of cell. 

Another embodiment of the invention is a method of providing differentiated 

stem cells, to a subject. The method includes contacting stem cells with DA-DKP, 

5 cultivating the stem cells under conditions suitable to facilitate the expansion of the stem 

cells, and adding one or more differentiation factors or changing culturing conditions to 

induce differentiation of cells to form a different type of cell. The method further includes 

introducing the differentiated cells into the subject. 

This Summary of Invention is neither intended nor should it be construed as being 

10 representative of the full extent and scope of the present invention. Moreover, references 

made herein to "the present invention," or aspects thereof, should be understood to mean 

certain embodiments of the present invention and should not necessarily be construed as 

limiting all embodiments to a particular description. The present invention is set forth in 

various levels of detail in the Summary of Invention as well as in the attached drawings 

15 and the Detailed Description and no limitation as to the scope of the present invention is 

intended by either the inclusion or non-inclusion of elements, components, etc. in this 

Summary of Invention. Additional aspects of the present invention will become more 

readily apparent from the Detailed Description, particularly when taken together with the 

drawings. 

20 BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 illustrates the mean change in pain scores for osteoarthritis patients 

receiving Ampion™ compared to patients receiving saline. 

Figure 2 are photographs of cell aggregates from stem cells treated with saline, 

dexamethasone, DA-DKP and Ampion™. 

25 Figure 3 illustrates the enhancement of collagen and aggrecan transcription by 

stem cells treated with DA-DKP as compared to saline. 

Figure 4 illustrates the increase in production of CXCR4 by mesenchymal stem 

cells grown in 3D culture by Ampion™ compared to saline. 

Figure 5 illustrates the decrease in production of CXCL 12 by mesenchymal stem 

30 cells grown in 3D culture by Ampion™ compared to saline. 

Figure 6 illustrates the effect of Ampion™ on the migration of stem cells in vitro. 

Figure 7 demonstrates the effect of Ampion™ on the transcription of Collagen 

2A1 by bone marrow derived human mesenchymal stem cells. 

8 
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Figure 8 demonstrates the effect of Ampion™ on the transcription of Aggrecan by 

bone marrow derived human mesenchymal stem cells. 

Figure 9 demonstrates the effect of Ampion™ on the transcription of GAPDH by 

bone marrow derived human mesenchymal stem cells. 

5 Figure 10 illustrates the patient disposition of the clinical trial described in 

Example 8. 

Figure 11 illustrates the reduction in pain for osteoarthritis patients receiving 

injections of LMWF-5A as compared to vehicle control. 

DETAILED DESCRIPTION 

10 The present invention is drawn to methods for causing stem cell mobilization, 

homing, and/or differentiation in a subject in need thereof. The present invention is 

further directed to compositions that safely and effectively promote expansion of stem 

cells and methods of using such compositions and expanded cells in the treatment of 

disease states amenable to treatment with stem cells. 

15 Definitions 

The term "albumin substitute" refers to any compound which may be used in place 

of human serum albumin in the compositions of the invention to give substantially similar 

or better results as human serum albumin. Preferably, the albumin is of human origin. 

Most preferably, the albumin is human serum albumin. 

20 The term "expand" or "expansion" refers to the growth and division, and not the 

differentiation, of stem cells in culture. The term "differentiation" refers to the 

development of a cell of a particular type into a cell of another type. The development of a 

pluripotent hematopoietic stem cell into a myeloid precursor is an example of 

differentiation. Likewise, the development of precursor cell into another type of cell is an 

25 example of differentiation. 

The term "stem cell" generally refers to any cells that have the ability to divide for 

indefinite periods of time and to give rise to specialized cells. Within the definition of 

"stem cell" is included the following: a) totipotent cells such as an embryonic stem cell, an 

extra-embryonic stem cell, a cloned stem cell, a parthenogenesis derived cell, a cell 

30 reprogrammed to possess totipotent properties, or a primordial germ cell; b) pluripotent 

cell such as a hematopoietic stem cell, an adipose derived stem cell, a mesenchymal stem 

cell, a cord blood stem cell, a placentally derived stem cell, an exfoliated tooth derived 

stem cells, a hair follicle stem cell or a neural stem cell; and c) a tissue specific progenitor 
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cell such as a precursor cell for the neuronal, hepatic, nephrogenic, adipogenic, 

osteoblastic, osteoclastic, alveolar, cardiac, intestinal, or endothelial lineage. The cells can 

be derived, for example, from tissues such as pancreatic tissue, liver tissue, smooth muscle 

tissue, striated muscle tissue, cardiac muscle tissue, bone tissue, bone marrow tissue, bone 

5 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 

10 tissue, uterus tissue, eye tissue (including retinal tissue), lung tissue, testicular tissue, 

ovarian tissue, prostate tissue, connective tissue, endocrine tissue, and mesentery tissue. 

Specific stem cells are described below in the section entitled Ex Vivo Treatment Methods. 

The term "totipotent cells" refers to mammalian cells that have the potential to 

become any cell type in the adult body and any cell type of the extraembryonic 

15 membranes (e.g., placenta). Totipotent cells are the fertilized egg and approximately the 

first 4 cells produced by its cleavage. 

The term "pluripotent stem cells" refers to true stem cells with the potential to 

make any differentiated cell in the body, but cannot contribute to making the components 

of the extraembryonic membranes which are derived from the trophoblast. The amnion 

20 develops from the epiblast, not the trophoblast. Three types of pluripotent stem cells have 

been confirmed: Embryonic Stem (ES) Cells (may also be totipotent in primates), 

Embryonic Germ (EG) Cells, and Embryonic Carcinoma (EC) Cells. These EC cells can 

be isolated from teratocarcinomas, a tumor that occasionally occurs in the gonad of a 

fetus. Unlike the other two, EC cells are usually aneuploid. 

25 The term "multipotent stem cells" refers to true stem cells that can only 

differentiate into a limited number of types. For example, the bone marrow contains 

multipotent stem cells that give rise to all the cells of the blood but may not be able to 

differentiate into other cells types. 

The term "mesenchymal stem cells" refers to multipotent stromal cells that can 

30 differentiate into a variety of cell types, including osteoblasts, chondrocytes, and 

adipocytes (fat cells). 

The term "hematopoietic stem cell" or "HSC" refers to a stem cell that is capable 

of differentiating into both myeloid lineages (i.e. monocytes, macrophages, neutrophils, 

10 
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basophils, eosinophils, erythrocytes, megakaryocytes/platelets and some dendritic cells) 

and lymphoid lineages (i.e. T-cells, B-cells, NK-cells, and some dendritic cells). 

The term "ingredient" refers to any compound, whether of chemical or biological 

origin, that can be used in cell culture media to maintain or promote the growth or 

5 proliferation of cells. The terms "component," "nutrient" and "ingredient" can be used 

interchangeably and are all meant to refer to such compounds. Typical ingredients that are 

used in cell culture media include amino acids, salts, metals, sugars, lipids, nucleic acids, 

hormones, vitamins, fatty acids, proteins and the like. Other ingredients that promote or 

maintain growth of cells ex vivo can be selected by those of skill in the art, in accordance 

10 with the particular need. 

By "cell culture" is meant cells or tissues that are maintained, cultured or grown in 

an artificial, in vitro environment. 

The term "culture vessel" refers to glass containers, plastic containers, or other 

containers of various sizes that can provide an aseptic environment for growing cells. For 

15 example, flasks, single or multiwell plates, single or multiwell dishes, or multiwell 

microplates can be used. Further, a bioreactor can be used to culture cells. 

The terms "cell culture medium," "culture medium" and "medium formulation" 

refer to a nutritive solution for culturing or growing cells. 

The term "contacting" refers to the mixing, adding, seeding, or stirring of one or 

20 more cells with one or more compounds, solutions, media, etc. 

A "serum-free" medium is a medium that contains no complete serum (e.g., human 

serum, fetal bovine serum, horse serum, goat serum, etc.). 

The term "buffering agent" refers to an agent which acts to stabilize the hydrogen 

ion concentration and therefore the pH of a solution by neutralizing, within limits, both 

25 acids and bases. Suitable buffering agents which can be used in the supplement and the 

medium of the present invention include N-[2-hydroxyethyl]piperazine-N'-[2-

ethanesulfonic acid] (HEPES), P-glycerol-phosphate, and bicarbonate buffer. 

The term "subject" refers to any animal, including mammals, birds, reptiles and 

amphibians and in preferred embodiments to mammals, including humans, companion 

30 animals, food production animals and wild animals. 

Compositions 

The present invention provides compositions that are useful in methods of the 

present invention, such methods including in vivo methods for causing stem cell 

11 
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mobilization, homing and/or differentiation in a subject by administration of such 

compositions and ex vivo methods of expanding stem cells, providing stem cells to a 

subject, causing stem cells to differentiate, Thus, such compositions are useful in 

administration to a subject and indirect contact with stem cells or as an additive or 

5 supplement to cell culture medium. The compositions of the present invention are 

particularly suited for supporting the expansion of mesenchymal stem cells (MSCs). Such 

cells include but are not limited to, chondrocytes, osteoclasts, osteoblasts, and epithelial 

cells of skin and vascular tissue. The compositions of the present invention is also suited 

for supporting the expansion of both primary and immortalized cells of most or all 

10 embryonic origin (e.g., ectodermal derivatives, mesodermal derivatives, and endodermal 

derivatives). These cells include cells of the central and peripheral nervous system 

(neurons, glial cells, and astrocytes), epithelial cells (sensory epithelial cells, epidermal 

cells (skin, mammary, hair, nails, pituitary gland, sebaceous gland)), connective tissue 

cells (cartilage, bone, striated and smooth muscle, hematopoietic cells, lymphoid cells, 

15 kidney, gonadal cells, adrenal cells) and parenchymal cells of the liver, pancreas, thyroid, 

thymus, as well as epithelial linings of the urinary bladder, urethra, tympanic cavity, and 

eustachian tube. These cells can be of human or other mammalian or eukaryotic origin. 

Compositions of the invention include, aspartyl-alanyl diketopiperazine (i.e., 

"Asp-Ala DKP or "DA-DKP"). Diketopiperazines (DKP) are a class of cyclic 

20 organic compounds that result from peptide bonds between two amino acids to form a 

lactam. They are the smallest possible cyclic peptides. The invention also provides for a 

pharmaceutical product comprising a DA-DKP composition. 

Methods of making diketopiperazines, such as DA-DKP, are well known in the art, 

and these methods may be employed to synthesize the diketopiperazines of the invention. 

25 See, e.g., U.S. Patents Nos. 4,694,081, 5,817,751, 5,990,112, 5,932,579 and 6,555,543, US 

Patent Application Publication Number 2004/0024180, PCT applications WO 96/00391 

and WO 97/48685, and Smith et al., Bioorg. Med. Chem. Letters, 8, 2369-2374 (1998), the 

complete disclosures of which are incorporated herein by reference. 

For instance, diketopiperazines, such as DA-DKP, can be prepared by first 

30 synthesizing dipeptides. The dipeptides can be synthesized by methods well known in the 

art using L-amino acids, D-amino acids or a combination of D- and L-amino acids. For 

example, solid-phase peptide synthetic methods can be used. Of course, dipeptides are 

also available commercially from numerous sources, including DMI Synthesis Ltd., 

12 
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Cardiff, UK (custom synthesis), Sigma-Aldrich, St. Louis, MO (primarily custom 

synthesis), Phoenix Pharmaceuticals, Inc., Belmont, CA (custom synthesis), Fisher 

Scientific (custom synthesis) and Advanced ChemTech, Louisville, KY. 

Once the dipeptide is synthesized or purchased, it is cyclized to form a 

5 diketopiperazine. This can be accomplished by a variety of techniques. For example, U.S. 

Patent Application Publication Number 2004/0024180 describes a method of cyclizing 

dipeptides. Briefly, the dipeptide is heated in an organic solvent while removing water by 

distillation. Preferably, the organic solvent is a low-boiling azeotrope with water, such as 

acetonitrile, allyl alcohol, benzene, benzyl alcohol, n-butanol, 2-butanol, t-butanol, acetic 

10 acid butylester, carbon tetrachloride, chlorobenzene chloroform, cyclohexane, 1,2-

dichlorethane, diethylacetal, dimethylacetal, acetic acid ethylester, heptane, 

methylisobutylketone, 3-pentanol, toluene and xylene. The temperature depends on the 

reaction speed at which the cyclization takes place and on the type of azeotropic agent 

used. The reaction is preferably carried out at 50-200°C, more preferably 80-150°C. The 

15 pH range in which cyclization takes place can be easily determined by the person skilled 

in the art. It will advantageously be 2-9, preferably 3-7. 

When one of the amino acids of the dipeptide has, or is derivatized to have, a 

carboxyl group on its side chain (e.g., aspartic acid), the dipeptide is preferably cyclized as 

described in U.S. Patent No. 6,555,543. Briefly, the dipeptide, with the side-chain 

20 carboxyl still protected, is heated under neutral conditions. Typically, the dipeptide will 

be heated at from about 80°C to about 180°C, preferably at about 120°C. The solvent will 

be a neutral solvent. For instance, the solvent may comprise an alcohol (such as butanol, 

methanol, ethanol, and higher alcohols, but not phenol) and an azeotropic co-solvent (such 

as toluene, benzene, or xylene). Preferably, the alcohol is butan-2-ol, and the azeotropic 

25 co-solvent is toluene. The heating is continued until the reaction is complete, and such 

times can be determined empirically. Typically, the dipeptide will be cyclized by 

refluxing it for about 8-24 hours, preferably about 18 hours. Finally, the protecting group 

is removed from the diketopiperazine. In doing so, the use of strong acids (mineral acids, 

such as sulfuric or hydrochloric acids), strong bases (alkaline bases, such as potassium 

30 hydroxide or sodium hydroxide), and strong reducing agents (e.g., lithium aluminum 

hydride) should be avoided, in order to maintain the chirality of the final compound. 

Dipeptides made on solid phase resins can be cyclized and released from the resin 

in one step. See, e.g., U.S. Patent No. 5,817,751. For instance, the resin having an N-
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alkylated dipeptide attached is suspended in toluene or toluene/ethanol in the presence of 

acetic acid (e.g., 1%) or triethylamine (e.g., 4%). Typically, basic cyclization conditions 

are preferred for their faster cyclization times. 

Other methods of cyclizing dipeptides and of making diketopiperazines are known 

5 in the art and can be used in the preparation of diketopiperazines useful in the practice of 

the invention. See, e.g., those references listed above. In addition, many 

diketopiperazines suitable for use in the present invention can be made as described below 

from proteins and peptides. Further, diketopiperazines for use in the practice of the 

invention can be obtained commercially from, e.g., DMI Synthesis Ltd., Cardiff, UK 

10 (custom synthesis). 

The DA-DKP composition and/or products of the present invention can be 

prepared from solutions containing DA-DKP, including from the commercially-available 

pharmaceutical compositions comprising albumin, such as human serum albumin. It has 

been found that DA-DKP is present in some commercially-available intravenous 

15 pharmaceutical compositions containing albumin. The DA-DKP present in these 

pharmaceutical preparations is formed by the heating steps often used in the manufacture 

of these pharmaceutical compositions. The heating results in cleavage and cyclization of 

the two N-terminal amino acids of the proteins to form DA-DKP. 

Accordingly, DA-DKP can be prepared by heating solutions of albumin as well as 

20 other proteins and peptides. For example, a solution of albumin in phosphate buffer at 

neutral pH is prepared. Preferably, the solution is a concentrated solution (e.g., about 100-

500 mM) to achieve protonation of the N-terminal amino acid. The solution is heated at 

60°C for from about 2 hours to several days, preferably about 4 days, to cause formation 

of DA-DKP. Denaturation of the protein should, preferably, be avoided. This can be 

25 accomplished by using shorter times and/or by adding caprylic acid or N-acetyl tryptophan 

at about 0.02 M for each. 

DA-DKP can also be prepared by contacting a solution of albumin with an 

enzyme that can cleave the two N-terminal amino acids from the protein or peptide (e.g., 

dipeptidyl peptidases, particularly DPP IV). Suitable dipeptidyl peptidases are available 

30 commercially from, e.g., Sigma. The reaction should be conducted at pH 6-8, preferably 

in a buffer, such as phosphate buffer, at a temperature high enough to speed the reaction 

but not so high that the protein is denatured (e.g., 37°C). 
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Preparation of the DA-DKP compositions can be by well known methods, such as 

ultrafiltration, chromatography (e.g., size-exclusion chromatography), affinity 

chromatography (e.g., using a column of beads having attached thereto an antibody or 

antibodies directed to the desired diketopiperazine(s) or an antibody or antibodies directed 

5 to the truncated protein or peptide), anion exchange or cation exchange, sucrose gradient 

centrifugation, chromatography, salt precipitation, or sonication, that will remove some or 

all of the albumin in the solution. The resultant DA-DKP-containing composition and/or 

product can be used and incorporated into pharmaceutical compositions as described 

above. 

10 In a specific embodiment, a composition of the invention is prepared by treating an 

albumin-containing feed stream by tangential flow filtration. As used herein, the term 

"tangential flow" refers to the direction of flow of the albumin-containing feed stream 

relative to the filtration media. This flow direction may be either tangential (also 

commonly referred to as "cross flow"), or "normal flow", or a combination of both. 

15 Tangential flow refers to an albumin-containing feed stream characterized by most of the 

stream flowing across the filtration media surface, whereas normal flow refers to a stream 

characterized by most of the stream flowing through the filtration media, at a 90° angle 

relative to the filtration media surface. 

In another embodiment, a composition of the invention is produced by treating an 

20 albumin-containing feed stream by chromatography. Reference herein to chromatography 

is to the mechanical and/or physical operation of separating one fraction of the albumin-

containing feed stream from the remaining fraction by use of a pressure drop across a 

stationary phase. The term "mechanical chromatography" as used herein refers to, but is 

not limited to, size exclusion chromatography. The term "physical chromatography" as 

25 used herein refers to, but is not limited to, affinity chromatography, ion exchange 

chromatography, fast protein liquid chromatography and immunoaffinity chromatography. 

The stationary phase of a chromatography step, may include, but is not limited to, 

resins (i.e. polystyrene, polystyrene divinylbenzene and polyacrylamide), ion exchange 

resins (i.e. sulfonated, quaternary ammonium, carboxylate and diethyl ammounium 

30 functional groups), cross-linked agarose, cross-linked dextrans, phosphocellulose, porous 

glass and silica, alumina and zirconia matrices. Further, the stationary phase may be 

immobilized on a solid support particle, or on the inner wall of a cylinder, either by 

physical attraction, chemical bonding, and or by in situ polymerization after coating. The 
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immobilized stationary phase may coat the outer surfaces of the particles and cylinder, 

and/or fill any available pores within the solid particles. The stationary phase may be 

functionalized with biospecific ligands which include, but is not limited to, antibodies, 

protein receptors, steroid hormones, vitamins and enzyme inhibitors. 

5 Using an ultrafilration separation method, a human serum albumin composition 

can be passed over an ultrafiltration membrane having a molecular weight cut-off that 

retains the albumin while the DA-DKP passes into the resulting filtrate or fraction. This 

filtrate may comprise components having molecular weights less than about 50 kDA, less 

than about 40 kDa, less than 30 kDa, less than about 20 kDa, less than about 10 kDa, less 

10 than about 5 kDa, less than about 3 kDa. Preferably, the filtrate comprises components 

having molecular weights less than about 5 Da (also referred to as "<5000MW"). This 

<5000MW fraction or filtrate contains DA-DKP which is formed after the dipeptide 

aspartate-alanine is cleaved from albumin and subsequently cyclized into the 

diketopiperazine. 

15 Physiologically-acceptable salts of the DA-DKP of the invention may also be used 

in the practice of the invention. Physiologically-acceptable salts include conventional 

non-toxic salts, such as salts derived from inorganic acids (such as hydrochloric, 

hydrobromic, sulfuric, phosphoric, nitric, and the like), organic acids (such as acetic, 

propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, glutamic, aspartic, 

20 benzoic, salicylic, oxalic, ascorbic acid, and the like) or bases (such as the hydroxide, 

carbonate or bicarbonate of a pharmaceutically-acceptable metal cation or organic cations 

derived from N,N-dibenzylethylenediamine, D-glucosamine, or ethylenediamine). The 

salts are prepared in a conventional manner, e.g., by neutralizing the free base form of the 

compound with an acid. 

25 The composition of the present invention can be a pharmaceutical solution having 

a DA-DKP concentration range with a lower endpoint of about 10 uM, about 20 uM, 

about 30 uM, about 40 uM, about 50 uM, about 60 uM, about 70 uM, about 80 uM, about 

90 (o,M, about 100 p,M, about 110 pM, about 120 p,M, about 130 p,M, about 140 p,M, about 

150 p,M, about 160 p,M, about 170 p,M, about 180 p,M, about 190 pM, about 200 p,M, 

30 about 210 p,M, about 220 p,M, about 230 p,M, about 240 pM, about 240, about 250 p,M, 

about 260 p,M, about 270 p,M, about 280 p,M, about 290 pM, about 300 pM, about 310, 

about 320 pM, about 330 p,M, about 340 pM, about 350 p,M, about 360 p,M, about 370 

uM, about 380 uM, about 390 uM, or about 400 uM. The composition of the present 
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invention may be a pharmaceutical solution having a DA-DKP concentration range with 

an upper endpoint of about 600 uM, about 580 uM, about 570 uM, about 560 uM, about 

550 p,M, about 540 p,M, about 530 p,M, about 520 p,M, about 510 pM, about 500 p,M, 

about 490 pM, about 480 p,M, about 470 pM, about 460 p,M, about 450 p,M, about 440 

5 p,M, about 430 p,M, about 420 p,M, about 410 pM, about 400 pM, about 390 p,M, about 

380 p,M, about 370 p,M, about 360 p,M, about 350, about 340 pM, about 330 p,M, about 

320 p,M, about 310 p,M, about 300 p,M, about 290 p,M, about 280, about 270 p,M, about 

260 p,M, about 250 p,M, about 240 p,M, about 230 p,M, about 220 p,M, about 210 p,M, or 

about 200 p,M. 

10 An effective amount of DA-DKP in the composition of the present invention for 

treating conditions described herein can be a range with a lower endpoint of about 10 ug, 

about 15 p,g, about 20 p,g, about 25 p,g, about 30 p,g, about 35 p,g, about 40 p,g, about 45 

ug, about 50 ug, about 55 ug, about 60 ug, about 65 ug, about 70 ug, about 75 ug, about 

80 jo,g, about 85 p,g, about 90 p,g, about 95 p,g, about 100 p,g, about 110 p,g, about 120 p,g, 

15 about 130 p,g, about 140 p,g, about 150 p,g, about 160 p,g, about 170 p,g, about 180 p,g, 

about 190 p,g, about 200 p,g, about 210 p,g, about 220 p,g, about 230 p,g, about 240 p,g, 

about 250 p,g, about 260 p,g, about 270 p,g, about 280 p,g, about 290 p,g, about 300 p,g, 

about 310 p,g, about 320 p,g, about 330 p,g, about 340 p,g, about 350 p,g, about 360 p,g, 

about 370 p,g, about 380 p,g, about 390 p,g, about 400 p,g, about 425 p,g, about 450 p,g, 

20 about 475 ug or about 500 ug. In addition, an effective amount of DA-DKP in the 

composition of the present invention for treating conditions described herein can be a 

range with upper endpoint of about 500 ug, about 490 ug, about 480 ug, about 470 ug, 

about 460 p,g, about 450 p,g, about 440 p,g, about 430 p,g, about 420 p,g, about 410 p,g, 

about 400 p,g, about 390 p,g, about 380 p,g, about 370 p,g, about 360 p,g, about 350 p,g, 

25 about 340 p,g, about 330 p,g, about 320 p,g, about 310 p,g, about 300 p,g, about 290 p,g, 

about 280 p,g, about 270 p,g, about 260 p,g, about 250 p,g, about 240 p,g, about 230 p,g, 

about 220 p,g, about 210 p,g, about 200 p,g, about 190 p,g, about 180 p,g, about 170 p,g, 

about 160 p,g, about 150 p,g, about 140 p,g, about 130 p,g, about 120 p,g, about 110 p,g, 

about 100 p,g, about 90 p,g, about 80 p,g, about 70 p,g, about 60 p,g, about 50 p,g, about 40 

30 p,g, about 30 p,g, or about 20 p,g. 

Dosage forms for the topical or transdermal administration of compounds of the 

invention include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, 

patches, and drops. The active ingredient may be mixed under sterile conditions with a 
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pharmaceutically-acceptable carrier, and with any buffers, or propellants which may be 

required. 

The ointments, pastes, creams and gels may contain, in addition to the active 

ingredient, excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch, 

5 tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, 

talc and zinc oxide, or mixtures thereof 

Powders and sprays can contain, in addition to the active ingredient, excipients 

such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and polyamide 

powder or mixtures of these substances. Sprays can additionally contain customary 

10 propellants such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, 

such as butane and propane. 

Transdermal patches have the added advantage of providing controlled delivery of 

compounds of the invention to the body. Such dosage forms can be made by dissolving, 

dispersing or otherwise incorporating one or more compounds of the invention in a proper 

15 medium, such as an elastomeric matrix material. Absorption enhancers can also be used 

to increase the flux of the compound across the skin. The rate of such flux can be 

controlled by either providing a rate-controlling membrane or dispersing the compound in 

a polymer matrix or gel. 

Pharmaceutical compositions of this invention suitable for parenteral 

20 administrations comprise one or more compounds of the invention in combination with 

one or more pharmaceutically-acceptable sterile isotonic aqueous or non-aqueous 

solutions, dispersions, suspensions or emulsions, or sterile powders which may be 

reconstituted into sterile injectable solutions or dispersions just prior to use, which may 

contain antioxidants, buffers, solutes which render the formulation isotonic with the blood 

25 of the intended recipient or suspending or thickening agents. 

Examples of suitable aqueous and nonaqueous carriers which may be employed in 

the pharmaceutical compositions of the invention include water, ethanol, polyols (such as 

glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures 

thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. 

30 Proper fluidity can be maintained, for example, by the use of coating materials, such as 

lecithin, by the maintenance of the required particle size in the case of dispersions, and by 

the use of surfactants. 
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These compositions may also contain adjuvants such as wetting agents, 

emulsifying agents and dispersing agents. It may also be desirable to include isotonic 

agents, such as sugars, sodium chloride, and the like in the compositions. In addition, 

prolonged absorption of the injectable pharmaceutical form may be brought about by the 

5 inclusion of agents which delay absorption such as aluminum monosterate and gelatin. 

In some cases, in order to prolong the effect of a drug, it is desirable to slow the 

absorption of the drug from subcutaneous or intramuscular injection. This may be 

accomplished by the use of a liquid suspension of crystalline or amorphous material 

having poor water solubility. The rate of absorption of the drug then depends upon its rate 

10 of dissolution which, in turn, may depend upon crystal size and crystalline form. 

Alternatively, delayed absorption of a parenterally-administered drug is accomplished by 

dissolving or suspending the drug in an oil vehicle. 

Injectable depot forms are made by forming microencapsule matrices of the drug 

in biodegradable polymers such as polylactide-polyglycolide. Depending on the ratio of 

15 drug to polymer, and the nature of the particular polymer employed, the rate of drug 

release can be controlled. Examples of other biodegradable polymers include 

poly(orthoesters) and poly(anhydrides). Depot injectable formulations are also prepared 

by entrapping the drug in liposomes or microemulsions which are compatible with body 

tissue. The injectable materials can be sterilized for example, by filtration through a 

20 bacterial-retaining filter. 

The formulations may be presented in unit-dose or multi-dose sealed containers, 

for example, ampoules and vials, and may be stored in a lyophilized condition requiring 

only the addition of the sterile liquid carrier, for example water for injection, immediately 

prior to use. Extemporaneous injection solutions and suspensions may be prepared from 

25 sterile powders, granules and tablets of the type described above. 

Kits comprising the pharmaceutical products of the present invention are also 

provided. The kits can comprise a DA-DKP composition formulated for administration by 

injection. The DA-DKP can be prepared as described herein, such as by removing 

albumin from a solution of a human albumin composition. The kits may contain unit-

30 dose or multi-dose sealed containers, for example, ampoules and vials, and may be stored 

in a lyophilized condition requiring only the addition of the sterile liquid carrier, for 

example water for injection, immediately prior to use. The kits may also be stored in a 

condition, wherein the contents are ready for direct use or injection. 
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While it is possible for a compound of the present invention to be administered 

alone, it is preferable to administer the compound as a pharmaceutical formulation 

(composition). The pharmaceutical compositions of the invention comprise a compound or 

compounds of the invention as an active ingredient in admixture with one or more 

5 pharmaceutically-acceptable carriers and, optionally, with one or more other compounds, 

drugs or other materials. Each carrier must be "acceptable" in the sense of being 

compatible with the other ingredients of the formulation and not injurious to the animal. 

Pharmaceutically-acceptable carriers are well known in the art. Regardless of the route of 

administration selected, the compounds of the present invention are formulated into 

10 pharmaceutically-acceptable dosage forms by conventional methods known to those of 

skill in the art. See, e.g., Remington's Pharmaceutical Sciences. 

The composition of the present invention may further comprise N-acetyl-

tryptophan (NAT), caprylic acid, caprylate or combinations thereof. Preferably, the 

composition may comprise NAT. Compositions of the present invention having NAT, 

15 caprylic acid, caprylate or combinations thereof may be a pharmaceutical composition 

having a NAT, caprylic acid, caprylate or combinations thereof in a concentration range 

with a lower endpoint of about 1 mM, about 2 mM, about 3 mM, about 4 mM, about 5 

mM, about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 10 mM, about 11 mM, 

about 12 mM, about 13 mM, about 14 mM, about 15 mM, about 16 mM, about 17 mM, 

20 about 18 mM, about 19 mM, or about 20 mM. In addition, compositions of the present 

invention having NAT, caprylic acid, caprylate or combinations thereof may be a 

pharmaceutical composition having a NAT, caprylic acid, caprylate or combinations 

thereof in a concentration range with an upper endpoint of about 40 mM, about 39 mM, 

about 38 mM, about 37 mM, about 36 mM, about 35 mM, about 34 mM, about 33 mM, 

25 about 32 mM, about 31 mM, about 30 mM, about 29 mM, about 28 mM, about 27 mM, 

about 26 mM, about 25 mM, about 24 mM, about 23 mM, about 22, or about 21 mM. 

Preferably, the concentration range is about 4 mM to about 20 mM. 

In addition, the composition of the present invention may also comprise a second 

drug such as an analgesic (such as lidocaine or paracetoamol), an anti-inflammatory (such 

30 as bethamethasone, non-steroid anti-inflammatory drugs (NSAIDs), acetaminophen, 

ibuprofen, naproxen), and/or other suitable drugs. 

Instead of purifying the DA-DKP, pharmaceutical compositions comprising 

albumin found in the mammalian recipient of the treatments of this disclosure can be 
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administered to stimulate stem cell expansion in the mammal. Although compositions 

comprising these proteins and/or peptides which are currently available commercially can 

be used if they contain diketopiperazines, especially DA-DKP, it is preferred to treat the 

albumin as described above to increase the content of the DA-DKP before administration 

5 of the improved compositions. The mammal is preferably a human, and the proteins and/or 

peptides are preferably human proteins and/or peptides. Parenteral routes of administration 

are preferred. 

Using the compositions or cell culture media supplemented with the compositions 

of the present invention, the growth, expansion, and differentiation of stem cells can be 

10 regulated by the addition of defined growth factors or other cytokines. Such influence over 

stem cells in typical serum-containing culture is not possible as undefined components in 

serum obscure the cellular responses to defined factors. Thus, using the compositions of 

the present invention, stem cells can be expanded and differentiated in suspension culture 

and in the absence of stromal cells, collagen, or support matrices. 

15 The supplement and compositions or cell culture media supplemented with the 

compositions of the present invention provide for the growth and expansion of both 

pluripotent stem cell populations and differentiated progeny. 

The compositions or cell culture media supplemented with the compositions of the 

present invention can be used to culture stem cells derived from a number of animals, 

20 including human, monkey, ape, mouse, rat, hamster, rabbit, guinea pig, cow, swine, dog, 

horse, cat, goat, and sheep. Preferably, human stem cells are cultured. Still another specific 

embodiment of aspects one or two is one in which the stem cells are totipotent, pluripotent 

or multipotent stem cells. In a particular embodiment, the stem cells are embryonic stem 

cells, fetal stem cells, extraembryonic stem cells or adult stem cells. 

25 The compositions or cell culture media supplemented with the compositions of the 

present invention may also include one or more ingredients selected from the group 

consisting of one or more antioxidants, one or more albumins or albumin substitutes, one 

or more lipid agents, one or more insulins or insulin substitutes, one or more transferrins 

or transferrin substitutes, one or more trace elements, one or more glucocorticoids, N-

30 acetyl-L cysteine, Human Ex-Cite®, ethanolamine, human zinc insulin, human iron 

saturated transferrin, selenium, hydrocortisone, D,L-tocopherol acetate, and 2-

mercaptoethanol. For example, N-acetyl-L-cysteine can be solubilized in double-distilled 

water. The pH of the N-acetyl-L-cysteine at this point is approximately 2.0. To prevent 
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protein denaturation, the pH of the N-acetyl-L-cysteine is adjusted to 7.0 with 5N sodium 

hydroxide and is added to the mixture. The entire mixture is then filtered through a 0.2 

micron low protein binding filter. 

The supplement or the medium of the present invention can be in liquid form or 

5 can be maintained in dry form. The type of liquid carrier and the method used to dissolve 

the ingredients into solution vary and can be determined by one of ordinary skill in the art 

with no more than routine experimentation. In general, the liquid carrier is water. 

The supplement or the medium or concentrated formulation of the present 

invention (both aqueous and dry forms) are typically sterilized to prevent unwanted 

10 contamination. Sterilization may be accomplished, for example, by ultraviolet light, 

filtration, or heat. 

All of the ingredients of the supplement of the present invention which are of 

human origin (e.g., human serum albumin, transferrin) are heat treated, prior to use, by 

heating at 60° C. for 10 hours. 

15 Those of ordinary skill in the art are familiar with methods for culturing 

hematopoietic cells. For example, guidelines for hematopoietic cell culture are outlined in 

Freshney, R. I. et al., Eds., Culture of Hematopoietic Cells, Wiley-Liss, New York, 1994, 

pp. 81-98. 

The present invention also provides a kit comprising a carrier means such as a box 

20 or carton being compartmentalized to receive in close confinement therein one or more 

container means such as vials, tubes, ampules, jars, and the like, wherein a first container 

means contains the compositions or cell culture media supplemented with the 

compositions of the present invention. Optionally, a second container means contains a 

basal medium. Preferably, the container containing the supplement of the present 

25 invention can be stored from about -135 to about 4°C, preferably from about -5 to about 

-80°C, most preferably from about -5 to about -20°C, and still more preferably at about 

-20°C. A container containing the medium of the invention is preferably stored at about 2 

to about 8°C, and most preferably at about 4°C. 

The present invention also provides a composition comprising stem cells in a 

30 serum-free medium, wherein the serum-free medium, which is supplemented with 

compositions of the present invention, which is capable of supporting the growth of stem 

cells in serum-free culture. Aliquots of this composition can be frozen at about -80°C. and 

below. Aliquots of this composition can be stored indefinitely at less than or equal to 
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about -135°C. After an aliquot of the composition has been thawed and opened, using 

sterile cell culture technique, the stem cells can be cultivated in serum-free culture. 

Another embodiment is the use of a composition of the invention in storage and 

transportation of stem cells in order to maintain viability, mobility and stem cell function. 

5 A composition of the invention may be used alone or added to a variety of agents known 

in the art to allow transportation of stem cells. This is particularly important in situations 

of bone marrow stem cell transportation in which cell freezing and thawing is not 

performed in numerous situations. The ability to adequately store stem cells during 

transportation would allow for tissue extraction at separate physical locations from the 

10 stem cell processing facility. 

Another embodiment of the invention is a pharmaceutical preparation comprising a 

composition of the invention generated in a Good Manufacturing Practices/Good Tissue 

Practices environment such that it is suitable for clinical use. Subsequent to concentration 

and quantification of units of activity, the composition of the invention can be diluted into 

15 an excipient or carrier. It may be advantageous to formulate compositions in dosage unit 

form for ease of administration and uniformity of dosage. Dosage unit form as used herein 

refers to physically discrete units suited as unitary dosages for an individual to be treated; 

each unit containing a predetermined quantity of active compounds of the compositions of 

the invention calculated to produce the desired therapeutic effect in association with the 

20 required pharmaceutical carrier. The dosage unit forms of the invention are dependent 

upon the amount of a composition necessary to stimulate proliferation of the respective 

stem cells whose proliferation and/or differentiation is being sought. The amount of 

composition necessary to stimulate proliferation and/or differentiation of the desired stem 

cells can be formulated in a single dose, or can be formulated in multiple dosage units. 

25 Treatment can require a one-time dose, or can require repeated doses. 

Actual formulation of the compositions of the invention will be performed in 

agreement with standard practices that are known to one skilled in the art. These are well 

known in the art and the one chosen is based upon the route of administration that will be 

used, as well as specific pharmacokinetic properties that are desired. For example, the 

30 preferred embodiment of therapy utilizing a composition of the invention is an injectable 

dosage, and more preferably, an injection formulated for administration into the specific 

area requiring regeneration of stem cells. However, several embodiments are possible. For 

example, routes of administration can include parenteral, e.g, intra-articular injection, 
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intravenously, intradermally, intraspinally, intraperitoneally, subcutaneously, or 

intramuscularly, oral (e.g., ingestion or inhalation), transdermal (topical), transmucosal, 

and rectal administration. Solutions or suspensions for formulating therapeutic 

compositions of the invention can include: sterile diluent such as water for injection, saline 

5 solution (e.g., phosphate buffered saline (PBS, UPS)), fixed oils, glycerine, or other 

synthetic solvents; antibacterial and antifungal agents such as parabens, a polyol (for 

example, glycerol, propylene glycol, and liquid polyetheylene glycol, and the like), 

chlorobutanol, phenol, ascorbic acid, thimerosal, and the like; antioxidants such as 

ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; 

10 buffers such as acetates, citrates or phosphates and agents for the adjustment of tonicity 

such as sodium chloride or dextrose. The desired fluidity can be maintained, for example, 

by the use of a coating such as lecithin, by the maintenance of the required particle size in 

the case of dispersion and by the use of surfactants. In many cases, it will be preferable to 

include isotonic agents, for example, sugars, sodium chloride, polyalcohols such as 

15 mannitol or sorbitol, and in the composition. Prolonged administration of the injectable 

compositions can be brought about by including an agent that delays absorption. Such 

agents include, for example, aluminum monostearate and gelatin. The parenteral 

preparation can be enclosed in ampules, disposable syringes, or multiple dose vials made 

of glass or plastic. It is known in the art, and common practice for oral compositions to 

20 generally include an inert diluent or an edible carrier. Oral compositions can be liquid, or 

can be enclosed in gelatin capsules or compressed into tablets. Tablets, pills, capsules, 

troches and the like can contain any of the following ingredients, or compounds of a 

similar nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an 

excipient such as starch or lactose; a disintegrating agent such as alginic acid, Primogel, or 

25 corn starch; a lubricant such as magnesium stearate or Sterotes; colloidal silicon dioxide. 

Transmucosal administration can be accomplished through the use of nasal sprays or 

suppositories. For transdermal administration, the active compounds are formulated into 

ointments, salves, gels, or creams as generally known in the art. 

In Vivo Methods of Treatment 

30 Embodiments of the invention include the use of the compositions of the invention 

to effect the mobilization, homing, differentiation and/or expansion of stem cells within a 

living organism. Clinical situations where administration of the compositions of the 

invention is desirable include conditions where an increase in the number of stem cells is 
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sought due to disease or senescence of endogenous stem cells or conditions benefiting 

from reparative function on the surrounding tissues or elsewhere in the organism. Such 

stem cells can be present in pancreatic tissue, liver tissue, smooth muscle tissue, striated 

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

5 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 

10 (including retinal tissue), lung tissue, testicular tissue, ovarian tissue, prostate tissue, 

connective tissue, endocrine tissue, and mesentery tissue. 

Administration of the compositions of the invention can be performed 

systemically, or in a localized environment in the subject. For example, a site of local 

administration can be any site in the body in which the development of tissue is desired or 

15 beneficial, such as a joint, a surgical site, a site of a segmented skeletal gap or non-union 

fracture, a wound, an ulcer, or an inflammatory skin rash. The compositions of the 

invention can also be administered systemically, such as by an oral dosage formulation. 

Further, compositions of the invention can be administered to a subject in, on or as part of 

an implantable device. For example, such a device can be a sponge, biocompatible 

20 polymer, bioerodible polymer, putty, gel, bone matrix, artificial bone matrix, bolt, screw, 

endotracheal tube, stent, contact lens, pacemaker, central IV tube, foley catheter, or 

intracranial device. 

The invention includes a method to cause an effect selected from stem cell 

mobilization, stem cell homing, stem cell expansion, and stem cell differentiation in a 

25 subject by administering DA-DKP to a subject that has a need therefor. In this method, 

the step of administering DA-DKP can have an effect of increasing the production of one 

or more of CXCR4, CXCL12, MMP13, MMP14, aggrecan, SDF1, and collagen 2A1. In 

addition, the step of administering DA-DKP can have an effect of decreasing production 

of one or more proteins selected from MAPK-activated protein kinase 3, beta-adrenergic 

30 receptor kinase 1, ADAM metallopeptidase with thrombodpondin type I motif, MAPK-

activated protein kinase 2, C-Src kinase, Macrophage Scavenger Receptor, Noggin, 

Tyrosine kinase Bruton, Glycogen synthase kinase-3 alpha/beta, Glycogen synthase 

kinase-3 alpha/beta, HSP 90 alpha/beta, HSP 90 alpha/beta, Phosphoinositide-3-kinase, 
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catalytic subunit alpha, and Eukaryotic translation initiation factor 4A, and Fibroblast 

Growth Factor 17, and in particular, one or more proteins selected from MAPK-activated 

protein kinase 3, Noggin, and Phosphoinositide-3-kinase, catalytic subunit alpha. Further, 

the step of administering DA-DKP can have an effect of increasing production of one or 

5 more proteins selected from Clusterin (Apolipoprotein J), Prothrombin, C1QBP 

(Hyaluronan binding protein 1), TNFSF 15 (VEGF inhibitor), Mammaglobin 2, MIP3b 

(CCL 19), MCP 1 (CCL 2), PTHrP, Spondin 1, Elafin (elastase inhibitor), IL 11, NPS-

PLA2, CFC 1 (cryptic protein), Testican 1 (SPOCK 1), Angiogenin, URB, MMP-3, IP10 

(cxcl 10), BSSP 4, IL 8 (cxcl 8), RSP02, Cystatin C, bFGF, Factor H, Coagulation Factor 

10 IX, SDF-1 (cxcl 12), CATC (Dipeptidyl peptidase 1), PIGR, Ck-b-8-1 (MPIF 1 splice 

variant), Cls, EMR2, ART, DPP 2, SAA, TIMP-1, and Semaphorin 3A, and in particular, 

one or more proteins selected from Clusterin (Apolipoprotein J), C1QBP (Hyaluronan 

binding protein 1), MCP 1 (CCL 2), PTHrP, Elafin (elastase inhibitor), IL 11, MMP-3, 

bFGF, SAA, TIMP-1, Semaphorin 3A, and combinations thereof. In a more particular 

15 embodiment, the administration of DA-DKP can decrease the production of a protein 

selected from MAPK-activated protein kinase 3, Noggin, Phosphoinositide-3-kinase, 

catalytic subunit alpha, and combinations thereof and increase the production of a protein 

selected from Clusterin (Apolipoprotein J), C1QBP (Hyaluronan binding protein 1), MCP 

1 (CCL 2), PTHrP, Elafin (elastase inhibitor), IL 11, MMP-3, bFGF, SAA, TIMP-1, 

20 Semaphorin 3 A, and combinations thereof. The administration of DA-DKP can also down 

regulate Akt pathways in the subject.Methods of the invention include methods for 

stimulating development of tissue in a subject by administering DA-DKP to a subject. 

These methods are suitable for the development of any tissue in the subject, including one 

or more of nervous system tissue, adipose tissue, liver tissue, smooth muscle tissue, 

25 striated muscle tissue, cardiac muscle tissue, bone tissue, bone spongy tissue, cartilage 

tissue, pancreatic ductal tissue, spleen tissue, thymus tissue, tonsil 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 

30 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. 
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A specific in vivo method of treatment includes conditions in which a higher 

number and/or more rapid recovery of stem cells is needed in a subject after a medical 

procedure. For example, after a bone marrow transplant, expansion of hematopoietic cells 

is desirable in order for the patient not to succumb to bacterial or viral infections. Such 

5 expansion of granulocytic and monocytic precursors would be useful in enhancing 

immunological defenses subsequent to a bone marrow transplant. Accordingly, this 

invention provides methods and compositions that can be administered to a patient having 

undergone a bone marrow transplant. 

Another embodiment of an in vivo method is supporting the expansion of 

10 endogenous stem cells after an injury has occurred and the endogenous stem cells are 

mobilized or begin to differentiate, but do not do so at high enough levels to stimulate a 

beneficial response. Thus, a further embodiment of the invention is the administration of 

compositions of the invention to patients having an injury in a tissue selected from 

pancreatic tissue, liver tissue, smooth muscle tissue, striated muscle tissue, cardiac muscle 

15 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 

20 tissue, large intestine tissue, adipose tissue, uterus tissue, eye tissue (including retinal 

tissue), lung tissue, testicular tissue, ovarian tissue, prostate tissue, connective tissue, 

endocrine tissue, and mesentery tissue. 

Another embodiment of the invention is the administration of a composition of the 

invention alone or in combination with growth factors to promote healing. 

25 Another embodiment of the invention is a method of treatment for diabetes by 

administering compositions of the invention to a subject with diabetes to induce islet 

regeneration. This method can further include administration of other factors capable of 

inducing islet regeneration. Such factors can be, for example, soluble proteins, membrane 

bound proteins, or intracellular acting transcription factors. For example, it is known that 

30 administration into mice combinations of GLP-1, EGF and gastrin leads to regeneration of 

islets or islet-like cells that are functionally effective in models like NOD or streptozocin 

induced diabetes. Compositions of the invention can be added to cultures of differentiating 

islets in vitro to expand the stem cell numbers, but can also be administered directly to the 
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pancreas of a patient in vivo in order to restore islet cell function or to amplify the effect of 

administered hormones. 

Another embodiment of an in vivo method of the invention is a treatment for 

multiple sclerosis by administering a composition of the invention to a patient having 

5 multiple sclerosis for expanding neuronal progenitor cells. Alternatively, a composition of 

the invention can be administered to patients suffering from multiple sclerosis alone or in 

combination with agents capable of inhibiting the autoimmune process. Synergy in 

therapeutic effects is anticipated through the concurrent induction of tissue healing and 

immune system repair. 

10 Another embodiment of the invention is the treatment of an immunological 

disorder, such as an autoimmune disorder, by extracting stem cells from an autologous 

patient, treating the cells with a composition of the invention and/or other combinations of 

stem cell-expanding compounds, ablating the immune system of the patient, and 

subsequent reintroduction of stem cells into the host for reconstitution. A composition of 

15 the invention may be subsequently provided directly to the host in order to accelerate 

reconstitution of hematopoiesis. Autoimmune diseases treatable by these procedures 

include, but are not limited to, Type 1 diabetes, multiple sclerosis, rheumatoid arthritis, 

systemic sclerosis, Hashimoto's thyroiditis, myasthenia gravis, scleroderma, systemic 

lupus erythromatosis, graft versus host disease, and the like. 

20 Another embodiment of the invention is a treatment for an autoimmune disorder 

such as Type 1 diabetes, multiple sclerosis, rheumatoid arthritis, Hashimoto's thyroiditis, 

myasthenia gravis, scleroderma, and the like comprising administering a composition of 

the invention to a relevant location within the organism in need of such treatment to 

enhance the production of stem cells, such as administration into a joint or into the 

25 pancreas of an organism to enhance chondrogenesis or islet cell production. 

Another embodiment of the invention includes the use of a composition of the 

invention for expansion of antigen-specific and/or non-specific immune regulatory cells 

within an organism. Expansion of such cells is use for controlling pathological immune 

responses. For example, it is known that Th2 cells, TR1 cells, CD4+CD25+FoxP3+ cells, 

30 and CD3+ double negative cells, are capable of suppressing immune responses in an 

antigen specific manner, whereas NKT cells, myeloid suppressor cells, M2 cells, and 

immature dendritic cells are capable of suppressing immune responses in an antigen non­

specific manner. A composition of the invention may be used for ex vivo culture and 
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expansion of immune regulatory cells derived from a patient in need thereof A 

composition of the invention may be used either alone or in combination with factors 

known to be involved in the development of said cells for administration to an organism to 

enhance proliferation of these cells without loss of function. 

5 Another embodiment of the invention is a treatment for stroke by administration of 

a composition of the present invention to a stroke patient to cause the in vivo mobilization, 

homing, expansion and/or differentiation of endogenous neural cells. This method can 

further include administration of a composition of the invention in combination with 

polypeptides and proteins known in the art to expand neural cells. 

10 Another embodiment of the invention is the use of a composition of the invention 

as an adjuvant to treatment for a degenerative condition by the application of a 

combination of a composition of the invention with known therapies in order to enhance 

the beneficial effects of known therapies. 

Another embodiment of the invention relates to the use of a composition of the 

15 invention described herein in the preparation of a medicament for enhancing the expansion 

of stem cells in vivo or ex vivo. 

A further embodiment of the invention is an in vivo method for the treatment of a 

degenerative joint disease by administration of a composition of the invention to cause 

stem cell mobilization, homing, expansion and/or differentiation in the subject. A 

20 degenerative joint disease is a gradual deterioration of the articular cartilage that covers 

joints. A degenerative joint disease (osteoarthritis) is a noninfectious progressive 

disorder of the weightbearing joints. The normal articular joint cartilage is smooth, white, 

and translucent. It is composed of cartilage cells (chondrocytes) imbedded in a sponge­

like matrix made of collagen, protein polysaccharides, and water. With early primary 

25 arthritis, the cartilage becomes yellow and opaque with localized areas of softening and 

roughening of the surfaces. As degeneration progresses, the soft areas become cracked 

and worn, exposing bone under the cartilage. The bone then begins to remodel and 

increase in density while any remaining cartilage begins to fray. Eventually, osteophytes 

(spurs of new bone) covered by cartilage form at the edge of the joint. As mechanical 

30 wear increases, the cartilage needs repairing. The cartilage cells are unable to produce 

enough of the sponge-like matrix and therefore the damaged cartilage cannot repair itself. 

The cartilage has no blood supply to enhance healing. The majority of degenerative joint 

disease is the result of mechanical instabilities or aging changes within the joint. This 
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includes old age degenerative arthritis and, in younger individuals, may be the result of 

injuries, bruises, abnormal joint configuration (i.e. hip dysplasia), or mechanical wear 

from anterior cruciate ligament rupture, patellar luxation, or osteochondritis dissecans, 

for example. Degenerative joint disease can occur at any joint in the body, including 

5 without limitation, knee, hip, shoulder, hand and spine. 

Conventional pharmaceutical therapies for degenerative joint disease include 

administration of acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDS), 

narcotics, and corticosteroids. 

A particular embodiment of the invention is a method of stimulating 

10 chondrogenesis in a subject by administering a pharmaceutical composition that includes 

DA-DKP. The pharmaceutical composition can include any pharmaceutical composition 

described herein and therefore, can also include a component selected from N-acetyl 

tryptophan, caprylate, caprylic acid, and combinations. In this method, chondrogenesis 

can be stimulated in a stem cell, and the stem cell can be a progenitor cell or a 

15 mesenchymal stem call (MSC).The stimulation of chondrogenesis in this method can 

promote cartilage, bone, and/or ligament repair or induce repair or regeneration of 

chondral tissue in the subject. Thus, the method is useful for treating or ameliorating a 

chondrogenic disease, such as a congenital cartilage disease, degenerative or fibrotic joint, 

rheumatoid arthritis or osteoarthritis, in the subject. Also, the chondrogenesis can be 

20 useful to treat or repair a condition selected from a cartilage defect, a skeletal defect, and a 

fracture arising from trauma or surgery. For example, a skeletal defect can be a large 

segmental skeletal gap, and the cartilage defect can be an articular cartilage tear, a 

congenital cartilage defect or cartilage damage induced by bone fractures. 

This method can be conducted by stimulating stem cells ex vivo and then 

25 administering the stimulated stem cells to the subject. For example, the stem cells can be 

stimulated ex vivo by culturing a population of stem cells of chondrocyte lineage with DA-

DKP, or composition comprising a DA-DKP, for a time sufficient to stimulate 

chondrogenesis, and then, be implanted into a desired site in the subject. 

This method can result in increased production of collagen, including type 2A1 

30 collagen and/or type 1A1 collagen. Specifically, the chondrogenesis can result in at least a 

2-fold, 4-fold, 10-fold, 20-fold, 25-fold increase in the production of collagen.A further 

embodiment of the present invention includes a method of stimulating development of 

nervous tissue in a subject by administering a pharmaceutical composition that includes 
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DA-DKP. The pharmaceutical composition can include any pharmaceutical composition 

described herein and therefore, can also include a component selected from N-acetyl 

tryptophan, caprylate, caprylic acid, and combinations thereof to a subject. In this method, 

the development of nervous tissue can be stimulated in a stem cell, which can be selected 

5 from a progenitor cell and mesenchymal stem call (MSC). The stimulation of 

development of nervous tissue can promote brain, spinal cord, and/or peripheral nerve 

repair or induces repair or regeneration of neurons, neuroglia, and/or astrocytes in the 

subject. Further, the development of nervous tissue can treat or ameliorate a disease of the 

central nervous system and/or a disease of the peripheral nervous system in the subject. 

10 Such diseases can be selected from neurodegenerative diseases. The development of 

nervous tissue can also treat or repair a condition selected from an injury arising from 

trauma or surgery. 

This method can be conducted by stimulating stem cells ex vivo and then 

administering the stimulated stem cells to the subject. For example, the stem cells can be 

15 stimulated ex vivo by culturing a population of stem cells of neuron, neuroglia, and/or 

astrocyte lineage with the pharmaceutical composition, for a time sufficient to stimulate 

development of nervous tissue and then, be implanted into a desired site in the subject. 

Ex Vivo Treatment Methods 

Ex vivo expansion of stem cells for systemic administration represents an effective 

20 treatment modality for disorders or diseases susceptible to stem cell treatment. For 

example, in vitro expanded mesenchymal stem cells reduced both acute and chronic graft 

versus host disease in a patient suffering severe, grade IV graft versus host disease in the 

liver and gut subsequent to bone marrow transplant. Administration of 2 million cells/kg 

on day 73 after bone marrow transplant lead to a long term remission of graft versus host 

25 disease (Le Blanc, et al., 2004, Lancet 363:1439-1441), demonstrating that 

The present invention further provides methods of increasing the expansion of 

stem cells ex vivo. The method involves contacting the stem cells with a composition of 

the invention or mixing or incubating the stem cells with a growth medium that includes a 

composition of the invention to expand the stem cell population for subsequent 

30 administration, either locally at a needed site or systemically. Such methods make possible 

the use of stem cell populations, such as mesenchymal stem cells, that expand relatively 

slowly and are therefore often not practical for widespread clinical use. 
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The compositions of the invention, in addition to increasing the rate of stem cell 

proliferation, may also maintain the stem cells in an undifferentiated state. Stem cells 

reside in unique physiological niches, and while growing cells within mimics of such 

niches has been performed, the mimics of the stem cell niche are often unusable in clinical 

5 situations. An example of this is the fact that early hematopoietic stem cells require feeder 

cell lines to be expanded in high quantities, or the fact that optimal growth of embryonic 

stem cells is still primarily achieved using murine feeders. The current invention provides 

compositions for enhancing the expansion of stem cells that may recreate conditions 

similar to stem cell niches using approaches that are translatable into the clinical situation. 

10 As discussed above, methods of extracting, expanding and identifying specific 

phenotypes of stem cells is important for clinical implementation. For example, bone 

marrow is commonly used as a source of therapeutic stem cells for myocardial disease, 

angina, and hematopoietic cell transplant. However, bone marrow in general contains a 

wide number of different stem cells in addition to the standard, well known, 

15 hematopoietic, CD34+ stem cell. CD34- hematopoietic stem cells, mesenchymal stem 

cells, and myogenic precursor cells have all been found in bone marrow, in addition to T 

cells, B cells, and relatively high levels of CD4+ CD25+ T regulatory cells. Given the 

heterogeneity of bone marrow as a starting material for stem cell therapy, it is apparent 

that understanding of particular cell populations, as well as ability to isolate and expand 

20 them, would substantially advance the field of stem cell therapeutics. 

Accordingly, whether a stem cell population is derived from adult or embryonic 

sources, the stem cells can be grown in a culture medium containing a composition of the 

invention to increase the population of a heterogeneous mixture of cells, or a purified stem 

cell population, in order to increase the rate of expansion or growth of the stem cells when 

25 grown in culture. 

Several methods of growing stem cells outside of the body have been developed 

and are known in the art. Originally, the majority of work in the area of stem cell growth 

and expansion was performed in the hematopoietic system using bone marrow cells. The 

ability of either freshly isolated or cultured bone marrow cells to form colonies on 

30 methylcellulose or agar was used as an output. 

The development of stem cell expansion techniques began with work aimed at 

increasing the number of colonies formed on semisolid media. Early experiments used a 

variety of uncharacterized sera and conditioned media. For example, trophoblast cell line 
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conditioned media, xenogeneic stromal cell conditioned media, supernatants from tumor 

cells, and healthy lymphocytes were used. Work was also performed towards designing 

serum free systems, using ingredients such as human transferrin and bovine insulin. The 

specific advantage of such systems is that hematopoietic stem cells could be expanded 

5 without concurrent differentiation. The initial long term culture systems required the use 

of murine feeder (stromal) cells since human lines had certain disadvantages in terms of 

hematopoietic promoting activity. Numerous drawbacks existed to the use of murine 

feeder cell lines to maintain stem cell viability and proliferative potential. Due to this, an 

effort was made to overcome difficulties in growth of human derived feeder cells, and a 

10 variety of such cells have been developed. 

Stem cells to be expanded by methods of the present invention can be isolated 

from any organ of any mammalian organism, by any means known to one of skill in the 

art. The stem cells can be derived from embryonic or adult tissue. One of skill of the art 

can determine how to isolate the stem cells from the particular organ or tissue of interest, 

15 using methods known in the art. The stem cell populations can also be enriched using 

antibodies to other stem cell surface markers. Such markers include, but are not limited to, 

FLK-1, AC133, CD34, c-kit, CXCR-4, Oct-4, Rex-1, CD9, CD13, CD29, CD44, CD166, 

CD90, CD105, SH-3, SH-4, TRA-1-60, TRA-1-81, SSEA-4, Sox-2, and the like. One of 

skill in the art will be able to determine the specific cell marker useful for isolating stem 

20 cells from the desired tissue. 

One of skill in the art will be able to determine a suitable growth medium for initial 

preparation of stem cells. Commonly used growth media for stem cells includes, but is not 

limited to, Iscove's modified Dulbecco's Media (IMDM) media, DMEM, KO-DMEM, 

DMEM/F12, RPMI 1640 medium, McCoy's 5A medium, minimum essential medium 

25 alpha medium (a-MEM), F-12K nutrient mixture medium (Kaighn's modification, F-12K), 

X-vivo 20, Stemline, CC100, H2000, Stemspan, MCDB 131 Medium, Basal Media Eagle 

(BME), Glasgow Minimum Essential Media, Modified Eagle Medium (MEM), Opti-

MEM I Reduced Serum Media, Waymouth's MB 752/1 Media, Williams Media E, 

Medium NCTC-109, neuroplasma medium, BGJb Medium, Brinster's BMOC-3 Medium, 

30 CMRL Medium, C02-Independent Medium, Leibovitz's L-15 Media, and the like. 

If desired, other components, such as growth factors, can be added as desired. 

Exemplary growth factors and other components that can be added include but are not 

limited to thrombopoietin (TPO), stem cell factor (SCF), IL-1, IL-3, IL-7, flt-3 ligand (flt-
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3L), G-CSF, GM-CSF, Epo, FGF-1, FGF-2, FGF-4, FGF-20, IGF, EGF, NGF, LIF, 

PDGF, bone morphogenic proteins (BMP), activin-A, VEGF, forskolin, glucocorticords, 

and the like. Furthermore, the initial isolation media can contain either serum such as fetal 

calf, horse, or human serum, or more preferably, serum substitution components. 

5 Numerous agents have been introduced into media to alleviate the need for serum. For 

example, serum substitutes have included bovine serum albumin (BSA), insulin, 2-

mercaptoethanol and transferrin (TF). 

The stem cells can then be stored for a desired period of time, if needed. Stem cell storage 

methods are known to those of skill in the art. Typically, the stem cells are treated to a 

10 cryoprotection process, then stored frozen until needed. 

The stem cells can be purified prior to contact with a composition of the invention 

by methods known in the art, using, for example, antibody technology such as panning of 

cells, through the use of fluorescence activated cell sorting (FACS) methods, or magnet 

activated cell sorting methods such as that MACS apparatus, to isolate cells having the 

15 desired stem cell markers, or to remove unwanted, contaminating cell types having 

unwanted cell markers prior to contacting with compositions of the invention. Other 

methods of stem cell purification or concentration can include the use of techniques such 

as counterflow centrifugal elutriation, equilibrium density centrifugation, velocity 

sedimentation at unit gravity, immune rosetting and immune adherence, T lymphocyte 

20 depletion. Examples of stem cell markers that can be useful in purification include, but are 

not limited to, FLK-1, AC133, CD34, c-kit, CXCR-4, Oct-4, Rex-1, CD9, CD13, CD29, 

CD44, CD166, CD90, CD105, SH-3, SH-4, TRA-1-60, TRA-1-81, SSEA-4, Sox-2, and 

the like. Examples of cell surface markers that can be used as markers of contaminating, 

unwanted cell types depends on the stem cell phenotype sought. For example, if collection 

25 of pluripotent hematopoietic cells is desired, contaminating cells will possess markers of 

commitment to the differentiated hematopoietic cells such as CD38 or CD33. 

Additionally, non-hematopoietic cell contamination would be detected by lack of CD45 

expression. If selection of stromal mesenchymal cells is desired, then contaminating cells 

would be detected by expression of hematopoietic markers such as CD45. Additionally, 

30 stem cells can be purified based on properties such as size, density, adherence to certain 

substrates, or ability to efflux certain dyes such as Hoechst 33342 or Rhodamine 123. 
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The stem cells can be genetically modified at any stage of the preparation. For 

example, a gene encoding a selectable marker or other gene of interest can be introduced 

to the prepared stem cells. 

To increase the growth of the stem cells, the stem cells are contacted with a composition 

5 of the invention or mixed or incubated with media that contains a composition of the 

invention. 

Antibiotics, antifungals or other contamination preventive compounds can be 

added to the incubation media, if desired. Exemplary compounds include but are not 

limited to penicillin, streptomycin, gentamycin, fungizone or others known in the art. 

10 Stem cells in contact with compositions of the invention may be expanded through 

multiple passages using techniques known to those of skill in the art. For example, the 

stem cells isolated from a subject are counted and the viable cell density determined using 

trypan blue dye exclusion methods. To subculture (or passage) cells, they are replated at a 

density of 5,000 cells/cm2 into a culture medium containing a composition of the invention 

15 in new tissue culture flasks coated with protein such as gelatin or fibronectin, and allowed 

to grow in a humidified incubator at 37° C. and 5% C02. If necessary, culture medium is 

replenished. On reaching subconfluence (about 90%), the culture medium is removed and 

the adherent cells trypsinized with 0.25% trypsin and 1 mM EDTA for 3-5 min at 37°C. 

The adherent cells are rinsed twice with PBS prior to the trypsinization. The trypsin is 

20 neutralized, and the cells are pelleted by centrifugation at 300xg for 10 min and 

resuspended in warm culture medium that may also contain a composition of the 

invention. The cells are rinsed by centrifugation at 300xg for 10 min and resuspended in 

warm culture medium also containing a composition of the invention. Stem cells may be 

subcultured through multiple passages using the same passage protocol. 

25 The stem cells can be contacted with compositions of the invention, for example, 

by simply mixing the composition(s) with the culture of stem cells. Mixing can be 

performed in a plethora of suitable vessels capable of maintaining viability of the stem 

cells. Said vessels can include but are not limited to tissue culture flasks, conical tubes, 

culture bags, bioreactors, or cultures that are continuously mixed. The stem cells can then 

30 be allowed to grow as desired. In some situations it will be desirable to use a combination 

culture system in which cells are first grown with one type of culture condition, then 

subsequently another culture condition is used. For example, when rapid expansion of 

hematopoietic stem cells is needed without differentiation, cells can be cultured initially in 
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a high concentration of a composition of the invention for 48 hours, or a time period 

needed to induce cycling of the stem cells. Subsequently, media containing cytokines can 

be added into the culture for passages after the first 48 hours. One skilled in the art will 

understand that depending on stem cell type and level of differentiation desired, different 

5 concentrations of the compositions of the invention can be added at different time points 

of the culture. For example, in a particular culture situation, addition of compositions of 

the invention at the initiation of culture may not be optimum. 

The desired ratio of stem cells to compositions of the invention can be determined 

by one of skill in the art. For example, a ratio of less than about 1:1,000 to 1,000:1 or more 

10 (stem cell preparation to composition of the invention) can be used. For example, a ratio of 

stem cell preparation to composition of the invention from about 1:750, 1:500, 1:250, or 

1:100 to about 100:1, 250:1, 500:1, or 750:1 can be used. This ratio can vary, for example, 

depending on temperature, incubation time, number of stem cells, the desired activity 

sought in the stem cells, the type of stem cells, the purity of stem cells, the amount of 

15 placental tissue used as a starting point, and the like. The stem cells can be isolated from 

their growth media prior to contacting with a composition of the invention, or the stem 

cells can remain in their growth medium, with a composition of the invention added. 

The length of time the stem cell is in contact with a composition of the invention 

can be determined by one of skill in the art. Generally, the contacting step can range from 

20 less than about 1 second, 30 seconds, or 60 seconds to about 2 or 3 weeks or more. 

Preferably, the contacting step is between about 2, 5, 10, 30, or 45 minutes to about 12, 14, 

16, 18, or 20 days. More preferably, the contacting step is between about 1, 3, 5, 8, or 24 

hours to about 3, 5, 7, or 10 days. 

Furthermore, conditions promoting certain types of cellular proliferation or 

25 differentiation can be used during the culture. These conditions include but are not limited 

to, alteration in temperature, alteration in oxygen/carbon dioxide content, alterations in 

turbidity of said media, or exposure to small molecules modifiers of cell cultures such as 

nutrients, inhibitors of certain enzymes, stimulators of certain enzymes, inhibitors of 

histone deacetylase activity such as valproic acid, trichostatin-A, trapoxin A, or 

30 depsipeptide, inhibitors of DNA methyltransferase activity such as 5-azacytidine, 

inhibitors of the enzyme GSK-3, and the like. 

The role of oxygen tension in stem cell self-renewal and viability is also an 

important issue that is contemplated in the current invention. It is known that 
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hematopoietic stem cells tend to reside in hypoxia niches of the bone marrow and that as 

cells differentiate into more mature progeny, they progressively migrate to areas of the 

bone marrow with higher oxygen tension (Ivanovic, et al., 2002, Exp Hematol 30:67-73, 

which is incorporated by reference herein in its entirety). This important variable in tissue 

5 culture was exploited in studies showing that superior expansion of human CD34 stem 

cells capable of full hematopoietic reconstitution of NOD-SCID mice were obtained in 

hypoxic conditions using oxygen tension as low as 1.5%. Additionally, other stem cells 

such as neuronal stem cells also appear to be localized in hypoxic niches and expand 

preferential in low oxygen in vitro conditions as opposed to normal oxygen tension. 

10 Furthermore, embryonic stem cells, which grow at similar proliferative rates between 

normoxia and hypoxia, retain superior ability to form teratomas in vivo and embryoid 

bodies in vitro when grown under hypoxic conditions. Accordingly, one embodiment of 

the invention is the use of hypoxic conditions during some or all of the incubation of the 

stem cells in specialized incubators with an oxygen tension ranging from 0.1% to 7.5%, 

15 preferably 0.5% to 5%, more preferably 3%-5%. Additionally, another embodiment of the 

invention is the use of hypoxic conditions in combination with compositions of the 

invention in order to enhance proliferation without differentiation of stem cells being 

grown in culture. 

In terms of enhancing the ability of a composition of the invention to stimulate 

20 proliferation of stem cells without differentiation, one adjuvant approach that is considered 

an embodiment of the invention is the use of enzymatic inhibitors in conjunction with a 

composition of the invention. For example, histone deacetylases are a class of enzymes 

involved in epigenetically opening parts of chromatin to transcription factors, thus 

allowing expression of genes that under normal adult conditions would not be expressed. 

25 For example, the telomerase gene (catalytic subunit hTERT) is involved in the process of 

cellular immortalization and is expressed under physiological conditions only in 

embryonic stem cells, as well as some bone marrow hematopoietic cells, abnormally. The 

functional role of the telomerase enzyme is to repair the shortened telomeric ends of 

chromosomes so that cells can escape replicative senescence. Pathologically, telomerase is 

30 the enzyme responsible for the ability of cancer cells to proliferate indefinitely in cell 

culture. Under normal physiological conditions fibroblasts do not express telomerase and 

undergo replicative senescence. A variety of reports have been published describing that 

treatment of fibroblasts with histone deacetylase inhibitors such as trichostatin A reinduces 
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expression of functional telomerase (Mukhopadhyay, et al., 2005, J Cell Mol Med 9:662-

669; Hou, et al., 2002, Exp Cell Res 274:25-34; Cong, et al., 2000, J Biol Chern 

275:35665-35668, each of which is incorporated by reference herein in its entirety). This 

is suggestive that manipulating the histone deacetylase pathway can be used as a method 

5 of de-differentiating cells or offering the possibility of "rejuvenating" progenitors that are 

nearing replicative exhaustion. Indeed, it was demonstrated that the life extension effect 

observed due to caloric restriction is connected to the histone deacetylase pathway 

(Howitz, et al., 2003, Nature 425:191-196, which is incorporated by reference herein in its 

entirety). The clinical relevance of manipulating this pathway is illustrated in experiments 

10 with valproic acid, an antidepressant that is in clinical use is a histone deacetylase inhibitor 

with similar potency to trichostatin A in some models. It was demonstrated that treatment 

of bone marrow derived hematopoietic stem cells with valproic acid increases both 

proliferation and self-renewal through accelerating cell cycle progression (Bug, supra). 

Said acceleration was accompanied by a down-regulation of inhibitor factor p21(cip-

15 1/waf-l). Furthermore, valproic acid treatment suppressed GSK3 activity and activated the 

Wnt signaling pathway, both of which are associated with self renewal in both 

hematopoietic (Gotoh, et al., 1997, Cell Growth Differ 8:721-729; Baba, et al., 2005, 

Immunity 23:599-609, each of which is incorporated by reference herein in its entirety), 

but also embryonic (Sato, et al., 2004, Nat Med 10:55-63; He, et al., 2005, Clin Lung 

20 Cancer 7:54-60, each of which is incorporated by reference herein in its entirety) stem 

cells. The potency of valproic acid to synergize with known hematopoietic stem cell 

stimulatory cytokines such as Flt3L, TPO, SCF and IL-3 was demonstrated (De Felice, et 

al., 2005, Cancer Res 65:1505-1513, which is incorporated by reference herein in its 

entirety). 

25 By contact with a composition of the invention, the stem cells are able to increase 

their growth rate and expand rapidly. When desired, culture conditions are used that allow 

the compositions of the invention to augment the proliferation of stem cells without 

induction of differentiation. Any suitable method of determining the growth rate and 

differentiation of the stem cells can be used to determine the growth rate and cell count of 

30 the stem cells so produced. For example, flow cytometry analysis of markers associated 

with stem cell retention, semisolid media assays for quantification of early and committed 

progenitors, and in vivo NOD-SCID Repopulating Activity Assays to quantify the number 

of in vivo stem cells with reconstituting activity. These assays can be modified and altered 
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in order to allow detection of specific stem cell subtypes. Assays can also be developed in 

immune compromised mice, such as the NOD-SCID strain, by induction of a pathology to 

which the human stem cells is anticipated to be therapeutic. For example, human stem 

cells have been demonstrated to possess therapeutic activity in a variety of non-

5 hematopoietic settings in the NOD-SCID, as well as the NUDE mouse. The cell growth 

rate can also depend on other factors, such as, for example, temperature, type of stem cell, 

contents of the medium, and the time allowed for the placental incubation step and 

contacting step. One of skill in the art will be able to alter these variables to adjust the 

growth rate as needed. 

10 Another embodiment of the invention is the use of compositions, or cell culture 

media supplemented with the compositions of the present invention, to stimulate 

proliferation of stem cells, including, for example: 

human embryonic stem cells characterized by expression of markers such as 

SSEA-4, GCTM-2 antigen, TRA 1-60, Cripto, gastrin-releasing peptide (GRP) receptor, 

15 podocalyxin-like protein (PODXL), or human telomerase reverse transcriptase (hTERT); 

human oocyte producing stem cells characterized by expression of markers such 

Vasa, Oct-4, Dazl, Stella, Fragilis, Nobox, c-Kit and Sca-1; 

parthenogenetically generated stem cells characterized by expression of markers 

such Oct-4, alkaline phosphatase, telomerase, SSEA-4, TRA 1-60 and TRA 1-81; 

20 spermatogonial stem cells reprogrammed to pluripotent germ-line stem cells 

characterized by expression of markers such Oct-4, Nanog, Dppa5 and Rexl; 

hematopoietic stem cells characterized by markers such as Stem Cell Antigen 

(SCA+), lineage negative (lin-), c-kit+, CD34+, CD38-, CD33-; 

mesenchymal stem cells characterized by markers such as LFA-3, ICAM-1, 

25 PECAM-1, P-selectin, L-selectin, CD49b/CD29, CD49c/CD29, CD49d/CD29, CD61, 

CD18, CD29, 6-19, thrombomodulin, telomerase, CD10, CD13, STRO-1, STRO-2, 

VCAM-1, CD 146, THY-1; 

placentally derived multipotent cells characterized by markers such as Oct-4, Rex-

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

30 SSEA-4 and Sox-2; 

adipose-derived stem cells characterized by markers such as CD 13, CD29, CD44, 

CD63, CD73, CD90, CD166, Aldehyde dehydrogenase (ALDH), and ABCG2; 

cord blood stem cells characterized by markers such as CD34, c-kit, and CXCR-4; 
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deciduous tooth stem cells characterized by markers such as STRO-1, CD 146 

(MUC18), alkaline phosphatase, MEPE, and bFGF; 

neural stem cells characterized by markers such as RC-2, 3CB2, BLB, Sox-2hh, 

GLAST, Pax 6, nesting, Muashi-1, and prominin; 

5 stomach epithelial stem cell characterized by markers such as Musashi-1, c-hairy-1 

and HES-5; 

skeletal muscle stem cell characterized by markers such as desmin positive, SCA-

1+, CD45- and possessing a side population profile on flow cytometry by dye exclusion; 

mammary gland stem cell characterized by markers such as SCA-1 positive, 

10 CD45- and keratin-6; 

dermal stem cell characterized by markers such as SCA-1 positive, CD34+, 

CD45- and positive for alpha6-integrin, betal-integrin, keratin 14, and keratin 19; 

myocardial stem cell characterized by markers such as SCA-1 positive, c-kit 

positive, and possessing a side population profile on flow cytometry by dye exclusion; 

15 mesangial stem cell characterized by markers such as SCA-1 positive, c-kit 

positive, and possessing a side population profile on flow cytometry by dye exclusion; 

hepatic oval stem cell characterized by markers such as SCA-1 positive, c-kit 

positive, and CD34 positive; or, 

pancreatic stem cell characterized by markers such as nestin, CK-8, CK-18, Isl-1, 

20 Pdx-1, Pax-4, and Ngn-3. 

The compositions of the invention can be used as a stimulator of proliferation 

alone or as an additive to media known to be useful for culturing said cells. An example of 

such a tissue culture media is Dulbecco's modified Eagle's medium (DMEM). 

Another embodiment of the invention is the use of compositions or cell culture 

25 media supplemented with the compositions of the present invention to stimulate 

proliferation of totipotent stem cells generated by cloning through the use of nuclear 

transfer technologies. 

The methods of administering stem cells to a mammal comprise contacting stem 

cells with a composition of the invention, cultivating the stem cells under conditions 

30 suitable to facilitate the expansion of the stem cells, and introducing the expanded cells 

into a mammal. 

Thus, the serum-free supplement of the present invention can also be used to 

prepare a stem cell type of interest for explantation into a mammal. In this embodiment, 
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cells which have been caused to differentiate ex vivo are introduced into a mammal. For 

example, hematopoietic cells which have been caused to differentiate into a hematopoietic 

stem, precursor, or progenitor cell can be introduced into the bone marrow or the 

bloodstream of the mammal. The differentiated cells can be introduced into, for example, 

5 the bone marrow or bloodstream of the mammal by well-known techniques. 

In some embodiments of the invention a method for the expansion or growth of 

stem cells is provided that includes contacting a stem cell with the a growth medium 

containing a composition of the invention. The stem cell can be 

a) a totipotent cell such as an embryonic stem cell, an extra-embryonic stem cell, a 

10 cloned stem cell, a parthenogenesis derived cell; 

b) a pluripotent cell such as a hematopoietic stem cell, an adipose derived stem 

cell, a mesenchymal stem cell, a cord blood stem cell, a placentally derived stem cell, an 

exfoliated tooth derived stem cells, a hair follicle stem cell or a neural stem cell; or 

c) a tissue specific progenitor cell such as a precursor cell for the neuronal, hepatic, 

15 nephrogenic, adipogenic, osteoblastic, osteoclastic, alveolar, cardiac, intestinal, or 

endothelial lineage. 

The incubating step can occur, for example, at a suitable temperature range such as 
from about 32°C to about 40°C. 

Within these methods, the stem cells can be manipulated during their isolation or 

20 production or during their expansion or immediately prior to their administration to a 

mammal. Such manipulation may tailor the stem cells to perform a therapeutic function 

following administration to the mammal. For example, mesenchymal bone marrow cells 

treated with the DNA methyltransferase inhibitor 5-aza-cytidine have been shown to 

transdifferentiate into myocardial tissue and to improve left ventricular ejection fraction 

25 and inhibit cardiac remodeling. Other types of stem cells have been utilized for 

improvement in myocardial activity, perfusion, and decreasing ventricular remodeling, 

including mesenchymal stem cells, endothelial stem cells, and skeletal myoblasts. A 

limiting factor in these studies is the lack of reproducible methods for expanding sufficient 

numbers of semi-differentiated progenitor stem cells that possess a high proclivity for 

30 repairing the heart. This drawback is in part due to lack of proper culture mediums for 

expansion of such unique cell populations. The compositions and methods of this 

invention overcome these drawbacks by providing reproducible means of expanding and 

maintaining stem cell populations for subsequent therapeutic administration to a mammal. 
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Each publication or patent cited herein is incorporated herein by reference in its 

entirety. 

Mechanism of Action 

DA-DKP and in particular, low molecular weight fractions of commercial human 

5 serum albumin, such as_Ampion™ (Ampio Pharmaceuticals, Greenwood Village, CO) has 

multiple activities that can be categorized as anti-inflammatory and remodeling/healing. 

The anti-inflammatory properties of Ampion™ involve the inhibition of vascular 

permeability through cytoskeletal rearrangement in endothelial cells (cortical actin ring 

formation), inhibition of activation of memory T cells (not Naive) by antiCD3/CD28 or 

10 APC and reducing the amount of pro inflammatory cytokines (TNFa) produced by PBMC 

in response to a strong pro-inflammatory stimulus (LPS). The remodeling/healing effects 

are through mobilization and differentiation of stem cells into tissue specific cells (such as 

differentiation into chondrocytes in the case of the knee). 

Ampion™ activates the ligand activated transcription factor (TF) Peroxisome 

15 Proliferator Activator Receptor (PPAR), possibly through binding to the co-activator site 

of the molecule in both mesenchymal stem cells and PBMC. TF arrays have demonstrated 

activation of PPAR and its binding partner Retinoid X Receptor (RXR). PPAR belongs to 

the nuclear hormone receptor superfamily, expressed in inflammatory and immune cells. 

PPAR heterodimerizes with the retinoid X receptor (RXR) in the nucleus and together, the 

20 dimer binds to the peroxisome proliferation response element (PPRE) in the promoter of 

the target gene. The genes involved are anti inflammatory, involved in protection of stem 

cells and differentiation. Four functional domains were identified on PPAR: A/B, C, D and 

E/F. The N terminal A/B domain contains ligand independent activation function (AF-1), 

which is responsible for phosphorylation of PPAR. The C domain or DNA binding 

25 domain (DBD) promotes the binding of PPAR to the PPRE in the promoter region of the 

target genes. The D domain is the site of co-factors binding. The E/F domain is the ligand 

binding domain (LBD) is responsible for ligand specificity and activation of PPAR 

binding to the PPRE which increases the expression of target genes. 

The invention now being generally described will be more readily understood by 

30 reference to the following examples, which are included merely for the purposes of 

illustration of certain aspects of the embodiments of the present invention. The examples 

are not intended to limit the invention, as one of skill in the art would recognize from the 

above teachings and the following examples that other techniques and methods can satisfy 
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the claims and can be employed without departing from the scope of the claimed 

invention. 

EXAMPLES 
Example 1 

5 A clinical trial was performed to investigate the effect of intra-articular knee 

injection of the <5000MW Fraction (also referred to herein as 

"Ampion™") for improving joint function and reducing the pain of osteoarthritis of 

the knee in adults with symptomatic primary knee osteoarthritis. A randomized, placebo-

controlled, double-blind, parallel study with 43 evaluable subjects was chosen as the 

10 appropriate design to estimate the treatment effect and safety of the <5000MW Fraction 

when it was injected into the study knee. 

Study Drug 

2 arms; each subject received a single 4 ml injection in one knee with one of either 

Amipon™ or saline. 

15 Study Population 

The study population was 43 patient, male or female 40-83 years old (average 

63.0, standard deviation (SD) 9.6) 28 were male and 15 were female. All subjects were 

Caucasian. The subjects' height ranged from 162 to 192 cm (average 175.3, SD 8.1) with 

weight at screening ranging from 56 to 117 kg (average 88.8, SD 13.89). The subjects 

20 were fully ambulatory, with symptomatic primary knee osteoarthritis for more than 6 

months prior to screening with Kellgren Lawrence Grade II or III (indicating mild or 

moderate osteoarthritis). Grade II for 6 subjects and Grade III for 36 subjects. One 

subject did have Grade IV. If both knees of a subject were osteroarthritic, one knee was 

selected for study while the other knee received standard of care. 

25 Exclusion Criteria: 

The following is the exclusion criteria for the study population: 

1. Unfit as a result of medical review and screening investigation 

2. A history of allergic reactions to albumin 

3. A history of allergic reactions to excipients in 5% human albumin 

30 4. Any intra-articular or local periarticular injection, injection or surgery to the 

index knee (previous 6 months) 

5. Operative arthroscopy (previous 3 months) 

6. Surgical procedure to the index knee other than arthroscopy ( previous 12 

months) 
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7. Any investigational knee products ( previous 12 months) 

8. Kellgren Lawrence Grade I or IV (doubtful or severe) osteoarthritis of the knee. 

9. Inflammatory or crystal arthropathies, acute fractures, severe loss of bone 

density, bone necrosis. 

5 10. Isolated patella-femoral syndrome or chondromalacia. 

11. Any other disease or condition interfering with the free use and evaluation of 

the index knee 

12. Major injury to the index (previous 12 months) 

13. Severe hip osteoarthritis ipsilateral to the index knee. 

10 14. Any pain that could interfere with the assessment of index knee pain 

15. Any pharmacological or non-pharmacological treatment started or changed 

(previous 4 weeks) 

16. Use of a. any topical treatment (previous 48 h,) b. All analgesics and NSAIDs 

except paracetamol (previous 48 h), c. Anticoagulant therapy (previous 48 h) d. 

15 Any systemic steroid treatments (previous 14 days), e. All immunosuppressives 

within a period of 5 times the drug's half life prior to randomization, f. 

corticosteroids >10 mg prednisolone equivalent per day (previous 30 days), g. Any 

albumin treatment (previous 3 months) 

17. Female subjects who are pregnant or lactating. 

20 18. Female subjects of childbearing potential who have a positive pregnancy test 

on Day 1 prior to treatment. 

Study Assessment 

The study consisted of a three week screening period and an 84 day study 

participation period. Follow-up assessments were performed at 6 hours, 24 hours and 72 

25 hours post injection. Subjects were contact by telephone at Day 8, Day 30 and Day 84 to 

evaluate overall pain and mobility and to monitor adverse events. The subjects were 

offered the option of intra-articular betamethasone injection to the investigative knee for 

pain relief after Day 8, if deemed necessary following an assessment by the investigator. 

Primary Outcome 

30 The pain numerical rating scale (NRS) in the study knee was completed at pre-dose 

(pre-injection baseline), 6 hours post- dose on Day 1, 24 hours post-dose on Day 2, 72 

hours post-dose on Day 4, and at Day 8, Day 30 and Day 84 post-dose (EOS or End-of-
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study). The pain NRS is a numerical rating of 0-10, with 0 being no pain, 5 being 

moderate pain and 10 being worst possible pain. 

Safety endpoints 

The safety endpoints of the study were incidence of adverse events, vital signs at 

5 pre-dose and study Day 4, twelve lead ECG readings at screening and 24 hours post-dose, 

and clinical blood safety tests (biochemical and hematology) assessed at screening and 24 

hours post-dose. 

Secondary endpoints 

The secondary endpoints of the study were percent responders at Day 30 and Day 

10 84, defined as an improvement in pain NRS of 2 or more points, the change from pre-

injection baseline in WOMAC Osteoarthritis Index 3.1 (complete scale, pain subscore, 

stiffness subscore and function subscore) at 24 and 72 hours after intra-articular injection, 

the change from pre-injection baseline for requirement for rescue medications 

(paracetamol) to 24 hours and 72 hours after intra-articular injection and changes over 

15 time in mobility at Day 8, Day 30 and Day 84 post-dose compared with pre-dose and the 

immediate post-dose period. 

Intent to Treat (ITT) and Safety Population 

Study participants who were randomized and received at least one dose of the 

study medication. ITT refers to subjects that met inclusion/exclusion criteria. 

20 Per protocol Population 

Study participants in the ITT set whose pre-dose pain score did not violate 

inclusion/exclusion criteria. 

Efficacy Population 

Study participants in the pre-protocol population who did not receive rescue 

25 medication between 8 and 30 days. 

Statistical Analyses 

Primary: Analysis of covariance (ANCOVA) model to examine the mean (SD) 

difference between treatment groups for mean change in pain at Day 30 and Day 84 

(EOS), adjusted for baseline pain NRS. 

30 Additional: X2 test for differences in percent responders. Cochran-armitage trend 

test for differences in clinically significant improvements. Student's t-test: mean (SD) 

difference in pain NRS at 30 days. 

Safety Analysis: 
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Adverse events and serious adverse events were listed by subject. Summaries were 

presented by treatment of adverse events classified by MedDRA System Organ Class and 

Preferred Term, for overall incidence and by severity and relationship to study medication. 

Incidence of treatment-emergent adverse events were compared between treatment groups. 

5 All clinical safety and tolerability data was listed for each subject and summarized by 

treatment. Vital signs and ECG parameters were tabulated and summarized by treatment. 

Laboratory values were listed, along with comments as to clinical significance for values 

outside the laboratory's normal ranges. Changes from screening were assessed for clinical 

significance. 

10 Results: 

Table 4 Population 

Analysis Set Study Size(n) Ampion™ (n) Saline (n) 

Safety Set 43 22 21 

ITT Set 43 22 21 

Per-protocol Seta 41 20 21 

Efficacy 

evaluable Setb 

32 17 15 

a: 2 subjects in the Ampion™ group had baseline pain NRS < 4 points 
b: 5 subjects in the Ampion™ group and 6 subjects in the saline group required 
rescue medication 

15 

Use of Rescue Medications 

Betamethasone injection: there was no apparent difference between the use of 

betamethasone injections between subjects who received Ampion™ (5 of 22 subjects, 

23%) compared with subjects who received saline (6 of 21 subjects, 29%). 

20 Rescue medications (paracetamol): rescue medication for pain relief in the study 

knee within 24 hours of injection occurred in a similar number of subjects receiving 

Ampion™ (6 of 22 subjects) compared with subjects receiving saline (6 of 21 subjects), 

with similar mean doses of paracetamol used in each of the treatment groups. 
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Efficacy Results: 

Table 5 Pain NRS by treatment, mean (SD) pre-protocol population: 

Treatment Pre-
dose 

6 h 
Post 
dose 

24 h 
Post 
dose 

72 h 
Post 
dose 

Day 8 
Post 
dose 

Day 30 
Post 
dose 

Day 84 
Post 
dose 

Ampion™ 4.70 2.00 3.20 2.60 2.90 2.90 3.21 

(0.7) (1.3) (1.5) (2.1) (2.1) (1.8) (1.8) 

Saline 5.29 2.67 3.00 2.86 3.33 3.86 4.81 

(1.4) (1.9) (1.7) (2.1) (1.9) (2.2) (2.3) 

Table 6 Least Squares (LS) Mean Change in Pain NRS: per-protocol population 

Treatment 6 h 24 h 72 h Day 8 Day 30 Day 84 
Post Post Post Post Post Post 
dose dose dose dose dose dose 

D (Ampion™) -3.06 -1.69 -2.31 -2.00 -2.16 -1.60 

E (Saline) -2.28 -2.11 -2.22 -1.76 -1.09 -0.36 

P value 0.15 0.42 0.89 0.71 0.12 0.07 

Scale: -10 =largest possible improvement in pain from baseline, 10 = smallest 
possible improvement (largest increase) in pain from baseline. 
Day 1: 6 hours post-dose 
^adjusted for baseline pain NRS 

Table 7 LS Mean Change in Pain NRS: efficacy evaluable population 
Treatment 6 h 24 h 72 h Day 8 Day 30 Day 84 

Post dose Post Post dose Post Post Post 
dose dose dose dose 

D (Ampion™) -2.91 -1.99 -2.94 -2.45 -2.29 -2.22 

E (Saline) -2.62 -2.61 -2.79 -2.22 -1.17 -0.46 

P value 0.62 0.19 0.79 0.71 0.19 0.04 

Scale: -10 =largest possible improvement in pain from baseline, 10 = smallest 
possible improvement (largest increase) in pain from baseline. 
Day 1: 6 hours post-dose 
^adjusted for baseline pain NRS 

Percent responders at Day 84 (EOS): per-protocol population (see Table 8) 

Responder: decrease in Day 84 pain NRS of -2 to -10 points (with -10 being the largest 

possible improvement in pain). 

Non-responder: decrease in pain at Day 84 of -1 to 10 (with 10 being the largest possible 

increase in pain). 
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Table 8 Trends in pain at 30 days from baseline, by treatment group: 

Treatment Non-Responder Responder P value 

Ampion™ 47.4% 52.6% 0.06 

Saline 76.2% 23.8% 

0.06 

Percent responders at Day 84 (EOS): efficacy evaluable population (see Table 9) 

Responder: decrease in Day 84 pain NRS of -2 to -10 points (with -10 being the largest 

5 possible improvement in pain). 

Non-responder: decrease in pain at Day 84 of -1 to 10 points (with 10 being the largest 

possible increase in pain). 

Table 9 Trends in pain at 30 days from baseline, by treatment group: 

Treatment Non-Responder Responder P value 

Ampion™ 35.7% 64.3% 0.10 

Saline 66.7% 33.3% 

0.10 

10 Summary of findings: Efficacy: 

Overall pain (as assessed by the pain numerical rating score) and WOMAC scores 

were reduced post-dose for each of the treatment groups for the duration of the study (p < 

0.05), except placebo at Day 84. In addition, there was a trend in a significant difference 

between changes from baseline at Day 30 and at Day 84 for subjects who received 

15 Ampion™ compared to subjects who received saline placebo (Day 30: p = 0.12; Day 84: p 

= 0.07). This trend became statistically significant in subjects who did not receive rescue 

medication (p = 0.04). There was a trend towards a higher percentage of responders at the 

end of the study (Day 84) for subjects receiving Ampion™ vs. Placebo (p = 0.06). Use of 

paracetamol rescue medication up to 72 hours post-dose was highest in the Treatment E 

20 group (saline). See Figure 1. 

Adverse Events (AEs) 

Treatment-emergent AEs were reported for 20 of the 43 subjects (47%) following dose 

administration, with a total of 27 AEs. Commonly occurring AEs were headache and joint 

swelling and stiffness in the knee. Most subjects reported AEs classified as mild only (16 

25 of 43 subjects, 37%). Only 4 subjects (9%) reported AEs of moderate severity: 

- Ampion™: Joint injury and hypertension 

— Saline: Back pain and vessel puncture site haematoma 
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There were no apparent differences in the incidence of moderate AEs between subjects 

who received Ampion™ (2 subjects, 9%) compared with subjects who received saline (2 

subjects, 10%). These AEs were all deemed to be probably not or definitely not related to 

study drug. 

5 There were no AEs classified as severe. 

AEs deemed to be related to study drug administration (possibly) were reported in 3 of 

43 subjects (7%). There were no apparent differences in the incidence of related AEs 

between subjects who received Ampion™ (1 subject, 5%) compared with subjects who 

received saline (2 subjects, 10%): 

10 a. Headache of mild severity which commenced 5 minutes after treatment 

administration and resolved 1.8 hours later (Ampion™) 

b. Headache of mild severity which commenced 5 hours after treatment 

administration and resolved 0.5 hours later (saline) 

c. Joint swelling of right knee (study knee) of mild severity which commenced 

15 2.4 days after treatment administration and resolved 21 hours later (saline) 

Overall, a higher proportion of treatment-emergent AEs were reported in subjects 

who received saline (12 subjects, 57%) compared with subjects who received Ampion™ 

(8 subjects, 36%). AEs deemed to be related to study drug administration (possibly) were 

reported in 3 of 43 subjects (7%) and included headache and joint swelling of the knee. 

20 There were no deaths or other serious AEs. There were no clear differences in safety as 

assessed by biochemistry clinical laboratory tests, vital signs, and ECG assessments 

between treatments. 

Conclusions of study: 

Pain (as assessed by the pain numerical rating score) and WOMAC scores were 

25 reduced post-dose for each of the treatment groups for the duration of the study, except 

placebo at Day 84, with no significant differences between treatment groups. Despite a 

higher baseline pain NRS for the saline group compared to the Ampion™ group, there was 

a trend towards a long-term effect of study drug, with a higher percentage of subjects who 

responded at Day 84 for Ampion™ compared to saline. In subjects receiving Ampion™, 

30 overall pain was reduced post-dose for the duration of the study, whereas subjects 

receiving saline did not have a reduction in pain post-dose at Day 84. Use of paracetamol 

rescue medication up to 72 hours post-dose was highest in the Treatment E group (saline). 

Ampion™ was considered safe and well tolerated at the dose used in the study. 
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Improvement in pain in this study at day 84 is consistent with regeneration of tissue 

caused by the administration of Ampion™ 

Example 2 

5 This example demonstrates the enhancement of stem cell chondrogenesis by 

DADKP and other drug treatments. 

The inventors investigated the possibility that DADKP directly enhances 

chondrogenesis or has an additive or synergistic effect on the transcription and/or 

translation of genes important for the chondrocyte lineage. 

10 Materials: 

• Stem Cells: Bone marrow derived human mesenchymal stem cells: Passage 5 Bone 

marrow derived human mesenchymal stem cells (HUXMA -01001, Cyagen Biosciences, 

Sunnyvale CA) 

• Mesenchymal Stem Cell Chondrogenic Differentiation medium (GUXMX-90041, 

15 Cyagen Biosciences, Sunnyvale CA) 

• TheraPEAK MSCGM chemically defined Stem cell medium (190632 Lonza) 

• 1 mM Dexamethasone acetate and mifepristone in absolute ethanol (Sigma) 

• Saline or 0.9% Sodium chloride for injection ZR Flush (Excelsior Medical, Neptune 

NJ) 

20 • Sterile filtered 0.6 mM sodium caprylate in saline (sigma) 

• Sterile filtered 3 mM NAT in saline (sigma); To prepare, heat at 60 °C for 30 minutes 

then sonicate for 5 minutes. 

• Sterile filtered 10 mM DADKP in saline 

0.2 uM syringe filters 

25 • Hepes buffered saline,Trypsin/EDTA, Trypsin neutralizing solution (Lonza reagent 

pack) 

182 cm2 tissue culture flasks 

• pipettes and sterile tips 

Tissue culture hood, humidified C02 incubator, water or bead bath 

30 * 24 well tissue culture plates 

Qiagen RNeasy plus spin columns (Qiagen 74134) 

• Qiagen RT2 qPCR primer pairs for Collagen 2A1, MMP13, TIMP1, Aggrecan, 

GAPDH, and Actin B 
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• Roche Sybr green I master mix and Invitrogen Superscript VILO master mix. 

• Roche 480 lightcycler 

The following stock drug treatment solutions were prepared in saline for injection and 

warmed to 37 °C in bath: 

5 o 4 uM dexamethasone 
o 4 uM mifepristone 
o 3 mM NAT 
o 0.6 mM caprylate 
o 80 p,M DADKP 

10 o Mix of 3 mM NAT, 0.6 mM caprylate, 80 uM DADKP ("Ampion" mix) 

Cyagen Chondrogenic Differentiation medium was prepared by manufacturer 

protocols but excluding dexamethasone and TGF beta 3 supplements, and warmed to 37 
°C in bath. 

The treatment protocol included expanding 5 HUXMA stem cells in 182 cm2 

15 flasks containing 40 mis TheraPEAK™ MSCGM to 80-90% confluence. Cells were 

trypsinized from the flasks and a 1.0 X 107 cell suspension of HUXMA stem cells was 

warmed in Cyagen Chondrogenic Differentiation medium. 20 ul of warmed cell 

suspension was spotted in the middle of each well of a 24-well tissue culture plate 

(200,000 cells per spot), and incubated at 37 °C and 5% CO2 for one hour. 

20 The plates were removed from the incubator and an additional 720 ul chondrogenic 

medium was added to each well. 250 ul saline, or drug solutions were added to the 

appropriate wells in triplicate (bringing the final drug dilution to one-quarter of the stock 

drug treatment solution concentrations). 10 ul of TGF beta 3 solution (supplied by 

Cyagen) was added to each well, and the plates were returned to the incubator. 

25 Medium exchanges were performed every 3-4 days by aspirating the medium from the 

wells and replacing with fresh chondrogenic medium, diluted stocks, and TGF beta 3, as 

described above. 

RNA isolation and analysis was conducted for all plates as follows at days 7, 14, and 

22 post treatment (with the described medium exchanges). Medium from the wells was 

30 removed and saved for further protein analysis. Qiagen RNeasy plus lysis buffer (with 

2mercaptoethanol) was added to each well and gently shaken for 10 minutes. The lysed 

cell suspensions from each well were transferred to Qiashredder columns and spun at 

14,000 rpm for 2 minutes. RNA isolation proceeded by RNeasy™ plus manufacturer's 

protocol. RNA was eluted from the Qiagen columns using 25 ul RNase free water. 
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cDNA synthesis and real time PCR was conducted as follows. First strand synthesis of 

cDNA from all samples was performed in 20 ul total volume using 10 ul isolated RNA. 

All cDNA reactions were then diluted with 30 p.1 nuclease free water. Real time PCR was 

then performed using 5 ul diluted cDNA, Roche Syber green master mix, and Qiagen RT2 

qPCR™ primer pairs in 20 ul total reaction volume. Relative gene expression was 

determined by delta deta Ct method. 

Data/Results: 

Ta jle 10 - Day 7 results: 
130515 Gene expression RTPCR 

Cp Cp Mean A ACp 2"AACp Mean std 

Sample Coll Actin ACp ACp 
vs 

saline vs saline regulation regulation regulation 

Collagen 2A1 Saline 35.5 28.71 6.79 6.733 

35.82 28.35 7.47 

34.62 28.68 5.94 

Collagen 2A1 
Dexamethasone 32.42 25.67 6.75 5.797 0.017 0.9885 -1.01 1.44 2.1229 

32.42 27.07 5.35 -1.38 2.6087 2.61 

33.41 28.12 5.29 -1.44 2.7195 2.72 

Collagen 2A1 Mifepristone 33.67 26.77 6.9 7.433 0.167 0.8909 -1.12 -1.82 1.1179 

32.73 24.36 8.37 1.637 0.3216 -3.11 

34.82 27.79 7.03 0.297 0.8141 -1.23 

Collagen 2A1 Ampion 31.34 27.08 4.26 4.15 -2.47 5.5533 5.55 6.46 3.1219 

33.5 28.73 4.77 -1.96 3.8996 3.90 

31.94 28.52 3.42 -3.31 9.9406 9.94 

Collagen 2A1 NAT 34.84 27.62 7.22 7.063 0.487 0.7137 -1.40 -0.61 1.4003 

33.83 27.11 6.72 -0.01 1.0093 1.01 

34.09 26.84 7.25 0.517 0.699 -1.43 

Collagen 2A1 Caprylate 33.77 27.74 6.03 6.573 -0.7 1.6283 1.63 -0.18 1.5643 

33.95 27.14 6.81 0.077 0.9482 -1.05 

33.94 27.06 6.88 0.147 0.9033 -1.11 

Collagen 2A1 DADKP 32.82 26.81 6.01 6.993 -0.72 1.651 1.65 -0.62 2.0361 

34.44 26.52 7.92 1.187 0.4393 -2.28 

32.87 25.82 7.05 0.317 0.8029 -1.25 

Collagen 2A1 Mix 32.57 26.67 5.9 6.6 -0.83 1.7818 1.78 -0.18 1.7056 

33.8 26.98 6.82 0.087 0.9417 -1.06 

33.45 26.37 7.08 7.08 0.347 0.7864 -1.27 

MMP13 Saline 32.64 28.71 3.93 4.637 
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33.19 28.35 4.84 

33.82 28.68 5.14 

MMP13 Dexamethasone 31 25.67 5.33 4.493 0.693 0.6184 -1.62 0.45 1.7977 

30.99 27.07 3.92 -0.72 1.6434 1.64 

32.35 28.12 4.23 -0.41 1.3256 1.33 

MMP13 Mifepristone 31.98 26.77 5.21 5.7 0.573 0.6721 -1.49 -2.47 1.8254 

31.19 24.36 6.83 2.193 0.2186 -4.57 

32.85 27.79 5.06 0.423 0.7457 -1.34 

MMP13 Ampion 30.53 27.08 3.45 3.36 -1.19 2.2763 2.28 2.59 1.1875 

32.69 28.73 3.96 -0.68 1.5984 1.60 

31.19 28.52 2.67 -1.97 3.9086 3.91 

MMP13 NAT 32.77 27.62 5.15 5.523 0.513 0.7006 -1.43 -1.89 0.5175 

32.6 27.11 5.49 0.853 0.5535 -1.81 

32.77 26.84 5.93 1.293 0.408 -2.45 

MMP13 Caprylate 33.77 27.74 6.03 5.623 1.393 0.3807 -2.63 -1.55 2.2483 

31.73 27.14 4.59 -0.05 1.0329 1.03 

33.31 27.06 6.25 1.613 0.3268 -3.06 

MMP13 DADKP 31.81 26.81 5 5.017 0.363 0.7774 -1.29 -0.67 1.4896 

31.12 26.52 4.6 -0.04 1.0257 1.03 

31.27 25.82 5.45 0.813 0.5691 -1.76 

MMP13 Mix 31.21 26.67 4.54 5.323 -0.1 1.0693 1.07 -1.10 1.9647 

32.31 26.98 5.33 0.693 0.6184 -1.62 

32.47 26.37 6.1 1.463 0.3627 -2.76 

At day seven, the inventors observed elevated collagen type 2A1 and MMP13 

expression. All cultures were in discs except the DADKP-treated wells are pulled into 

loose pellets. Pictures of cell aggregates were taken at day 8 post treatment (See figure 2). 

Table 11 - Day 14 results: 
130521 Gene expression RTPCR 

Cp Cp Mean AACp 2*AACp Mean std 

Sample Coll Actin ACp ACp vs saline vs saline regulation regulation regulation 

Collagen 2A1 Saline 29.3 16.51 12.79 11.06 

27.99 17.59 10.4 

27.35 17.37 9.98 

Collagen 2A1 
Dexamethasone 22.58 14.39 8.19 8.07 -2.87 7.2938 7.29 8.08 2.0259 

22.58 14.9 7.68 -3.38 10.387 10.39 

22.85 14.51 8.34 -2.72 6.5735 6.57 
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Collagen 2A1 
Mifepristone 27.52 16.74 10.78 10.72 -0.28 1.2114 1.21 1.28 0.2556 

26.77 15.81 10.96 -0.1 1.0693 1.07 

27.31 16.9 10.41 -0.65 1.5655 1.57 

Collagen 2A1 Ampion 26.87 16.58 10.29 10.91 -0.77 1.7013 1.70 0.40 2.4416 

26.7 16.58 10.12 -0.94 1.9141 1.91 

28.7 16.37 12.33 1.273 0.4137 -2.42 

Collagen 2A1 NAT 29.41 16.58 12.83 9.72 1.773 0.2925 -3.42 3.81 6.2716 

25.69 17.46 8.23 -2.83 7.0943 7.09 

24.51 16.41 8.1 -2.96 7.7633 7.76 

Collagen 2A1 Caprylate 25.88 17.67 8.21 8.477 -2.85 7.1934 7.19 6.14 1.6176 

24.6 16.34 8.26 -2.8 6.9483 6.95 

25.75 16.79 8.96 -2.1 4.2772 4.28 

Collagen 2A1 DADKP 28.86 18.37 10.49 10.43 -0.57 1.4811 1.48 1.01 1.8387 

27.3 17.6 9.7 -1.36 2.5609 2.56 

27.64 16.55 11.09 0.033 0.9772 -1.02 

Collagen 2A1 Mix 28.5 16.47 12.03 10.05 0.973 0.5093 -1.96 2.00 3.4307 

24.97 15.93 9.04 -2.02 4.0465 4.05 

27.33 18.24 9.09 9.09 -1.97 3.9086 3.91 

cells in pellet 

cells with nodules 

SOX9 Saline 24.94 16.51 8.43 7.18 

24.31 17.59 6.72 

23.76 17.37 6.39 

SOX9 Dexamethasone 22.6 14.39 8.21 7.91 1.03 0.4897 -2.04 -1.69 0.4119 

22.39 14.9 7.49 0.31 0.8066 -1.24 

22.54 14.51 8.03 0.85 0.5548 -1.80 

SOX9 Mifepristone 23.61 16.74 6.87 6.927 -0.31 1.2397 1.24 1.19 0.0411 

22.76 15.81 6.95 -0.23 1.1728 1.17 

23.86 16.9 6.96 -0.22 1.1647 1.16 

SOX9 Ampion 24.87 16.58 8.29 8.357 1.11 0.4633 -2.16 -2.30 0.5316 

25.29 16.58 8.71 1.53 0.3463 -2.89 

24.44 16.37 8.07 0.89 0.5396 -1.85 

SOX9 NAT 24.96 16.58 8.38 6.877 1.2 0.4353 -2.30 0.62 2.5264 

23.56 17.46 6.1 -1.08 2.114 2.11 

22.56 16.41 6.15 -1.03 2.042 2.04 

SOX9 Caprylate 24.64 17.67 6.97 6.383 -0.21 1.1567 1.16 1.81 0.5832 

22.53 16.34 6.19 -0.99 1.9862 1.99 
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22.78 16.79 5.99 -1.19 2.2815 2.28 

SOX9 DADKP 26.22 18.37 7.85 7.323 0.67 0.6285 -1.59 0.19 1.5462 

24.68 17.6 7.08 -0.1 1.0718 1.07 

23.59 16.55 7.04 -0.14 1.1019 1.10 

SOX9 Mix 24.4 16.47 7.93 7.053 0.75 0.5946 -1.68 0.43 1.8251 

22.54 15.93 6.61 -0.57 1.4845 1.48 

24.86 18.24 6.62 -0.56 1.4743 1.47 

At day fourteen, the inventors observed some cultures exhibiting different 

phenotypes. Comparison of the DADKP-treated wells with the control in a pellet indicated 

that transcription was still elevated. Additional drug treatments appear to have an effect on 

collagen transcription. 

Table 12 - Day 22 results: 
130529 Gene expression RTPCR 

Cp Cp Mean AACp 2 "AACp Mean std 

Sample Coll GAPDH ACp ACp 
vs 

saline vs saline regulation regulation regulation 

Collagen 2A1 Saline 31.83 18.36 13.47 13.15 

32.21 18.54 13.67 

30.25 17.95 12.3 

Collagen 2A1 Dexamethasone 22.42 16.42 6 5.76 -7.15 141.7 141.70 168.82 27.286 

21.94 16.41 5.53 -7.62 196.27 196.27 

21.42 15.67 5.75 -7.4 168.51 168.51 

Collagen 2A1 Mifepristone 25.99 17.47 8.52 9.22 -4.63 24.704 24.70 16.82 8.3693 

27.6 17.46 10.14 -3.01 8.0371 8.04 

26.84 17.84 9 -4.15 17.712 17.71 

Collagen 2A1 Ampion 21.42 18.45 2.97 2.233 -10.2 1157.4 1157.40 2077.99 938.43 

21.3 19.15 2.15 -11 2043.3 2043.27 

20.57 18.99 1.58 -11.6 3033.3 3033.29 

Collagen 2A1 NAT 24.2 19.45 4.75 5.207 -8.4 337.01 337.01 262.94 105.86 

23.63 18.76 4.87 -8.28 310.12 310.12 

24.67 18.67 6 -7.15 141.7 141.70 

Collagen 2A1 Caprylate 22.93 16.85 6.08 6.557 -7.07 134.05 134.05 101.18 36.373 

25.6 18.41 7.19 -5.96 62.106 62.11 

24.26 17.86 6.4 -6.75 107.39 107.39 

Collagen 2A1 DADKP 27.41 17.52 9.89 7.223 -3.26 9.5577 9.56 136.83 170.14 

25.44 18.44 7 -6.15 70.849 70.85 

22.94 18.16 4.78 -8.37 330.08 330.08 

55 



WO 2014/145729 PCT/US2014/030538 

Collagen 2A1 Mix 20.54 17.93 2.61 4.03 -10.5 1485.4 1485.43 723.78 661.47 

22.61 17.66 4.95 -8.2 293.39 293.39 

21.87 17.34 4.53 4.53 -8.62 392.53 392.53 

cells in pellet 

cells with nodules 

Cp Cp Mean AACp 2-AACp Mean std 

Sample Coll GAPDH ACp ACp 
vs 

saline vs saline regulation regulation regulation 

MMP13 Saline 21.77 18.36 3.41 2.993 

21.37 18.54 2.83 

20.69 17.95 2.74 

MMP13 Dexamethasone 20.77 16.42 4.35 4.433 1.357 0.3905 -2.56 -2.73 0.4255 

20.68 16.41 4.27 1.277 0.4127 -2.42 

20.35 15.67 4.68 1.687 0.3106 -3.22 

MMP13 Mifepristone 20.98 17.47 3.51 3.633 0.517 0.699 -1.43 -1.57 0.2212 

21.32 17.46 3.86 0.867 0.5484 -1.82 

21.37 17.84 3.53 0.537 0.6894 -1.45 

MMP13 Ampion 21.18 18.45 2.73 2.96 -0.26 1.2002 1.20 0.35 1.5169 

21.82 19.15 2.67 -0.32 1.2512 1.25 

22.47 18.99 3.48 0.487 0.7137 -1.40 

MMP13 NAT 22.68 19.45 3.23 3.053 0.237 0.8487 -1.18 0.29 1.2691 

21.71 18.76 2.95 -0.04 1.0305 1.03 

21.65 18.67 2.98 -0.01 1.0093 1.01 

MMP13 Caprylate 20.28 16.85 3.43 2.733 0.437 0.7388 -1.35 0.62 1.7897 

20.31 18.41 1.9 -1.09 2.1337 2.13 

20.73 17.86 2.87 -0.12 1.0892 1.09 

MMP13 DADKP 20.34 17.52 2.82 2.96 -0.17 1.1277 1.13 0.36 1.2375 

21.41 18.44 2.97 -0.02 1.0163 1.02 

21.25 18.16 3.09 0.097 0.9352 -1.07 

MMP13 Mix 20.78 17.93 2.85 3.287 -0.14 1.1045 1.10 -0.58 1.463 

21.23 17.66 3.57 0.577 0.6705 -1.49 

20.78 17.34 3.44 0.447 0.7337 -1.36 

Cp Cp Mean AACp 2-AACp Mean std 

Sample Agg Actin ACp ACp 
vs 

saline vs saline regulation regulation regulation 

Aggrecan Saline 27.57 16.69 10.88 10.22 

26.34 16.4 9.94 

25.55 15.72 9.83 

Aggrecan Dexamethasone 20.48 14.2 6.28 6.523 -3.94 15.313 15.31 13.03 2.0074 

20.68 13.99 6.69 -3.53 11.525 11.52 

20.44 13.84 6.6 -3.62 12.267 12.27 
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Aggrecan Mifepristone 25.97 15.68 10.29 9.247 0.073 0.9504 -1.05 1.55 2.3111 

24.4 15.42 8.98 -1.24 2.3565 2.36 

23.94 15.47 8.47 -1.75 3.3558 3.36 

Aggrecan Ampion 23.54 16.68 6.86 6.067 -3.36 10.244 10.24 19.16 8.4434 

23.28 17.4 5.88 -4.34 20.205 20.21 

22.66 17.2 5.46 -4.76 27.033 27.03 

Aggrecan NAT 25.43 17.19 8.24 7.1 -1.98 3.9358 3.94 11.66 10.952 

23.3 17.68 5.62 -4.6 24.195 24.20 

24.4 16.96 7.44 -2.78 6.8527 6.85 

Aggrecan Caprylate 21.64 15.53 6.11 7.42 -4.11 17.228 17.23 10.81 8.3209 

25.43 15.71 9.72 -0.5 1.4109 1.41 

21.95 15.52 6.43 -3.79 13.801 13.80 

Aggrecan DADKP 24.7 15.64 9.06 7.28 -1.16 2.2294 2.23 10.65 8.511 

23.56 16.73 6.83 -3.39 10.459 10.46 

22.36 16.41 5.95 -4.27 19.248 19.25 

Aggrecan Mix 21.47 16.62 4.85 5.023 -5.37 41.26 41.26 37.33 8.649 

21.36 15.92 5.44 -4.78 27.411 27.41 

20.34 15.56 4.78 -5.44 43.311 43.31 

cells in pellet 

cells with nodules 

Cp Cp Mean AACp 2-AACp Mean std 

Sample TIMP1 Actin ACp ACp 
vs 

saline vs saline regulation regulation regulation 

TIMP1 Saline 21.32 16.69 4.63 3.767 

19.91 16.4 3.51 

18.88 15.72 3.16 

TIMP1 Dexamethasone 17.35 14.2 3.15 3.16 -0.62 1.5333 1.53 1.53 0.2057 

17.35 13.99 3.36 -0.41 1.3256 1.33 

16.81 13.84 2.97 -0.8 1.7371 1.74 

TIMP1 Mifepristone 19.69 15.68 4.01 4.227 0.243 0.8448 -1.18 -1.38 0.1792 

19.8 15.42 4.38 0.613 0.6537 -1.53 

19.76 15.47 4.29 0.523 0.6958 -1.44 

TIMP1 Ampion 19.44 16.68 2.76 2.993 -1.01 2.0093 2.01 1.72 0.2669 

20.42 17.4 3.02 -0.75 1.6779 1.68 

20.4 17.2 3.2 -0.57 1.4811 1.48 

TIMP1 NAT 20.59 17.19 3.4 3.537 -0.37 1.2894 1.29 1.18 0.0987 

21.28 17.68 3.6 -0.17 1.1225 1.12 

20.57 16.96 3.61 -0.16 1.1147 1.11 
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TIMP1 Caprylate 17.65 15.53 2.12 3.143 -1.65 3.1311 3.13 1.12 2.3073 

18.77 15.71 3.06 -0.71 1.632 1.63 

19.77 15.52 4.25 0.483 0.7153 -1.40 

TIMP1 DADKP 18.64 15.64 3 3.04 -0.77 1.7013 1.70 1.66 0.13 

19.9 16.73 3.17 -0.6 1.5122 1.51 

19.36 16.41 2.95 -0.82 1.7613 1.76 

TIMP1 Mix 19.61 16.62 2.99 3.56 -0.78 1.7132 1.71 0.53 1.5754 

19.51 15.92 3.59 -0.18 1.1303 1.13 

19.66 15.56 4.1 0.333 0.7937 -1.26 

At day 22, the inventors observed greatly enhanced collagen transcription 

following DADKP treatment. Additionally, drug treatments also showed some activity, 

but not nearly as pronounced as DADKP. Transcription of Collagen 2a 1 and aggrecan 

showed a 2000-fold and 20-fold increase, respectively, at day 22 following treatment with 

DADKP and, similarly, following at day 22 following Ampion treatment (see Figure 3). 

Discussion/Conclusion: 

DADKP treatment exhibited increased transcription of Collagen 2A1 and possibly 

Aggrecan. Visual observations suggest that the architecture of the culture may also effect 

the collagen transcription. 

Example 3 
Following the experiments described in Example 2, a standard procedure for 

testing Mesenchymal chondrogenesis protocol is developed. This examples sets forth the 

standardized chondrogenic testing protocol and expected results. 

Materials/Equipment: 

Materials: 

• Passage 5 Bone marrow derived human mesenchymal stem cells (HUXMA -

01001, Cyagen Biosciences, Sunnyvale CA) 

• Mesenchymal Stem Cell Chondrogenic Differentiation medium (GUXMX-

90041, Cyagen Biosciences, Sunnyvale CA) 

• TheraPEAK MSCGM chemically defined Stem cell medium (190632 Lonza) 

• 1 mM dexamethasone acetate and mifepristone in absolute ethanol 

• Saline or 0.9% Sodium chloride for injection ZR Flush 

• Sterile filtered 0.6 mM sodium caprylate in saline 
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• Sterile filtered 3 mM NAT in saline; To prepare, heat at 60 °C for 30 minutes 

then sonicate for 5 minutes. 

• Sterile filtered 10 mM DADKP in saline 

• 0.2 uM syringe filters 

5 • Hepes buffered saline,Trypsin/EDTA, Trypsin neutralizing solution (Lonza 

reagent pack) 

75 and 182 cm2 tissue culture flasks 

• pipettes and sterile tips 

Tissue culture hood, humidified C02 incubator, water or bead bath 

10 • 24 well tissue culture plates 

Qiagen RNeasy plus spin columns (Qiagen 74134) 

• Qiagen RT2 qPCR primer pairs for Collagen 2A1, MMP13, TIMP1, Aggrecan, 

GAPDH, and Actin B 

• Roche Sybr green I master mix and Invitrogen Superscript VILO master mix. 

15 • Roche 480 lightcycler 

Procedure/Methodologies: 

Cell expansion from frozen stocks: 

Passage 4 HUXMA cells were cryo-preserved using standard procedures and 

20 stored in liquid nitrogen prior to use. 

• Remove one vial from liquid nitrogen storage and place up in three 75 cm2 

tissue culture flasks containing 15 mis TheraPEAK MSCGM each. 

• Incubate cells at 37 °C and 5% C02 in humidified incubator until 60-70% 

confluence is achieved, (approximately 3 days) 

25 • Trypsinize cells from flasks using standard protocol and place cells from one 

75cm2 into one 182 cm2 flask containing 40 mis TheraPEAK MSCGM. 

Incubate cells until 80-90%) confluence is observed, (approximately 4 days) 

• Trypsinize cells again and proceed to next step. 

30 Plating and treatment of cells: 

• Prepare the following working dilutions in saline for injection from the stocks 

listed above and warm to 37 °C in bath. (Controls and solutions designed to mimic final 

concentrations of some known Ampion components) 

59 



WO 2014/145729 PCT/US2014/030538 

o 4 uM Dexamethasone and mifepristone 

o 3 mM NAT 

o 0.6 mM caprylate 

o 80 pM DADKP 

o Mix of 3 mM NAT, 0.6 mM caprylate, 80 uM DADKP 

• In addition, warm saline and Ampion stock to 37 °C in bath. 

• Mix Cyagen Chondrogenic Differentiation medium following instructions but 

EXCLUDE dexamethasone and TGF beta 3 supplements. Warm to 37 °C in bath. 

• Prepare a 1.0 X 107 cell suspension of HUXMA stem cells in warmed 

chondrogenic medium then spot 20 ul in the middle of each well to be used in 24 well 

tissue culture plates. (200,000 cells per spot) 

• Incubate at 37 °C and 5% C02 for one hour. 

• Remove plates from incubator and gently add 720 ul chondrogenic medium to 

each well. 

• Add 250 ul saline, Ampion, or control solutions to the appropriate wells in 

triplicate. 

Then add 10 pi of the TGF beta 3 solution supplied by Cyagen to each well. 

• Place plates back in to incubator. 

• Medium exchanges were performed every 3-4 days by aspirating the medium 

from the wells and replacing with fresh chondrogenic medium, diluted stocks, and TGF 

beta 3 as described above. 

RNA isolations and analysis: 

Plates were processed as follows at day 7, 14, and 22 post treatment (with the 

described medium exchanges). 

• Remove the medium from the wells and save for further protein analysis. 

To each well add Qiagen RNeasy plus lysis buffer (with 2ME) and gently 

shake for 10 minutes. 

• Transfer solution to Qiashredder columns and spin at 14,000 rpm for 2 

minutes. 

• Proceed with RNeasy plus protocol following manufacturers recommendations. 

• Elute RNA from columns using 25 ul RNase free water. 

cDNA synthesis and real time PCR: 
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• First strand synthesis of cDNA from all samples was then performed following 

the recommended 20 ul total volume protocol using 10 ul isolated RNA. 

• All cDNA reactions were then diluted with 30 p.1 nuclease free water. 

• Real time PCR was then performed using 5 ul diluted cDNA, Roche Syber 

5 green master mix, and Qiagen RT2 qPCR primer pairs (20 ul total volume). 

Expected Results: 

Treatment of bone marrow mesenchymal stem/stromal cells (MSCs) stem cells 

with DADKP significantly increases chondrogenesis, at least as measured by transcription 

of collagen 2a 1 and aggrecan. Following the treatment of these cells with a composition 

10 containing N-acetyl tryptophan (NAT), caprylate and DADKP, transcription of collagen 

2al may be observed to increase by greater than 1000-fold, and may be observed to 

increase by greater than 2000-fold. 

Treatment of the same cells with dexamethasone and mifepristone shows a mild 

increase in markers of chondrogenesis, substantially below the 1000-fold increase in 

15 transcription of collagen 2a 1 observed following treatment with DADKP or the 

composition containing N-acetyl tryptophan, caprylate and DADKP. Similarly, treatment 

with N-acetyl tryptophan or caprylate also results in moderate increase in markers of 

chondrogenesis. 

20 Example 4 

This example demonstrated the effect that Ampion™ has on the transcription of 

CXCR4 or CXCL 12 by mesenchymal stem cells (MSC) grown in 3D culture. Several 

groups have demonstrated that CXCR4 transcription and expression is lost when stem 

cells are cultured. This effect is more pronounced if the cells are grown directly on plastic 

25 in a 2D conformation. In this example, MSCs are cultured in hanging drop cultures in the 

presence of Ampion™ and then mRNA is evaluated by RTPCR. 

Materials: 
• Passage 5 Bone marrow derived human mesenchymal stem cells (HUXMA -

30 01001, Cyagen Biosciences, Sunnyvale CA) 

• Mesenchymal Stem Cell Chondrogenic Differentiation medium (GUXMX-90041, 
Cyagen Biosciences, Sunnyvale CA) 

• TheraPEAK MSCGM chemically defined Stem cell medium (190632 Lonza) 
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• Lonza MSGM (contains serum) 

• 10 mM Cobalt chloride in saline, sterile filtered (Sigma) 

• Saline or 0.9% Sodium chloride for injection ZR Flush (Excelsior Medical, 
Neptune NJ) 

• 0.2 uM syringe filters 

• Hepes buffered saline,Trypsin/EDTA, Trypsin neutralizing solution (Lonza reagent 
pack) 

• 182 cm2 tissue culture flasks 

• pipettes and sterile tips 

• Tissue culture hood, humidified CO2 incubator, water or bead bath 

• 10 cm2 petri dishes 

• Qiagen RNeasy plus spin columns (Qiagen 74134) 

• Qiagen RT2 qPCR primer pairs for CXCR4, CXCL12, Collagen 2A1, MMP14, 
MMP13, Aggrecan, IGA4, GAPDH, and Actin B 

• Roche Sybr green I master mix and Invitrogen Superscript VILO master mix. 

• Roche 480 lightcycler 

Cell expansion: 
• Passage 5 HUXMA cells were removed from liquid nitrogen storage and expanded 

in 182 cm2 flasks containing 40 mis TheraPEAK MSCGM until 80-90% 
confluence. 

• Trypsinize cells using standard protocol and proceed to the next step. 

Preparation of hanging drop cultures: 
• Prepare the following working dilutions in saline for injection from the stocks 

listed above. 

o Saline 

o 800 uM Cobalt Chloride in saline 

o Neat Ampion 

• Warm dilutions and Lonza MSCGM to 37 °C in bead bath. 
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• Prepare a 1.0 X 106 cell suspension of HUXMA stem cells in warmed MSCGM 
medium. 

• In a sterile tube mix 250 ul appropriate working dilution, 250 ul cell suspension 
(250,000 cells per reaction), 500 pi warmed MSCGM. 

5 • Carefully place 40 ul "spots" of the resulting solution on the underneath surface of 
a petri dish lid. (Should result in 40 total spots). 

• Place 20 mis sterile PBS in the bottom reservoir of the petri dish then invert the lid 
over the PBS. 

• Incubate at 37 °C and 5% C02. 

10 
RNA isolations and analysis: 

• After 4 days, remove the plates from the incubator. 

• Wash spheroids from the lid with 5 mis of the warm PBS in the bottom of each 
plate and transfer to 15 ml conical centrifuge tubes. 

15 • Spin cells at 1000 RPM for 5 minutes and aspirate the solution. 

• To each tube, add 350 ul Qiagen RNeasy plus lysis buffer (with 2ME). 

• Transfer solution to Qiashredder columns and spin at 14,000 rpm for 2 minutes. 

• Proceed with RNeasy plus protocol following manufacturers recommendations. 

• Elute RNA from columns using 30 ul RNase free water. 

20 

cDNA synthesis and real time PCR: 
• First strand synthesis of cDNA from all samples was then performed following the 

recommended 20 ul total volume protocol using 10 ul isolated RNA. 

• All cDNA reactions were then diluted with 30 pi nuclease free water. 

25 • Real time PCR was then performed using 5 ul diluted cDNA, Roche Syber green 
master mix, and Qiagen RT2 qPCR primer pairs (20 ul total volume). 

• Relative gene expression determined by delta deta Ct method. 

Cobalt treatment appeared to greatly affect the GAPDH expression of these cells. The 

30 cp calls were pushed very early and exhibit multiple bands. As a result, actin B was used 
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as well to evaluate the relative expression by the delta delta method. The results are 

shown below in Tables 13 and 14. 

Table 13 - Effect on CXCR4 
Actin normalization 

Cp Cp AACp 2 -AACp 

Sample cxc Actin ACp 
vs 

saline 
VS 

saline regulation 
CXCR4 Saline 32.93 18.43 14.25 

32.47 18.47 
Average 32.7 18.45 

CXCR4 Cobalt 29.88 18.6 11.19 3.065 8.369 
8.37 

29.6 18.51 
Average 29.74 18.555 

CXCR4 Ampion 007 31.61 20.31 11.43 2.825 7.086 
7.09 

31.83 20.28 
Average 31.72 20.295 

GAPDH nornalization 
Cp Cp AACp 2-AACp 

Sample CXC GAPDH ACp 
vs 

saline 
VS 

saline regulation 
CXCR4 Saline 32.93 19.27 13.47 

32.47 19.19 
Average 32.7 19.23 

CXCR4 Ampion 007 31.61 20.13 11.59 -1.88 3.681 3.68 
31.83 20.13 

Average 31.72 20.13 

Actin/GAPDH average normalization 
Av Cp Av Cp AACp 2-AACp 

Sample CXC Act/Gap ACp 
vs 

saline 
VS 

saline regulation 
CXCR4 Saline 32.7 18.84 13.86 

CXCR4 Ampion 007 31.72 20.2125 11.51 2.353 5.107 
5.11 
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Table 14 - Effect on CXC112 

Actin normalization 
Cp Cp AACp 2-AACp 

Sample CXC Actin ACp 
vs 

saline 
vs 

saline regulation 

CXCL12 Saline 25.57 18.43 7.13 
25.59 18.47 

Averaqe 25.58 18.45 

CXCL12 Cobalt 33.29 18.6 14.91 7.78 0.005 -219.79 
33.64 18.51 

Average 33.47 18.555 

CXCL12 Ampion 007 31.61 20.31 11.43 4.295 0.051 -19.63 
31.83 20.28 

Averaqe 31.72 20.295 

GAPDH nornalization 
Cp Cp AACp 2-AACp 

Sample CXC GAPDH ACp 
vs 

saline 
vs 

saline 
regulation 

CXCL12 Saline 25.57 19.27 6.35 
25.59 19.19 

Averaqe 25.58 19.23 

CXCL12 Ampion 007 31.61 20.13 11.59 5.24 0.026 -37.79 
31.83 20.13 

Averaqe 31.72 20.13 

Actin/GAPDH averaqe normalization 
Av Cp Av Cp AACp 2-AACp 

Sample CXC Act/Gap ACp 
vs 

saline 
VS 

saline requlation 
CXCL12 Saline 25.58 18.84 6.74 

CXCL12 Ampion 
007 31.72 20.2125 11.51 4.768 0.037 

-27.24 

These results are further shown in Figures 4 and 5. 

5 The results of this experiment demonstrate that Ampion affects CXCR4 and CXCL12. 

More particularly, Ampion caused a 3-7 fold increase in CXCR4 while reducing CXCL 12 

by 19-37 times. 

Example 5 

10 This example will demonstrate the effect that Ampion™ has on the migration of stem 

cells in vitro. Previous data suggested that transcription of CXCR4 or CXCL 12 were both 
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effected by treatment with Ampion. This experiment will be designed to establish if 

migration of MSC is altered as well. 

Materials: 
• Passage 5 Bone marrow derived human mesenchymal stem cells (HUXMA -

01001, Cyagen Biosciences, Sunnyvale CA) 

• TheraPEAK MSCGM chemically defined Stem cell medium (190632 Lonza) 

• Lonza MSGM, Gibco RPMI, Gibco Defined fetal bovine serum. 

• 10 mM Cobalt chloride in saline, sterile filtered (Sigma) 

• Saline or 0.9% Sodium chloride for injection ZR Flush (Excelsior Medical, 
Neptune NJ) 

• 0.2 uM syringe filters 

• Hepes buffered saline,Trypsin/EDTA, Trypsin neutralizing solution (Lonza reagent 
pack) 

• 25 and 175 cm2 tissue culture flasks 

• pipettes and sterile tips 

• Tissue culture hood, humidified CO2 incubator, water or bead bath 

• 8.0 um Thincert tissue culture inserts and 24 well tissue culture plates (Greiner) 

• 50 p,g Calcein AM vials (BD Biosciences) 

• DMSO (Sigma) 

Cell expansion: 
• Passage 5 HUXMA cells were removed from liquid nitrogen storage and expanded 

in 175 cm2 flasks containing 40 mis TheraPEAK MSCGM until 80-90% 
confluence. 

• Trypsinize cells using standard protocol and proceed to the next step. 

Treatment of cells: 
• Prepare the following working dilutions in saline for injection from the stocks 

listed above. 

o Saline 
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o 800 uM Cobalt Chloride in saline 

o Neat Ampion 

• Warm dilutions and Lonza MSCGM to 37 °C in bead bath. 

• Prepare a cell suspension of HUXMA stem cells in warmed MSCGM medium. 

5 • Count and then bring up 250,000 from the cell suspension in 4 mis warmed 
MSCGM. 

• Add the diluted cell solution to a 25 cm2 tissue culture flasks. 

• Add 1ml of the appropriate working dilution to the flask. 

• Incubate at 37 °C and 5% CO2 for 72 hours. 

10 

Invasion assay: 
• Remove the cells from the flask with trypsin and place in 600 ul RPMI + 0.5% 

FBS. 

15 • Add 200 ul of the resulting cell suspension to the upper chamber of thinserts (3 
inserts per treatment group) resting in a 24 well tissue culture plate. 

• Add 600 ul RPMI + 0.5% FBS to the bottom chamber of the transwell system. 

• Add 66 ul of one the following solutions to the bottom chamber for each treatment 
group. 

20 o 550 ng/ml SDF (final 50 ng/ml) 

o 110 ng/ml TGF beta3 (final 10 ng/ml) 

o Serum (final 10%>) 

• Incubate the plate for 24 hours at 37 °C and 5% CO2. 

Labeling and cell detection. 
25 • Remove two calcein AM vials and add 20 ul DMSO. 

• Transfer the contents of both vials to 12.5 ml RPMI containing 0.2% BSA. 

• Place 450 pi of the calcein AM solution (8p,M) in each well of a 24 well tissue 
culture plate. 

• Transfer the inserts from above to the wells containing calcein AM and incubate 45 
30 minutes at 37 °C and 5% C02. 
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• After loading the cells with calcein AM, transfer the inserts to 24 well tissue 
culture plate wells containing 450 ul trypsin EDTA and incubate for another 10 
minutes. 

• Discard inserts then add 450 ul trypsin neutralizing solution to each well. 

5 • Transfer 250 ul of the resulting solution to a 96 well black, flat bottom plate well 
(each reaction in triplicate). 

• Read fluorescence at 485 nm excitation and 530 nm emission. 

The results of this experiment are shown below in Table 15 and Figure 6. 

10 Table 15 - Migration Assay 

Assay using pretreated cells pvalue 

Sample mean FU std FU FU 1 FU 2 FU 3 
vs 

saline 

% 
increas 
e 

10% FBS + saline 265.79 17.95 284.62 248.87 263.89 
FBS + 200 uM Cobalt 343.27 12.69 346.49 329.28 354.03 0.005 29.1% 

FBS + Ampion 324.99 28.29 292.35 342.54 340.07 0.047 22.3% 
SDF-1 + saline 252.74 36.85 210.41 270.2 277.61 

SDF + 200 uM Cobalt 255.86 36.34 215.24 267.07 285.27 0.922 1.2% 
SDF + Ampion 329.89 40.14 310.92 302.75 376 0.071 30.5% 

TGF B3 + saline 307.86 21.33 295.48 295.6 332.49 
TGF + 200 uM Cobalt 286.77 11.06 274.97 288.44 296.9 0.226 -6.8% 

TGF + Ampion 354.67 24.38 360.25 327.99 375.78 0.068 16.3% 

For all the chemotactic signals tested, pretreatment of MSC with Ampion™ 

increased the detectable amount of cells in the bottom chamber after 24 hours. Ampion 

15 increased FBS migration by 22%, SDF-1 by 31%, and TGF beta3 by 15%. 

Example 6 

This example demonstrates that Ampion™ expedites chondrogenesis. Also, 

Ampion™ has an additive or synergistic effect on the transcription or translation of genes 

20 important for the chondrocyte lineage. 

Materials: 
• Passage 5 Bone marrow derived human mesenchymal stem cells (HUXMA -

01001, Cyagen Biosciences, Sunnyvale CA) 

25 • Mesenchymal Stem Cell Chondrogenic Differentiation medium (GUXMX-90041, 
Cyagen Biosciences, Sunnyvale CA) 
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• TheraPEAK MSCGM chemically defined Stem cell medium (190632 Lonza) 

• 1 mM Dexamethasone acetate and mifepristone in absolute ethanol (Sigma) 

• Saline or 0.9% Sodium chloride for injection ZR Flush (Excelsior Medical, 
Neptune NJ) 

• Sterile filtered 0.6 mM sodium caprylate in saline (sigma) 

• Sterile filtered 3 mM NAT in saline (sigma); To prepare, heat at 60 °C for 30 
minutes then sonicate for 5 minutes. 

• Sterile filtered 10 mM DADKP in saline 

• 0.2 uM syringe filters 

• Hepes buffered saline,Trypsin/EDTA, Trypsin neutralizing solution (Lonza reagent 
pack) 

• 182 cm2 tissue culture flasks 

• pipettes and sterile tips 

• Tissue culture hood, humidified C02 incubator, water or bead bath 

• 24 well tissue culture plates 

• Qiagen RNeasy plus spin columns (Qiagen 74134) 

• Qiagen RT2 qPCR primer pairs for Collagen 2A1, MMP13, TIMP1, Aggrecan, 
GAPDH, and Actin B 

• Roche Sybr green I master mix and Invitrogen Superscript VILO master mix. 

• Roche 480 lightcycler 

Cell expansion: 
• Passage 5 HUXMA cells were expanded in 175 cm2 flasks containing 40 mis 

TheraPEAK MSCGM until 80-90% confluence. 

• Trypsinize cells from flasks using standard protocol and proceed to the next step. 

Plating and treatment of cells: 
• Prepare the following working dilutions in saline for injection from the stocks 

listed above and warm to 37 °C in bath. (Controls and solutions designed to mimic 
final concentrations of some known Ampion components) 

o 4 uM Dexamethasone and mifepristone 
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o 3 mM NAT 

o 0.6 mM caprylate 

o 80 p,M DADKP 

o Mix of 3 mM NAT, 0.6 mM caprylate, 80 uM DADKP 

• In addition, warm saline and Ampion stock to 37 °C in bath. 

• Mix Cyagen Chondrogenic Differentiation medium following instructions but 
EXCLUDE dexamethasone and TGF beta 3 supplements. Warm to 37 °C in bath. 

• Prepare a 1.0 X 107 cell suspension of HUXMA stem cells in warmed 
chondrogenic medium then spot 20 ul in the middle of each well to be used in 24 
well tissue culture plates. (200,000 cells per spot) 

• Incubate at 37 °C and 5% CO2 for one hour. 

• Remove plates from incubator and gently add 720 ul chondrogenic medium to 
each well. 

• Add 250 ul saline, Ampion, or control solutions to the appropriate wells in 
triplicate. 

• Then add 10 pi of the TGF beta 3 solution supplied by Cyagen to each well. 

• Place plates back in to incubator. 

• Medium exchanges were performed every 3-4 days by aspirating the medium from 
the wells and replacing with fresh chondrogenic medium, diluted stocks, and TGF 
beta 3 as described above. 

RNA isolations and analysis: 
• Plates were processed as follows at day 7, 14, and 22 post treatment (with the 

described medium exchanges). 

• Remove the medium from the wells and save for further protein analysis. 

• To each well add Qiagen RNeasy plus lysis buffer (with 2ME) and gently shake 
for 10 minutes. 

• Transfer solution to Qiashredder columns and spin at 14,000 rpm for 2 minutes. 

• Proceed with RNeasy plus protocol following manufacturers recommendations. 

• Elute RNA from columns using 25 ul RNase free water. 
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cDNA synthesis and real time PCR: 
• First strand synthesis of cDNA from all samples was then performed following the 

recommended 20 ul total volume protocol using 10 ul isolated RNA. 

• All cDNA reactions were then diluted with 30 p.1 nuclease free water. 

• Real time PCR was then performed using 5 ul diluted cDNA, Roche Syber green 
master mix, and Qiagen RT2 qPCR primer pairs (20 ul total volume). 

• Relative gene expression determined by delta deta Ct method. 

Results 

The results of this experiment at Days 7 and 22 are shown below in Tables 15-16 

and in Figures 7-9. 

Table 15 - Day 7 results 

130515 Gene expression 
RTPCR 

Cp Cp Mean AACp 2"AACp Mean std 

Sample Coll Actin ACp ACp vs saline vs saline regulation regulation regulation 
Collagen 2A1 

Saline 35.5 28.71 6.79 6.733 

35.82 28.35 7.47 

34.62 28.68 5.94 

Collagen 2A1 
Dexamethasone 32.42 25.67 6.75 5.797 0.017 0.9885 -1.01 1.44 2.1229 

32.42 27.07 5.35 -1.38 2.6087 2.61 

33.41 28.12 5.29 -1.44 2.7195 2.72 

Collagen 2A1 
Mifepristone 33.67 26.77 6.9 7.433 0.167 0.8909 -1.12 -1.82 1.1179 

32.73 24.36 8.37 1.637 0.3216 -3.11 

34.82 27.79 7.03 0.297 0.8141 -1.23 

Collagen 2A1 
Ampion 31.34 27.08 4.26 4.15 -2.47 5.5533 5.55 6.46 3.1219 

33.5 28.73 4.77 -1.96 3.8996 3.90 

31.94 28.52 3.42 -3.31 9.9406 9.94 

Collagen 2A1 
NAT 34.84 27.62 7.22 7.063 0.487 0.7137 -1.40 -0.61 1.4003 

33.83 27.11 6.72 -0.01 1.0093 1.01 

34.09 26.84 7.25 0.517 0.699 -1.43 

Collagen 2A1 
Caprylate 33.77 27.74 6.03 6.573 -0.7 1.6283 1.63 -0.18 1.5643 

33.95 27.14 6.81 0.077 0.9482 -1.05 

33.94 27.06 6.88 0.147 0.9033 -1.11 

Collagen 2A1 32.82 26.81 6.01 6.993 -0.72 1.651 1.65 -0.62 2.0361 
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DADKP 

34.44 26.52 7.92 1.187 0.4393 -2.28 

32.87 25.82 7.05 0.317 0.8029 -1.25 

Collagen 2A1 
Mix 32.57 26.67 5.9 6.6 -0.83 1.7818 1.78 -0.18 1.7056 

33.8 26.98 6.82 0.087 0.9417 -1.06 

33.45 26.37 7.08 7.08 0.347 0.7864 -1.27 

Cp Cp Mean AACp 2"AACp Mean std 

Sample Coll Actin ACp ACp vs saline vs saline regulation regulation regulation 

MMP13 Saline 32.64 28.71 3.93 4.637 

33.19 28.35 4.84 

33.82 28.68 5.14 

MMP13 
Dexamethasone 31 25.67 5.33 4.493 0.693 0.6184 -1.62 0.45 1.7977 

30.99 27.07 3.92 -0.72 1.6434 1.64 

32.35 28.12 4.23 -0.41 1.3256 1.33 

MMP13 
Mifepristone 31.98 26.77 5.21 5.7 0.573 0.6721 -1.49 -2.47 1.8254 

31.19 24.36 6.83 2.193 0.2186 -4.57 

32.85 27.79 5.06 0.423 0.7457 -1.34 

MMP13 Ampion 30.53 27.08 3.45 3.36 -1.19 2.2763 2.28 2.59 1.1875 

32.69 28.73 3.96 -0.68 1.5984 1.60 

31.19 28.52 2.67 -1.97 3.9086 3.91 

MMP13 NAT 32.77 27.62 5.15 5.523 0.513 0.7006 -1.43 -1.89 0.5175 

32.6 27.11 5.49 0.853 0.5535 -1.81 

32.77 26.84 5.93 1.293 0.408 -2.45 

MMP13 
Caprylate 33.77 27.74 6.03 5.623 1.393 0.3807 -2.63 -1.55 2.2483 

31.73 27.14 4.59 -0.05 1.0329 1.03 

33.31 27.06 6.25 1.613 0.3268 -3.06 

MMP13 DADKP 31.81 26.81 5 5.017 0.363 0.7774 -1.29 -0.67 1.4896 

31.12 26.52 4.6 -0.04 1.0257 1.03 

31.27 25.82 5.45 0.813 0.5691 -1.76 

MMP13 Mix 31.21 26.67 4.54 5.323 -0.1 1.0693 1.07 -1.10 1.9647 

32.31 26.98 5.33 0.693 0.6184 -1.62 

32.47 26.37 6.1 1.463 0.3627 -2.76 

At day seven, elevated collagen type 2A1 and MMP13 expression were observed. All 
cultures were in discs except the Ampion™ treated wells which were pulled into loose 
pellets. 
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Table 16 - Day 22 

130529 Gene expression 
RTPCR 

Cp Cp Mean AACp 2"AACp Mean std 

Sample Coll GAPDH ACp ACp vs saline vs saline regulation regulation regulation 
Collagen 2A1 

Saline 31.83 18.36 13.47 13.15 

32.21 18.54 13.67 

30.25 17.95 12.3 

Collagen 2A1 
Dexamethasone 22.42 16.42 6 5.76 -7.15 141.7 141.70 168.82 27.286 

21.94 16.41 5.53 -7.62 196.27 196.27 

21.42 15.67 5.75 -7.4 168.51 168.51 

Collagen 2A1 
Mifepristone 25.99 17.47 8.52 9.22 -4.63 24.704 24.70 16.82 8.3693 

27.6 17.46 10.14 -3.01 8.0371 8.04 

26.84 17.84 9 -4.15 17.712 17.71 

Collagen 2A1 
Ampion 21.42 18.45 2.97 2.233 -10.2 1157.4 1157.40 2077.99 938.43 

21.3 19.15 2.15 -11 2043.3 2043.27 

20.57 18.99 1.58 -11.6 3033.3 3033.29 

Collagen 2A1 
NAT 24.2 19.45 4.75 5.207 -8.4 337.01 337.01 262.94 105.86 

23.63 18.76 4.87 -8.28 310.12 310.12 

24.67 18.67 6 -7.15 141.7 141.70 

Collagen 2A1 
Caprylate 22.93 16.85 6.08 6.557 -7.07 134.05 134.05 101.18 36.373 

25.6 18.41 7.19 -5.96 62.106 62.11 

24.26 17.86 6.4 -6.75 107.39 107.39 

Collagen 2A1 
DADKP 27.41 17.52 9.89 7.223 -3.26 9.5577 9.56 136.83 170.14 

25.44 18.44 7 -6.15 70.849 70.85 

22.94 18.16 4.78 -8.37 330.08 330.08 

Collagen 2A1 
Mix 20.54 17.93 2.61 4.03 -10.5 1485.4 1485.43 723.78 661.47 

22.61 17.66 4.95 -8.2 293.39 293.39 

21.87 17.34 4.53 4.53 -8.62 392.53 392.53 

cells in pellet 
cells with 
nodules 

Cp Cp Mean AACp 2"AACp Mean std 

Sample Coll GAPDH ACp ACp vs saline vs saline regulation regulation regulation 

MMP13 Saline 21.77 18.36 3.41 2.993 
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21.37 18.54 2.83 

20.69 17.95 2.74 

MMP13 
Dexamethasone 20.77 16.42 4.35 4.433 1.357 0.3905 -2.56 -2.73 0.4255 

20.68 16.41 4.27 1.277 0.4127 -2.42 

20.35 15.67 4.68 1.687 0.3106 -3.22 

MMP13 
Mifepristone 20.98 17.47 3.51 3.633 0.517 0.699 -1.43 -1.57 0.2212 

21.32 17.46 3.86 0.867 0.5484 -1.82 

21.37 17.84 3.53 0.537 0.6894 -1.45 

MMP13 Ampion 21.18 18.45 2.73 2.96 -0.26 1.2002 1.20 0.35 1.5169 

21.82 19.15 2.67 -0.32 1.2512 1.25 

22.47 18.99 3.48 0.487 0.7137 -1.40 

MMP13 NAT 22.68 19.45 3.23 3.053 0.237 0.8487 -1.18 0.29 1.2691 

21.71 18.76 2.95 -0.04 1.0305 1.03 

21.65 18.67 2.98 -0.01 1.0093 1.01 

MMP13 
Caprylate 20.28 16.85 3.43 2.733 0.437 0.7388 -1.35 0.62 1.7897 

20.31 18.41 1.9 -1.09 2.1337 2.13 

20.73 17.86 2.87 -0.12 1.0892 1.09 

MMP13 DADKP 20.34 17.52 2.82 2.96 -0.17 1.1277 1.13 0.36 1.2375 

21.41 18.44 2.97 -0.02 1.0163 1.02 

21.25 18.16 3.09 0.097 0.9352 -1.07 

MMP13 Mix 20.78 17.93 2.85 3.287 -0.14 1.1045 1.10 -0.58 1.463 

21.23 17.66 3.57 0.577 0.6705 -1.49 

20.78 17.34 3.44 0.447 0.7337 -1.36 

Cp Cp Mean AACp 2"AACp Mean std 

Sample Agg Actin ACp ACp vs saline vs saline regulation regulation regulation 
Aggrecan 

Saline 27.57 16.69 10.88 10.22 

26.34 16.4 9.94 

25.55 15.72 9.83 

Aggrecan 
Dexamethasone 20.48 14.2 6.28 6.523 -3.94 15.313 15.31 13.03 2.0074 

20.68 13.99 6.69 -3.53 11.525 11.52 

20.44 13.84 6.6 -3.62 12.267 12.27 

Aggrecan 
Mifepristone 25.97 15.68 10.29 9.247 0.073 0.9504 -1.05 1.55 2.3111 

24.4 15.42 8.98 -1.24 2.3565 2.36 

23.94 15.47 8.47 -1.75 3.3558 3.36 

Aggrecan 
Ampion 23.54 16.68 6.86 6.067 -3.36 10.244 10.24 19.16 8.4434 

23.28 17.4 5.88 -4.34 20.205 20.21 
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22.66 17.2 5.46 -4.76 27.033 27.03 

Aqqrecan NAT 25.43 17.19 8.24 7.1 -1.98 3.9358 3.94 11.66 10.952 

23.3 17.68 5.62 -4.6 24.195 24.20 

24.4 16.96 7.44 -2.78 6.8527 6.85 

Aggrecan 
Caprylate 21.64 15.53 6.11 7.42 -4.11 17.228 17.23 10.81 8.3209 

25.43 15.71 9.72 -0.5 1.4109 1.41 

21.95 15.52 6.43 -3.79 13.801 13.80 

Aggrecan 
DADKP 24.7 15.64 9.06 7.28 -1.16 2.2294 2.23 10.65 8.511 

23.56 16.73 6.83 -3.39 10.459 10.46 

22.36 16.41 5.95 -4.27 19.248 19.25 

Aqgrecan Mix 21.47 16.62 4.85 5.023 -5.37 41.26 41.26 37.33 8.649 

21.36 15.92 5.44 -4.78 27.411 27.41 

20.34 15.56 4.78 -5.44 43.311 43.31 

cells in pellet 
cells with 
nodules 

Cp Cp Mean AACp 2"AACp Mean std 

Sample TIMP1 Actin ACp ACp vs saline vs saline regulation Regulation regulation 

TIMP1 Saline 21.32 16.69 4.63 3.767 

19.91 16.4 3.51 

18.88 15.72 3.16 

TIMP1 
Dexamethasone 17.35 14.2 3.15 3.16 -0.62 1.5333 1.53 1.53 0.2057 

17.35 13.99 3.36 -0.41 1.3256 1.33 

16.81 13.84 2.97 -0.8 1.7371 1.74 

TIMP1 
Mifepristone 19.69 15.68 4.01 4.227 0.243 0.8448 -1.18 -1.38 0.1792 

19.8 15.42 4.38 0.613 0.6537 -1.53 

19.76 15.47 4.29 0.523 0.6958 -1.44 

TIMP1 Ampion 19.44 16.68 2.76 2.993 -1.01 2.0093 2.01 1.72 0.2669 

20.42 17.4 3.02 -0.75 1.6779 1.68 

20.4 17.2 3.2 -0.57 1.4811 1.48 

TIMP1 NAT 20.59 17.19 3.4 3.537 -0.37 1.2894 1.29 1.18 0.0987 

21.28 17.68 3.6 -0.17 1.1225 1.12 

20.57 16.96 3.61 -0.16 1.1147 1.11 

TIMP1 
Caprylate 17.65 15.53 2.12 3.143 -1.65 3.1311 3.13 1.12 2.3073 

18.77 15.71 3.06 -0.71 1.632 1.63 

19.77 15.52 4.25 0.483 0.7153 -1.40 
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TIMPl DADKP 18.64 15.64 3 3.04 -0.77 1.7013 1.70 1.66 0.13 

19.9 16.73 3.17 -0.6 1.5122 1.51 

19.36 16.41 2.95 -0.82 1.7613 1.76 

TIMP1 Mix 19.61 16.62 2.99 3.56 -0.78 1.7132 1.71 0.53 1.5754 

19.51 15.92 3.59 -0.18 1.1303 1.13 

19.66 15.56 4.1 0.333 0.7937 -1.26 

On Day 22, collagen transcription is greatly enhanced by Ampion™. The 

components are also showing some activity but not nearly as pronounced as Ampion™. 

5 Aggrecan is also elevated. 

The results of this example show that Ampion has the ability to increase the 

transcription of Collagen 2A1 and Aggrecan. 

10 Example 7 

The following example is a proteomic analysis of synovial fluid from patients 

treated with Ampion™ compared to the synovial fluid from patients having received 

saline. 

The synovial fluid was taken from knees of patients in a clinical trial for use of 

15 Ampion™ to treat osteoarthritis of the knee at baseline and at 12 weeks after treatment 

with lOcc of either Ampion™ or saline. Baseline to 12 weeks were compared for both 

saline and Ampion. 

The synovial fluid samples were analyzed by SomaLogic, Inc. of Boulder, 

Colorado, USA using its proprietary SOMAscan™ technology. 

20 The proteins shown below in Table 17 were down in the Ampion™ treated 

synovial fluid, compared to the saline treated synovial fluid. 

Table 17 - Proteins Down in Ampion™ Treated Sample 
* MAPK-activated protein kinase 3 
* beta-adrenergic receptor kinase 1 
* ADAM metallopeptidase with thrombodpondin type I motif 
* MAPK-activated protein kinase 2 
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C-Src kinase 
* Macrophage Scavenger Receptor 
* Noggin 
* Tyrosine kinase Bruton 
* Glycogen synthase kinase-3 alpha/beta 
* Glycogen synthase kinase-3 alpha/beta 
* HSP 90 alpha/beta 
* HSP 90 alpha/beta 
* Phosphoinositide-3-kinase, cataytic subunit alpha 
* Phosphoinositide-3-kinase, cataytic subunit alpha 
* Eukaryotic translation initiation factor 4A 
* Fibroblast Growth Factor 17 

The proteins shown below in Table 18 were up in the Ampion™ treated synovial fluid, 

compared to the saline treated synovial fluid. 

5 Table 18 - Proteins Up in Ampion™ Treated Sample 
Clusterin (Apolipoprotein J) 
C1QBP (Hyaluronan binding protein 1) 
Mammaglobin 2 
MCP 1 (CCL 2) 
Spondin 1 
IL 11 
CFC 1 (cryptic protein) 
Angiogenin 
MMP-3 
BSSP4 
RSPQ2 
bFGF 
Coagulation Factor IX 
CATC (Dipeptidyl peptidase 1) 
Ck-b-8-1 (MPIF 1 splice variant) 
Cls 
EMR2 
ART 
DPP 2 
SAA 
TIMP-1 
Semaphorin 3A 
Prothrombin 
TNFSF 15 (VEGF inhibitor) 
MIP3b (CCL 19) 
PTHrP 
Elafin (elastase inhibitor) 
NPS-PLA2 
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Testican 1 (SPOCK 1) 
URB 
IP 10 (cxcl 10) 
IL 8 (cxcl 8) 
Cystatin C 
Factor H 
SDF-1 (cxcl 12) 
PIGR 

The proteins shown below in Table 19 were significantly different (up or down) in 

the Ampion™ treated synovial fluid, compared to the saline treated synovial fluid and are 

known to influence cartilage and synovial fluid production. 

5 

Table 19 - Proteins Up in Ampion™ Treated Sample 
Protein Name Direction Compared 

to Saline 
Protein Description 

Clusterin up Known to stimulate proliferation and 
stability of different stem cells 

C1QBP up A hyaluronic binding protein and inhibits 
C1, thus inhibiting complement induced 
apoptosis 

MAPKAPK3 down Modulates polycomb mediated repression of 
gene expression (through Akt pathway), 
which is necessary for hematopoietic stem 
cell maintenance 

MCP-1 up Recruits macrophages in inflammatory 
conditions 

IL-11 up Stimulates production of hematopoietic stem 
cells and megakaryote precursor cells 

MMP3 up A metalloproteinase which also breaks down 
proteoglycans 

bFGF up Stimulates mesenchymal cell growth 
Noggin down Essential for cartilage formation in embryos, 

inhibitor of bone morphogenetic proteins 
PIK3CA down regulates Akt 
SAA up Plays an important role in HDL metabolism, 

and is up regulated in many inflammatory 
diseases 

TIMP 1 up A major inhibitor if MMPs and tissue 
extracellular matrix 

PTHrP up Regulates epithelial-mesenchymal 
interactions 

Elafin up Inhibits elastin (protease) 

The results of this example suggest that administration of Ampion™ down regulates Akt 

pathways. Akt, also known as Protein Kinase B (PKB) is a serine/threonine-specific 
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protein kinase that plays a key role in multiple cellular processes such as cell proliferation, 

transcription and cell migration. 

Example 8 

5 This example demonstrates the effect of intra-articular injections of a low 

molecular weight fraction of 5% human serum albumin (LMWF-5A) for treatment of knee 

pain due to osteoarthritis. 

This study was a multicenter randomized, vehicle-controlled, double-blind, parallel 

study designed to evaluate the safety and efficacy of two doses of an intra-articular 

10 injection of LMWF-5A. Patients with symptomatic knee osteoarthritis were randomized 

1:1:1:1 to receive a single 4 mL or 10 mL intra-articular knee injection of either LMWF-

5A or vehicle control (saline). The primary efficacy endpoint was the difference between 

treatment groups in the Western Ontario and McMaster Universities (WOMAC) pain 

change from baseline over 12 weeks. Safety was examined as the incidence and severity of 

15 adverse events (AEs). 

A total of 329 patients with OA knee pain were randomized 1:1:1:1 across 4 study 

arms: 4 mL LMWF-5A, 4 mL saline vehicle control, 10 mL LMWF-5A or 10 mL saline 

vehicle control. The patient disposition is shown in Figure 10. 

The starting material of LMWF-5A, HSA purchased from OctaPharma (Lachen, 

20 Switzerland), was subjected to centrifugation/ultrafiltration under sterile conditions and 

the ultrafiltrate, containing species with a MW less than 5000 Da, was separated. The 

ultrafiltrate contained DA-DKP (approximately 50 - 200 mM) and the excipients (i.e. 

sodium caprylate and sodiumacetyltryptophanate). The ultrafiltrate was transferred for 

aseptic filling, to afford sterile drug product. 

25 The clinical effects of treatment on OA were evaluated during clinic visits at 6 and 

12 weeks and telephone contacts at 2, 4, 8 and 10 weeks, using the WOMACH 

osteoarthritis Index 3.1 5-point Likert score, the Patient's Global Assessment of disease 

severity (PGA) using a 5-point Likert Score, and the amount of acetaminophen after intra­

articular injection. Acetaminophen was supplied in 500 mg tablets at baseline as a rescue 

30 medication, and allowed as 1 tablet every 4 hours as needed. Safety was evaluated by 

recording adverse events (through 24 hours post-dose and at all follow-up contacts), vital 

signs and physical examination results (baseline, weeks 6 and 12). 
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LMWF-5A resulted in a statistically significant improvement in pain as compared 

to vehicle control (20.93 vs 20.72, respectively). An injection volume effect was not 

observed (p = 0.64). The estimated difference from control was 20.25 (95% CI: 20.08 -

20.41), p= 0.004. The reduction in pain with LMWF-5A compared to vehicle control was 

5 observed as early as week 4 (p = 0.03), and persisted to week 12 (p = 0.004). The percent 

reduction in pain over time was significantly greater for LMWF-5A as compared to 

vehicle control (week 12: 42.3% and 31.7%, respectively) as shown in Figure 11. 

Patients treated with LMWF-5A demonstrated significant improvements in the 

following secondary endpoints, as compared to vehicle control: PGA (20.87 vs 20.65, p= 

10 0.01), physical function, (20.78 vs 20.64, p =0.04); pain at rest (20.91 vs 20.70, p = 

0.004); pain with movement (20.96 vs 20.75, p = 0.01), Table 3. There were no 

differences in reduced stiffness between treatment groups. There was a trend towards a 

reduced number of acetaminophen pills used over the study period for LMWF-5A as 

compared to vehicle control (median (IQR)): 24.0 (0, 62) vs 34.0 (5, 85.5), p =0.09. 

15 Improvement in pain in this study is consistent with regeneration of tissue caused by the 

administration of Ampion™. 

Example 9 

This example is a twenty week extension of the clinical trial described in Example 

20 8 demonstrating the effects of LMWF-5A for treatment of knee pain due to osteoarthritis. 

This analysis is a 20-week extension of a multicenter, randomized, vehicle-

controlled, double-blind study (NCT01839331) that evaluated the efficacy and safety of 

the low molecular weight fraction of 5% human serum albumin (LMWF-5A) for treatment 

of inflammation-associated pain in symptomatic OA of the knee (OAK). 

25 Ninety-seven patients who received a 4-mL intra-articular injection of LMWF-5A 

or vehicle control were followed for an additional 8 weeks beyond the initial 12-week 

study endpoint. Efficacy measures included changes from baseline in Western Ontario and 

McMaster Universities Osteoarthritis (WOMAC) pain and function subscores. Patients 

were considered "responders" if they achieved >40% improvement in WOMAC pain and 

30 function. Differences between treatment groups were evaluated by chi-square test or 

ANCOVA, adjusted for baseline values. 

In a subgroup of patients with moderate-to-severe OAK (Kellgren-Lawrence 

grades 3-4; n=64), there were statistically significant improvements in WOMAC pain 

80 



WO 2014/145729 PCT/US2014/030538 

(mean change from baseline -0.99 vs -0.65) and function scores (-0.85 vs -0.58) over 20 

weeks for patients who received LMWF-5A compared with vehicle control, respectively. 

Treatment-versus-placebo-associated differences in pain (-0.95 vs -0.77) and function (-

0.79 vs -0.63), respectively, were also observed in the per-protocol population. At 20 

5 weeks, the percentage of pain responders in the moderate-to-severe subgroup was 

significantly higher for patients who received LMWF-5A (50%) relative to those who 

received vehicle control (25%). Similar rates and severity of adverse events were observed 

in the LMWF-5A and control groups. 

This example demonstrates that a single injection of LMWF-5A was associated 

10 with sustained improvements in knee pain and can provide a therapeutic option for 

patients with moderate-to-severe OAK. These findings demonstrate significant benefit of 

LMWF-5A for patients with objective evidence of true OAK and high therapeutic need. 

The foregoing examples of the present invention have been presented for purposes 

15 of illustration and description. Furthermore, these examples are not intended to limit the 

invention to the form disclosed herein. Consequently, variations and modifications 

commensurate with the teachings of the description of the invention, and the skill or 

knowledge of the relevant art, are within the scope of the present invention. The specific 

embodiments described in the examples provided herein are intended to further explain the 

20 best mode known for practicing the invention and to enable others skilled in the art to 

utilize the invention in such, or other, embodiments and with various modifications 

required by the particular applications or uses of the present invention. It is intended that 

the appended claims be construed to include alternative embodiments to the extent 

permitted by the prior art. 

25 
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What is claimed is: 

I. A method to cause an effect selected from the group consisting of stem cell 

mobilization, stem cell homing, stem cell expansion, and stem cell differentiation 

in a subject, comprising administering DA-DKP to a subject in need thereof. 

5 2. The method of claim 1, wherein the step of administering comprises 

administering a pharmaceutical composition comprising DA-DKP. 

3. The method of claim 2, wherein the pharmaceutical composition further 

comprises N-acetyl tryptophan, caprylate and/or caprylic acid. 

4. The method of any one of claims 2-3, wherein the pharmaceutical composition 

10 comprises a fraction of human serum albumin, wherein substantially all of the 

albumin has been removed from the fraction. 

5. The method of any one of claims 2-4, wherein the pharmaceutical composition 

comprises a low molecular weight fraction of human serum albumin. 

6. The method of claim 5, wherein the low molecular weight fraction of human 

15 serum albumin is a less than 5000 molecular weight fraction. 

7. The method of any one of claims 5-6, wherein the low molecular weight fraction 

of human serum albumin is produced by filtration. 

8. The method of any one of claims 2-7, wherein the pharmaceutical composition is 

prepared by a process comprising heating human serum albumin under 

20 conditions effective to cause the formation of DA-DKP. 

9. The method of any one of claims 2-8, wherein the pharmaceutical composition is 

prepared by a process comprising contacting human serum albumin with an 

enzyme that cleaves the two N-terminal amino acids of human albumin under 

conditions effective to produce DA-DKP. 

25 10. The method of any one of claims 1-3, wherein the DA-DKP is a synthetic DA­

DKP. 

II. The method of any one of claims 1-10, wherein the DA-DKP is administered 

locally to the subject. 

12. The method of claim 10, wherein the site of local administration is selected from 

30 the group consisting of a joint, a surgical site, a site of a segmented skeletal gap 

or non-union fracture, a wound, an ulcer, and an inflammatory skin rash. 

13. The method of any one of claims 1-10, wherein the DA-DKP is administered as a 

parenteral formulation. 
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14. The method of any one of claims 1-10, wherein the DA-DKP is administered 

systemically to the subject. 

15. The method of any one of claims 1-10, wherein the DA-DKP is administered as 

an oral dosage formulation. 

5 16. The method of any one of claims 1-10, wherein the DA-DKP is formulated as 

part of, or on an implantable device selected from a sponge, biocompatible 

polymer, bioerodible polymer, putty, gel, bone matrix, artificial bone matrix, 

bolt, screw, endotracheal tube, stent, contact lense, pacemaker, central IV tube, 

foley catheter, and intracranial device. 

10 17. The method of any one of claims 1-16, wherein administration of DA-DKP 

increases production of CXCR4. 

18. The method of any one of claims 1-17, wherein administration of DA-DKP 

decreases production of CXCL 12. 

19. The method of any one of claims 1-18, wherein administration of DA-DKP 

15 increases production of MMP14 or MMP13. 

20. The method of any one of claims 1-19, wherein administration of DA-DKP 

increases production of aggrecan. 

21. The method of any one of claims 1-20, wherein administration of DA-DKP 

increases production of SDF1. 

20 22. The method of any one of claims 1-21, wherein administration of DA-DKP 

increases production of collagen 2A1. 

23. The method of any one of claims 1-22, wherein administration of DA-DKP 

decreases production of a protein selected from the group consisting of MAPK-

activated protein kinase 3, beta-adrenergic receptor kinase 1, ADAM 

25 metallopeptidase with thrombodpondin type I motif, MAPK-activated protein 

kinase 2, C-Src kinase, Macrophage Scavenger Receptor, Noggin, Tyrosine 

kinase Bruton, Glycogen synthase kinase-3 alpha/beta, Glycogen synthase 

kinase-3 alpha/beta, HSP 90 alpha/beta, HSP 90 alpha/beta, Phosphoinositide-3-

kinase, catalytic subunit alpha, and Eukaryotic translation initiation factor 4A, 

30 Fibroblast Growth Factor 17 and combinations thereof. 

24. The method of any one of claims 1-23, wherein administration of DA-DKP 

decreases production of a protein selected from the group consisting of MAPK-
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activated protein kinase 3, Noggin, Phosphoinositide-3-kinase, catalytic subunit 

alpha, and combinations thereof. 

25. The method of any one of claims 1-24, wherein administration of DA-DKP 

increases production of a protein selected from the group consisting of Clusterin 

5 (Apolipoprotein J), Prothrombin, C1QBP (Hyaluronan binding protein 1), 

TNFSF 15 (VEGF inhibitor), Mammaglobin 2, MIP3b (CCL 19), MCP 1 (CCL 

2), PTHrP, Spondin 1, Elafin (elastase inhibitor), IL 11, NPS-PLA2, CFC 1 

(cryptic protein), Testican 1 (SPOCK 1), Angiogenin, URB, MMP-3, IP 10 (cxcl 

10), BSSP 4, IL 8 (cxcl 8), RSP02, Cystatin C, bFGF, Factor H, Coagulation 

10 Factor IX, SDF-1 (cxcl 12), CATC (Dipeptidyl peptidase 1), PIGR, Ck-b-8-1 

(MPIF 1 splice variant), Cls, EMR2, ART, DPP 2, SAA, TIMP-1, Semaphorin 

3A, and combinations thereof. 

26. The method of any one of claims 1-25, wherein administration of DA-DKP 

increases production of a protein selected from the group consisting of Clusterin 

15 (Apolipoprotein J), C1QBP (Hyaluronan binding protein 1), MCP 1 (CCL 2), 

PTHrP, Elafin (elastase inhibitor), IL 11, MMP-3, bFGF, SAA, TIMP-1, 

Semaphorin 3A, and combinations thereof. 

27. The method of any one of claims 1-26, wherein administration of DA-DKP 

decreases production of a protein selected from the group consisting of MAPK-

20 activated protein kinase 3, Noggin, Phosphoinositide-3-kinase, catalytic subunit 

alpha, and combinations thereof and wherein administration of DA-DKP 

increases production of a protein selected from the group consisting of Clusterin 

(Apolipoprotein J), C1QBP (Hyaluronan binding protein 1), MCP 1 (CCL 2), 

PTHrP, Elafin (elastase inhibitor), IL 11, MMP-3, bFGF, SAA, TIMP-1, 

25 Semaphorin 3A, and combinations thereof. 

28. The method of any one of claims 1-27, wherein administration of DA-DKP down 

regulates Akt pathways in the subject. 

29. A method of stimulating chondrogenesis in a subject comprising administering a 

pharmaceutical composition comprising DA-DKP and a component selected 

30 from the group consisting of N-acetyl tryptophan, caprylate, caprylic acid, and 

combinations thereof to a subject in need thereof. 

30. The method of claim 29, wherein the pharmaceutical composition comprises a 

low molecular weight fraction of human serum albumin. 
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31. The method of claim 30, wherein the low molecular weight fraction of human 

serum albumin is a less than 5000 molecular weight fraction. 

32. The method of any one of claims 30-31, wherein the low molecular weight 

fraction of human serum albumin is produced by filtration. 

5 33. The method of any one of claims 29-32, wherein chondrogenesis is stimulated in 

a stem cell. 

34. The method of claim 33, wherein the stem cell is selected from the group 

consisting of a progenitor cell and mesenchymal stem call (MSC). 

35. The method of any one of claims 29-34, wherein the stimulation of 

10 chondrogenesis promotes cartilage, bone, and/or ligament repair or induces 

repair or regeneration of chondral tissue, in the subject. 

36. The method of any one of claims 29-35, wherein the chondrogenesis treats or 

ameliorates a chondrogenic disease in the mammal. 

37. The method of claim 36, wherein the chondrogenic disease is selected from the 

15 group consisting of a congenital cartilage disease, degenerative or fibrotic joint, 

rheumatoid arthritis and osteoarthritis. 

38. The method of any one of claims 29-35, wherein the chondrogenesis treats or 

repairs a condition selected from the group consisting of a cartilage defect, a 

skeletal defect, a fracture arising from trauma or surgery. 

20 39. The method of any one of claims 29-38, wherein the DA-DKP administration 

stimulates the formation of new bone or cartilage tissue. 

40. The method of any one of claims 29-39, wherein the administration comprises 

stimulating stem cells ex vivo and then administering the stimulated stem cells to 

the mammal. 

25 41. The method of claim 40, wherein the stem cells are stimulated ex vivo by 

culturing a population of stem cells of chondrocyte lineage with DA-DKP, or 

composition comprising a DA-DKP, for a time sufficient to stimulate 

chondrogenesis. 

42. The method of any one of claims 40-41, wherein the administering comprises 

30 implanting the stimulated cells into a desired site in the mammal. 

43. The method of any one of claims 29-42, wherein the chondrogenesis results in 

increased production of collagen. 
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44. The method of any one of claims 29-43, wherein the chondrogenesis results in 

increased production of a type 2A1 collagen. 

45. The method of any one of claims 29-44, wherein the chondrogenesis results in 

increased production of a type 1 Al collagen. 

5 46. The method of any one of claims 29-45, wherein the chondrogenesis results in at 

least a 2-fold increase in the production of collagen. 

47. The method of any one of claims 29-46, wherein the chondrogenesis results in at 

least a 4-fold increase in the production of collagen. 

48. The method of any one of claims 29-47, wherein the chondrogenesis results in at 

10 least a 10-fold increase in the production of collagen. 

49. The method of any one of claims 29-48, wherein the chondrogenesis results in at 

least a 20-fold increase in the production of collagen. 

50. The method of any one of claims 29-49, wherein the chondrogenesis results in at 

least a 25-fold increase in the production of collagen. 

15 51. Use of DA-DKP or a composition comprising DA-DKP in the preparation of a 

medicament for the stimulation of chondrogenesis in a mammal. 

52. Use of DA-DKP or a composition comprising DA-DKP for the stimulation of 

chondrogenesis in a mammal. 

53. A method of stimulating development of nervous tissue in a subject comprising 

20 administering a pharmaceutical composition comprising DA-DKP and a 

component selected from the group consisting of N-acetyl tryptophan, caprylate, 

caprylic acid, and combinations thereof to a subject in need thereof. 

54. The method of claim 53, wherein the pharmaceutical composition comprises a 

low molecular weight fraction of human serum albumin. 

25 55. The method of claim 54, wherein the low molecular weight fraction of human 

serum albumin is a less than 5000 molecular weight fraction. 

56. The method of any one of claims 54-55, wherein the low molecular weight 

fraction of human serum albumin is produced by filtration. 

57. The method of any one of claims 53-56, wherein the development of nervous 

30 tissue is stimulated in a stem cell. 

58. The method of claim 57, wherein the stem cell is selected from the group 

consisting of a progenitor cell and mesenchymal stem call (MSC). 
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59. The method of any one of claims 53-58, wherein the stimulation of development 

of nervous tissue promotes brain, spinal cord, and/or peripheral nerve repair or 

induces repair or regeneration of neurons, neuroglia, and/or astrocytes in the 

subject. 

5 60. The method of any one of claims 53-59, wherein the development of nervous 

tissue treats or ameliorates a disease of the central nervous system and/or a 

disease of the peripheral nervous system in the subject. 

61. The method of claim 60, wherein the disease of the central nervous system 

and/or disease of the peripheral nervous system is selected from the group 

10 consisting of neurodegenerative diseases. 

62. The method of any one of claims 53-59, wherein the development of nervous 

tissue treats or repairs a condition selected from the group consisting of an injury 

arising from trauma or surgery. 

63. The method of any one of claims 53-62, wherein the administration comprises 

15 stimulating stem cells ex vivo and then administering the stimulated stem cells to 

the mammal. 

64. The method of claim 63, wherein the stem cells are stimulated ex vivo by 

culturing a population of stem cells of neuron, neuroglia, and/or astrocyte lineage 

with the pharmaceutical composition, for a time sufficient to stimulate 

20 development of nervous tissue. 

65. The method of any one of claims 63-64, wherein the administering comprises 

implanting the stimulated cells into a desired site in the mammal. 

66. Use of DA-DKP or a composition comprising DA-DKP in the preparation of a 

medicament for the stimulation of development of nervous tissue in a mammal. 

25 67. Use of DA-DKP or a composition comprising DA-DKP for the stimulation of 

development of nervous tissue in a mammal. 

68. A method of stimulating development of tissue in a subject comprising 

administering DA-DKP to a subject in need thereof. 

69. The method of claim 68, wherein the tissue is selected from the group consisting 

30 of nervous system tissue, adipose tissue, liver tissue, smooth muscle tissue, 

striated muscle tissue, cardiac muscle tissue, bone tissue, bone spongy tissue, 

cartilage tissue, pancreatic ductal tissue, spleen tissue, thymus tissue, tonsil 

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

5 tissue, prostate tissue, connective tissue, endocrine tissue, and mesentery tissue. 

70. A serum-free, eukaryotic cell culture media supplement comprising DA-DKP, 

wherein a cell culture medium supplemented with said supplement is capable of 

supporting the expansion of stem cells. 

71. A composition comprising stem cells in a serum-free media supplemented with 

10 the media supplement of claim 70. 

72. A method of expanding stem cells, comprising 

(a) contacting the stem cells with DA-DKP, and 

(b) culturing the stem cells under conditions suitable to facilitate the 

expansion of the stem cells. 

15 73. A method of providing stem cells to a mammal, comprising: 

(a) contacting stem cells with DA-DKP, 

(b) cultivating the stem cells under conditions suitable to facilitate the 

expansion of the cells; and 

(c) introducing the expanded cells into a mammal. 

20 74. A method of causing stem cells to differentiate into a particular type of cell 

comprising: 

(a) contacting stem cells with DA-DKP; 

(b) cultivating the stem cells under conditions suitable to facilitate the 

expansion of the stem cells; and 

25 (c) adding one or more differentiation factors or changing culturing 

conditions to induce differentiation of the stem cells to form a different type of 

cell. 

75. A method of providing differentiated stem cells, to a subject, comprising: 

(a) contacting stem cells with DA-DKP; 

30 (b) cultivating the stem cells under conditions suitable to facilitate the 
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expansion of the stem cells; 

(c) adding one or more differentiation factors or changing culturing 

conditions to induce differentiation of cells to form a different type of cell; and 

(d) introducing the differentiated cells into the subject. 
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