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SGZ = sub-granular zone
SVZ = sub-ventricular zone
OB = olfactory bulb

Blood vessel

Tangential migration

Radial migration SVZ stem cell compartment (niche)
(2 weeks) B = SVZ astrocyte; C = Transit amplifying cell; A = Neuroblast



Adult (somatic) NPCs: the nomenclature

Non cell-_autonomous phenomenon
! Environmental Cues 77777777 -

B

Nestin PSA-NCAM
GFAP DCX
DIx2
NeuN, Calretinin, Calbindin

SVZ astrocyte Transit amplifying cell Neuroblast
(type-1 cell) (type-2a type-2b type-3 cells) (post-mitotic immature neurons)
Self-renewing Limited self-renewal Unipotent: one specific cell lineage
Proliferative (long cell-cycle) Proliferative (short cell-cycle) (neuronal, glial, astroglial,
Multipotent (all neuroectodermal lineages) Multipotent (at least two different lineages) oligodendroglial)
Neural Stem Cells Multipotent Progenitors Lineage-specific Precursors

Precursors or Progenitors

Adult Neural Precursor Cells (aNPCs)

Nat. Rev. Neurosci. 2006



Supernumerary
embryos from in vitro
fertilisation

Embryos created

Embryonic
by research yon

tissue

Aborted

N ~ J foetuses
. Bone
Umbilical Marrow
Inner cell mass cord
of the blastocyst Fetal i«
tissues
Cord blood Cell removal
N\ AN VAN J
Y Y Y
PLURIPOTENT MULTIPOTENT MULTIPOTENT MULTIPOTENT
ES cells > Stemcells < Embryonic SCs Fetal SCs Adult SCs
in culture _
| (Somatic Stem Cells)
Muscle cells Liver cells Blood cells Neural cells Skin cells Endothelial cells

Embryonic stem (ES) cells: intrinsic tumorigenic potential, undetermined differentiation potential.
Somatic (fetal and adult) stem cells: limited growth potential

Neurosci. Lett. 2009



In vitro epigenetic aNPCs propagation

Plating

Dissociation

@ Neurosphere-forming cell (stem cell)
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Cell administration route



aNPCs: routes of delivery

 Intraparencymal administration » Focal disorders:
. Single site * Parkinson’s Disease
* Huntington’s Disease
e Spinal cord Injury
 Ischemic Stroke
* Lumbar « Brain Tumours
e Cisternal * Multifocal disorders:
* Multiple Sclerosis
» Alzheimer’s Disease
« Amyotrophic Lateral Sclerosis
* Intravenous » Lysosomal Storage Disorders
e Intra-arterial * Dysmyelinating Disorders

« Multiple sites

e Intrathecal administration

e Intraventricular

e Systemic administration



Neural stem cell pathotropism

1. Tethering & Rolling 3. Firm adhesion 4. Extravasation

Selectins (e.g., VLA-4/ Full activated integrins
VCAM-1 & CD44/HA) (e.g., VLA-4/VCAM-1)

aNPCs

Blood and CSF flow Cell Ad!esmn Molecules

Blood/CSF space

Primary Inflammatory Cytokines  Chemokines CNS parenchyma

2. Stimulation of GPCRs —>  Full activation
(e.g. CCR1/2/3/5, CXCR3/4) of integrins

Nat Rev Neurosci, 2006



Multiple Sclerosis
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WLA-4.003

Chdd 002

Nature, 2003



CXCR3




Ischemic Stroke
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MN>C transplantation
Migrating NSC

Experimental
brain tumour

Tumour satellite

Nat. Rev. Neurosci. 2006;7:75-84



aNPC therapeutic plasticity



aNPC Therapeutic Plasticity

 Replacement of damaged cells (exogenous repair):

Functional integration of differentiated cells

« Bystander activity (endogenous repair):

Immunemodulation:

Inhibition of T cell proliferation
Fostering of pro-inflammatory (Th1) cell apoptosis

Inhibition of dendritic cell (DC) antigen presentation capacity

Neurotrophic support:
Inhibition of scar formation

Inhibition of neural cell apoptosis



aNPC Therapeutic Plasticity

 Replacement of damaged cells (exogenous repair):

* Functional integration of differentiated cells



G G

Stern cells DA neuron precursors or
modified for neuroblasts generated
neuroprotection from stem cells

Putamen

Substantia nigra

Preexisting DA neurons ewly derived DA neurons

Normal brain Parkinson disease 7[1 Stem cell therapy
N

J Clin Invest. 2010;120:29-40



Nature 2003



aNPC Therapeutic Plasticity

« Bystander activity (endogenous repair):

e Immunemodulation:
e Inhibition of T cell proliferation
» Fostering of pro-inflammatory (Th1l) cell apoptosis

* Inhibition of dendritic cell (DC) antigen presentation capacity

* Neurotrophic support:
* Inhibition of scar formation

* Inhibition of neural cell apoptosis
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MRNA level (A.U.)

CNTF

aNPC Sham
i.v. treated

1,57

0,5

NT3

aNPC Sham
i.v. treated

*
aNPC Sham
i.v. treated

NGF

aNPC Sham
i.v. ftreated

TGFp[ 1.2
Tl
| fos8
10,6
* 10,4
I
I 10,2
— 0
aNPC Sham
i.v. treated
GDNF
I
1
aNPC Sham
i.v. treated

BDNF

aNPCSham
i.v. treated

r1,5

-0,5

-0

LIF

|_
(N"v) 19A8] YNHW

— -0
aNPC Sham
i.v. treated

Nature, 2003



357 ~10-15% of
exogenous origin

No. of OPC/mm?

107 *

1]
0.

Sham V.
treated aNPC

Nature, 2003



Mean CD45* area per ROI
(x 108 pm2)
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Is aNPC therapeutic plasticity
a scalable system?



The Immune Signature of Human aNPCs

= B cell activation (3%)

NF-kappa B cascade (8%) C B Apoptosis (8%)

Inflammatory response (5%) O 0 Complement activation (8%)

0 Cell adhesion (8%)

Chemotaxis (4%) ®

® Humoral immune response (12%)

Cytokine and chemokine mediated © B Defense response (8%)

signaling pathway (3%)
B |nnate immune response (9%)

HGU133A Affymetrix® chip (GO:0006955)

22.215 probe set — 637 immune response genes — 117 expressed genes (18,3%)

Neurosci Lett, 2009
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% proliferating CD3/CD28-stimulated cells
3

10

crl

21 41 81

cirl
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FEMC

B PFA-fixed NPCs

CD4a*
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Proliferation Index
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Ann Neurol, 2009



Clinical score

EAE In Callithrix jacchus

MRI T2w lesion map

5 hfNPC (0,6-1,8x107/kg) injection (plus daily i.p. 10mg/kg Cyclosporin) *

Days from disease onset
(20-150 days post-immunization with hMOG1-125)

aNPCs are derived from the telencephalon and diencephalon of 10.0 - 10.5 post-conception week human foetuses



FISH-Y

GFP Dapi

GFP Dapi

GFP Dapi

* GFP Dapi GFAP



Cumulative daily EAE score
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Cell density at plating (13000 cells/cm?)
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Immune Marker

CD34

CD45

CD133

CD18 (integrin B2 chain)
CD29 (integrin B1 chain)
CD44

CD49a (integrin al chain)
CD49b (integrin a2 chain)
CD49d (integrin a4 chain)
CDA49f (integrin a6 chain)
CD192 (CCR2)

CD193 (CCR3)

CD194 (CCR4)
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aNPCs: Enzyme cross-correction

ER

Golgi

Genetically
Modified
Cell

Lys

ER
Golgi
Enzyme-Deficient
Cell

Molecular Therapy 2006;13:839-849




aNPC Therapeutic Plasticity

* Neural stem cells do not therapeutically work exclusively throughout cell

replacement.

* Neural stem cells do also promote CNS repair also via intrinsic neuroprotective

bystander capacities — which may explain the CNS repair capabilities of other sources of

somatic stem cells with very low capabilities of neural (trans) differentiation (e.g.

mesenchymal stem cells) — via the release, at the site of tissue damage, of :

 immunomodulatory substances, neurotrophic growth factors, stem cell regulators, etc.

e Somatic neural stem cells are therapeutically plastic since they are capable to
adapt their fate and function(s) to specific environmental needs occurring as a

result of different pathological conditions.



NEURAL TISSUE

EMBRYONIC

NEURAL

> STEMCELLS
[ ]

Differentiation Plasticity

ES CELLS Cell fusion

Lineage reprogramming:

—
TISSUE IPS CELLS * Transdetermination

SKIN and
FAT TISSUE

BONE MARROW

4

» Transdifferentiation

MESENCHYMAL

f

STEM CELLS

HEMATOPOIETI

CSTEM CELLS

l

REMYELINATION and
NEURONAL RESCUE

Therapeutic Plasticity
Cell replacement
Bystander effect: e
» Neurotrophic support

« Anti-inflammatory effect

NEURO PROTECTION

—> IMMUNOMODULATION

Nat Rev Neurol, 2010
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