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Dear Editor, 

 

We read with great interest the recent review article by Isabel Maurus and 

colleagues [1], which succinctly summarizes the main beneficial effects of aerobic 

exercise on negative and cognitive symptoms in schizophrenia and the key 

neurobiological mechanisms that may underpin these effects. The authors rightly 

highlight, among other mechanisms, the upregulation of brain-derived neurotrophic 

factor (BDNF) together with structural changes associated with aerobic exercise. 

Neurogenesis is a key aspect of structural plasticity and a wealth of experimental 

knowledge has accumulated on the robust neurogenesis-inducing effects of physical 

activity in rodents. Moreover, decreased cell proliferation in the dentate gyrus was 

found in schizophrenia, thereby providing strong, but not conclusive, evidence that 

reduced neurogenesis forms part of the underlying disease process in the brain [2]. 

We therefore think that, in their review, the authors may have been overly cautious in 

their discussion of the generation of new neurons in the adult hippocampus. This is 

likely due to a recent report that has cast doubt on the persistence of neurogenesis in 

the adult human dentate gyrus [3]. Considering the wide readership of The European 

Archives of Psychiatry and Clinical Neuroscience among students, clinical academics, 

and researchers, this letter is intended to provide, in brief form, some perspective on 

this important debate.  

 

At the beginning of the 20th century, Ramon y Cajal famously proclaimed that "nerve 

paths are something fixed and immutable: everything may die, nothing may be 

regenerated." Ever since then, the concept of neurogenesis has met with both healthy 

skepticism, and occasionally, entrenched resistance. In the end, this has resulted in 
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important new technical and scientific insights such as showing that DNA synthesis 

and incorporation of thymidine analogue BrdU is not confined to de novo 

neurogenesis, but may also occur in damaged and dying neurons [e.g., 4]. Similarly, 

it quickly became apparent that cell proliferation as such is not a reliable indicator of 

neurogenesis because the survival of newly generated cells can be independent of 

increased cell proliferation [5, 6]. Furthermore, even in the subgranular zone, cell 

proliferation is not restricted to neural stem and progenitor cells. In response, the field 

has undertaken enormous efforts to characterize developmental stages of 

neurogenesis through time-course studies using BrdU together with sequential 

immunohistochemistry of markers of neuronal maturation [e.g., 7, 8]. Alongside this, 

new techniques such as retroviral labeling and whole-cell recordings have been 

brought to bear to demonstrate that new neurons become functionally integrated into 

hippocampal circuitry [9]. The persistence of neurogenesis in the human dentate gyrus 

into old age has been described by multiple groups, and it is probably fair to say that, 

to a certain extent, the study by Sorrells and colleagues represents an outlier [3]. 

Generally speaking, immunohistochemistry of postmortem human brain is notoriously 

challenging, and even small deviations from an established protocol may have huge 

effects. Therefore, technical issues such as, inter alia, duration of fixation, fixative, and 

use of anatomical references together with the use of unbiased stereology deserve 

exquisite attention. Recent painstaking reports published in response to Sorrells and 

co-workers [10, 11] combined human brain samples obtained under highly 

standardized conditions with state-of-the-art tissue processing together with 

meaningful control experiments [11]. The new study by Moreno-Jiménez and 

colleagues provides convincing evidence for high numbers of immature neurons in the 

dentate gyrus in healthy aging [11]. Importantly, the authors highlight crucial 
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methodological differences that may explain, at least in part, the discrepancy of their 

results with the results reported by Sorrells et al. [3, 11]. Furthermore, additional 

approaches beyond mere histology such as BrdU birth dating [12] and incorporation 

of nuclear bomb test derived 14C [13] add to a confluence of evidence for 

neurogenesis occurring in the adult human hippocampus. Finally, high yields of 

progenitor cells can be cultured from adult human postmortem hippocampus [14].  

 

In the aggregate, we believe that the preponderance of the evidence clearly indicates 

that neurogenesis persists in the adult human dentate gyrus. It will be interesting to 

see how the field will overcome the considerable technical, ethical, and scientific 

challenges to elucidating further the role of neurogenesis in the adult human dentate 

gyrus and how it relates to neuropsychiatric disorders.  
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