
Prof. Dinko Mitrecic, MD, PhD 
Laboratory for Stem Cells 

Croatian Institute for Brain Research 
University of Zagreb School of Medicine, Croatia 

 

 
  

  

Application of stem cells in brain diseases  

from the perspective of preclinical trials 





Human brain bank 





Stereotaxic transplantation of NSC 
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When did we start to use „stem cells”? 



1963. McCulloch i Till  
1968. The first bone marrow transplantation 
1978. SCs in the umbilical cord  
1980s  In vitro cultivation 
  The first brain transplants 
1989. The first transplants in the human brain 
1990s SC lines 
1995. Dolly the sheep 
1998. Human SCs 
2006. iPSCs 
2007. Nobel prize Capecchi, Evans, Smithies "for their discoveries of principles for introducing specific 

gene modifications in mice by the use of embryonic stem cells". 

2012. Nobel prize iPSCs Gurdon, Yamanaka 

 
  

 





1) General classification of stem cells 

2) Introduction to regenerative neurology 

3) Animal models 

4) Cell tracing  



Götz et al, 2005) 

1. Embryonic SC 



Thuret et al 2009. 

2. Adult SC 



SOD1, nestin 

3. (Re)-activated SC 



Induced pluripotent stem cells 
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Golgi staining 1873 





During development 



During myelination 





                    

Spina bifida 

         a) occulta                       b) meningocela            c) myelomeningocela 















MCCULLOCH EA, TILL JE. PROLIFERATION OF HEMOPOIETIC COLONY-FORMING 
CELLS TRANSPLANTED INTO IRRADIATED MICE 

Radiat Res. 1964 Jun;22:383-97. 

McCulloch EA, Till JE. Perspectives on the properties of stem cells. 
Nat Med. 2005 Oct;11(10):1026-8. 



Björklund A, Lindvall O, Brundin P . Characterization of Lewy body pathology in 12- and 16-year-old 
intrastriatal mesencephalic grafts surviving in a patient with Parkinson's disease. Mov Disord. 2010 

Jun 15;25(8):1091-6.  

 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Bj%C3%B6rklund%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20198645
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lindvall%20O%5BAuthor%5D&cauthor=true&cauthor_uid=20198645
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brundin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20198645


What do you expect from the stem cells? 

- Cell replacement 

- Influence on cell survival 

- Disease modeling 



 
 

K. J. Brennand, A. Simone, J. Jou et al., “Modelling 
schizophrenia using human induced pluripotent stem cells,” 
Nature, vol. 473, no. 7346, pp. 221–225, 2011. 
 
Altered WNT signaling rescued by antipsichotic treatment 
 
 
 
 
 
 
 
J. L. Wang, S. M. Shamah, A. X. Sun, I. D. Waldman, S. J. 
Haggarty, and R. H. Perlis, “Label-free, live optical imaging of 
reprogrammed bipolar disorder patient-derived cells reveals a 
functional correlate of lithium responsiveness,”  
Translational Psychiatry, vol. 4, article e428, 2014. 
 
iNCs derived from lithium responders and lithium-
nonresponders demonstrated different cell adhesion 
characteristics. 

 
 
 
 



MAP2  
GFAP 

Organoids 



N2 (Invitrogen, 100x) 
B27 (Invitrogen, 50x)  
DMEM/F12 (Gibco, 31331-093)  
EGF (Peprotech): 20 ng/ml 
bFGF (Peprotech): 10ng/ml 
Pen/Strep 

Leica DM IL, 10x  





SOD1 (Cu/Zn-SOD1) 
 
 

Rosen DR et al. Mutations in Cu/Zn superoxide dismutase gene are associated with familial 
amyotrophic lateral sclerosis. Nature. 1993 Mar 4;362(6415):59-62 

 

 

The SOD-catalysed dismutation of superoxide  : 
 

M(n+1)+ − SOD + O2− → Mn+ − SOD + O2  
Mn+ − SOD + O2− + 2H+ → M(n+1)+ − SOD + H2O2.  

http://en.wikipedia.org/wiki/Dismutation
http://en.wikipedia.org/wiki/Superoxide






Cell tracing principles: 
 
1. Endogeneous marking 

 
2. Exogeneous marking  

 



Mitrecic et al, Cell Transp, 2010 



SOD1 

Wt 

Mitrecic et al, 2010   











NSC vs MSC 
 

 

Percentage of „protected 
motoneurons” in treated 

segments: 65±9% 





 Nestin + Map2 1d 

 Nestin + Map2 5d 



0d 1d 3d 5d 7d 

Nestin 99% 70% 23% 25% 25% 

Map2 1% 30% 77% 75% 75% 

Gfap 1% 1% 1% 1% 5% 



Mesenchymal stem cells (MSC) 

Neural stem cells (NSC) 

Based on E. Hermans protocol, UCL 

Mitrecic et al., Cell Transplant, 2010. 

Stimulation of MSC and NSC with brain and spinal cord extracts for 16 hours 



Nicaise, Mitrecic and Pochet:: Neuropathology and Applied Neurobiology, 2010. 



Do we need stem cells? 



B6.Cg-Tg(Thy1-YFP)16Jrs/J 

(YFP -16) 

 transgenic mouse strain 

 Thy 1 gene promoter  

  YFP 





Spinal cord on E12.5 day THY1 
+ nestin 

Hindbrain on E16.5 day THY1 + 
MAP2 



Spinal cord on E15.5 
day THY1 

Spinal nerve E14.5 day THY1 + 
β3-tubulin 

Retina in adult 
mouse THY1 



8 weeks 
THY1 + 
PKH26  

14 weeks 
THY1  





Liu et al., Journal of Biomedicine and Biotechnology, 2011. 



1. Migration (PKH + Thy1) 



Migration using corpus callosum 

1 2 

2 

1 
SMI32 + PKH26 



Non - Migration 

50 µm 



At the site of injection, wt animal 

Map2 + PKH26 Dcx + PKH26 



Map2 

100 µm 

2. Accumulation 



Gfap 

100 µm 



Gfap 

Nestin 

100 µm 



Experience from more than 150 transplanted animals 
 
 
 

1. In corticostriatal border  
(MCAO – the fastest directed migration vs.  

WT – slow bi-directional migration, cell loss) 
 
 

2. hippocampus (the most efficient cell survival and differentiation) 
 
 

3. ventricules (silent keepers of cells) 
 

 
 



The hypothesis: 
 

Stroke-associated inflammation negatively influences survival 
of transplanted cells faced with a hostile environment 

 
AND 

 
it promotes differentiation and synaptogenesis in order to 

speed up integration of cells 



Neuroligin 
 
 

Nlg Nestin 

Neuroligin + Nestin 0d 



Nlg follows the increase of Map2 
 
 

Neuroligin i Map2 1d 

Nlg Map2 



 
Nlg is present only in immature Gfap cells 

Neuroligin + Gfap 1d 

Nlg Gfap 



Expression of synaptic markers in the transplant 
(4w, MCAO vs. WT) 

Strong presence of 
Syncam in THY1 

neurons 

Syncam 



A great majority of endogeneous progenitors 
during migration strongly express Nlgn 

SVZ 

INJURY 



What do you expect from the stem cells? 

- Cell replacement 

- Influence on cell survival 

- Disease modeling 

- Activation of endogeneous stem cells 



Hippocampus: MCAO vs WT 

Nlgn 
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How does ischemia affects differentiation of NSCs? 
 

Not significantly! 

THY1/BrdU+ 

MCAO 0,33 

kontrola 0,32 



How does ischemia affects survival of NSCs? 
 
 Surprisingly – it supports survival 
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 4 tjedna nakon transplantacije 

Average number 
of cells in the unit 

MCAO 2590 

kontrola 1070 

* 



Kosi et al, Neurosci Lett. 2018 



Gorup et al, Neurosci Lett, 2015 
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