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30 years: from IVF to stem cells

Louise Brown‘s birth in 1978 set the ball rolling 
for in vitro fertilization.

Incurable childhood disease. We are a step 
closer every day (Nature 2008)
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CNS diseases: Our aims

1. Implantation of adult or embryonic stem cells 

- to replace or rescue damaged neurones

- to decrease the lesion size

- to facilite regeneration

- to improve function

2.  To follow the fate and migration of stem cells in vivo 
- e.g. using superparamagnetic nanoparticles

3.  To bridge tissue defects
- using biocompatible materials – hydrogels and 
nanofibres
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Nanoparticles to follow SC after implantation



MRI imaging to follow labeled SC in vivo

BRUKER 4.7 T experimental magnet
for MRI in experimental animals
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Bone marrow MSCs labeled in cultures with 
BrdU and iron-oxide nanoparticles (Endorem)

Jendelová, Syková, et al., MRM 2003



Embryonic SCs labeled with nanoparticles and injected
into the brain with a stroke model

(4 weeks after implantation)



MSCs labeled with iron-oxide nanoparticles in the rat brain 
with a stroke model (14 days after intracerebral injection)

< 3 % 



Before 7 days after 14 days after

MSC labeled with iron-oxide nanoparticles
in a cortical lesion after i.v. application

Jendelová, Syková, Hájek et al., MRM 2003

Stroke model



Today spinal cord injury has no treatment!
Patients are paralyzed, quality of their live is low 

SPINAL CORD INJURY

3000 years B.C.

2009



Spinal cord injury
cavity development in time
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Hej� l, Lesný, Jendelová, Syková (2008)



Rat spinal cord with balloon-induced compression 
lesion and MSCs stained with Prussian blue



MR images of a rat spinal cord with balloon- induced 
compression lesion and implanted nanoparticle- labeled MSCs
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Tracking of SPC-01 labeled with PLL-SPIO 
nanoparticles in SCI
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Spinal cord injury (after 7 weeks)

Open field test



Spinal cord injury (after implantation of MSCs)

Open field test



Preparation of human autologous bone marrow grafts

Clinical study Phase I/II, Motol Hospital, Coordination Eva Syková

BM harvest              Sedimentation, Filtration            Adjusted volume

CLINICAL STUDY - patients with complete SCI





Can we treat chronic spinal cord injury

?



BRIDGING THE GAP

When the lesion is large...



Biocompatible superporous hydrogels

polyHEMA

Horák, Jendelová, Lesný, Syková et al., Biomaterials 25, 5249-5260, 2004 

biodegradable

poly[HEMA-co-MANa(11.3%) Nanofibres
HEMA/EOEMA copolymer



Combined therapy 
hydrogels and stem cells

stem cell carrier hydrogel construct
In vitro

with  MSCs

with OEGs



MSCs growth on nanofiber web in vitro
LL12 – copolymer of 2-hydroxyethylmethacrylate and ethoxyethylmethacrylate

Phalloidin (red) + DAPI (blue)



Complete spinal cord 
transection at Th 9

Hydrogel implantation 
inside the cavity

Dura closure using a 10/0 
thread

Implantation of a scaffold 
into a rat with spinal cord transection



Nanofiber scaffolds in a SC lesion



GFP - MSCs RECA GFAP

NF 160 p75 NF 160, p75

Immunohistochemistry of nanofiber scaffolds 
seeded in vitro with GFP-MSCs, implanted to SCI



Functional evaluation in rats with chronic SCI

SCI only

ImplantationImplantation

SCI + Scaffold

SCI + Scaffold + MSCs p<0.05

Motor test Sensory test



• Adult atologous stem cells can improve spinal cord 
regeneration. Iron-oxide nanoparticlescan be used as 
cell markers in noninvasive MR imaging

• Biocompatible nanofibre scaffolds or hydrogels can 
bridge the tissue defects. In combinantion with stem 
cells, growth factors and inhibitory factors are the 
future strategy for treatment of spinal cord injury.

CONCLUSIONS 
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