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*Abstract (original summary).* 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.

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
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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.

The species comparison is not a prescription

An axolotl can regenerate complex limb structures after amputation, whereas an adult human normally seals the

wound, reorganizes connective tissue and produces a scar rather than a replacement hand. This is among the most

arresting contrasts in vertebrate biology. Yet the explanation is not simply that an axolotl has a single missing

gene that humans should activate. Regeneration requires a coordinated response involving injury epidermis,

signaling between nerves and the wound, local connective-tissue cells, patterning programs, cell proliferation and

growth arrest. These events take place within different ecological, immune and developmental contexts across

species.

An evolutionary story is equally easy to oversimplify. Humans did not 'forget' how to regenerate in the sense of

deleting a single instruction. Mammalian embryos and young tissues possess regenerative capacities that later

become restricted, and adult mammals still regenerate certain tissues effectively. The adult liver can replace mass

after resection under suitable conditions; skeletal muscle can rebuild after many ordinary injuries; blood cell

populations continuously renew. Mammalian scarring is therefore neither a universal inability to repair nor

necessarily a design defect. Rapid sealing, tensile strength and protection from infection can be advantageous

when reconstructing anatomy would be slow or biologically hazardous.

What changes at the wound interface

One mechanistic contrast concerns the early response to injury. In highly regenerative systems, wound closure is

followed by formation of a specialized signaling environment that supports cells capable of rebuilding missing

structures. In adult mammals, platelet activation, inflammation, fibroblast recruitment and extracellular matrix

deposition can produce a mechanically stable scar. TGF-beta signaling, matrix stiffness and fibroblast activation

are major parts of mammalian fibrotic biology, although their exact roles depend on tissue and time. Simply

blocking scar formation can weaken a wound or impair protective containment of injury.

The idea that fibrosis and regeneration lie on one biological switch is alluring but probably too simple. In some

situations fibrosis prevents regeneration; in others, transient extracellular matrix is indispensable scaffolding for

repair. A properly framed Institute hypothesis would ask which specific steps convert provisional repair into

persistent fibrosis, and whether interventions can change the outcome without endangering tissue integrity.

The positional-instruction problem

To regrow a limb, cells must build a limb of the correct size, orientation and pattern. Axolotl experiments

demonstrate that positional memory is not merely an abstract property of tissue. Research published in Nature in
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2025 identified a Hand2–Shh positive-feedback mechanism involved in maintaining posterior positional identity

during limb regeneration. That result demonstrates a concrete circuit capable of preserving and altering certain

positional identities within the experimental species. It does not imply that introducing Hand2 or Shh into human

wounds would recreate a functional limb. Manipulating developmental pathways in mature human tissue raises

risks, including disorganized growth and oncogenic signaling.

An intervention might increase the number of cells at an amputation site while failing to produce proper tendons,

joints, nerves or vascular structures. It could also build plausible structures without successful integration into

sensory and motor networks. True regeneration therefore requires reproduction of relationships among tissues,

not merely abundant cell proliferation. The distinction between quantity and anatomical pattern is foundational.

The falsifiable human question

The productive hypothesis is that a subset of human nonregenerative responses persists because injury

environments constrain existing plasticity, not because every relevant regenerative program is absent. This could

be investigated at narrower scales: scarless fetal wound healing, digit-tip regrowth in selected circumstances,

controlled muscle injury, nerve regeneration and organ-specific repair. Evidence that improving tissue context

increases orderly, functional reconstruction would support the principle. Evidence of increased proliferation

without function, or unacceptable fibrosis and neoplasia, would weaken a simplistic regenerative-switch

interpretation.

Species differences also caution against naïve comparisons. Axolotls differ from humans in body temperature,

lifespan, immune architecture, metabolic rates and tissue organization. A causal mechanism in one species must

be shown to operate in another. The worth of salamander biology lies not in promising human limb regrowth

tomorrow, but in demonstrating that a vertebrate body can preserve instructions for rebuilding an intricate adult

structure. The scientific task is to learn which pieces of that capacity are conserved, which have changed and

which can be altered safely.

What the comparison cannot tell us about human wounds

A salamander's regenerative ability does not imply that humans experience scarring primarily because their

immune systems are too inflammatory. Human wounds vary substantially: a superficial epithelial injury can heal

with limited scarring, while major structural loss may require replacement with collagen-rich tissue. The nature

and magnitude of the injury matter alongside species-level biology. Attempts to inhibit inflammation

indiscriminately may impair infection control and early repair.

The most informative comparison would match injuries and tissue types as closely as possible across models,

identify which cell populations generate replacement structures, and perturb one pathway at a time. If a

mammalian injury acquires only more cell proliferation but not ordered restoration, the missing information is not

just a lack of growth. The experiment would direct attention toward positional instruction, matrix architecture or

innervation. Successful translation will likely require multiple coordinated changes, not a universal anti-scar

molecule.
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This is an evidence-informed conceptual essay, not a systematic review, clinical trial, validated diagnostic instrument, or treatment
recommendation.

Editorial status: substantially revised conceptual article. Evidence-informed, not peer-reviewed, not a systematic

review or clinical treatment guidance.


