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Background and Aim: The gut harbours the body’s largest immune
compartment, organised into an evolutionarily conserved regional architecture
in which the antigen-rich terminal ileum and the colon are immunologically
specialised. Colorectal carcinogenesis evolves through a stepwise adenoma-
carcinoma sequence shaped, in part, by mucosal immune surveillance, yet
how this evolved regional architecture changes during dysplastic progression—
including in mucosa distant from the lesion—remains incompletely defined. We
aimed to map immune cell density along the healthy human ileocolic axis and
characterise its breakdown across the adenoma-carcinoma sequence.
Materials and Methods: In this observational study (MIMICA-1), we performed
compartment-resolved immunohistochemistry for CD3, CD8, CD20, and CD68
with epithelium- and stroma-resolved digital image analysis on 820 sections
from 57 individuals (14 healthy controls, 16 small adenomas <1 cm, 17 large
adenomas >1 cm, 10 carcinomas), with mismatch-repair characterisation of
all carcinomas. Group differences were assessed by omnibus Kruskal-Wallis
testing with Holm-adjusted Dunn’s post-hoc comparisons.

Results: In the healthy bowel, T cells were strongly zonated, enriched in the
terminal ileum and declining distally (CD3* stroma P<0.001, €2=0.45; CD8*
stroma P<0.001, €2=0.58), and consistently more abundant in stroma than
epithelium. This zonation broke down progressively along the sequence:
lesional CD3* density was higher in small than large adenomas (P=0.001),
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a difference that tracked with adenoma size rather than villous histology.
In macroscopically normal mucosa distant from the lesion, two coordinated
alterations emerged—CD8* depletion in the terminal ileum (P=0.018) and
CD68* macrophage expansion in the right-colonic epithelium (P=0.006)—both
robust across sensitivity analyses.

Conclusions: The healthy ileocolic mucosa shows reproducible, evolutionarily
patterned immune zonation that breaks down progressively along the adeno-
ma-carcinoma sequence, with coordinated perturbations extending into nor-
mal-appearing mucosa. Viewing colorectal neoplasia as a disruption of evolved
mucosal immune homeostasis may offer an integrative, evolutionary-medicine
perspective on early tumorigenesis.

Keywords: colorectal adenoma, evolutionary medicine, field cancerization,
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