[image: C:\Users\WangJL\Desktop\BPG-页眉.jpg]
Copyright Information of the Article Published Online
	TITLE
	Selected suitable seed cell, scaffold and growth factor could maximize the repair effect using tissue engineering method in spinal cord injury

	AUTHOR(s)
	Wen-Chen Ji, Xiao-Wei Zhang, Yu-Sheng Qiu 

	CITATION
	Ji WC, Zhang XW, Qiu YS. Selected suitable seed cell, scaffold and growth factor could maximize the repair effect using tissue engineering method in spinal cord injury. World J Exp Med 2016; 6(3): 58-62

	URL
	http://www.wjgnet.com/2220-315X/full/v6/i3/58.htm

	DOI
	http://dx.doi.org/10.5493/wjem.v6.i3.58

	OPEN ACCESS
	This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

	CORE TIP
	Spinal cord injury is a thorny disease to doctors. Tissue engineering including three core contents-seed cells, scaffolds and growth factors - is a promising method to cure this disease. Selecting suitable factors and maximizing the repairing effect is very important. This article is a hypothesis to choose the suitable factor which hopes to build up a promising method to treat spinal cord injury.

	KEY WORDS
	Tissue engineering; Seed cell; Scaffold; Growth factor; Spinal cord injury

	COPYRIGHT 
	© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.

	NAME OF JOURNAL
	World Journal of Experimental Medicine

	ISSN
	2220-315x (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA

	WEBSITE
	http://www.wjgnet.com




























[bookmark: _GoBack]MINIREVIEWS

Selected suitable seed cell, scaffold and growth factor could maximize the repair effect using tissue engineering method in spinal cord injury

Wen-Chen Ji, Xiao-Wei Zhang, Yu-Sheng Qiu 

Wen-Chen Ji, Xiao-Wei Zhang, Yu-Sheng Qiu, Department of Orthopedics, the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an 710061, Shaanxi Province, China
Author contributions: Ji WC designed the study and wrote the manuscript; Zhang XW guided the experiment; Qiu YS modified the grammar and guided the thesis writing.
Correspondence to: Wen-Chen Ji, MD, Department of Orthopedics, the First Affiliated Hospital of Xi’an Jiaotong University, No.277, Yanta west Road, Xi’an 710061, Shaanxi Province, China. jiwenchenbaoyan@163.com
Telephone: +86-29-85323935   Fax: +86-29-85323930
Received: February 15, 2016   Revised: March 30, 2016   Accepted: May 31, 2016
Published online: August 20, 2016

Abstract
Spinal cord injury usually leads to permanent disability, which could cause a huge financial problem to the patient. Up to now there is no effective method to treat this disease. The key of the treatment is to enable the damage zone axonal regeneration and luckily it could go through the damage zone; last a connection can be established with the target neurons. This study attempts to combine stem cell, material science and genetic modification technology together, by preparing two genes modified adipose-derived stem cells and inducing them into neuron direction; then by compositing them on the silk fibroin/chitosan scaffold and implanting them into the spinal cord injury model, seed cells can have features of neuron cells. At the same time, it could stably express the brain-derived neurotrophic factor and neurotrophin-3, both of which could produce synergistic effects, which have a positive effect on the recovery of spinal cord. The spinal cord scaffold bridges the broken end of the spinal cord and isolates with the surrounding environment, which could avoid a scar effect on the nerve regeneration and provide three-dimensional space for the seed cell growth, and at last we hope to provide a new treatment for spinal cord injury with the tissue engineering technique.
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Core tip: Spinal cord injury is a thorny disease to doctors. Tissue engineering including three core contents-seed cells, scaffolds and growth factors - is a promising method to cure this disease. Selecting suitable factors and maximizing the repairing effect is very important. This article is a hypothesis to choose the suitable factor which hopes to build up a promising method to treat spinal cord injury.

INTRODUCTION
Spinal cord injury (SCI) is a thorny issue to clinic doctors and scientists, the incidence of which increases year by year[1]. In China, SCI incidence is nearly 60 people per million and in the United States there are 12000 new patients each year, with the estimated totally number of Americans living with a SCI nearly 259000[2,3]. This disease not only causes great harm to the patient mentally and physically, but also increases the economic burden on the society, so it is very important to develop novel strategies to treat SCI. 
In the basic research, scientists focus their attention on the following methods[4-6]: (1) using drugs; (2) taking advantage of stem cells; (3) making use of growth factors; (4) inhibiting inflammatory responses and hypertrophic scars; (5) promoting the axon growth; and (6) using tissue engineering technology. Among these, the most important method is tissue engineering technology, including three core factors-seed cells, scaffolds and growth factors (Figure 1). Thus how to select suitable seed cells, scaffolds and growth factors is very important, which could maximize the repair effect.

HYPOTHESIS
Our hypothesis is to use the tissue engineering to repair SCI in rats. Adipose-derived stem cells (ADSCs) have the characteristic of multipotential differentiation, and under certain conditions, they could differentiate into neuron cells. Constructing lentviral vectors carried brain-derived neurophic factor (BDNF) and neurotrophin-3 (NT-3) gene independently; we used it to transfect neural cells induced by the ADSCs, and thus seed cells have the properties of neurons; and at the same time, it could stably express BDNF and NT-3. Making the silk fibroin/chitosan scaffolds (SFCS), seeded transfect cells on scaffolds, implanting the composite into a 2 mm spinal cord transection rat model and taking advantage the characteristic of double gene modified neurons, they could continuously express BDNF and NT-3, and the trait of tissue engineering is shown. We are looking forward to providing a new treatment for SCI which could reduce the disability rate and mortality of SCI, and offering a solid theoretical basis for the clinical treatment of SCI (Figure 2). 

EVALUATION OF THE HYPOTHESIS
Seed cell
Seed cell is the first core factor in tissue engineering which has also restricted the development of tissue engineering as a bottleneck[7]. Seed cell could be divided into non-stem cells and stem cells[8]. The former includes: Schwann cells, olfactory ensheathing cells, fibroblast, and endothelial cells; the latter is divided into two types: (1) adult stem cell: ADSCs and muscle derived stem cells (MPSCs); and (2) non-adult stem cell: Embryonic stem cell (ES), neural stem cells and bone mesenchymal stem cells (BMSCs). In the above seed cells, ES and neural stem cells have critically important usage in the basic research in the early period, but there exist some problems, such as ethical problem, reject reaction and limitation of source which could not be used widely in clinics[9]; BMSCs are widely used in basic research, but in clinical application, we need to extract the bone marrow from patients, which will cause trauma[10]. Thus more and more scientists focus their attention on the adult stem cells, which have all the above advantages and at the mean time avoid their shortcoming[11]. Although MPSCs are adult stem cells normally used in the tissue engineering, most of the experiments use them to cure heart diseases and urological diseases; and just a few studies use them to repair nerve injury; the reason is that the ability of neurogenic differentiation for MDSCs is lower than ADSCs[12-14]. So we think if we want to select a suitable adult stem cell to cure the SCI, ADSCs are better, which are first separated by Zuk et al[15]. Its morphology, biological characteristics and immune phenotype is similar to BMSC, and the most advanced of this stem cell is minimally invasive for the patient[16]. Thus stem cells are better than non-stem cells, and in the stem cell, adult stem cells are better than non-adult stem cells, ADSCs are the best.

Scaffold
Except for the seed cell, the scaffold is also very important, which could be divided into different types according to various standards. For example, according to the source of materials it could be divided into natural scaffold and synthetic scaffold; according to the ingredient, it could be divided into single ingredient scaffold and composite ingredient scaffold; according to different states, it could be divided into solid scaffold and liquid scaffold[17]. Compared to the single ingredient scaffold, the composite ingredient scaffold which includes several components is perhaps better, because it could avoid the disadvantage existing in the single ingredient scaffold and maximize the scaffold function[18]. In addition, compared to the synthetic scaffolds, the natural ingredients scaffold may be better, and the reason is that the immune reaction and inflammation reaction is lighter after being implanted in the body[19].
Silk fibroin was obtained from the silk degumming and a kind of natural structural albumen was used as a scaffold in tissue engineering in many experiments. For example, Parry in their research uses silk fibroin to cure spinal fusion and finds this scaffold has a good effect[20]. But the shortcoming of this scaffold is that it is very brittle in a dry state and difficult to handle with[21]. Chitosan is another scaffold which has been researched on its biocompatibility,biodegradability, and biotoxicity for a long time, although rapid degradation and high swelling property are its problem[22]. Thus the blending of both materials to make SFCS was suggested, and the reason is that SFCS could avoid the exclusive limitation of pure silk fibroin and chitosan, and at the mean time it has excellent mechanical properties[23]. Therefore, we think using SFCS as a scaffold to repair SCI may be a bright future direction. 

Growth factor
From the above we know that seed cells and scaffolds are very important if we want to use tissue engineering technology to cure SCI, but besides them, growth factors could not be ignored, including nerve growth factors, BDNF, NT-3, glial cell line - derived neurotrophic factors and others, among which the most important are NT-3 and BDNF[24]. BDNF was extracted from porcine brain in 1982 and has a widespread effect on central neurons, which through the activation and binding of TrkB to expresses its biological effects, it could prevent neurons death and improve the pathological state of neurons after SCI[25]. NT-3 is found in the cloning of NGF gene, which is a multifunctional gene and has the effect on maintaining the neuron and dopaminergic neuron differentiation[26]. Up to now, NT-3 is considered to be the only gene which has a clear effect that could promote the corticospinal tract growth after SCI by binding and activating the TrkC to produce its biological effect[27]. Thus we want to know whether we could use BDNF and NT-3 at the same time, which may have a synergistic effect. If we want to implement this idea, we need to resolve the new challenge-how to use them, because injecting the growth factor directly may cause it to be lost and fail to take a long effect. Using gene modified technology could solve this problem. Morizono et al[28] did a comparison of efficiency among three kinds of viruses to transfect ADSCs and found that the highest transfection efficiency is in lentivirus. Thus lentivirus may be better, and another reason why to choose this virus carrier is that it has a main characteristic which could insert nearly 8 B exogenous fragments and provide a possibility that connects two genes in the same carrier in the future research, and if using this transfect stem cell, gene expression may be higher than using two single genes to transfect at the same time.

CONCULSION
If our hypothesis is confirmed, we can significantly improve the repair effect on the SCI, but we clearly know that SCI will still trouble doctors and researchers for a long time in future, and this hypothesis just provides a possibility for people in future research. If we want to successfully cure the SCI and let patients recover normally after injury, there is a long way to go. All in all, with the deepening research about tissue engineering, we think this method could be used in the clinics to cure SCI at last, which promises bright future for the patients.
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Figure Legends
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Figure 1  Scheme of using tissue engineering method to repair spinal cord injury.
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Figure 2  Technology road mapping. SFCS: Silk fibroin/chitosan scaffolds; ADSC: Adipose-derived stem cells; NT-3-RFP: Neurotrophin-3-red fluorescent protein; BDNF: Brain-derived neurophic factor; LV-GFP: Lentivirus Green fluorescent protein.
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