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Abstract
Acute or chronic injury to the adult brain often results in substantial loss of
neural tissue and subsequent permanent functional impairment. Over the last
two decades, a number of approaches have been developed to harness the
regenerative potential of neural stem cells and the existing fate plasticity of
neural cells in the nervous system to prevent tissue loss or to enhance
structural and functional regeneration upon injury. Here, we review recent
advances of stem cell-associated neural repair in the adult brain, discuss
current challenges and limitations, and suggest potential directions to foster the
translation of experimental stem cell therapies into the clinic.
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Introduction
Similar to the rest of the body, the brain is constantly at risk of 
damage through either acute or chronic injury. The long-standing 
assumption has been that the capacity for regeneration is strongly 
limited in the adult mammalian brain compared with other tissues 
such as the skin, liver, or intestines. In line with this, the mamma-
lian brain is not able to simply regrow lost structures that are dam-
aged during deleterious events such as ischemic stroke or traumatic 
brain injury. However, there is substantial functional restoration 
with acute or chronic injury because of the ability of surviving neu-
ral structures to take over at least partially the previous functions 
of lost tissues. This becomes clear, for example, with patients who 
have left-hemispheric strokes and may initially suffer from motor 
or sensory aphasia: with extensive training and rehabilitation, 
a substantial number of patients regain their ability to speak and 
communicate1. Similarly, the brain can compensate functionally 
for massive loss of neural tissue before the consequences become  
apparent2. For example, it is considered that more than 80% of 
all dopaminergic neurons in the substantia nigra are lost before 
Parkinsonian symptoms appear3. Thus, the restorative potential of 
the adult mammalian brain to repair itself—at least functionally—
certainly exists.

However, at the same time, these endogenous repair mecha-
nisms have clear limitations, leaving a substantial percentage of 
patients with acute or chronic injury of the adult brain with per-
manent functional deficits. Thus, novel strategies need to be devel-
oped to ameliorate the course of degenerative or traumatic brain 
diseases. Substantial efforts have been made to either recruit or 
enhance endogenous repair mechanisms or to ameliorate brain 
function in the disease context by providing exogenous cells using 
transplantation4,5. Here, we focus exclusively on current approaches 
and ideas for how endogenous neural stem cells (NSCs) or other 
neural cells may be used to enhance brain repair.

Neurogenic permissiveness in the adult brain
Already in the mid-1960s, first reports suggested that the genera-
tion of neurons in the mammalian brain is not limited to embry-
onic or early postnatal periods but that the adult brain retains the 
capacity to generate new neurons6–8. These findings were met with 
large skepticism because they challenged a long-standing dogma 
in the neurosciences stating that no new neurons may be born after 
the end of embryonic and early postnatal development9,10. It took 
another 30 years and the advent of novel techniques to unequivo-
cally identify newborn neurons in the adult brain before the process 
of lifelong neurogenesis in the mammalian brain became broadly 
accepted11,12. However, the generation of new neurons is not wide-
spread but appears to be restricted to distinct areas of the adult brain. 
One of those regions is the hippocampus, a key brain structure that, 
simplified, serves to regulate the sorting of certain experiences into 
long- and short-term memory and that has been identified as a neu-
rogenic area permitting for the lifelong addition of dentate gyrus 
(DG) granule cells13,14.

The finding that NSCs persist even in the adult brain spurred tremen-
dous efforts with the aim to recruit endogenous NSCs for enhanced 
brain repair upon injury. In addition, the fact that new neurons that 
are born throughout life with the possibility to functionally integrate 

into pre-existing circuitries gave rise to new hope that restoration 
of neural circuits via transplantation approaches using exogenous 
NSCs or other neural cells may be feasible in principle. Here, we 
review multiple facets of how stem cell-associated processes may 
be harnessed for future regenerative approaches. Furthermore, we 
discuss how characterizing the neurogenic process in the adult brain 
may help to improve our understanding of disease etiology and pro-
gression and how this understanding may help to develop novel 
strategies to treat diseases of the adult brain.

Targeting endogenous neurogenesis for brain repair
NSCs generate new neurons in discrete regions of the adult brain15. 
In the rodent brain, two main neurogenic areas have been identified. 
One of those is the subventricular zone (SVZ) lining the lateral ven-
tricles where NSCs give rise to newborn cells that migrate along the 
rostral migratory stream toward the olfactory bulb (OB), where they 
differentiate into different types of olfactory neurons16,17. Whereas 
SVZ/OB neurogenesis is very substantial in the rodent brain, the 
neurogenic activity of the SVZ seems extremely reduced or absent 
in the human brain18,19. This is in contrast to the second main neuro-
genic area: the hippocampal DG, where NSCs give rise throughout 
life to DG granule cells20. Multiple lines of evidence suggest that 
also in the human hippocampus a substantial number of neurons are 
born throughout life and that as a result a substantial part of the DG 
granule cell population is generated during postnatal life21,22.

At the top of the neurogenic lineage stand largely quiescent NSCs, 
called type-B cells in the SVZ and type-1 or radial glia-like NSCs 
in the DG, that have a number of astrocytic properties (such as 
expression of astroglial markers and vascular end-feet)16,23,24. Upon 
activation, through extrinsic and intrinsic signals, radial glia-like 
NSCs enter the cell cycle and give rise to more proliferative type-C 
cells (SVZ) or type-2 cells (DG) generating neuroblasts that even-
tually differentiate into newborn neurons and integrate into the 
DG or OB circuits over the course of several weeks25–30. Notably, 
the levels of neurogenesis in the adult brain are dynamically regu-
lated with a number of positive (e.g., physical activity, learning, 
and environmental enrichment) and negative (e.g., stress, aging, 
and inflammation) regulators through a number of intrinsic and 
extrinsic factors13,31–40. Furthermore, it has been shown that hippoc-
ampal neurogenesis is substantially altered in a number of animal 
disease models13. For example, neurogenesis is reduced in animal 
models of major depression but enhanced upon treatment with cer-
tain antidepressants such as selective serotonin reuptake inhibitors 
(SSRIs)41–44. Strikingly, adult hippocampal neurogenesis seems to 
be required for at least some aspects of the antidepressant efficacy 
of SSRIs in animal models of depression45. These effects may not 
strictly qualify as “neural repair”, but it is reasonable to consider 
endogenous neurogenesis, in this case enhanced through antide-
pressants, as support of the improperly functioning brain to rebuild 
its correct connectivity.

Another example where altered neurogenesis in the adult DG may 
contribute to the disease process is temporal lobe epilepsy (TLE). 
In animal models of TLE, substantial changes in the levels of neu-
rogenesis (acutely: enhanced; chronically: reduced) and strongly 
abnormal modes of neuronal integration (i.e. aberrant migration and 
ectopic synapse formation) have been described, suggesting that 
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seizure-induced neurogenesis may contribute to the process of epi-
leptogenesis and TLE-associated co-morbidities such as cognitive 
impairment46–52. However, there is also evidence that altered neuro-
genesis in animal models of TLE may rather represent an attempt 
of the injured brain to repair itself by balancing excess excitation 
that occurs in animal models of TLE53. Be that as it may, targeting 
neurogenesis either to prevent abnormal and ectopic neurogenesis 
or to foster regenerative neurogenesis in the context of TLE may 
reduce the development of seizures or reduce co-morbidities asso-
ciated with later stages of TLE such as hippocampus-dependent 
cognitive decline54.

Furthermore, a large number of chronic neurodegenerative diseases, 
such as Alzheimer’s disease, have been associated with reduced 
neurogenesis that may participate in the progression of observed 
behavioral phenotypes of these diseases13. Thus, future approaches 
will aim to enhance neurogenesis with the goal of either partially 
stopping disease progression or ameliorating secondary cognitive 
symptoms.

Without any doubt, the basic understanding of the function of adult 
neurogenesis needs to be characterized in much more detail to 
understand its potential role in disease processes. Newborn neurons 
are involved in a number of learning tasks and cognitive processes55–59. 
In addition, there is now ample evidence that hippocampal neu-
rogenesis is also associated with emotional control60,61. However, 
it is still rather unclear when and how new neurons fulfill their 
action, even though accumulating data suggest that the period of 
heightened excitability may be critical for the effects of adult-born 
neurons on circuit activity27,28,62–64. Notably, it is currently believed 
not just that the purpose of hippocampal neurogenesis is simply to 
replace other neurons but that the key function of neurogenesis may 
be to provide young and excitable new neurons65. This may be in 
contrast to lifelong neurogenesis in the SVZ/OB, where, in rodents, 
the continuous generation of new neurons is also critically involved 
in proper tissue homeostasis66. Despite recent progress67,68, we still 
miss mechanistic data explaining the role of physiological neuro-
genesis that may be important to guide future experiments with the 
aim to harness the endogenous stem cell-associated potential for 
neural repair.

Overall, the role for endogenous SVZ/OB neurogenesis in the con-
text of human neural repair is less clear given the strong evidence 
that the neurogenic niche in the human SVZ underlies very sub-
stantial changes during the early postnatal periods that may not 
support lifelong neurogenesis19,69. Furthermore, novel technologi-
cal approaches (such as C14-based birth dating of neurons) suggest 
that no or only extremely few new neurons are integrated into the 
human OB during adulthood18. In addition, ischemic stroke (that 
is sufficient to trigger at least transient neurogenesis in the rodent 
striatum) apparently does not lead to substantial formation of new 
neurons in the human cortex70–72. However, these findings clearly 
do not rule out the potential for SVZ-associated neurogenesis also 
in the human brain. In fact, a recent study showed that, despite the 
virtual absence of neurogenesis in the human OB, substantial num-
bers of newborn neurons could be detected in the human striatum 
that become substantially depleted in patients with Huntington’s 

disease, suggesting that neurogenesis outside the DG and SVZ/OB 
may be involved in human disease73. However, it appears that new-
born striatal neurons are generated by local neurogenic astroglial 
cells and are not derived by NSCs residing in the SVZ73–75. Future 
studies will have to aim to identify the molecular and cellular details 
of striatal neurogenesis in rodents and humans.

Neural stem cell-based glial repair
Apart from approaches aiming to enhance endogenous neurogene-
sis for neuronal repair in the context of acute or chronic disease, the 
fate potential of endogenous NSCs also permits for targeting NSCs 
to support glial cell replacement and subsequent neural repair. In 
the rodent SVZ, it has been shown, for example, that demyelination 
leads to enhanced NSC-derived generation of oligodendrocytes that 
may help to remyelinate the injured brain upon lesion76,77. Similarly, 
induced generation of oligodendrocytes (that are not generated by 
DG NSCs under normal conditions) may represent an approach to 
induce remyelination of the DG circuitry for several demyelinating 
diseases such as multiple sclerosis or epilepsy78–81. However, poten-
tial therapeutic strategies aiming to use endogenous NSCs for glial 
repair are currently only beginning to be developed and additional 
evidence for their efficacy to improve brain function needs to be 
generated in rodent models of human disease.

Inducing neurogenesis outside the neurogenic 
niches
Physiological neurogenesis from NSCs may be extremely restricted 
in the human brain—potentially exclusively to the DG under physi-
ological conditions. However, recent evidence has shown that 
neural cells that are non-neurogenic under normal conditions may 
be amenable to exogenous reprogramming cues, allowing them 
to generate neuronal cells in vivo. This hypothesis was initially 
based on the fact that NSCs share many molecular and cellular fea-
tures with classical astrocytes that are found throughout the brain 
parenchyma16,82,83. Indeed, there is now compelling evidence that 
providing appropriate transcriptional cues is sufficient to induce 
neurogenesis throughout the cortex and other regions of the central 
nervous system84–93.

At this time, the main target population to ectopically induce the 
generation of newborn neurons are astrocytes. However, there is 
also evidence that other glial cells such as oligodendrocytes, oli-
godendrocyte precursor cells, or pericytes may be targeted to induce 
neurogenesis throughout the brain93–98. Apart from testing different 
cellular populations in the injured brain that may be used to gener-
ate new neurons, the generation of neuronal subtypes is a key inter-
est in the field with the idea to replace the exact neuronal subtype 
that may be preferentially lost in certain diseases (e.g., dopaminer-
gic neurons in the context of Parkinson’s disease)97,99. These experi-
ments are guided by pioneering work studying the mechanisms 
controlling brain development using cocktails or sequential overex-
pression of subtype-specific transcription factors. Furthermore, cur-
rent studies attempt to translate data that were generated by using 
in vitro fate specification approaches into the in vivo situation97,100. 
Thus, inducing neurogenesis with high spatial control in injured 
brain areas may represent a promising approach for targeted brain 
repair.
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Key challenges and future directions
The finding that NSCs persist in the brain throughout life has been 
the starting point for novel approaches to enhance brain repair 
(Figure 1). The applications for targeting NSCs are manifold and 
range from their potential involvement in the disease process (e.g., 
major depression) to their ability to generate new neuronal and glial 
cells (e.g., neurodegenerative diseases such as Alzheimer’s disease). 
In addition, approaches to induce neurogenesis outside physiologi-
cal neurogenic niches may be of translational value5,101. However, 
we are still only beginning to understand what it takes for new 
neurons to truly make a functional impact on the injured brain. 
Key to improving these approaches will be to identify the mecha-
nisms that regulate meaningful and proper integration into exist-
ing circuitries. This may be more feasible for some diseases where 
neurons may rather fulfill the function of providing neurotransmit-
ters such as dopamine, but potentially more challenging and further 

away from clinical applications if diffuse circuitries or complete 
brain areas are impaired or destroyed.

Apart from increasing our understanding of the potential of endog-
enous NSCs or other neural cells for brain repair, the detailed 
molecular and cellular characterization of these processes also 
may be helpful to guide and improve current attempts to amelio-
rate brain function upon injury using exogenous transplantation of 
NSCs or other neural cells4,101. The key questions, such as neuronal 
differentiation, control of growth, and proper neuronal integration, 
are shared between these two strategies (NSC activation versus 
transplantation-based approaches) to target endogenous neural 
cells and to support brain repair with exogenous cells. In addi-
tion, it is foreseeable that ongoing studies aiming to understand 
disease processes using human embryonic stem cells or induced 
pluripotent stem cell-based approaches not only will improve our 

Figure 1. Road to harnessing stem cells and reprogramming strategies for neural repair. Future experiments will relate basic research 
findings obtained mostly in laboratory animals to the analyses of human disease and eventually to the therapeutic targeting of endogenous 
neural stem cells, the improved use of transplantation-based cell replacement strategies, or the reprogramming of other neural cells with 
the aim to enhance the potential for repair of the adult human brain. The road toward translation may lead from understanding physiologic 
and disease-associated neurogenesis in humans and an improved understanding of the molecular and cellular mechanisms underlying 
the neurogenic process toward novel approaches to study human diseases in the dish and mouse models. Finally, the application of this 
knowledge may lead to enhanced recruitment of endogenous stem cells or improved functionality of transplants and reprogramming-based 
approaches for neural repair. hESC, human embryonic stem cell; iPSC, induced pluripotent stem cell.
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understanding of disease mechanisms but also may guide future 
strategies to enhance endogenous neural repair.

Abbreviations
DG, dentate gyrus; NSC, neural stem cell; OB, olfactory bulb; 
SSRI, selective serotonin reuptake inhibitor; SVZ, subventricular 
zone; TLE, temporal lobe epilepsy.

Competing interests
The author declares that he has no competing interests.

Grant information
The author declares that no grants were involved in supporting this 
work.

References F1000 recommended

1.	 Pedersen PM, Jørgensen HS, Nakayama H, et al.: Aphasia in acute stroke: 
incidence, determinants, and recovery. Ann Neurol. 1995; 38(4): 659–666. 
PubMed Abstract | Publisher Full Text 

2.	 Fjell AM, McEvoy L, Holland D, et al.: Brain changes in older adults at very low 
risk for Alzheimer’s disease. J Neurosci. 2013; 33(19): 8237–8242. 
PubMed Abstract | Publisher Full Text | Free Full Text 

3.	 Zigmond MJ, Abercrombie ED, Berger TW, et al.: Compensations after lesions 
of central dopaminergic neurons: some clinical and basic implications. 
Trends Neurosci. 1990; 13(7): 290–296. 
PubMed Abstract | Publisher Full Text 

4.	 Lindvall O, Kokaia Z: Stem cells for the treatment of neurological disorders. 
Nature. 2006; 441(7907): 1094–1096. 
PubMed Abstract | Publisher Full Text 

5.	 Jessberger S, Gage FH: Adult neurogenesis: bridging the gap between mice 
and humans. Trends Cell Biol. 2014; 24(10): 558–563. 
PubMed Abstract | Publisher Full Text 

6.	 ALTMAN J: Are new neurons formed in the brains of adult mammals? Science. 
1962; 135(3509): 1127–1128. 
PubMed Abstract | Publisher Full Text 

7.	 Altman J, Das GD: Post-natal origin of microneurones in the rat brain. Nature. 
1965; 207(5000): 953–956. 
PubMed Abstract | Publisher Full Text 

8.	 Kaplan MS, Hinds JW: Neurogenesis in the adult rat: electron microscopic 
analysis of light radioautographs. Science. 1977; 197(4308): 1092–1094. 
PubMed Abstract | Publisher Full Text 

9.	 Rakic P: Limits of neurogenesis in primates. Science. 1985; 227(4690): 
1054–1056. 
PubMed Abstract | Publisher Full Text 

10.	 Rakic P: Adult neurogenesis in mammals: an identity crisis. J Neurosci. 2002; 
22(3): 614–618. 
PubMed Abstract 

11.	 Gage FH: Mammalian neural stem cells. Science. 2000; 287(5457): 1433–1438. 
PubMed Abstract | Publisher Full Text 

12.	 Alvarez-Buylla A, Garcia-Verdugo JM: Neurogenesis in adult subventricular 
zone. J Neurosci. 2002; 22(3): 629–634. 
PubMed Abstract 

13.	 Zhao C, Deng W, Gage FH: Mechanisms and functional implications of adult 
neurogenesis. Cell. 2008; 132(4): 645–660. 
PubMed Abstract | Publisher Full Text 

14.	 Ming GL, Song H: Adult neurogenesis in the mammalian central nervous 
system. Annu Rev Neurosci. 2005; 28: 223–250. 
PubMed Abstract | Publisher Full Text 

15.	 Ming GL, Song H: Adult neurogenesis in the mammalian brain: significant 
answers and significant questions. Neuron. 2011; 70(4): 687–702. 
PubMed Abstract | Publisher Full Text 

16.	 Doetsch F, Caillé I, Lim DA, et al.: Subventricular zone astrocytes are neural 
stem cells in the adult mammalian brain. Cell. 1999; 97(6): 703–716. 
PubMed Abstract | Publisher Full Text 

17.	  Merkle FT, Mirzadeh Z, Alvarez-Buylla A: Mosaic organization of neural stem 
cells in the adult brain. Science. 2007; 317(5836): 381–384. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

18.	  Bergmann O, Liebl J, Bernard S, et al.: The age of olfactory bulb neurons in 
humans. Neuron. 2012; 74(4): 634–639. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

19.	  Sanai N, Nguyen T, Ihrie RA, et al.: Corridors of migrating neurons in 
the human brain and their decline during infancy. Nature. 2011; 478(7369): 
382–386. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

20.	 Eriksson PS, Perfilieva E, Björk-Eriksson T, et al.: Neurogenesis in the adult 
human hippocampus. Nat Med. 1998; 4(11): 1313–1317. 
PubMed Abstract | Publisher Full Text 

21.	  Spalding KL, Bergmann O, Alkass K, et al.: Dynamics of hippocampal 
neurogenesis in adult humans. Cell. 2013; 153(6): 1219–1227. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

22.	 Knoth R, Singec I, Ditter M, et al.: Murine features of neurogenesis in the human 
hippocampus across the lifespan from 0 to 100 years. PLoS One. 2010; 5(1): 
e8809. 
PubMed Abstract | Publisher Full Text | Free Full Text 

23.	 Seri B, García-Verdugo JM, McEwen BS, et al.: Astrocytes give rise to new 
neurons in the adult mammalian hippocampus. J Neurosci. 2001; 21(18): 
7153–7160. 
PubMed Abstract 

24.	 Kempermann G, Jessberger S, Steiner B, et al.: Milestones of neuronal 
development in the adult hippocampus. Trends Neurosci. 2004; 27(8): 447–452. 
PubMed Abstract | Publisher Full Text 

25.	 Carleton A, Petreanu LT, Lansford R, et al.: Becoming a new neuron in the adult 
olfactory bulb. Nat Neurosci. 2003; 6(5): 507–18. 
PubMed Abstract | Publisher Full Text 

26.	  van Praag H, Schinder AF, Christie BR, et al.: Functional neurogenesis in the 
adult hippocampus. Nature. 2002; 415(6875): 1030–1034. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

27.	  Ge S, Yang CH, Hsu KS, et al.: A critical period for enhanced synaptic 
plasticity in newly generated neurons of the adult brain. Neuron. 2007; 54(4): 
559–566. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

28.	  Schmidt-Hieber C, Jonas P, Bischofberger J: Enhanced synaptic plasticity in 
newly generated granule cells of the adult hippocampus. Nature. 2004; 429(6988): 
184–187. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

29.	 Zhao C, Teng EM, Summers RG Jr, et al.: Distinct morphological stages of 
dentate granule neuron maturation in the adult mouse hippocampus. 
J Neurosci. 2006; 26(1): 3–11. 
PubMed Abstract | Publisher Full Text 

30.	  Toni N, Teng EM, Bushong EA, et al.: Synapse formation on neurons born in 
the adult hippocampus. Nat Neurosci. 2007; 10(6): 727–734. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

31.	 Ehm O, Göritz C, Covic M, et al.: RBPJkappa-dependent signaling is essential 
for long-term maintenance of neural stem cells in the adult hippocampus. 
J Neurosci. 2010; 30(41): 13794–13807. 
PubMed Abstract | Publisher Full Text 

32.	  Knobloch M, Braun SM, Zurkirchen L, et al.: Metabolic control of adult neural 
stem cell activity by Fasn-dependent lipogenesis. Nature. 2013; 493(7431): 
226–230. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

33.	 Song J, Sun J, Moss J, et al.: Parvalbumin interneurons mediate neuronal 
circuitry-neurogenesis coupling in the adult hippocampus. Nat Neurosci. 2013; 
16(12): 1728–1730. 
PubMed Abstract | Publisher Full Text | Free Full Text 

34.	  Song J, Zhong C, Bonaguidi MA, et al.: Neuronal circuitry mechanism 
regulating adult quiescent neural stem-cell fate decision. Nature. 2012; 
489(7414): 150–154. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

35.	  Ma DK, Jang MH, Guo JU, et al.: Neuronal activity-induced Gadd45b 
promotes epigenetic DNA demethylation and adult neurogenesis. Science. 
2009; 323(5917): 1074–1077. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

Page 5 of 8

F1000Research 2016, 5(F1000 Faculty Rev):169 Last updated: 12 FEB 2016

http://www.ncbi.nlm.nih.gov/pubmed/7574464
http://dx.doi.org/10.1002/ana.410380416
http://www.ncbi.nlm.nih.gov/pubmed/23658162
http://dx.doi.org/10.1523/JNEUROSCI.5506-12.2013
http://www.ncbi.nlm.nih.gov/pmc/articles/4050197
http://www.ncbi.nlm.nih.gov/pubmed/1695406
http://dx.doi.org/10.1016/0166-2236(90)90112-N
http://www.ncbi.nlm.nih.gov/pubmed/16810245
http://dx.doi.org/10.1038/nature04960
http://www.ncbi.nlm.nih.gov/pubmed/25124338
http://dx.doi.org/10.1016/j.tcb.2014.07.003
http://www.ncbi.nlm.nih.gov/pubmed/13860748
http://dx.doi.org/10.1126/science.135.3509.1127
http://www.ncbi.nlm.nih.gov/pubmed/5886931
http://dx.doi.org/10.1038/207953a0
http://www.ncbi.nlm.nih.gov/pubmed/887941
http://dx.doi.org/10.1126/science.887941
http://www.ncbi.nlm.nih.gov/pubmed/3975601
http://dx.doi.org/10.1126/science.3975601
http://www.ncbi.nlm.nih.gov/pubmed/11826088
http://www.ncbi.nlm.nih.gov/pubmed/10688783
http://dx.doi.org/10.1126/science.287.5457.1433
http://www.ncbi.nlm.nih.gov/pubmed/11826091
http://www.ncbi.nlm.nih.gov/pubmed/18295581
http://dx.doi.org/10.1016/j.cell.2008.01.033
http://www.ncbi.nlm.nih.gov/pubmed/16022595
http://dx.doi.org/10.1146/annurev.neuro.28.051804.101459
http://www.ncbi.nlm.nih.gov/pubmed/21609825
http://dx.doi.org/10.1016/j.neuron.2011.05.001
http://www.ncbi.nlm.nih.gov/pubmed/10380923
http://dx.doi.org/10.1016/S0092-8674(00)80783-7
http://f1000.com/prime/1088565
http://www.ncbi.nlm.nih.gov/pubmed/17615304
http://dx.doi.org/10.1126/science.1144914
http://f1000.com/prime/1088565
http://f1000.com/prime/716947866
http://www.ncbi.nlm.nih.gov/pubmed/22632721
http://dx.doi.org/10.1016/j.neuron.2012.03.030
http://f1000.com/prime/716947866
http://f1000.com/prime/13334978
http://www.ncbi.nlm.nih.gov/pubmed/21964341
http://dx.doi.org/10.1038/nature10487
http://www.ncbi.nlm.nih.gov/pmc/articles/3197903
http://f1000.com/prime/13334978
http://www.ncbi.nlm.nih.gov/pubmed/9809557
http://dx.doi.org/10.1038/3305
http://f1000.com/prime/718018782
http://www.ncbi.nlm.nih.gov/pubmed/23746839
http://dx.doi.org/10.1016/j.cell.2013.05.002
http://www.ncbi.nlm.nih.gov/pmc/articles/4394608
http://f1000.com/prime/718018782
http://www.ncbi.nlm.nih.gov/pubmed/20126454
http://dx.doi.org/10.1371/journal.pone.0008809
http://www.ncbi.nlm.nih.gov/pmc/articles/2813284
http://www.ncbi.nlm.nih.gov/pubmed/11549726
http://www.ncbi.nlm.nih.gov/pubmed/15271491
http://dx.doi.org/10.1016/j.tins.2004.05.013
http://www.ncbi.nlm.nih.gov/pubmed/12704391
http://dx.doi.org/10.1038/nn1048
http://f1000.com/prime/1004671
http://www.ncbi.nlm.nih.gov/pubmed/11875571
http://dx.doi.org/10.1038/4151030a
http://f1000.com/prime/1004671
http://f1000.com/prime/1086994
http://www.ncbi.nlm.nih.gov/pubmed/17521569
http://dx.doi.org/10.1016/j.neuron.2007.05.002
http://www.ncbi.nlm.nih.gov/pmc/articles/2040308
http://f1000.com/prime/1086994
http://f1000.com/prime/1019114
http://www.ncbi.nlm.nih.gov/pubmed/15107864
http://dx.doi.org/10.1038/nature02553
http://f1000.com/prime/1019114
http://www.ncbi.nlm.nih.gov/pubmed/16399667
http://dx.doi.org/10.1523/JNEUROSCI.3648-05.2006
http://f1000.com/prime/1088869
http://www.ncbi.nlm.nih.gov/pubmed/17486101
http://dx.doi.org/10.1038/nn1908
http://f1000.com/prime/1088869
http://www.ncbi.nlm.nih.gov/pubmed/20943920
http://dx.doi.org/10.1523/JNEUROSCI.1567-10.2010
http://f1000.com/prime/717970920
http://www.ncbi.nlm.nih.gov/pubmed/23201681
http://dx.doi.org/10.1038/nature11689
http://www.ncbi.nlm.nih.gov/pmc/articles/3587167
http://f1000.com/prime/717970920
http://www.ncbi.nlm.nih.gov/pubmed/24212671
http://dx.doi.org/10.1038/nn.3572
http://www.ncbi.nlm.nih.gov/pmc/articles/4096812
http://f1000.com/prime/717952741
http://www.ncbi.nlm.nih.gov/pubmed/22842902
http://dx.doi.org/10.1038/nature11306
http://www.ncbi.nlm.nih.gov/pmc/articles/3438284
http://f1000.com/prime/717952741
http://f1000.com/prime/1145842
http://www.ncbi.nlm.nih.gov/pubmed/19119186
http://dx.doi.org/10.1126/science.1166859
http://www.ncbi.nlm.nih.gov/pmc/articles/2726986
http://f1000.com/prime/1145842


36.	  Ables JL, Decarolis NA, Johnson MA, et al.: Notch1 is required for 
maintenance of the reservoir of adult hippocampal stem cells. J Neurosci. 
2010; 30(31): 10484–10492. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

37.	 Lugert S, Basak O, Knuckles P, et al.: Quiescent and active hippocampal neural 
stem cells with distinct morphologies respond selectively to physiological and 
pathological stimuli and aging. Cell Stem Cell. 2010; 6(5): 445–456. 
PubMed Abstract | Publisher Full Text 

38.	 Gould E, Beylin A, Tanapat P, et al.: Learning enhances adult neurogenesis in 
the hippocampal formation. Nat Neurosci. 1999; 2(3): 260–265. 
PubMed Abstract | Publisher Full Text 

39.	 van Praag H, Kempermann G, Gage FH: Running increases cell proliferation 
and neurogenesis in the adult mouse dentate gyrus. Nat Neurosci. 1999; 2(3): 
266–270. 
PubMed Abstract | Publisher Full Text 

40.	 Kempermann G, Kuhn HG, Gage FH: More hippocampal neurons in adult mice 
living in an enriched environment. Nature. 1997; 386(6624): 493–495. 
PubMed Abstract | Publisher Full Text 

41.	 Sahay A, Hen R: Adult hippocampal neurogenesis in depression. Nat Neurosci. 
2007; 10(9): 1110–1115. 
PubMed Abstract | Publisher Full Text 

42.	 Wang JW, David DJ, Monckton JE, et al.: Chronic fluoxetine stimulates 
maturation and synaptic plasticity of adult-born hippocampal granule cells. 
J Neurosci. 2008; 28(6): 1374–1384. 
PubMed Abstract | Publisher Full Text 

43.	  David DJ, Samuels BA, Rainer Q, et al.: Neurogenesis-dependent and 
-independent effects of fluoxetine in an animal model of anxiety/depression. 
Neuron. 2009; 62(4): 479–493. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

44.	 Malberg JE, Eisch AJ, Nestler EJ, et al.: Chronic antidepressant treatment 
increases neurogenesis in adult rat hippocampus. J Neurosci. 2000; 20(24): 
9104–9110. 
PubMed Abstract 

45.	  Santarelli L, Saxe M, Gross C, et al.: Requirement of hippocampal 
neurogenesis for the behavioral effects of antidepressants. Science. 2003; 
301(5634): 805–809. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

46.	  Heinrich C, Nitta N, Flubacher A, et al.: Reelin deficiency and displacement 
of mature neurons, but not neurogenesis, underlie the formation of granule cell 
dispersion in the epileptic hippocampus. J Neurosci. 2006; 26(17): 4701–4713. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

47.	  Sierra A, Martín-Suárez S, Valcárcel-Martín R, et al.: Neuronal hyperactivity 
accelerates depletion of neural stem cells and impairs hippocampal 
neurogenesis. Cell Stem Cell. 2015; 16(5): 488–503. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

48.	 Jessberger S, Zhao C, Toni N, et al.: Seizure-associated, aberrant neurogenesis 
in adult rats characterized with retrovirus-mediated cell labeling. J Neurosci. 
2007; 27(35): 9400–9407. 
PubMed Abstract | Publisher Full Text 

49.	 Scharfman HE, Goodman JH, Sollas AL: Granule-like neurons at the hilar/CA3 
border after status epilepticus and their synchrony with area CA3 pyramidal 
cells: functional implications of seizure-induced neurogenesis. J Neurosci. 
2000; 20(16): 6144–6158. 
PubMed Abstract 

50.	 Scharfman HE, Hen R: Neuroscience. Is more neurogenesis always better? 
Science. 2007; 315(5810): 336–338. 
PubMed Abstract | Publisher Full Text | Free Full Text 

51.	 Parent JM, Yu TW, Leibowitz RT, et al.: Dentate granule cell neurogenesis is 
increased by seizures and contributes to aberrant network reorganization in 
the adult rat hippocampus. J Neurosci. 1997; 17(10): 3727–3738. 
PubMed Abstract 

52.	 Hattiangady B, Rao MS, Shetty AK: Chronic temporal lobe epilepsy is 
associated with severely declined dentate neurogenesis in the adult 
hippocampus. Neurobiol Dis. 2004; 17(3): 473–490. 
PubMed Abstract | Publisher Full Text 

53.	 Jakubs K, Nanobashvili A, Bonde S, et al.: Environment matters: synaptic 
properties of neurons born in the epileptic adult brain develop to reduce 
excitability. Neuron. 2006; 52(6): 1047–1059. 
PubMed Abstract | Publisher Full Text 

54.	 Jessberger S, Parent JM: Epilepsy and Adult Neurogenesis. Cold Spring Harb 
Perspect Biol. 2015; 7(12): pii: a020677. 
PubMed Abstract | Publisher Full Text 

55.	 Dupret D, Revest JM, Koehl M, et al.: Spatial relational memory requires 
hippocampal adult neurogenesis. PLoS One. 2008; 3(4): e1959. 
PubMed Abstract | Publisher Full Text | Free Full Text 

56.	  Akers KG, Martinez-Canabal A, Restivo L, et al.: Hippocampal neurogenesis 
regulates forgetting during adulthood and infancy. Science. 2014; 344(6184): 
598–602. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

57.	  Clelland CD, Choi M, Romberg C, et al.: A functional role for adult hippocampal 
neurogenesis in spatial pattern separation. Science. 2009; 325(5937): 210–213. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

58.	  Sahay A, Scobie KN, Hill AS, et al.: Increasing adult hippocampal 
neurogenesis is sufficient to improve pattern separation. Nature. 2011; 
472(7344): 466–470. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

59.	 Deng W, Aimone JB, Gage FH: New neurons and new memories: how does adult 
hippocampal neurogenesis affect learning and memory? Nat Rev Neurosci. 
2010; 11(5): 339–350. 
PubMed Abstract | Publisher Full Text | Free Full Text 

60.	 Saxe MD, Battaglia F, Wang JW, et al.: Ablation of hippocampal neurogenesis 
impairs contextual fear conditioning and synaptic plasticity in the dentate 
gyrus. Proc Natl Acad Sci U S A. 2006; 103(46): 17501–17506. 
PubMed Abstract | Publisher Full Text | Free Full Text 

61.	  Snyder JS, Soumier A, Brewer M, et al.: Adult hippocampal neurogenesis 
buffers stress responses and depressive behaviour. Nature. 2011; 476(7361): 
458–461. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

62.	 Wang S, Scott BW, Wojtowicz JM: Heterogenous properties of dentate granule 
neurons in the adult rat. J Neurobiol. 2000; 42(2): 248–257. 
PubMed Abstract | Publisher Full Text 

63.	  Arruda-Carvalho M, Sakaguchi M, Akers KG, et al.: Posttraining ablation of 
adult-generated neurons degrades previously acquired memories. J Neurosci. 
2011; 31(42): 15113–15127. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

64.	 Deng W, Mayford M, Gage FH: Selection of distinct populations of dentate 
granule cells in response to inputs as a mechanism for pattern separation in 
mice. eLife. 2013; 2: e00312. 
PubMed Abstract | Publisher Full Text | Free Full Text 

65.	  Aimone JB, Wiles J, Gage FH: Potential role for adult neurogenesis in the 
encoding of time in new memories. Nat Neurosci. 2006; 9(6): 723–727. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

66.	  Imayoshi I, Sakamoto M, Ohtsuka T, et al.: Roles of continuous 
neurogenesis in the structural and functional integrity of the adult forebrain. 
Nat Neurosci. 2008; 11(10): 1153–1161. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

67.	  Temprana SG, Mongiat LA, Yang SM, et al.: Delayed coupling to feedback 
inhibition during a critical period for the integration of adult-born granule 
cells. Neuron. 2015; 85(1): 116–130. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

68.	 Kropff E, Yang SM, Schinder AF: Dynamic role of adult-born dentate granule 
cells in memory processing. Curr Opin Neurobiol. 2015; 35: 21–26. 
PubMed Abstract | Publisher Full Text | Free Full Text 

69.	  Sanai N, Tramontin AD, Quiñones-Hinojosa A, et al.: Unique astrocyte ribbon 
in adult human brain contains neural stem cells but lacks chain migration. 
Nature. 2004; 427(6976): 740–744. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

70.	  Arvidsson A, Collin T, Kirik D, et al.: Neuronal replacement from endogenous 
precursors in the adult brain after stroke. Nat Med. 2002; 8(9): 963–970. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

71.	 Parent JM, Vexler ZS, Gong C, et al.: Rat forebrain neurogenesis and striatal 
neuron replacement after focal stroke. Ann Neurol. 2002; 52(6): 802–813. 
PubMed Abstract | Publisher Full Text 

72.	 Huttner HB, Bergmann O, Salehpour M, et al.: The age and genomic integrity of 
neurons after cortical stroke in humans. Nat Neurosci. 2014; 17(6): 801–803. 
PubMed Abstract | Publisher Full Text 

73.	  Ernst A, Alkass K, Bernard S, et al.: Neurogenesis in the striatum of the 
adult human brain. Cell. 2014; 156(5): 1072–1083. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

74.	 Nato G, Caramello A, Trova S, et al.: Striatal astrocytes produce neuroblasts 
in an excitotoxic model of Huntington’s disease. Development. 2015; 142(5): 
840–845. 
PubMed Abstract | Publisher Full Text 

75.	 Magnusson JP, Göritz C, Tatarishvili J, et al.: A latent neurogenic program 
in astrocytes regulated by Notch signaling in the mouse. Science. 2014; 
346(6206): 237–241. 
PubMed Abstract | Publisher Full Text 

76.	 Xing YL, Röth PT, Stratton JA, et al.: Adult neural precursor cells from the 
subventricular zone contribute significantly to oligodendrocyte regeneration 
and remyelination. J Neurosci. 2014; 34(42): 14128–14146. 
PubMed Abstract | Publisher Full Text 

77.	 Menn B, Garcia-Verdugo JM, Yaschine C, et al.: Origin of oligodendrocytes in 
the subventricular zone of the adult brain. J Neurosci. 2006; 26(30): 7907–7918. 
PubMed Abstract | Publisher Full Text 

78.	  Bonaguidi MA, Wheeler MA, Shapiro JS, et al.: In vivo clonal analysis reveals 
self-renewing and multipotent adult neural stem cell characteristics. Cell. 
2011; 145(7): 1142–55. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

79.	  Sun GJ, Zhou Y, Ito S, et al.: Latent tri-lineage potential of adult 
hippocampal neural stem cells revealed by Nf1 inactivation. Nat Neurosci. 
2015; 18(12): 1722–4. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

80.	 Braun SM, Pilz GA, Machado RA, et al.: Programming Hippocampal Neural 

Page 6 of 8

F1000Research 2016, 5(F1000 Faculty Rev):169 Last updated: 12 FEB 2016

http://f1000.com/prime/4963962
http://www.ncbi.nlm.nih.gov/pubmed/20685991
http://dx.doi.org/10.1523/JNEUROSCI.4721-09.2010
http://www.ncbi.nlm.nih.gov/pmc/articles/2935844
http://f1000.com/prime/4963962
http://www.ncbi.nlm.nih.gov/pubmed/20452319
http://dx.doi.org/10.1016/j.stem.2010.03.017
http://www.ncbi.nlm.nih.gov/pubmed/10195219
http://dx.doi.org/10.1038/6365
http://www.ncbi.nlm.nih.gov/pubmed/10195220
http://dx.doi.org/10.1038/6368
http://www.ncbi.nlm.nih.gov/pubmed/9087407
http://dx.doi.org/10.1038/386493a0
http://www.ncbi.nlm.nih.gov/pubmed/17726477
http://dx.doi.org/10.1038/nn1969
http://www.ncbi.nlm.nih.gov/pubmed/18256257
http://dx.doi.org/10.1523/JNEUROSCI.3632-07.2008
http://f1000.com/prime/1164974
http://www.ncbi.nlm.nih.gov/pubmed/19477151
http://dx.doi.org/10.1016/j.neuron.2009.04.017
http://www.ncbi.nlm.nih.gov/pmc/articles/2759281
http://f1000.com/prime/1164974
http://www.ncbi.nlm.nih.gov/pubmed/11124987
http://f1000.com/prime/1014840
http://www.ncbi.nlm.nih.gov/pubmed/12907793
http://dx.doi.org/10.1126/science.1083328
http://f1000.com/prime/1014840
http://f1000.com/prime/1032329
http://www.ncbi.nlm.nih.gov/pubmed/16641251
http://dx.doi.org/10.1523/JNEUROSCI.5516-05.2006
http://f1000.com/prime/1032329
http://f1000.com/prime/725482182
http://www.ncbi.nlm.nih.gov/pubmed/25957904
http://dx.doi.org/10.1016/j.stem.2015.04.003
http://www.ncbi.nlm.nih.gov/pmc/articles/4443499
http://f1000.com/prime/725482182
http://www.ncbi.nlm.nih.gov/pubmed/17728453
http://dx.doi.org/10.1523/JNEUROSCI.2002-07.2007
http://www.ncbi.nlm.nih.gov/pubmed/10934264
http://www.ncbi.nlm.nih.gov/pubmed/17234934
http://dx.doi.org/10.1126/science.1138711
http://www.ncbi.nlm.nih.gov/pmc/articles/2041961
http://www.ncbi.nlm.nih.gov/pubmed/9133393
http://www.ncbi.nlm.nih.gov/pubmed/15571983
http://dx.doi.org/10.1016/j.nbd.2004.08.008
http://www.ncbi.nlm.nih.gov/pubmed/17178407
http://dx.doi.org/10.1016/j.neuron.2006.11.004
http://www.ncbi.nlm.nih.gov/pubmed/26552418
http://dx.doi.org/10.1101/cshperspect.a020677
http://www.ncbi.nlm.nih.gov/pubmed/18509506
http://dx.doi.org/10.1371/journal.pone.0001959
http://www.ncbi.nlm.nih.gov/pmc/articles/2396793
http://f1000.com/prime/718378821
http://www.ncbi.nlm.nih.gov/pubmed/24812394
http://dx.doi.org/10.1126/science.1248903
http://f1000.com/prime/718378821
http://f1000.com/prime/1161737
http://www.ncbi.nlm.nih.gov/pubmed/19590004
http://dx.doi.org/10.1126/science.1173215
http://www.ncbi.nlm.nih.gov/pmc/articles/2997634
http://f1000.com/prime/1161737
http://f1000.com/prime/9723956
http://www.ncbi.nlm.nih.gov/pubmed/21460835
http://dx.doi.org/10.1038/nature09817
http://www.ncbi.nlm.nih.gov/pmc/articles/3084370
http://f1000.com/prime/9723956
http://www.ncbi.nlm.nih.gov/pubmed/20354534
http://dx.doi.org/10.1038/nrn2822
http://www.ncbi.nlm.nih.gov/pmc/articles/2886712
http://www.ncbi.nlm.nih.gov/pubmed/17088541
http://dx.doi.org/10.1073/pnas.0607207103
http://www.ncbi.nlm.nih.gov/pmc/articles/1859958
http://f1000.com/prime/13237956
http://www.ncbi.nlm.nih.gov/pubmed/21814201
http://dx.doi.org/10.1038/nature10287
http://www.ncbi.nlm.nih.gov/pmc/articles/3162077
http://f1000.com/prime/13237956
http://www.ncbi.nlm.nih.gov/pubmed/10640331
http://dx.doi.org/10.1002/(SICI)1097-4695(20000205)42:2<248::AID-NEU8>3.0.CO;2-J
http://f1000.com/prime/13357142
http://www.ncbi.nlm.nih.gov/pubmed/22016545
http://dx.doi.org/10.1523/JNEUROSCI.3432-11.2011
http://f1000.com/prime/13357142
http://www.ncbi.nlm.nih.gov/pubmed/23538967
http://dx.doi.org/10.7554/eLife.00312
http://www.ncbi.nlm.nih.gov/pmc/articles/3602954
http://f1000.com/prime/1032806
http://www.ncbi.nlm.nih.gov/pubmed/16732202
http://dx.doi.org/10.1038/nn1707
http://f1000.com/prime/1032806
http://f1000.com/prime/1119586
http://www.ncbi.nlm.nih.gov/pubmed/18758458
http://dx.doi.org/10.1038/nn.2185
http://f1000.com/prime/1119586
http://f1000.com/prime/725287920
http://www.ncbi.nlm.nih.gov/pubmed/25533485
http://dx.doi.org/10.1016/j.neuron.2014.11.023
http://www.ncbi.nlm.nih.gov/pmc/articles/4329739
http://f1000.com/prime/725287920
http://www.ncbi.nlm.nih.gov/pubmed/26100379
http://dx.doi.org/10.1016/j.conb.2015.06.002
http://www.ncbi.nlm.nih.gov/pmc/articles/4641801
http://f1000.com/prime/1017622
http://www.ncbi.nlm.nih.gov/pubmed/14973487
http://dx.doi.org/10.1038/nature02301
http://f1000.com/prime/1017622
http://f1000.com/prime/1009069
http://www.ncbi.nlm.nih.gov/pubmed/12161747
http://dx.doi.org/10.1038/nm747
http://f1000.com/prime/1009069
http://www.ncbi.nlm.nih.gov/pubmed/12447935
http://dx.doi.org/10.1002/ana.10393
http://www.ncbi.nlm.nih.gov/pubmed/24747576
http://dx.doi.org/10.1038/nn.3706
http://f1000.com/prime/718285504
http://www.ncbi.nlm.nih.gov/pubmed/24561062
http://dx.doi.org/10.1016/j.cell.2014.01.044
http://f1000.com/prime/718285504
http://www.ncbi.nlm.nih.gov/pubmed/25655705
http://dx.doi.org/10.1242/dev.116657
http://www.ncbi.nlm.nih.gov/pubmed/25301628
http://dx.doi.org/10.1126/science.346.6206.237
http://www.ncbi.nlm.nih.gov/pubmed/25319708
http://dx.doi.org/10.1523/JNEUROSCI.3491-13.2014
http://www.ncbi.nlm.nih.gov/pubmed/16870736
http://dx.doi.org/10.1523/JNEUROSCI.1299-06.2006
http://f1000.com/prime/11633957
http://www.ncbi.nlm.nih.gov/pubmed/21664664
http://dx.doi.org/10.1016/j.cell.2011.05.024
http://www.ncbi.nlm.nih.gov/pmc/articles/3124562
http://f1000.com/prime/11633957
http://f1000.com/prime/725902950
http://www.ncbi.nlm.nih.gov/pubmed/26523645
http://dx.doi.org/10.1038/nn.4159
http://www.ncbi.nlm.nih.gov/pmc/articles/4661096
http://f1000.com/prime/725902950


Stem/Progenitor Cells into Oligodendrocytes Enhances Remyelination in the 
Adult Brain after Injury. Cell Rep. 2015; 11(11): 1679–1685. 
PubMed Abstract | Publisher Full Text 

81.	 Jessberger S, Toni N, Clemenson GD Jr, et al.: Directed differentiation of 
hippocampal stem/progenitor cells in the adult brain. Nat Neurosci. 2008; 11(8): 
888–893. 
PubMed Abstract | Publisher Full Text | Free Full Text 

82.	 Malatesta P, Hartfuss E, Götz M: Isolation of radial glial cells by fluorescent-
activated cell sorting reveals a neuronal lineage. Development. 2000; 127(24): 
5253–5263. 
PubMed Abstract 

83.	 Kriegstein A, Alvarez-Buylla A: The glial nature of embryonic and adult neural 
stem cells. Annu Rev Neurosci. 2009; 32: 149–184. 
PubMed Abstract | Publisher Full Text | Free Full Text 

84.	 Liu Y, Miao Q, Yuan J, et al.: Ascl1 Converts Dorsal Midbrain Astrocytes into 
Functional Neurons In Vivo. J Neurosci. 2015; 35(25): 9336–9355. 
PubMed Abstract | Publisher Full Text 

85.	 Su Z, Niu W, Liu ML, et al.: In vivo conversion of astrocytes to neurons in the 
injured adult spinal cord. Nat Commun. 2014; 5: 3338. 
PubMed Abstract | Publisher Full Text | Free Full Text 

86.	 Islam MM, Smith DK, Niu W, et al.: Enhancer Analysis Unveils Genetic 
Interactions between TLX and SOX2 in Neural Stem Cells and In Vivo 
Reprogramming. Stem Cell Reports. 2015; 5(5): 805–815. pii: S2213-
6711(15)00277-5. 
PubMed Abstract | Publisher Full Text | Free Full Text 

87.	 Niu W, Zang T, Smith DK, et al.: SOX2 reprograms resident astrocytes into 
neural progenitors in the adult brain. Stem Cell Reports. 2015; 4(5): 780–794. 
PubMed Abstract | Publisher Full Text | Free Full Text 

88.	 Guo Z, Zhang L, Wu Z, et al.: In vivo direct reprogramming of reactive glial cells 
into functional neurons after brain injury and in an Alzheimer’s disease model. 
Cell Stem Cell. 2014; 14(2): 188–202. 
PubMed Abstract | Publisher Full Text | Free Full Text 

89.	 Heinrich C, Bergami M, Gascón S, et al.: Sox2-mediated conversion of NG2 glia 
into induced neurons in the injured adult cerebral cortex. Stem Cell Reports. 
2014; 3(6): 1000–1014. 
PubMed Abstract | Publisher Full Text | Free Full Text 

90.	  Berninger B, Costa MR, Koch U, et al.: Functional properties of neurons 
derived from in vitro reprogrammed postnatal astroglia. J Neurosci. 2007; 
27(32): 8654–8664. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

91.	  Heins N, Malatesta P, Cecconi F, et al.: Glial cells generate neurons: the role 
of the transcription factor Pax6. Nat Neurosci. 2002; 5(4): 308–315. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

92.	  Heinrich C, Blum R, Gascón S, et al.: Directing astroglia from the cerebral 
cortex into subtype specific functional neurons. PLoS Biol. 2010; 8(5): 
e1000373. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

93.	  Niu W, Zang T, Zou Y, et al.: In vivo reprogramming of astrocytes to 
neuroblasts in the adult brain. Nat Cell Biol. 2013; 15(10): 1164–1175. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

94.	  Buffo A, Vosko MR, Ertürk D, et al.: Expression pattern of the transcription 
factor Olig2 in response to brain injuries: implications for neuronal repair. 
Proc Natl Acad Sci U S A. 2005; 102(50): 18183–18188. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

95.	 Grande A, Sumiyoshi K, López-Juárez A, et al.: Environmental impact on direct 
neuronal reprogramming in vivo in the adult brain. Nat Commun. 2013; 4: 2373. 
PubMed Abstract | Publisher Full Text | Free Full Text 

96.	  Karow M, Sánchez R, Schichor C, et al.: Reprogramming of pericyte-derived 
cells of the adult human brain into induced neuronal cells. Cell Stem Cell. 2012; 
11(4): 471–476. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

97.	  Torper O, Pfisterer U, Wolf DA, et al.: Generation of induced neurons via 
direct conversion in vivo. Proc Natl Acad Sci U S A. 2013; 110(17): 7038–7043. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

98.	 Torper O, Ottosson DR, Pereira M, et al.: In Vivo Reprogramming of Striatal NG2 
Glia into Functional Neurons that Integrate into Local Host Circuitry. Cell Rep. 
2015; 12(3): 474–481. 
PubMed Abstract | Publisher Full Text | Free Full Text 

99.	 Kriks S, Shim JW, Piao J, et al.: Dopamine neurons derived from human ES 
cells efficiently engraft in animal models of Parkinson’s disease. Nature. 2011; 
480(7378): 547–551. 
PubMed Abstract | Publisher Full Text | Free Full Text 

100.	  Rouaux C, Arlotta P: Direct lineage reprogramming of post-mitotic callosal 
neurons into corticofugal neurons in vivo. Nat Cell Biol. 2013; 15(2): 214–21. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

101.	 Gage FH, Temple S: Neural stem cells: generating and regenerating the brain. 
Neuron. 2013; 80(3): 588–601. 
PubMed Abstract | Publisher Full Text 

Page 7 of 8

F1000Research 2016, 5(F1000 Faculty Rev):169 Last updated: 12 FEB 2016

http://www.ncbi.nlm.nih.gov/pubmed/26074082
http://dx.doi.org/10.1016/j.celrep.2015.05.024
http://www.ncbi.nlm.nih.gov/pubmed/18587391
http://dx.doi.org/10.1038/nn.2148
http://www.ncbi.nlm.nih.gov/pmc/articles/2795354
http://www.ncbi.nlm.nih.gov/pubmed/11076748
http://www.ncbi.nlm.nih.gov/pubmed/19555289
http://dx.doi.org/10.1146/annurev.neuro.051508.135600
http://www.ncbi.nlm.nih.gov/pmc/articles/3086722
http://www.ncbi.nlm.nih.gov/pubmed/26109658
http://dx.doi.org/10.1523/JNEUROSCI.3975-14.2015
http://www.ncbi.nlm.nih.gov/pubmed/24569435
http://dx.doi.org/10.1038/ncomms4338
http://www.ncbi.nlm.nih.gov/pmc/articles/3966078
http://www.ncbi.nlm.nih.gov/pubmed/26607952
http://dx.doi.org/10.1016/j.stemcr.2015.09.015
http://www.ncbi.nlm.nih.gov/pmc/articles/4649261
http://www.ncbi.nlm.nih.gov/pubmed/25921813
http://dx.doi.org/10.1016/j.stemcr.2015.03.006
http://www.ncbi.nlm.nih.gov/pmc/articles/4437485
http://www.ncbi.nlm.nih.gov/pubmed/24360883
http://dx.doi.org/10.1016/j.stem.2013.12.001
http://www.ncbi.nlm.nih.gov/pmc/articles/3967760
http://www.ncbi.nlm.nih.gov/pubmed/25458895
http://dx.doi.org/10.1016/j.stemcr.2014.10.007
http://www.ncbi.nlm.nih.gov/pmc/articles/4264057
http://f1000.com/prime/1089423
http://www.ncbi.nlm.nih.gov/pubmed/17687043
http://dx.doi.org/10.1523/JNEUROSCI.1615-07.2007
http://f1000.com/prime/1089423
http://f1000.com/prime/1005032
http://www.ncbi.nlm.nih.gov/pubmed/11896398
http://dx.doi.org/10.1038/nn828
http://f1000.com/prime/1005032
http://f1000.com/prime/717999276
http://www.ncbi.nlm.nih.gov/pubmed/20502524
http://dx.doi.org/10.1371/journal.pbio.1000373
http://www.ncbi.nlm.nih.gov/pmc/articles/2872647
http://f1000.com/prime/717999276
http://f1000.com/prime/718116540
http://www.ncbi.nlm.nih.gov/pubmed/24056302
http://dx.doi.org/10.1038/ncb2843
http://www.ncbi.nlm.nih.gov/pmc/articles/3867822
http://f1000.com/prime/718116540
http://f1000.com/prime/1029597
http://www.ncbi.nlm.nih.gov/pubmed/16330768
http://dx.doi.org/10.1073/pnas.0506535102
http://www.ncbi.nlm.nih.gov/pmc/articles/1312388
http://f1000.com/prime/1029597
http://www.ncbi.nlm.nih.gov/pubmed/23974433
http://dx.doi.org/10.1038/ncomms3373
http://www.ncbi.nlm.nih.gov/pmc/articles/3786770
http://f1000.com/prime/717999272
http://www.ncbi.nlm.nih.gov/pubmed/23040476
http://dx.doi.org/10.1016/j.stem.2012.07.007
http://f1000.com/prime/717999272
http://f1000.com/prime/717992227
http://www.ncbi.nlm.nih.gov/pubmed/23530235
http://dx.doi.org/10.1073/pnas.1303829110
http://www.ncbi.nlm.nih.gov/pmc/articles/3637783
http://f1000.com/prime/717992227
http://www.ncbi.nlm.nih.gov/pubmed/26166567
http://dx.doi.org/10.1016/j.celrep.2015.06.040
http://www.ncbi.nlm.nih.gov/pmc/articles/4521079
http://www.ncbi.nlm.nih.gov/pubmed/22056989
http://dx.doi.org/10.1038/nature10648
http://www.ncbi.nlm.nih.gov/pmc/articles/3245796
http://f1000.com/prime/718098538
http://www.ncbi.nlm.nih.gov/pubmed/23334497
http://dx.doi.org/10.1038/ncb2660
http://www.ncbi.nlm.nih.gov/pmc/articles/4118591
http://f1000.com/prime/718098538
http://www.ncbi.nlm.nih.gov/pubmed/24183012
http://dx.doi.org/10.1016/j.neuron.2013.10.037


F1000Research

3

2

1

Open Peer Review

   Current Referee Status:

Editorial Note on the Review Process
 are commissioned from members of the prestigious  and are edited as aF1000 Faculty Reviews F1000 Faculty

service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:
Version 1

, Institute for Cell Engineering, Johns Hopkins University School of Medicine, Baltimore, MD,Hongjun Song
USA

 No competing interests were disclosed.Competing Interests:

, Department of Molecular Biology, The University of Texas Southwestern Medical Center,Chunli Zhang
Dallas, TX, USA

 No competing interests were disclosed.Competing Interests:

, Focus Program Translational Neuroscience, Johannes Gutenberg University Mainz,Benedikt Berninger
Mainz, Germany

 No competing interests were disclosed.Competing Interests:

Page 8 of 8

F1000Research 2016, 5(F1000 Faculty Rev):169 Last updated: 12 FEB 2016

http://f1000research.com/channels/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

