
Volume 7 • Issue 6 • 1000970
J Clin Case Rep, an open access journal
ISSN: 2165-7920

Open AccessReview Article

Tao et al., J Clin Case Rep 2017, 7:6
DOI: 10.4172/2165-7920.1000970

Journal of Clinical Case ReportsJo
ur

na
l o

f C
linical Case Reports

ISSN: 2165-7920

*Corresponding author: Yifei Huang, Wei Fang, Department of Ophthalmology,
General Hospital of Chinese PLA, P.R. China, Tel: 86-10-66937943; Fax: 86-10-
68286682; E-mail: huangyf301@163.com , drzhenyang@sina.cn

Received  April 18, 2017; Accepted June 06, 2017; Published June 11, 2017

Citation: Tao Y, Yan Z, Liu C, Ma J, Xu WW, et al. (2017) Rbap48 Could Act 
as a Candidate Biological Predictor for the Cognition Impairments of Patients with 
Temporal Lobe Epilepsy: A Hypothesis Based on Recent Molecular Findings. J Clin 
Case Rep 7: 970. doi: 10.4172/2165-7920.1000970

Copyright: © 2017 Tao Y, et al. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Rbap48 Could Act as a Candidate Biological Predictor for the Cognition 
Impairments of Patients with Temporal Lobe Epilepsy: A Hypothesis Based 
on Recent Molecular Findings
Ye Tao1#, Zhongjun Yan2#, Ce Liu3, Jianjie Ma3, Wei Wei Xu1, Qinghua Yang1, Wei Fang2* and Yifei Huang1*
1Department of Ophthalmology, General Hospital of Chinese PLA, P.R. China
2Department of Neurosurgery and Institute for Functional Brain Disorders, Tangdu Hospital, Fourth Military Medical University, P.R. China
3Department of Medical Administration, Beidaihe Sanatorium of Chinese PLA, P.R. China
#Equally Contributed

Abstract
The temporal lobe epilepsy (TLE) is characterized by the neurodegeneration, abnormal reorganization of 

circuitry, and the loss of functional inhibition in hippocampus regions. Particularly, the declined neurogenesis in 
hippocampus has emerged as a significant hallmark of TLE. RbAp48, which is initially recognized as a retinoblastoma 
binding protein, is also identified as a positive regulator of human neurogenesis owing to its ability to regulate the 
expression of the pluripotency, differentiation, and cell cycle genes in human PSCs. The deficiency of RbAp48 
critically contributes to the dentate gyrus (DG) dysfunction and is closely related to age-related memory deficits. 
Nevertheless, the roles of RbAp48 in the neurogenesis deterioration and memory loss of TLE patients remain to 
be determined. In view of the linkage between the deficiency of RbAp48 and the TLE-related memory loss, it is 
reasonable to hypothesize that the expression level of RbAp48 in the hippocampus of the TLE patients might be 
down regulated in accordance with the reduced neurogenesis. As the neurogenesis exhibits a close relationship with 
the hippocampal functions like learning and memory, the RbAp48 would possibly act as a candidate biology predictor 
for the cognition impairments of the TLE patients. This notion might cast insights into the etiology of hippocampus-
based memory loss in TLE patients with the potentials of opening up new therapeutic avenues.
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Introduction
Temporal lobe epilepsy (TLE) is a common neurological disorder 

that characterized by the spontaneous recurrent unprovoked seizures, 
cognition impairments, memory loss and depression [1]. Currently, 
the precise cause contributes to TLE and the underlining pathological 
mechanism is not totally clear. Pharmacologic therapy represents the 
first line of treatment for TLE and is effective in most cases. However, 
approximately one-third of patients develop intractable seizures that 
cannot be controlled by a wide variety of anti-convulsive drugs [2]. Recent 
research found that this disorder is associated with neurodegeneration, 
abnormal reorganization of the circuitry, and loss of functional 
inhibition in the hippocampal regions [3-5]. Particularly, the declined 
neurogenesis in hippocampus has emerged as a significant hallmark of 
TLE. Research based on the epilepsy patients and animal models have 
found various kinds of reduced neurogenesis in hippocampus, including 
the reductions in gamma-amino butyric acid-positive (GABAergic) 
neurons, disappearance of the calbindin in a substantial fraction of 
dentate gyrus(DG), and the decreased concentration levels of multiple 
neurotrophic factors such as BDNF, FGF-2, IGF-1. As the neurogenesis 
exhibits a close relationship with the hippocampal functions like learning 
and memory, it is proposed that these changes collectively contribute to 
the complicated features of the TLE patients [6]. However, the detailed 
molecular mechanisms underlying the cognition impairments of TEL 
patients are not completely understood.

The histone-binding protein rbbp4 (RbAp48) is a ubiquitously 
expressed nuclear protein and associated with various functions 
including mediating chromatin metabolism and assembly, ras signaling, 
cytoskeletal reorganization, and modulation of cell proliferation [7-10]. 
RbAp48 is required for the maintenance of multiple human pluripotent 
stem cells (PSCs) types, such as neural stem cells (NSCs), embryonic 
stem cells (ESCs) and embryonal carcinoma cells(ECCs) [11]. 
Decreased expression of RbAp48 concomitantly reduces the expression 
of the PSCs -specific genes, which are involved in the regulatory 

network of organogenesis, particularly the neurogenesis. Thus RbAp48 
is considered as a positive regulator of human neurogenesis owing to 
its ability to regulate the expression of the pluripotency, differentiation, 
and cell cycle genes in human PSCs. Moreover, the deficiency of RbAp48 
plays a pivotal role in the DG dysfunction and it is closely related to age-
related memory deficits [12]. The human hippocampus can be affected 
by a large variety of very different neurological diseases, of which the 
epilepsy, acute ischemic stroke, transient global amnesia, and limbic 
encephalitis are the most common causes [13]. 

The roles of RbAp48 in the neurogenesis deterioration and the 
complicating memory loss of TLE patients are left to be determined. 
No study has so far examined changes in RbAp4 expression as a 
function of epilepsy severity. Therefore, it is valuable to investigate the 
expression levels of RbAp48 in the hippocampus of the TLE patients 
and explore the underlying implications of the possible regulation. It 
was particularly notable that the cognitive impairments and especially 
memory disruption are the major complicating features of the TLE 
and they have been considered as the most problematic comorbidity 
[14,15]. Patients with a longer duration of refractory TLE would exhibit 
more severe cognitive impairments. Understanding of the neurobiology 
of disordered cognition especially the memory loss in epilepsy 
was accelerated by the development of organized epilepsy surgery 
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Furthermore, it had been found that up-regulation of RbAp48 in 
the DG of aged wild-type mice ameliorated their age-related memory 
loss, and restored their memory to youthful vigor [12]. So it is a logical 
next step to test these RbAp48 expression enhancers for therapeutic use 
against the memory deterioration in TLE animal models, and ultimately 
in TLE patients.

Discussion and Conclusion
As the disparate response in the chronic stages of TLE, the decreased 

hippocampus neurogenesis has received considerable attention which 
sought to elucidate the pathophysiology of this disorder [6]. Both 
studies on the hippocampus of TLE patients and TLE animal models 
clearly demonstrate that the DG neurogenesis is substantially down 
regulated. Several neurotrophic factors, such as FGF-2, IGF-1, BDNF, 
and GDNF, are considered as the positive regulators of neurogenesis 
in the hippocampus. The concentrations of these neurotrophic factors 
are decreased during chronic epilepsy [5,20]. Therefore, it is reasonable 
to deduce that the dramatically declined neurogenesis during chronic 
epilepsy might be caused by the decreased levels of the aforementioned 
neurotrophic factors. 

The RbAp48, which is characterized by the component of 
distinct nucleosome-modifying complexes, is initially identified as 
a retinoblastoma binding protein [21,22]. It has been found that the 
RbAp48 plays a pivotal role in maintaining human PSCs pluripotency, and 
is regarded as a positive regulator of human cell differentiation. Regular 
expression of RbAp48 can facilitate human PSCs, especially the NSCs 
maintenance, by promoting or permitting expression of a combination 
of known pluripotency genes and cell cycle regulators (e.g., NANOG, 
CCNA2 CCNB1) [11]. The decreased level of neurogenesis is consistent 
with the disruption of a complex shared network which maintains the 
differentiation of NSCs by a specific controlling program. In view of the 
crucial functions of RbAp48, it is possible that the decreased expression 
of this protein might be at least partially contributes to the neurogenesis 
disruption. The deficiency of RbAp48, together with other changes in the 
microenvironment of the TLE hippocampus, might mutually influence 
the overall declined hippocampus neurogenesis. This novel hypothesis 
originates from the memory defects of TLE may be instrumental to 
clarify the underlining pathogenesis mechanism of this disease. 

NSCs can retain their latent developmental potential while 
proliferating rapidly. It was found that NSCs survived even in the chronic 
epilepsy hippocampus, and produced new cells to the levels similar to 
the age-matched intact hippocampus [6]. However, TLE hippocampus is 
associated with considerable (95%) decline in neuronal differentiation of 
the newly born cells in comparison to the age-matched controls [23]. As 
the TLE does not interfere with the production of the new cells derived 
from NSCs, thus reduced expression of RbAp48 would not affect the 
production or survival of the newly born cells, but it does appear to 
interfere with the neuronal fate choice decision of these newly generated 
cells [11]. Therefore, decreased expression of differentiation regulator 
Rbap48 in the TLE hippocampus may suppress the pluripotency of 
NSCs by instructing them to remain in an undifferentiated state and/ or 
to switch into the glial fate, rather than the hippocampus neurons. Either 
or both of these possibilities can reduce the overall neurogenesis during 
TLE. Thus radically diminished neurogenesis during TLE may act as a 
consequence of the dramatic decrease in the neuronal differentiation of 
the newly born cells. 

Deficiency of the RbAp48 is likely to dampen the neuronal 
differentiation of newly born cells derived from NSCs. Therefore, it might 
potentially be a target for developing future therapeutic strategy for TLE. 

programs and neuropsychology research [16,17]. However, it remains 
to be challenging to elucidate the origin of cognitive abnormalities, 
the progression mold, and most importantly, how to predict and 
protect the cognitive function of TLE patients. Extensive investigations 
have focused on the hippocampus to form a conceptual framework 
of the architecture of diverse memory systems. It is well understood 
that RbAp48 participates in the age-related DG dysfunction and the 
expression level decreases in ageing hippocampus of human and mice 
[12,18]. The deficiency of RbAp48 in the DG has been suspected as the 
underlying cause of age-related memory deficits. Therefore, the TLE 
probably result in RbAp48 deficiency and this decline might reflect a 
preferential vulnerability of memory processes in the hippocampus of 
TLE patients. Meanwhile, the specific deficiency of RbAp48 in the TLE 
hippocampus might be associated with the high occurrence of memory 
disruption in the TLE patients. It is evidenced that maintenance of 
hippocampal-dependent learning and formation of memories require 
the continuous addition of newly functional granule cells [19]. From 
this perspective, the impaired neuronal differentiation of NSCs and 
the decreased neurogenesis that caused by down-regulated expression 
of RbAp48 may significantly contribute to the cognitive deficits of TLE 
hippocampus.

Our Hypothesis 
In view of the potential linkage between the RbAp48 deficiency 

and the memory loss, it is reasonable to hypothesize that the TLE 
hippocampus might be exposed to a preferential vulnerability of 
postoperative memory decline. Based on the aforementioned findings, 
we propose that the expression levels of RbAp48 in the hippocampus of 
TLE patients might be down regulated in accordance with the reduced 
neurogenesis. As the neurogenesis exhibits a close relationship with the 
hippocampal functions like learning and memory, the RbAp48 could 
possibly act as a candidate predictor for the cognition impairments of 
the TLE.

Evaluation of the hypothesis

The present hypothesis proposes that the cognitive deterioration in 
TLE patients might be closely related to the deficiency of RbAp48 in 
the hippocampus. This notion might cast insights into the etiology of 
hippocampus-based memory loss in TLE patients with the potential of 
opening up new therapeutic avenues which are rarely touched on. The 
hippocampus specimens of TLE patients who are subjective to surgery 
should be collected for the evaluation of our hypothesis. These patients 
should be diagnosed by multiple methods, including the high-resolution 
magnetic resonance imaging (MRI), positron emission tomography 
(PET), long-term video electroencephalography (EEG), and intra-
operative electrocorticography (ECOG) according to the  International 
Classification of Epileptic Seizures by the International League against 
Epilepsy. Further research should demonstrate the utility of multiple 
measurements, including the immunohistochemistry, real-time PCR 
and West blotting to quantify the expression level of RbAp48 in the 
hippocampus tissues of TLE patients. The expression levels of RbAp48 
protein in the hippocampus tissues of these TLE patients should be 
directly detected by immunohistochemistry examination using an 
antibody directed against RbAp48. Furthermore, the expression levels 
of RbAp48 protein in the TLE hippocampus should be quantitatively 
determined by Western blotting, and the expression levels RbAp48 
mRNA should be quantified by real-time PCR. These methods, both 
individual and in combination, might consistently point to the decreased 
level of RbAp48 in the hippocampus of TLE patients in comparison with 
age-matched intact hippocampus. 
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It is possible that the maintenance of certain concentration of RbAp48 as 
well as other neurotrophic factors that promote neuronal differentiation 
of newly born cells are beneficial for enhancing neurogenesis in the 
hippocampus. Some innovative studies have demonstrated that grafting 
of NSCs appears to be a promising approach for improving hippocampal 
function [24,25]. Moreover, it was evidenced that grafting of NSCs is 
efficacious for improving neurogenesis in the aging rat hippocampus 
[26]. In this context, administration of the exogenous RbAp48 as well 
as other neurotrophic factors into the epileptic hippocampus may 
stimulate neurogenesis from endogenous NSCs that survive even in the 
chronically epileptic hippocampus. Persistence of NSCs during TLE is 
encouraging for developing strategies that have the ability to facilitate 
improvements in the NSCs generation, expansion, and differentiation. 
Considering the blood-brain barrier might be leaky during TLE, 
subcutaneous or systemic administrations of RbAp48 in combination 
with other neurotrophic factors appear to be a promising treatment. 

   In addition to providing a novel target for TLE treatment, RbAp48 
may also act as a potential predictor of the postoperative memory 
outcome. As a substantial part of TLE patients endure a worse memory 
after epilepsy surgery, the post-operative memory performance is of 
great importance in deciding a reasonable surgery mode and resection 
scope. A combination of factors including side of resection, baseline 
memory performance, extent of hippocampal sclerosis, chronological 
age, and Wada Test performance all provided information regarding 
prediction of memory outcome. However, the specific biomarkers that 
forecast the development of cognitive deficits have not been identified 
and there are relatively few strategies to identify whether the individual 
TLE patients is at the risk for postoperative cognitive dysfunction. The 
pioneering researches which fortunately gain access to the resected 
TLE hippocampal tissues would be instrumental to testify the exact 
expression levels of RbAp48. Future refinement of that knowledge over 
time as informed by the postoperative follow up of the patients with 
RbAp48 deficiency may identify a candidate biology predictor for post-
operative cognition.

References

1. Engel J, Wiebe S, French J, Sperling M, Williamson P, et al. (2003) Practice
parameter: Temporal lobe and localized neocortical resections for epilepsy.
Epilepsia 44: 741-751.

2. Bialer M (2006) New antiepileptic drugs that are second generation to existing
antiepileptic drugs. Expert Opin Investig Drugs 15: 637-647.

3. Shetty AK (2002) Entorhinal axons exhibit sprouting in CA1 subfield of the adult 
hippocampus in a rat model of temporal lobe epilepsy. Hippocampus 12: 534-542.

4. Rao MS, Hattiangady B, Reddy DS, Shetty AK (2006) Hippocampal
neurodegeneration, spontaneous seizures, and mossy fiber sprouting in the 
F344 rat model of temporal lobe epilepsy. J Neurosci Res 83: 1088-1105.

5. Shetty AK, Zaman V, Shetty GA (2003) Hippocampal neurotrophin levels in a
kainate model of temporal lobe epilepsy: a lack of correlation between brain-
derived neurotrophic factor content and progression of aberrant dentate mossy 
fiber sprouting. J Neurochem 87: 147-159.

6. Hattiangady B, Shetty AK (2008) Implications of decreased hippocampal
neurogenesis in chronic temporal lobe epilepsy. Epilepsia 49: 26-41.

7. Zhang Q, Vo N, Goodman RH (2000) Histone binding protein RbAp48 interacts 
with a complex of CREB binding protein and phosphorylated CREB. Mol. Cell.
Biol 20: 4970-4978.

8. Alarcón JM, Malleret G, Touzani K, Vronskaya S, Ishii S, et al. (2004) Chromatin 
acetylation, memory, and LTP are impaired in CBP+/− mice: A model for the 
cognitive deficit in Rubinstein-Taybi syndrome and its amelioration. Neuron 42: 
947-959.

9. Korzus E, Rosenfeld MG, Mayford M (2004) CBP histone acetyltransferase
activity is a critical component of memory consolidation. Neuron 42: 961-972.

10. Peleg S, Sananbenesi F, Zovoilis A, Burkhardt S, Bahari-Javan S, et al. 
(2010) Altered histone acetylation is associated with age-dependent memory
impairment in mice. Science 328: 753-756.

11. O’Connor MD, Wederell E, Robertson G, Delaney A, Morozova O, et al. (2011) 
Retinoblastoma-binding proteins 4 and 9 are important for human pluripotent
stem cell maintenance. Exp Hematol 39: 866-879.

12. Pavlopoulos E, Jones S, Kosmidis S, Close M, Kim C, et al. (2013) Molecular
Mechanism for Age-Related Memory Loss: The Histone-Binding Protein
RbAp48. Sci Transl Med 5: 200ra115.

13. Small SA, Schobel SA, Buxton RB, Witter MP, Barnes CA (2011) A
pathophysiological framework of hippocampal dysfunction in ageing and 
disease. Nat. Rev. Neurosci 12: 585-601.

14. Mazza M, Orsucci F, De Risio S, Bria P, Mazza S (2004) Epilepsy and
depression: Risk factors for suicide? Clin Ter 155: 425-427. 

15. Detour J, Schroeder H, Desor D, Nehlig A (2005) A 5-month period of epilepsy
impairs spatial memory, decreases anxiety, but spares object recognition in the 
lithium-pilocarpine model in adult rats. Epilepsia 46: 499-508.

16. Devinsky O (2004) Therapy for neurobehavioral disorders in epilepsy. Epilepsia 
45: 34-40.

17. Helmstaedter C, Brosch T, Kurthen M, Elger CE (2004) The impact of sex
and language dominance on material-specific memory before and after left 
temporal lobe surgery. Brain 127: 1518-1525.

18. Flight MH (2013) Memory: RBAP48 drives age-related memory loss. Nat Rev
Neurosci. Oct 14: 670-671.

19. Wu MV, Hen R (2014) Functional dissociation of adult-born neurons along the
dorsoventral axis of the dentate gyrus. Hippocampus 24: 751-761. 

20. Hattiangady B, Rao MS, Shetty AK (2004) Chronic temporal lobe epilepsy
is associated with severely declined dentate neurogenesis in the adult
hippocampus. Neurobiol Dis 17: 473-490.

21. Nicolas E, Ait-Si-Ali S, Trouche D (2001) The histone deacetylase HDAC3
targets RbAp48 to the retinoblastoma protein. Nucleic Acids Res 29: 3131-
3136.

22. Qian YW, Wang YC, Hollingsworth RE, Jones D, Ling N, et al. (1993) A
retinoblastoma-binding protein related to a negative regulator of Ras in yeast.
Nature 364: 648-652.

23. Hattiangady B, Rao MS, Rai KS, Shetty AK (2005) Enduring survival of new
neurons born at early poststatus epilepticus and during chronic epilepsy in the
rat dentate gyrus. Epilepsia. 46: 106.

24. Zhang W, Gu GJ, Shen X, Zhang Q, Wang GM (2015) Neural stem cell
transplantation enhances mitochondrial biogenesis in a transgenic mouse
model of Alzheimer’s disease-like pathology. Neurobiol Aging. Mar 36:
1282-1292.

25. Zhang W, Wang PJ, Sha HY, Ni J, Li MH, et al. (2014) Neural stem cell
transplants improve cognitive function without altering amyloid pathology in an
APP/PS1 double transgenic model of Alzheimer’s disease. Mol Neurobiol 50:
423-437.

26. Hattiangady B, Shetty AK (2012) Neural stem cell grafting counteracts
hippocampal injury-mediated impairments in mood, memory, and neurogenesis. 
Stem Cells Transl Med 1: 696-708.

http://dx.doi.org/ 10.1212/01.WNL.0000055086.35806.2D
http://dx.doi.org/ 10.1212/01.WNL.0000055086.35806.2D
http://dx.doi.org/ 10.1212/01.WNL.0000055086.35806.2D
http://dx.doi.org/10.1517/13543784.15.6.637
http://dx.doi.org/10.1517/13543784.15.6.637
http://dx.doi.org/10.1002/hipo.10031/full
http://dx.doi.org/10.1002/hipo.10031/full
http://dx.doi.org/10.1002/jnr.20802/full
http://dx.doi.org/10.1002/jnr.20802/full
http://dx.doi.org/10.1002/jnr.20802/full
http://dx.doi.org/10.1046/j.1471-4159.2003.01979.x/full
http://dx.doi.org/10.1046/j.1471-4159.2003.01979.x/full
http://dx.doi.org/10.1046/j.1471-4159.2003.01979.x/full
http://dx.doi.org/10.1046/j.1471-4159.2003.01979.x/full
http://dx.doi.org/10.1111/j.1528-1167.2008.01635.x/full
http://dx.doi.org/10.1111/j.1528-1167.2008.01635.x/full
http://www.sciencedirect.com/science/article/pii/S0896627304003022
http://www.sciencedirect.com/science/article/pii/S0896627304003022
http://www.sciencedirect.com/science/article/pii/S0896627304003022
http://www.sciencedirect.com/science/article/pii/S0896627304003022
http://www.sciencedirect.com/science/article/pii/S0896627304003526
http://www.sciencedirect.com/science/article/pii/S0896627304003526
http://dx.doi.org/10.1126/science.1186088
http://dx.doi.org/10.1126/science.1186088
http://dx.doi.org/10.1126/science.1186088
http://www.sciencedirect.com/science/article/pii/S0301472X11002384
http://www.sciencedirect.com/science/article/pii/S0301472X11002384
http://www.sciencedirect.com/science/article/pii/S0301472X11002384
http://dx.doi.org/10.1126/scitranslmed.3006373
http://dx.doi.org/10.1126/scitranslmed.3006373
http://dx.doi.org/10.1126/scitranslmed.3006373
http://dx.doi.org/10.1038/nrn3085
http://dx.doi.org/10.1038/nrn3085
http://dx.doi.org/10.1038/nrn3085
http://europepmc.org/abstract/med/15702654
http://europepmc.org/abstract/med/15702654
http://dx.doi.org/10.1111/j.0013-9580.2005.38704.x/full
http://dx.doi.org/10.1111/j.0013-9580.2005.38704.x/full
http://dx.doi.org/10.1111/j.0013-9580.2005.38704.x/full
http://dx.doi.org/10.1111/j.0013-9580.2004.452003.x/full
http://dx.doi.org/10.1111/j.0013-9580.2004.452003.x/full
https://doi.org/10.1093/brain/awh174
https://doi.org/10.1093/brain/awh174
https://doi.org/10.1093/brain/awh174
http://dx.doi.org/10.1038/nrn3603
http://dx.doi.org/10.1038/nrn3603
http://dx.doi.org/doi/10.1002/hipo.22265/full
http://dx.doi.org/doi/10.1002/hipo.22265/full
http://www.sciencedirect.com/science/article/pii/S0969996104001895
http://www.sciencedirect.com/science/article/pii/S0969996104001895
http://www.sciencedirect.com/science/article/pii/S0969996104001895
https://doi.org/10.1093/nar/29.15.3131
https://doi.org/10.1093/nar/29.15.3131
https://doi.org/10.1093/nar/29.15.3131
http://search.proquest.com/openview/3fc25562b8c2080d267fb12b274f55a3/1?pq-origsite=gscholar&cbl=40569
http://search.proquest.com/openview/3fc25562b8c2080d267fb12b274f55a3/1?pq-origsite=gscholar&cbl=40569
http://search.proquest.com/openview/3fc25562b8c2080d267fb12b274f55a3/1?pq-origsite=gscholar&cbl=40569
https://insights.ovid.com/epilepsia/epil/2005/11/008/enduring-survival-new-neurons-born-early-post/307/00003606
https://insights.ovid.com/epilepsia/epil/2005/11/008/enduring-survival-new-neurons-born-early-post/307/00003606
https://insights.ovid.com/epilepsia/epil/2005/11/008/enduring-survival-new-neurons-born-early-post/307/00003606
http://www.sciencedirect.com/science/article/pii/S0197458014007064
http://www.sciencedirect.com/science/article/pii/S0197458014007064
http://www.sciencedirect.com/science/article/pii/S0197458014007064
http://www.sciencedirect.com/science/article/pii/S0197458014007064
http://dx.doi.org/doi/10.1007/s12035-014-8640-x
http://dx.doi.org/doi/10.1007/s12035-014-8640-x
http://dx.doi.org/doi/10.1007/s12035-014-8640-x
http://dx.doi.org/doi/10.1007/s12035-014-8640-x
http://dx.doi.org/doi/10.5966/sctm.2012-0050
http://dx.doi.org/doi/10.5966/sctm.2012-0050
http://dx.doi.org/doi/10.5966/sctm.2012-0050

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Our Hypothesis 
	Evaluation of the hypothesis

	Discussion and Conclusion
	References

