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Introduction
Mesenchymal stem cells (MSCs) are considered to be good 
transplantable cell candidates. The rapid isolation from various 
tissues and the efficient amplification in culture are the biggest 
advantages of MSCs for clinical use. Central nervous system 
(CNS) disorders, such as Parkinson’s disease, traumatic brain 
injury (TBI), and stroke, are thought to be good targets for 
MSC transplantation therapy and several clinical trials have 
been conducted.1

Unlike CNS disorders, MSC transplantation has not been 
strongly focused on and the literature in the field of psychiatric 
disorders is limited. Depression, which is one of the most com-
mon and leading causes of disability around the world, is not 
well controlled with currently available treatments. Therefore, a 
new treatment for treatment-resistant depression is needed and 
MSC treatment may be a good candidate. Although the intra-
ventricular implantation of MSCs was reported to have an ame-
liorative effect on depressive-like behavior in a rodent study,2 its 
effect needs to be compared with that of conventional treatments 
to determine if it is a good candidate as a new treatment.

Implanted MSCs have the potential to differentiate into 
neural lineage and to migrate and interact with host cells.1,3 As 
such, implanted MSCs are thought to exhibit beneficial effects 
by integrating with and functioning as part of the host tissue. 
Transplanted cell-secreted factors are also reported to be key 

factors.4 For example, MSC implantation had a beneficial 
effect on TBI.5 Stand-alone injections of vascular endothelial 
growth factor (VEGF) and brain-derived neurotrophic factor 
(BDNF), both of which are secreted from MSCs, are also ben-
eficial for TBI.6,7 These results suggest that at least some of the 
effects of MSC transplantation are due to secreted factors. 
Despite the accumulation of knowledge related to MSC trans-
plantation therapy, one important issue remains unaddressed, 
namely: whether cell-to-cell contact between transplants and 
host cells or transplanted cell-secreted factors mediate the ben-
eficial effects of MSCs.

To address these issues, we recently published our latest 
results on encapsulated MSC implantation to Wistar-Kyoto 
(WKY) rats.8 In this commentary, we will discuss these results 
and future research directions. The key factors in this study are 
“encapsulation” and “WKY rats”. Encapsulation is a technique 
used to protect graft cells from immune system attack and it may 
enhance the survival rate of grafted cells. At the same time, it 
prevents implanted cells from interacting with the host cells. We 
used this method to dissect the underlying mechanism of its 
treatment effect. WKY rats are known to exhibit depressive 
behavior congenitally and to be resistant to conventional antide-
pressant treatment. A response to electroconvulsive therapy, 
which is an advanced therapy for pharmacotherapy-resistant 
depression, has been shown, however.9 These results suggest that 
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WKY rats may be useful in research on the development of new 
treatments for treatment-resistant depression. Using this animal 
model, we compared the treatment effect of MSC implantation 
with that of conventional treatment.

Encapsulated MSCs ameliorated the behavioral 
deficit of WKY rats
First, we evaluated the effect of MSC implantation with or without 
encapsulation. The open field test (OFT) and the traditional two-
day forced swim test (FST) were used as behavioral tests. WKY 
rats are less active in a novel field (as measured by the OFT) and 
spend a longer time immobile in the FST than Wistar rats which 
are the healthy control.10 Encapsulated MSC implantation to the 
lateral ventricle showed an ameliorative effect in both the OFT 
and FST day2 (Figure 1). MSC implantation without encapsula-
tion did not affect the results of these behavioral tests, however.

We checked the survival rate of MSCs without encapsula-
tion and found that they completely disappeared from the lat-
eral ventricle and the brain parenchyma within 1 week. In 
contrast, encapsulated MSCs survived even 2 weeks after 
implantation. This means that encapsulation increased the sur-
vival rate of the implanted cells. We speculate that encapsula-
tion protects MSCs from immune attack and that this increased 
survival rate enhanced the treatment effect of MSCs.

Although interaction with host cells is lost in encapsulated 
MSCs, we observed a robust treatment effect following encapsu-
lated MSC implantation. These results allow us to speculate that 
cell-secreted factors play a major role in the effect of MSCs.

Encapsulated MSCs enhanced endogenous 
neurogenesis
Endogenous neurogenesis in the subventricular zone (SVZ) 
and dentate gyrus (DG) was also evaluated. WKY rats exhibit 
physiological features that resemble the abnormalities observed 
in depression.11,12 For example, volume reduction of the hip-
pocampus and neurogenesis in the DG have been reported.10,13 

Hippocampal neurogenesis is reported to be enhanced by con-
ventional antidepressant treatment and it may be the key factor 
underlying its effect.14 In our study, encapsulated MSC implan-
tation increased neurogenesis in these regions (Figure 1). This 
indicates that one aspect of a physiological feature in WKY rats 
is ameliorated by encapsulated MSCs.

Various types of neurotrophic factors were secreted 
from encapsulated MSCs and related pathways are 
activated
Next, we examine what kinds of secreted factors are responsible 
for the antidepressant effect of MSCs. To address this, we 
focused on four neurotrophic factors, namely, VEGF, BDNF, 
fibroblast growth factor-2 (FGF-2), and ciliary neurotrophic 
factor (CNTF), and hypothesized that these secreted neuro-
trophic factors are responsible for the treatment effect of MSCs. 
All of them are secreted from MSCs and are related to depres-
sive symptoms and behavior in humans and rodent research.8 
As the capsules are made of polymeric hollow fibers that consist 
of semipermeable membranes, encapsulated MSCs were con-
firmed to secrete these four neurotrophic factors for at least 
2 weeks. Implantation of encapsulated MSCs to the lateral ven-
tricle activated the pathway related to these neurotrophic factors 
(Figure 1). These results support the idea that neurotropic fac-
tors are responsible for the antidepressant treatment effect.

Encapsulated MSCs upregulated the expression level 
of VEGF, CNTF, and their receptors
The intrinsic expression of VEGF, CNTF, and their receptors 
was upregulated by encapsulated MSCs. Although similar 
effects were reported in dental pulp stem cell implantation,15 
the effects related to nurturing the microenvironment have not 
been well evaluated or discussed thus far. The intrinsic changes 
of the VEGF and CNTF pathway itself would result in an 
ameliorative effect on depression-like behavior and may play a 
key role in the robust treatment effect of encapsulated MSCs.
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Figure 1. Schematic representation of encapsulated mesenchymal stem cell (MSC) implantation. MSCs were encapsulated with polymeric hollow fibers. 

Encapsulated MSCs continuously secreted vascular endothelial growth factor, brain-derived neurotrophic factor, fibroblast growth factor-2, and ciliary 

neurotrophic factor. Various treatment effects were exhibited. MSCs, mesenchymal stem cells. Bar: 100 μm.



Kin et al. 3

Features of encapsulated MSCs and future research 
prospects
The biggest feature of encapsulated MSCs is that they coun-
teract the treatment-resistant behavioral deficits of WKY rats. 
This suggests that the antidepressant effect of encapsulated 
MSCs is stronger than that of conventional antidepressant 
treatment. Behavioral changes caused by encapsulated MSCs 
differ from those of conventional antidepressant treatments, 
however. As conventional antidepressant treatment does not 
affect the results of the OFT, our findings are difficult to inter-
pret. Other types of behavioral tests may be helpful in the 
interpretation of the unique effect of MSCs.

The effect of encapsulated MSCs on neurogenesis is also 
unique. Encapsulated MSCs enhanced neurogenesis in the 
SVZ and DG. In general, conventional antidepressant treat-
ment enhances neurogenesis only in the DG, although the 
SVZ is not always evaluated. This unique effect may be a key 
factor in this novel treatment effect.

Our results demonstrated that encapsulation enhanced the 
survival rate and enabled a continuous supply of a cocktail of 
exogenous neurotrophic factors. We believe that encapsulated 
MSC transplantation is thus a great candidate for the treatment 
of depression. To realize a clinical translation, research is needed 
to clarify the ingredients of MSCs in more detail. We focused on 
four trophic factors that were selected based on the results of 
previous studies and were not evaluated separately. Clarifying the 
role of each factor will be the theme of future research. The con-
tinuous injection of a specific factor may be more valuable than 
the implantation of encapsulated MSCs. Detailed adjustment of 
the dose may facilitate the treatment effect. The effect of other 
secretions, such as exosome, must also be evaluated.

The long-term effect of encapsulated MSCs remain 
unknown. We evaluated the effect of encapsulated MSCs only 
2 weeks after implantation. Despite the fact that MSCs sur-
vived in the capsule 2 weeks after implantation, there are 
trends related to decreased survival in the capsule and the 
lower secretion of neurotrophic factors. Microenvironmental 
nurturing may, however, compensate for these changes. In 
general, depression requires long-term treatment. Any changes 
in treatment effect over time would be important to consider.

Conclusions
In Kin et al., we demonstrated that encapsulation enhanced the 
survival rate of implanted MSCs and succeeded in providing a 
continuous supply of a cocktail of exogenous neurotrophic fac-
tors. The results of the OFT and FST demonstrated that 

encapsulated MSCs attenuated behavioral deficits. These ame-
liorative effects were accompanied by activation of the relevant 
pathway associated with VEGF, BDNF, FGF-2, and CNTF. 
Encapsulated MSCs may be great candidates for new treat-
ments for depression, and future research is needed to clarify 
the mechanism responsible for these treatment effects.
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