
2012 Japanese-American Kavli Frontiers of Science  

Artificial Cells and Tissues by Chemistry Page - 17 

Fiber-Shaped Cellular Constructs for  
Artificial Tissue Construction and Transplantation 

Hiroaki ONOE, The University of Tokyo 
 
 
1. Introduction 
Building up macroscopic artificial tissues from cellular building units (cell-encapsulating hydrogel 
beads [1], spheroids [2], cell sheet [3]) has been extensively attempted to construct complex and 
functional tissues and organs such as livers and pancreas.  As one of the building units, I have 
been focused on cell-encapsulating hydrogel microfibers [4], because many essential tissues in 
our human body are fiber shapes (ex. blood vessels, muscles, nerve cords).  Several 
cell-seeded hydrogel fibers have been reported [5,6], however, it has been difficult for those 
hydrogel fibers to achieve the level of tissue functions in vivo because of the lack of appropriate 
microenvironment for the encapsulated cells.  Moreover, precise handling of the cell-seeded 
fibers has not been achieved so far because of its fragility, which is a bottleneck in tissue 
construction using fiber-shaped cellular building units and in practical application to medical 
transplantation.  
 
Here I propose a collagen/alginate core-shell 
hydrogel microfiber, providing both appropriate 
microenvironments for cell growth and 
functions and sufficient mechanical strength 
for handling (Figure 1).  Encapsulated cells in 
the core collagen can proliferate so that the 
core space is filled with cells to form “cell fiber”.  
These cell fibers exhibit their intrinsic cellular 
functions, since the cells in the fiber are tightly 
connected to each other.  Using these cell 
fibers, I demonstrate the fiber-based assembly 
of 3D macroscopic tissues by weaving or 
reeling up the cell fibers, and the 
transplantation of the cell fibers for the 
proof-of-concept of minimally invasive 
functional tissue graft.  
 

 

Figure 1.  Concept of the “cell fiber.”  In the 
collagen/alginate core-shell hydrogel fiber, cells 
fill the core to form the cell fiber and exhibit their 
intrinsic functions.  These cell fibers can be used 
as building cellular units to construct cm-scale 3D 
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2.  Formation of cell fibers 
Cell-encapsulating collagen/alginate 
core-shell hydrogel fibers were continuously 
formed in a double coaxial laminar flow 
microfluidic device previously reported [4] 
(Figure 2).  By culturing the formed 
cell-encapsulating core-shell hydrogel fibers, 
the cells proliferated and filled the space of 
the collagen core to form “cell fiber” around 
3-14 days of culture (Figure 3).  Various 
types of cells including muscle cells, nerve 
cells and endothelial cells can form the 
fiber-shaped tissues and exhibit their 
functions such as muscle contraction, 
synaptic network formation and endothelial 

tube formation. 
 
3. Fiber-based tissue construction and medical transplantation 
The cell fibers can be handled in an aqueous solution 
by fluid flows generated with thin capillaries without 
damages.  Using this handling technique, I 
successfully demonstrated a weaving and reeling the 
cell fibers to assemble centimeter-scale 3D tissues.  
Also for exploring the applicability of the cell fibers to 
medical transplantation, I transplanted pancreatic 
beta cell fibers to diabetic mouse using a 
microcatheter and succeeded in normalizing blood 
glucose concentration of the recipient mouse.  I 
believe that this cell fiber approach would be 
promising for constructing internally-networked 
artificially tissues and for transplanting fiber-shaped 
tissue grafts with minimally invasive manners. 
 
 
Background Review Article: 
Khademhosseini A, Vacanti JP, Langer R. Progress in tissue engineering. Sci Am. 2009 May; 
300(5): 64-71. 
[article available on CD] 

 

Figure 2.  Formation of a cell-encapsulating 
core-shell hydrogel microfiber.  (A) Core-shell 
fiber was formed in a double coaxial microfluidic 
laminar flow device.  (B, C) 3T3 cells and collagen 

         

Figure 3.  Various types of cells can form 
cell fibers.  (A) HepG2 (hepatocyte) cell 
fiber.  (B) Min6m9 (pancreatic beta cell) 
cell fiber. (C) HeLa cell fiber. (D) Rat 
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