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Abstract of thesis:

Cell sheet technology has emerged as a promising approach for enhancing wound healing,
particularly in challenging cases such as preventing postoperative complications. This method utilizes
sheets of cells, which can promote tissue regeneration and accelerate the healing process through various
mechanisms, including enhanced cell migration, angiogenesis, and cytokine secretion. Fibroblast is a well-
known cell that produces cell sheets to improve wound healing. Fibroblasts play a crucial role in wound
healing, acting as dynamic mediators of tissue repair through various mechanisms. Their functions include
synthesizing extracellular matrix components, recruitment of immune cells, and modulation of
inflammatory responses. When cell sheet technology shows great promise, challenges remain in
standardizing production and ensuring consistent outcomes across different patient populations, especially
in animals. The current studies established the cell sheet from canine fibroblast and investigated the effect
of low-level laser therapy in canine fibroblast cells and fibroblast sheets.

The first chapter of the study is conducted to establish and characterize the canine multilayered
fibroblast sheet from three origin tissues: oral mucosa, skin, and tail skin. This study uses large numbers of
cells because this method is relatively simple and cost-effective compared with other cumbersome methods.
A canine multilayered fibroblast sheet was produced using the large-numbers cell seeding method with Rho
kinase inhibitor. Immunohistochemical examination revealed that the multilayered cell sheet comprised
fibroblasts. Comparing the thickness of the cell sheet, the oral mucosa group showed the thickest layer
compared to the others. In addition, we found that the proliferation of oral mucosal fibroblast was
significantly higher than others, while the viability cell of the tree groups was more than 90%. These results
provide the primary data that oral mucosa has the potential as a source of fibroblast to develop the canine
fibroblast sheet study.

The second chapter of the study describes the in vivo investigation, which was done by autologously
transplanting the oral mucosa fibroblast sheet into the bronchial stump of the canine’s lobectomy.
Histological evaluation showed thicker soft tissue with a thicker collagen deposition on the transplanted
site than the control group (without transplantation). Transplantation of fibroblast sheets on canines may
stimulate wound healing and be expected to prevent leakage postoperatively.

The third chapter of the study employs low-level laser (LLL) therapy to evaluate the effects of LLL
irradiation in canine fibroblasts. LLL irradiation stimulates cell growth by regulating the expression of

genes related to cell proliferation, cell migration, DNA synthesis, and others. Since our first study used
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large numbers to produce the sheet, an investigation of the proliferation of cells using LLL irradiation was
done. In addition, the effect of LLL irradiation on migration cell ability and toxicity was evaluated along
with proliferation cells. The investigation was done using an Erchonia® EVL dual-diode laser at
wavelengths of 405 nm (5 mW) and 640 nm (7.5 mW) with irradiation times of 120, 360, and 1,800 sec.
Our findings suggest that LLL therapy at wavelengths of 405 and 640 nm with an irradiation time of 120—
360 sec (0.26-0.51 J/cm?) can stimulate the proliferation and migration of canine fibroblasts without
causing the toxicity effects. Besides the impact of LLL therapy stimulating the proliferation of cells, this
finding may contribute to a better understanding of the beneficial role of LLL stimulation in canine wound
healing.

The last chapter extends our investigation into the effect of LLL therapy in canine fibroblast sheets
by examining the toxicity and thickness of the sheet. Since LLL irradiation can improve processes relevant
to tissue regeneration, we evaluated whether LLL irradiation affects the formation of cell sheets. This study
used an Erchonia® EVL dual-diode laser at wavelengths of 405 nm (5 mW) with energy densities of 0.17
and 0.51 J/em? and 640 nm (7.5 mW) with energy densities of 0.26 and 0.77 J/cm?. The irradiation was
done for six different group treatments. LLL therapy influences the thickness of the fibroblast sheet,
suggesting its potential to enhance the proliferation of cells. All the irradiation groups at each energy density
did not induce a higher cytotoxicity level than non-irradiation groups, demonstrating the safety of the LLL
therapy. These findings suggest that LLL irradiation enhanced the thickness of the fibroblast sheet and was
safely employed to produce the sheets.

In its entirety of chapters, the dissertation aims to provide primary data on regenerative medicine of
canine fibroblast sheet combined with low-level laser therapy that stimulates wound healing. To the best of
our knowledge, this is the first study to develop the canine fibroblast sheet and investigate the effect of LLL
therapy on canine fibroblast cells and canine fibroblast sheet. The outcome of this research has considerable

promise for improving regenerative medicine in the veterinary field.
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