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1. Stem cells — types and potential

2. (Very) recent achievements in stem cell research

3. Research on stem cells at Department of Medical Biotechnology



What i1s a stem cell?

Q replicate itself

A single cell that can



Sources of stem cells
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Classification of SCs

Based on the tissue commitment/ differentation capacity
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Totipotent SCs

Pluripotent SCs

Multipotent SCs

Unipotent SCs (Tissue progenitors)
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Based on their origin

Embryonic SCs (ESCs)
Adult SCs
Reprogrammed SCs (Inducible Pluripotent SCs = IPS cells)



Zygote — the ,,mother” of all stem cells

/YGOTE -
Totipotent SC

1. Extraembryonic tissues
(Placenta)

2. Embryonic tissues /

E. Zuba-Surma, lecture 2010



How to asses the pluripotency of SCs?

Assay Expanmental approach

In vitro differantiation Differentiation induced in culturad cells and
calls ara gssayed for tha axpression of cell-
typa spacific markars

Teratoma formation Induction of tumors damaonstrating

Chimera formation

Gearmiine contnbution

Tetraploid complamentation

the potantial to ganearate differantiated cell
typas of varous ineages

Contabution of calls to normal develcpmant
following injaction

imo host blastocyst

Ability of test calls to ganarate
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E. Zuba-Surma, lecture 2010



What are embryonic stem cells?

fertilized egg

V| INNER CELL MASS
(PLURIPOTENT)

- develop from eggs fertilized In vitro
- derived from 4-5 days old embryos

- Isolated from — 8 cell embryo or inner cell mass



Human embryonic stem cells

Calls dissociated
and repiated

Stem Cell Information

Established embryanic stem cell cedl culfures

The National Institutes of Health
resource for stem cell research



http://stemcells.nih.gov/index.asp�
http://www.nih.gov/�
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Embryonic stem cells
have high telomerase
activity

Stem Cell Information

The National Institutes of Health
resource for stem cell research
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Embryonic stem cells in the lab
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Epiblast — other source of pluripotent SC

Morula Blastocyst Late blastocyst Egg cylinder Gastrula
Ectoplacental cone

Extraembryonic eclodarm —

ES cells EC celis

Polar
trophactodam

Epiblast = Primitive Ectoderm
*Primordial Germ Cells (PGCs)—=> EG cells Copyright © 2005 Nature Publishing Group
*Very Small Embryonic-Like stem cells (VSELSs) Nature Reviews | Molecular Cell Biology
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Adult stem cells

bone marrow

/

hematopoietic stem cells
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Adult stem cells

a bone marrow \

mesenchymal stem cells

hematopoietic stem cells
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Plasticity of adult stem cells

the ability to form specialized cell types of other tissues

(also called transdifferentiation)

14



Mesenchymal stem cells

a Bone marrow b
Sinusoid HSC
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Osteoprogenitor
— %
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?” © B cel
Natural

' killer cell

|
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Bone

Nombela-Arrieta C et al., Nature Rev Mol Cell Biol February 2011



Figure 2 | Proposed biological functions of BM-resident MSCs in vivo. a | Bone marrow (BM)-
derived mesenchymal stem cells (MSCs) differentiate into osteoblasts, adipocytes and reticular cells
(indicated by bold arrows), which provide the supportive environment for haematopoietic develop-
ment and are thought to be responsible for the natural turnover of these mesenchymal cell types in
the bone marrow. Osteoblasts are key components of haematopoietic stem cell (HSC) niches and have
been proposed to directly interact with, and positively regulate quiescence of, some HSCs in the BM,
whereas adipocytes negatively requlate HSC activity. HSCs have also been shown to lie adjacent to
CXCL12-abundant reticular cells (CARCs), which are poorly characterized cells with adipogenic and
osteogenic potential and may correspond to, or originate from, BM-resident MSCs. In addition to giving
rise to a haemosupportive environment, BM-resident MSCs expressing the neural stem cell marker
nestin have been shown to physically associate with HSCs in perivascular BM “dual stem cell niches” and
to regulate HSC homeostasis. b | BM-resident MSCs are found in perivascular areas of BM microenvi-
ronments, where they may associate with cells of the immune system, including dendritic cells, T cells
and B cells. Furthermore, mesenchymal stromal cells, which are thought to directly derive from MSCs
in vivo, are known to regulate the function of lymphocytes (B cells and T cells), dendritic cells and
natural killer cells. It is therefore thought that BM-resident MSCs may regulate immune responses
occurring in the BM in vivo.

Nombela-Arrieta C et al., Nature Rev Mol Cell Biol February 2011



BM- derived Mesenchymal Stem Cells (MSCs)
as modulators for transplantation sites

Stem cells for
neuroprotection

and modulation of,
inflammation

Spinal motor neuron
precursors or neJroblasts
generated from
stem cells

» Adult stem cells

» Easy for isolation and expansion for autotransplantations

» Posses low immunogenity (optimal for allotransplantations)

» Produce immunomodulatory factors
» Posses wide differentiation potential (Multipotent SCs)

» May be genetically modified (gene carriers)

E. Zuba-Surma, lecture 2010



The hierarchical structure of differentiation

Functional capacity

Differentiation potential
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Background Hierarchy of stem cells
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E. Zuba-Surma, lecture 2010



Stem cells in therapy

1. Hematopoietic stem cells (bone-marrow, cord blood
(leukemias, immunodeficiencies , anemias
but also other, like Krabbe’s diseases,
adrenoleukodytrophy)

2. Skin stem cells
(burns, ulcers)

3. Endothelial progenitor cells and others —
therapy of myocardial infarctions




Embryonic vs adult in terms of cell therapy

adult S.C./
embryonic SC progenitor cells
otenc luripotent unipotent
P 4 PIUHP multipotent
telomerase expression yes no
culturin easilv arown hard to obtain
d y9 large numbers of cells
t Il th rejection Nno rejection
stem ce erapy problem Problem if autologous
(but no in
case of
autologous ESc)




Embryonic stem cells in therapy of human diseases

Potential uses of

Stem cells

Stroke

Traumatic brain injury
Learning defects
Alzheimer's disease
Parkinson's disease

EBaldness

Blindness
Deafness

y Amyotrophic lateral-
Missing teeth Selerosts

Wound healing

Bone marrow
transplantation _
(currently established) =

Mvyvocardial
infarction

Muscular

Spinal cord injury

WL Multiple sites:
Cancers

Osteoarthritis —2 |
Rheumatoid arthritis

DY mmaeme

First clinical trial based oh human embryonic stem cells — Geron corp



Cloning

A term that is applied to genes, cells or organisms that are
totally derived from, and therefore identical to, a single
common ancestor gene, cell, or organism, respectively

(




Cloning

reproductive Therapeutic
(SNCT — somatic
Nuclear cell transfer)



Producing primate embryonic stem cells
by somatic cell nuclear transfer
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Primate cloned stem cells

Remove unfertilized
oocyte's
nuclear material

Transfer

nuclear material
o oocyte

Blastocyst

L&37

Skin cells from
adult monkey

Figure 1| The technique of somatic-cell nuclear transfer (SCNT). In much
the same way as women undergoing, in vitro fertilization procedures are
treated to make them super-ovulate, Byrne et al.” treated female rhesus
monkeys with hormones to induce the shedding of extra eggs. After
recovering these cells, the authors removed the cells’ nuclear genetic
material. Meanwhile, they obtained skin cells from an adult male

monlkey, allowed these to multiply in culture, and then treated them

Blood stem
cells

o

Pancreatic
' cells

Differentiation @ @

Heart muscle

Liver cells cells

==

Embryonic
stem-cell lines

Meurons

to halt their progress through the cell cycle once they had entered the
resting phase known as G0. Next, the authors extracted the nuclear
genetic material from the skin cells and introduced it by electric pulses
into the nucleus-free eggs. The fused cells were allowed to reach the
blastocyst stage of embryonic development before embryonic stem cells
were derived from them. Such cells have the potential to differentiate
into different cell types.

485

Wilmut & Taylor, Nature, 22 Nov 2007



Therapeutic cloning & gene therapy
— effective in future?

' i E
Correct gene Genetically repaired gg
l‘ Cells

RS 55552 ’
/ Skin cells |

Nuclear transfer l

patient _ _
Genetically modifed cells

Eg. neurons

Eg. Potentially for treatment of Lesh-Nyhan syndrome



Difficulties in generation of human cloned embryonic stem cells

South Koreans clone human embryo

In a sciantific first, reseanchars in South Korea successfully cloned
a hurran embyro. Stam cells, the human body's building blocks,
were culled from it — an important step in eventually growing
patierts’ own replacement tissua.

Just the first step

it will b years before the technigue & perfacted and usad in peopla.
From .. they cloned ... to harvest ...
242 donor eggs 30 blastocysts 1 stem cell line

Cell swap

The method used by the ressarchers — nuckear transfer — has
been succassful in cloning sheep and other animals.

A needls is Acumuus call, aremnant  Added chamicals
used 1o fromthe ovary, isinsarted  and other growth
puncturs the irto the emptied eqg. This  factors fool the
wallof a mature el is meant to provide e into dividing,
egg and suction genetic materal for the  as if it had besan
out its genetic  developing egg — andthea fertilized by a
material, resulting stam calls. Sparm.

)

Cell division results in a blastocyst, a hollow Ball of about 100 cells
containing stem calls.

FOURCES: Sclanlilc Amarkcan; Asscdald Press ap

Scientific fraud...

Woo Suk Hwang

y

The announcement finally
confirms the gravest
suspicions of Hwang's work
with humans. There are two
papers in which Hwang's
group claimed to clone
human cells - a 2004 article
that describes the first cloned
embryo and derivation of a
stem-cell line from it (W. S.
Hwang et al. Science 303,
1669-1674; 2004), and a
2005 article that claims the
establishment of eleven
'patient-specific' stem-cell
lines (W. S. Hwang et al.
Science 308, 1777-1783;
2005). Both have turned out
to be complete and
deliberate fakes.



Is the other way round possible???

Human Dermal Fibroblasts Stem Cell



Induction of Pluripotent Stem Cells Somatic Cell
frombryonic and Adult e
Fibroblast Cultures by Defined Factors Son.s. 1ora

Kazutoshi Takahashi' and Shinya Yamanaka'**

Cell 126, 663-676, August 25, 2006 < Sz
Reprogramimng
MEF
B Fbx15 locus Fbx15 locus Inducible
Pluripotent SC
(iPS)
Retroviral infection
&
418 selection
?Geneticﬁll%

Testing of
24 different
reprogramming
factors

| Oct3/4, Sox2, KIf4, c-Myc |

E. Zuba-Surma, lecture 2010




Transcription-factor induced pluripotency

Induced pluripotent stem cells (iPS)

Yamanaka et al. 2006

hSox2 COMPARATIVE ANALY SIS
i rll_:durphuliugy fil
xpression profile
hﬂm “'““ Epigenetic status
hES culturs In vitro differentiation
conditions o — Teratomas =
Human adult Human induaad Human embryonic
fibroblasts pluripotent stem (ES) cells
stem (iPS) cells

Zaehres & Scholler, Cell 2008



Three different groups demonstrated
the possibility of de-differentiation
of human somatic cells

1. Takahasi et al. (S. Yamanaka) - Cell, Nov 20, 2007
Four factors: Oct3/4, Sox2, Klf4, c-Myc

2. Yu et al., (JA Thomson) Science, Dec 21, 2007
four factors: Oct4, Sox2, Nanog, Lin28

3. Park H-1 et al. (GQ Daley), Nature Dec, 2007
four factors: Oct4. Sox2, KiIf4, c-Myc
three factors sufficient: Oct4, Sox 2 and either Myc or Klf4
(the latter two enhance the efficiency of colony formation)

4. Nakagawa M et al. (S. Yamanaka) — Nature Biotechnology, Dec 2007
three factors sufficient; Oct3/4, Sox2, Klif4

Incidence of tumor-associated deaths in chimeras derived from iPS
cells was significantly reduced



IPS Technology — promising approach for tissue regeneration

P~ iPSC Factor
e ; Viruses
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Transduce with IPSC in two separate vials
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—— | Source cells + iPSCells
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Mouse Embryonic Fibroblasts (MEF)
Expand the best iPS Colonies
Re-plate cells on (4 weeks)
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+ ES Medium (D@@@@@
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E. Zuba-Surma, lecture 2010 Rudolf Jaenisch



Problems with application of iPS cells in human transplantation

« Use of viral vectors (ectopic transgene expression)
« Integration of vectors with genome (mutagenesis)
« Teratoma formation (unlimited differentiation)



a Retroviral or lentiviral transduction

Octd K Genomic integration

c-Myc 7
y - d __ Tumors in chimeric animals
e ) 4 i) due to ectopic expression of
/ - proviral transgenes

Perinatal death of hepatocyte-

" Fibroblast iPS cell

* o4 other osll types derived iPS chimera
b Adenoviral transduction
Mo genomic intagration
—_— C'D MNo tumors in chimeric animals
iPS cell
C Plasmid transfection
# Octd A
£ % A
Kif4 i g & {
et SOX2  / No genomic integration
_J]W'J:'r_. _} 2 g —> O g g
o-Myc g 7 Embryonic iPS cell
=+ AF ———atl fikrmklaet
: OO O Somatic cells
I /— Reprogramming factors
Q
o9 0%% 2
o0 Yo
© © = &
Integrating Non-integrating Excisable Protein Small molecule
virus vecior vector replacements

— Non-viral reprogramming

Current Reprogramming Methods
and their efficiency

Table 1 Efficiencies of reprogramming methods reported in refs 1-3

Strategy Cell type Efficiency*

Retroviral transduction

Four factors (Ozt4, Sox2, Kif4, c-Myce) Mouse ambryenic fibroblasts  0.1%

Three factors (Octd, Sox2, Kifd) Mouse ambryonic fibroblasts  0.01%
Three factors (Octd, Sox2, Kif4) Human fibroblasts 0.001%
Three factors (Octd, Sox2, Kifd) + VPA Human fibroblasts 1%

Two factors (Octd, Sox2) Human fibroblasts Mo iPS colonies

obtained

Two factors (Octd, Sox2) + VPA Human fibroblasts 0.001%

Adenaviral transduction

Four factors (Ozt4, Sox2, Kif4, c-Myc) Mouse postnatal fibroblasts Mo iFS colonies

obtained
Mouse hepatocytes 0.0006%

Plasmid transfection

One plasmid with Octd-2A-KIf4-2A-Sox2° Mouse smbryonic fibroblasts  0.0015%

+ one plasmid with c-Myc

NATURE BIOTECHNOLOGY VOLUME26 NUMBER 11 NOVEMBER 2006
NATURE METHODS | VOL.7 NO.1 | JANUARY 2010

E. Zuba-Surma, lecture 2010



Small molecules — the factors affecting the chromatin structure

Induction of pluripotent stem VPA (valproic acid) — histone
cells by defined factors is greatly deacetylase (HDAC) inhibitor
Improved by\small moleculeb * 5’-azacytidine — DNA
compounds methyltransferase inhibitor

2 Oct-4, Sox2, Kif4
Danwei Huangfu', René Maehr', ‘V\Lnjun Guo?, 2 HO
Astrid Eijkelenboom!'~, Melinda Snitow!, / o HO,D"‘." )
Alice E Chen' & Douglas A Melton' H;g‘")"t j‘\

NATURE BIOTECHNOLOGY VOLUME 26 NUMBER 7 JULY 2008 S

Induction of Pluripotent Stem Cells from Mouse
Embryonic Fibroblasts by Oct4 and Kif4
wuthmeaII MolecuIeJCompounds

Yan Shi,"? Caroline Desponts,’ Jeong Tae Do,? Heung Sik Hahm,! Hans R. Schéler,? and Sheng Ding"”

L « BIX-01294 (BIX) — G9a histone
methyltransferase inhibitor
 BayK8644 (BayK) — L-channel

HsCQ ©O-CHs

( 'y an L Bk calcium agonist
NN T ) :
| | ..
[ /J T
Ot T B Oct-4, KIf4

E. Zuba-Surma, lecture 2010



Other small molecules important for cell reprogramming

r _____ I

Molecule Name Target(s) Effects

' -

WA D‘r P RG108 DNA MTase Promotes MEF

| SN - raprogramming [71)
= 0“% 6
H
A\ Parnate lysine-specific demethylase 1 Enable the reprogramming

0’1 Br
HN }L + J
.‘j"-\.f,.-' ‘-\N-
. b H
g

Wenlin Li and Sheng Ding

Kanpaullona CDKs and GSK3

Reversina nonmuscle myosin |l heavy

chain and MEK1

Trends in Phammacological Sciences  (IN Press)

of human keratinocytes
transduced by Octd K14

Replacse KIfd4 to induce
MEF reprogramming [76]

Induces dedifferantiation

of muscle or fibroblast cells
to a more primitive
multipotant state [78-81)



Potential Applications of iPS cells

Regeneratwe Neural cells Cardiac cells  Hepatocytes Pancreatic
medicine p-cells

l

[Toxicology, disease model, J

drug screening

Shinya Yamanaka’ csli 137, April 3, 2009



IPS cells— toxicology, drug screening

blastocyst embyro patient

reprogramming
somaltc cells

plunpotent

stem cell culture vardise
dmeremlauo:'u\

high content
drug screening

THENDS i Phammacoiogical SCences

Individual drug screening

for each patient —
- Cardiotoxicity

Drug

Indication

Herceptin

Braast cancer

Coxorubicin {and other anthracyclins) Chemotherapeutic

Sunitinib

Rosiglitazone [Avandia)
MNon-selective NSAIDs

Mitoxantrone
Thioridazine
Maesoridazine
Muromonab
Nilatinib
ltraconazola
Flecainids,
Ceatuximab
Clozapine
Alglucosidase alfa
Amiocdarona
Arsenic trioxide
Tocaininde
Imatinib

RTK inhibitor {anticancer drug)
Antidiabstic

Anti-inflammatory

Antineoplastic agent

Antipsychotic

Antipsychotic

Immunosuppressant

BCR-ABL inhibitor, anticancer drug
Antifungal agent

Class lc anti-arhythmic agent

EGFR inhibitor, metatatic colon cancer

Anti-psychotic

Enzyme replacement therapy, Pompe disease

Class-ll anti-arrhythmic
Chemaotherapeutic

Class |b anti-arthythmic agent
BCR/ABL inhibitor, anticancer drug

E. Zuba-Surma, lecture 2010



IPS cells — disease modeling and drug discovery

ESC disease models

Geneti
A e mani;:la:inn I . !
o ggﬁ - %? 1. Target gene disruption of cell
e X~ from healthy blastocyst
Healthy Healthy Transgenic
blastocyst ES cells ES cells

Pea, 2. Cell line isolation from
S congenitally defective
Disease-apecﬁ«\ LSS & embryos (PGD)

&

PGD blastocyst
B Di i ine i '
/ S cells 3. Cell line isolation from blastocyst

produced by SCNT

Disease-specfic
SCNT blastocyst

PGD — preimplantation genetic diagnosis
SCNT — somatic cell nuclear transfer

Joumal of Cellular Biochemistry 105:1361-1366 (2008)
E. Zuba-Surma, lecture 2010



IPS-based gene therapy



Treatment of Sickle Cell Anemia
Mouse Model with iPS Cells m @Q%
Generated from Autologous Skin RIAAAS

Jacoh Hanna,™ Marius Wernig," Styliani Markoulaki,* Chiaoc-Wang Sun,”

Alexander Meissner,” John P. Cassady,” Caroline Beard,” Tobias Brambrink,* Science 318: 1920 (200?}

Li-Chen Wu,” Tim M. Townes,” Rudolf Jaenisch™**

Sickle-Cell Anemia

»Caused by a point mutation in the
B-globin chain of hemoglobin -
hydrophilic glutamic acid is replaced
with the hydrophobic valine at the
sixth position.

» The association of 2 wild-type a-
globin subunits with 2 mutant B-
globin subunits forms haemoglobin S
(HbS)

»Under low-oxygen conditions the
absence of a polar amino acid at
position six of the B-globin chain
promotes the non-covalent
polymerisation (aggregation) of
haemoglobin, which distorts red
blood cells into a sickle shape and
decreases their elasticity

Unaffacted Lnaffected "Car-far fAffactad
1h 4 charue 2 In & change 1114 chance

E. Zuba-Surma, lecture 2010



Mice models of sickle cell anemia

A humanized knock-in-mice: mouse a-globin genes replaced with human
a-globin
mouse B-globin genes replaced with human Ay and BS (sickle)
globin genes

-Remain viable for up to 18 months but develop typical disease symptoms:
- severe anemia
- splenic infarcts
urine concentration defects
- overall poor health

IPS cells were electroporated with a targeting construct containing the
human p» wild type globin gene

- About 70% of the peripheral blood in the treated hbS/hbS mice
were derived from the iPS cells — thus more than was observed
in heterozygous hbA/hbS



IPS cells-based gene therapy

(7)
Transplant corrected
hematopostic progenitors
badk into imadiated mice

1. Reprogramming of mutant donor
fibroblasts into iPS cells

Differentiate into Humanized =ickle cell
Hematopoetic progenitors  anemia mouse model

2. Repair of the genetic defect
through homologous

(hBS/hBS) (1 ) )
Harvest tail recombination
(5) tip fibroblasts
Differentiate into ———J 3. In vitro differentiation of the
embryoid bodies S — . : _ :
o hpS/RS repaired iPS cells into HPs
[ —————] fibroblasts
= = e
(4) . .
hpA/RS Correct b sickle (@) 4. Transplanting these cells into
iPS calls o B Infect with i
* mutation in iPS ::ells_ Octd. Sox2. Klfd affected donor mice after
by specific gene targeting and loxP c-Myc irradiation
__g__.‘ (3) viruses
e = o s —
hpSThES ===
iPS cells B
hESMES mouse derived

Hanna et al. (Jaenisch) Science, 21 Dec, 2007



Future therapeutic applications of IPS cells in humans

Necessity to overcome several obstacles:

1. Bypassing the use of harmful oncogenes as part of the reprogramming
factor

2. Avoiding the use for gene delivery of retroviral vectors that carry the
risk of insertional mutagenesis

3. Developing robust and reliable differentiation protocols for human
IPS cells

lan Wilmut sauid that the therapeutic potential of iPS is so enormous that
he is stopping his research on human embryonic stem cells



Challenges with adult progenitor cell therapy
(may also hinder the
effectiveness of IPS-based treatment)

1. Age
2. Underlying diseases: diabetes, hypertension.
3. Smoking

4. Genetic background: polymorphism of some genes may influence
the effectiveness of application of cell therapy



Induced pluripotents stem cells (IPS)

Ethical issues

1. Reprogrammable cells can form viable chimeras and contribute
to the germline when injected into blastocysts

Humans might be able to pass on their genes (or genetically modified
genes) to future generations from just a few cells

Fusing ES with differentiated cells could reprogram the nucleus,
producing ES-like cels but with twice the normal number
of chromosomes



Summary — gene transfer in stem cells for therapeutic purposes
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Zuba-Surma, Jozkowicz, Dulak — Current Pharmaceutical Biotechnology 2011
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Summary — gene transfer in stem cells for therapeutic purposes
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Zuba-Surma, Jozkowicz, Dulak — Current Pharmaceutical Biotechnology 2011



Therapeutical Aplications of SCs

Current applications

Hematopoietic Stem/ Progenitor cells - hematological
transplantations

Epithelial Progenitor cells - burns
Mesenchymal Stem/ Progenitor cells — bone fractures

Cardiac- committed Stem/ Progenitor cells (BM- derived
or endogenous) — Myocardial Infarction

Potential Applications

Stroke The most potent SC are
Parkinson’s Disease the most interesting
Spinal Cord injury for regenerative medicine
Diabetes

Miopathy - future of Pluripotent and
Liver injuries Multipotent SCs

E. Zuba-Surma, lecture 2010



Application of bone marrow cells for regeneration
of cardiovascular system
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Bone marrow-derived endothelial progenitor cells
In postnatal vascularization




INNOWACYJINA UNIA EUROPEJSKA
EUROPEJSKI FUNDUSZ
GOSPODARKA ROZWOJU REGIONALNEGO

NARODOWA STRATEGIA SPOINOSCI

INnnovative methods of stem cells
applications in medicine

Pomeranian Medical Academy

Coordinator: Prof. Mariusz Ratajczak

Faculty of Biochemistry, Biophysics Silesian Medical University
and Biotechnology, Jagiellonian University Clinic of Cardiology
Coordinator: Prof. Jozef Dulak Coordinator: Dr Wojciech Wojakowski
Nencki Institute of Experimental Biology Centre for Postgraduate Medical Treatment
warsaw Warsaw
Coordinator: Prof. Leszek Kaczmarek Coordinator: Prof. Jerzy Kawiak
2010-2015

POIG 1.1.2. Innovative methods of stem cells applications in medicine



Qur Interests

Bone marrow derived stem cells

1. Hematopoietic stem cells
2. Mesenchymal stem cells

3. Progenitor cells — eqg. endothelial progenitor cells

4. Very small embryonic-like stem cells (VSEL) —

Tissue stem/progenitor cells_

1. Skin stem cells/skin progenitor cells

2. Satellite cells

Induced pluripotent stem cells_




Are we ready for (commercial) application
of adult stem cell therapies ?

Hopes and hypes of regenerative medicine



Stem cells therapies

1. Approved and effective applications of autologous and allogeneic bone marrow
stem cells in treatment of leukemias, immunodeficiency diseases and some metabolic
diseases (eg. adrenoleukodystrophy)

2. Approved applications of skin stem/progenitor cells for treatment of burns and other unhealing wounds

3. Clinical trials demonstrated the feasibility of stem cells applications (bone marrow-derived)
for treatment of myocardial infarction (eg. Tendera et al., Eur Heart J. 2009; 30:1313-21
- REGENT Trial ), but the clinical effects are so far minor and temporary.
Nevertheless, further clinical trials are justified

4. Pre-clinical studies suggest the possibility of beneficial effects in treatment of some
other diseases, eg. the spinal cord injury with neurons obtained from embryonic stem
cells. On such a basis Geron Corp. has obtained an FDA agreement to start first clinial
trial in human with embryonic stem cells-derived neurons



Stem cell bussiness — Stem cells tourism

China cracks down on stem cell

tourism
00:01 04 September 2009 by Andy
Coghlan

But not only China....

Not only in ,,exotic” countries...

Warnings are being issued by
experts of the dangers of medical
tourism saying that unproven
stem cell therapy overseas could
leave patients worse off.



http://www.newscientist.com/search?rbauthors=Andy+Coghlan�
http://www.newscientist.com/search?rbauthors=Andy+Coghlan�

Facts and threats of commercialisation of stem cell therapies

1. Treatments offered on stem cells website are generally unsupportec
by the clinical evidence

2. Numerous scientific questions remain unanswered and scientists
generally do not recommend these therapies for general access

3. Hypocrysy in discussions —
a) embryonic stem cells are bad (by defintion — becuase
unethical...), adult stem cells are good...
b) research on embryonic stem cells is unethical, but offering the
unproved treatment based on adult stem cells is good...

4. Creation the atmosphere suggesting the possibility of immediate
applications of stem cells therapy for treatment of chronic
diseases, such as neurological diseases, diabetes...



Hopes and hypes of regenerative medicine

Clinicians and patients have the right to undertake the risk
of experimental therapy but this can be only when the benefit
of patients, not economical profits are considered !

Therefore, in current stage of knowledge and development of
therapy there is no justification for the private enetrprises
offering commercialy the stem cells treatment.

Using adult stem cells does not make such a company
ethical... !

There is no justification for wide use and offering the stem cell
therapy for treatment of diseases outside specialised clinics
and beyond controlled clinical trials

Stem cell therapy is not teeth repair!



Hope, hypes and cheating

Selected Companies and Clinics Offering Stem Cell Therapies

Company Location
PATIENTS' OWM CELLS
CellsdHealth Leuvenheim,
the Netherlands
MeuraVita Moscow, Russia
EmCell Kiev, Ukraing
Medra Malibu, U.5.A.
Beijing Xishan Institute for  Beijing, China

Neuroregeneration and
Functional Recovery

Institute for Regenerative 5t. John, Barbados

Medicing
UMBILICAL CORD BLOOD CELLS
Biomark Atlanta, U.5.A.

Advanced Cell Therapeutics  Zurich, Switzerland

Rotterdam,
the Netherlands

Preventive Medicine Center

Conditions

Myocardial infarction, vascular disease,
spinal cord injury, stroke

Neurclogical diseases and injuries

More than 50, including neurological disorders,
aging, impotence, diabetes, cancer, HIV

More than 20, including neurological disorders,
depression, autism, sickle cell anemia

Spinal cord injury, ALS, and other neurological
conditions

More than 40

ALS, Parkinson's, muscular dystrophy,
and others
More than 80

More than 50, including neurological, digestive,
and psychological disorders and aging

Patients treated

NA

NA

Almost 2000

in 13 years
More than 1000

More than 1000
since 2001

More than 50
since 2004

At least 23

in 2003

More than 600
in 4 years

More than 200
in 2 years

Cost (5)

+25,000

~20,000

+15,000

A

20,000

25,000

10,000 to
32,000
25,000

23,000

Remarks

Treatment takes place at clinics
in Turkey and Azerbaijan

Procedures performed in
Dominican Republic
Thousands more on
waiting List

Treatment based on research
in the former Soviet Union

No longer operative;

founders wanted by FEI
Treatments performed at

12 collaborating clinics
worldwide

Also treats patients referred by
Advanced Cell Therapeutics

SOURCE: COMPANY AN D CLINIKC 'WEB SITES, INFORMATION PACKAGES, INTERVIEWS, ALSTDF, BIOMARK CRIMIMAL INDICTMENT. NA=INFORMATION NOT AVRILABLE.

Be aware of dishonest peoplel!



Future of stem cell therapy
1. The highest differentiation potential have embryonic stem cells

2. Nuclear transfer will allow to generate patient-specific embryonic
stem cells

3. Therapeutic applications of ESCs is at the moment limited by risk
of side effects (teratoma formation) and ethical consideration

4. Patient-specific, induced pluripotent stem cells can be obtained by
reprogramming of adult somatic cells by transfer of 3-4 key genes.
In future, reprogramming could be achieved by culture conditions

5. Therapeutic potential of iPS — in combination with gene therapy —
has been demonstrated in mice model of heamophilia

6. Adult progenitor cells (eg. bone marrow derived) remain the major
target of therapeutic approaches

7. Effective applications of adult progenitor cells may require

overexpression of certain crucial genes, eg. involved in anti-oxidant
defence and angiogenesis



Exam — 28th January (Friday) — 9 am — room D107

Multiple choice test

Please fill the course assessment at the USOS website ....
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