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		Abstract

		Traditional treatment therapies for tracheal stenosis often cause severe postoperative complications. To solve the current difficulties, novel and more suitable long-term treatments are needed. A 3D-printed scaffold representing the whole segment of goat trachea was engineered with autologous auricular cartilage cells. TETs underwent mechanical analysis followed by in vivo implantations in order to evaluate the feasibility and clinical potential. 3D-printed TETs were successfully cellularized, as observed by scanning electron microscopy. Mechanical force compression studies revealed that both PCL scaffolds and TETs have a more robust compressive strength than does the native trachea. In vivo implantation of TETs resulted in significantly higher mean postoperative survival times in the experimental group 65.00Â±24.01 days (n=5), than the control group, 17.60Â±3.51 (n=5). Tracheal narrowing was confirmed by bronchoscopy and CT examination in the engineered goat trachea transplantation model. However, unlike that of the control group, we did not observe the presence of tissue necrosis in the experimental TET group. Furthermore, an encouraging epithelial-like tissue formation was observed implying functional maturation of the TETs in vivo. This is the first detailed study employing orthotopic transplantation of a whole 3D-printed TET in large animals. We believe these results signify a major milestone in the development of TETs.  

Funding Statement: This study was supported by National Natural Science Fund of China (grant numbers 31200735, 81671833, 81670372), Shanghai Science and Technology Development Fund (grant numbers 15411966800, 12ZR1446500ï¼Œ16CR3078B), Science and Technology Development Fund of Shanghai Pudong(grant number PKJ2012-Y48, PKJ2016-Y33), Shanghai Municipal Commission of Health and Family Planning(grant numbers 20144Y0166), the Biomedical Engineering fund of Shanghai Jiao Tong University (grant numbers YG2012MS36, YG2016MS28), Collaborative Innovation Center for Translational Medicine at Shanghai Jiao Tong University School of Medicine(grant number TM201504), Scientific research project of Ai You foundation(grant number 2017SCMC-AY002), the Open Research Fund of State Key Laboratory of Bioelectronics, Southeast University, China.  

Declaration of Interests: All authors declare that they have no competing interests.  

Ethics Approval Statement: The Laboratory Animal Management Committee of School of Medicine of Shanghai Jiaotong University approved all animal experiments. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: 3D-printed; tissue-engineered trachea; large animal experiment

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Xia,  Dekai and Jin,  Dawei and Wang,  Qian and Gao,  Manchen and Zhang,  Jialing and Zhang,  Hengyi and Bai,  Jie and Feng,  Bei and Chen,  Maolin and Huang,  Yanhui and Zhong,  Yumin and Witman,  Nevin and Wang,  Wei and Xu,  Zhiwei and Zhang,  Haibo and Fu,  Wei and Yin,  Meng, Tissue-Engineered Trachea from a 3D-Printed Scaffold Enhances Whole-Segment Tracheal Repair in a Goat Model (July 11, 2018).  Available at SSRN: https://ssrn.com/abstract=3280654 or http://dx.doi.org/10.2139/ssrn.3280654 
		
	

	

	
	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Dekai Xia

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Dawei Jin

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Qian  Wang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Manchen Gao

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jialing  Zhang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Hengyi Zhang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jie Bai

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Bei Feng

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Maolin Chen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yanhui Huang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Yumin Zhong

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Nevin Witman

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Karolinska Institutet 

			

			
			
				
				
				
					Granits vÃ¤g 4
Section for Integrative Physiology
Solna, Stockholm 17171
Sweden

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Wei Wang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Zhiwei Xu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Fudan University - School of Economics  ( email )

			

			
			
				
				
				
					600 GuoQuan Road
Shanghai, 200433
China

				

				
			

			
				
				
					HOME PAGE: http://https://xuzhiwei09.wixsite.com/econ
				

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Haibo Zhang

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) 

			

			
			
				
				
				
					KoGuan Law School
Shanghai 200030, Shanghai 200052
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Wei Fu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Institute of Pediatric Translational Medicine  ( email )

			

			
			
				
				
				
					China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Department of Pediatric Cardiothoracic Surgery  ( email )

			

			
			
				
				
				
					1678 Dongfang Road
Shanghai, 200127
China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Shanghai Key Laboratory of Tissue Engineering  ( email )

			

			
			
				
				
				
					China

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Meng Yin (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Shanghai Jiao Tong University (SJTU) - Department of Pediatric Cardiothoracic Surgery  ( email )

			

			
			
				
				
				
					1678 Dongfang Road
Shanghai, 200127
China

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to TheLancet.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to TheLancet.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       52

			

		
		
		
			Abstract Views

			      473

		

		
		
	


	

	
		
			
				       41 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					
						
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Preprints with The Lancet Specialties
									

									
										
											All Journals (16826)
										
											Allergy & Immunology (1063)
										
											Anaesthesia & Analgesia (51)
										
											Cardiology & Vascular Medicine (1168)
										
											Child & Adoloscence Health (1321)
										
											Critical Care (577)
										
											Dermatology (105)
										
											Digital Health (829)
										
											Endocrinology (963)
										
											Gastroenterology (989)
										
											Genetics & Genomics (2204)
										
											Geriatrics (204)
										
											Global Health (1326)
										
											Haematology (651)
										
											Infectious Diseases (5608)
										
											Nephrology (342)
										
											Neurology (1489)
										
											Nutrition (495)
										
											Obstetrics & Gynaecology (775)
										
											Oncology (3357)
										
											Ophthalmology (231)
										
											Otolaryngology (113)
										
											Planetary Health (263)
										
											Primary Care (853)
										
											Psychiatry (1095)
										
											Public Health (3555)
										
											Radiology & Medical Imaging (454)
										
											Respiratory Medicine (713)
										
											Rheumatology & Orthopaedics (613)
										
											Surgery (398)
										
											Urology (97)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Preprints with The Lancet

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Preprints with The Lancet

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              262

                                    

                                    
                                        PAPERS

                                           16,826

                                    

                                

                                
                            

                        

                    

                
	
                    Large Animal Research eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Large Animal Research eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               12

                                    

                                    
                                        PAPERS

                                              884

                                    

                                

                                
                            

                        

                    

                


        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
			
				
			
			
		
	
		
	
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l200 in   0.456 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
