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The research for fabricating tissue/organs through 
cultivation of stem cells gathered from the patients 
themselves has been accelerated in recent years. 

Through the usage of iPS cells and alike we develop 
various cellular tissues from the patients and multiply 
them on vascular beds to fabricate target tissues.

In the future by maximizing microsurgical technique, 
newly fabricated tissues derived from the patients 
themselves will surely be transplantable.
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(Kobayashi E & Montero EF. Act Cri Bras 20;194,2005)



Translational Research: From rat to clinic 

In vivo 
Tissue Fabrication 

(Data from Dr. Shuangbai Zhou) 
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Cross-border academia collaboration between 
Prof. Li (China) and Prof. Kobayashi (Japan) 

`The firefly Rat` developed world-first by Prof. 
Kobayashi in the early years of 2000s 
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ES cell = embryonic stem cell; iPS cell = induced pluripotent stem cell



Nat. Commun. 2013;4:1399.

Contribution of co-cultured endothelial cells within the construct



8

`Tissue-engineered` cardiomyocytes sheet

Temperature Responsive Culture Dishes 
developed by Prof. Okano 
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Tissue Fabrication is restricted due to the limits of passive 
diffusion 

Tissue thickness reached a plateau at 80um

necrosis

New technologies for improving the reconstruction of 3D cell-dense tissue with 
a well organized vasculature are required.  

in vitroin vivo

Triple layered 
cell sheets





cTnT/CD31

Overcome diffusion limits by multi-step transplantation

Allowed for sufficient blood-vessel formation

1 day
intervals



Imitating in vivo condition

Objective

Vascular bed

Followed by in vivo study, we hypothesized that it may be possible 
to overcome these diffusion limits in vitro by employing vascular 
bed and bioreactor system that allowed for sufficient vascular 
network in the engineered cardiac tissues.



Ex vivo vascular bed

10mm

Muscle with femoral artery and vein



Schematic illustration of  the concept used for in virto
engineering of 3-D tissue with perfusable blood vessels
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Multi-layered cardiac tissue

Vascular bed

Artery

Vein

Multi-step overlaying of triple-layer 
cardiac cell sheets for scale up

12 days after perfusion culture



Culture 
medium

Methods

GFP-positive endothelial cells(ECs)

Cardiomyocytes

4 days culture Layered

Cell sheets

Tissue perfusion bioreactor Femoral muscle with an artery and a vein 

( +) or ( - )



Bioreactor set up and tissue perfusion culture

24 48 72 [hrs]

Perfusion flow rate [uL/min]

Arterial pressure [mmHg]

Medium return [g]

Perfusion pump

Pressure sensor
Medium tank Camera

Electronic balance

Tissue culture chamber



FGF-2 (-) FGF-2 (+)

Black ink 3 days after perfusion culture
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Contribution of co-cultured endothelial cells 
within the engineered construct



Contribution of co-cultured endothelial cells 
within the engineered construct

Perfused with
Red fluorescent dextran
or
Red fluorescent 4 um spheres

Two-photon microscope images



CD31 / GFP

ECs (+) FGF-2 (+)

20um20um

G

Border zone

GFP positive grafted endothelial cells GFP positive vascular bed

Contribution of co-cultured endothelial cells 
within the engineered construct



Total ECs

CD31 / GFP / DAPI

20 um

GFP ECs

ECs (+) FGF-2 (+)

Contribution of co-cultured endothelial cells 
within the engineered construct



＊p＜0.05 (One-way ANOVA with Fisher’s LSD test)

In vitro perfusable blood vessel formation 
and viable cardiac tissue fabrication

18.3min

45 min 90 min



Double-step overlaying of triple-layer cell sheets for thick 
tissue formation in vitro conditions and their viability assay

G

＊p＜0.05 (Unpaired Student t test)
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＊p＜0.05 (One-way ANOVA with Fisher’s LSD test)H Anastomoses (+)

2 weeks after transplantation

6 days

Transplantation of in vitro vascularized cardiac tissues



Basic

Research

Clinical 
Research

Registries 
Research

Why doctors are in need of 
pushing forward researchers ?

Translation 
(Possibility)

Guideline (Rule)

(Aspect)
Reality 



Shall we do our best for the suffering patients
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