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Abstract of Thesis
Chapter 1 General Introduction Skeletal muscle mainly consists of a heterogeneous population of myoblasts
and fibroblasts. The skeletal muscle cells have been studied for regeneration to apply for autologous
transplantation in the patient’s heart with ischemia. Plenty of angiogenic cytokines secreted from the
skeletal muscle cells have been shown to recover the damaged tissue, possibly through angiogenesis
induction. While research on cell sheet has expanded, the impacts of human skeletal muscle fibroblast
(HSMF) co—cultured with skeletal muscle myoblast (HSMM) on angiogenic cytokine balance and its implication
have not been yet clarified. In this study, mono—culture and co—culture of HSMM and HSMF as monolayers
(two—dimensional structure) and multilayers (three—dimensional structure) in various conditions and their
respective outcomes were investigated to understand the angiogenic cytokine balance and endothelial
network formation regulation.
Chapter 2 Angiogenic cytokine productivity in human skeletal muscle cells : The effect of HSMF co—culture
in skeletal muscle cell sheets on the productivity of angiogenic cytokines and angiogenesis was
elucidated. The skeletal muscle cells from the original source were isolated into HSMM and HSMF
populations. These cells were then prepared by mono—culture and co—culture as monolayers. The culture
media were collected and measured the angiogenic cytokine productivity. Time—lapse observation and cell
tracking system were applied to understand physiological interactions implicating cytokine production
from monolayers with different HSMF ratio. Moreover, the effect of heterogeneous populations of skeletal
muscle cells on angiogenesis was evaluated using 3D 7n vitro culture system imitating in vivo angiogenesis
in which green fluorescent protein—expressing human umbilical vein endothelial cells (GFP-HUVECs) were
cultured under the fabricated multilayered human skeletal muscle cells with various proportions of HSMF.
This study showed that co—culturing HSMFs in the HSMM sheet at a suitable ratio (HSMF: HSMM ratios were
6:14 or 8:12) enhances angiogenic cytokine secretion and endothelial network formation.
Chapter 3 Effect of exogenous FGF-2 on endothelial function in the 5-layered skeletal muscle cell sheets
The roles of FGF-2 in endothelial behaviors to promote endothelial network formation in the human
skeletal muscle cell sheets were studied. A culture system comprising five—layered sheets of human
skeletal muscle cells co—incubated on GFP-HUVECs mimicking in vivo angiogenesis was prepared, and
exogenous FGF-2 was added in culture media of a treated group of the cell sheet. The endothelial network
images from the local and whole area inside the cell sheet were captured and analyzed the network length,
tip number, and connectivity to understand the extension of the endothelial network. The quantitative
analysis method of endothelial network formation was modified from the previous study to measure the
network from the whole sheet area. The numbers of medium and long endothelial networks in the cell sheet
were measured, and time—lapse observation of endothelial cells during network formation was applied to
elucidate the precise role of FGF-2 on endothelial functions during network extension. This study showed
the precise role of FGF-2 in maintaining endothelial connection and the extent of the endothelial network
in skeletal muscle cell sheets.
Chapter 4 Concluding remarks : This study provides the impact of HSMF co-cultured in skeletal muscle
cell sheets on the production of angiogenic cytokines (VEGF, HGF, and FGF-2) and its implication on
angiogenesis. This study also creates cultural conditions to enhance endothelial network formation, which

are regarded as necessary in skeletal muscle cell sheets and other tissue engineering approaches
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ATEERRICIT, BFA H SR OBRME I & 5 I 5 720 5 v — MEE AT 20— bNICEBIT Bl zEE), &
A MIA VERIZOWTHREF L, RS, WEEOYA Mo (— FAOMBENLAERIND A M AY), FME
DT A S IA Y FEHFIZEMENE VA NI A V) OMEFTAEICRITTEELRL TN,

FLEICBWTE, 2FR0E & LT, b MEZEHII S — h2S, BT H SRR & 2RI O A — 2R e 2
L—varymbied I &mRL, IRERLLARE: & 0 B ZMIBRICE DL T 22 R LT\ 5, T OB, i
o — N IMEFEICEN A b IA L OERBA G, BBEEOEEREAMF THL I LERLTNS,

B2 BICBWTIE, BRI T DR & 5 2N O EEEE A ML L, T OmE DB AR S D NTEME
PA RBANTHONT, HIEBEORE S LT, HMRREL Y > — MR, S 6IITERBT, 1 MU A AERREIN
ERT22LEFLTWD. S5, HHEFMIILEHHFMRORE 2 b—2 3 UEIRICOWTARL, FE LT, HGF I
BRAHESEMIMIC L 0, VEGF 133 MIIC L W AR SN TVWA Z L2 LML TWD. ZOEE, BIEL TV D EHEEH
FaoWEdic X 0, HEFEAMROBSINFRET S Z & T, VEGF NEVAERESND ZEZHLNILTWS. ZhHDMA
(CESE, 2MOMIESNREIET 2 5 Bl — Mo, MFNEMIEE S SICRES ISR T2 2 & TRAMIEER » b
U — 2 &I 5 RARE L, MEH/EROFMEZIT> TS, ARICBWT, ¥4 ML VAERBEZVEE 2 L—
2 NG U ATIERERNE N EEH LML TN S.

3 EICBWTIE, RMEFHEOFTMAICT, SMEMED FGF 2T 25 2 LICE2NEMER Yy FU—27 23 L
TW5. FRIZ, FGF ORINIC LY, NEMEMEOBEREICIZZE N ey, — &, i LENEMRAFONET 2 2
ERBEFEITMA b, EHRE LT, NEMER Y N =7 REHICHRFCE2 2260 L TS, BlkLby, 4
TEMEDWRAIN FGF D MR AR & B EANZFHN L 72 D472 5, ML~ L TOEBERAHIILT, Xy hT—7
TERHMERF DIFIA 24T > TV 5.

W4T, BIEE LT, EFEMRY— NROMETHAED A =X BN T, RNEEKOIMEEDY A S A D
HENZOWTH LN E RS2 2 FE LD, EDIT, RFHMEROFREEEZRL TN,

PILED X 51T, AFSCix, WIENE < SMEMED YA b A L OBEZTR L, fEERE LT, M&FAEROTER DS s
THZERESTWAEBNRRETHD, Lo TARIELRLE L THES D LD LERD S,
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