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From disease name to design specification: a self-correcting AI-agent campaign for eosinophilic esophagitis
Perspective
Standfirst — General-purpose AI agents can now execute long chains of scientific analysis, but their trustworthiness is rarely tested in the open. We describe a human-supervised agent that carried a therapeutic-discovery programme for eosinophilic esophagitis from a disease name to protein-design specifications on public data alone — and we use its documented errors, and their corrections, to argue for how such campaigns should be conducted. The picture that emerges is deliberately unromantic: what we describe is a human-supervised system with a functioning correction loop, not an agent that reliably catches its own errors — of the corrections we log, one was an unprompted machine reversal while the decisive conceptual, evidential and ethical catches were made by the human supervisor.

The trust problem in agentic science
The promise of an AI research agent is continuity: a single system that inventories the relevant public data, harmonises incompatible assays, runs reproducible statistics, validates at single-cell resolution, annotates druggability, and reasons about therapeutic modality — without the losses that accumulate at each hand-off between specialists. The obstacle is not capability but trust. An agent that reports only its successes is indistinguishable from one that fabricates them, and the failure modes of a confident language model are precisely the ones a casual reader will not notice.
We think the way to earn that trust is to show the whole campaign, errors included. Here we report one such campaign, conducted for eosinophilic esophagitis (EoE), and we foreground not the disease findings — which are the subject of companion work — but the conduct: where the agent calibrated its claims against the literature, where it reversed itself, and where a human supervisor caught what the agent could not.
EoE is a fitting proving ground. It is a chronic, food-antigen-driven type-2 inflammatory disease of the esophagus with a large treatment-refractory population and, despite the recent approval of dupilumab, no therapy that selectively depletes the expanded esophageal mast compartment1,2, diagnosed and managed against well-established clinical criteria3, and it has accumulated a large but fragmented public-omics literature — enough to support integrative discovery, but scattered across dozens of studies on incompatible platforms.
Anatomy of the campaign
The agent worked in four phases — Discovery, Validation, Design, and a prospective antigen-directed framework (Fig. 1). Discovery mined public omics to a reproducible molecular signature; Validation subjected the resulting hypotheses to mechanistic, genetic and treatment-response scrutiny; Design converted the surviving targets into structure-grounded specifications; and the prospective phase set out an antigen-directed strategy.
The scale is summarised in Table 1. From 57 public datasets, nine case-control bulk transcriptomic cohorts (235 samples: 152 EoE, 83 control) were harmonised to a common gene space and pooled by random-effects meta-analysis into a 567-gene high-confidence signature (383 up, 184 down) — an approach concordant with prior multi-cohort syntheses of the EoE tissue transcriptome15 — which was then validated in 166,420 esophageal single cells. The programme nominated three protein-tractable leads, mapped ten food allergens for the antigen-directed arm, and — as the campaign continued — carried the antigen-directed strategy into a worked personalised example calibrated against a real patient’s clinical ground truth. In total it produced 214 lineage-tracked artifacts in approximately 23 hours of active compute — the timestamped compute span within a one-week campaign — packaged with four reusable analysis pipelines.
A supervisor, not a spectator
The campaign was never autonomous by design (Fig. 2, Table 3). The agent carried the execution volume: dataset retrieval and quality control, per-study differential expression, cross-study meta-analysis, single-cell processing, enrichment and ligand–receptor inference, druggability annotation, structure retrieval, protein-language-model epitope analysis, and drafting. The human set the frame and exercised judgement — defining the disease goal and survey scope, testing biological plausibility, deciding whether a signal was disease-specific, introducing a key piece of prior art the agent had missed, rejecting an ethically unacceptable trial design, and catching conceptual errors that no quantitative check would have surfaced. A third class of decisions was negotiated between the two: the target-prioritisation criteria, the operational definition of “novel”, modality choice, and the decision to lead the antigen-directed strategy with the MHC class II arm.
The asymmetry is the point. The agent’s contribution was high-volume and mechanical; the human’s was sparse and decisive. Neither could have run this campaign alone, and the interesting decisions lived in the negotiated middle.
What the campaign found
We report the EoE findings compactly; they appear here as evidence that the campaign produced valid science.
In Discovery, the meta-signature recovered every canonical EoE marker with the correct direction — including the eosinophil chemoattractant CCL26/eotaxin-3, the most disease-specific transcript4 — over a dominant interferon, IL-6/JAK-STAT and NF-κB inflammatory program superimposed on loss of epithelial barrier and keratinisation. Single-cell analysis showed a roughly 14-fold mast-cell expansion (2.63% versus 0.19% of cells; Mann–Whitney P = 7.2×10⁻⁵), consistent with recent single-cell characterisation of the EoE mast compartment5, and depletion of basal epithelium. Druggability annotation returned a shortlist dominated by secreted and surface-accessible proteins.
In Validation, diffusion-pseudotime analysis placed the epithelial barrier defect in a developmental frame: EoE epithelium is arrested short of terminal differentiation. Deconvolution resolved the interferon dominance as a type-II/IFN-γ axis sourced from T cells with the epithelium as responder. Patients stratified into a reproducible mild-to-severe inflammatory gradient across all six cohorts tested, consistent with established EoE endotypes6. Seven signature genes carried EoE genetic risk, with support concentrated in susceptibility rather than effector genes7 — and, using recovered proton-pump-inhibitor response labels, the lead targets persisted in non-responders while normalising in responders, locating them in the refractory population that most needs a novel agent.
In Design, three leads were carried into structure-grounded specifications: SIGLEC6, a mast-restricted receptor, for a depleting antibody or antibody–drug conjugate; IL1RL1/ST2, the IL-33 alarmin receptor9, for a blocking antibody mapped to an experimental IL-33/ST2 interface; and CCL26 for neutralisation. Each received epitope-conservation analysis, developability screening and a paired companion-diagnostic assay.
The prospective phase followed the disease biology: because EoE is a CD4/Th2 food-antigen disease — the causal role of dietary antigen is established by the efficacy of elimination diets10 and is central to current diagnosis and management16 — the antigen-directed arm was scoped to MHC class II, with epitopes mapped across ten food allergens. Two supervisor interventions then reshaped this phase, and both are recorded in the correction ledger. First, the supervisor flagged a 2025 report that identified and functionally validated the first food-antigen-specific T-cell receptor in EoE — a β-casein epitope presented on HLA-DRB1*07:01, confirmed by receptor transduction and MHC-II tetramer staining17. This redirected the arm from binding prediction alone toward a functional, T-cell-assay-anchored readout as the specificity-defining step, and exposed a gap in the agent’s allergen panel (β-casein had been omitted); notably, once the panel was completed the agent’s own predictor independently recovered the same DR7 β-casein window the experimental study had found. Second, the supervisor rejected the agent’s initial recruitment design, which stratified enrolment by HLA-predicted epitope burden: because HLA allele frequencies vary by ancestry, burden-based eligibility would have systematically under-enrolled non-European patients. The scheme was rebuilt as an HLA-agnostic personalised-epitope platform in which every patient is eligible and predicted burden is retained only as a mechanistic covariate.
The phase then culminated in a worked personalised example: an index EoE patient’s HLA typing and genetic screen were used to build a personalised epitope panel and a food-trigger diagnostic concept, and the predictions were tested against the patient’s blinded, clinically-established food triggers (revealed only after the computational work). Both true triggers — milk and soy — ranked in the top two of eight candidate foods once the casein family was complete (chance probability 1/28 = 0.036), and the five tolerated non-wheat foods ranked low. The single discordance, wheat, was the most instructive result: wheat gliadin is heavily presented by the patient’s celiac-associated DQ2.2 heterodimer — a mechanism drawn from the celiac literature, since the prediction pipeline modelled HLA-DRB1 only, not DQ — yet the patient tolerated wheat (celiac having been clinically excluded), forcing an explicit correction of a latent assumption — that presentation capacity predicts pathology. Presentation is a pre-test prior; a driving food additionally requires an expanded pathogenic-effector-Th2 clone, which is what the functional assay measures.
Calibration and self-correction: the core evidence
An agent’s outputs are only as trustworthy as its handling of uncertainty. The campaign’s clearest evidence is not that its outputs were plausible but that they were calibrated, and that its errors were caught and recorded (Fig. 3).
The agent classified twelve principal findings against retrieved literature. Eight were grounded in prior work — seven confirmatory, one a novel refinement of a known observation — three were claimed as genuinely novel, and one was flagged as contradictory (Fig. 3a). The agent did not label everything novel; two-thirds of its findings were anchored to existing work4,6,7,13. Sparingly asserted novelty is the behaviour one wants from a discovery agent.
Before describing the episodes, we state plainly what they are drawn from, because a ledger without a denominator is a highlight reel. The campaign produced 214 lineage-tracked deliverables. From these we defined a set of twelve principal findings by a stated rule: a disease-level claim substantive enough to be asserted as a stand-alone result — a named target, a mechanism, an endotype structure, a differentiation phenotype — as opposed to the hundreds of intermediate quantities (per-gene statistics, per-cohort tables, quality-control outputs) that supported them. Each of the twelve is enumerated in the accompanying novelty ledger, and it is these twelve that were classified against the literature in Fig. 3a. We are explicit that the resulting 8-grounded / 3-novel / 1-contradictory split describes this curated set of headline claims — it is not a measured base rate over all analytical outputs, and it should not be read as one; a different granularity of “finding” would give a different ratio. The eight-episode correction ledger (Fig. 3b) is a separate selection: it records every instance we identified in which a claim or decision was reversed, contained, caveated, or put through an orthogonal test — the selection rule was “a course-correction occurred,” not “an interesting result was produced.” We are explicit that this ledger was reconstructed from the campaign’s artifacts and transcripts after the fact, not logged prospectively; it is therefore a lower bound on the true number of corrections (silent fixes that left no artifact are not counted), and it is curated in the sense that we cannot prove completeness. What it is not is cherry-picked for flattery: it includes the campaign’s outright reversal, its contained contradiction, and its unresolved uncertainties alongside its successes.
Within that frame, the eight episodes span machine self-correction, human domain catches, contained contradictions, calibrated uncertainty and validated novelty (Fig. 3b). They fall into two classes: errors the agent caught on its own, and errors only a human supervisor caught.
We use “self-correcting” in a deliberately bounded sense, and state its limits up front. Of the eight, five were machine-initiated and three were human catches. Exactly one machine entry is an unprompted, agent-initiated reversal of a substantive claim; the other four are a contained contradiction, two calibrated caveats (the PPI-refractory persistence and the blinded index-case panel), and one novel claim upheld under orthogonal test (SIGLEC6). The three decisive conceptual, evidential and ethical catches were made by the human supervisor, not the agent (below). Just as important, none of the eight episodes reversed a core methodological decision — the cohort harmonisation, the meta-analysis, the single-cell annotation, the statistical thresholds. The corrections we document are conceptual, scope, and ethical; the agent did not audit its own statistical scaffolding, and we do not claim it did. “Self-correcting” here therefore denotes a human-supervised system with a functioning correction loop, not an agent that reliably catches its own errors.
The one clean agent-initiated reversal is instructive. The agent nominated an S100A8/9 alarmin signalling axis from cell–cell communication analysis, then subjected it to an orthogonal check — the direction of the ligand genes across nine bulk cohorts — and found the ligands down-regulated, tracking epithelial de-differentiation rather than an active alarmin program, with the true mast-remodelling signal being S100A4 rather than S100A8/914. The agent reversed its own claim, unprompted.
Three episodes were human domain catches — the class of error no orthogonal quantitative check surfaces, because the analysis is internally consistent and simply answers the wrong question. The first was conceptual: the agent’s initial antigen-presentation analysis scored MHC class I (CD8) peptides, and the supervisor noted that a CD4/Th2 food-antigen disease demands the MHC class II arm — a mechanism for which esophageal epithelium itself can act as a non-professional antigen-presenting cell11,12. The second was evidential: the supervisor introduced the 2025 functional-TCR report17, which reoriented the antigen-directed arm toward a T-cell-assay ground truth and revealed the β-casein panel gap. The third was ethical, and it is the episode we most want to foreground: the agent proposed to enrol the prospective trial by HLA-predicted epitope burden, an efficient-looking design that would have encoded ancestry inequity into both the trial and the resulting product, since HLA allele frequencies differ across ancestral populations. The supervisor rejected it and the design was rebuilt HLA-agnostic. No internal check flags an unfair design as wrong; this is precisely the judgement that must remain human.
Read together, the episodes trace a reproducible boundary — the paper’s most generalizable finding, and the reason we log them at all. The agent corrected itself precisely when, and only when, an error was reducible to an orthogonal quantitative re-check it could run against data already in hand: the S100 reversal fell out of re-examining ligand direction across cohorts. The three errors it did not catch each required something no internal recomputation supplies — the breadth to know which immunological arm a food-antigen disease implicates, the awareness that a decisive 2025 experiment existed in the literature, and the normative judgement that an efficient recruitment design was unjust. The actionable claim is therefore narrow and, we think, durable: on this evidence, agentic self-correction extends to claims with a computable contradiction and stops at claims requiring external knowledge or values. A campaign that relies on the agent to police the second category is mis-designed; the human supervisor is not a formality but the mechanism that covers it.
The remaining episodes show calibrated handling rather than reversal. A contradiction was contained (filaggrin, canonically down-regulated8, appeared up in one recurrence cohort — recorded as cohort-specific, not suppressed). An uncertainty was carried forward (the PPI-refractory finding rested on the only paired cohort available and was flagged as unreplicated). A novel claim was upheld under test (the SIGLEC6 mast-state finding, derived from single-cell data, held when tested independently in eight bulk cohorts). And a latent assumption was calibrated against clinical ground truth: the personalised food-trigger panel, which ranked foods by MHC-II presentation, was tested blind against an index patient’s established triggers — both true triggers ranked top-two, but the tolerated-yet-highly-presented wheat exposed that presentation is a prior, not pathology (Fig. 3a, Blinded clinical calibration). This episode is a single illustrative case (n = 1), not a validation study; with eight candidate foods, two true triggers landing in the top two would occur by chance roughly 1 time in 28 (P = 0.036). This figure assumes the eight candidate foods are exchangeable under the null; it does not model the correlation between population-level allergen prevalence and epitope burden, and so is a rough calibration of surprise rather than a formal test. We weight it as a concrete, hypothesis-generating demonstration — valuable because the ground truth was withheld until after the prediction — rather than as statistical proof, and we do not present it as the campaign’s decisive evidence.
Provenance as a graph, not a promise
Every result in the campaign is an artifact with tracked lineage — the code that produced it, its input artifacts, and its computational environment — so provenance can be walked rather than asserted. Figure 4 shows the dependency graph behind the SIGLEC6 design brief: 36 upstream artifacts and 83 edges, from raw public downloads and per-study differential expression, through the meta-signature and its single-cell validation, into the SIGLEC6-specific structure, epitope and interface analyses and the cross-referencing ledgers, and finally into the design brief. Any node regenerates from its parents. Beyond individual artifacts, the discovery pipeline was packaged as a reusable analysis skill, so the method transfers to other diseases rather than remaining locked to this instance.
Lessons for trustworthy agentic science
What worked was breadth at speed with calibrated uncertainty: the agent integrated a large, heterogeneous public-data corpus, applied standard statistical methods competently when it selected them — though, as the ledger makes plain, it never audited its own statistical scaffolding, and that self-audit remained a human responsibility — held continuity across four phases, and — decisively — grounded most of its findings in prior work and reversed itself when its own check demanded it.
What required a human was judgement, not arithmetic. The three human domain catches map the territory. The MHC-I-versus-II mis-framing is the classic case: internally consistent, quantitatively unremarkable, and wrong only from the standpoint of disease biology. The missed functional-TCR paper is a second kind — the agent cannot know what it has not retrieved, and a supervisor who reads the field closes that gap. The HLA-burden recruitment design is the third and most important: an ethical failure that every quantitative check would have passed, because an inequitable trial is not a numerically wrong one. Biological-plausibility, prior-art and fairness calls fell to the human throughout. The agent’s failure modes are specific and predictable, which is what makes a domain supervisor effective rather than merely reassuring — and it is why ethical oversight cannot be delegated to the agent’s own checks.
The hard limits are real. Every finding is computational; none has been validated at the bench. The GPU-dependent design steps — de novo binder-backbone generation and designed-complex refolding — were deferred and delivered as executable specifications. The refractory finding rests on one cohort, and eosinophils, central to the disease, are under-captured by droplet single-cell methods.
From this we draw five practices, none EoE-specific. Require an orthogonal confirmation for any claim asserted as novel. Keep an auditable correction ledger, so reversals and caveats are visible rather than silently overwritten. Keep the human as a supervisor with defined judgement responsibilities — biological plausibility, prior art, and ethics — not a passive observer, and treat design choices with equity implications (who a trial enrols, who a product reaches) as requiring explicit human sign-off rather than automated optimisation. Where possible, calibrate against withheld ground truth, as the blinded index-case test did. And track provenance for every artifact, so reproducibility is a property of the record. An agent that can be confidently wrong in ways no internal check catches is safe to deploy only inside a process built to catch exactly that — and the campaign we describe is one attempt to build it.
Outlook
A domain-supervised agent compressed a discovery-to-design arc — from a disease name to structure-grounded therapeutic specifications, a prospective antigen-directed framework, and a blinded, clinically-calibrated personalised example — into a single working campaign on public data, producing 214 reproducible, lineage-tracked artifacts. The transferable contribution is not the EoE targets but the demonstration that such a campaign can be run in a calibrated, self-correcting, auditable way. End-to-end reach, honest uncertainty and walkable provenance are, together, what make agentic science trustworthy enough to build on.

Methods
Dataset inventory spanned GEO, ArrayExpress, PRIDE and CELLxGENE. Bulk transcriptomic cohorts were harmonised to a common gene space and normalised; per-study differential expression used variance-moderated Welch t-tests with Benjamini–Hochberg correction, and cross-study effects were pooled by DerSimonian–Laird random-effects meta-analysis with heterogeneity statistics. Single-cell data were processed with standard quality control, highly-variable-gene selection, batch integration and Leiden clustering, followed by composition-shift testing and per-cell-type differential expression. Enrichment used gene-set and transcription-factor libraries with a ligand–receptor inference method; druggability was annotated from Open Targets; protein structures were drawn from experimental sources and AlphaFold, with epitope conservation analysed by a protein-language model. Full parameters and code are captured in each artifact’s lineage record, and the discovery pipeline is available as a reusable analysis skill.
Data and code availability
All input datasets are public; accessions are listed in the dataset-inventory artifact. Every result is a lineage-tracked artifact, and the discovery pipeline is packaged for reuse. Companion manuscripts (in preparation) report the EoE biology, the pipeline as a method, and the antigen-directed framework in full.
Author contributions and AI use
This work was produced by an AI research agent operating under continuous human scientific supervision; the division of labour between the two is itself the subject of the paper and is documented in Table 3 and Figure 2. In summary: the AI agent performed data inventory and retrieval, cross-cohort harmonisation, differential-expression and single-cell analysis, statistical computation, literature retrieval and classification, epitope and interface prediction, figure and table generation, and manuscript drafting. The human supervisor set objectives and scope, made the domain and ethical judgements recorded in the correction ledger (the MHC class I→II correction, the rejection of HLA-burden-based recruitment on equity grounds, and the introduction of the Hill/Dilollo functional-TCR evidence), verified claims against source data, and approved all outputs; the human author(s) take final responsibility for the manuscript and its conclusions. No patient-identifiable data were used; all inputs were public datasets. The specific AI system and version, and the named human authors and their individual contributions, will be declared in full in accordance with the journal’s AI-use and authorship policies. [Human author names and per-author CRediT contributions to be completed on submission.]
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Figure 1. Campaign schematic
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Figure 2. Human–AI operating model
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Figure 3. Calibration and correction ledger: 8-episode ledger plus literature calibration and the blinded index-case clinical calibration
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Figure 4. SIGLEC6 provenance graph
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Table 1. Campaign metrics
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Table 3. Human–agent task allocation
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Provenance of the SIGLEC6 design brief: every result is a lineage-tracked artifact
Real dependency graph (36 artifacts, 83 edges); 9 per-study DE tables collapsed to one node for legibility.
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Table 1 — Campaign metrics (recomputed from current artifact store)

Metric
Active compute span
Calendar window
Campaign phases
Public datasets surveyed
Harmonized bulk cohorts
Single cells analyzed
High-confidence signature
Protein-design leads
Food allergens mapped
Index-case calibration
Correction-ledger episodes
Tracked deliverable artifacts

— figures

— data tables

— reports / briefs

— structures

— other

Reusable pipelines

Value

=23.4 h

1 week (hackathon)

4
57

9 (235 samples)
166,420

567 genes

3

10

2/2 triggers top-2
8

214

61

90

30

4

29

4 skills

Source / note

artifact-version timestamps (all campaign work)

Built with Claude: Life Sciences

Discovery - Validation - Design - Prospective

GEO / ArrayExpress / PRIDE / CELLXGENE

152 EoE / 83 control

GSE218607, 12 healthy + 11 EoE

383 up / 184 down, =6 studies

SIGLEC6 - IL1IRL1/ST2 - CCL26

MHC-II epitope panel (expanded casein family)
blinded elimination-diet ground truth

1 self-correction - 3 human catch - 1 contained - 2 calibrated - 1 validated

latest-version, full project
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text/csv

text/markdown
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Table 3 - Human-agent task allocation

Activity

Frame goal & disease scope

Dataset retrieval & QC

Statistics (moderated-t, DL meta)
Single-cell processing & DE

Pathway / regulator / L-R enrichment
Target prioritization criteria
Biological plausibility judgment
Definition of 'novel’

Novelty ledger & self-correction

Modality selection

Structure retrieval & interface mapping

ESM-2 epitope & developability
Antigen-presentation arm (MHC-I-I1l)
Companion-Dx & endotype pairing

Manuscript drafting & figures

Human (supervisor)

Set

Input
Judge
Set
Review

Approve

Catch/correct
Review

Direct

Agent (execution)
Approve
Execute
Execute
Execute
Execute
Propose
Flag
Apply
Execute
Propose
Execute
Execute
Execute
Execute

Execute

Shared

Negotiated

Negotiated

Negotiated

Negotiated




