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Abstract

Regeneration requires cells to reconstruct the correct structure in the correct location. Axolotl work on the
Hand2-Shh feedback circuit supplies a concrete example of maintained and experimentally alterable positional
identity. This paper explores the difference between cellular proliferation and anatomical information, and outlines
the substantial barriers to translation into human repair.

Regeneration has a geography problem

Growth without positional information cannot reconstruct an organism. Cells in an amputated limb must distinguish
anterior from posterior, proximal from distal and inner from outer structures. Developmental signaling coordinates
supply this information during embryogenesis, but an adult regenerating limb must recover it after injury. A 2025
axolotl study described a Hand2—Shh positive-feedback mechanism involved in preserving posterior positional
identity. That finding is specific, experimentally useful and more impressive than the vague suggestion that cells
somehow remember' the body's ideal design.

Information stored in biology

The study connects lingering developmental transcriptional identity with a capacity to reactivate Sonic hedgehog
signaling during regeneration. Feedback helps explain why the system can maintain a regional identity even when an
active patterning signal is absent in uninjured tissue. Researchers showed that positional memory could be altered
experimentally under defined conditions, revealing that anatomical identity is not entirely fixed. This demonstrates
one molecular implementation of memory in axolotls; it does not establish a universal organism-wide map or an
accessible human limb blueprint.

Why it changes the therapeutic question

Many proposed regenerative strategies prioritize cell expansion and delivery. Positional-memory biology suggests a
separate requirement: cells need information about where they are and which structure they should contribute to. A
transplanted progenitor could survive and proliferate while producing an anatomically inappropriate result if
contextual signals are incorrect. This is especially relevant to complex reconstructions requiring bones, tendons,
nerves, vessels and skin to meet in the right arrangement.

Boundary of inference

A Hand2-Shh circuit cannot be equated with a human clinical therapy. These pathways influence growth and
development, and misexpression can produce malformations or oncogenic risks depending on context. Competing
explanations of species-level regenerative differences include immune organization, wound epithelial behavior and
evolutionary constraints. The Institute's new synthesis is that regeneration should be evaluated as an
information-and-execution problem, but that proposal must not erase tissue-specific biology.
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A clinical thought experiment

A growing blastema could generate enough cells to replace a missing digit yet produce extra or misplaced digits if
positional signaling is wrong. This is the difference between regenerative quantity and information. The Hand2—-Shh
work gives a concrete circuit for one axis of axolotl limb identity, while leaving other axes and species differences
unresolved. The same molecular pathways are powerful during development, precisely because their spatial control
matters.

What would discriminate among explanations

A translation program should ask whether adult human target cells retain any comparable regional identity and
whether experimentally manipulating it changes structure rather than only gene expression. A negative result would
be valuable: it would show that an axolotl solution does not transfer to that human tissue. No therapeutic conclusion
should follow merely because developmental genes are detectable.

Selected scientific readings

Molecular basis of positional memory in limb regeneration. Nature (2025).

https://www.nature.com/articles/s41586-025-09036-5

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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