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Please Fill the Survey

A Thisabled is asking participants to
assist one of our partners by filling out
a survey on SCI at:
http://member.assistyourteamsurveys.c
om/aytsreg.aspx?AlID=217.

A $10.00 will go to the Central Jersey
Spinal Cord Association for every
survey which i1s completed.



The Present Situation

» We collect stem cells from blood, bone marrow,
aborted fetuses, fertilized eggs, and other sources.

» Cell transplants are either autografts (from a person to
self) or matched (HLA) with recipients.

» Only blood and bone marrow cells are available In
sufficient diversity for matching HLA

>We donot have reliabl e met hc
guantities of cells from blood or bone marrow.

» Stem cells are still classified by developmental stage
and source, rather than what they are and do.



Current Business Models

» Blood banks collect voluntarily donated blood.
They test, store, match, and ship blood cells.

» In vitro fertilization clinics are repositories of
fertilized eggs and blastocysts from parents.

» Private cord blood banks store umbilical cord
blood cells for babies who might need them In
the future.

» Public cord blood banks store umbilical cord
blood to provide HLA-matched cells for patients.

» Bone marrow reqistries provide a database to
match Awal ki ng donor so wi




Future Business Models

»Universal stem cells. Create a population

of Immune-tolerized babies by In utero
vacclnation to a optir
cell line.

» Universal stem cell library. Develop 2000-
3000 cell lines that can match HLA
antigens of 90% of a given population.

» Personalized stem cell service. Provide
some cell samples and come back several
weeks later for a unit of your own stem

cells.




Stem Cell Definition

» Old Definition: Undifferentiated pluripotent cells
(able to produce many kinds of cells).

» Stem cells: Pluripotent cells that can replicate
themselves.

» Progenitor cells. Multipotent cells that do not
replicate themselves.

» Precursor cells. Cells that differentiate into or
make a few other related cells but not
themselves.

» Emerging concept that stem cells are the only
cells that can replicate themselves.
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Dedifferentiation

» Differentiation has long been believed to be a one-
way street. The dogma is that once cells have

di fferenti ated, they cann
» Scientists have long known that dediffentiation can
occur . For exampl e, Dol |l

by dedifferentiation of a breast cell nucleus.

» Dedifferentiation suggests a process by which a
differentiated cell can revert to an earlier stage, all
the way back to stem cells or even an eqg.



Transdifferentiation

» Transdifferentiation Is the process where one
type of cell makes cells of another type, I.e. a
bone marrow cell makes neurons.

» Many scientists consider transdifferentiation
to be Impossible, e.g. once a cell has
differentiated into mesenchymal, it cannot
make neural cells.

» Transdifferentiation would imply that a
differentiated cell can produce differentiated
cells of another type without first
dedifferentiating to a stem cell.



Sources of Stem Cells

» Embryonic stem cells
o Adult stem cells

v Fetals stem cells hematopoieitic
neural stem cells bone marrow
hematopoietic stem peripheral blood
cells neural

‘ hippocampus

»Neonatal stem cells subventricular
umbilical cord olfactory bulb
( Whart onos, ©nledemahynalg )
umbilical cord blood endodermal

enteric glia

placenta




Embryonic Stem Cells

» Embryonic stem cells are pluripotent cells
derived from the inner cell mass of blastocysts,.

»They are not nembryoni co.
becomes an embryo after it develops a midline
(primitive streak) and implants in the uterus.

» They can also be made from germ cells, by
fusing with somatic cells, or by genetic
induction.

» Embryonic stem cells can produce all cells of
the body except for the placenta and amnion.




Stem Cell Mythology

» Myth 1. Embryonic stem cells are easy to grow.
They are difficult and very laborious to grow,
requiring a full-time technician to maintain a line.

» Myth 2. Embryonic stem cell lines are similar.
Every stem cell line turns out to be very different
both in growth requirements and pluripotency.

» Myth 3. Embryonic stem cells produce all cells.
They readily produce neural and mesenchymal
stem cells In vitro but less readily to others.




Neural Stem Cells

» Neural stem cells (NSC) are the first cells that
embryonic stem cells produce in development.
They are the ndefaulto ce

» NSC make cells of the brain, including neurons,
astrocytes, oligodendroglia, and microglia. They
are present in brain, in the subventricular zone.

» Neural progenitors are the easiest of all stem cells
to grow. They donot need

All they need is FGF and culture medium.
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Mesenchymal Stem Cells

» Mesenchymal stem cells (MSC) are
mesodermal in origin and form blood, bone,

and muscle.

JMSCOs are presendndi n &
form all the blood cells, myoblasts, and
osteoblasts.

» They can be stimulated by hormones and
drugs to proliferate (GM-CSF, lithium).

JMSCOs can be 1 sol at ed
from bone marrow, cord blood, and
umbi | I c al cord (Whartc




Endodermal Stem Cells

» Endodermal cells form the yolk sac and give rise to
the epithelium of the alimentary and respiratory
tracts, as well as parenchyma of associated
glands.

» They Interact with mesodermal stem cells to form
many of the internal organs (pancreas, liver, gut,

gall bladder, adrenal glands, and mesenteric
plexus).

» Our Intestines have large numbers of stem cells.
These include cells called enteric glia that make
neurons and can myelinate axons.




Stem Cell Gene Therapy

» Most people think of stem cells only from the
viewpoint of cell replacement therapies.

» Stem cells are well suited for gene delivery for
the following reasons:

Transplants allow local delivery of gene products

The genetic manipulation can be done ex-vivo.

Delivery Is sustained because the cells renew.

The cells can be programmed suicide when done.

» No gene therapy has yet been approved
because viruses are not trusted as a delivery
vehicle.



Stem Cell Nitches

» Stem cells are the most requlated cells of
the body and for good reason. One cannot
have pluripotent cells wandering our body.

sl n adul t s, stem cel |l s
that tell them how much and what cells to
produce. This Is the only way they can

make more cells.

» The cells must express appropriate
antigens for iImmune rejection in order to
prevent cancer development after
transplantation.




Cancer Stem Cells

» Cancer stem cells. Only stem and cancer
cells reproduce themselves, giving rise to
the concept of cancer stem cells.

» Tumors have cell-nitches that tell stem cells
to produce tumor cells. If so, this explains
why most chemotherapies destroy stem
cells.

» A therapeutic target for cancer. We can
treat solid tumors by disrupting
communications between tumor nitches
and stem cells.




Endogenous Stem Cells

» Endogenous stem cells. There are
substantial numbers of pluripotent stem
cells present in adults. Why not stimulate
endogenous stem cells instead of
transplanting additional cells?

» Can endogenous stem cells be stimulated

to proliferate and produce more stem cells?

Several drugs are already known to do so:
GM-CSF Is known to stimulate bone marrow.
Lithium stimulates many types of stem cells.
Stress and inflammatory interleukins also do so.




Immune Compatibility

» Autoqgratfts. Oneds own cel | s
Immune-compatible cells. However, autografts
may not be desirable for treatment of genetic
diseases.

» Popular HLA antigens. ldentify cells with the most
popular HLA antigens to create a library of cell
lines that matches 80-90% of a population.

» Induced pluripotent stem cells. Recent studies
iIndicate that one can make pluripotent stem cells
by transfecting as few as four genes into skin cells.




Induced Pluripotent Cells

Inducting pluripotent stem cells. (1) culture
differentiated somatic cells, (2) transfect with Oct3/4,
Sox2, Klf4, and c-Myc, (3) grow cells on mitotically
Inactivated feeder cells, (4) the cells go on to make
pluripotent stem cells.




A Paradigm Shift?

» Thomas Kuhn described science as periods
of relative stability punctuated by
revol uti ons that he ¢cz¢

»We are In the midst of a biological
paradigm shift that Is as or more profound
than transition from Newtonian physics to
Einsteinein relativity.

» Stem cells have not only overturned every
major assumption that we have in cell
biology and some dogmas that we did not
even realize were dogmas.



Dogmas Overturned

» We were born with neurons that we die with.
New neurons are being born throughout adult life.

» Cells do not dedifferentiate or transdifferentiate.
A somatic nucleus can de-differentiate to an egg.
Bone marrow and neural stem cells are multipotent.

» Cells are independent entities.
Stem cells tend to fuse with other cells.

» Cells usually replicate themselves.

Only stem cells routinely replicate themselves.
Self-replication Is the exception rather than the rule.



The Future of Stem Cells

» Future stem cell therapeutics will be different from
the current approach of harvesting, storing, and
matching cells for transplantation.

» No stem cell source today can meet clinical
demand, if any stem cell therapy Is shown to be
effective for any major disease or condition.

» It would be a moral catastrophe. What do we do
when we di scover the cure

but do not have enough cells to cure 1% of
people?



Conclusions

» The Present

Harvest, bank, and transplant. Limited sources of
pluripotent cells. Embryonic stem cell, difficult

regulatory hurdles, political interference, embryonic vs.
adult stem cells, and the ethics of endless debate.

» The Future

Producing and cloning cells. Immune compatibility,
tolerance, and privilege. Reducing tumor risk.
Differentiation and progenitors. Paradigm shifts and
overturned dogmas. Clinical trials.



Therapeutic Targets

A Wise Young, Ph.D., M.D.
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Spinal Cord Injury

» Injury: contusion, compression, edema,
Ischemia, iInflammation, calcium, free radicals.

» Repair: cytokines, stem cells, neurotrophins,
gliosis, angiogenesis, blood brain barrier.

» Regeneration: regrowth, regeneration,
reconnection, remyelination, restoration of

function

» Recovery: reversing learned non-use,
reorganization of brain and spinal cord
circultry, restoring function.




Barriers to Regeneration

»Injury site. The injury site Is bereft of cell
adhesion molecules and surrounded by reactive
gliosis.

»Time. Axons grow no faster than hair, less than
a mm per day.

»Distance. The distance of axonal growth may
exceed a meter.

»Growth inhibitors. Several factors stop axon
growth, 1.e. Nogo, chondroitin-6-sulfate
proteoglycan.




Regenerative Therapies

»Bridging the Injury site. The Injury site Is often
bereft of cell adhesion molecules and surrounded
by reactive gliosis. Cells can form a bridge.

»Sustained growth support. Axonal growth takes
many months and sustained growth factor support
IS required. Neurotrophins stimulate axon growth.

»Blocking growth inhibitors. Myelin express axonal
growth inhibitor Nogo, which can be blocked by
Nogo antibodies or rhok/rho blockers.




Cellular Bridges

»Cell transplants will form a living bridge across

the Injury site, supporting axonal growth across
otherwise inhospitable terrain.

»The bridge does not have to be permanent.
After the axons have grown past, the bridge can
quietly disappear after several months.

»Cells Injected into surrounding spinal cord will
migrate into the Injury site. Cells injected into

the Injury site form an isolated island at the
INnjury site.




Growth Factors

» Neurotrophins stimulate axonal growth
nerve growth factor (NGF)
brain-derived neurotrophic factor (BDNF)
neurotrophin-3 (NT-3)
glia-derived neurotrophic factor (GDNF)
» The Injured spinal cord produces cytokines and
neurotrophins after contusion injury.

» The cytokines attract inflammatory cells and
stem cells to the Injury site.

» Other factors such as MIF act on CD44 to keep
stem cells from migrating away.




Growth Inhibitors

» Several factors In spinal cord inhibits axon growth

Nogo. Located in myelin, this protein activates the nogo
receptor on axons and stops growth.

Chondroltin-6-sulfate-proteoglycan (CSPG). This extracellular
protein stops axonal growth.

Ephrins. These guide axon growth into dorsal or ventral cord.

» These factors explain why central nervous system
does not regenerate while the peripheral nerves
can. Blockade of these factors will allow
regeneration.




Combination Therapy

» Bridge Injury site with immune compatible
cells:
HLA-matched cord blood mononuclear cells
Bone marrow mesenchymal stem cells

» Provide or stimulate growth factors
Lithium stimulates neurotrophin production
Intrathecal application of neurotrophins

» Block axon growth inhibitors (nogo, CSPG)
Nogo receptor protein/blocker
Chondroitinase



Lithium and Cord Blood Mononuclear
Cell Therapy of Spinal Cord Injury
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