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The limited capability to regenerate new neurons following 
injuries of the central neural system (CNS) still remains a major 
challenge for basic and clinical neuroscience. Neural stem cells 
(NSCs) could nearly have the potential to differentiate into all 
kinds of neural cells in vitro. Previous studies verified that 
exogenous transplanted NSCs are capable of differentiating 
into neurons and projecting onto the host neurons in the rat 
brain (Tabar et al., 2005; Dong JR et al., 2012), which could 
lead to behavioral recovery from neuronal damages such as 
spinal cord injury (McDonald et al., 1999), Parkinson’s disease 
(Gonzalez et al., 2015; Kim et al., 2002; Lindvall, 2001), and 
stroke (Zhang et al., 2016). In January, 2013, the Food and 
Drug Administration (FDA) of United States has given 
Neuralstem clearance to commence its human spinal stem cell 
transplantation in chronic spinal cord injury (Orelli, 2013). In 
addition, this company is evaluating the safety of stem cell 
transplantation for the treatment of major depressive disorder 
(MDD), chronic traumatic encephalopathy (CTE), Alzheimer's 
disease, and post-traumatic stress disorder (PTSD) 
(Neuralstem Inc., 2013). However, the mechanism underlying 
this treatment is controversial. It is still unknown whether the 
secretion of trophic factors by the transplanted NSCs slowed or 
prevented the deterioration of the degenerating neurons 
(Breunig et al., 2011; Xiao et al., 2015; Zuo et al., 2015), or the 
new neurons differentiated from the transplanted NSCs 
substituted the injured or lost neurons by functionally integrating 
into the host neural circuitry (Englund et al., 2002; Weick et al., 
2011). To illustrate this question and find out how likely the 
injured neurons were substituted with new neurons, the 
functional examination is preferentially to be carried out on an 
intact animal model (or awake animal). Generally, stem cell 
clusters transplanted into the brain parenchyma will migrate as 
single cells towards diverse brain regions. In view of this, 
approaches that could lock the engrafted cell mass in the 
specific site were required (Yang SC et al., 2011). Herein, a new 
technique was developed where a small ‘hole’ was created in 
the inferior colliculus (IC) of rhesus monkeys to lock the 
transplanted NSCs in situ and investigate their integration into 
the host auditory neural network. The results showed that a 
substantial portion of transplanted cells differentiated into 

mature neurons and formed synaptic input/output connections 
with the host neurons. Under awake condition, c-fos expression 
in newborn neurons was found to be significantly increased 
after acoustic stimulation and multichannel recordings indicated 
IC specific tuning activities in response to auditory stimulation 
were also recorded in newborn neurons as the reported IC 
neurons (Zwiers et al., 2004). These results suggest that the 
transplanted cells have functionally integrated into the host 
neural network in the awake monkey brain and provided a 
strong foundation for the future stem cell treatment of the CNS 
injuries (Wei et al., 2016). 1 

This is the first time evaluating the neurons differentiated 
from the transplanted NSCs in awake animal, which was further 
confirmed by Mark Hübener and his group working at the Max 
Planck Institute of Neurobiology (Falkner et al., 2016). They 
also found that the transplanted neural stem cells could 
differentiate into local neuronal phenotype, target projection and 
functionally integrate with the host neurons. Both of the findings 
revealed that engrafted stem cells could differentiate into 
mature neurons, form synaptic with the host neurons, 
successfully substitute the injured or lost neurons and 
functionally integrate with the host neuronal network, which 
might be necessary for the normal brain function of awake 
animal.  

The current findings provide impetus for stem-cell therapy, 
but if you want to fully assess the ability of transplanted stem 
cells to differentiate and replace lost neurons in a damaged 
brain, further sophisticated experimentation should be 
conducted. For example, the high-throughput dual-color 
precision imaging (Gong et al., 2016) or transparent intact brain 
technique (Ke et al., 2013; Susaki et al., 2014; Yang et al., 2014) 
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can be used to reconstruct the engrafted neurons’ projections 
with the host, from which we can overview the newborn 
neurons and their integration with the host from a systems 
perspective. All in all, these findings provide encouragement 
that stem cell replacement therapy will become a reality in the 
near future. 

 
REFERENCES 

 
Breunig JJ, Haydar TF, Rakic P. 2011. Neural stem cells: historical 

perspective and future prospects. Neuron, 70(4): 614-625.  

Dong JR, Guo LY, Qu JG, Qi RL, Wang WC, Xiao CJ, Wang ZB.2012. 

Rhesus monkey embryonic stem cells differentiation, proliferation and 

allotransplantation. Zoological Research, 33(1):43-48. 

Englund U, Björklund A, Wictorin K, Lindvall O, Kokaia M. 2002. Grafted 

neural stem cells develop into functional pyramidal neurons and integrate 

into host cortical circuitry. Proceedings of the National Academy of 

Sciences of the United States of America, 99(26): 17089-17094.  

Falkner S, Grade S, Dimou L, Conzelmann KK, Bonhoeffer T, Götz M, 

Hübener M. 2016. Transplanted embryonic neurons integrate into adult 

neocortical circuits. Nature, 539(7628): 248-253.  

Gong H, Xu DL, Yuan J, Li XN, Guo CD, Peng J, Li YX, Schwarz LA, Li AA, 

Hu BH, Xiong BY, Sun QT, Zhang YL, Liu JP, Zhong QY, Xu TH, Zeng SQ, 

Luo QM. 2016. High-throughput dual-colour precision imaging for brain-

wide connectome with cytoarchitectonic landmarks at the cellular level. 

Nature Communications, 7: 12142.  

Gonzalez R, Garitaonandia I, Crain A, Poustovoitov M, Abramihina T, 

Noskov A, Jiang C, Morey R, Laurent LC, Elsworth JD, Snyder EY, 

Redmond DE, Jr., Semechkin R. 2015. Proof of concept studies exploring 

the safety and functional activity of human parthenogenetic-derived neural 

stem cells for the treatment of Parkinson's disease. Cell Transplantation, 

24(4): 681-690.  

Ke MT, Fujimoto S, Imai T. 2013. SeeDB: a simple and morphology-

preserving optical clearing agent for neuronal circuit reconstruction. Nature 

Neuroscience, 16(8): 1154-1161.  

Kim JH, Auerbach JM, Rodríguez-Gómez JA, Velasco I, Gavin D, Lumelsky 

N, Lee SH, Nguyen J, Sánchez-Pernaute R, Bankiewicz K, McKay R. 2002. 

Dopamine neurons derived from embryonic stem cells function in an animal 

model of Parkinson's disease. Nature, 418(6893): 50-56.  

Lindvall O. 2001. Parkinson disease. Stem cell transplantation. Lancet, 358 

Suppl: S48.  

McDonald JW, Liu XZ, Qu Y, Liu S, Mickey SK, Turetsky D, Gottlieb DI, 

Choi DW. 1999. Transplanted embryonic stem cells survive, differentiate 

and promote recovery in injured rat spinal cord. Nature Medicine, 5(12): 

1410-1412.  

Neuralstem, Inc. 2013. Neuralstem Receives FDA Approval To Commence 

Spinal Cord Injury Trial. 

Orelli B. 2013. FDA OKs Neuralstem Trial Treating Spinal Cord Injuries 

With Stem Cells.  

Susaki EA, Tainaka K, Perrin D, Kishino F, Tawara T, Watanabe TM, 

Yokoyama C, Onoe H, Eguchi M, Yamaguchi S, Abe T, Kiyonari H, Shimizu 

Y, Miyawaki A, Yokota H, Ueda HR. 2014. Whole-brain imaging with single-

cell resolution using chemical cocktails and computational analysis. Cell, 

157(3): 726-739.  

Tabar V, Panagiotakos G, Greenberg ED, Chan BK, Sadelain M, Gutin PH, 

Studer L. 2005. Migration and differentiation of neural precursors derived 

from human embryonic stem cells in the rat brain. Nature Biotechnology, 

23(5): 601-606.  

Wei JK, Wang WC, Zhai RW, Zhang YH, Yang SC, Rizak J, Li L, Xu LQ, 

Liu L, Pan MK, Hu YZ, Ghanemi A, Wu J, Yang LC, Li H, Lv LB, Li JL, 

Yao YG, Xu L, Feng XL, Yin Y, Qin DD, Hu XT, Wang ZB. 2016. Neurons 

differentiated from transplanted stem cells respond functionally to 

acoustic stimuli in the awake monkey brain. Cell Reports, 16(4): 1016-

1025.  

Weick JP, Liu Y, Zhang SC. 2011. Human embryonic stem cell-derived 

neurons adopt and regulate the activity of an established neural network. 

Proceedings of the National Academy of Sciences of the United States of 

America, 108(50): 20189-20194.  

Xiao JJ, Yin M, Wang ZJ, Wang XP. 2015. Transplanted neural stem cells: 

playing a neuroprotective role by ceruloplasmin in the substantia nigra of 

pd model rats?. Oxidative Medicine and Cellular Longevity, 2015: 618631.  

Yang B, Treweek JB, Kulkarni RP, Deverman BE, Chen CK, Lubeck E, 

Shah S, Cai L, Gradinaru V. 2014. Single-cell phenotyping within 

transparent intact tissue through whole-body clearing. Cell, 158(4): 945-958.  

Yang SC, Dong JR, Qu JG, Hu XT, Wang ZB.2011. A traumatic brain injury 

model for distinguishing between transplanted neural cells and host cells in 

vivo. Zoological Research, 32(4):421-427. 

Zhang RL, Zhang ZG, Chopp M. 2016. Function of neural stem cells in 

ischemic brain repair processes. Journal of Cerebral Blood Flow & 

Metabolism, 36(12): 2034-2043.  

Zuo FX, Bao XJ, Sun XC, Wu J, Bai QR, Chen G, Li XY, Zhou QY, Yang YF, 

Shen Q, Wang RZ. 2015. Transplantation of human neural stem cells in a 

parkinsonian model exerts neuroprotection via regulation of the host 

microenvironment. International Journal of Molecular Sciences, 16(11): 

26473-26492.  

Zwiers MP, Versnel H, Van Opstal AJ. 2004. Involvement of monkey inferior 

colliculus in spatial hearing. Journal of Neuroscience, 24(17): 4145-4156. 

 


