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What are stem cells?
What are te types of stem cells?
Where do they come from?
How does a stem cell give rise to differentiated cells?
Why do stem cells seem to carry so much potential?  Why doctors and 
scientists want to research stem cells so badly?
How can can a scientist evaluate a stem cell to see if it truly is a stem cell?
What successes have actually happened with stem cell research so far?
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Totipotent:  The fertilized egg is totipotent -- makes the embryo as well as all 
the accessory structures:  

Can make the 200 kinds of cell in the embryo plus placents, trophoblast, 
umbilical cord

PLUIPOTENT - stem cells that can give rise to cells from all three germ 
layers (endoderm, mesoderm and ectoderm) but NOT the extraembryonic 
tissues
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Differentiation - What is it?

Three primitive cell layers:  Ectoderm, mesoderm, and endoderm

Give rise to various tissues;  
Ecto:  skin, neurons, pigment cells, hair follicles
Meso:  muscle, heart, kidney, RBCs, small, blood vessels
Endo: pancreas, thyrod, lung, lining of the digestive 

tract

Cells become specialized as the embryo take shape
Where do stem cells come into play?

-provide a source of new cells when replacement/repair/growth 
is necessary
Where can you see some value medically speaking for humans having access 
to versatile stem cells?  (Discuss)
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Common in the embryo - Very versatile, not very committed or restricted

Found also in adults especially among cells that are constantly being replaced
blood (make 2 million cells per second)
skin
hair follicles
germ cells - males only
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Let’s start with embryonic stem cells (come back to adult stem cells)

Zygote -- cleavage -- blastocyst (blastula) -- two areas:  ICM and 
Trophoblast

ICM - becomes

Totipotent cells were from 2, 4, 8 16 cells stage only (like the formation of 
identical twins/ triplets)  Definitely totipotent up to 8 cells

It’s the inner cell mass cells that are the ES cells

Pluipotent - give rise to all three cell layers but not trophoblast; not placenta or 
umbilical cord
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Image:  
http://stemcellres.com/content/2/5/42/figure/F1
Pluripotent stem cells interact with each other and 
trophoblast to become lineage restricted stem cells.

Lineage Restricted:  Might first be restricted to become 
mesodermal cells (heart, blood,immune cells, bone, 
muscle, etc.)

Here:  Mesodermal stem cells -- Hemangioblast stem 
cells -- Multipotent hematopoietic stem cell -- Blood 
stem cell  -- RED progenitor cell  -- RBC precursor cell -
- RBC

Then via interactions they become restricted to just 
becoming one type of cell -- blood cells or vessel cells.

Committed stem cells are next -- still stem cell (divides 
to produce more differentiated  cells as well as it’s own 



type) but type of cell is always the same.

Progenitor cell -- Committeed cell -- divides to become cell 
type but each cell will become the differentiate dcell type

figure 1 Hypothetical lineage restriction in the cells of the quail 
cephalic neural crest. 533 clones, each derived from a single cell, 
were observed for the cell types derived from each cell. The results 
are consistent with the progressive restriction in cell fate from a 
pluripotent stem cell through more restricted stem cells to a 
"unipotential" progenitor cell. A, adrenergic neuron; C, cartilage; G, 
glial cells; M, melanocytes; N, cholinergic neurons. 
http://www.devbio.com/image.php?id=359
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Stem cells produce both more stem cells and progenitor cells

Progenitor cells only produce other specialized  cells (kind of the end of the 
line for them).
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Capable of dividing but only into specific cell type.  All daughters will 
differentiate not remain stem cells.

Successive restriction of what cells will become

HOW?  Restrictions are due mostly to cell/cell interactions
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Signalling:

Coordination of activities (growth, differentiation, metabolism)

Extracellular signal molecules (enter blood or E.C.F.)

Target cells have receptors in membranes or inside cell

Binding triggers cascade of intracellular signals

Target responds:  
Change cell metabolism

Trigger or inhibit gene express 
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The  survival of multicellular organisms depends  on an 
elaborate intercellular communication  network that 
coordinates the growth,  differentiation, and metabolism of 
cells in  diverse tissues and organs. 
This  intercellular communication is realized  through 
extracellular signaling  molecule.
Extracellular,  signaling molecules (i.e. ligand) are  recognized 
by membrane-bound receptors in the  plasma membrane on 
the target cell. 
These  specific substances are synthesized and  released by 
signaling cells and produce a  specific response only in target 
cells that  have receptors for the signaling molecules. 
The extracellular signaling molecules can  diffuse away or be 

transported in the  blood.The  binding of the extracellular, 
signaling  molecules triggers a cascade of intracellular  signals 
(a.k.a., second messengers), that  ultimately alter the 
behavior of the target  cell. 
In some instances, both the ligand and  the receptor are 
membrane-bound (i.e. contact  dependent signaling). Some 
signal molecules  are able to cross the plasma membrane and 



get  to the cytosol, where they bind intracellular  receptors.
Communication  by extracellular signals usually involves six  steps:• 
synthesis  and• release  of signaling molecules by the signaling  cell• 
transport  of the signal to the target  cell• detection  of the signal by 
a specific receptor  protein• and  change in cellular metabolism or 
gene  expression triggered by the  receptor-signaling molecule  
complex• removal  of the signal, often terminating the  cellular 
response
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Signaling by extracellular  secreted molecules can be classified 
into  three types, endocrine, paracrine or  autocrine. 
Additionally, certain  membrane-bound proteins on one cell 
can  directly signal an adjacent cell.

Two Extremes of cell to cell signaling --

Long distance communication like hormones and neurons

• Endocrine signaling – signaling  molecules act on target 
cells distant from  their site of synthesis by cells of endocrine  
organs. Chemicals produced in one cell or  tissue travel 
through the organism to the  target cells and tissues. Many of 
these signal  molecules are regulatory hormones. Specialized  
cells release the hormones into vessels of the  circulatory 
system. They then travel to the  target cells in other parts of 
the body.
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Another long distance communication

• Synaptic signaling – occurs in  the animal nervous system. 
The signal molecules  of the nervous system of animals are 
chemical,  called neurotransmitters. Neurotransmitters,  
released at the axon end of one nerve cell  traverse the space 
(called the synaptic cleft)  to the target cells (receptor cells, 
nerve  cells, or neuromuscular junction).
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Other end of the extreme - Short distance -- direct contact, neighboring cells

.• Direct Contact Signaling: Molecules on  the surfaces of 
adjacent cells have direct  contact with each other and specific 
surface  molecules on plasma membranes can serve as  
signals. For example, cell recognition markers  are important 
in embryo develop as they signal  adjacent cells to specialize 
for a specific  tissue type and/or inhibit  specialization.
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• Autocrine signaling – cells  respond to substances that 
they themselves release. They send intracellular signals that  
trigger receptors within their own membrane.  Such signals 
often trigger differentiation in  developmental processes

http://abdellab.sunderland.ac.uk/Lectures/Nurses/CellCom01.html
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• Paracrine signaling – signaling  molecules released by a 
cell only affect target cells in close proximity. A signal 
molecule  released by one cell travels through the  
extracellular environment and acts on the  receptor molecule 
of adjacent cells. The  influence of the signal molecule is  
short-lived, as it reacts with the receptor  cell and is removed 
from the environment.  Growth regulators are typically 
paracrine  molecules.
Paracrine  signaling is accomplished with the  secretion of 

chemical regulators that have  local effects on neighboring  
cells.  Numerous cells can simultaneously  receive and 
respond to chemical signals  produced by a single cell in their 
vicinity.
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Cell signaling process helps ensure that crucial activities occur 
in the right cells, at the right time and in synchrony with the 
other cells.

The  different stages of chemical cell signaling:
• Reception: The target cell must be able to detect the 
arriving signal. This requires a chemical binding to a receptor 
molecule (protein), specialized for different functions. Most 
receptor molecules are found on the cell surface, but there are 
also intracellular receptors. When the signal binds to the 
receptor protein, it triggers some changes that initiates the 
process of transduction
• Transduction: The signaling molecule binds to a receptor in 
a way that brings about a change in the receptor molecule 
(often a conformational change). This change effectively 
translates (or transduces) the signal into a form that the 
target cell can respond to. The signal is converted to a form 
that can bring about a specific cellular response. This 
transduction may be a single step or a relay pathway of 
chemical reactions within the cell. Secondary messengers are 



important in the signal transduction.
• Response: Transduced signal triggers a specific cellular response. 
The cell makes an appropriate response to the signal. For example, 
the appropriate response to epinephrine in most target cells it the 
activation of the enzyme, glycogen phosphorylase, which catalyzes 
the conversion of glycogen to glucose-1-phosphate.
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Hemangioblast stem cells restricted to become blood vessels

Have receptor to paracrine factor:  VEGF (vessel endothelial growth factor)

VEGF produced by cells in the area of the mesodermal stem cells

Hemangioblast cells have receptor for VEGF-- contact allows differentiation 
into endothelial cells; also stimulates division.

Mutant gene for VEGF -- not make blood vessels and die within uterus

Now the endothelial cells secrete the paracrine factor called angiopoietin

Angiopoientin tells cells around the vessel to become smooth muscle cells:  
Reciprocal Induction

VEGF is secreted by cancer cells when the tumors get too big and they are 



being starved.  This stimulates blood vessel development to the tumor.  Anti-VEGF 
maybe an anti- cancer therapy.

21



22

Just understanding paracrine signaling can lead to new treatment.

Some research indicates new blood vessels can be grown by injecting patients 
with occluded coronary blood vessels with VEGF.
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Neural cells bulge and form optic vesicle -- contact the ectoderm and release 
paracrine factors to induce the touched cells to become early lens tissue (not 
skin)

Lens cells fold inward and release other paracrine factors to signal the optic 
vesicle cells to become the perceiving cells of the retina.

Retina cells release factors to tell lens to become lens tissue

Lens then releases paracrine factors to tell the “skin” ectoderm to become 
cornea
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Where do embryonic stem cells come from?

Mouse:  Inner cell mass, embryonic germ cells, embryonic 
carcinoma cells

The techniques for culturing mouse embryonic stem (ES) cells 
from the inner cell mass of the preimplantation blastocyst 
were first reported 20 years ago [6, 11], and versions of 
these standard procedures are used today in laboratories 
throughout the world.
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There are two main sources of human embryonic stem cells:

1. Blastocyst stage of the embryo -- the inner cell mass cells
2. Primordial germ mass of a fetus (aborted, miscarried)

Available (rare) but Not as versatile as embryonic cells:

1. Adult stem cells

Not possible yet:

1. SCNT
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How to make cultures of ES cells (mouse and human)

1. Obtain fresh or frozen embryos.
1. From donated zygotes for research (not federally funded)
2. From embryos left over from IVF (federally funded)

Must have informed consent of the donor
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How to make cultures of ES cells (mouse and human)

2.  Grow the embryo to the Blastocyst Stage when an inner cell mass is present 
(5-6 days old)
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How to make cultures of ES cells (mouse and human)

3.  Remove inner cell mass from blastocyst.  This is usually done by 
immunosurgery where antibodies dissolve the trophoblast from around the 
blastocyst.
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How to make cultures of ES cells (mouse and human)

1. Grow on a growth medium with fetal calf serum (plasma) - this is the 
nutrient source

2. May have a layer of “feeder” cells of nondividing cells -- usually mouse 
embryonic fibroblast cells made inactive with chemicals

3. (mouse cells can grow without feeder cells if the LIF factor is added)

4. The feeder cells have been gamma irradiated to prevent their replication.
5. Grow for 9 - 15 days

6. Growing cells in the laboratory is known as cell culture. 
Human embryonic stem cells are isolated by transferring 
the inner cell mass into a plastic laboratory culture dish 
that contains a nutrient broth known as culture medium. 
The cells divide and spread over the surface of the dish. 
The inner surface of the culture dish is typically coated with 
mouse embryonic skin cells that have been treated so they 
will not divide. This coating layer of cells is called a feeder 



layer. The reason for having the mouse cells in the bottom of the 
culture dish is to give the inner cell mass cells a sticky surface to 
which they can attach. Also, the feeder cells release nutrients 
into the culture medium. Recently, scientists have begun to 
devise ways of growing embryonic stem cells without the mouse 
feeder cells. This is a significant scientific advancement because 
of the risk that viruses or other macromolecules in the mouse 
cells may be transmitted to the human cells.
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How to make cultures of ES cells (mouse and human)

1. The inner cell mass cells will grow and form clumps.  These cells are then 
separated from one another.

2. After 9-15 days  colonies of cells are removed and dispersed to new culture 
dishes each with a MEF feeder layer.

3. The ES cells now aggregate to form colonies.
4. Hard to keep the cells from aggregating and from differentiating.
5. Now the colony of cells are dissociated from one another and re-plated into 

new dishes, “passage”  This establishes a “line” of ES cells
6. Mice and human ES cells have grown and passed for 10 and more years 

through hundreds of doublings
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How to make cultures of ES cells (mouse and human)

1. The ES cells now aggregatre to form colonies.
2. Hard to keep the cells from aggregating and from differentiating.
3. Now the colony cells are dissociated from one another and re-plated into 

new dishes, “passage”  This establishes a “line” of ES cells.  This is 
repeated many, many time for many months.  The original 30 ES cells may 
yield millions of ES cells..

4. Embryonic Stem Cell Lines - Embryonic stem cells that have 
proliferated in cell culture for six or more months without 
differentiating, are pluripotent, and appear genetically 
normal

5. Mice and human ES cells have grown and passed for 5 and more years 
through hundreds of doublings.  

6. These ES line produce high levels of telomerase, which prevents the 
shortening of telomeres during replication.
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Mouse viruses

Feeder cells are mouse fibroblast cells plus calf serum.  They provide some 
nourishement and a sticky surface for the human ES cells cells to grow.

For mice, researchers have been able to eliminate the feeder cells by supplying 
the serum with a cytokine, leukemia inhibitory factor (LIF), which may 
stimulate a particular protein, STAT3.  In humans, however, LIF is not 
sufficient to premote the self-renewal of human ES cells

Researchers are trying to find  growth factors and culture conditions that 
reduce exposure of the human ES cells to non  to animal products.

The concern is direct contact of human ES with animal cells allows for 
potential  mouse pathogens to be introduced into the culture.
As of Oct 2008, NIH reported no confirmed success in this direction.



http://grants.nih.gov/stem_cells/registry/current.htm

http://www.stemcellhistory.com/stem-cell-research-timeline/  (GOOD)
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In addition, the President established the following criteria that must be met
The stem cells must have been derived from an embryo that was created 
for reproductive purposes
The embryo was no longer needed for these purposes
Informed consent must have been obtained for the donation of the embryo
No financial inducements were provided for donation of the embryo.

In order to facilitate research using human embryonic stem cells, 
the NIH created the Human Embryonic Stem Cell Registry, which 
lists the human embryonic stem cell lines that meet the eligibility 
requirements.

http://www.princeton.edu/ogc/legal-guidance/research/Vol.-8-1.pdf



http://www.princeton.edu/ogc/legal-guidance/research/Vol.-8-1.pdf
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http://www.cell.com/cell-stem-cell/abstract/S1934-5909%2813%2900215-4
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As yet, scientists who study human embryonic stem cells have 
not agreed on a standard battery of tests that measure the 
cells' fundamental properties. Also, scientists acknowledge 
that many of the tests they do use may not be good indicators 
of the cells' most important biological properties and 
functions. Nevertheless, laboratories that grow human 
embryonic stem cell lines use several kinds of tests. 

Each specialized cell type actively transcribes a subset of all the 
available genes. Key regulatory proteins that control which genes are 
active in any given cell type are DNA binding transcription control 
proteins. The possibility exists that embryonic stem cells are normally 
created by making sure that oocytes contain the correct proteins and 
mRNAs needed to initiate the embryonic stem cell pattern of 
transcription. Potentially, all of the required proteins for specifying the 
embryonic stem cell fate might be DNA-binding transcription factors and 
associated regulatory proteins. Several transcription factors have been 
found to be particularly important for establishing and maintaining 
embryonic stem cells.



One of the key proteins involved in reprogramming adult cell nuclei to a stem 
cell state is the transcription factor Oct4. Working with mice as a convenient 
laboratory mammal, it was found in 1990 that Oct4 is stored inside oocytes
and expressed at high levels in in embryonic stem cells[6]. Daughter cells of 
the embryonic stem cells that begin to specialize and differentiate during 
mouse embyogenesis were reported to reduce their levels of Oct4 
protein[7].The functional roles of Oct4 inside embryonic stem cells has been 
intensively studied in mice. Figure 5 shows a summary of many known actions 
of Oct4 in mouse stem cells. [8] In this set of experiments, 1155 gene 
transcripts were identified as being expressed in a similar pattern to that of 
Oct4; all but 69 of these transcripts were positively correlated with Oct4. 
Expression of Nanog and Sox2 (see below for more on these embryonic stem 
cell transcription factors) were correlated to Oct4 expression at 97% and 49% 
in these mouse experiments.

Sox2 [edit]Oct4 and Sox2 are thought to cooperate in binding to regulatory 
sequences of some developmentally important genes
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At various points during the process of generating embryonic 
stem cell lines, scientists test the cells to see whether they 
exhibit the fundamental properties that make them embryonic 
stem cells. This process is called characterization.

Transfer these blastocysts into a uterus of a female mouse:  If the mice that 
result are chimeras they were pluipotent

These are services that university labs can provide for researchers.  This one 
comes from the U. of Penn. School of medicine.

Here ES cells from black  mice injected into an albino blastocyst

U. Of Penn Medical Research does this 
as a service for researchers



http://www.med.upenn.edu/genetics/core-facs/dna-seq/services/gene_targeting/

39



40

SCID mice - lack an immune system so they will not 
reject transplanted cells.  

Teratomas are clusters of cells with a variety of cell 
types.

Figure 4. Histology of differentiated elements found in 
teratomas formed in the testis of SCID mice following 
inoculation of HES-1 or HES-2 colonies.(A) Cartilage and 
squamous epithelium, HES-2. (B) Neural rosettes, HES-2. (C) 
Ganglion, gland, and striated muscle, HES-1. (D) Bone and 
cartilage, HES-1. (E) Glandular epithelium, HES-1. (F) Ciliated 
columnar epithelium, HES-1. Scale bars: (A-E) 100 m; (F) 50 
m.
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Embryoid Bodies are like teratomas In animals -- disorganized array of of 
differentiated cell types that are derived from the primary germ layers -
endoderm, mesoderm and ectoderm.

Fluorescence microscopy image overlaid with phase image to 
display incorporation of microspheres (red) in embryoid bodies 
(gray clusters).



42

Adhering generally  prevents interaction and differentiating;  during the 
growth phase you want this.

Floating allows interaction;  during the later phase you want this (although 
YOU want to control how the cells differentiate).

Cell to cell interactions are vital to normal embryonic development and thus 
allowing them in vitro is main strategy to induce differentiation

Adding growth factors activates specific genes in ES cells and initiates 
differentiation  along a particular pathway

Why not just inject ESC into the organ that needs fixing?  -- NO CONTROL!!  
Get teratomas, teeth, 
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Figure B.3. Directed Differentiation of Mouse Embryonic 
Stem Cells Into Neurons or Pancreatic Islet-Like 
Clusters.(© 2001 Terese Winslow, Caitlin Duckwall)

In stage 1, undifferentiated mouse ES cells were dissociated 
into single cells and plated at low density. They proliferated in 
plastic culture dishes coated with gelatin. The growth media 
contained LIF and fetal calf serum and was supplemented with 
amino acids, conditions that promoted the proliferation of 
undifferentiated ES cells. 

In stage 2, the cells were induced to form embryoid bodies by 
dissociating them and replating at a higher density on a 
nonadherent surface. These conditions allowed the cells to 
aggregate and begin the process of differentiation.

After four days, the cells were replated on an adherent 
substrate in the original (stage 1) growth medium. Twenty-
four hours later, the growth medium was replaced with serum-
free insulin/transferrin/selenium/fibronectin (ITSFn) medium. 



This switch to a serum-free medium (one lacking fetal calf serum) 
caused many cells to die but allowed the survival of cells that 
express nestin. 

This intermediate filament protein is used as a marker to identify 
CNS stem cells in vivo and in vitro, although it is also expressed by 
other cell types. 
Stage 1 neurons expressed high levels of OXT2, which decreased in 
stages 2 and 3. OXT1 was not expressed until the cells reached 
stage 3.
http://stemcells.nih.gov/info/scireport/appendixB.asp
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Figure 7.2. Development of Insulin-Secreting 
Pancreatic-Like Cells From Mouse Embryonic Stem Cells. 
Mouse embryonic stem cells were derived from the inner cell 
mass of the early embryo (blastocyst) and cultured under 
specific conditions.

The embryonic stem cells (in blue) were then expanded and 
differentiated. 

Cells with markers consistent with islet cells were selected for 
further differentiation and characterization.

When these cells (in purple) were grown in culture, they 
spontaneously formed three-dimentional clusters similar in 
structure to normal pancreatic islets. 
The cells produced and secreted insulin.

As depicted in the chart, the pancreatic islet-like cells showed 
an increase in release of insulin as the glucose concentration 



of the culture media was increased. 

When the pancreatic islet-like cells were implanted in the shoulder 
of diabetic mice, the cells became vascularized, synthesized insulin, 
and maintained physical characteristics similar to pancreatic 
islets.(© 2001 Terese Winslow, Caitlin Duckwall)
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ADD FIGURE 9.7 (From Gilbert)
ES mouse cells in dish plus two paracine factors

platelet derived growth factor
basic fibroblast growth factor

ESC divided into glial stem cells (support nervous system)

ES mouse cells in dish with a different factor,
retinoic acid

ESC divided into neural stem cells

Both cells were functional. 

Placed into brains of diseased mice restored glial and neural functions --
reduced Parkinson-like disease in mice



CAN WE DO THE SAME WITH HUMANS?
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http://www.nytimes.com/2013/07/04/health/scientists-fabricate-rudimentary-
human-livers.html
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For 700-800 days, human fetal neural stem cells, cultivated by Neuralstem, 
have substantially slowed muscle degeneration—the hallmark of ALS—in six 
patients. There has been “no significant disease progression” in these patients, 
says American Neurological Association president Eva Feldman. This is rare, 
says Feldman, who is the study’s principle investigator, and Director of 
Research of the ALS Clinic at the University of Michigan Health System.

http://www.biosciencetechnology.com/articles/2013/05/fda-approved-stem-
cell-trial-dramatically-slows-als#.UkkG7hZGVrA

Spinal Cord Injury
StemCells Inc announced that the first cohort of patients with chronic spinal 
injury had been transplanted with human central nervous system stem cells 
(HuCNS-SC) produced by the company. This phase I/II trial is taking place at 
the Balgrist University Hospital in Zurich in Switzerland and started in March 
2011. Its aim is to evaluate the safety of transplanting HuCNS-SC cells into 
the spine of patients with chronic spinal injury. The trial is currently recruiting 
patients and the company has opened up enrollment to include patients in the 
USA and Canada.
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Stroke
ReNeuron’s pilot study of it’s neural stem cell therapy ReN001 for stroke patients 
started in June 2010 at the Institute of Neurological Sciences at Glasgow University 
and has now recruited 6 patients. In late October 2011, the data collected from the first 
four patients were reviewed by the trial independent data safety board and no cell-
related problems have been reported to date. ReNeuron expects that all remaining 
patients in the clinical trial will be treated over the course of 2012.

Try this:

http://www.sandiegouniontribune.com/news/2015/oct/03/stem-cell-meeting-mesa-
2016/

Stem Cell Trials in australia:  http://www.stemcellsaustralia.edu.au/About-Stem-
Cells/trials-in-australia.aspx
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For the first time, scientists have created fertile eggs and healthy offspring 
using embryonic stem cells. The experiments in mice raise the possibility of 
artificial egg production and new infertility treatments for humans someday.
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Using plastic fibers and human stem cells, doctors have built and implanted a 
windpipe in a 2 ½-year-old girl — the youngest person ever to receive a 
biogengineered organ.

To make Hannah’s windpipe, Dr. Macchiarini’s team made a half-inch 
diameter tube out of plastic fibers, bathed it in a solution containing stem cells 
taken from the child’s bone marrow and incubated it in a shoebox-size device 
called a bioreactor.

http://www.nytimes.com/2013/04/30/science/groundbreaking-surgery-for-girl-
born-without-windpipe.html
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See Print Out

http://www.sciencemag.org/news/2014/10/stem-cell-therapy-seems-safe-
severe-eye-disease

http://www.npr.org/sections/health-shots/2014/10/14/346174070/embryonic-
stem-cells-restore-vision-in-preliminary-human-test
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CAN WE DO THE SAME THING WITH HUMANS?

Mice - genetically inbred - no combatability problem

Humans - must  deal with the Major Histocombatability problem (MHC) 
(Explain)

Solutions:
1. Make ESC so they don’t express the MHC markers
2. OR
3. Use the patients own somatic cells -- SCNT -- theraputic cloning --

Somatic Cell Nuclear Transfer

GOAL:  NOT to create an individual, but a set of stem cells genetically 
identical to the patient for treatment purposes only  
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SCNT - Explain

Somatic Cell Nuclear Transplant

Not reproductive cloning
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Company announced a new technique for obtaining embryonic stem cells.  
The results have yet to be repeated so questions 
exist about the technique’s viability.

vanced Cell Technology Announces Technique to 
Generate Human Embryonic Stem Cells that Maintains 
Developmental Potential of Embryo: Approach Published 
in Nature (Mice - 2005)  (Human - 2006).

He is talking about the technique in mice

Two publications in Nature:

Human Embryonic Stem Cell Lines Derived from Single 
BlastomeresNature 05142, November 23, 2006

Embryonic and extraembryonic stem cell lines derived from 



single mouse blastomeresNature Letter: Oct 16, 2005
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Diabetes has been diagnosed in about 11 million people in the 
United States. People with diabetes do not properly produce 
insulin, which is necessary to regulate sugars and starches. 
While pancreas and islet transplants end reliance on insulin 
injections for some, there is a shortage of donors. 
In the United States, there are more than 30,000 new cases 
of type 1 diabetes each year but only 3,000 potential donors 
whose pancreases are suitable. Currently, there is no cure for 
diabetes.Stem cells offer promise to those with diabetes. If 
stem cells could be cultivated to become cells that produce 
insulin, they could solve the problem of donor shortage. If a 
stem-cell therapy could be developed, it would also help 
relieve diabetes-related diseases of the kidneys, eyes, nerves, 
and veins.
To treat diabetes, stem cells need to be cultivated into insulin-
producing cells. Once that has been accomplished, researchers 
expect to transplant stem cells that have been cultivated into 
insulin-producing cells into diabetic patients. Currently, those 
who receive transplants must take drugs that suppress the 
immune system. 
If a person’s own stem cells could be cultivated and used for 



transplant, those drugs would not be needed. Ultimately, 
researchers hope to cure diabetes.Researchers are recruiting 
patients for islet transplants as well as clinical trials. They will also 
be seeking diabetic patients once stem cell transplant trials are 
available, which may be in the next few years.
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University of Minnesota researchers are focusing on finding 
novel treatments for Parkinson’s disease using stem cells. 
Parkinson’s disease, which affects a million people in the 
United States, often begins as a tremor in the hands or feet. 
Patients later develop trouble with walking and other daily 
activities as control over the body erodes. While some patients 
manage their symptoms, there is no cure for Parkinson’s 
disease.Stem cells offer hope to those with Parkinson’s 
disease, which is caused by the loss of nerve cells in the brain. 
These nerve cells produce a neurotransmitter called dopamine. 
If stem cells can be cultivated to become these dopamine-
producing nerve cells, researchers believe that they could 
replace the lost cells.Other disorders of the brain or nervous 
system that might be treated with stem cells include stroke, 
ALS (Lou Gehrig’s disease), multiple sclerosis, Huntington’s 
disease, Alzheimer’s disease, and spinal cord injuries.The 
treatment method being explored is transplanting stem cells 
into the target sites of the brain that need dopamine. 
Researchers have cultivated stem cells from bone marrow, 
making them very similar to the nerve cells that produce 
dopamine. They plan to test these cells in an animal model of 
Parkinson’s disease. Because Parkinson’s disease is caused by 



the failure of one type of cell to do its job—the dopamine producing 
cells in the thalamus—Parkinson’s is believed to be one of the most 
likely beneficiaries of stem cell research.Treatments for humans are 
still years away. At this time, it is hard to pinpoint when human 
clinical trials might begin, as complex research often encounters 
unexpected hurdles. With current progress in stem cell research, 
however, researchers believe they may one day cure Parkinson’s 
disease.

Figure 8.2. Neuronal Pathways that Degenerate in 
Parkinson's Disease. Signals that control body movements travel 
along neurons that project from the substantia nigra to the caudate 
nucleus and putamen (collectively called the striatum). These 
"nigro-striatal" neurons release dopamine at their targets in the 
striatum. In Parkinson's patients, dopamine neurons in the nigro-
striatal pathway degenerate for unknown reasons.
Multiple Approaches for Using Stem Cells in Parkinson's 
Disease Research
Efforts to develop stem cell based therapies for Parkinson's Disease 
provide a good example of research aimed at rebuilding the central 
nervous system. As is the case with other disorders, both the cell-
implantation and the trophic-factor strategies are under active 
development. Both approaches are promising. This is especially true 
of cell implantation, which involves using primary tissue 
transplanted directly form developing fetal brain tissue. 
Parkinson's is a progressive movement disorder that usually strikes 
after age 50. Symptoms often begin with an uncontrollable hand 
tremor, followed by increasing rigidity, difficulty walking, and trouble 
initiating voluntary movement. The symptoms result from the death 
of a particular set of neurons deep in the brain.
The neurons that die in Parkinson's Disease connect a structure in 
the brain called the substantia nigra to another structure called the 
striatum, composed of the caudate nucleus and the putamen (see 
Figure 8.2. Neuronal Pathways that Degenerate in Parkinson's Disease). These 
"nigro-striatal" neurons release the chemical transmitter dopamine 
onto their target neurons in the striatum. One of dopamine's major 
roles is to regulate the nerves that control body movement. As 
these cells die, there is less dopamine produced, leading to the 
movement difficulties characteristic of Parkinson's. At this point, no 
one knows for certain why the neurons die.
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University of Minnesota researchers are focusing on finding 
stem cell therapies for heart diseases. Cardiovascular diseases 
affect nearly 62 million people and is the number-one cause of 
death in the United States.Stem cells offer hope to those with 
heart disease because they might be able to stimulate the 
growth of new heart-muscle cells. 

Because heart muscle cells do not replace themselves 
naturally, those who now suffer from a heart attack, from 
congenital heart disease, or from congestive heart failure have 
few treatment options. And while heart transplants potentially 
could help more patients, the supply of organs is limited.

Stem cell researchers at the University of Minnesota are 
working on strategies to both prevent heart failure and to 
treat symptoms of heart disease. Manipulating stem cells 
produced in a subject’s own bone marrow, they are working to 
regenerate functional heart muscle mass to replace damaged 
tissue directly. 



They also study how to nurture stem cells into cells that, when 
remotely injected in the body, will hone in on damaged heart 
tissues. If these stem cells do regenerate heart muscle, the principle 
might be applied to diseases of the nervous system as well.  Clinical 
trials using a patient’s own stem cells, derived from bone marrow, 
have already been carried out in United States and Europe. The 
possibility of testing stem cells derived from embryonic stem cell 
lines to treat heart disease is currently quite remote.
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WORKER CELL: An adult stem cell, collected from 
human bone marrow. It can replace blood cells killed by 
cancer or by cancer treatments like radiation and 
chemotherapy

Plasticity - differentiate into tissue other than the ones from which they 
originate - very few published reports on Adult Stem Cell plasticity
Adult stem cells are held in reserve until needed 

Rare - difficult to identify; origins unknown
http://images.google.com/imgres?imgurl=http://www.stanfordalumni.org/news
/magazine/2003/mayjun/images/features/stem%2520cells/marrow.jpg&imgref
url=http://www.stanfordalumni.org/news/magazine/2003/mayjun/features/stem
cells.html&h=242&w=192&sz=23&tbnid=3ndyvWQVFwwJ:&tbnh=105&tbn
w=83&hl=en&start=2&prev=/images%3Fq%3Dadult%2Bstem%2Bcell%26sv
num%3D10%26hl%3Den%26lr%3D%26sa%3DG
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Found in bone marrow
Renews blood cells and immune system cells
Rare (1/15,000 marrow cells)

Injection of a few or one into anemic mice cured them

Inject hematopoietic stem cells into humans with RBC deficiency or leukemia 
and blood system is restored -- same function as bone marrow transplant\
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Specific types of stem cells contain unique cell receptors.  

Make antibodies with fluorescent tag to that receptor.

Drip cells through nozzle and electric field which deflects drops with high 
flurescence
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http://stemcells.nih.gov/news/newsArchives/pages/stemfactsheet.aspx

This is the most recent info I can find from the NIH about adult stem cells.

Some evidence that bone marrow stem cells could become muscle stem cells 
and even muscles and intestinal cells

NOT posted 9/2016



65

Some organs do not  have stem cells like the pancreas
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Umbilical Cord Blood is the blood that remains in the placenta 
and umbilical cord following birth. 
Until recently the placenta and umbilical cord were discarded 
after delivery as medical waste, but now research has shown 
that during pregnancy, cord blood becomes a rich source of 
blood (haematopoetic) stem cells, which can be collected, 
processed and frozen for potential future use.

Diseases treated:  
Leukemia
Anemias
Lymphomas (like Hodgkin’s disease)
SCIDs

Disease treated:  http://www.parentsguidecordblood.com/diseases.shtml
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Scientists in the early 1980s began studies that used umbilical 
cord blood stem cells in lab animal transplants. In 1988, a six-
year-old boy from North Carolina with a rare, inherited blood 
disorder called Fanconi's anemia was the first person in the 
world to receive an umbilical cord stem cell transplant. His 
parents had conceived another child in hopes of producing a 
positive bone marrow match, but researchers gave the parents 
another alternative--use umbilical cord stem cells from his 
healthy sister. The transplant was successful.

Value
Because cord blood is rich in blood stem cells, they can easily 
be collected and cryopreserved in case they are needed later 
in life. Cord blood stem cells have the ability to treat the same 
diseases as bone marrow or as blood stem cells collected from 
the circulating blood of children or adults. Transplants have 
already been used for treatment of such wide-ranging 
diseases and conditions as cancer and leukemia, sickle cell 
disease, various forms of anemia and severe combined 
immunodeficiency. Often, donor stem cells that match the 
patient are difficult to obtain. However, stem cells taken from 



your baby are a guaranteed match for your baby for his or her 
lifetime.

The collection process is easy and painless, and does not interfere with the 
delivery or subsequent care for your newborn and yourself. After your baby is 
born but before the placenta is delivered, your obstetrician or midwife cleans a 
4-to 8-inch area of umbilical cord with antiseptic solution and inserts the blood 
bag needle into the umbilical vein. The blood flows into the bag by gravity, until 
it stops, after which the collection is complete. The blood bag is clamped, 
sealed and labeled. The collection typically takes 2-to 4-minutes. Three tubes 
of maternal blood are also drawn.

leukemia, lymphoma, various anemias, and genetic disorder

In most cases, stem cell transplants are performed only on children 
or young adults. The larger the size of the person, the more blood-
forming stem cells that are needed for a successful transplant. 
Umbilical cord blood stem cells aren't adequate in quantity to 
complete an adult's transplant.In addition, it's not known whether 
stem cells taken from a relative offer more success than those taken 
from an unrelated donor. Stem cells from cord blood from both 
related and unrelated donors have been successful in many 
transplants. That's because blood-forming stem cells taken from 
cord blood are naive (a medical term for early cells that are still 
highly adaptable and are less likely to be rejected by the recipient's 
immune system). Therefore, donor cord-blood stem cells do  not
need to be a perfect match to create a successful bone marrow 
transplant.

Cost:  $2000 plus $125/year
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See handout
Yamanaka from the Gladstone 

http://www.intechopen.com/books/pluripotent-stem-cells/an-overview-of-
pluripotent-stem-cells
Movie (2:30) http://www.eurostemcell.org/factsheet/reprogramming-how-turn-
any-cell-body-pluripotent-stem-cell
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iPS cells are typically derived by transfection of certain stem cell-associated 
genes into non-pluripotent cells, such as adult fibroblasts, although this 
technique is becoming less popular since it is known to be prone to inducing 
cancer formation). Transfection is typically achieved through viral vectors, 
such as retroviruses. Transfected genes include the master transcriptional 
regulators Oct-3/4 (Pou5f1) and Sox2, although it is suggested that other genes 
enhance the efficiency of induction. After 3–4 weeks, small numbers of 
transfected cells begin to become morphologically and biochemically similar 
to pluripotent stem cells, and are typically isolated through morphological 
selection, doubling time, or through a reporter gene and antibiotic selection.

http://www.nature.com/scitable/topicpage/turning-somatic-cells-into-
pluripotent-stem-cells-14431451
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