Stem cells from the ground floor



What happens when we get injured?

 Immune cells come in and clear away the debrisasyd
Infection

e Tissue can repair themselves, filling the voidnmobn-
functional material using the scar

 Regeneration is the complete restoration of tingpral
tissue. Damaged tissue is replaced by new fundtamis.



What happens when we get injured?

Tissues regenerate new functional cells by
« Either dividing the existing functional cells, ...
e ... 0r by activating an adult stem cell population

« A stem cell must make more copies of itself (seliew)
and give rise to more capable offspring (differats)



What Is a stem cell?

Different tissues turn over and are renewed atdfit rates

Nerves may last a lifetime

Bone is completely eaten away by osteoclasts andaeglay
osteoblasts every 10 years

Blood cells are generated in the bone marrow andlastyl20days.

Large doses of ionizing radiation prevent cell donsand prevent
renewal - so within a few days the lining of the stilee is deprived of
cells and massive diahorrea and water loss occurs.



What Is a stem cell?

o Stem cells generate a
continuous supply of
terminally differentiated
cells

« Terminally differentiated
cell are unable to divide -
eg. gut, skin and red blood
cells.

 They are generated from a
stock of precursor cells -
the stem cells.



What Is a stem cell?

Stem cells are not terminally differentiated aaa divide
without limit.

When a stem cell divides, each daughter eitheanmesa
stem cell or becomes terminally differentiated.

Stem cells do not carry out the functions of matur
differentiated cells, but produce the cells thdt eo this
They are not terminally differentiated but mang ar
determined - this means they stably express sets of gene
regulatory proteins that ensure their offspring sd of a
specific cell types



What Is a stem cell?

 Because stem cells can proliferate or generate

differentiated daughter cells, they provide forwtio and
tissue repair as well as normal tissue maintenance

« Transfusing a few hemopoetic stem cells into a mouse
whose own stem cells have been destroyed by itradia
will fully restore a new blood system and rescieentiouse

form death by anaemia.

« This approach is the basis for treatment of leuam
humans through the use of bone marrow transplants
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Totipotent stem cells _: can differentiate into any cell type
in the body; generally cells from the first few divisions after
fertilization;

Pluripotent stem cells _: descendents of totipotent stem cells
which develop by about Day 4 after fertilization; can
differentiate into any cell type other than totipotent cells

!

Multipotent stem cells _: descendents of pluripotent stem
cells and antecendents of specialized cells in particular
tissues; Ex: hematopoietic stem cells found in bone
marrow give rise to all forms of blood cells

!

Progenitor _cells “unipotent stem cells” . can produce only
one cell type; Ex: erythroid progenitor cells differentiate
into only red blood cells




Cellular proliferation

Tissues of the body are divided into three groups

o Continuously dividing (labile) tissues
e Stable tissues
e Permanent tissues



Cellular proliferation

Continuously dividing (labile) tissues

- Cells are continuously proliferating

- Can easily regenerate after injury

- Contain a pool of stem cells

- EX.: bone marrow, skin, Gl epithelium



Gl epithelium

o Stem cells in the gut lie
near the bottom of the
crypts.

 Newborn absorptive and
goblet (secretory) cells are
generated from these and
move up in the plane of
the epithelium.

e they reach the tip of the
villi and are shed within
about 5 days



Bone marrow

 The more capable the cell
becomes, the fewer types
of cells it can become



Cellular proliferation

Continuously dividing (labile) tissues
Stable tissues

Cells have limited ability to proliferate

Limited ability to regenerate (except liver!)
Normally in GO-phase, but can proliferate if irgdr
Examples: liver, pancreas, kidney



Cellular proliferation

Continuously dividing (labile) tissues

Stable tissues

Permanent tissues

* Cells can't proliferate

 Can‘t regenerate (so injury always leads to a)scar
 Examples: neurons, cardiac muscle



Die besonderen Eigenschaften
der ersten Zellen

Diese Zellen sind

|

Jede dieser Zellen kann
In jede der ca. 270
verschiedenen Zelltypen
eines Menschen
differenzieren



Die "eingeschrankten" Eigenschaften
der folgenden Zell-Generationen

Die Blastocyste

Innere Zellmasse
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~ " AuRere Zellschicht
Dlese Ze”en S|nd Entwickelt sich zu Placenta und

Nahrgewebe

. o > Innere Zellmasse
Sie kdnnen zwar in viele
aber nicht mehr in alle
der ca. 270
verschiedenen Zelltypen v
eines Menschen

differenzieren @ Stammzellkultur




| / Parkinson-Patienten

Schlaganfall-Opfer und Demente

Neuronen
Nervenzellen = B
> Typ-l-Diabetiker
Pankreatische
Inselzellen ; =
Infarkt-Patienten < == x

Herzmuskelzellen



Noch mutiger?

Niere g "
Herz &5 ° @
¢—

Leber

Mit dem Organmangel in der
Transplantationsmedizin soll
es endgultig vorbel sein!



Worum geht es?
Worum geht es nicht?

Stammzellen

— embryonale Stammzellen
— adulte Stammzellen

— Nabelschnur-Stammzellen
Stammzellforschung
Stammzelltherapie

Gentechnik

— Gentherapie

— "Designerbiologie”
Pra-Implantationsdiagnostik
Klonen



Humane Stammezellen

Embryonen bis 8-Zell-Stadium
(totipotente Stammzellen)

Therapeutisches Klonen
(totipotente Zellen)

Spéate Embryonen
(100-Zell-Stadium,
pluripotente Zellen)

Differenzierung in jede Korperzelle
maoglich

Induktion einer Immunabwehr des
Empfangers

Ethisch umstritten, derzeit
verboten

Empfanger ist gleichzeitig sein eigener
Spender

Daher keine Immunreaktion

Hohe ethische Barrieren

Differenzierung in fast jede der vielen
Korperzellen moglich

Induktion einer Immunabwehr des
Empfangers

Ethisch umstritten, derzeit verboten



Humane Stammezellen

Fotales Gewebe
(pluripotente Zellen)

Adulte Stammzellen
(pluripotente Zellen)

Nabelschnur-Stammzellen
(pluripotent)

Eingeschrankte Differenzierungs-
potenz, hohe Proliferationspotenz
Induktion einer Immunabwehr des
Empfangers

Ethisch umstritten aber nicht verboten

Eingeschrankte Differenzierungs- und
Proliferationspotenz

Keine Induktion einer Immunabwehr
bei autologer Anwendung

Induktion einer Immunabwehr bei
heterologer Anwendung

Keine ethischen Hiurden

Potential noch nicht beurteilbar
Keine Induktion einer Immunabwehr
bei autologer Anwendung

Keine ethischen Hirden



Mogliche Anwendungen pluripotenter

Stammzellen

Grundlagenforschung

o Regqulation friher Entwicklungsprozesse
= Spezifizierung und Differenzierung
= Genregulation
= Pathologie der Differenzierung und Genregulation

o Rationale Wirkstoffentwicklung
= Wirksamkeit
= Sicherheit
= Zellkultur vs. Tierversuche

o Stammzell-Therapie
= Differenzierung pluripotenter Stammzellen in einer
ausdifferenzierten Matrix
= Ersatz bei Ausfall oder Zerstérung verschiedener Ze
oder Organe

llen



Cell transplantation in PD — an old story

|

Successful Functional | .
transplantation First published recovery by nigral First published '
of adrenal report of grafts in a range of report of -1 First post- PET evidence of
medul!a and fgnctlonal . behavioural tests _ in - regulated
fetal nigral nlgralll grafts in (dependent on PD patients of nigral graft dopamine release
cells in the hemiparkinso- placement + extent (operations in survival in PD f .
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P in a PD patient
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Successful
transplantation
of fetal nigral
cellsin rat
brain

Introduction of
the cell-
suspension
transplantation
method in rats

First published
report of adrenal
medulla grafts in
PD patients
(operations in
1982)

First report of
surviving nigral
xenografts in a
PD patient
(operations in
1994)

PET evidence of
graftinduced
restoration of
movement-related
cortical activation

First evidence of
nigral graft
survival and
functional
recovery

Modified from S. Dunnett et al., Nature Reviews, 2001




