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Mouse embryonic stem cells isolated in early 1980’s



What is a stem cell?

A reserve cell that can divide multiple times, 
giving rise to one new stem cell, and one new 

committed cell that will differentiate into a 
specific tissue 



Skin stem cell



Bone marrow stem cell



• adult tissues

• fetal tissues

• blastocysts

Sources of human stem cells:





CHALLENGE: Generation of stem cells HLA-
matched to all people

                       www.bedfordresearch.org 
    www.bedfordresearch.org



Stem Cells:

• Embryonic stem cells programmed to divide 
relentlessly  

• Adult stem cells programmed NOT to divide 
until called upon 

• Cord blood and bone marrow stem cells are 
“adult” stem cells -- have limited growth 
potential

    www.bedfordresearch.org



Sperm
  

ES cells

Embryo Blastocyst Stem Cells



Cleaving blastomeres (mouse):

(One minute
equals

seven hours)

Research sponsored by Bedford Research Foundation 
www.bedfordresearch.org

http://www.bedfordresearch.org


Wong et al, Nature Biotechnology, 2010:



PS  Cells

Parthenogenesis
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Mouse parthenote stem cells 

gelatin coated plate suspension culture 



Mouse ES cells to cardiomyocytes:



• No federal funds for derivation of hES lines from 
embryos

• Okay to use federal funds for studies on hES lines 
if consent forms for embryo donation meet 
specific guidelines

• No federal funds for derivation or studies of 
parthenote stem cell lines

New guidelines (Obama):



First primate parthenote stem cell 
line was from Macaques:
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Parthenogenesis is the process by which an
egg can develop into an embryo in the ab-
sence of sperm. This process has been char-
acterized to some extent in nonhuman pri-
mates (1, 2); however, to date, no primate
parthenogenetic embryonic stem (ES)
cell lines have been derived. Although
attempts to obtain full-term mouse
and bovine parthenogenetic individu-
als have failed (3–5), chimeras of par-
thenogenetic cells with biparentally
derived embryonic tissues have gen-
erated apparently normal offspring
(6 ).

Here we demonstrate broad differ-
entiation capabilities of primate pluri-
potent stem cells derived by partheno-
genesis. After in vitro maturation for
36 hours [with media supplemented
with pregnant mare serum (10 IU/ml)
and hCG (10 IU/ml); Sigma], 28 out
of 77 primate eggs (Macaca fascicu-
laris) reached metaphase II. Eggs
were parthenogenetically activated
with protocols previously described
(2). Four out of 28 eggs (14%) devel-
oped to the blastocyst stage (Fig. 1A).
Inner cell masses (ICM) were isolated
by immunosurgery, and 1 week after
plating, cell proliferation was ob-
served in three ICMs and one stable
cell line (Cyno-1) was obtained. Mor-
phologically, the cells had a small
cytoplasmic/nuclear ratio and numer-
ous and prominent nucleoli and cyto-
plasmic lipid bodies. These cells
could be extensively propagated in
vitro (10 months) while maintaining
their undifferentiated state. They test-
ed positive for markers of primate ES
cells with the exception of SSEA-3.
High telomerase activity seen in the
undifferentiated cells was lost com-
pletely after 2 weeks of differentiation, sug-
gesting that telomerase activity is regulated in
Cyno-1 cells and is not constitutive, as is
observed in many tumor cell lines. In addi-
tion, karyotyping revealed 40!2 chromo-
somes, as is expected for Macaca fascicu-
laris. Typing for sequence repeats and micro

SSPTM generic human lymphocyte antigen
class II DNA performed in Cyno-1 cells and
somatic cells from donor animal were indis-
tinguishable and therefore should be consid-
ered autologous.

Neural differentiation of Cyno-1 cells was
induced with a multistep culture procedure
(7 ), and astrocytes and neurons were ob-
tained. Up to 25% of dopaminergic neurons
could be obtained as judged by immunocyto-
chemical criteria (Fig. 1B). Neuronal identity
and function were confirmed by high-perfor-

mance liquid chromatography (HPLC) anal-
ysis, which showed in vitro release of the
neurotransmitters dopamine and serotonin
(Fig. 1C). By modifying culture conditions, a
large variety of specialized cell types could
be generated in vitro, including spontaneous-
ly beating cardiomyocyte-like cells, smooth
muscle cells, adipocytes, and beating ciliated
epithelium, among others.

The capacity of Cyno-1 cells to differen-
tiate was also tested in vivo by injecting them
into the peritoneal cavity of immunocompro-
mised severe combined immunodeficiency
disease (SCID) mice (C.B-17 SCID; Charles
River). Teratomas were isolated 8 and 15
weeks after injection and subjected to histo-
logical analysis. Derivatives of all three germ
layers were observed, including cartilage,
muscle and bone (mesoderm), neurons, me-
lanocytes, skin and hair follicles (ectoderm),
and intestinal and respiratory epithelia
(endoderm) (Fig. 1, D to F). The presence of
mature tissues and low frequency of mitotic
figures in these tumors indicated their benign
nature.

The in vitro differentiation of these cells
to well-characterized dopaminergic neurons
is of particular interest, because of their po-
tential to replace lost neurons in Parkinson’s
disease. Thus far, dopaminergic neurons have
been derived from mouse ES cells in vitro (7 )
but not from primate ES cells.

The proposal of human therapeutic cloning
(HTC) describes the generation of autologous
ES cells through somatic cell nuclear transfer
(8). This study suggests an alternative to HTC.
Differentiated cell types derived in vitro by
parthenogenesis eliminate the requirement to
produce or disaggregate a normal, competent
embryo and may circumvent the ethical con-
cerns voiced by some, positively impacting the
debate in stem cell research.
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Fig. 1. Characterization of primate parthenogenetic
embryos and derived cell lines. (A) Parthenogenetically
activated eggs at day 8 of development before ICM
isolation. (B) Upon induced differentiation, up to 25%
of TUJ1! cells coexpressed tyrosine-hydroxylase (rab-
bit antibody to TH 1:250; PelFreez) exhibiting complex
neurites. (C) Neuronal function was assessed by re-
verse-phase HPLC with electrochemical detection of
the neurotransmitters dopamine (DA) and serotonin
(Ser). (D to F) In vivo differentiation-teratoma. (D) Gut,
(E) bone, and (F) hair follicle complex with hair (H) and
sebaceous gland (SG). Scale bars: (A), 100 "m; (B), (E),
and (F), 20 "m; (D) 50 "m.
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Cibelli, et al., Science, 2001

Parthenogenesis by Macaca fascicularis eggs:



Cibelli, et al., Science, 2001

Parthenogenesis by Macaca fascicularis eggs:

Egg Donor





Parthenogenesis by frozen human eggs:

Polak de Fried et al., Fertility and Sterility, 2008



CHALLENGE: Generation of stem cells
         for  EVERYbody
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Show more 

List By Topic On Map Search Details

ClinicalTrials.gov is getting an update. Our new design arrives on June 19th. Learn more.

IMPORTANT: Listing of a study on this site does not reflect endorsement by the National Institutes of Health. Talk with a trusted healthcare
professional before volunteering for a study. Read more...

6113 studies found for:    stem cells

Modify this search | How to Use Search Results

6113 studies found, shown on map.
A similar map is available for all studies in ClinicalTrials.gov

Click on the map below to show a more detailed map (when available) or search for studies (when map not available).

Source:https://ClinicalTrials.gov

Region Name  Number of Studies

World 6113

Africa   [map]  41

Central America   [map]  49

East Asia   [map]  673

Japan 45   [studies]

Europe   [map]  1404

Middle East   [map]  263

North America 3376

Canada   [map]  278   [studies]

Hints:

Click on a [map] link to show a map of that region.

Click on a [studies] link to search within your current results for studies in that region. Use
the back button to return to this list and try another region.

Studies with no locations are not included in the counts or on the map.

Studies with multiple locations are included in each region containing locations.

Search of: stem cells - Results on Map - ClinicalTrials.gov file:///Users/annk2014/Desktop/Search of_ stem cells - Results on M...

1 of 2 6/6/17, 4:24 PM



Show less 

List By Topic On Map Search Details

ClinicalTrials.gov is getting an update. Our new design arrives on June 19th. Learn more.

Preview our new design at ClinicalTrials.gov/beta/

IMPORTANT: Listing of a study on this site does not reflect endorsement by the National Institutes of Health. Talk with a trusted healthcare
professional before volunteering for a study. Read more...

51 studies found for:    embryonic stem cells

Modify this search | How to Use Search Results

51 studies found, shown on map.
A similar map is available for all studies in ClinicalTrials.gov

Click on the map below to show a more detailed map (when available) or search for studies (when map not available).

Source:https://ClinicalTrials.gov

Region Name  Number of Studies

World 51

Africa   [map]  2

East Asia   [map]  11

Europe   [map]  11

Middle East   [map]  6

North America 14

United States   [map]  14   [studies]

North Asia   [map]  1

Hints:

Click on a [map] link to show a map of that region.

Click on a [studies] link to search within your current results for studies in that region. Use
the back button to return to this list and try another region.

Studies with no locations are not included in the counts or on the map.

Studies with multiple locations are included in each region containing locations.

Search of: embryonic stem cells - Results on Map - ClinicalTrials.gov https://clinicaltrials.gov/ct2/results/map?term=embryonic+stem+cells

1 of 2 6/6/17, 4:28 PM



• Moved to new facilities in 2015:

Bedford Research Foundation:
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