
Stem and cell
gene therapy

Lecture 13

24th January 2011



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 is a stem cell?
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Sources of stem cells  

Embryonal 
somatic



Classification of SCs

1. Based on the tissue commitment/ differentation capacity

 Totipotent SCs
 Pluripotent SCs
 Multipotent SCs
 Unipotent SCs (Tissue progenitors)

2. Based on their origin 

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



E. Zuba-Surma, lecture 2010
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What are embryonic stem cells?

- 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 

The National Institutes of Health
resource for stem cell research

http://stemcells.nih.gov/index.asp�
http://www.nih.gov/�


Embryonic stem cells 
have high telomerase 

activity 

The National Institutes of Health
resource for stem cell research

http://stemcells.nih.gov/index.asp�
http://www.nih.gov/�


Embryonic stem cells in the lab
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Adult stem cells

hematopoietic stem cells

bone marrow



Adult stem cells

hematopoietic stem cells

mesenchymal stem cells

bone marrow



Plasticity of adult stem cells

the ability to form specialized cell types of other tissues

(also called transdifferentiation) 
14



Mesenchymal stem cells 

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



Nombela-Arrieta C et al., Nature Rev Mol Cell Biol February 2011
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The hierarchical structure of differentiation 

stem cells

progenitor cells

terminally 
differentiated

cells 
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Stem cells in therapy
1. Hematopoietic stem cells (bone-marrow, cord blood

(leukemias, immunodeficiencies , anemias
but also other, like Krabbe’s diseases, 
adrenoleukodytrophy)

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

2. Skin stem cells 
(burns, ulcers)

4. Neural stem cells – Parkinson disease, Alzheimer disease



Embryonic vs adult in terms of cell therapy

embryonic SC
adult S.C./

progenitor cells

potency pluripotent unipotent
multipotent

telomerase expression noyes

culturing easily grown hard to obtain 
large numbers of cells

stem cell therapy rejection
problem

(but no in 
case of 

autologous ESc)

no rejection
Problem if autologous



Embryonic stem cells in therapy of human diseases 

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



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 



Cloning 

reproductive Therapeutic 
(SNCT – somatic
Nuclear cell transfer)



Producing primate embryonic stem cells 
by somatic cell nuclear transfer

Byrne JA et al. (Mitalipov), Nature 22 November 2007



Primate cloned stem cells 

Wilmut & Taylor, Nature, 22 Nov 2007



Therapeutic cloning & gene therapy 
– effective in future?  

Correct gene 

Skin cells

Genetically repaired 
Cells  

Nuclear transfer

Egg

Genetically modifed cells
Eg. neurons

patient

Eg. Potentially for treatment of Lesh-Nyhan syndrome 



Difficulties in generation of human cloned embryonic stem cells 

Woo Suk Hwang, 

Scientific fraud…
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.



Human Dermal Fibroblasts Stem Cell

Is the other way round possible???
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Transcription-factor induced pluripotency 

Zaehres & Scholler, Cell 2008

Induced pluripotent stem cells  (iPS)

Yamanaka et al. 2006 



Three different groups demonstrated
the possibility of de-differentiation 

of human somatic cells 

3. Park H-I et al. (GQ Daley), Nature Dec, 2007
four factors: Oct4. Sox2, Klf4, c-Myc 
three factors sufficient: Oct4, Sox 2 and either Myc or Klf4 

(the latter two enhance the efficiency of colony formation)

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

4. Nakagawa M et al. (S. Yamanaka) – Nature Biotechnology, Dec 2007
three factors sufficient; Oct3/4, Sox2, Klf4

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



E. Zuba-Surma, lecture 2010 Rudolf Jaenisch
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iPS-based gene therapy



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 Aγ 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 βA 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 

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

1. Reprogramming of mutant donor
fibroblasts into iPS cells 

2. Repair of the genetic defect 
through homologous 
recombination 

3. In vitro differentiation of the 
repaired iPS cells into HPs

4. Transplanting these cells into 
affected donor mice after 
irradiation 



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 

Ian 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 



Zuba-Surma, Jozkowicz, Dulak – Current Pharmaceutical Biotechnology 2011

Summary – gene transfer in stem cells for therapeutic purposes



Zuba-Surma, Jozkowicz, Dulak – Current Pharmaceutical Biotechnology 2011

Summary – gene transfer in stem cells for therapeutic purposes
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Application of bone marrow cells for regeneration 
of cardiovascular system

- Myocardial regeneration

- stimulation of 
neovascularisation 

- Prevention of (re)stenosis

- seeding of the artificial 
blood vessels 



, SDF-1

Bone marrow-derived endothelial progenitor cells 
in postnatal vascularization



Innovative methods of stem cells 
applications in medicine 

Pomeranian Medical Academy 

Faculty of Biochemistry, Biophysics
and Biotechnology, Jagiellonian University

Silesian Medical University
Clinic of Cardiology 

Nencki Institute of Experimental Biology
Warsaw

Centre for Postgraduate Medical Treatment 
Warsaw

Coordinator: Prof. Mariusz Ratajczak 

2010-2015

Coordinator: Prof. Jozef Dulak Coordinator: Dr Wojciech Wojakowski

Coordinator: Prof. Leszek Kaczmarek Coordinator: Prof. Jerzy Kawiak

Innovative methods of stem cells applications in medicine POIG 1.1.2. 



Our interests
Bone marrow derived stem cells

1. Hematopoietic stem cells 

3.  Progenitor cells – eg. endothelial progenitor cells 

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

2. Mesenchymal stem cells 

Tissue stem/progenitor cells 

1. Skin stem cells/skin progenitor cells 

2. Satellite cells 

Induced pluripotent stem cells 



Hopes and hypes of regenerative medicine 

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



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�


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

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

Facts and threats of commercialisation of stem cell therapies

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…



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… !

Stem cell therapy is not teeth repair!                 

Hopes and hypes of regenerative medicine

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 



Hope, hypes and cheating

Be aware of dishonest people!



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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