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Abstract

Axolotls can reconstruct complex limbs, whereas adult humans usually close large wounds through scarring. The
comparison reveals a coordinated sequence of epithelial, neural, cellular and positional requirements. The essay asks
which elements are absent or constrained in adult mammalian tissue, while rejecting the unsupported claim that
humans possess an easily reactivated whole-limb program.

A difference of biological strategy

An axolotl can replace complex limb structures after amputation; adult humans generally heal comparable injury by
wound closure, scar formation and limited tissue remodeling. This contrast is not evidence that humans possess a
complete dormant limb-regeneration program waiting for a supplement to activate it. Species differ in developmental
biology, immune response, cellular plasticity, skin behavior and the relationship between nerves and wound
epithelium. The comparison is nevertheless powerful because it reveals multiple distinct requirements for rebuilding
anatomy, beyond making cells proliferate.

The sequence a salamander solves

Successful limb regeneration involves early wound closure, establishment of a regeneration-permissive wound
epidermis, formation of a blastema containing proliferating cells, preservation of positional information, patterned
differentiation and size regulation. Neural input matters for regeneration and subsequent growth. Mammals can
perform portions of this program in certain tissues but usually do not rebuild a whole appendage. An injured human
limb faces an environment dominated by rapid closure, fibrotic stabilization and insufficient developmental
patterning. The resulting scar is not simply an error; it is an effective survival solution with limited anatomical
ambition.

The proposed translational insight

The relevant question is which requirements are missing in adult human tissue: sufficiently plastic cells, an
instructive epithelial interface, nerve-mediated trophic signaling, correct positional information, vascular integration
or suppression of excessive fibrosis. Different injuries may lack different elements. Merely blocking scarring could
expose wounds to infection or mechanical failure. Merely inducing division could create disorganized growth. A
regenerative therapy must improve both pattern and safety.
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Limits of the comparison

Axolotl limb biology cannot be extrapolated as though mammalian cells obey identical developmental programs.
Evolutionary differences in immunity and tumor suppression may impose genuine tradeoffs. Nor does success in a
small animal's appendage establish feasibility in a human limb with different mass, loading and innervation. The
conceptual dividend is a more complete checklist for regeneration research: restore form, connection and
load-bearing function, not just cell number.

A clinical thought experiment

A human fingertip can regenerate small amounts of distal tissue under some conditions, whereas more proximal limb
amputation yields limited regeneration. This gradation suggests regenerative capacity depends on anatomy and
context, not a binary 'humans cannot regenerate' rule. Nevertheless, fingertip repair is not evidence of accessible
whole-limb replacement. The experiment is to compare which required signals are present at one injury level and
absent at another.

What would discriminate among explanations

Comparative regeneration becomes persuasive when the same named mechanism can be perturbed in more than one
species and produces predictable outcomes. Similar-looking scars are not proof of shared molecular causes. Human
tissues should be studied directly wherever ethically possible, because an attractive axolotl mechanism could be
irrelevant, redundant or dangerous in mammals.
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Evidence note: a proposed conceptual synthesis. These papers do not establish a novel clinical diagnosis, validated rejuvenation treatment
or human lifespan benefit.
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