
Wonders of Science. Can we 
make a miracle?

To be or not to be?

http://www.youtube.com/watch?v=0-cC1VDneV4

http://www.youtube.com/watch?v=0-cC1VDneV4
http://www.youtube.com/watch?v=0-cC1VDneV4
http://www.youtube.com/watch?v=0-cC1VDneV4


Neurodegenerative diseases

Stem Cells

Ethic Problems

HIV
Gene Delivery

Viral Vectors

Mitogen activation

Tumor Suppressor knock-out

Tumors

Cancer

Innate immunity modification

Cell Fate reprogramming

What is this all about?

Normally Not To Be!

http://www.youtube.com/watch?v=Evdkh5yv6gA


Gene therapy
Focus on the diseases caused by 
single gene defect
1. Cystic fibrosis (Chloride Chanel)
2. Haemophilia (Blood coagulation 

factor 8 and 9)
3. Muscular dystrophy

(Dystrophin)
4. Sickle cell anemia

(Haemoglobin)

Could be also used for the treatment of:
1. SCID (Interleukin-7)
2. Alzheimer Disease (knock-down of 

beta or gamma secretase)
3. Huntington Disease (knock-down of 

Huntingtin)
4. Could be also more cases…

Delivery by 
1. Lentiviruses (with caution)
2. Adenoviruses
3. Adenoassociated viruses

http://en.wikipedia.org/wiki/Cystic_fibrosis
http://en.wikipedia.org/wiki/Haemophilia
http://en.wikipedia.org/wiki/Haemophilia
http://en.wikipedia.org/wiki/Muscular_dystrophy
http://en.wikipedia.org/wiki/Sickle_cell_anemia


Example of clinical trials

• SCID
– The bone marrow was treated with lentiviruses

harboring the functional gene encoding interleukin-7
– 18 boys were treated. 13 were saved. 5 developed the 

lymphoma. 1 has died.

• Primary diagnosis – not to be…

• However, ex vivo technique may allow to culture 
the bone marrow cells, infect them as single cell 
clones and screen for the “proper insertion”, 
where the mitogenes or tumor supressor genes 
are not affected!



Can we generate the embryonic stem cells
http://www.youtube.com/watch?v=fGNchPdlaGU

http://www.youtube.com/watch?v=fGNchPdlaGU


How can we employ viruses and stem cells to 
solve the problem?



Self renovating regulatory loop of gene expression: Nanog, 
Sox2, Oct4 (all silenced in somatic cells)

1. Insertion of IRES/EGFP/Neo in Oct4 gene or Nanog gene 
and KI-mice production

2. Generation of MEFs
3. MEFs transduced with Moloney viruses expressing Oct4, 

Sox2, Klf4 and c-Myc
4. MEFs are transferred into iPS cells under Neo resistance
5. iPS cells are analysed for: 

a) ES cells markers expression
b) Endogenous Oct4 and Nanog DNA methylation = 

demethylated in iPS cells
c) Clustering of mRNA expression profiling (microarrays) of 

MEFs, ES cells and iPS cells = iPS and ES are the same
d) Analyse viral expression => Moloney virus shuts down in 

ES cell, analyse viral copy numbers insertions

6. Injection of iPS cells into the blastocysts => Chimeric mice 
generation

Rudolf Jaenisch Reprogramming of MEFs to iPS cells



iPS cell culture

http://www.jove.com/details.php?id=1447



Ideal situation



Although the iPS cells integrate into the embryo and 
generate the chimeric animals, the tumors are the 

problem
• Myc is a potential oncogene, it remains in the genome and 

can be awakened

• Retroviruses integrate in the random place of  the genome 
and may destroy or activate cell growth control genes ( tumor 
supressor genes or mitogenes) 

• iPS cells have to be screened for the integration site

• Or other solution to make iPS is required (without genomic 
modifications)



Solutions have been found

Just series of transient transfections using the FuGene(Roche)

Adeno-iPS cells. Adenoviruses (form episomes and 
do not integrate into the genome)



What can we do out iPS cells?
Pretested Serum, 

Feeder Cells

Endoderm

Mezoderm

Ectoderm

Neuroectoderm

Added to the 

medium and/or

Produced by some 

engineered feeder 

cell lines

Nanog

Oct

Self Renewal

Mouse ES cells:

LIF, good feeders and 

pretested serum are 

sufficient

Unblock and stimulate!



Cartilage 
Nervous 
system

Endoderm

Endoderm

Human EB at Div60 (Melissa et al, 2005)

ES stages EB stages
Glia and Neurons

Principles of the ES/iPS cell programming



Growth Purification Ectoderm/NeuroectodermDesinhibition Precursors

EB formation
MEF medium
No Lif

ES+
MEFs

Growth control

ES purification
Feeder removal

Programming
Stage1:
Retinoic Acid

Programming
Stage 2 (Div0):
Insulin
Progesterone
Transferrin
Putrescin
Selentin
F-12

Neurons

Neurobasal 
Medium or 
similar

Programming stages:
1. Growth of ES cells
2. Purification of ES cells
3. Desinhibition/Embryoid Body formation
4. Ectoderm/Neuroectoderm programming of EB (RA response 

“selection”)
5. Precursor programming (Radial Glia, begin of Div0)
6. Neurons/Glia (same as Primary Neurons)

Freezing
PointStage1 Stage2

Stage3+4 (EBs, critical) Stage5+6

“Div0” = Neuronal cultivation, Day in vtiro 0

Principles of ES cell programming



RA2.2 clone, Div3

20x

RA1.2 clone, Div1

RA1.2 clone, Div10 RA 2.2 clone, Div9

20x

Map2/DAPI, RA 1.2, Div12

Programmed ES cells



Neuronal programming:

1) RA or FGF-beta => Cortical Neurons (Bibel M, 
Okabe S, McKay R)

2) RA + Shh => Motoneurons (Wichterle H)
3) RA (or bFGF) + FGF8 + Shh => Dopaminergic  

neurons (Millipore, McKay R)

However all these protocols are very 
much inefficient!

Which neuronal populations can be made?

Growth Purification Ectoderm/NeuroectodermDesinhibition Precursors

EB formationES+
MEFs

ES purification
Feeder removal

Programming Plating 
or 
Implanting

Neurons

Neuronal Culture
or 
Mouse

about 7-8 days 6-8 days Minimum 5 days

Can we do something to improve the efficiency?



Developmental factors. Can they be utilized?



Dopaminergic Neurons in development

Parkinson disease

Characterized by degeneration 

of dopaminergic neurons in 

susbtantia nigra



Production of mesencephalic dopaminergic neurons using 
recombinant transcription factor Lmx1a expression in ES cells

TH – tyrosine hydroxylase (makes dopamine)
DAT – dopamine transporter
Nurr1 - Nuclear receptor related 1 protein 
(intracellular transcription factor, associated 
dopaminergic neuron marker, mutations are 
associated with dopaminergic neuron 
dysfunction)
Lmx1a - LIM homeobox transcription factor 1 
alpha (binds to LHX3 transcription factor)
Lmx1b - LIM homeobox transcription factor 1 
beta

Wrong markers:
5-HT  (serotonin), GABA, Pitx3, Pet1



Neuronal Characterization
A. Majority of randomly picked neurons 

from the cell culture with NesE-Lmx1a 

infected neurons have:

1. Proper single action potential 

pattern

2. Proper dopamine response

3. Proper pattern of hyperpolarization

Whereas in the controls (NesE-eGFP) 

only 10% of neurons had the proper 

response. The majority had different 

properties (demonstrated)

B. NesE-Lmx1a infected neurons 

demonstrated the increased 

amount of L-DOPA (DA) and 

dopamine metabolite DOPAC



Do we really need the Stem Cells?

Induced Neuronal (iN) cells can be generated from fibroblasts 
using only 3 transcription factors: Ascl1, Brn2 and Myt1l



MEF iN 19F MEF iN 19FMEF MEF

MEF iN 5F MEF iN 5F

MEF iN 5F MEF iN 5F

MEF iN 5F



Characterization of iN cells



Possible future of the cellular 
programming

• Obviously different neuronal populations are being 
generated in order to treat neurodegenerative diseases. 
Examples:
– Dopaminergic neurons (Parkinson Disease, already done)
– Motoneurons (Amyotrophic lateral sclerosis)
– Glutamatergic neurons and other neuronal populations 

(Alzheimer Disease)
– Epilepsy?

• What is it good for?
– iPS cells from patients can be differentiated and used for model 

studies
– iPS cells from patient with genetic defects can be fixed with viral 

vectors, differentiated and grafted back to the patient



Can we tansfer this technology to humans? Yes!



New viral vectors however have to be developed

• Lentiviruses can still be dangerous due to possible 
interference with cancerogenesis

• Adeno-associated viruses are very much limited in 
genome size

• Adenoviruses and Herpes viruses form episomes and 
could be useful only for non proliferating cells

• Deep modifications or new approaches are necessary 



Few words about the extracellular 
matrix (ECM)



Epilepsy



Alzheimer Disease

APP itself is a cell adhesion molecule and 
interacts with ECM
Neuronal populations, which suffer 
(sequentially):
1. Cholinergic neurons
2. GABA-ergic interneurons
3. Glutamatergic principal neurons



Addiction
Alcohol dependence
Opioid dependence
Sedative, hypnotic, or anxiolytic dependence 
(including benzodiazepine dependence and 
barbiturate dependence)
Cocaine dependence
Cannabis dependence
Amphetamine dependence or amphetamine-
like, ritaline dependence (american student 
drug)
Hallucinogen dependence
Inhalant dependence
Polysubstance dependence
Phencyclidine (or phencyclidine-like) 
dependence
Other (or unknown) substance dependence
Nicotine dependence

Involves GABA-ergic interneurons in nucleus 
accumbens and other brain regions, which are 
extracellular matrix covered

http://en.wikipedia.org/wiki/Alcohol_dependence
http://en.wikipedia.org/wiki/Opioid_dependence
http://en.wikipedia.org/wiki/Sedative
http://en.wikipedia.org/wiki/Hypnotic
http://en.wikipedia.org/wiki/Anxiolytic
http://en.wikipedia.org/wiki/Benzodiazepine_dependence
http://en.wikipedia.org/wiki/Barbiturate_dependence
http://en.wikipedia.org/wiki/Cocaine_dependence
http://en.wikipedia.org/wiki/Cannabis_dependence
http://en.wikipedia.org/wiki/Amphetamine_dependence
http://en.wikipedia.org/wiki/Psychedelics,_dissociatives_and_deliriants
http://en.wikipedia.org/wiki/Inhalant
http://en.wikipedia.org/wiki/Substance_abuse
http://en.wikipedia.org/wiki/Phencyclidine
http://en.wikipedia.org/wiki/Nicotine_dependence


Autism spectrum disorders
• Most of the Autism cases are associated with 

mutations in Nuroligin family (cell adhesion 
molecules, which promote the synaptogenesis)

http://www.youtube.com/watch?v=8C_5q2IOlL8

http://www.youtube.com/watch?v=8C_5q2IOlL8


Schizophrenia
Many known 
mutations in cell 
adhesion 
molecules and 
ECM are associated 
with schizophrenia



Thank you!
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