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An Educational Primer

What is a Stem Cell?

Generally speaking, there are two types of stem cells: embryonic stem cells and adult
stem cells. Embryonic stem cells are cells extracted from the blastula, the very early
embryo, while adult stem cells are stem cells found in the body after birth. The term
“adult stem cells” does not refer to a characteristic associated with adulthood, but rather
a contrast with the developing embryo.

Stem cells are defined as cells with the unique capacity to self-replicate throughout the
entire life of an organism and to differentiate into cells of various tissues. Most cells of
the body are committed or specialized and play a well-defined role in the body. For
example, brain cells respond to electrical signals and release neurotransmitters, cells of
the retina are activated by light and pancreatic 3-cells produce insulin. To the contrary,
stem cells are primitive cells that remain undifferentiated until they receive a signal
prompting them to become specialized cells.

Embryonic Stem Cells (ESC)

Typically, embryonic stem cells (ESC) are derived from
the inner cell mass of the blastocyst or blastula, the very
early embryo. In nature, ESC last only for a brief time as
they only exist in the early embryo. As ESC develop and
specialize to form various cell types of the developing
fetus, they gradually lose their pluripotency (ability to

develop into all types of cells) as they become the various Blastula with the inner cell
specialized cell types of the developing infant. In vitro, mass (arrow) where ESC
cultured ESC can be maintained and can proliferate almost € located.

eternally.

Although ESC have been studied for a long time as part of the study of embryonic
development, it was only in 1998 that human embryonic stem cells were first
successfully grown in vitro. The successful culture of human ESC immediately spurred
a series of questions: 1) Since ESC can become virtually any cell type of the body,
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could injection of ESC lead to improvements in various degenerative diseases? 2)
Would it be possible to grow organs in vitro for the purpose of transplant? 3) Could we
manipulate the genetic material of embryonic stem cells in order to repair faulty genes in
an organ?

But such discussions and efforts became rapidly encumbered by profound ethical
considerations. Since the source of human ESC has to be human embryos, central to
this issue is the main question: “When is an embryo considered a full human being?”
The idea of growing human embryos for the sole purpose of extracting ESC is obviously
guestionable. Many people believe that the fertilized egg, having the potential of
becoming a full human being, is already a legal person. Therefore, with this view, the
use of ESC is akin to murder. Supporters of ESC research argue that an embryo is far
from a full human being, and if using embryos can save lives and increase quality of life,
since they are going to be disposed of anyway, then it is worth it. So far the debate has
greatly affected the development of Stem Cell research.

But aside from such ethical considerations, the main issue is that in spite of all the
promises of ESC research, nearly 10 years of research have not delivered one
successful and safe ESC-based therapeutic approach. Many studies using ESC have
shown that although results can at times be remarkable, there is a significant risk of
developing tumors.

Adult stem cells (ASC)

ASC are undifferentiated or primitive cells in your body that can self-renew and can
differentiate into specialized cells of various tissues. Though ASC are most
predominantly found in the bone marrow, they can be isolated from various tissues such
as the liver,' the intestine,? muscles,® the brain,* the pancreas,® as well as blood and
many other tissues.®

The manner with which stem cells have been defined has created a significant bias that
has for a long time hindered the development of adult stem cell research. Through the
course of scientific investigation, ESC became defined as having the ability to grow
many generations in vitro, to maintain their integrity after many generations, and to
become cells of virtually any tissue of the body. This concept was applied to all stem
cells in general. The technique of growing ESC in vitro has been well developed and
many studies have used established ESC lines.

When the same techniques were used with adult stem cells (ASC), very different results
were obtained. ASC are very difficult to grow in vitro, they do not maintain their integrity
after many generations in vitro, it is difficult to trigger their differentiation in vitro, and
injection of ASC under the skin does not lead to a teratoma. Therefore, for a long time
ASC have been considered lesser stem cells with very little capability and therapeutic
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potential. ASC certainly showed some level of “stemness”, as evidenced by the ability
of hematopoietic (blood-related) ASC to become red blood cells, lymphocytes and
platelets, but the belief that they were limited in their ability to become other types of
cells led to a general lack of investigation into their therapeutic potential.

However, thanks to the work of numerous scientific teams throughout the world, the
potential of ASC has been clearly revealed over the past 5 years. A large body of
scientific data indicates that ASC have capabilities comparable to ESC, when studied in
a living organism or tissue. For example, after transplantation, bone marrow and
enriched hematopoietic stem cells (HSC) were shown to have the ability to become
muscle cells,” heart cells,® endothelium capillary cells,’ liver cells,*® lung,** gut ** and
skin cells,*? as well as neural cells.’®* An ASC exposed to brain tissue will rapidly
become a neuron or a glial cell,***> when exposed to liver tissue ASC will rapidly
become hepatocytes,'®” and hair follicle stem cells can regenerate a sectioned spinal
cord.’® ASC can virtually become every cell type of the body, opening an entirely new
path of research in the field of health and wellness.

The role of ASC found in tissues is to maintain and repair the tissue in which they are
found, however local stem cells appear to be only involved in relatively minor repair of
the tissue in which they reside. In case of major injury or degeneration, the need for
stem cells far exceeds the number of stem cells available in the tissue and stem cells
from the bone marrow (BMSC) are called to contribute to the repair process. In
essence, bone marrow stem cells constitute the natural renewal system of the body.

The Natural Renewal System of the Body

In brief, any time there is in the body an injury or a tissue not functioning optimally, the
affected tissue releases specific compounds that trigger the release of stem cells from
the bone marrow. The affected tissue also secretes SOS molecules that attract stem
cells. As stem cells flow in the blood circulation and travel trough the capillaries of the
affected tissue, the SOS molecules attract stem cells and trigger their migration across
the capillary wall into the tissue. When they arrive in the tissue, stem cells multiply and
then transform into cells of that tissue. This phenomenon takes place after a heart
attack, a broken bone, a stroke, a skin wound... any injury to a tissue, even chronic
degenerative process taking place in the body over long periods of time. In this whole
process the key parameter was shown to be the number of circulating stem cells; more
stem cells in circulation in the blood means that more stem cells are available to migrate
in tissues and carry tissue repair.
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How Was This Discovery Made?

As with many discoveries in science, significant
breakthroughs are made after the development of a tool
that allows looking at the world in a different way. Often
in science, discoveries are made after the development
of a new tool of investigation. For example, how were
bacteria discovered? People had been suffering from
infectious diseases for centuries, not knowing that the
cause of those diseases rested in these minuscule
organisms. It wasn’t until the invention of the
microscope, which revealed the ubiquitous nature of
bacteria are, that science could link specific bacteria to

Stem cells were injected with
Green Fluorescent Protein prior to

the development of SpeCifiC diseases. Likewise what being exposed to brain tissue. As
allowed breakthrough discoveries with stem cells is the stem cells transform into brain
development of a protein called Green Fluorescent cells, it is possible to see neurons

Protein, isolated from a deep ocean jellyfish. The that are fluorescent.

importance of this development is such that it was

awarded the Nobel Prize in Chemistry in 2008. This protein is like a tracking device
allowing to follow the movement of cells. Injecting Green Fluorescent Protein into stem
cells suddenly made visible a phenomenon that until then had remained invisible. It
became possible to literally SEE a stem cell become a liver cell or a pancreatic cell or a
heart cell or a brain cell.

Adult Stem Cells and Your Health

The discovery that increasing the number of circulating stem cells equates to greater
health, coupled with the discovery of a natural compound that supports the release of
stem cells from the bone marrow, offers a new strategy in the pursuit of health and
wellness. In theory, since BMSC have the ability to become virtually any cell of the
body, supporting stem cell release has the potential to support all aspects of human
health. BMSC have been shown to support the health of the nervous system,*® 202
cardiac function,??*% liver function,® pancreatic function,?® 2’ kidney function, 2® lung,?
skin, * and bone repair.>* But more importantly, the discovery of the role of stem cells
in the body leads to a broader understanding of health and disease in general, a new
paradigm in the way we view health and wellness.

A New Paradigm

The discovery that BMSC constitute the natural renewal system of the body is paving
the way to a new paradigm in health and wellness. Once we understand that the role of
stem cells is to patrol the body and migrate into areas needing assistance, it becomes
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clear that supporting stem cell physiology is the best strategy to maintain optimal health.
Health problems do not begin the day we receive a diagnosis. Health problems begin to
develop years if not decades before a disease is diagnosed, as part of the slow natural
process of cellular loss.

Supporting the release of stem cells from the bone marrow and increasing the number
of circulating stem cells in the early stages of this natural process supports the ability of
the body to maintain optimal health. The number of stem cells circulating in the
bloodstream has been shown to be a determinant factor for overall health. More stem
cells circulating in the blood equates to greater health, as more stem cells are available
for the day-to-day natural process of repair throughout the body.

Therefore the discovery of the natural renewal system of the body, along with the
discovery of a natural product that supports stem cell release, opens the door to a new
way of looking at health. Instead of looking at health as an absence of disease and at
any health-promoting strategy as a way to postpone diseases, we can begin to look at
health as a natural process, an intrinsic ability of the body. The human body possesses
the natural ability to remain healthy, and supporting this natural ability by increasing the
number of circulating stem cells logically becomes the best way to enjoy optimal health.

References

! Wang X, Foster M, Al-Dhalimy M, Lagasse E, Finegold M, and Grompe M (2003) The origin and liver repopulating
capacity of murine oval cells. PNAS 100(suppl.1):11881-11888.

% Barker N, van de Wetering M, Clevers H. (2008) The intestinal stem cell. Genes Dev. 22(14):1856-64.

8 Kuang S, Gillespie MA, Rudnicki MA. (2008) Niche regulation of muscle satellite cell self-renewal and differentiation.
Cell Stem Cell. 10;2(1):22-31.

* Revishchin AV, Korochkin LI, Okhotin VE, Paviova GV. (2008) Neural stem cells in the mammalian brain. Int Rev
Cytol. 265:55-109.

® Burke zD, Thowfeequ S, Peran M, Tosh D. (2007) Stem cells in the adult pancreas and liver. Biochem J.
404(2):169-78.

5 Diaz-Flores L Jr, Madrid JF, Gutiérrez R, Varela H, Valladares F, Alvarez-Argiielles H, Diaz-Flores L. (2006) Adult
stem and transit-amplifying cell location. Histol Histopathol. 21(9):995-1027.

" Abedi M, Greer DA, Colvin GA, Demers DA, Dooner MS, Harpel JA, Weier HU, Lambert JF, and Quesenberry PJ
(2004) Robust conversion of marrow cells to skeletal muscle with formation of marrow-derived muscle colonies: A
multifactorial process. Exp. Hematol. 32:426-434.

8 Fraser JK, Schreiber RE, Zuk PA, and Hedrick MH (2004) Adult stem cell therapy for the heart. Intern. J Biochem &
Cell Biol 36:658-666

This information is for educational purposes only and has not been reviewed by the FDA. This information is not intended to
diagnose, cure, alleviate, mitigate or prevent any disease.

Copyright ©2008-2009 Christian Drapeau. Reproduced with permission.



® Asahara T, Masuda H, Takahashi T, Kalka C, Pastore C, Silver M, Kearne M, Magner M, and Isner JM (1999) Bone
Marrow Origin of Endothelial Progenitor Cells Responsible for Postnatal Vasculogenesis in Physiological and
Pathological Neovascularization. Circ Res. 85:221-228.

10 Jang YY, Collector MI, Baylin SB, Diehl AM, and Sharkis SJ (2004) Hematopoietic stem cells convert into liver cells
within days without fusion. Nature Cell Biol. 6(6):532-529.

1 Krause DS, Theise ND, Collector MI, Henegariu O, Hwang S, Gardner R, Neutzel S, and Sharkis SJ (2001) Multi-
organ, multi-lineage engraftment by a single bone marrow-derived stem cell. Cell 105:369-377

12 Branski LK, Gauglitz GG, Herndon DN, and Jeschke MG. (2008) A review of gene and stem cell therapy in
cutaneous wound healing. Burns, July 4.

13 Dezawa M, Ishikawa H, Hoshino M, Itokazu Y, and Nabeshima Y. (2005) Potential of bone marrow stromal cells in
applications for neuro-degenerative, neuro-traumatic and muscle degenerative diseases. Curr Neuropharmacol.
3(4):257-66.

14 Woodbury D, Schwarz EJ, Prockop DJ, and Black IB (2000) Adult Rat and Human Bone Marrow Stromal Cells
Differentiate Into Neurons. J. Neurosci Res 61:364—-370.

!® Sanchez-Ramos JR (2002) Neural Cells Derived From Adult Bone Marrow and Umbilical Cord Blood. J. Neurosci
Res 69:880-893.

16 Jang YY, Collector MI, Baylin SB, Diehl AM, and Sharkis SJ (2004) Hematopoietic stem cells convert into liver cells
within days without fusion. Nature Cell Biol. 6(6):532-529.

' Schwartz RE, Reyes M, Koodie L, Jiang Y, Blackstad M, Lund T, Lenvik T, Johnson S, Hu WS, and Verfaillie CM
(2002) Multipotent adult progenitor cells from bone marrow differentiate into functional hepatocyte-like cells. J. Clin.
Invest. 109:1291-1302.

18 Amoh, Y., Li, L., Katsuoka, K., and Hoffman, R.M. (2008) Multipotent hair follicle stem cells promote repair of spinal
cord injury and recovery of walking function. Cell Cycle 7:1865-1869.

1% Zhao M, Momma S, Delfani K, Carlen M, Cassidy RM, Johansson CB, Brismar H, Shupliakov O, Frisen J, Janson
AM. (2003) Evidence for neurogenesis in the adult mammalian substantia nigra. PNAS 100(13):7925-30.

2 Tomita M, Adachi Y, Yamada H, Takahashi K, Kiuchi K, Oyaizu H, lkebukuro K, Kaneda H, Matsumura M, lkehara
S. (2002) Bone marrow-derived stem cells can differentiate into retinal cells in injured rat retina. Stem Cells
20(4):279-83.

2 Kawada H, Takizawa S, Takanashi T, Morita Y, Fujita J, Fukuda K, Takagi S, Okano H, Ando K, Hotta T. (2006)
Administration of hematopoietic cytokines in the subacute phase after cerebral infarction is effective for functional
recovery facilitating proliferation of intrinsic neural stem/progenitor cells and transition of bone marrow-derived
neuronal cells. Circulation 113(5):701-10.

2 nce H, Petzsch M, Kleine HD, Schmidt H, Rehders T, Kérber T, Schiimichen C, Freund M, Nienaber CA. (2005)
Preservation from left ventricular remodeling by front-integrated revascularization and stem cell liberation in
evolving acute myocardial infarction by use of granulocyte-colony-stimulating factor (FIRSTLINE-AMI). Circulation
112(20):3097-106.

2 Orlic D, Hill IM, Arai AE. (2002) Stem cells for myocardial regeneration. Circ Res. 91(12):1092-102.

24 orlic D, Kajstura J, Chimenti S, Limana F, Jakoniuk I, Quaini F, Nadal-Ginard B, Bodine DM, Leri A, Anversa P.
(2001) Mobilized bone marrow cells repair the infarcted heart, improving function and survival. PNAS
98(18):10344-9.

% Kollet O, Shivtiel S, Chen YQ, Suriawinata J, Thung SN, Dabeva MD, Kahn J, Spiegel A, Dar A, Samira S,
Goichberg P, Kalinkovich A, Arenzana-Seisdedos F, Nagler A, Hardan |, Revel M, Shafritz DA, Lapidot T. (2003)
HGF, SDF-1, and MMP-9 are involved in stress-induced human CD34+ stem cell recruitment to the liver. J Clin
Invest. 112(2):160-9.

% 3un'Y, Chen L, Hou XG, Hou WK, Dong JJ, Sun L, Tang KX, Wang B, Song J, Li H, Wang KX. (2007)
Differentiation of bone marrow-derived mesenchymal stem cells from diabetic patients into insulin-producing cells
in vitro. Chin Med J (Engl) 120(9):771-6.

This information is for educational purposes only and has not been reviewed by the FDA. This information is not intended to
diagnose, cure, alleviate, mitigate or prevent any disease.

Copyright ©2008-2009 Christian Drapeau. Reproduced with permission.



%" | ee RH, Seo MJ, Reger RL, Spees JL, Pulin AA, Olson SD, Prockop DJ. (2006) Multipotent stromal cells from
human marrow home to and promote repair of pancreatic islets and renal glomeruli in diabetic NOD/scid mice.
PNAS 103(46):17438-43.

28 |wasaki M, Adachi Y, Minamino K, Suzuki Y, Zhang Y, Okigaki M, Nakano K, Koike Y, Wang J, Mukaide H,
Taketani S, Mori Y, Takahashi H, Iwasaka T, Ikehara S. (2005) Mobilization of bone marrow cells by G-CSF
rescues mice from cisplatin-induced renal failure, and M-CSF enhances the effects of G-CSF. J Am Soc Nephrol.
16(3):658-66.

2 Rojas M, Xu J, Woods CR, Mora AL, Spears W, Roman J, Brigham KL. (2005) Bone marrow-derived
mesenchymal stem cells in repair of the injured lung. Am J Respir Cell Mol Biol. 33(2):145-52.

% Borue X, Lee S, Grove J, Herzog EL, Harris R, Diflo T, Glusac E, Hyman K, Theise ND, Krause DS. (2004) Bone
marrow-derived cells contribute to epithelial engraftment during wound healing. Am J Pathol. 165(5):1767-72.

31 Bozlar M, Aslan B, Kalaci A, Baktiroglu L, Yanat AN, Tasci A. (2005) Effects of human granulocyte-colony
stimulating factor on fracture healing in rats. Saudi Med J. 26(8):1250-4.

This information is for educational purposes only and has not been reviewed by the FDA. This information is not intended to
diagnose, cure, alleviate, mitigate or prevent any disease.

Copyright ©2008-2009 Christian Drapeau. Reproduced with permission.



