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Stereotaxic transplantation of NSC
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When did we start to use ,stem cells”?
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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 DoIIy the sheep
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1) General classification of stem cells
2) Introduction to regenerative neurology
3) Animal models

4) Cell tracing
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1. Embryonic SC

a Neuroepithelial cells b Radial glial cells C Basal progenitors
Basal

amina

MNeuronal
layer

Basal lamina

== HOSOlAEral plasma membranes

= Ancal plasma membrane

Freplate Deep layer Upper layer Birth Gliogenesis

Current Opanian in Newnsbiclogy



2. Adult SC

Experience of the
environment; learning

Stimulates/

finetunes

Modulates/alters

z-'-"\

Behavior in the
environment

Stimulates

Adult neurogenesis =
Optimizes

Improves/
changes

Adapted hippocampal
function

Merge

Thuret et al 20009.



3. (Re)-activated SC

SOD1, nestin




Induced pluripotent stem cells

Antigen DAPI Overlay
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Embryonic Stem cells

Totipotent
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cerebrum
cerebellum

spinal cord

sacral plexus -

digital nerve

superficial peroneal
nerve

NERVOUS SYSTEM
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Golgi staining 1873
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During development




During myelination

Immature Myelinating
oligodendrocyte oligodendrocyte

Migration Survival
proliferation myelination

T ) ) T }
Tenascin-C Laminin
B1 integrins

Migration Survival

proliferation radial sorting
> myelination

1 T

Laminin

Laminin
dystroglycan
B1 integrins



A

Chicken Embryo  Retina mounted onto RHetina explant Glass cover slip
iday 7) nitrocellulose filter stripes (substrate coated)

- Test substrate

Meurite
| autgrowth
promoting
substrate

*

e T ]

-

1

L

q
I-

T

: [

}

A

|

i

|

- 4 = -
Versican Vy / Laminin Laminin Control




Spina bifida

a) occulta b) meningocela c) myelomeningocela
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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.

Differentintion-developmental program
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Bjorklund 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.
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What do you expect from the stem cells?

- Cell replacement

- Influence on cell survival
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(5-10 days)

Astrocytes,

oligodendrocytes

. Clinical characterization
——* case-control matching

3 Genotyping

Tissue sample

!

IQ — 1- High-throughput screening

Primary cell culture

Omics studies
| v W
1 » Functional assays
INPC/IN

- Diagnostics

-
Drug development

Regenerative medicine

3D cultures, organoids
Neurons of specific in bioreactors
molecular and regional
identities

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







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
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The SOD-catalysed of

M(n+1)+ — SOD + O2- — Mn+ - SOD + O2 A
Mn+ - SOD + O2- + 2H+ — M(n+1)+ — SOD + H202.


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

Impaired blood-brain and blood—-spinal cord barriers in mutant
SOD1-linked ALS rat

Charles Nicaise®, Dinko Mitrecic®, Pieter Demetter?, Robert De Decker®, Michéle Authelet?,
Alain Boom“, Roland Pochet“:*

“Laboratory of Histology, Neuroanatomy and Neuropathology, Université Libre de Bruxelles, Brussels, Belgium
bDepartment of Pathology, Erasme Hospital, Brussels, Belgium
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THE ANATOMICAL RECORD 292:1882-1892 (2009)

In Vivo Morphological Changes in

Animal Models of Amyotrophic Lateral
Sclerosis and Alzheimer’s-Like Disease:
MRI Approach

PAVLE R. ANDJUS," DANIJELA BATAVELJIC,! GREETJE VANHOUTTE,?
DINKO MITRECIC,?> FABRIZIO PIZZOLANTE,* NEVENA DJOGO,!
CHARLES NICAISE,? FABRICE GANKAM KENGNE,? CARLO GANGITANO,*
FABRIZIO MICHETTL* ANNEMIE VAN DER LINDEN,?
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Cell tracing principles:

1. Endogeneous marking

2. Exogeneous marking
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Mitrecic et al, Cell Transp, 2010
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GFP :

Mitrecic et al, 2010




GFP marked NSC in the brain cortex

area: 1.00 mm ,
total number of GFP cells: 23,
cells/mm : Z

2
area: 0.22 mm ,
total number of GFP cells: 42,
cells/mm® 189

area: 4.87 mm,
total number of GFP cells: -
cells/mm”: 6




Number of cells

800,000+

600,000-

400,000+

200,000+

Number of cells in the brain cortex
1,000,000~

--B- symptomatic ALS + Tnf

—a— symptomatic ALS

--&- presymptomatic ALS + Tnf

—— presymptomatic ALS

| C LT © -©-wt + Tnf
e —— — —o— Wi
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1 3 7

Days after engraftment

wt - continuous line
wt + Tnf - dotted line

ALS - continuous line
ALS + Tnf - dotted line
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| +- Nestin .\ ®- Neslin
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804 ' -+ MAP-2 801 b -+ MAP-2
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Mean motoneurcns/spinal segment
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Available online at www.sciencedirect.com

ScienceDirect

www_elsevier.com/locate/brainres

Research Report

Nop2 is expressed during proliferation of neural
stem cells and in adult mouse and human brain

Nina Kosi®, Ivan Ali¢™", Matea Kolacevi¢®, Nina Vrsaljko®,
Natasa Jovanouv Milo3evic®, Margarita Sobol“, Anatoly Philimonenko?,

s, e,k

Pavel Hozak?, Srecko Gajovic™®, Roland Pochet®®/, Dinko Mitrecic

Brain Research
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Nestin + Map2 1d

[ -

Nestin + Ma




Izrazaj markera tijekom in vitro diferencijacije

B Nestin
m Map?2
Gfap

Udio pozitivnih stanica

DIVO DIV1 DIV 3 DIV 5

Nestin 99% 70% 25%
Map?2 1% 30% 5%

Gfap 1% 1% 1%




— Neural stem cells (NSC)

. :{;'( Stromal -
& 4 stem cell
::,""’t;;r-f_, 4“
. S _ : Mitrecic et al., Cell Transplant, 2010.

Based on E. Hermans protocol, UCL

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




Mesenchymal Stem Cells Neural Stem Cells

A

1.5+

Fold change of
VEGF-a mRNA
Fold change of
VEGF-a mRNA

ALS ’ WT  ALS

spinal cord spinal cord
extract

Fold change of
FGF-2 mRNA
Fold change of
FGF-2 mRNA

medium WT ALS WT  ALS medium WT ALS WT  ALS

brain spinal cord brain spinal cord
extract extract tract

medium WT medium WT ALS WT  ALS

BDNF mRNA

Fold change of

# |
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medium WT  ALS ALS medium WT  ALS

F-b mRNA

F

NGF-b mRNA
Fold change of

Fold change of
N

brain spinal cord brain spinal cord
extract extract tract

medium WT

spinal cord brain spinal cord
extract extract

Fold change of
IGF-1 mRNA
Fold change of
IGF-1 mRNA

Fold change of
HGF mRNA
Fold change of
HGF mRNA

medium WT ALS WT  ALS medium WT ALS WT  ALS " medium WT ALS WT ALS

brai inal d ¥ 4 brain spinal cord brain spinal cord
rain Spinal cor extract extract extract extract
extract extract

Nicaise, Mitrecic and Fochet:: Neuropathology and Applied Neurobiology, 2010.
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B6.Cg-Tg(Thyl-YFP)16Jrs/J
(YFP -16)

v’ transgenic mouse strain
v Thy 1 gene promoter
v, XY EP

Imaging Neuronal Subsets Neurotechnique
in Transgenic Mice Expressing
B Multiple Spectral Variants of GFP
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Neuroscience Letters 634 (2016) 32-41

" Neucscience | @5
Letter: .

Contents lists available at ScienceDirect =

. ol
Neuroscience Letters =
I

£

journal homepage: www.elsevier.com/locate/neulet s

Research article

o

Neural stem cells from mouse strain Thy1 YFP-16 are a valuable tool .\!)Cmsmk
to monitor and evaluate neuronal differentiation and morphology

Ivan Alic*-", Nina Kosi?, Katarina Kapuralin¢, Dunja Gorup®, Srecko Gajovic?,
Roland Pochet?, Dinko Mitrecic¢:*
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- Cardiac rest

- Aortic occlusion

Complete

: 3 - Decapitation
ischemia

- Cephalic artery occlusion

Global - Neck tourniquet or cuff inflation
1schemia
model

- Hemorrhage/hypotension

. H}rim:{iﬂ-iﬁchem[n
Inc{}mplete

ischemia - 2-vessel occlusion + hypotension

- 4-vessel occlusion
= Unilateral CCAQ

- MCAQ
Focal - MCAO + ipsilateral CCAO
ischemia - MCAO + bilateral CCAO

Focal - Spontaneous brain infarction
1Ischemia

model

] - Autologous blood clot embolization
hultifocal ; =i
ischemia - Microsphere embolization

- Photochemical-initiated multifocal embolization

Liu et al., Journal of Biomedicine and Biotechnology, 2011.
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Migration using corpus callosum
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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)
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The hypothesis:

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

Neuroligin + Nestin 0d




NIg follows the increase of Map?2

Neuroligin i Map?2 1d




Nlg is present only in immature Gfap cells

Neuroligin + Gfap 1d

o




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

°
Syncam
ﬂ',g_-' 9 o Strong presence of
| Syncam in THY1
4@ neurons




SVZ




What do you expect from the stem cells?

- Cell replacement
- Influence on cell survival
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How does ischemia affects differentiation of NSCs?

Not significantly!

THY1/BrdU+

MCAO 0,33

kontrola 0,32

KONTROLA




How does iIschemia affects survival of NSCs?

Surprisingly — It supports survival

*

Average number
of cells in the unit

MCAO 2590

SR Reeeee  kontrola 1070
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CASP3
IOD CASP3 positive cells count
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Research Articles: Neurobiology of Disease

The autism protein Ube3A/E6AP remodels neuronal dendritic arborization
via caspase-dependent microtubule destabilization
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Neuroscience Letters 666 (2018) 111-119

Contents lists available at ScienceDirect

Neuroscience Letters

journal homepage: www.elsevier.com/locate/neulet

Research article

Stroke promotes survival of nearby transplanted neural stem cells by
decreasing their activation of caspase 3 while not affecting their
differentiation
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Procedure

Analysis
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Applied Biosystems 7500
Real- Time PCR System
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