
Methods

 Cell Expansion and Characterization

• Adipose-Derived Stem Cells (ADSCs)

 Expansion in DMEM 20% FBS after collagnse digestion

 Identified by osteogenic differentiation and stem cell markers.

• Salivary Acinar Cells (SA Cells)

 From fragmented submandibular glands

 Explant-outgrowth technique in M199 + 20% FBS

 in vitro Induction: Indirect Co-culture

• Upper Chamber: 3.2x104 acinar cells/ insert were seeded in 

Transwell®  polyester culture inserts (0.4μm pore size )

• Lower Chamber: 8x103 ADSCs/12-well were seeded

 Evaluation of Transdifferentiation

• Indirect ELISA for α-amylase 

• Phase-contrast microscope for morphological changes 

• Immunocytochemical analysis for α-amylase 

Results

α-amylase production measured by indirect ELISA

Immunocytochemical analysis for α-amylase 

3D development into amylase-secreting acinar-like 

structures

Absorbance of indirect ELISA 
after 2 weeks of experiment. 

• ADSCs-co (co-cultured ADSCs) 

secreted significant amounts of α-

amylase into culture medium. 

• ADSCs (without co-cultured with SA 

cells) and M199 (medium only) 

severed as negative controls

(* = p < 0.05, values differed significantly 

in t-test. n=4 in each group.) 
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• Indirect immunofluorescent staining 

results of α-amylase in ADSCs after 

indirect co-cultured with SA cells 

and the negative control (A-) 

without co-culture. 

Cell nuclei were stained with DAPI. 

• α-amylase expression in cytoplasm 

of ADSCs was robust after 2 weeks.

• Generalized α-amylase expression 

was noted after co-cultured for 3 

weeks.
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Conclusion

In this study, 3D self-organization into SA-like structures was 
found in 2D culture of MSCs for the first time. This phenomenon 
of salivary branching morphogenesis was only reported 
previously in salivary-gland-derived progenitor cells cultured in 
Matrigel plus exogenous EGF (Okumura et al., 2012). The results 
suggest that ADSCs are suitable candidates for further salivary 
gland tissue engineering in the future. Further studies on the 
mechanism of salivary branching morphogenesis and the 
application of biomaterial scaffold are warranted.

• The z-stack and fused images suggest that three-dimensional 
self-organization into amylase-expressing (red) acinar-like 
structures can be found in 2D culture of ADSCs after co-cultured 
with SA cells for 2 weeks. Cell nuclei were stained with DAPI
(blue). 
Control: ADSCs without co-cultured with SA cells.
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Introduction

Radiation-induced Xerostomia

Salivary glands would undergo atrophic change after radiation 
therapy for cancer in head-and-neck region (Grundmann et al., 
2009). The decrease in saliva secretion was noted, contributing 
to xerostomia and further compromising oral health (Valdez et 
al., 1993). Fibrosis, fatty change, and lower vascular density in 
irradiated salivary glands were also reported. Above all, α-
amylase secreting serous acini are especially sensitive to 
radiation, and they would atrophy extensively after irradiation 
(Redman, 2008).

Mesenchymal Stem Cells (MSCs)

The International Society for Cellular Therapy has defined 
mesenchymal stem cells as cells that are plastic adherent, 
express specific surface antigen, and able to differentiate into 
osteoblasts, adipocytes and chondrocytes in vitro. Recently, 
transdifferentiation into endodermal and ectodermal lineages 
were also reported. Therefore, the salivary acinar-like trans-
differentiation and potential therapeutic applications of MSCs 
deserve further investigation.

Therapeutic effects of Bone Marrow Stem Cells (BMSCs) on 
radiation-induced xerostomia were already well-studied. 
Several in vivo studies have found significant protective effects 
against radiation-induced xerostomia after administration of 
BMSCs (Sumita et al., 2011), and both in vitro and in vivo 
acinar-like transdifferentiation were shown (Lin et al., 2011). 
These studies suggest that MSCs are promising for treating 
radiation-induced xerostomia.

Adipose-Derived Stem Cells (ADSCs)

The abundance and proliferation rate of ADSCs were proved to 
be superior to that of BMSCs (Zhu et al., 2008), and liposuction 
was shown to be a less invasive and much more inexpensive 
method to obtain mesenchymal stem cells (Housman et al., 
2002). Transdifferentiation and therapeutic potential of 
ADSCs were shown in some studies (Kojima et al., 2011; Lim 
et al., 2013), but little details about their acinar-like trans-
differentiation were known currently. Therefore, we mainly 
focused on the SA-like transdifferentiation potential of ADSCs in 
this study.

Abstract

Objectives: Since radiation therapy in head-and-neck region 
lead to extensive serous acini atrophy, stem cell therapy is 
proved effective to prevent radiation-induced xerostomia. 
Therapeutic effects were found after systemic transfusion or 
local injection of Mesenchymal Stem Cells (MSCs) in animal 
studies, and the transdifferentiation into amylase-secreting 
acinar-like cells was noted in MSCs after co-cultured with 
Salivary Acinar (SA) cells in vitro. Adipose-Derived Stem Cells 
(ADSCs) are best known for their high proliferation rate and the 
abundance in adipose tissue. Therefore, we focused on the SA-
like transdifferentiation potential of ADSCs in this study.

Methods: ADSCs were obtained from mammary fat pads of 
mice after collagenase digestion, and the explant-outgrowth 
technique was adopted to obtain SA cells from mice. ADSCs 
were then indirectly co-cultured with SA cells with 0.4μm pore 
size Transwell culture inserts (Corning), preventing any direct 
cell-to-cell contact or cell migration across the insert. After co-
cultured with SA cells for 2 weeks, morphology of ADSCs was 
observed and recorded under Axiovert 200M microscope, and 
the immunocytochemical analysis for α-amylase was performed 
to further evaluate the SA-like transdifferentiation potential of 
ADSCs. Besides, α-amylase secretion was verified by indirect 
enzyme-linked immunosorbent assay (indirect-ELISA).

Results: α-amylase was detected in cytoplasm of ADSCs by 
immunocytochemical analysis, and three-dimensional SA-like 
structures with α-amylase expression were observed after co-
cultured with SA cells. Moreover, the results of indirect-ELISA 
for α-amylase confirmed that ADSCs can secret significant 
amounts of α-amylase after indirectly co-cultured (p<0.05, 
compared with negative controls).

Conclusion: In this study, three-dimensional self-organization 
into SA-like structures was found in 2D culture of MSCs for the 
first time. The results suggest that ADSCs are suitable 
candidates for further salivary gland tissue engineering in the 
future.

Key Words: Salivary glands, Adipose-derived Stem Cells, 
Transdifferentiation, Tissue engineering. 

Radiation-induced Xerostomia Mesenchymal Stem Cells 
(MSCs)

Xerostomia

Radiation

Acinar cells atrophy
Acinar-like 

cells

Adipose-Derived Stem Cells
(ADSCs)

Transdifferentiate

X

Artificial salivary 
gland

CD90(+) CD45(-) 

8x103 ADSCs

12-well

3.2x104 SA cells

Transwell®

Control


