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OR4-2  Development of a Scaffold-Free Self-Assembled Dermal Substitute
Using Human Fibroblasts
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[ Purpose] We previously established a scaffold-free, cell-based dermal substitute
generated from long-term cultures of human dermal fibroblasts. This approach enabled

the construction of a three-dimensional cultured dermis without using an artificial



scaffold and demonstrated promising biological functions, including enhanced re-
epithelialization and angiogenesis. However, its clinical translation has been limited by
the prolonged culture period, which may take several months or longer, and the large
number of cells required for fabrication. This study aimed to improve the practicality of
this method by shortening the culture duration and reducing the initial cell input while
preserving its biological activity.

[Methods] Human dermal fibroblasts were induced to form spheroids using microwell
plates. The spheroids were then seeded onto a net-mold, which served as a three-
dimensional culture platform, under eight different cell-loading conditions. The resulting
dermal substitute constructs were cultured for 2, 4, and 8 weeks and subsequently
assessed for mechanical strength, cell viability, extracellular matrix production, and
histological organization.

[Results] Macroscopic dermis-like constructs were successfully obtained under all
experimental conditions within 2 weeks of culture. After 4 weeks, the constructs showed
progressive maturation, characterized by increased thickness, enhanced mechanical
strength, greater collagen accumulation, and sustained cell viability. Histological
analysis revealed an organized distribution of fibroblasts and extracellular matrix
components throughout the constructs.

[Conclusions] These results indicate that a scaffold-free dermal substitute derived from
human fibroblasts can be fabricated reproducibly using a reduced culture period and
lower starting cell numbers while maintaining in vitro biological activity. This optimized
strategy may enhance the clinical feasibility and scalability of cultured dermal
substitutes. Further in vivo studies are needed to evaluate its effectiveness in promoting

wound healing.

OR4-3  Comparison of Spheroid-Fed NetMold and Cell Suspension-Fed
NetMold for Cultured Dermis
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[Background] NetMold™ is a scaffold-free stainless-steel wire platform that enables
fibroblasts to self-assemble into cultured dermis. We developed a cell suspension-fed

NetMold™ model for direct single-cell seeding and compared it with the conventional



spheroid-fed NetMold™ model, focusing on dermis formation and initial cell number.

[Methods] GFP-labeled fibroblasts were seeded as single-cell suspensions or preformed
spheroids and cultured for 2 or 4 weeks. Cell suspension-fed groups (C) contained 5 x 103,
2.5 x10% 1.25 x 105, 0.5 x 10°%, 0.03 x 103, or 300 cells per mold, defined as C-5e5, C-2.5e5,
C 1.25e5, C-0.5e5, C-0.03e5, and C-300. Matched spheroid-fed groups (S) were prepared
except for the 300-cell condition, defined as S-5e5, S-2.5e5, S-1.25e5, S-0.5e5, and S-
0.03e5; S-0.5e5 and S-0.03e5 corresponded to 15 and 1 spheroid. GFP fluorescence was
monitored, and cell viability, tensile strength, collagen, and glycosaminoglycan contents
were evaluated.

[Results] Cell suspension-fed groups showed faster GFP-positive area expansion during
the first 2 weeks, particularly at 5 x 10% 0.5 X 10°, and 0.03 x 10° cells. By day 28, a
significant difference remained only at C-0.03e5 cells. CCK-8 values were higher in C-
2.5e5 than in C-5e5. Tensile strength increased over time, reaching approximately 2.2 N
in the C-5e5 group at 4 weeks. At 4 weeks, collagen content was higher in cell suspension-
fed tissues, whereas S-0.03e5 showed the highest glycosaminoglycan content.

[Discussion] The cell suspension-fed NetMold™ model promoted early cell coverage

and collagen deposition while simplifying fabrication and shortening preparation time.
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