
Endogenous proliferation of 
neuronal progenitor cells in 

neurological diseases



Neurogenesis

• Neuronal regeneration in the CNS negated for a long time
Autoradiographic and histological evidence of postnatal 
hippocampal neurogenesis in rats (Altman & Das, J Comp
Neurol. 1965)

• Active neurogenesis in different species (mice, rats, 
rabbits, monkeys) detected
Demonstration of neurogenesis in the adult human 
hippocampus (Ericsson et al., Nat Med. 1998)

• Up to 6% new generated granule neurons in the rats
dentate gyrus every month (Cameron & McCay, J Comp
Neurol2001)



Neurogenesis

• Regions of adult neurogenesis: 

Olfactory bulb
Subventricular zone
Subgranular zone of Gyrus dentatus
additional areas difficult to replicate consistently
(neocortex, striatum, amygdala, substantia nigra)



Neurogenesis- negative factors

• Age (Leuner et al., PNAS 2007)
• Corticosteroids (Cameron et al., Neuroscience1994)
• Stress 

stressful experiences (Tanapat et al., Int J Dev Neurosci
1998)
prenatal stress by acoustic arousal (Coe et al., Biol
Psychiatry2003)
social isolation (Stranahan et al., Nat Neurosci2003)
sleep deprivation (Mirescu et al., PNAS 2006)



Neurogenesis- positive factors

• Associative learning (Gould et al., Nat Neurosci1999)
Females do even better (Dalla et al., PNAS 2009)

• Enriched environment (Kempermann et al., Nature 1997)
can partly compensate age related decline (Kempermann at 
al., J Neurosci1998)

• Exercise (van Praag et al., Nat Neurosci1999)



Neurogenesis- pharmacologic stimuli

• Lithium and chronic treatment with
antidepressants (5HT-reuptake inhibitors) 
increase neurogenesis (Chen et al., J 
Neurochem2000; Malberg et al., J Neurosci
2000)



Neurogenesis and brain injury

• Increased neurogenesis has been observed in 
different diseases
transient focal ischemia (Iwai et al., J Cereb Blood Flow
Metab2002)
temporal lobe epilepsy (Bluemcke et al., Hippocampus 
2001)
traumatic brain injury (Dash et al., J Neurosci Res 2001)
hypoxic-ischemic encephalopathy (Mattiesen et al., Acta 
Neuropathol2009)
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• Bacterial meningitis is associated with profound neuronal 
damage.

• Mortality 25% (S. pneumoniae)
• Long term neurological sequelae in survivors (hearing

impairment, learning difficulties, seizures …)
• Bilateral hippocampal atrophy in humans
• Histological signs of necrosis (Cortex) and apoptosis

(Hippocampus)



Neuronal injury in bacterial meningitis

In situ tailing of apoptotic neurons in the dentate
Rabbit model of S. pneumoniae meningitis



Neurogenesis in bacterial meningitis

• Mouse model of S. pneumoniae Meningitis
C57BL/6 mice

injection of 104 CFU in 10 µl NaCl 0,9% into right forebrain (n=35); 
sterile saline for controls (n=30)
antibiotic treatment started 24h later with ceftriaxone 100 mg/kg tw/d
sc. For 5 days
testing for physical impairment by tight rope test



Proliferative activity

• Injection of BrdU (50 mg/kg ip.) on day 2, 6, 10, 16 resp. 
(n=6 per group), 3h-intervalls for 12h before sacrifice

• Assessment of long term survival of newly generated
neurons by BRDU-injection (50 mg/kg ip.) tw/d for 4 
days; sacrifice after 4 weeks (n=6 per group)

• Detection of BrdU-labeled cells and neuronal markers by
immunohistochemistry



BrdU-incorporation

Journal of Neuroscience Research 73:441–446 (2003)



BrdU-incorporation and neuronal 
differentiation

Journal of Neuroscience Research 73:441–446 (2003)



Neurogenesis in bacterial meningitis

• Neurogenesis is a common feature also in experimental 
bacterial meningitis.

• Increased cell proliferation and expression of neuronal 
markers has been demonstraed meanwhile in human 
meningitis cases too (Gerber et al., Neurology2009).

• Since neurogenesis is susceptible to treatment
(pharmacological, exercise), new therapeutic approaches
for neuroprotection and neurorehabilitation are possible.  


