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Το Δόγμα  

- "In the adult centers the nerve paths are something fixed, ended 
and immutable. Everything may die, nothing may be regenerated.“ 
Santiago Ramon y Cajal 
 
“Ο ενήλικος εγκέφαλος δεν έχει τη δυνατότητα να δημιουργεί 
νέους Νευρώνες”  

Golgi staining Drawing of Golgi-stained cerebelum by Ramón y Cajal 

Δομή Νευρικού Κυττάρου Ο Νευρικός Ιστός δομείται από περίπλοκα  

δίκτυα Νευρικών Κυττάρων 



Altman and Das, 1965 

Το Δόγμα κλονίζεται!  



20 years ago… 
Eriksson et al., Nature 1998 

Το Δόγμα καταρρέει εντελώς!  



20 years ago… 
Eriksson et al., Nature 1998 

Το Δόγμα καταρρέει εντελώς!  

• The study provided strong evidence for the presence of adult neurogenesis in 
humans 
• It did not enable any quantitative estimates 
• … whether adult neurogenesis decreased with primate evolution, and whether the 
extent of this process in humans is sufficient to have any functional impact 



The extent of neurogenesis  
in different regions of the adult brain 



Adult neurogenesis in the subgranular zone of the dentate gyrus in the hippocampus 
Νευρογένεση στην υποκοκκιώδη ζώνη της οδοντωτής έλικας του ιπποκάμπου 



Adult neurogenesis in the SGZ 



Adult Neural Stem Cells – Hippocampus (DG) 



Signals, Transcription Factors, and Epigenetic Regulators  
during Adult Hippocampal Neurogenesis 

Goncalves et al., Cell 2016 



Adult hippocampal neurogenesis and 
cognitive flexibility — linking memory 
and mood 
 
Cognitive flexibility: A cognitive process of executive function by 
which previously learned behavioral strategies can be modified to 
adapt to changes in environmental contingencies.  
Enables adaptation to new situations by switching from previously 
held beliefs or thoughts to new response strategies. 

Anacker & Hen, Nat Rev Neurosci 2017 



Human 

Posterior 

Anterior 

The hippocampus is a heterogeneous structure with gradually 
segregated functional differences along its dorso-ventral axis 



• Lesions of the dorsal 
hippocampus primarily 
impair cognition and 
spatial learning 

 

• In humans, the 
posterior 
hippocampus, which is 
analogous to the 
dorsal hippocampus in 
rodents, is larger in 
individuals who 
require a large 
capacity for processing 
spatial and contextual 
information, such as 
taxi drivers. 

 

Human 

Posterior 

Anterior 



Human 

Posterior 

Anterior 

• Lesions of the ventral 
hippocampus alter 
emotional behavior, 
social interactions and 
stress resilience  

 

• In humans, the 
anterior hippocampus, 
which is analogous to 
the ventral 
hippocampus in 
rodents, is smaller in 
unmedicated patients 
with depression and 
larger in 
antidepressant-treated 
patients than in 
healthy individuals 



The ventral hippocampus and the neural circuitry of mood and anxiety 

 DCX+ immature neurons 

 mature neurons 

Human 

Posterior 

Anterior 



Neurogenesis 
facilitates  
cognitive flexibility  
by allowing the 
formation of new 
distinct memory traces 

Hippocampal neurogenesis  
may be necessary for 
cognitive flexibility,  
as it allows the avoidance 
of interference between 
novel and previously 
formed memories 

MEMORY TRACES 



• The hippocampus has repeatedly been implicated in learning and 
memory, as well as in the behavioral response to stress and in the 
pathophysiology of mood disorders.  

• Adult neurogenesis in the DG has been proposed to regulate information 
processing in the hippocampus, and young neurons may contribute to the 
circuitry both by integrating new information and by inhibiting the activity 
of the dense network of mature granule cells.  

• This inhibitory effect of adult-born neurons may be important to erase 
previously established, fear-associated memories and to allow new, non-
fear-associated memories to be formed instead (cognitive flexibility).  

• At the same time, inhibition may facilitate sparse encoding of new 
information (pattern separation).  

• Increasing neurogenesis or enhancing cognitive flexibility may thus 
represent promising new treatment strategies for patients with 
compromised DG gyrus function, facilitating efficient stress recovery and 
preventing or counteracting the development of chronic 
psychopathology. 

To sum up… 



Questioning human neurogenesis 

March 2018 

Neurons are born in the brain’s hippocampus throughout 
adulthood in mammals, contributing to the region’s 
functions in memory and mood. But a study now 
questions whether this phenomenon really extends to 
humans. 



NeuN DCX DAPI 

birth adult 



Human tissue collection 
37 post-mortem specimens from controls 
22 post-operative neurosurgical specimens from patients with epilepsy 
18–77 years of age 
 
For infant cases, when the brain was at full term (37–40 gestational weeks) and autopsy 
was performed within two days after birth, we refer to the case as ‘birth’ 



Human DG proliferation declines sharply during infancy 
and a layer of proliferating progenitors does not form in the SGZ 

The number of Ki-67+Sox1+ or Ki-67+Sox2+ cells decreased in the hilus during the first year 
of life, but these cells did not form a discrete layer beneath the GCL at any of the ages 
studied. 



The number of young neurons declines in the human DG 
from infancy into childhood 



The SGZ forms during 
macaque development but 
new neurons are rare in 
adults 



• The authors observed the highest number of proliferating cells and young 
immature neurons during the first year of life in the dentate gyrus (DG) 

• A sharp age-dependent decrease in the number of these cells was 
reported.  

• Only a few isolated young neurons were observed by 7 and 13 years of 
age.  

• No young neurons were detected in the DG of adult patients with 
epilepsy or healthy adults. 

• A similar age-dependent reduction was also seen in rhesus macaques. 

• If neurogenesis continues in the adult human hippocampus, this is a rare 
phenomenon, raising questions of how human DG plasticity differs from 
other species in which adult hippocampal neurogenesis is abundant.  

• Interestingly, a lack of neurogenesis in the hippocampus has been 
suggested for aquatic mammals (dolphins, porpoises and whales), species 
known for their large brains, longevity and complex behaviour.  

• Understanding the limitations of adult neurogenesis in humans and other 
species is fundamental to interpreting findings from animal models. 

To sum up… 



One month later… 



April 2018 

Human tissue 
collection 
28 postmortem 
hippocampal tissue 
samples derived from 
healthy adults  
14-79 years of age 



Even old brains can make new neurons…  
But new neurons in older brains may make fewer connections 



Fewer Quiescent Neural 
Progenitors and Stable 
Proliferating Intermediate 
Neural Progenitors in Aging 
Human Dentate Gyrus 

• Sox2+ QNP pool was smaller in the 
anterior-mid DG of older people  

 
• Nestin+ and Sox2/Nestin+ INP type 

I-II cells were not fewer in older 
humans in anterior, mid or 
posterior DG 

 
• Ki-67+ cells  unchanged between 

14 and 79 years of age 



Fewer PSA-NCAM+ cells in 
aging human DG 

• PSA-NCAM was detected in neural 
cells with immature, bipolar, and 
pyramidal morphology  

 
• PSA-NCAM/DCX marker of 

neuroblasts 
  
• PSA-NCAM marker of 

neuroplasticity 
 

• PSA-NCAM+ mature GNs were all 
fewer in anterior DG with older age 

 Decline in neuroplasticity 



Age-associated DG 
angiogenesis decline and 
stable DG volume 

• smaller total capillary area 
and length and shorter and 
less branched capillaries 
correlating with fewer PSA-
NCAM+ cells selectively in 
anterior-mid DG 

Number of  
capillaries 

Capillary 
length 

Capillary 
area 

DG volume 



• Pools of quiescent stem cells are smaller in aged human hippocampal DG 

 

• Proliferating progenitor and immature neuron pools are stable with aging 

 

• The older brains had less vascular development 

 

• The neurons in older hippocampi expressed lower levels of proteins 
associated with plasticity, or the formation of new neural connections 

 

• Granule neurons, glia, and DG volume are unchanged with aging 

 

• Young and old brains produce thousands of new neurons, but neurons 
might be less able to form connections in old brains 

 

To sum up… 



Controversy, evidence and 
remaining questions… 

Adult human hippocampal neurogenesis 
exists or not? 







• Technical issues:  

 the limitations of marker studies 

 quantitative aspects (stereology) 

• Conceptual contexts 

 potential species differences (fig.) 

 functional aspects 

 evolutionary considerations 





• different mammalian species might have developed different solutions to 
the problem of how to provide a critical population of highly plastic cells 
to the network 

• the balance between retained neurogenic potential from proliferating 
progenitor cells or from a reservoir of pre-generated, highly excitable 
cells might also vary between human individuals 

• this balance is likely to change across the lifespan 

• If the duration of the window of plasticity lengthens with age, extremely 
low numbers of proliferating cells could still contribute to a reservoir of 
plastic cells that sustain the required functionality 

• the process of adult neurogenesis may somewhat parallel what occurs in 
the female reproductive system of mammals, where all stem cell 
proliferation that generates the population of egg cells occurs very early in 
life 

• there might also be a ‘‘neurogenic menopause,’’ in which the potential is 
used up, and this might indeed contribute to age-related cognitive decline 



• There is currently no reason to abandon the idea that 
adult-generated neurons make important functional 
contributions to neural plasticity and cognition across 
the human lifespan. 

 
• There is a clear need for additional ways to study the 

generation of new neurons in adult humans. 



Thank you 


