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Active neurogenesis= a process that generates functional neurons from neural 
progenitor and/or stem cells (NPCs), occurs throughout life in discrete brain regions of all 
mammals, including humans 
 
Adult neurogenesis recapitulates the complete process of neuronal development in a mature 
CNS environment, from proliferation and neuronal fate specification of NPCs, through 
differentiation, migration and targeting of neurons, to synaptic integration and survival 
of new neurons 



The	  olfactory	  bulb	  
	  

	  the	  first	  brain	  region	  involved	  in	  the	  processing	  of	  olfactory	  informa8on	  	  

Lledo et al., Physiol Rev 2004 
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Olfactory bulb neurogenesis 
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Published papers on adult neurogenesis per quinquennium. The graph shows the accumulated papers published from 
1960 onward, searched in PubMed with the search terms “adult” AND (“neurogenesis” OR “stem cells”). The asterisks 
show the total number of papers, and the filled squares show those papers with the term “human” in their title. 
 
Sierra et al. Front. Neurosci. 2011 



Marin and Rubenstein, Nature Reviews Neuroscience 2001 

LGE 

Embryonic development of olfactory bulb interneurons  
 

Mice	  OB	  
Embryonic	  development	  (E12-‐E18)	  
	  
1.  FormaBon	  of	  output	  neurons	  from	  local	  progenitors	  
	  
2.	  	  	  	  	  MigraBon	  of	  interneuron	  precursors	  from	  LGE	  

3.	  	  	  	  	  	  Beginning	  at	  embryonic	  day	  17,	  olfactory	  sensory	  
neurons	  expressing	  the	  same	  OR	  gene	  converge	  onto	  
the	  same	  glomerulus	  

	  
Early	  postnatal	  development	  	  
Peack	  of	  interneuron	  neurogenesis	  
	  
Adult	  life	  
ConBnuos	  neurogenesis	  	  	  



Adult olfactory bulb neurogenesis 

1.  The neurogenic niche 
proliferation/stem cell maintenance 

RMS 

ventricular–subventricular zone 
(V–SVZ) 

Differentiation and integration 
into fully mature circuits !!! 



Whitman	  and	  Greer	  2009	  



Doetsch, 2003, Curr Opin Genet Dev   

1. The SVZ neurogenic niche 

SVZ stem cells can also generate oligodendrocytes in vitro- in vivo also generate a small number of 
nonmyelinating NG2-positive OPCs and mature myelinating oligodendrocytes.  
 

•  Adult neural progenitor cells share 
many features of astrocytes  

migrate into corpus callosum, striatum, 
and fimbria fornix 

Ascl1	  

Astrocytes	  producBon	  has	  been	  reported	  in	  injured	  brain	  



Neurogenic niche in the SVZ 

Lim et al., 2000 Neuron 

Peretto et al., 2004 Neuroscience 

Noggin 

Noggin 

Noggin 

Noggin 



Platel & Bordey 2016 

B1 

B2 

radial glia-like 
morphology 

niche astrocytes 

à type B and C cells are uniquely 
poised to receive signals from the 
vasculature, like hormones and 
growth factors. 

cilium 



!!!à always use a combination of markers 
to identify the quiescent vs activated  
V–SVZ NPCs 



Nature Neurosci 2005 

à GABA is a key player regulating multiple steps of adult neurogenesis 

à  Cell–cell interactions in the adult SVZ.  
GABA released from neuroblasts (NB) negatively regulates the proliferation of NPCs.  
 



SVZ-neuroblasts migration (tangential migration-glial tubes) 

GFAP/PSA-NCAM 

RMS 

RAT  Bonfanti and Theodosis, 1994 Neuroscience 
 Peretto et al., 1997 Brain Res Bull  

 
MOUSE  Lois and Alvarez Buylla, 1996 Science 



Stereotaxic injection 
of fluorescent dyes: 
Ctb 
Cell tracker green 





Figure 2 Parasagittal sections of the 
forebrain of newborn mice 1–2 (A,B), 3–4 
(C,D), and 6 (E,F) days postinjection. 
 
 
 
(A) Numerous CTb labeled cells migrating 
in the rostral migratory stream 1–2 
days post injection.  
(B) In the olfactory bulb of a 1–2-daypost 
injection animal, only a few scattered 
cells have left the RMS and entered the 
granule cell layer.  
(C) At 3–4 days postinjection labeled 
cells are present throughout the granule 
cell layer and scattered cells are present in 
the external plexiform and glomerular 
layers. 
(D) Nuclear counterstaining of the same 
section in (C) showing the 
position of the bulb layers.  
(E) Six days postinjection; labeled cells are 
distributed widely throughout 
the bulb.  
(F) Higher magnification of the insert in (F) 
showing dye-labeled juxtaglomerular 
neurons. 
 



Neuronal	  migraBon	  in	  the	  RMS	  
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Tissue explants 
In vitro assay 

Chiaramello et al., EJN 2007 



Adult neural stem/ 
progenitor cell 

Neuroblast 
(young neuron) 

Neuron (newborn  
mature neuron) 

LV 
RMS 

OB 

RMS = Rostal migratory stream 

LV = Lateral vetricle 

SVZ 

SVZ = Subventricular zone 

	  	  

Neurochemical phenotypes  
of OB GABAergic interneurons 

OB = Olfactory bulb 
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Generation of cellular diversity in the OB 





Equivalent stem cells 
generate multiple 

neuron types 
OR 

Different stem cells 
generate specific 

neuron types 

Model of SVZ stem cell potential 



(Merkle et al., 2004) 

P0 

Adult neural stem cells are derived from radial glia present in the neonatal (P0) mouse brain 

RGCs have a unique morphology that 
allows them to be targeted specifically 

Adenovirus expressing Cre recombinase (Ad:Cre) 
injected into green fluorescent protein (GFP) reporter (Z/EG)  
mice, infected radial glia and their progeny 
become permanently labeled with GFP 
 



Specific target of radial glia and of adult SVZ stem cells they 
generate 



NSC are regionally specified in both the neonatal and adult SVZ 
 

àdifferent types of OB interneurons are derived  
from different locations in the SVZ  

 



Cheuk Ka Tong and Arturo Alvarez-Buylla 
SnapShot Neuron 2014 

A mosaic of early specified neural stem/progenitor cells contribute  
to the different OB interneurons phenotype 

The	  olfactory	  bulb	  
	  



2015  

The embryonic progenitors of B1 cells are 
produced during mid-fetal  development 
(E13.5–E15.5) and remained relatively 
quiescent until they were reactivated in post-
natal life. 
 


