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Editorial 

Self-condensation culture for vascularized organoid
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Islet transplantation is an essential treatment for type 1 
diabetes. However, low engraftment of transplanted islets 
makes it difficult to maximize the treatment efficacy. Prof. 
Taniguchi’s research group has developed a method to make 
tissue organoids including pancreatic islets in vitro, using 
mesenchymal stem cells (MSCs) and human umbilical cord-
derived endothelial cells (HUVECs) (1). They successfully 
generated complex tissues including not only islets but 
also various organ fragments such as liver, kidney, heart, 
brain, and others. The self-condensation culture of islets 
with MSCs and HUVECs promoted islet function in vitro 
and massively improved engraftment after transplantation 
through rapid induction of functional vascular networks. 
This in vitro method to fabricate vascularized organoids 
offers us a promising means of therapeutic tissue 
transplantation, e.g., pancreatic islets transplantation to 
treat diabetes. 

This approach was first reported by Takebe et al. to 
fabricate liver buds (2). After that, the similar approach 
was further applied to the formation of vascularized islet 
tissues. In addition to the improvement of graft survival, 
the vascularized islet tissues also restored fulminant 
diabetic mice to euglycemia. Furthermore, the diabetic 
animals received the vascularized islet tissues had a higher 
insulin secretion, a better glucose tolerance, and a fast 
blood glucose disappearance rate when compared to 
those transplanted with non-vascularized (simply isolated) 
islets. The vascularized islet tissues induced functional 
vascular networks earlier in vivo, and this shall be the key 
for successful engraftment. Furthermore, although the 

details await further investigation, this approach can also 
create organoids from other tissue sources such as brain, 
heart, intestine, kidney, and lung, in addition to islets and 
liver. This approach extends the therapeutic applications 
of vascularized tissues to various diseases whose curative 
treatments have not been established.

In order to increase engraftment of transplanted islets, 
co-transplantation of MSCs (3), use of growth factors (4) 
and pre-vascularized transplantation site (5,6) have been 
reported. However, Prof. Takebe’s approach seem to include 
most of these advantages, since MSCs co-cultured with 
islets secrete growth factors to protect islets and already 
formed vascularization in the graft induces early vascular 
network formation like a pre-vascularized transplantation 
site. Moreover, self-condensed tissue may provide pretty 
physiological cellular environment through cell-cell and 
cell-ECM relationship just like native islets in situ before 
transplantation. 

Although this approach seems promising to increase 
engraftment of normally vascularized tissues, it cannot 
be applied to non-vascularized tissues, e.g., cartilage and 
nucleus pulposus. In such cases, tissue engineered scaffolds 
play important roles. It is well-known that the transplanted 
cells are difficult to be anchored at the injury site, if single 
cells are delivered. For example, chondrocyte injection 
for the treatment of cartilage defect generally results 
in poor outcomes while a cell carrier, such as the tissue 
engineered scaffold, can improve the cell adhesion as well 
as histomorphometric findings (7). On the other hand, the 
degradation of tissue engineered scaffold may influence the 
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surrounding cellular environment and subsequently cause 
proinflammatory reaction, which can impair the integration 
of transplanted tissues to the transplant site. Therefore, 
this approach has an advantage because of the scaffold-free 
formation of a 3D tissue construct (organoid). The MSC-
dependent contraction forming the self-organized tissues 
may benefit cell/tissue replacement therapy in other various 
conditions.

This approach used two other cell types (MSCs and 
HUVECs) in addition to the primary functioning cells, e.g., 
islets and hepatocytes. Therefore, when considering clinical 
application, sources of MSCs and HUVECs may raise 
another issue. MSCs can be obtained from various tissues 
including bone marrow and adipose tissue. On the other 
hand, HUVECs are obtained from human umbilical cord. 
Therefore, the donors of these cells are ordinarily different, 
unless MSCs are obtained from the appendage of the same 
fetus as HUVECs while the islets shall still come from 
another donor. So, sensitization to alloantigens may make 
immunosuppression more difficult. 

Lineage-directed inductions from undifferentiated 
[embryonic stem (ES) or induced pluripotent stem (iPS)] 
cells to MSCs (8) and endothelial cells (9) have been studied. 
If these two cell types and functional cell, e.g., islets, are 
differentiated from the same undifferentiated cell line, this 
organoid can be made from a single donor source. This may 
be the ultimate goal of the organoid formation. In fact, they 
recently made liver buds from iPS cells and investigated its 
feasibility as a hepatitis B virus (HBV) infection model (10). 
In Japan, HLA-homo iPS cell bank is being established 
for common HLA types in Japanese. Then, HLA-matched 
patients can be treated with organoids made from these 
HLA-homo iPS cells. However, this kind of treatment will 
be extremely expensive and it is uncertain if the society can 
afford such costs for a number of patients, even though the 
cost of individual iPS cell induction from each patient can 
be saved by HLA-homo iPS cell bank. Expense issues of 
this kind of regenerative medicine await right answer, while 
several clinical trials using various iPS-derived cell types are 
recently proposed in addition to retinal pigment epithelium. 

Spontaneously organized tissue including islets through 
self-condensation showed much enhanced in vitro function 
in comparison to simple isolated islets (1). This means 
that their organoids have better function than simple cell 
spheroids without blood circulation. The mechanisms 
of this functional improvement seem interesting and 
wonderful target of future investigations. On the other 
hand, islets can be micro- or macro-encapsulated and such 

encapsulated islets are expected to cure diabetes without 
immunosuppression (11). Accordingly, the organoid 
including islets may be suitable for encapsulated islets. 
However, in such situation, without blood circulation, 
supply of oxygen and nutrients, and clearance of waste 
products depend on simple diffusion. Therefore, their 
organoids are not suitable for simple encapsulation, since 
islet-supporting MSCs and HUVECs compete oxygen 
and nutrients to survive and the size of their organoids 
(about 1 mm in diameter) seem too large to avoid central  
necrosis (12). On the other hand, such organoids may 
be suitable for organoid on a chip (13) to be used for 
pharmacological and toxicological purposes, if proper 
oxygen supply is maintained. Their recent publication of 
liver buds as a HBV infection model (10) may be highly 
estimated in this context. 

In conclusion, recent publication by Prof. Taniguchi’s 
research group (1) showed organoid formation through 
self-condensation and self-organization induced by MSCs 
and HUVECs. Organoids including islets showed early 
engraftment and high function to cure diabetic animals after 
transplantation. Such organoids can include not islets but 
other tissues like liver, kidney, lung, and so on. This method 
seems a breakthrough toward new treatments using tissue 
transplantation and new drug screening methods using 
organoid on a chip. 
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