Osaka University Knowledg

Study on Endothelial Network Formation in

Title |t idic Multilayered Myoblast Sheet
Author(s) [Ngo, Trung Xuan
Citation |KPfrRAZ, 2013, {EIHX

Version Type

VoR

URL

https://doi.org/10.18910/26216

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




Form 3
Synopsis of Thesis \

Title: Study on Endothelial Network Formation in Fluidic Multilayered Myoblast Sheet

(RB K2 OBEBHIFMES — NRICBWT 2 MENE R Y b U — 7 BRICET 5 H5%E)

Name of Applicant Ngo Xuan Trung

The autologous transplantation of a myoblast cell sheet is emerging as a promising technique for treating
myocardial infarction due to the cells’ ability to secrete some important cytokines, which improve heart
function via the facilitation of angiogenesis and the attraction of progenitors to the infarcted area. The
process— and quality—- controls are critical steps for realizing in practice a broad cure using myoblast sheet.
The clarification of the mechanism by which the endothelial cells of the host migrate into the transplanted
myoblést sheets leads to the enhancement of transplant quality. Therefore, in this study, the aﬁthor aimed
to construct a novel 3D 7z vitroculture system imitating the 7z vivo angiogenesis, to understand the mechanism
of the network formation of endothelial cells (target cells) in a fluidic multilayered myoblast sheet. (packed
cells), and to develop observation and image processing methods to analyze cell behaviors toward application
of these methods in quality control. In chapter 1, a procedure for fabricating a multilayered cell sheet was -
developed using a temperature-responsive surface and a stamp system Confocal laser scanning microscopy and
image processing revealed that the fluidity of amultilayered sheet of human skeletal muscle myoblasts (HSMMs)
can be estimated analogy to molecular diffusivity, and the sheet fluidity was changed upon addition of dermal
fibroblasts. In chapter 2, a novel 3D iz vitroculture system was developed, in which green fluorescent protein
expressing human umbilical vein endothelial cells (GFP-HUVECs) were cultured under HSMM sheets with different
layer numbers teo vary the thickness of the cell sheet. The difference in the thickness of the qell sheet caused
different endothelial behaviors, such as cell detachment on the top of the monolayer sheet, island-shape
aggregate on the top of the three-layered sheet, and network formation in the middle and basal layer of the
five-layered and seven-layered sheet, respectively, during 96 h of incubation. The thickness of the HSMM sheet,
which can be controlled by the number of layers in the cell sheet, is therefore an important factor that affects
endothelial behavior in the cell sheet. In chapter 3, -an image processing method was developed to quantitatively
analyze the dynamic behaviors of endothelial cells during the network formation process. The HUVECs at the
bottom of the HSMM sheet elongated, actively migrated upward, encountered and connected to form network in
the middle of the HSMM sheet from 0 to 96 h of incubation, and finally degraded at 120 h. Non-networked HUVECs
continued to migrate to the top of the sheet, indicating the spatial habitation of HUVECs in the cell sheet.
An evaluation of the network extension using image processing showed that initial density of HUVECs strongly
affected the extent of endothelial network formation. Overall, this study successfully established a novel
3D in vitroculture system imitating 7z vive angiogenesis with different observation and quantitative analysis
methods applicable in quality control. The mechanism of endothelial behaviors during network formation, the
initial step of angiogenesis, was clarified by taking into consideration various factors, suchas the thickness
of the cell sheet, the culture time, and the density of the endothelial cells. The broad, well-connected
endothelial network obtained in multilayered myoblast sheet as prevascularization is likely to be successfully

applied in regenerative medicine in the future.
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