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Abstract 

In the field of tissue engineering and regenerative medicine, considerable research has been conducted into the development of artificial 

tubular structures that mimic tubular constructs with a multi-layer cellular structure. Recently, many researchers have used 3D bioprinting, 

which can be used to fabricate free-form shapes, and which enables cell positioning at specific locations using bio-ink-containing cells. However, 

it is still challenging to develop a 1) free-form, 2) multi-layered cellular structure, or a tubular structure with 3) an implantable level of 

mechanical rigidity. In this study we developed to implement a tubular structure that satisfied above all three conditions using our well-

established dragging 3D printing technique.  Dragging technique can be able to create the free-form porous multi-layer tubular construct in 

one step, without any sacrificial materials and post-processing. Additionally, by combine with bioprinting technology, we successfully 

development the multi-cellular tubular structure, similar to physiological features of native tissue. 

Therefore, we applied to developt an artificial esophageal tubular construct and small diameter vasculature (SDV). In order to fabricate the 

artificial esophageal tubular, we designed multi-layered free-form tubular construct (MFT) with wrinkle structure and bellows pattern to mimic 

native esophageal using dragging technique and developed the esophageal mucosa- and muscle-tissue derived decellularized extracellular 

bioink to build multi-cellular tubular construct. To development of the SDV, we prepared Human Umbilical Vein Endothelial Cell (HUVEC) and 

Human Aortic Smooth Muscle Cell (AoSMC) encapsulated collagen bioink and used this bioink to produce the SDV construct using the 

dragging technique.  

The dragging technique developed in this study is a unique technology that can easily print a free-form porous multi-layered structure in a 

one-step process. In the future, the dragging technique could be valuable for the study and development of various tubular tissue-engineering 

constructs. 
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