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Mechanisms of Dermal Type I Collagen Formation in the Axolotl Skin
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The skin is the largest organ and is essential for protection, thermoregulation, and secretion. It comprises the epidermis, dermis, and
hypodermis. The dermis is ECM-rich, consisting mainly of type I collagen, elastic fibers, and ground substances that determine skin
mechanics and integrity. Type I collagen constitutes a major function of skin protein and maintains dermal structure. When collagen
structure is disrupted by aging or injury, restoration is limited, resulting in wrinkles, sagging, or scarring. However, mechanisms of
dermal collagen formation and age-related remodeling remain poorly understood.

Dermal fibroblasts have traditionally been viewed as primary source of type I collagen. In mammals, the dermis contains
papillary and reticular layers with distinct collagen structures, yet how these structures form during development and remodel with age
is unclear, partly because mammalian skin opacity limits direct observation. The axolotl is well studied for skin research because its
lifelong skin transparency enables in vivo visualization of deep dermal structures with fluorescent approaches, allowing direct analysis
of collagen dynamics across development and aging.

In Chapter 1, dermal collagen structure in axolotl skin was analyzed using recently developed fluorescent collagen probes by
our collaborator across four body sizes. In smaller animals, keratinocyte-derived collagen supplies the dermis and forms a lattice-like
pattern. In larger animals, lattice-patterned cells and invading mesenchymal cells contribute to dermal formation. Lattice-patterned
cells support both collagen production and fiber remodeling, while mesenchymal invasion promotes separation of upper and lower
dermal collagen layers, establishing the characteristic three-layered dermis. Across species, epidermal collagen production was
detected in zebrafish, chicken, and mouse embryos as well as axolotls, suggesting a conserved role for epidermal cells informing
lattice-patterned collagen structure.

In Chapter 2, age-related changes in axolotl dermal collagen were examined across body size groups (8, 13, and 22 cm). Larger
animals showed reduced cell numbers, decreased Collal expression, and altered cell morphology. Analysis of 13, 17, and 22 cm
individuals further revealed progressive disorganization of the dermal lattice-patterned collagen structure with increasing body size,
indicating aging -related changes similar to those in mammals.

Collectively, this study provides a comprehensive description of dermal type I collagen formation and aging in the axolotl. By
leveraging the unique transparency of axolotl skin, we achieved detailed visualization of dermal collagen dynamics that are difficult to
obtain in mammalian systems. These findings offer valuable foundational insights into conserved mechanisms of dermal development

and aging and establish the axolotl as a powerful model for advancing skin biology, regenerative medicine, and dermatological research.
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