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PLURIPOTENT EMBRYONIC-LIKE STEM CELLS, 
COMPOSITIONS, METHODS AND USES 

THEREOF 

FIELD OF THE INVENTION 

0001. This invention relates generally to pluripotent stem 
cells, particularly to embryonic-like pluripotent Stem cells. 
The invention also relates to uses of the Stem cells for tissue 
engineering in cell or tissue transplantation, in gene therapy, 
and in identifying, assaying or Screening with respect to 
cell-cell interactions, lineage commitment, development 
genes and growth or differentiation factors. 

BACKGROUND OF THE INVENTION 

0002 The formation of tissues and organs occurs natu 
rally during prenatal development. The development of 
multicellular organisms follows predetermined molecular 
and cellular pathways culminating in the formation of enti 
ties composed of billions of cells with defined functions. 
Cellular development is accomplished through cellular pro 
liferation, lineage-commitment, and lineage-progression, 
resulting in the formation of differentiated cell types. This 
proceSS begins with the totipotent Zygote and continues 
throughout the life of the individual. As development pro 
ceeds from the totipotent Zygote, cells proliferate and Seg 
regate by lineage-commitment into the pluripotent primary 
germ layers, ectoderm, mesoderm, and endoderm. Further 
Segregation of these germ layers through progressive lin 
eage-commitment into progenitor (multipotent, tripotent, 
bipotent and eventually unipotent) lineages further defines 
the differentiation pathways of the cells and their ultimate 
function. 

0003) Development proceeds from the fertilized egg, to 
formation of a blastula and then a gastrula. Gastrulation is 
the process by which the bilaminar embryonic disc is 
converted into a trilaminar embryonic disc. Gastrulation is 
the beginning of morphogenesis or development of the body 
form, gastrulation begins with the formation of the primitive 
streak on the surface of the epiblast of the embryonic disk. 
Formation of the primitive Streak, germ layers, and noto 
chord are the important processes occurring during gastru 
lation. Each of the three germ layers-ectoderm, endoderm, 
and mesoderm- gives rise to specific tissues and organs. 
0004. The organization of the embryo into three layers 
roughly corresponds to the organization of the adult, with 
gut on the inside, epidermis on the outside, and connective 
tissue in between. The endoderm is the Source of the 
epithelial linings of the respiratory passages and gastrointes 
tinal tract and gives rise to the pharynx, esophagus, Stomach, 
intestine and to many associated glands, including Salivary 
glands, liver, pancreas and lungs. The mesoderm gives rise 
to Smooth muscular coats, connective tissues, and vessels 
asSociated with the tissues and organs, mesoderm also forms 
most of the cardiovascular System and is the Source of blood 
cells and bone marrow, the skeleton, striated muscles, and 
the reproductive and excretory organs. Ectoderm will form 
the epidermis (epidermal layer of the skin), the Sense organs, 
and the entire nervous System, including brain, Spinal cord, 
and all the outlying components of the nervous System. 
0005 While a majority of the cells progress through the 
Sequence of development and differentiation, a few cells 
leave this pathway to become reserve Stem cells that provide 
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for the continual maintenance and repair of the organism. 
Reserve Stem cells include progenitor Stem cells and pluri 
potent stem cells. Progenitor cells (e.g., precursor Stem cells, 
immediate Stem cells, and forming or -blast cells, e.g., 
myoblasts, adipoblasts, chondroblasts, etc.) are lineage 
committed. Unipotent Stem cells will form tissues restricted 
to a single lineage (Such as the myogenic, fibrogenic, 
adipogenic, chondrogenic, osteogenic lineages, etc.). Bipo 
tent Stem cells will form tissues belonging to two lineages 
(Such as the chondro-osteogenic, adipo-fibroblastic lineages, 
etc.). Tripotent stem cells will form tissues belonging to 
three lineages (Such as chondro-osteo-adipogenic lineage, 
etc.). Multipotent stem cells will form multiple cell types 
within a lineage (such as the hematopoietic lineage). Pro 
genitor Stem cells will form tissues limited to their lineage, 
regardless of the inductive agent that may be added to the 
medium. They can remain quiescent. Lineage-committed 
progenitor cells are capable of Self-replication but have a 
limited life-span ( approximately 50-70 cell doublings) 
before programmed cell Senescence occurs. They can also be 
Stimulated by various growth factors to proliferate. If acti 
Vated to differentiate, these cells require progression factors 
(i.e., insulin, insulin-like growth factor-I, and insulin-like 
growth factor-II) to Stimulate phenotypic expression. 
0006. In contrast, pluripotent cells are lineage-uncommit 
ted, i.e., they are not committed to any particular tissue 
lineage. They can remain quiescent. They can also be 
stimulated by growth factors to proliferate. If activated to 
proliferate, pluripotent cells are capable of extended Self 
renewal as long as they remain lineage-uncommitted. Pluri 
potent cells have the ability to generate various lineage 
committed progenitor cells from a Single clone at any time 
during their life span. For example, a prenatal pluripotent 
mouse clone after more than 690 doublings (Young et al 
1998a) and a postnatal pluripotent rat clone after more than 
300 doublings (Young etal 1999) were both induced to form 
lineage-committed progenitor cells that after long term 
dexamethasone exposure, went on to differentiate into Skel 
etal muscle, fat, cartilage, that exhibited characteristic mor 
phological and phenotypic expression markers. This lin 
eage-commitment process necessitates the use of either 
general (e.g., dexamethasone) or lineage-Specific (e.g., bone 
morphogenetic protein-2, muscle morphogenetic protein, 
etc.) commitment induction agents. Once pluripotent cells 
are induced to commit to a particular tissue lineage, they 
assume the characteristics of lineage-specific progenitor 
cells. They can remain quiescent or they can proliferate, 
under the influence of Specific inductive agents. Their ability 
to replicate is limited to approximately 50-70 cell doublings 
before programmed cell Senescence occurs and they require 
the assistance of progression factors to Stimulate phenotypic 
expression. 
0007 Embryonic stem cells are uncommitted, totipotent 
cells isolated from embryonic tissue. When injected into 
embryos, they can give rise to all Somatic lineages as well 
as functional gametes. In the undifferentiated State these 
cells are alkaline phosphatase-positive, express immuno 
logical markers for embryonic Stem and embryonic germ 
cells, are telomerase positive, and show capabilities for 
extended self-renewal. Upon differentiation these cells 
express a wide variety of cell types, derived from ectoder 
mal, mesoderm, and endodermal embryonic germ layers. 
Embryonic stem (ES) cells have been isolated from the 
blastocyst, inner cell mass or gonadal ridges of mouse, 
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rabbit, rat, pig, sheep, primate and human embryos (Evans 
and Kauffman, 1981; Iannaccone et al., 1994; Graves and 
Moreadith, 1993; Martin, 1981; Notarianni et al., 1991; 
Thomson, et al., 1995; Thomson, et al., 1998; Shamblott, et 
al., 1998). 
0008 ES cells are used for both in vitro and in vivo 
Studies. ES cells retain their capacity for multilineage dif 
ferentiation during genetic manipulation and clonal expan 
Sion. The uncommitted cells provide a model System from 
which to study cellular differentiation and development and 
provide a powerful tool for genome manipulation, e.g. when 
used as vectors to carry Specific mutations into the genome 
(particularly the mouse genome) by homologous recombi 
nation (Brown et al., 1992). While ES cells are a potential 
Source of cells for transplantation Studies, these prospects 
have been frustrated by the disorganized and heterogeneous 
nature of development in culture, Stimulating the necessary 
development of Strategies for Selection of lineage-restricted 
precursors from differentiating populations (Li et al., 1998). 
E cells implanted into animals or presented Subcutaneously 
form teratomas-tumors containing various types of tissues 
containing derivatives of all three germ layers (Thomson et 
al., 1988). 
0009 Examples of progenitor and pluripotent stem cells 
from the mesodermal germ layer include the unipotent 
myosatellite myoblasts of muscle (Mauro, 1961; Campion, 
1984; Grounds et al., 1992); the unipotent adipoblast cells of 
adipose tissue (Ailhaud et al., 1992); the unipotent chon 
drogenic cells and Osteogenic cells of the perichondrium and 
periosteum, respectively (Cruess, 1982; Young et al., 1995); 
the bipotent adipofibroblasts of adipose tissue (Vierck et al., 
1996); the bipotent chondrogenic/osteogenic stem cells of 
marrow (Owen, 1988; Beresford, 1989; Rickard et al., 1994; 
Caplan et al., 1997; Prockop, 1997); the tripotent chondro 
genic/osteogenic/adipogenic stem cells of marrow (Pittenger 
et al., 1999); the multipotent hematopoietic stem cells of 
marrow (Palis and Segel, 1998; McGuire, 1998; Ratajczak et 
al., 1998); the multipotent cadiogenic/hematopoietic/endot 
heliogenic cells of marrow (Eisenberg and Markwald, 
1997); and the pluripotent mesenchymal stem cells of the 
connective tissues (Young et al., 1993, 1998a; Rogers e al., 
1995). 
0.010 Pluripotent mesenchymal stem cells and methods 
of isolation and use thereof are described in U.S. Pat. No. 
5,827,735, issued Oct. 27, 1998, which is hereby incorpo 
rated by reference in its entirety. Such pluripotent mesen 
chymal stem cells are Substantially free of lineage-commit 
ted cells and are capable of differentiating into multiple 
tissueS of mesodermal origin, including but not limited to 
bone, cartilage, muscle, adipose tissue, Vasculature, tendons, 
ligaments and hematopoietic. Further compositions of Such 
pluripotent mesenchymal Stem cells and the particular use of 
pluripotent mesenchymal Stem cells in cartilage repair are 
described in U.S. Pat. No. 5,906,934, issued May 25, 1999, 
which is hereby incorporated by reference in its entirety. 
0.011 Progenitor or pluripotent stem cell populations 
having mesodermal lineage capability have been isolated 
from multiple animal species, e.g., avians (Young et al., 
1992a, 1993, 1995), mice (Rogers et al., 1995; Saito et al., 
1995; Young et al., 1998a), rats (Grigoriadis et al., 1988; 
Lucas et al., 1995, 1996; Dixon et al., 1996; Warecka et al., 
1996), rabbits (Pate et al., 1993; Wakitani et al., 1994; 
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Grande et al., 1995; Young, R. G. et al., 1998), and humans 
(Caplan et al., 1993; Young, 1999a-c). Clonogenic analysis 
(isolation of individual clones by repeated limiting Serial 
dilution) from populations of mesodermal stem cells isolated 
from prenatal chicks (Young et al., 1993) and prenatal mice 
(Rogers et al., 1995; Young et al., 1998a) revealed two 
categories of cells: lineage-committed progenitor cells and 
lineage-uncommitted pluripotent cells. Non-immortalized 
progenitor cells are capable of Self-replication but have a 
finite life-span limited to approximately 50-70 cell dou 
blings before programmed cell Senescence occurs. They can 
remain quiescent or be induced to proliferate, progreSS down 
their lineage pathway, and/or differentiate. One unique char 
acteristic of progenitor cells is that their phenotypic expres 
Sion can be accelerated by treatment with progression fac 
tors Such as insulin, insulin-like growth factor-I (IGF-I), or 
insulin-like growth factor-II (IGF-II) (Young et al., 1993, 
1998a,b; Young, 1999a; Rogers et al., 1995). 
0012 Progenitor cells are lineage-committed and lin 
eage-restricted. They can remain quiescent or be induced to 
proliferate, progress down their lineage pathway, and/or 
differentiate by treatment with appropriate bioactive factors 
(Young et al., 1998b). By contrast, pluripotent mesenchymal 
stem cells PPMSCs were found to be lineage-uncommitted 
and lineage-unrestricted, with respect to the mesodermal 
germ layer. PPMSCs from prenatal animals were capable of 
extended Self-renewal as long as they remain uncommitted 
to a particular lineage. Once PPMSCs commit to a particular 
tissue lineage they assume the characteristics of progenitor 
cells for that lineage and their ability to replicate is limited 
to approximately 50-70 cell doublings before programmed 
cell senescence occurred. PPMSCs could remain quiescent, 
and if not, appropriate bioactive factors were necessary to 
induce proliferation, lineage-commitment, lineage-progres 
Sion, and/or differentiation of stem cells (Young et al., 
1998b). 
0013 The formation of tissues and organs occurs natu 
rally in early normal human development, however, the 
ability to regenerate most human tissues damaged or lost due 
to trauma or disease is Substantially diminished in adults. 
Every year millions of Americans Suffer tissue loSS or 
end-stage organ failure. The total national health care costs 
for these patients exceeds 400 billion dollars per year. 
Currently over 8 million Surgical procedures are performed 
annually in the United States to treat these disorders and 40 
to 90 million hospital days are required. Although these 
therapies have Saved and improved countless lives, they 
remain imperfect Solutions. Options Such as tissue trans 
plantation and Surgical intervention are Severely limited by 
a critical donor shortage and possible long term morbidity. 
Indeed, donor Shortages worsen every year and increasing 
numbers of patients die while on waiting lists for needed 
organs (Langer and Vicanti, 1993). 
0014 Tissue engineering is an interdisciplinary field that 
applies the principles of engineering and the life Sciences 
toward the development of biological substitutes that 
restore, maintain, or improve tissue function (Langer and 
Vicanti, 1993). Three general strategies have been adopted 
for the creation of new tissue: (1). Isolated cells or cell 
Substitutes applied to the area of tissue deficiency or com 
promise. (2). Cells placed on or within matrices. In closed 
Systems, cells are isolated from the body by a membrane 
allowing permeation of nutrients and wastes while excluding 
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large entities Such as antibodies or immune cells from 
destroying the implant. In open Systems, cells attached to 
matrices are implanted and become incorporated into the 
body. (3). Tissue-inducing Substances, that rely on growth 
factors to regulate Specific cells to a committed pattern of 
growth resulting in tissue regeneration, and methods to 
deliver these Substances to their targets. 

0.015 Based on available evidence, a wide variety of 
transplants, congenital malformations, elective Surgeries, 
diseases, and genetic disorders have the potential for treat 
ment with pluripotent Stem cells, alone or in combination 
with morphogenetic proteins, growth factors, genes, and/or 
controlled-release delivery Systems. A preferred treatment is 
the treatment of tissue loSS where the object is to increase the 
number of cells available for transplantation, thereby recre 
ating the missing tissue (i.e., tissue loss, congenital malfor 
mations, breast reconstruction, blood transfusions, or mus 
cular dystrophy) or providing Sufficient numbers of cells for 
ex vivo gene therapy (muscular dystrophy). The expected 
benefit using pluripotent Stem cells, is its potential for 
unlimited proliferation prior to (morphogenetic protein 
induced) commitment to a particular tissue lineage and then 
once committed as a progenitor Stem cell, an additional fifty 
to Seventy doublings before programmed cell Senescence. 
These proliferative attributes are very important when lim 
ited amounts of tissue are available for transplantation. 
TiSSue loSS may result from acute injuries as well as Surgical 
interventions, i.e., amputation, tissue debridement, and Sur 
gical extirpations with respect to cancer, traumatic tissue 
injury, congenital malformations, vascular compromise, 
elective Surgeries, etc. and account for approximately 3.5 
million operations per year in the United States. 

0016. The expected benefits from the use of various 
pluripotent Stem cells can be illustrated in considering, for 
example, applications of pluripotent mesenchymal Stem 
cells. Pluripotent mesenchymal stem cells can be utilized for 
the replacement of potentially multiple tissueS of meSOder 
mal origin (i.e., bone, cartilage, muscle, adipose tissue, 
vasculature, tendons, ligaments and hematopoietic), Such 
tissues generated, for instance, ex vivo with Specific mor 
phogenetic proteins and growth factors to recreate the lost 
tissues. The recreated tissues would then be transplanted to 
repair the Site of tissue loss. An alternative Strategy could be 
to provide pluripotent Stem cells, as cellular compositions or 
incorporated, for instance, into matrices, transplant into the 
area of need, and allow endogenous morphogenetic proteins 
and growth factors to induce the pluripotent Stem cells to 
recreate the missing histoarchitecture of the tissue. This 
approach is exemplified in U.S. Pat. No. 5,903,934 which is 
incorporated herein in its entirety, which describes the 
implanting of pluripotent mesenchymal stem cells into a 
polymeric carrier, to provide differentiation into cartilage 
and/or bone at a Site for cartilage repair. 

0.017. The identification of an additional tissue source for 
transplantation therapies, that (a) can be isolated and Sorted; 
(b) has unlimited proliferation capabilities while retaining 
pluripotentcy; (c) can be manipulated to commit to multiple 
Separate tissue lineages; (d) is capable of incorporating into 
the existing tissue; and (d) can Subsequently express the 
respective differentiated tissue type, may prove beneficial to 
therapies that maintain or increase the functional capacity 
and/or longevity of lost, damaged, or diseased tissues. 
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0018. The citation of references herein shall not be con 
Strued as an admission that Such is prior art to the present 
invention. 

SUMMARY OF THE INVENTION 

0019. In its broadest aspect, the present invention extends 
to an Stem cell, derived from non-embryonic animal cells or 
tissue, capable of Self regeneration and capable of differen 
tiation to cells of endodermal, ectodermal and mesodermal 
lineages. 
0020. In a particular aspect, the present invention extends 
to an pluripotent embryonic-like Stem cell, derived from 
postnatal animal cells or tissue, capable of Self regeneration 
and capable of differentiation to cells of endodermal, ecto 
dermal and mesodermal lineages. 
0021. In a further aspect, the present invention extends to 
an pluripotent embryonic-like Stem cell, derived from adult 
animal cells or tissue, capable of Self regeneration and 
capable of differentiation to cells of endodermal, ectodermal 
and mesodermal lineages. 
0022. The pluripotent embryonic-like stem cell of the 
present invention may be isolated from non-human cells or 
human cells. 

0023 The pluripotent embryonic-like stem cell of the 
present invention may be isolated from the non-embryonic 
tissue Selected from the group of muscle, dermis, fat, tendon, 
ligament, perichondrium, periosteum, heart, aorta, endocar 
dium, myocardium, epicardium, large arteries and veins, 
granulation tissue, peripheral nerves, peripheral ganglia, 
Spinal cord, dura, leptomeninges, trachea, esophagus, Stom 
ach, Small intestine, large intestine, liver, Spleen, pancreas, 
parietal peritoneum, Visceral peritoneum, parietal pleura, 
Visceral pleura, urinary bladder, gallbladder, kidney, asso 
ciated connective tissueS or bone marrow. 

0024. This invention further relates to cells, particularly 
pluripotent or progenitor cells, which are derived from the 
pluripotent embryonic-like Stem cell. The cells may be 
lineage-committed cells, which cells may be committed to 
the endodermal, ectodermal or mesodermal lineage. For 
instance, a lineage-committed cell of the mesodermal lin 
eage, for instance an adipogenic, myogenic or chondrogenic 
progenitor cell may be derived from the pluripotent embry 
onic-like Stem cell. 

0025 The invention also relates to pluripotent cells 
derived from the pluripotent embryonic-like Stem cells, 
including pluripotent mesenchymal Stem cells, pluripotent 
endodermal Stem cells and pluripotent ectodermal Stem 
cells. Any Such pluripotent cells are capable of Self-renewal 
and differentiation. 

0026. In a further aspect, the present invention relates to 
a culture comprising: 

0027 (a) Pluripotent embryonic-like stem cells, 
capable of Self regeneration and capable of differen 
tiation to cells of endodermal, ectodermal and meso 
dermal lineages, and 

0028 (b) a medium capable of supporting the pro 
liferation of Said Stem cells. 

0029 Such stem cell containing cultures may further 
comprise a proliferation factor or lineage commitment fac 
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tor. The stem cells of such cultures may be isolated from 
non-human cells or human cells. 

0030 The invention further relates to methods of isolat 
ing an pluripotent embryonic-like Stem cell. In particular, a 
method of isolating an pluripotent embryonic-like Stem cell 
of the present invention, comprises the Steps of 

0031 (a) obtaining cells from a non-embryonic ani 
mal Source; 

0032 (b) slow freezing said cells in medium con 
taining 7.5% (v/v) dimethyl sulfoxide until a final 
temperature of -80 C. is reached; and 

0033 (c) culturing the cells. 
0034. The invention further relates to methods of isolat 
ing an pluripotent embryonic-like Stem cell. In particular, a 
method of isolating an pluripotent embryonic-like Stem cell 
of the present invention, comprises the Steps of 

0035 (a) obtaining cells from a postnatal animal 
SOurce, 

0036) (b) slow freezing said cells in medium con 
taining 7.5% (v/v) dimethyl sulfoxide until a final 
temperature of -80 C. is reached; and 

0037 (c) culturing the cells. 
0.038. The invention further relates to methods of isolat 
ing an pluripotent embryonic-like Stem cell. In particular, a 
method of isolating an pluripotent embryonic-like Stem cell 
of the present invention, comprises the steps of 

0039 (a) obtaining cells from an adult animal 
SOurce, 

0040 (b) slow freezing said cells in medium con 
taining 7.5% (v/v) dimethyl sulfoxide until a final 
temperature of -80 C. is reached; and 

0041 (c) culturing the cells. 
0042. The invention further relates to methods of isolat 
ing an pluripotent embryonic-like Stem cell. In particular, a 
method of isolating an pluripotent embryonic-like Stem cell 
of the present invention, comprises the Steps of 

0043 (a) obtaining cells from a non-embryonic ani 
mal Source; 

0044 (b) filtering said cells through a 20 um filter; 
0045 (c) slow freezing said cells in medium con 
taining 7.5% (v/v) dimethyl sulfoxide until a final 
temperature of -80 C. is reached; and 

0046 (d) culturing the cells. 
0047. In a further aspect, the methods of isolating an 
pluripotent embryonic-like Stem cell relate to methods 
whereby a clonal population of Such stem cells is isolated, 
wherein a Single pluripotent embryonic-like Stem cell is first 
isolated and then further cultured and expanded to generate 
a clonal population. A Single pluripotent embryonic-like 
Stem cell may be isolated by means of limiting dilution or 
Such other methods as are known to the skilled artisan. 

0.048 Thus, the present invention also relates to a clonal 
pluripotent embryonic-like Stem cell line developed by Such 
method. 
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0049. In a particular aspect, the present invention relates 
to pluripotent embryonic-like Stem cells or populations of 
Such cells which have been transformed or transfected and 
thereby contain and can express a gene or protein of interest. 
Thus, this invention includes pluripotent embryonic-like 
Stem cells genetically engineered to express a gene or 
protein of interest. In as much as Such genetically engineered 
Stem cells can then undergo lineage-committment, the 
present invention further encompasses lineage-committed 
cells, which are derived from a genetically engineered 
pluripotent embryonic-like Stem cell, and which express a 
gene or protein of interest. The lineage-committed cells may 
be endodermal, ectodermal or mesodermal lineage-commit 
ted cells and may be pluripotent, Such as a pluripotent 
mesenchymal Stem cell, or progenitor cells, Such as an 
adipogenic or a myogenic cell. 
0050. The invention then relates to methods of producing 
a genetically engineered pluripotent embryonic-like Stem 
cell comprising the Steps of: 

0051 (a) transfecting pluripotent embryonic-like 
Stem cells with a DNA construct comprising at least 
one of a marker gene or a gene of interest; 

0.052 (b) selecting for expression of the marker gene 
or gene of interest in the pluripotent embryonic-like 
Stem cells, 

0053 (c) culturing the stem cells selected in (b). 
0054. In a particular aspect, the present invention encom 
passes genetically engineered pluripotent embryonic-like 
Stem cell(s), including human and non-human cells, pro 
duced by Such method. 
0055. The present invention further relates to methods for 
detecting the presence or activity of an agent which is a 
lineage-commitment factor comprising the Steps of 

0056 A. contacting the pluripotent embryonic-like 
Stem cells of the present invention with a Sample 
Suspected of containing an agent which is a lineage 
commitment factor, and 

0057 B. determining the lineage of the so contacted 
cells by morphology, mRNA expression, antigen 
expression or other means, 

0058 wherein the lineage of the contacted cells 
indicates the presence or activity of a lineage-com 
mitment factor in Said Sample. 

0059. The present invention also relates to methods of 
testing the ability of an agent, compound or factor to 
modulate the lineage-commitment of a lineage uncommitted 
cell which comprises 

0060 A. culturing the pluripotent embryonic-like 
Stem cells of the present invention in a growth 
medium which maintains the Stem cells as lineage 
uncommited cells, 

0061 B. adding the agent, compound or factor under 
test; and 

0062 C. determining the lineage of the so contacted 
cells by morphology, mRNA expression, antigen 
expression or other means. 
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0.063. The invention includes an assay system for screen 
ing of potential agents, compounds or drugs effective to 
modulate the proliferation or lineage-commitment of the 
pluripotent embryonic-like Stem cells of the present inven 
tion. 

0064. In a further such aspect, the present invention 
relates to an assay System for Screening agents, compounds 
or factors for the ability to modulate the lineage-commit 
ment of a lineage uncommitted cell, comprising: 

0065 A. culturing the pluripotent embryonic-like 
Stem cells of the present invention in a growth 
medium which maintains the Stem cells as lineage 
uncommited cells, 

0066 B. adding the agent, compound or factor under 
test; and 

0067 C. determining the lineage of the so contacted 
cells by morphology, mRNA expression, antigen 
expression or other means. 

0068 The invention also relates to a method for detecting 
the presence or activity of an agent which is a proliferation 
factor comprising the Steps of 

0069. A. contacting the pluripotent embryonic-like 
Stem cells of the present invention with a Sample 
Suspected of containing an agent which is a prolif 
eration factor; and 

0070 B. determining the proliferation and lineage of 
the so contacted cells by morphology, mRNA 
expression, antigen expression or other means, 

0071 wherein the proliferation of the contacted 
cells without lineage commitment indicates the pres 
ence or activity of a proliferation factor in Said 
Sample. 

0.072 In a further aspect, the invention includes methods 
of testing the ability of an agent, compound or factor to 
modulate the proliferation of a lineage uncommitted cell 
which comprises 

0073 A. culturing the pluripotent embryonic-like 
Stem cells of the present invention in a growth 
medium which maintains the Stem cells as lineage 
uncommited cells, 

0074 B. adding the agent, compound or factor under 
test; and 

0075 C. determining the proliferation and lineage of 
the So contacted cells by mRNA expression, antigen 
expression or other means. 

0.076 The invention further relates to an assay system for 
Screening agents, compounds or factors for the ability to 
modulate the proliferation of a lineage uncommitted cell, 
comprising: 

0077 A. culturing the pluripotent embryonic-like 
Stem cells of the present invention in a growth 
medium which maintains the Stem cells as lineage 
uncommited cells, 

0078 B. adding the agent, compound or factor under 
test; and 
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0079 C. determining the proliferation and lineage of 
the So contacted cells by mRNA expression, antigen 
expression or other means. 

0080. The assay system could importantly be adapted to 
identify drugs or other entities that are capable of modulat 
ing the pluripotent embryonic-like Stem cells of the present 
invention, either in vitro or in vivo. Such an assay would be 
useful in the development of agents, factors or drugs that 
would be specific in modulating the pluripotent embryonic 
like Stem cells to, for instance, proliferate or to commit to a 
particular lineage or cell type. For example, Such drugs 
might be used to facilitate cellular or tissue transplantation 
therapy. 

0081. The assay system(s) could readily be adapted to 
Screen, identify or characterize genes encoding proliferation 
or lineage-commitment factors or encoding proteins or mol 
ecules otherwise involved in cellular differentiation and 
development. For instance, genes encoding proteins 
involved in or expressed during differentiation along a 
particular lineage could be identified by known methods (for 
instance cDNA libraries, differential display, etc). Thus, the 
pluripotent embryonic-like Stem cells of the present inven 
tion could be cultured under conditions giving rise to a 
particular lineage and the genes therein expressed then 
characterized. Factors and proteins necessary for maintain 
ing the pluripotent embryonic-like Stem cells of the present 
invention in a pluripotent embryonic-like State might also be 
Similarly identified and characterized by culturing the pluri 
potent embryonic-like Stem cells of the present invention 
under conditions maintaining their Self-renewal capacity and 
characterizing the genes and proteins So expressed or which, 
when provided eXopgenously, will maintain the Self-renewal 
capacity. 

0082 In a further embodiment, the present invention 
relates to certain therapeutic methods which would be based 
upon the activity of the pluripotent embryonic-like Stem 
cells of the present invention, including cells or tissues 
derived therefrom, or upon agents or other drugs determined 
to act on any Such cells or tissues, including proliferation 
factors and lineage-commitment factors. One exemplary 
therapeutic method is associated with the prevention or 
modulation of the manifestations of conditions causally 
related to or following from the lack or insufficiency of cells 
of a particular lineage, and comprises administering the 
pluripotent embryonic-like Stem cells of the present inven 
tion, including cells or tissues derived therefrom, either 
individually or in mixture with proliferation factors or 
lineage-commitment factors in an amount effective to pre 
vent the development or progression of those conditions in 
the host. 

0083. In a further and particular aspect the present inven 
tion includes therapeutic methods, including transplantation 
of the pluripotent embryonic-like Stem cells of the present 
invention, including lineage-uncommitted populations of 
cells, lineage-committed populations of cells, tissues and 
organs derived therefrom, in treatment or alleviation of 
conditions, diseases, disorders, cellular debilitations or defi 
ciencies which would benefit from such therapy. These 
methods include the replacement or replenishment of cells, 
tissueS or organs. Such replacement or replenishment may 
be accomplished by transplantation of the pluripotent 
embryonic-like Stem cells of the present invention or by 
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transplantation of lineage-uncommitted populations of cells, 
lineage-committed populations of cells, tissueS or organs 
derived therefrom. 

0084 Thus, the present invention includes a method of 
transplanting pluripotent embryonic-like Stem cells in a host 
comprising the Step of introducing into the host the pluri 
potent embryonic-like Stem cells of the present invention. 
0085. In a further aspect this invention provides a method 
of providing a host with purified pluripotent embryonic-like 
Stem cells comprising the Step of introducing into the host 
the pluripotent embryonic-like Stem cells of the present 
invention. 

0.086. In a still further aspect, this invention includes a 
method of in Vivo administration of a protein or gene of 
interest comprising the Step of transfecting the pluripotent 
embryonic-like Stem cells of the present invention with a 
vector comprising DNA or RNA which expresses a protein 
or gene of interest. 
0087. The present invention provides a method of tissue 
repair or transplantation in mammals, comprising adminis 
tering to a mammal a therapeutically effective amount of 
pluripotent embryonic-like Stem cells. 

0088. The present invention provides a method of pre 
venting and/or treating cellular debilitations, derangements 
and/or dysfunctions and/or other disease States in mammals, 
comprising administering to a mammal a therapeutically 
effective amount of pluripotent embryonic-like Stem cells. 
0089. In a further aspect, the present invention provides 
a method of preventing and/or treating cellular debilitations, 
derangements and/or dysfunctions and/or other disease 
States in mammals, comprising administering to a mammal 
a therapeutically effective amount of a endodermal, ecto 
dermal or mesodermal lineage-committed cell derived from 
the pluripotent embryonic-like Stem cells of the present 
invention. 

0090 The therapeutic method generally referred to 
herein could include the method for the treatment of various 
pathologies or other cellular dysfunctions and derangements 
by the administration of pharmaceutical compositions that 
may comprise proliferation factors or lineage-commitment 
factors, alone or in combination with the pluripotent embry 
onic-like Stem cells of the present invention, or cells or 
tissues derived therefrom, or other similarly effective agents, 
drugs or compounds identified for instance by a drug Screen 
ing assay prepared and used in accordance with a further 
aspect of the present invention. 
0091. It is a still further object of the present invention to 
provide pharmaceutical compositions for use in therapeutic 
methods which comprise or are based upon the pluripotent 
embryonic-like Stem cells of the present invention, including 
lineage-uncommitted populations of cells, lineage-commit 
ted populations of cells, tissues and organs derived there 
from, along with a pharmaceutically acceptable carrier. Also 
contemplated are pharmaceutical compositions comprising 
proliferation factors or lineage commitment factors that act 
on or modulate the pluripotent embryonic-like Stem cells of 
the present invention and/or the cells, tissues and organs 
derived therefrom, along with a pharmaceutically acceptable 
carrier. The pharmaceutical compositions of proliferation 
factors or lineage commitment factors may be further com 
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prise the pluripotent embryonic-like Stem cells of the present 
invention, or cells, tissueS or organs derived therefrom. The 
pharmaceutical compositions may comprise the pluripotent 
embryonic-like Stem cells of the present invention, or cells, 
tissueS or organs derived therefrom, in a polymeric carrier or 
extracellular matrix. 

0092. This invention also provides pharmaceutical com 
positions for the treatment of cellular debilitation, derange 
ment and/or dysfunction in mammals, comprising: 

0093 A. a therapeutically effective amount of the 
pluripotent embryonic-like Stem cells of the present 
invention; and 

0094 B. a pharmaceutically acceptable medium or 
carrier. 

0095 Pharmaceutical compositions of the present inven 
tion also include compositions comprising endodermal, 
ectodermal or mesodermal lineage-committed cell(s) 
derived from the pluripotent embryonic-like stem cells of 
the present invention, and a pharmaceutically acceptable 
medium or carrier. Any Such pharmaceutical compositions 
may further comprise a proliferation factor or lineage 
commitment factor. 

0096. The present invention relates to pluripotent stem 
cells capable of differentiating into cells of the mesenchymal 
type (PPMSCs), wherein such cells are positive for or 
express the antigenic markers CD10, CD13, CD34, CD56, 
CD90 and MHC Class-I. The PPMSCs of the present 
invention are negative for the markers CD1a, CD2, CD3, 
CD4, CD5, CD7, CD8, CD9, CD11b, CD11c, CD14, CD15, 
CD16, CD18, CD19, CD20, CD22, CD23, CD24, CD25, 
CD31, CD33, CD36, CD38, CD41, CD42b, CD44, CD45, 
CD49d, CD55, CD57, CD59, CD61, CD62E, CD65, 
CD66e, CD68, CD69, CD71, CD79, CD83, CD95, CD105, 
CD117, CD123, CD166, Glycophorin-A, DRII, FLT3, 
FMC-7, Annexin, and LIN. 
0097. The present invention further relates to pluripotent 
embryonic-like Stem cells which are positive for or express 
the antigenic markers CD10 and CD66e and are negative for 
or do not express the markers CD1a, CD2, CD3, CD4, CD5, 
CD7, CD8, CD9, CD11b, CD11c, CD13, CD14, CD15, 
CD16, CD18, CD19, CD20, CD22, CD23, CD24, CD25, 
CD31, CD33, CD34, CD36, CD38, CD41, CD42b, CD44, 
CD45, CD49d, CD55, CD56, CD57, CD59, CD61, CD62E, 
CD65, CD68, CD69, CD71, CD79, CD83, CD90, CD95, 
CD105, CD117, CD123, CD166, Glycophorin-A, DRII, 
Class-I, FLT3, FMC-7, Annexin and LIN. 
0098. The present invention further relates to pluripotent 
Stem cells which are positive for or express the antigenic 
markers CD1a, CD10, CD41, CD66e and Annexin and are 
negative for or do not express the markers CD2, CD3, CD4, 
CD5, CD7, CD8, CD9, CD11b, CD11c, CD13, CD14, 
CD15, CD16, CD18, CD19, CD20,CD22, CD23, CD24, 
CD25, CD31, CD33, CD34, CD36, CD38, CD42b, CD44, 
CD45, CD49 d, CD55, CD56, CD57, CD59, CD61, CD62E, 
CD65, CD68, CD69, CD71,CD79, CD83, CD90, CD95, 
CD105, CD117, CD123, CD166, Glycophorin-A, DRII, 
Class-I, FLT3, FMC-7, and LIN. 
0099. The present invention also includes pluripotent 
Stem cells which are positive for or express the antigenic 
markers CD1a, CD10, CD22 and Annexin and are negative 
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for or do not express the markers CD2, CD3, CD4, CD5, 
CD7, CD8, CD9, CD11b, CD11c, CD13, CD14, CD15, 
CD16, CD18, CD19, CD20, CD23, CD24, CD25, CD31, 
CD33, CD34, CD36, CD38, CD41, CD42b, CD44, CD45, 
CD49d, CD55, CD56, CD57, CD59, CD61, CD62E, CD65, 
CD66e, CD68, CD69, CD71, CD79, CD83, CD90, CD95, 
CD105, CD117, CD123, CD166, Glycophorin-A, DRII, 
Class-I, FLT3, FMC-7, Annexin, and LIN. 
0100. The present invention still further relates to pluri 
potent Stem cells which are positive for or express the 
antigenic markers CD10 and CD22 and are negative for or 
do not express the markers CD1a, CD2, CD3, CD4, CD5, 
CD7, CD8, CD9, CD11b, CD11c, CD13, CD14, CD15, 
CD16, CD18, CD19, CD20, CD23, CD24, CD25, CD31, 
CD33, CD34, CD36, CD38, CD41, CD42b, CD44, CD45, 
CD49d, CD55, CD56, CD57, CD59, CD61, CD62E, CD65, 
CD66e, CD68, CD69, CD71, CD79, CD83, CD90, CD95, 
CD105, CD117, CD123, CD166, Glycophorin-A, DRII, 
Class-I, FLT3, FMC-7, Annexin, and LIN. 
0101 The present invention naturally contemplates sev 
eral means or methods for preparation or isolation of the 
pluripotent embryonic-like Stem cells of the present inven 
tion including as illustrated herein, and the invention is 
accordingly intended to cover Such means or methods within 
its Scope. 
0102). Other objects and advantages will become apparent 
to those skilled in the art from a review of the following 
description which proceeds with reference to the following 
illustrative drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0103 FIGS. 1A and B. A. Cells isolated from adult rat 
marrow in primary culture 6 days after isolation. Phase 
contrast, 100x. Note cells in straight lines. B. Same as A. 
Phase contrast, 200x. 

0104 FIGS. 2A-CA. Cells isolated from adult rat mar 
row, Secondary culture, 35 days in culture. Controls. Stained 
with an antibody to C-myosin. Phase contrast, 100x. B. Cells 
isolated from adult rat marrow, Secondary culture, 35 days in 
culture treated with 107M dexamethasone. Stained with an 
antibody to C-myosin. Phase contrast, 200x. Arrows point to 
multinucleated myotubes. C. Cells isolated from adult rat 
marrow, secondary culture, 35 days in culture treated with 
10 M dexametasone. Stained with an antibody to C-Smooth 
muscle actin. Bright field, 200x. Sm=Smooth muscle. 
0105 FIGS. 3A-CA. Cells isolated from adult rat mar 
row, secondary culture, 35 days in culture treated with 10 
M dexamethasone. Stained with Alcian blue, pH 1.0. Bright 
field, 100x. Arrows point to cartilage nodules. B. Cells 
isolated from adult rat marrow, Secondary culture, 35 days in 
culture treated with 10 M dexamethasone. Stained with 
Alcian blue, pH 1.0. Bright field, 200x. c-cartilage. A small 
myotube can be seen just below the cartilage nodule. C. 
Cells isolated from adult rat marrow, secondary culture, 35 
days in culture treated with 10 M dexamethasone. Stained 
with Von Kossa's. Bright field, 200x. Arrow points to 
mineral in the cartilage nodule. 
0106 FIGS. 4A-CA. Cells isolated from adult rat mar 
row, secondary culture, 35 days in culture treated with 10 
M dexamethasone. Stained with Sudan Black B. Bright 
field, 200x. a =adipocyte. B. Cells isolated from adult rat 
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marrow, secondary culture, 35 days in culture treated with 
10. M dexamethasone. Stained with Von Kossa’s. Bright 
field, 200x. b=bone. C. Cells isolated from adult rat marrow, 
secondary culture, 35 days in culture treated with 10 M 
dexamethasone. Stained with Von Kossa’s but pretreated 
with EGTA. Bright ield, 200x. b=bone. 

0107 FIGS. 5A and B. A. Cells isolated from adult rat 
marrow, secondary culture, 35 days in culture treated with 
10. M dexamethasone. Cells incubated with rhodamine 
labeled acylated low density lipoprotein. Phase contrast, 
100x. Arrows point to cells stained in B. B. Same cells as A 
photographed under fluorescence. 

0.108 FIGS. 6A-B Phase contrast photomicrographs of 
primary cultures of cells isolated from day 7 wound cham 
bers. Original magnification=200x. A. Cells after 4 days in 
culture. B. Cells after 8 days in culture. Arrows point to 
Stellate-shaped cells. 

0109 FIGS. 7A-C Secondary cultures of cells after 4 
weeks in culture. A. Phase contrast photomicrograph of a 
control culture from a 7 day wound chamber stained with 
Alcian blue, pH 1.0. Original magnification=200x. B. Phase 
contrast photomicrograph of an unstained culture from a day 
7 wound chamber treated with 107 M dexamethasone 
showing multinucleated cells. Arrows point to clusters of 
nuclei. Original magnification=100x. C. Light photomicro 
graph of a culture from a day 14 wound chamber treated 
with 107M dexamethasone and stained with an antibody to 
Sarcomeric myosin. Arrows point to nuclei. Original mag 
nification=200x. 

0110 FIGS. 8A-C Secondary cultures of cells after 5 
weeks in culture. Original magnification=200x. A. Phase 
contrast photomicrograph of a culture from a day 14 wound 
chamber treated with 107M dexamethasone stained with 
Alcian blue, pH 1.0. c=cartilage. B. Phase contrast photo 
micrograph of a culture from day 7 wound chamber treated 
with 107M dexamethasone stained with Alcian blue, pH 
1.0. c=cartilage, a-adipocyte. C. Light photomicrograph of 
a culture from day 7 wound chamber treated with 10 M 
dexamethasone and stained with Von Kossa's. b=bone. 

0111 FIGS. 9A and B Secondary cultures of cells after 
5 weeks in culture. A. Phase contrast photomicrograph of a 
culture from a day 7 wound chamber treated with 10 M 
dexamethasone and Stained with Sudan black B. a adipo 
cytes. Original magnification=200x. B. Light photomicro 
graph of a culture treated from a day 14 wound chamber 
with 10 M dexamethasone and stained with an antibody to 
Smooth muscle O-actin. Sm=Smooth muscle. Original mag 
nification=100x. 

0112 FIGS. 10A and B Secondary culture of cells after 
5 weeks in culture from a day 7 wound chamber treated with 
10 M dexamethasone and incubated with acetylated low 
density lipoprotein. Original magnification=200xA. Phase 
contrast photomicrograph. Arrows point to cells Stained in 
B. B. Fluorescent photomicrograph of field shown in A. 
Arrows point to the same cells as in A. 

0113 FIGS. 11A-CA. Primary culture from 77 year old 
female, 5 days in culture. Phase contrast 100x. S=Stellate cell 
m=myoblast. B. Primary culture from 77 year old female, 14 
days in culture. Phase contrast 100x stained with antibody to 
myosin. S=stellate putative PPMSC), m=myotubes. C. Sec 
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ondary culture (PPMSCs) from 77-year-old female, 35 days 
in culture. Phase contrast 200x. 

0114 FIGS. 12A-BA. Secondary culture of cells derived 
from 37-year-old male, 35 days in culture. Bright field 200x 
stained with an antibody to myosin. B. Secondary culture of 
cells derived from 37-year-old male 35 days in culture and 
treated with 10' M dexamethasone. Bright field 200x 
Stained with an antibody to myosin. Arrows point to nuclei. 
0115 FIGS. 13 A-D. A. Secondary culture derived from 
77-year-old female, 28 days in culture and treated with 10 
M dexamethasone. Phase contrast, 200x. Spindle shaped 
cells in Swirl patterns. B. Secondary culture of cells derived 
from 37-year-old male, 35 days in culture, and treated with 
10 M dexamethasone. Bright field, 200x stained with 
Alcian Blue, pH 1.0. c=cartilage. C. Secondary culture of 
cells derived from 37-year-old male, 35 days in culture, and 
treated with 10 M dexamethasone. Bright field, 200x 
stained with Von Kossa’s stain. b=bone. Arrows point to 
adipocytes in the same culture. D. Secondary culture of cells 
derived from 37-year-old male, 35 days in culture, and 
treated with 107 M dexamethasone. Bright field, 200x 
stained with Von Kossa’s stain but pretreated with EGTA. 
b=bone. 

0116 FIGS. 14A-CA. Secondary culture of cells derived 
from 37-year-old male, 35 days in culture, and treated with 
107 M dexamethasone. Bright field, 100x stained with 
Sudan Black B. Arrows point to adipocytes. B. Secondary 
culture of cells derived from 37-year-old male, 35 days in 
culture, and treated with 10 M dexamethasone. Bright 
field, 100x and stained with antibody to smooth muscle 
C.-actin. Sm=Smooth muscle. C. Same as B but shown at 
200X. 

0117 FIGS. 15A and B. A. Secondary culture of cells 
derived from 37-year-old male, 35 days in culture, and 
treated with 107M dexamethasone. Phase contrast, 200x 
but cells incubated with acetylated LDL. Arrows point to 
cells that fluoresce in B. B. Same field as A but under 
fluorescent light. Arrows point to endothelial cells. 
0118 FIGS. 16A-BA. Secondary culture of cells derived 
from 37-year-old male, 2 days in culture, and not treated 
with dexamethasone (Controls). Bright field, 200x. Cells 
have been fixed with ethanol, are in Suspension, and have 
been stained with an antibody to CD34. Arrows point to cells 
in B. B. Same field as A but under fluorescent light. Arrows 
point to cells that are CD34 positive. 
0119 FIGS. 17A-C shows 3T3 cells in secondary culture 
after 35 days. A. Control cultures, phase contrast. B. Culture 
treated with 10" M dexamethasone, phase contrast. a-adi 
pocytes, arrows point to lipid droplets. C. Culture treated 
with 107M dexamethasone stained with Sudan black B, 
bright field. a=adipocytes. Original magnification=200x. 
0120 FIGS. 18A-C shows 3T3 cells in secondary culture. 
A. Culture treated with 10 M dexamethasone for 14 days, 
phase contrast. Myotube, arrows point to nuclei. B. Culture 
treated with 107M dexamethasone for 14 days stained with 
a monoclonal antibody to Sarcomeric myosin, bright field. 
Arrow points to myotube. C. Culture treated with 107M 
dexamethasone for 14 days, phase contrast. cm=cardiac 
myocyte. 

0121 FIGS. 19A-C shows 3T3 cells in secondary culture 
after 35 days. A. Culture treated with 107M dexamethasone 
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Stained with Alcian blue, bright field. c=cartilage nodule. 
Original magnification=100x. B. Culture treated with 10 
M dexamethasone stained with Alcian blue, bright field. 
c=cartilage nodule. Original magnification=200x. C. Culture 
treated with 107M dexamethasone stained with Von Kos 
Sa’s Stain, bright field. b=bone. Original magnification= 
200X. 

0122 FIGS. 20A and B shows 3T3 cells in secondary 
culture after 35 days stained with a monoclonal antibody to 
Smooth muscle C-actin. A. Control culture, no dexametha 
sone. B. Culture treated with 10 M dexamethasone, bright 
field. Sm. =Smooth muscle cells. Original magnification= 
200X. 

0123 FIGS. 21A-C shows 3T3 cells in secondary culture 
after 35 days, incubated with acetylated-LDL and viewed 
with fluorescent microScopy. A. Control culture, no dexam 
ethasone. Original magnification=100x. B. Culture treated 
with 10 M dexamethasone. Original magnification=100x. 
C. Culture treated with 107 M dexamethasone. Original 
magnification=200x. 

0124 FIGS. 22A-D. CF-SkM propagated to 30 cell dou 
blings and incubated with insulin or dexamethasone for 0 to 
Six weeks. Morphologies as noted. A. Cells treated for one 
week with 2 tug/ml insulin. Note presence of four nuclei 
(arrows) within linear structure, indicative of a multinucle 
ated myotube, MT. Orig. mag., 10X. B. Cells treated for two 
weeks with 10 M dexamethasone. Note presence of clus 
ters of cells (arrows) containing intracellular refractile 
vesicles indicative of adipogenic cells. Orig. mag., 10x. C. 
Cells treated for four weeks with 10 M dexamethasone. 
Note presence of nodular mass of cells with pericellular 
matrix halos, indicative of cartilage nodule (CN) overlying 
multiple multinucleated linear Structures indicative of myo 
tubes (MTS). Orig. mag., 10x. D. Cells treated for six weeks 
with 2 ug/ml insulin. Note presence of three-dimensional 
matrix (delineated by arrows) overlying cell cluster, indica 
tive of bone nodule (BN). Orig. mag., 10x. 
0125 FIG. 23. Flow cytometry of cluster differentiation 
markers. “X”-axis and “Y”-axis as noted on figure. NHDF 
propagated to 30 cell doublings and analyzed with antibod 
ies to cell Surface cluster differentiation markers. 

0126 FIG. 24. Flow cytometry of cluster differentiation 
markers. “X”-axis and “Y”-axis as noted on figure. NHDF 
propagated to 30 cell doublings and analyzed with antibod 
ies to cell Surface cluster differentiation markers. 

0127 FIG. 25. Northern analysis of cluster differentia 
tion markers CD10, CD13, and CD56 for cell lines CF-SkM, 
NHDF, and PALif3. Cells were propagated to 30 cell dou 
blings, harvested, total RNAS extracted, electrophoresed, 
and probed with 32P-labeled cDNAs to CD10, CD13, 
CD56, and b-actin (control). As shown, mRNAs for CD13, 
CD56, and b-actin were being actively transcribed at time of 
cell harvest. 

0128 FIGS. 26A-D. NHDF propagated as noted and 
incubated with insulin or 10' to 10 M dexamethasone for 
0 to six weeks. Morphologies as noted. A. Cells at 30 cell 
doublings post harvest treated for one week with 2 mg/ml 
insulin. Note presence of five nuclei (arrows) with linear 
structure, indicative of a multinucleated myotube, MT. Mag. 
125x. B. Cells at 80 cell doublings after harvest treated for 
two weeks with 10 M dexamethasone. Note presence of 
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cells (arrows) containing intracellular refractile vesicles 
indicative of adipogenic cells. Mag., 125x. C. Cells at 80 
cell doublings after harvest treated for four weeks with 10 
M dexamethasone. Note presence of nodular mass of cells 
with pericellular matrix halos, indicative of cartilage nodule 
(CN). Mag., 25x. D. Cells at 80 cell doublings after harvest 
treated for six weeks with 10 M dexamethasone. Note 
presence of three-dimensional matrix (delineated by arrow) 
overlying cell cluster, indicative of bone nodule (BN). Mag., 
40x. 

0129 FIG. 27. Flow cytometry of FSCxSSC showing R1 
gated cell population of NHDF used for analysis. A similar 
R1 gate was used to analyze CM-SkM, CF-SkM, PAL #2, 
PAL if3. 

0130 FIG. 28. Flow cytometry of cluster differentiation 
markers. “X”-axis denotes forward scatter (0 to 1000 linear 
scale) and “Y”-axis denotes side scatter (0 to 1000 linear 
scale). NHDF propagated to 30 cell doublings after harvest 
and analyzed with antibodies to cell surface cluster differ 
entiation markers CD4 vs. CD3, CD8 vs. CD3, CD4 vs. 
CD8, CD34 vs. CD33, CD45 vs. CD33, CD34 vs. CD45, 
CD11c vs. Glycophorin-A, HLA-II (DR) vs. Glycophorin 
A, and CD11c vs. HLA-II (DR). 
0131 FIG. 29. Flow cytometry of cluster differentiation 
markers. “X”-axis denotes forward scatter (0 to 1000 linear 
scale) and “Y”-axis denotes side scatter (0 to 1000 linear 
scale). NHDF propagated to 30 cell doublings after harvest 
and analyzed with antibodies to cell Surface clusterdifferen 
tiation markers CD117 vs. CD36, CD45 vs. CD36, CD117 
vs. CD45, CD34 vs. CD90, CD45 vs. CD90, CD34 vs. 
CD45, CD34 vs. CD38, CD45 vs. CD38, and CD34 vs. 
CD45. 

0132 FIG. 30. Northern analysis of cluster differentia 
tion markers CD34 and CD90 for cell lines CF-SkM, NHDF, 
and PALif3. Cells were propagated to 30 cell doublings after 
tissue harvest and released with trypsin. Total RNAS were 
extracted, electrophoresed, and probed with 32P-labeled 
cDNAS to CD34, CD90, and b-actin (control). As shown, 
mRNAs for CD90 and b-actin were being actively tran 
scribed at time of cell harvest. 

0133 FIGS. 31A-CA. Mesenchymal stem cells isolated 
from 37 year old male treated with 10 M Dexamethasone, 
35 days in culture. Large cell with Single nucleus. Reminis 
cent of macrophage in culture. Phase contrast, 200x. B. 
Mesenchymal stem cells isolated from 37 year old male 
treated with 107M dexamethasone, 35 days in culture. Cell 
with Small cell body and thin, eXtensive cell processes. 
Resembles neuron in culture. Phase contrast, 200x. C. 
Mesenchymal stem cells isolated from newborn rat treated 
with 107M dexamethasone, 35 days in culture. Cell looks 
very similar to that seen in B. Also resembles neuron in 
culture. Phase contrast, 200x. 

0134 FIGS. 32A-Y Human cell lines CF-NHDF2 and 
PAL3 incubated with insulin and/or dexamethasone for 0 to 
six weeks. Morphologies as noted. A, CF-NHDF2 treated in 
control medium for 24 hr, note presence of Stellate-shaped 
mononucleated cells with large nuclear to cytoplasmic 
ratios, phase contrast, 200x; B, CF-NHDF2 treated for one 
week with 1% HS+10. M dexamethasone+2 ug/ml insulin 
and then stained with antibody to myogenin (F5D), note 
Stellate-shaped cell with intracellular cytoplasmic Staining, 
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indicative of a muscle (mesodermal) lineage, brightfield, 
100x; C, CF-NHDF2 treated for two weeks with 1% 
HS+10. M dexamethasone+2 ug/ml insulin and then stained 
with antibody to myogenin (F5D), note binuclear and mono 
nucleated cells with intracellular cytoplasmic Staining, 
indicative of a muscle (mesodermal) lineage, brightfield, 
100x; P. CF-NHDF2 treated for two weeks with 1% 
HS+10 M dexamethasone--2 ug/ml insulin and then stained 
with antibody to sarcomeric myosin (MF-20), note mono 
nucleated cells with intracellular cytoplasmic Staining, 
indicative of a muscle (mesodermal) phenotype, brightfield, 
100x; F, CF-NHDF2 treated for two weeks with 1% 
HS+10 M dexamethasone--2 ug/ml insulin and then stained 
with antibody to anti-skeletal muscle fast myosin (MY-32), 
note mononucleated cells with intracellular cytoplasmic 
Staining, indicative of a skeletal muscle (mesodermal) phe 
notype, brightfield, 100x; F, CF-NHDF2 treated for three 
weeks with 1% HS+10 M dexamethasone+2 ug/ml insulin 
and then Stained with antibody to anti-skeletal muscle fast 
myosin (MY-32), note multinucleated structure demonstrat 
ing intracellular cytoplasmic Staining, indicative of a skel 
etal muscle (mesodermal) phenotype, brightfield, 200x, G, 
CF-NHDF2 treated for two weeks with 1% HS+10 M 
dexamethasone--2 ug/ml insulin and then Stained with anti 
body to myosin heavy chain (ALD-58), note stellate struc 
tures demonstrating intracellular cytoplasmic Staining, 
indicative of a skeletal muscle (mesodermal) phenotype, 
brightfield, 100x; H, CF-NHDF2 treated for two weeks with 
1% HS+10. M dexamethasone+2 ug/ml insulin and then 
stained with antibody to myosin fast chain (A474), note 
Stellate Structures demonstrating intracellular cytoplasmic 
Staining, indicative of a skeletal muscle (mesodermal) phe 
notype, brightfield, 100x; I, CF-NHDF2 treated for three 
weeks with 1% HS+10. M dexamethasone+2 ug/ml insu 
lin, note linear multinucleated Structure, indicative of a 
skeletal muscle (mesodermal) phenotype, phase contrast, 
100x; J, CF-NHDF2 treated for six weeks with 1% HS+10 
M dexamethasone--2 ug/ml insulin, note large linear and 
branched multinucleated Structures, indicative of a skeletal 
muscle (mesodermal) phenotype, phase contrast, 100x, K, 
CF-NHDF2 treated for two weeks with 1% HS+10 M 
dexamethasone--2 ug/ml insulin and then Stained with anti 
body to Smooth muscle alpha-actin (1A4), note binuclear 
Stellate cell with intracellular cytoplasmic Staining, alpha 
actin intracellular Staining of a binuclear-stellate is 
Suggestive of a cardiac muscle phenotype, brightfield, 100x, 
L., CF-NHDF2 treated for two weeks with 1% HS+10 M 
dexamethasone--2 ug/ml insulin and then Stained with anti 
body to Smooth muscle alpha-actin (1A4), note mono 
nuclear-stellate cells with intracellular cytoplasmic Staining, 
Smooth muscle alpha-actin intracellular Staining of a mono 
nuclear-stellate is indicative of a Smooth muscle (mesoder 
mal) phenotype, phase contrast, 100x; M, PAL3 treated for 
four weeks with 1%, 5%, or 10% HS+10 M dexametha 
sone+2 ug/ml insulin and then stained with Sudan Black-B 
for Saturated neutral lipids, note mononucleated cells con 
taining intracellular-stained vesicles, indicative of an adipo 
genic (mesodermal) phenotype, brightfield, 100x; N, CF 
NHDF2 treated for three weeks with 5% or 10% HS+10 
M dexamethasone and 2 ug/ml insulin and then Stained with 
antibody to type-II pro-collagen (CIIC1), note mononuclear 
Stellate cell with intracellular cytoplasmic Staining, type-II 
procollagen intracellular staining of a mononuclear-stellate 
cell is indicative of a commitment to the chondrogenic 
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(mesodermal) lineage, brightfield, 200x; O, CF-NHDF2 
treated for three weeks with 5% or 10% HS+10 M dex 
amethasone and 2 ug/ml insulin and then Stained with 
antibody to collagen type-II (HC-II), note mononuclear 
Stellate cell with intracellular cytoplasmic Staining, type-II 
collagen intracellular staining of a mononuclear-stellate cell 
is indicative of a commitment to the chondrogenic (meso 
dermal) lineage, brightfield, 100x; P, CF-NHDF2 treated for 
three weeks with 5% or 10% HS+10 M dexamethasone 
and 2 ug/ml insulin and then Stained with antibody to type-II 
collagen (D19), note mononuclear-stellate cells with intra 
cellular cytoplasmic Staining, type-II collagen intracellular 
Staining of a mononuclear-stellate is indicative of a com 
mitment to the chondrogenic (mesodermal) lineage, bright 
field, 100x; O, PAL3 treated for six weeks with 5% or 10% 
HS+10 M dexamethasone and 2 ug/ml insulin and then 
Stained histochemically for chondroitin Sulfate and keratan 
Sulfate proteoglycans (Alcian Blue, pH 1.0), dark Stained 
nodule indicative of chondrogenic (mesodermal) phenotype, 
brightfield, 100x; R, PAL3 treated for six weeks with 5% or 
10% HS+10. M dexamethasone and 2 ug/ml insulin and 
then Stained histochemically for chondroitin Sulfate and 
keratan Sulfate proteoglycans (PerfiX/Alcec Blue), dark 
Stained nodule indicative of chondrogenic (mesodermal) 
phenotype, brightfield, 50x; S, CF-NHDF2 treated for two 
weeks with 5% or 10% HS+10 M dexamethasone and 2 
ug/ml insulin and then Stained with antibody to bone Sialo 
protein (WV1D1), note mononuclear-stellate cells with 
intracellular cytoplasmic Staining, bone Sialoprotein intrac 
ellular staining of a mononuclear-stellate cell is indicative of 
commitment to the Osteogenic (mesodermal) lineage, bright 
field, 100x, T, CF-NHDF2 treated for two weeks with 5% or 
10% HS+10. M dexamethasone and 2 ug/ml insulin and 
then stained with antibody to osteopontine (MP111), note 
mononuclear-Stellate cells with intracellular cytoplasmic 
Staining, osteopontine intracellular staining of a mono 
nuclear-stellate cell is indicative of commitment to the 
osteogenic (mesodermal) lineage, brightfield, 100x, U, 
PAL3 treated for six weeks with 5% or 10% HS+10 M 
dexamethasone and 2 ug/ml insulin and then Stained his 
tochemically for calcium phosphate (von Kossa), note 
black-stained nodules, Von KOSSa-positive Staining of the 
three dimensional matrix of multiple nodules is indicative of 
an osteogenic (mesodermal) phenotype, brightfield, 50x, V, 
CF-NHDF2 treated for two weeks with 1% or 5% HS+10 
M dexamethasone--2 ug/ml insulin and then Stained with 
antibody to human-specific fibroblast Specific protein 
(HFSP), note mononuclear-stellate cells with intracellular 
cytoplasmic Staining, fibroblast-Specific protein Staining of a 
mononuclear-stellate is indicative of a fibrogenic (mesoder 
mal) phenotype, brightfield, 100x; W. CF-NHDF2 treated 
for two weeks with 1% or 5% HS+10M dexamethasone+2 
ug/ml insulin and then Stained with antibody to peripheral 
endothelial cell adhesion molecule, PECAM (P2B1), note 
mononuclear-Stellate cells with intracellular cytoplasmic 
Staining, PECAM-Staining of a mononuclear-stellate is 
indicative of an endothelial (mesodermal) phenotype, 
brightfield, 200x; X, CF-NHDF2 treated for two weeks with 
1% or 5% HS+10 M dexamethasone+2 ug/ml insulin and 
then Stained with antibody to human-specific endothelial cell 
Surface marker (HEndo), note mononuclear-stellate cells 
with intracellular cytoplasmic Staining, HEndo-Staining of a 
mononuclear-stellate is indicative of an endothelial (meso 
dermal) phenotype, brightfield, 40x; Y, CF-NHDF2 treated 
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for two weeks with 1% or 5% HS+10M dexamethasone+2 
ug/ml insulin and then Stained with antibody to vascular 
endothelial cell adhesion molecule, VCAM (P8B1), note 
mononuclear-Stellate cells with intracellular cytoplasmic 
Staining, VCAM-Staining of a mononuclear-Stellate is 
indicative of an endothelial (mesodermal) phenotype, 
brightfield, 40x. 

0135 FIGS. 33A-R Human cell line incubated with insu 
lin and/or dexamethasone for 0 to Six weeks. Morphologies 
as noted. A, CF-NHDF2 treated for two weeks with 1% or 
5% HS+10 M dexamethasone+2 ug/ml insulin and then 
stained with antibody to selectin-E (P2H3), note mono 
nuclear-stellate cells with intracellular cytoplasmic Staining, 
Selectin-E Staining of a mononuclear-Stellate is indicative of 
an endothelial (mesodermal) phenotype, brightfield, 100x; 
B, CF-NHDF2 treated for two weeks with 1% or 5% 
HS+10 M dexamethasone--2 ug/ml insulin and then stained 
with antibody to CD34 sialomucin (CD34), note mono 
nuclear-stellate cells with intracellular cytoplasmic Staining, 
CD34 Sialomucin-staining of a mononuclear-Stellate is Sug 
gestive of either an endothelial or hematopoietic (mesoder 
mal) lineage, brightfield, 100x; C, CF-NHDF2 treated for 
four weeks with 1% HS+10 M dexamethasone+2 ug/ml 
insulin and then Stained with antibody to neural precursor 
cells (FORSE-1), note mononuclear-stellate cells with intra 
cellular cytoplasmic Staining, FORSE-1 intracellular stain 
ing of mononuclear-Stellate cells is indicative of commit 
ment to the neuronal (ectodermal) lineage, brightfield, 100x, 
D, CF-NHDF2 treated for four weeks with 1% HS+10 M 
dexamethasone+2 ug/ml insulin and then Stained with anti 
body to neurofilaments (RT-97), note mononuclear-stellate 
cells with intracellular cytoplasmic Staining, neurofilament 
intracellular staining of mononuclear-Stellate cells is indica 
tive of commitment to the neuronal (ectodermal) lineage, 
brightfield, 100x; E, CF-NHDF2 treated for four weeks with 
1% HS+10. M dexamethasone+2 ug/ml insulin and then 
Stained with antibody to neurons (8A2), note mononuclear 
Stellate cells with intracellular cytoplasmic Staining, neu 
ronal intracellular staining of mononuclear-Stellate cells is 
indicative of commitment to the neuronal (ectodermal) 
lineage, brightfield, 100x; F, CF-NHDF2 treated for four 
weeks with 1% HS+10 M dexamethasone+2 ug/ml insulin 
and then stained with antibody to neuroglia (CNPase), note 
mononuclear-Stellate cells with intracellular cytoplasmic 
Staining, neuroglial Staining of mononuclear-stellate cells is 
indicative of commitment to the neuronal (ectodermal) 
lineage, brightfield, 100x; G, CF-NHDF2 treated for four 
weeks with 1% HS+10M dexamethasone+2 ug/ml insulin 
and then stained with antibody to neurons (S-100), note 
mononuclear-Stellate cells with intracellular cytoplasmic 
Staining, neuronal Staining of mononuclear-Stellate cells is 
indicative of commitment to the neuronal (ectodermal) 
lineage, brightfield, 100x, H, CF-NHDF2 treated for four 
weeks with 1% HS+10M dexamethasone+2 ug/ml insulin 
and then stained with antibody to neuronal filament-200 
(N-200), note mononuclear-stellate cells with intracellular 
neurofilament Staining, neurofilament Staining of mono 
nuclear-stellate cells is indicative of commitment to the 
neuronal (ectodermal) lineage, brightfield, 100x; I, CF 
NHDF2 treated for four weeks with 1% HS+10 M dex 
amethasone--2 ug/ml insulin and then Stained with antibody 
to human-specific nestin, a neural precursor cell marker 
(HNES), note mononuclear-stellate cells with intracellular 
cytoplasmic Staining, nestin intracellular Staining of mono 
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nuclear-stellate cells is indicative of commitment to the 
neuronal (ectodermal) lineage, phase contrast, 100x, J, CF 
NHDF2 treated for four weeks with 1% HS+10 M dex 
amethasone--2 ug/ml insulin and then Stained with antibody 
to nestin, a neuronal precursor cell marker (MAB-353), note 
mononuclear-Stellate cells with intracellular cytoplasmic 
Staining, nestin intracellular staining of mononuclear-Stellate 
cells is indicative of commitment to the neuronal (ectoder 
mal) lineage, phase contrast, 100x, K, CF-NHDF2 treated 
for two weeks with 1% or 5% HS+10M dexamethasone+2 
ug/ml insulin and then Stained with antibody to kerati 
nocytes (VM-1), note mononuclear-stellate cells with intra 
cellular cytoplasmic Staining, keratinocyte-staining of a 
mononuclear-stellate is indicative of an epidermal (ectoder 
mal) phenotype, brightfield, 40x; L, CF-NHDF2 treated for 
two weeks with 1% or 5% HS+10 M dexamethasone+2 
ug/ml insulin and then Stained with antibody to human 
Specific alpha-fetoprotein (HAFP), note mononuclear-stel 
late cells with intracellular cytoplasmic vesicular Staining, 
alpha-fetoprotein intracellular vesicular staining of mono 
nuclear-stellate cells is indicative of commitment to the 
hepatic (endodermal) lineage, brightfield, 100x; M, CF 
NHDF2 treated for four weeks with 1% or 5% HS+10 M 
dexamethasone--2 ug/ml insulin and then Stained with anti 
body to human-specific alpha-fetoprotein (HAFP), note 
binuclear cell with intracellular cytoplasmic vesicular Stain 
ing, alpha-fetoprotein intracellular vesicular Staining of 
binuclear cell is indicative of commitment to the hepatic 
(endodermal) lineage, brightfield, 100x, N, CF-NHDF2 
treated for two weeks with 1% or 5% HS+10 M dexam 
ethasone--2 ug/ml insulin and then stained with antibody to 
human-specific epithelial-specific antigen (HESA), note 
mononuclear-Stellate cells with intracellular cytoplasmic 
vesicular Staining, epithelial-specific intracellular vesicular 
Staining of mononuclear-Stellate cells is indicative of com 
mitment to the epithelial (endodermal) lineage, brightfield, 
100x; O, CF-NHDF2 treated with control media for one 
week and then Stained with antibody to Stage-specific 
embryonic antigen-1, SSEA-1 (MC-480), note mono 
nuclear-stellate cells with intracellular cytoplasmic vesicular 
Staining, SSEA-1 Staining of mononuclear Stellate cells is 
indicative of embryonic stem cells, brightfield, 100x; P. 
CF-NHDF2 treated with control media for two weeks and 
then Stained with antibody to Stage-Specific embryonic anti 
gen-3, SSEA-3 (MC-631), note mononuclear-stellate cells 
with intracellular cytoplasmic vesicular staining, SSEA-3 
Staining of mononuclear Stellate cells is indicative of embry 
onic stem cells, brightfield, 100x, Q, CF-NHDF2 treated 
with control media for four weeks and then stained with 
antibody to Stage-specific embryonic antigen-4, SSEA-4 
(MC-813-70), note mononuclear-stellate cells with intracel 
lular cytoplasmic vesicular Staining, SSEA-4 Staining of 
mononuclear Stellate cells is indicative of embryonic Stem 
cells, brightfield, 100x; and R, CF-NHDF2 treated with 
control media for six weeks and then stained with antibody 
to human carcinoembryonic antigen (HCEA), note mono 
nuclear-stellate cells with intracellular cytoplasmic vesicular 
Staining, human carcinoembryonic antigen Staining of 
mononuclear Stellate cells is indicative of embryonic Stem 
cells, brightfield, 100x. 

0136 FIGS.34A-R NHDF-2 Cells incubated in CM only 
(A-D) or CM plus dexamethasone (E-R) for 24 hr (A) or 56 
days (B-R). Cells photographed at same original magnifi 
cation (100x) in either phase contrast (AL) or bright field 
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(B-K.M-R) microscopy. A Eight very small cells with high 
nuclear to cytoplasmic ratios. BTwo very Small cells heavily 
Stained with antibody to Stage-specifica embryonic anti 
gen-1 (MC480). C Single very small cell (arrow) stained 
with antibody to stage-specific embryonic antigen-3 (MC63 
1). 

0137 d Single very Saml cell (arrow) heavily 
Stained with antibody to Stage-Specific embryonic 
antigen-4 (MC813–70). 

0138 e Four cells (arrows) stained with antibody to 
nestin (MAB353). 

0.139 f Four cells stained with antibody to neurons 
(S-100). 

0140 g Multiple cells stained with antibody to neu 
rofilaments (RT-97). 

0141 h Single cell with long cell processes (arrows) 
stained with antibody to neurofilaments (N-200). 

0.142 i Single cell stained with antibody for neuro 
glia (CNPase). 

0143 jTwo cells (arrows stained with antibody for 
keratinocytes (VM-1). 

0144) k Two cells (arrows) stained with antibody to 
myogenin (F5D). 

0145 1 Two structures (arrows) containing multiple 
linearly arranged nuclei. 

0146 m Multiple cells containing Oil Red-Ostaiend 
intracellular vesicles. 

0147 in Single cell stained with antibody to typ-II 
collagen (CIIC1). 

0148 o Four cells (arrows) stained intracellularly 
with antibody to bone sialoprotein-II (WV1D1). 

0149 p Multiple cells staining with an antibody to 
peripheral cel adhesion molecule (PECAM, P2B1). 

0150 q Three cells (arrows) with intracellular 
vesicles Stained for antibody to human-specific 
alpha-fetoprotein (HAFP). 

0151 r Single cell (arrow) heavily stained with 
antibody to human-specific gastrointestinal epithe 
lial-specific antigen (HESA). 

0152 FIG. 35: Co-culture of ROSA26 PPSCs and rat 
astrocytes for 21 days stained with X-gal and GFAP 100x. 
Cells stained with both the dark blue of the antibody color 
reagent and blue-green of X-gal. Black arrows point to 
double-stained cells and white arrows to ROSAPPSCs not 
Stained for GFAP, 

0153 FIG. 36: Co-culture of ROSA26 PPSCs and rat 
astrocytes for 21 days stained with X-gal and GFAP, 40x. 
Can See astrocytes Stained (white arrows) and then cells 
double-stained (black arrows). 
0154 FIG. 37: Co-culture of ROSA26 PPSCs and rat 
astrocytes for 21 days stained with X-gal and GFAP, 40x. 
White arrows point to ROSA26 PPSCs single stained for 
X-gal (undifferentiated) while black arrows point to ROSA 
cells double stained for X-gal and GFAP (differentiated). 
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0155 FIG. 38: PPSCs isolated from rat skeletal muscle 
(RmSC-1) treated with 107M dexamethasone for 21 days 
and then stained with anti-CNPase. 100x. White arrow 
points to artifact. Black arrows point to cells positive for 
CNPase. 

0156 FIG. 39: PPSCs isolated from rat skeletal muscle 
(RmSC-1) treated with 10-7 M dexamethasone for 21 days 
and then stained with antibody to IA4. Phase contrast; 100x. 
Black arrows point to Stained cells. 
0157 FIG. 40: PPSCs isolated from rat skeletal muscle 
(RmSC-1) then treated with conditioned medium from rat 
astrocytes for 21 days and stained with antibody RT-97. 
Phase contrast, 100x. 
0158 FIG. 41: Karyotype 46, XX of CT3F cells at 37 
cell doubling, isolated from a 17 year old female dermal 
biopsy. 

0159 FIG. 42 depicts in vitro differentiation of PPSCs on 
Matrigel in the presence of 1% HS 10. Tube formation is 
evident. 

0160 FIG. 43 depicts in vitro differentiation of PPSCs on 
Matrigel in the presence of 1% HS 10 and VEGF. Tube 
formation is evident. 

0161 FIG. 44 depicts PPSC localization in the bone 
marrow one week after TV injection into an ischemic 
animal. 

0162 FIG. 45 depicts ELSCs grown under different 
conditions 12 hours after reseeding in Matrigel. 
0163 FIG. 46 depicts ELSCs grown under different 
conditions after reseeding in Matrigel. 
0164 FIG. 47 depicts ELSCs grown under different 
conditions after reseeding in Matrigel. 
0165 FIG. 48 depicts ELSC transplantation into a hind 
limb ischemia model at 2 weeks post cell transplantation. 
0166 FIG. 49 depicts ELSC transplantation into a hind 
limb ischemia model at 2 weeks post cell transplantation. 
0167 FIG. 50 depicts muscle organogenesis by ELSCs 
in a hindlimb ischemia model at 2 weeks post cell trans 
plantation. 
0168 FIG. 51 depicts muscle organogenesis by ELSCs 
in a hindlimb ischemia model at 2 weeks post cell trans 
plantation. 
0169 FIG. 52 depicts organogenesis with neovascular 
ization by ELSC in hindlimb ischemia. 
0170 FIG. 53 depicts RT PCR results on CT3F cells. 
Lanes denoted 1 are of embryo body like cells reseeded for 
1 week; Lanes denoted 2 are ELSCs grown in 10% HS10 
serum; H are HUVBC cells. 

0171 FIG. 54 depicts RT PCR results on CT3F cells. 
Lanes denoted 1 are of embryo body like cells reseeded for 
1 day; Lanes denoted 4 are of embryo body like cells 
reseeded for 4 days; Lanes denoted M are BLSCs grown in 
10% HS10 serum; Lanes denoted E are ELSCs grown in 1% 
MCSF1 serum; B indicates brain; L indicates liver; H 
indicates heart. 

0172 FIG. 55 depicts RT PCR results on CT3F cells. 
Lanes denoted 1 are of mononuclear cells from pripheral 
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blood; Lanes denoted 2 are of EPC cells; Lanes denoted M 
are ELSCs grown in 10% HS10 serum; Lanes denoted E1 
and E2 are ELSCs grown in 1% MCSF1 serum; B indicates 
brain; L indicates liver; H indicates HUVEC cells; S indi 
cates Smooth muscle cell. 

0173 FIG. 56 depicts immunofluorescence of rat myo 
cardium after MI and ELSC cell transplantation in rat 14. 
0.174 FIG. 57 depicts immunofluorescence of rat myo 
cardium after MI and ELSC cell transplantation in rat 14. 
0175 FIG. 58 depicts immunofluorescence of rat myo 
cardium after MI and ELSC cell transplantation in rat 14. 
0176 FIG. 59 depicts immunofluorescence of rat myo 
cardium after MI and ELSC cell transplantation in rat 14. 
0177 FIG. 60 depicts immunofluorescence of rat myo 
cardium after MI and ELSC cell transplantation in rat 36. 
0.178 FIG. 61 depicts immunofluorescence of rat myo 
cardium after MI and ELSC cell transplantation in rat 36. 
0179 FIG. 62 depicts immunofluorescence of rat myo 
cardium after MI and ELSC cell transplantation in rat 14. 
0180 FIG. 63 depicts immunofluorescence of rat myo 
cardium after MI and ELSC cell transplantation in rat 14. 
0181 FIG. 64 depicts immunofluorescence of rat myo 
cardium in control rat 14. 

0182 FIG. 65. Pre and post-differentiation RMSCs mor 
phology. A: RMSCs before exposure to differentiation 
medium: polygonal flat cells (*) predominated, with a few 
cells with round or triangular cell body (arrows). B, C and 
D: RMSCs morphology after 5 hours in differentiation 
medium; most cells had round Small cell bodies and pro 
cesses (B: arrows). Three of the typical morphologies of 
differentiated cells are shown in C and D. C:90-95% of cells 
have Small cell bodies an few processes whereas approxi 
mately 5-10% have a large round cell body and multipolar 
processes (arrow). D. Rare cell displayed large round bodies 
with one or two processes and direct contact to neighboring 
cells (arrow). Scale: 20 um (A and B); 40 um (C and D). 
0183 FIG. 66. Immunocytochemistry for RMSCs 
expanded in horse Serum (A, C, E and G) or in fetal bovine 
serum (B, D and F) and differentiated for 5 hours. Immu 
nolabeling for A: nestin (arrows); B: NF145: Neurofilament 
MW 145 kD (arrow). Very few cells exhibited a triangular 
morphology (top thin arrow); C. NF 200: Neurofilament 
MW 200 kD (arrows); D: NSE: Neuron specific enolase 
(arrows); E. Tau positive cells with Stained processes 
(arrows); F: positive (arrows) and negative (arrowheads) 
cells for NG2 chondroitin sulfate proteglycan; G: GFAP: 
Glial fibrillary acidic protein (arrows). In B, C, D, E and G, 
asterisks are located near flat polygonal cells that are immu 
nonegative (5-10% of all cells). H: Representative example 
of cells incubated with the secondary antibody without 
primary antibody. Scale (bar show in H for all panels): 20 
plm. 

0184 FIG. 67. Antigenic characterization of RMSCs 
differentiated for 24 hours. RMSCs expanded in HS and 
differentiated for 24 hours immunolabeled for A: NF 145: 
Neurofilament MW 145 kD, arrows points to stained cells 
with processes, C: Tau, arrows point to different positive 
cells with processes; E: NG2 immunolabeling was moderate 














































































































































































