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All processes in the body of animals can be divided into three groups. 

Developmental processes are responsible for the formation of tissues and 

organs via the addition of new cells and their differentiation into the proper 

cell types to ensure correct organ and tissue functionality. Adult processes 

are responsible for the maintenance of organ and tissue functionality, in part

via the replacement of burnout cells. And aging processes that are 

characterized by the decline of tissue and organ functionality, often 

coinciding with cell loss. There is no sharp boundary between these 

processes and they smoothly transfer from one into another. Adult 

hippocampal neurogenesis (AHN) in the mammalian brain appears to be a 

late developmental process supported by neural transit cells (NTCs) that 

never advances into the adult process stage ( Bonfanti, 2016 ; Lipp and 

Bonfanti, 2016 ). 

Postnatal hippocampal neurogenesis was discovered by Altman and Das in 

laboratory rats in 1965 ( Altman and Das, 1965 ). They showed that 

neurogenesis could be observed in rat brains up to the age of 8 months. The 

term “ adult neurogenesis” was introduced by Goldman and Nottebohm in 

1983 to describe neurogenesis in the adult female canary brain ( Goldman 

and Nottebohm, 1983 ). Now this term is ubiquitously used to describe 

hippocampal neurogenesis in the adult mammalian brain. According to 

current understanding, new neurons in the hippocampus are produced by 

neural stem cells (NSC) located in the subgranular zone (SGZ) in the dentate 

gyrus (DG) ( Balu and Lucki, 2009 ; Ming and Song, 2011 ; Gonçalves et al., 

2016 ). However, the comparison of adult neurogenesis with other adult 
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stem cell-supported processes shows that AHN is a profoundly different 

process. 

AHN is best studied in mice and therefore, we will use mostly data obtained 

in mice in this opinion paper. Laboratory mice live in a fairly unchanging 

environment. The mice often live in the same cages, same rooms, same 

day/night schedule, with the same cage partners all their lives. This should 

result in steady neuronal activity in the mouse brain that, as we might 

expect, would require a stable rate of granule cell replacement. And yet, the 

rate of neurogenesis decreases exponentially during the entire adult mouse 

life and never reaches a steady rate ( Ben Abdallah et al., 2010 ; Smith and 

Semënov, 2019 ). The decrease of AHN with age was first noticed by Altman 

and Das in rats ( Altman and Das, 1965 ). Later this decrease was reported in

many other mammalian species ( Seki and Arai, 1995 ; Kuhn et al., 1996 ; 

Drapeau and Nora Abrous, 2008 ; Morgenstern et al., 2008 ; Lee et al., 2012

; Apple et al., 2017 ; Mosher and Schaffer, 2017 ; Smith et al., 2017 ) 

showing that it is an intrinsic feature of AHN. This is in contrast to adult 

renewal processes in blood, epidermis, and small intestine epithelia which 

proceed at a steady rate during the entire adult mouse life. 

Somatic cells in the epidermis and small intestine epithelia are steadily 

replaced multiple times during the mouse lifespan. To achieve this, new 

somatic cells are added to the epidermis near the basal cell layer and to the 

intestinal epithelia near the base of the crypt. Over time these cells move 

toward the external layer of the epidermis or the tip of the small intestine 

villi where they undergo programmed cell death (PCD). Thus, the site of new 
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cell addition and the site of PCD are located at the opposite side of these 

tissues allowing steady renewal of all cells. In contrast, new neurons are 

added to the inner surface of the granule cell layer ( Morgenstern et al., 2008

; Mathews et al., 2010 ) and PCD is also observed in the same place ( Biebl et

al., 2000 ; Sun et al., 2004 ). The rate of PCD decreases with the decrease in 

the AHN rate ( Sun et al., 2004 ), showing that it is newly added neurons and

neural precursors undergoing PCD. New cell addition and PCD at the same 

location show that AHN is not capable of supporting the continuous renewal 

of all neurons in the granular cell layer. 

From the age of 30 days to the age of 2. 5 years, about 1. 5 million neural 

precursors are produced in the SGZ ( Smith and Semënov, 2019 ). About 

80% or more of these precursors will differentiate into new neurons (Figure 

4D in Encinas et al., 2011 ). This number of new neurons is sufficient to 

replace all neurons in the DG about two times during the mouse lifespan. 

However, it appears that most neurons produced during brain development 

in the DG are preserved during the entire mouse lifespan and new neurons 

produced by AHN are added to the inner surface of the granule cell layer (

Ninkovic et al., 2007 ; Imayoshi et al., 2008 ). The measured extent of this 

addition varies from about 10% ( Imayoshi et al., 2008 ), to 7% ( Ninkovic et 

al., 2007 ) or 10, 000 new cells (about 2%) ( Lagace et al., 2007 ). Thus, out 

of 1. 5 million new neural progenitors, only 50, 000 or so are able to 

incorporate into the DG as new neurons. Such large attrition, 97%, clearly 

shows that new neurons produced by AHN are not destined to replace old 

granular cells in the DG but rather provide a continuous supply of new 

neurons to complete the functional development of the DG. 
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The idea that adult neurogenesis is supported by stem cells located in or 

nearby the SGZ comes from studies of blood, skin, and intestinal epithelia 

renewal. In these tissues, stem cells serve as the ultimate source of all new 

cells. Therefore, when RGL cells were identified as the source of new neurons

and glial cells in the DG, they had been proposed to be NSCs ( Nacher et al., 

2001 ; Seri et al., 2001 ). The presence of NSCs in the SGZ was questioned 

less than a half year after their identification. When performing in vitro clonal

analysis of stem cells in the SGZ and the subventricular zone (SVZ), Seaberg 

and van der Kooy came to a conclusion that the SGZ contains no NCSs but 

rather restricted neuronal progenitors with “ very limited self-renewal ability”

( Seaberg and van der Kooy, 2002 ). Due to a possibility that the condition 

for stem cell cultivation used in this study was not optimal for stem cells 

from the SGZ, this conclusion was not appropriately considered at the time. 

Stem cell is a functional term and only cells that possess stem cell 

characteristics could be named as such ( Potten and Loeffler, 1990 ). Stem 

cells are defined by four key characteristics ( Potten and Loeffler, 1990 ). 

(1) Self-maintenance is the defining characteristic among them. Only cells 

that proliferate and are able to maintain their identity can be named as stem

cells. Population analysis of RGL cell proliferation shows that RGL cells divide

about three times in <7 days and after that convert into astrocytes ( Encinas

et al., 2011 ). Continued live imaging shows that RGL cells divide 2–3 times 

in less than a week and after that lose markers of RGL cells ( Pilz et al., 2018

). The number of RGL cells in the mouse brain decreases 100 times from the 

age of 3 weeks to the age of 24 months ( Encinas et al., 2011 ), showing that
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at least 99% of RGL cells could not maintain themselves or their identity. 

This is in contrast to epidermal and intestinal stem cells that maintain their 

number and activity throughout the life of the mouse ( Stern and 

Bickenbach, 2007 ; Giangreco et al., 2008 ; Nalapareddy et al., 2017 ). Thus, 

RGL cells possess no self-maintenance ability. 

(2) The ability to produce a large family of differentiated functional cells. 

Population analysis of RGL cell proliferation shows that each RGL cell 

produces only about a dozen progenitors ( Encinas et al., 2011 ). Continued 

live imaging shows that each RGL cell, on average, produce 12 progenies in 

about 2 weeks ( Pilz et al., 2018 ). Thus, RGL cells do not have the ability to 

produce a large family of differentiated functional cells. 

(3) The ability to regenerate tissue following injury. The presence of stem 

cells in skin and intestinal epithelia is clearly manifested by wound healing, 

in bones by healing of fractures, and in blood by reconstituting blood loss 

due to bleeding or blood donation. All of these healing processes are 

apparent and unambiguously show the presence of stem cells in these 

tissues ( Ge and Fuchs, 2018 ). On the other hand, there is no evidence 

demonstrating that the damaged DG can self-repair. In that respect, the DG 

is similar to other parts of the adult mammalian brain that are not able to 

regenerate after the damage. Thus, RGL cells show no ability to regenerate 

the DG following injury. 

(4) The undifferentiated state. RGL cells are highly differentiated cells with 

complex morphology; they contain radial processes that are about 60–80 um

in length ending by elaborate arborization ( Gebara et al., 2016 ). 
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Thus, RGL cells have none of defining characteristics of stem cells. At the 

same time, they have all properties expected from NTCs. They are able to 

produce a limited number of progenitors during a limited time, and in the 

process, lose their identity and ability to proliferate. In addition, Potten and 

Loeffler predict that transit cells in the absence of stem cells could not 

maintain their population and must gradually disappear. The number of RGL 

cells decreases about 100 fold from the age of 3 weeks to the age of 24 

months ( Encinas et al., 2011 ), confirming that RGL cells have this 

characteristic of NTCs. Stem cells are responsible for the replenishment of 

the transit cell population and maintain it at the stable level ( Potten and 

Loeffler, 1990 ). Therefore, the decrease of RGL cell numbers also indicates 

that the SGZ contains no active NSCs that are able to produce replacements 

for used up RGL cells. 

While AHN is different from the adult stem cell driven tissue renewal 

processes, it has all the hallmarks of late developmental processes. At the 

end of development, embryonic stem cells produce the last batch of transit 

cells (TCs). These TCs in turn produce the last batch of somatic cell 

precursors. These precursors migrate to the sites of integration and try to 

integrate into the forming structures. The majority of these cells undergo 

PCD, and only a small fraction of them successfully integrate because the 

organs and tissues are almost completely formed by this time. Cell 

overproduction is required in order to be certain that organs and tissues are 

formed with the proper size and cell composition to be fully functional. This 

overproduction is very characteristic of the nervous system where many new

neurons and neuronal connections are eliminated at the end of development.
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The major characteristics of these late developmental processes include: the

decline of new precursor production with time; cell addition being directed at

the completion of organ or tissue formation not at the replacement of burned

out cells; new cells mostly undergo PCD; and PCD is observed at the site of 

new cell incorporation. AHN has all these characteristics. 

Late developmental processes are usually quick and do not extend into the 

adulthood. The extension of AHN that often spans the entire life of mammals,

the use of very specialized RGL cells, the complex regulation of RGL cell 

proliferation that allows them to persist for a long time in an inactive state, 

and the response of AHN to changes in the environment all show that AHN 

cannot be regarded as a simple extension of juvenile developmental 

processes into the adult age ( Bonfanti, 2016 ; Lipp and Bonfanti, 2016 ) but 

rather that it is a distinct stage in the DG development. 

AHN is a developmental process and therefore it ought to support postnatal 

brain development. There is practically only one developmental process that 

occurs in the postnatal mammalian brain and it is cognitive development. 

The innate cognitive abilities of mammalian brains, including humans, are 

limited to a number of reflexes and brain cognitive development occurs 

mostly after birth in direct interaction with the environment. Newborns show 

a remarkable rate of new cognitive skills acquisition. With age, the rate 

decreases through childhood, adolescence and adulthood and it can become 

unnoticeable in the elderly. Thus, cognitive development follows the 

neurogenesis dynamics from the highest rate in youth and follows a steady 

decline with age. Anti-cancer systemic chemotherapy and cranial radiation 
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therapy leads to cognitive impairment. The most severe effect is observed in

children, especially young children ( Mulhern et al., 2004 , 2005 ; 

Pendergrass et al., 2018 ). Experiments in mice show that anti-cancer 

therapy decreases adult neurogenesis and causes cognitive impairment in 

mice ( Rola et al., 2004 ; Dietrich et al., 2015 ; Rendeiro et al., 2016 ). Thus, 

cognitive impairment is more severe in young children who have a higher 

rate of adult neurogenesis ( Monje and Dietrich, 2012 ). Manipulations of 

adult neurogenesis in mice and other experimental animals show that adult 

neurogenesis is implicated in cognitive functions of the brain ( Couillard-

Despres et al., 2011 ; Oomen et al., 2014 ; Costa et al., 2015 ). There is also 

data showing that some human cognitive development diseases are 

associated with decreased adult neurogenesis [reviewed in ( Bowers and 

Jessberger, 2016 )]. Thus, it is plausible that adult neurogenesis plays a role 

in the cognitive development of the mammalian brain. To distinguish this 

role of AHN, we are proposing to name it “ cognitive neurogenesis.” 

The use of laboratory mice to study the role of cognitive neurogenesis has 

conceptual limitations. Laboratory mice are not exposed to practically any 

challenges that wild mice are, therefore, their cognitive development 

remains dismal. Any challenge, for example a cognitive test, enriched 

environment, running wheel, and so on, are unfamiliar to the mice and 

require expansion of their cognitive skills. The acquisition of new cognitive 

skills affects neurogenesis. Thus, almost any test will show some 

dependence or an effect on neurogenesis. However, it is impossible to 

distinguish if the effect is due to the acquisition of new cognitive skills or the 

performance of the task. This conclusion can be illustrated by the role of AHN
https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
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in the spatial memory formation. It is well-established from experiments with

laboratory mice that adult neurogenesis is necessary for spatial memory 

formation ( Snyder et al., 2005 ; Dupret et al., 2008 ; Clelland et al., 2009 ). 

At the same time, adult neurogenesis is absent in many bats (Chiroptera) (

Amrein et al., 2007 ). Bats are foraging animals that fly long distances in 

search for food or to known sources of food. If adult neurogenesis is indeed 

required for the formation of spatial memory, one would expect robust adult 

neurogenesis in bats and its absence very surprising ( Amrein et al., 2007 ). 

On the other hand, neurogenesis might be required only for the acquisition 

of cognitive skills needed for navigation/spatial separation. These skills could

be acquired by bats at a young age and after that neurogenesis becomes 

irrelevant to their navigational abilities. Thus, the use of mice in experiments

does not allow for us to distinguish the role of neurogenesis in the acquisition

of cognitive skills required to perform tasks and the role of neurogenesis 

required to perform these tasks. 

Cognitive neurogenesis is a development process and therefore, its most 

immediate and plausible therapeutic use can be expected in the field of 

intellectual developmental disorders. The use for the treatment of cognitive 

disorders and cognitive aspects of mental disorders could also be 

perspective. Cognitive enhancement and treatment of cognitive decline in 

the elderly might also be viewed as a perspective direction. At the same 

time, expectations need to be lowered that cognitive neurogenesis could 

serve as the source of new neurons and glial cells for brain repair and 

regeneration after traumatic brain injury, stroke, neurodegenerative diseases

and other adverse events ( Peng and Bonaguidi, 2018 ). Cognitive 
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neurogenesis is supported by NTCs that are capable only of a limited 

production of neural precursors and therefore, it lacks intrinsic capacity for 

the neuron production sufficient for the extensive brain repair/restoration. 

The continuation of cognitive neurogenesis in the adult mammalian brain 

shows that brain cognitive development relies not only on the modulation of 

synaptic connections in existing neuronal circuits but also requires changes 

of these circuits by incorporation of new neurons. Neurogenesis in the adult 

brain could be observed not only in mammals but in other vertebrate (

Chapouton et al., 2007 ; Kempermann, 2015 ; Alunni and Bally-Cuif, 2016 ), 

showing that the requirement of neurogenesis for cognitive development 

might be a common trend in all vertebrate thus allowing us to conclude that 

only a continuously developing brain may properly adopt to a continuously 

changing world. 

Data Availability 
All data generated or analyzed during this study are included in this 

published article. 

Author Contributions 
MS contributed to the conceptualization of the study, the sources curation 

and analysis, the writing and preparation of the original draft, and the 

review, and editing of the manuscript. 

Funding 
This study was supported by the Janet and Edward Gildea Charitable 

Foundation and is the result of work supported with resources and the use of

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 12

facilities at the Edith Nourse Rogers Memorial Veterans Hospital, Bedford, 

Massachusetts, United States of America. 

Conflict of Interest Statement 
The author declares that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential 

conflict of interest. 

Acknowledgments 
We thank R. E. Fine, J. P. Morin, J. M. Wells, E. Hanlon, and other members of 

New England Geriatric Research Education and Clinical Center for critical 

discussions. 

References 
Altman, J., and Das, G. D. (1965). Autoradiographic and histological evidence 

of postnatal hippocampal neurogenesis in rats. J. Comp. Neurol. 124, 319–

335. 

Alunni, A., and Bally-Cuif, L. (2016). A comparative view of regenerative 

neurogenesis in vertebrates. Dev. Camb. Engl. 143, 741–753. doi: 10. 

1242/dev. 122796 

Amrein, I., Dechmann, D. K. N., Winter, Y., and Lipp, H.-P. (2007)., Absent or 

low rate of adult neurogenesis in the hippocampus of bats (Chiroptera). PLoS

ONE 2: e455. doi: 10. 1371/journal. pone. 0000455 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 13

Apple, D. M., Solano-Fonseca, R., and Kokovay, E. (2017). Neurogenesis in 

the aging brain. Biochem. Pharmacol. 141, 77–85. doi: 10. 1016/j. bcp. 2017. 

06. 116 

Balu, D. T., and Lucki, I. (2009). Adult hippocampal neurogenesis: regulation, 

functional implications, and contribution to disease pathology. Neurosci. 

Biobehav. Rev. 33, 232–252. doi: 10. 1016/j. neubiorev. 2008. 08. 007 

Ben Abdallah, N. M., Slomianka, L., Vyssotski, A. L., and Lipp, H.-P. (2010). 

Early age-related changes in adult hippocampal neurogenesis in C57 mice. 

Neurobiol. Aging 31, 151–161. doi: 10. 1016/j. neurobiolaging. 2008. 03. 002 

Biebl, M., Cooper, C. M., Winkler, J., and Kuhn, H. G. (2000). Analysis of 

neurogenesis and programmed cell death reveals a self-renewing capacity in

the adult rat brain. Neurosci. Lett. 291, 17–20. doi: 10. 1016/S0304-

3940(00)01368-9 

Bonfanti, L. (2016). Adult neurogenesis 50 years later: limits and 

opportunities in mammals. Front. Neurosci. 10: 44. doi: 10. 3389/fnins. 2016.

00044 

Bowers, M., and Jessberger, S. (2016). Linking adult hippocampal 

neurogenesis with human physiology and disease. Dev. Dyn. 245, 702–709. 

doi: 10. 1002/dvdy. 24396 

Chapouton, P., Jagasia, R., and Bally-Cuif, L. (2007). Adult neurogenesis in 

non-mammalian vertebrates. Bioessays 29, 745–757. doi: 10. 1002/bies. 

20615 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 14

Clelland, C. D., Choi, M., Romberg, C., Clemenson, G. D., Fragniere, A., Tyers,

P., et al. (2009). A functional role for adult hippocampal neurogenesis in 

spatial pattern separation. Science 325, 210–213. doi: 10. 1126/science. 

1173215 

Costa, V., Lugert, S., and Jagasia, R. (2015). Role of adult hippocampal 

neurogenesis in cognition in physiology and disease: pharmacological 

targets and biomarkers. Handb. Exp. Pharmacol. 228, 99–155. doi: 10. 

1007/978-3-319-16522-6_4 

Couillard-Despres, S., Iglseder, B., and Aigner, L. (2011). Neurogenesis, 

cellular plasticity and cognition: the impact of stem cells in the adult and 

aging brain–a mini-review. Gerontology 57, 559–564. doi: 10. 

1159/000323481 

Dietrich, J., Prust, M., and Kaiser, J. (2015). Chemotherapy, cognitive 

impairment and hippocampal toxicity. Neuroscience 309, 224–232. doi: 10. 

1016/j. neuroscience. 2015. 06. 016 

Drapeau, E., and Nora Abrous, D. (2008). Stem cell review series: role of 

neurogenesis in age-related memory disorders. Aging Cell 7, 569–589. doi: 

10. 1111/j. 1474-9726. 2008. 00369. x 

Dupret, D., Revest, J.-M., Koehl, M., Ichas, F., De Giorgi, F., Costet, P., et al. 

(2008). Spatial relational memory requires hippocampal adult neurogenesis. 

PLoS ONE 3: e1959. doi: 10. 1371/journal. pone. 0001959 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 15

Encinas, J. M., Michurina, T. V., Peunova, N., Park, J.-H., Tordo, J., Peterson, D.

A., et al. (2011). Division-coupled astrocytic differentiation and age-related 

depletion of neural stem cells in the adult hippocampus. Cell Stem Cell 8, 

566–579. doi: 10. 1016/j. stem. 2011. 03. 010 

Ge, Y., and Fuchs, E. (2018). Stretching the limits: from homeostasis to stem 

cell plasticity in wound healing and cancer. Nat. Rev. Genet. 19, 311–325. 

doi: 10. 1038/nrg. 2018. 9 

Gebara, E., Bonaguidi, M. A., Beckervordersandforth, R., Sultan, S., Udry, F., 

Gijs, P.-J., et al. (2016). Heterogeneity of radial glia-like cells in the adult 

hippocampus. Stem Cells Dayt. Ohio 34, 997–1010. doi: 10. 1002/stem. 2266

Giangreco, A., Qin, M., Pintar, J. E., and Watt, F. M. (2008). Epidermal stem 

cells are retained in vivo throughout skin aging. Aging Cell 7, 250–259. doi: 

10. 1111/j. 1474-9726. 2008. 00372. x 

Goldman, S. A., and Nottebohm, F. (1983). Neuronal production, migration, 

and differentiation in a vocal control nucleus of the adult female canary 

brain. Proc. Natl. Acad. Sci. U. S. A. 80, 2390–2394. 

Gonçalves, J. T., Schafer, S. T., and Gage, F. H. (2016). Adult neurogenesis in 

the hippocampus: from stem cells to behavior. Cell 167, 897–914. doi: 10. 

1016/j. cell. 2016. 10. 021 

Imayoshi, I., Sakamoto, M., Ohtsuka, T., Takao, K., Miyakawa, T., Yamaguchi, 

M., et al. (2008). Roles of continuous neurogenesis in the structural and 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 16

functional integrity of the adult forebrain. Nat. Neurosci. 11, 1153–1161. doi: 

10. 1038/nn. 2185 

Kempermann, G. (2015). Adult neurogenesis: an evolutionary perspective. 

Cold Spring Harb. Perspect. Biol. 8: a018986. doi: 10. 1101/cshperspect. 

a018986 

Kuhn, H. G., Dickinson-Anson, H., and Gage, F. H. (1996). Neurogenesis in 

the dentate gyrus of the adult rat: age-related decrease of neuronal 

progenitor proliferation. J. Neurosci. 16, 2027–2033. 

Lagace, D. C., Whitman, M. C., Noonan, M. A., Ables, J. L., DeCarolis, N. A., 

Arguello, A. A., et al. (2007). Dynamic contribution of nestin-expressing stem 

cells to adult neurogenesis. J. Neurosci. Off. J. Soc. Neurosci. 27, 12623–

12629. doi: 10. 1523/JNEUROSCI. 3812-07. 2007 

Lee, S. W., Clemenson, G. D., and Gage, F. H. (2012). New neurons in an 

aged brain. Behav. Brain Res. 227, 497–507. doi: 10. 1016/j. bbr. 2011. 10. 

009 

Lipp, H.-P., and Bonfanti, L. (2016). Adult neurogenesis in mammals: 

variations and confusions. Brain. Behav. Evol. 87, 205–221. doi: 10. 

1159/000446905 

Mathews, E. A., Morgenstern, N. A., Piatti, V. C., Zhao, C., Jessberger, S., 

Schinder, A. F., et al. (2010). A distinctive layering pattern of mouse dentate 

granule cells is generated by developmental and adult neurogenesis. J. 

Comp. Neurol. 518, 4479–4490. doi: 10. 1002/cne. 22489 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 17

Ming, G.-L., and Song, H. (2011). Adult neurogenesis in the mammalian 

brain: significant answers and significant questions. Neuron 70, 687–702. 

doi: 10. 1016/j. neuron. 2011. 05. 001 

Monje, M., and Dietrich, J. (2012). Cognitive side effects of cancer therapy 

demonstrate a functional role for adult neurogenesis. Behav. Brain Res. 227, 

376–379. doi: 10. 1016/j. bbr. 2011. 05. 012 

Morgenstern, N. A., Lombardi, G., and Schinder, A. F. (2008). Newborn 

granule cells in the ageing dentate gyrus. J. Physiol. 586, 3751–3757. doi: 10.

1113/jphysiol. 2008. 154807 

Mosher, K. I., and Schaffer, D. V. (2017). Influence of hippocampal niche 

signals on neural stem cell functions during aging. Cell Tissue Res. 371, 115–

124. doi: 10. 1007/s00441-017-2709-6 

Mulhern, R. K., Merchant, T. E., Gajjar, A., Reddick, W. E., and Kun, L. E. 

(2004). Late neurocognitive sequelae in survivors of brain tumours in 

childhood. Lancet Oncol. 5, 399–408. doi: 10. 1016/S1470-2045(04)01507-4 

Mulhern, R. K., Palmer, S. L., Merchant, T. E., Wallace, D., Kocak, M., 

Brouwers, P., et al. (2005). Neurocognitive consequences of risk-adapted 

therapy for childhood medulloblastoma. J. Clin. Oncol. Off. J. Am. Soc. Clin. 

Oncol. 23, 5511–5519. doi: 10. 1200/JCO. 2005. 00. 703 

Nacher, J., Rosell, D. R., Alonso-Llosa, G., and McEwen, B. S. (2001). NMDA 

receptor antagonist treatment induces a long-lasting increase in the number 

of proliferating cells, PSA-NCAM-immunoreactive granule neurons and radial 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 18

glia in the adult rat dentate gyrus. Eur. J. Neurosci. 13, 512–520. doi: 10. 

1046/j. 0953-816x. 2000. 01424. x 

Nalapareddy, K., Nattamai, K. J., Kumar, R. S., Karns, R., Wikenheiser-

Brokamp, K. A., Sampson, L. L., et al. (2017). Canonical Wnt signaling 

ameliorates aging of intestinal stem cells. Cell Rep. 18, 2608–2621. doi: 10. 

1016/j. celrep. 2017. 02. 056 

Ninkovic, J., Mori, T., and Götz, M. (2007). Distinct modes of neuron addition 

in adult mouse neurogenesis. J. Neurosci. 27, 10906–10911. doi: 10. 

1523/JNEUROSCI. 2572-07. 2007 

Oomen, C. A., Bekinschtein, P., Kent, B. A., Saksida, L. M., and Bussey, T. J. 

(2014). Adult hippocampal neurogenesis and its role in cognition. Wiley 

Interdiscip. Rev. Cogn. Sci. 5, 573–587. doi: 10. 1002/wcs. 1304 

Pendergrass, J. C., Targum, S. D., and Harrison, J. E. (2018). Cognitive 

impairment associated with cancer: a brief review. Innov. Clin. Neurosci. 15, 

36–44. 

Peng, L., and Bonaguidi, M. A. (2018). Function and dysfunction of adult 

hippocampal neurogenesis in regeneration and disease. Am. J. Pathol. 188, 

23–28. doi: 10. 1016/j. ajpath. 2017. 09. 004 

Pilz, G.-A., Bottes, S., Betizeau, M., Jörg, D. J., Carta, S., Simons, B. D., et al. 

(2018). Live imaging of neurogenesis in the adult mouse hippocampus. 

Science 359, 658–662. doi: 10. 1126/science. aao5056 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 19

Potten, C. S., and Loeffler, M. (1990). Stem cells: attributes, cycles, spirals, 

pitfalls and uncertainties. Lessons for and from the crypt. Dev. Camb. Engl. 

110, 1001–1020. 

Rendeiro, C., Sheriff, A., Bhattacharya, T. K., Gogola, J. V., Baxter, J. H., Chen,

H., et al. (2016). Long-lasting impairments in adult neurogenesis, spatial 

learning and memory from a standard chemotherapy regimen used to treat 

breast cancer. Behav. Brain Res. 315, 10–22. doi: 10. 1016/j. bbr. 2016. 07. 

043 

Rola, R., Raber, J., Rizk, A., Otsuka, S., VandenBerg, S. R., Morhardt, D. R., et 

al. (2004). Radiation-induced impairment of hippocampal neurogenesis is 

associated with cognitive deficits in young mice. Exp. Neurol. 188, 316–330. 

doi: 10. 1016/j. expneurol. 2004. 05. 005 

Seaberg, R. M., and van der Kooy, D. (2002). Adult rodent neurogenic 

regions: the ventricular subependyma contains neural stem cells, but the 

dentate gyrus contains restricted progenitors. J. Neurosci. Off. J. Soc. 

Neurosci. 22, 1784–1793. doi: 10. 1523/JNEUROSCI. 22-05-01784. 2002 

Seki, T., and Arai, Y. (1995). Age-related production of new granule cells in 

the adult dentate gyrus. Neuroreport 6, 2479–2482. 

Seri, B., García-Verdugo, J. M., McEwen, B. S., and Alvarez-Buylla, A. (2001). 

Astrocytes give rise to new neurons in the adult mammalian hippocampus. J.

Neurosci. Off. J. Soc. Neurosci. 21, 7153–7160. doi: 10. 1523/JNEUROSCI. 21-

18-07153. 2001 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/



 Adult hippocampal neurogenesis is a deve... – Paper Example  Page 20

Smith, K., and Semënov, M. V. (2019). The impact of age on number and 

distribution of proliferating cells in subgranular zone in adult mouse brain. 

IBRO Rep. 6, 18–30. doi: 10. 1016/j. ibror. 2018. 12. 002 

Smith, L. K., White, C. W., and Villeda, S. A. (2017). The systemic 

environment: at the interface of aging and adult neurogenesis. Cell Tissue 

Res. 371, 105–113. doi: 10. 1007/s00441-017-2715-8 

Snyder, J. S., Hong, N. S., McDonald, R. J., and Wojtowicz, J. M. (2005). A role 

for adult neurogenesis in spatial long-term memory. Neuroscience 130, 843–

852. doi: 10. 1016/j. neuroscience. 2004. 10. 009 

Stern, M. M., and Bickenbach, J. R. (2007). Epidermal stem cells are resistant 

to cellular aging. Aging Cell 6, 439–452. doi: 10. 1111/j. 1474-9726. 2007. 

00318. x 

Sun, W., Winseck, A., Vinsant, S., Park, O., Kim, H., and Oppenheim, R. W. 

(2004). Programmed cell death of adult-generated hippocampal neurons is 

mediated by the proapoptotic gene Bax. J. Neurosci. 24, 11205–11213. doi: 

10. 1523/JNEUROSCI. 1436-04. 2004 

https://assignbuster.com/adult-hippocampal-neurogenesis-is-a-
developmental-process-involved-in-cognitive-development/


	Adult hippocampal neurogenesis is a developmental process involved in cognitive d...
	Data Availability
	Author Contributions
	Funding
	Conflict of Interest Statement
	Acknowledgments
	References


