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Abstract: It was traditionally thought that the central nerve system (CNS) defects the 

regenerated ability, following the injury. However, the peripheral nerve system (PNS) 

possesses an ability of regeneration after injury. Also it was found that the axon in CNS might 

extend into the graft, as soon as the peripheral nerve tissue was transplanted into the injured 

part of CNS. Therefore, it implied that the axons in CNS also possess the regeneration ability, 

and the regeneration of axon in CNS just depended on the microenvironment around them. 

The microenvironment of CNS doesn’t adapt to the nerve regeneration after damage. The 

different microenvironment between CNS and PNS mainly results from the different types of 

glial cells--the oligodendrocytes in CNS play an inhibit role, while the Schwann cells in PNS 

play an active role in the repairing process following the nerve injury. When CNS damaged, 

the injured myelin sheath that composed from oligodendrocytes released a lot of inhibitors for 

axon-regeneration. On the other hand, glial scar inhibited the axon regeneration by space 

obstruction proteoglycan inhibition (e.g. chondroitin sulfate proteoglycans, 

CSPGs）.Therefore, the repair strategies for nerve regeneration of CNS were just as “Seeds 

Substitution and Soil Amendment”, following injury. For example, Soil Improvement was 

performed by weakening the inhibitors of obstructing the CNS regeneration, removing the 

glial scar, supplying the advantageous factors, transplanting the endothelial progenitor cells 

(EPCs) in order to re-establish the microvascular, and repairing the injured myelin. Seed 

Substitution was done by transplanting the nerve stem cells (NSCs), and applying the 

bio-macromolecules as the cellular bridges during the CNS regeneration. Finally, the injured 

CNS can be repaired. 
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1 Overview 

The damaged axons of central nerve 

system (CNS ） usually are difficult to 

regenerate following injury, which will 

result in the permanent loss of sense, motion 

and the cognitive in the individuals. 

Therefore, it is important to search the new 

strategies for improving the repair and 

regeneration of the damaged axons after 

CNS injury. Then, what are the key factors 

to effect on the axons regeneration in the 

injury CNS?  

Some interesting investigations 
[1]
 

implied that just the injuring 
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microenvironment obstructed the axons 

regeneration in the CNS, because the graft 

of peripheral nerve tissue permitted the 

injury axons of the CNS to regenerate in it. 

As soon as the regenerated axons reached at 

the edge of the graft and touched with 

central nerve tissue of the host, however, the 

axons regeneration was inhibited again. It 

therefore implied that the axons in CNS also 

possess the regeneration ability, which just 

depends on the microenvironment around 

them. The microenvironment of CNS 

doesn’t adapt to the nerve regeneration after 

damage. It was well known 
[2]
 that the main 

different microenvironment between CNS 

and peripheral nerve system (PNS) mainly 

results from the different types of glial cells. 

The oligodendrocytes in CNS played an 

inhibit role, while the Schwann cells in PNS 

played an active role in the repairing 

process following the nerve injury. When 

CNS damaged, the injured myelin sheath 

that composed from oligodendrocytes 

released a lot of inhibitors for 

axon-regeneration. Therefore, it implied us 

that the newest vaccine strategies can be 

considered to use for decreasing the 

inhibitors in order to improve the functional 

recover of injury axons in CNS. On the 

other hand, the glial scar and the damaged 

microvascular also inhibit the nerve 

regeneration following CNS injury. It was 

found that the CNS injury will result in the 

formation of lesion scars which include an 

astrocytic component (glial scar) and a 

fibroblastic component (connective tissue 

scar), at the injury site 
[3]
. And also the 

injury of CNS will cause the microvascular 

damage which effects the nerve regeneration 

in CNS severely 
[4]
. Therefore, the new 

strategies including effectively minimizing 

the formation of lesion scars, reestablishing 

the damaged microvascular, and supplying 

some advantageous factors such as 

neurotrophic factors (NTF) must be 

concerned, in order to improve the injury 

axons regeneration in CNS. 

Above all, the improvement of 

microenvironment for nerve regeneration in 

CNS is just equal to the strategy of “Soil 

Amendment”. Then, which belong to the 

main “Seeds” in the “Soil”? What is the 

change of these “Seeds” during the CNS 

damage and how to make them into the best 

functional state? For the nerve tissue of 

CNS, generally, the neurons play an 

important functional role in the production 

and transmission of nerve impulse, as the 

main “Seeds” in the “Soil” which supplies 

the proper microenvironment for nerve 

regeneration. As soon as the nerve tissue of 

CNS was damaged, some of neurons will 

loss their functions soon. Therefore, the 

supplementary and substitution of neurons 

in both structure and function are the 

necessary. Neural stem cells (NSCs) , as a 

kind of stem cells, possess the potential 

abilities of proliferation and differentiation, 

which can differentiate into some of neurons 

and glials under the suitable conditions and 

microenvironment. So, the NSCs were 

usually chosen to repair the injury nerve 

tissue in CNS by their special properties 

including the cellular replacement and NTF 

secretion, which were usually classified as 

the strategy of “Seeds Substitution”.  

 

2 Application of therapeutic 
vaccine to decrease the inhibit 
factors in damaged CNS 

The neurite growth inhibitors 

associated with oligodendrocytes and 

myelin usually include as below: 

oligodendrocyte myelin glycoprotein 

(OMgp), myelin-associated glycoprotein 

(MAG), Nogo A and tenascin-R (TN-R). 

Generally, there is a physiological 

autoimmune response at the injury site 
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accordance with the myelin antigens 

following CNS injury. Therefore, the 

artificial co-adjuvant that was 

actively/passively treated by adequate 

myelin antigen may active the protective 

autoimmune T lymphocytic reaction, then 

decrease the secondary nerve damage and 

improve the nerve function, following its 

administration in vivo. DNA vaccine 

modified with the neurite growth inhibitors 

associating with oligodendrocytes and 

myelin, as a kind of therapeutic vaccine, can 

effectively neutralize those homologous 

inhibitors by releasing the antigens to 

product the accordant antibodies in the 

individual after using in vivo, which may 

belong to either the cellular or the humoral 

immunity. These characteristics of DNA 

vaccine are propitious for the nerve 

regeneration in the injured CNS. Some of 

researches have shown that DNA vaccine 

may obviously improve the axons 

regeneration in model of spinal cord injury 

(SCI) [5]. It provides us a new way for 

promoting the recovery of nerve function 

after CNS damage.  

 

3 Strategy to minimize the 
formation of lesion scars in 
damaged CNS 

As soon as the CNS was injury, the 

glial scar will appear as the one of 

secondary lesion at certain time point, 

which may inhibit the axon regeneration by 

both Space obstruction and proteoglycan 

inhibition especially the chondroitin sulfate 

proteoglycans (CSPGs）. However, it was 

found recently that chondroitinase ABC 

(chABC) might effectively promote the 

axon regeneration, and improve the 

motor/sensory functions in rat SCI model 

because the chABC might breakdown the 

CSPGs in the glial scar [6]. The 

X-irradiation also was used as a new way 

for removing (or reducing) the lesion scar 

formation and the levels of CSPGs because 

it might reduce the astrocytic number 

sufficiently to attenuate glial scar formation 

but maintain the sufficient numbers of 

astrocytes for structural integrity and 

neurotrophic support[3].  

 

4 To supply the advantageous 
factors, and to transplant the 
endothelial progenitor cells       
(EPCs) for promoting the nerve 
regeneration 

The nutrition factors（NTF） produce 

their marked effects by the special receptors 

generally. The transmission ways of NTF 

mainly include injecting locally, releasing 

slowly by biogel/nanoparticles, and 

secreting persistently by transgene cells 

besides the endogenous secretion. It is 

worth to paying attention to the axons 

reactance of the different NTF just depends 

on the axons types [7]. On the other hands, 

it has been shown that the EPCs indeed can 

play an effect role in reestablishing the 

damaged microvascular[8]. 

 

5 About functional recover of 
damaged CNS by NSCs 
transplantation 

It was well known that the NSCs 

possess the main merits including the 

potentials of differentiation into nerve tissue 

cells and self-renew, the carrier with 

purposed genes, and the ability to migrate 

directly to the injured region without 

oncogenicity within certain check 

time-point 
[9-10]

. The main resources of 

NSCs include Embryo, Adult（bone marrow 

or adipose, etc）, Clone, and iPS. In all of 

them, the NSCs from Adult were considered 
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as the most suitable seed-cells for 

therapeutic application because they possess 

some of advantages: OAbundant source and 

harvesting easily, OWithout either ethic 

problems nor immuno-repulsion when 

autotransplantation     for    therapeutic 

 

application. In order to trace the 

transplanted NSCs in structure and function 

in vivo, it is necessary to label the NSCs 

with effective marker before graft. Magnetic 

resonance imaging (MRI) can be considered 

as the important tool for tracing in vivo. 

 

6 Others 

If there is a large cavity in the damaged 

CNS, the bio-macromolecule also can be 

used, in order to guide the growth axons 

into normal nerve tissue, across the 

obstacles such as glial scar vesicles, etc., 

and supply the sustentaculum for filling the 

big cavity following severe damage, and 

attaching the graft cells. There’re some of 

common biomacromolecules such as 

polyacrylonitrile, vinyl chloride, 

polycarbonate, poly- α -hydrox acids, 

polyethylene glycol, etc. All of them 

generally have the absorbable and 

degradational characteristics.  

 

7 In summary  

The repair strategies for nerve 

regeneration of CNS were just as “Seeds 

Substitution and Soil Amendment” 

following injury, in which the “Soil 

Improvement” might be performed by 

receding the inhibitors of obstructing the 

CNS regeneration, removing the glial scar, 

supplying the advantageous factors, 

transplanting the endothelial progenitor cells 

(EPCs) in order to re-establish the 

microvascular, and repairing the injured 

myelin. “Seed Substitution” was done by 

transplanting the nerve stem cells (NSCs), 

and applying the bio-macromolecules as the 

cellular bridges during the CNS 

regeneration. 

 

8 Acknowledgments 

The research was supported by grants from 

the Natural Science Foundation of China (No. 

U0632008), Funds for Key Sci-Tech Research 

Projects of Guangdong (No. 2008A030201019, 

2007-05/06-7005206) and Guangzhou (No. 

09B52120112, 2008A1-E4011-6). 

 

References 

1  Beng Ti Ang, Gang Xu, and Zhicheng 

Xiao. Therapeutic vaccination for 

central nervous system. Clinical and 

Experimental Pharmacology and 

Physiology. 2006, 33: 567-571 

2  Xiaodan Jiang and Zhicheng Xiao. 

Central nervous system repair and 

therapeutic vaccination. Chinese 

Journal of Neuromedicine, 2007, 6 (3): 

217-220 

3  SX Zhang, JW Geddes, JL Owens and 

EG Holmberg. X-irradiation reduces 

lesion scarring at the contusion site of 

adult rat spinal cord. Histology and 

Histopathology, 2005, 20: 519-530 

4  Zhen-Zhou Chen, Xiao-Dan Jiang, Li-Li 

Zhang, Jiang-Hua Shang, Mou-Xuan 

Du, Gang Xu, Ru-Xiang Xu. Beneficial 

effect of autologous transplantation of 

bone marrow stromal cells and 

endothelial progenitor cells on cerebral 

ischemia in rabbits. Neuroscience 

Letters, 2008, 445: 36-41 

5  Xu G, Nie DY, Chen JT, Wang CY, Yu 

FG, Sun L, Luo XG, Ahmed S, David S, 

Xiao ZC. Recombinant DNA vaccine 

RECENT ADVANCES in CLINICAL MEDICINE

ISSN: 1790-5125 108 ISBN: 978-960-474-165-6



encoding multiple domains related to 

inhibition of neurite outgrowth: a 

potential strategy for axonal 

regeneration. J Neurochemistry, 2004, 

91 (4): 1018-1023 

6  Xia Y, Zhao T, Li J, Li L, Hu R, Hu S, 

Feng H, Lin J. Antisense vimentin 

cDNA combined with chondroitinase 

ABC reduces glial scar and cystic 

cavity formation following spinal cord 

injury in rats. Biochemical and 

Biophysical Research Communications. 

2008, 12 (377): 562-566.  

7  Logan A, Ahmed Z, Baird A, Gonzalez 

AM, Berry M. Neurotrophic factor 

synergy is required for neuronal 

survival and disinhibited axon 

regeneration after CNS injury. Brain, 

2006,129 (Pt 2):490-502.  

8   C Zhen-Zhou, J Xiao-Dan, L Gui-Tao, 

S Jiang-Hua, L Ling-Hui, D Mou-Xuan 

and X Ru-Xiang. Functional and 

ultrastructural analysis of 

endothelial-like cells derived from 

bone marrow stromal cells. 

Cytotherapy, 2008, 10 (6): 611-624 

9  Jiang X, Xu R, Yang Z, Jin P, Xu Q, Li 

G, Wang W, Liao K, Liu X, Ke Y, 

Zhang S, Du M, Zou Y, Cai Y, Zeng Y. 

Experimental Study on Trace Marking 

and Oncogenicity of Neural Stem Cells 

Derived from Bone Marrow. Cellular 

and Molecular Neurobiology. 2008, 

28(5):689-711 

10  Xu R, Jiang X, Guo Z, Chen J, Zou Y, 

Ke Y, Zhang S, Li Z, Cai Y, Du M, Qin 

L, Tang Y, Zeng Y. Functional Analysis 

of Neuron-like Cells Differentiated 

from Neural Stem Cells Derived from 

Bone Marrow Stroma Cells in vitro. 

Cellular and Molecular Neurobiolog 

28(4):545-558.  

 

 

 

 

RECENT ADVANCES in CLINICAL MEDICINE

ISSN: 1790-5125 109 ISBN: 978-960-474-165-6




