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Abstract
Background

Public transcriptomic reuse can test whether exploratory signals remain coherent across datasets, but post-hoc selection can create apparent
reproducibility. We evaluated the evidence boundary of a locked 36-gene epithelial module generated after a negative donor-level screen in colorectal
single-nucleus data containing paired familial adenomatous polyposis (FAP) samples.

Methods

We processed datasets independently, used donor-level pseudobulk where identifiers were recoverable and retained negative and non-estimable
branches. We compared M02 with 10,000 expression- and variability-matched random 36-gene sets from its 1,000-gene source background, plus an
unmatched reference. Resampling summaries were not treated as post-selection P values.

Results

The project-recorded normal-to-adenoma gene screen identified no genes at FDR < 0.05 in four epithelial states. In the four FAP donors used during
filtering, mean M02 differences were 1.276 in all epithelium and 0.778 in Stem/progenitor profiles; both exceeded all matched random modules, and all
leave-one-donor-out means remained positive. This was a selection-conditioned descriptive association. Three matched GSE161277 donors, unused
during M02 generation, showed positive differences (mean 1.645, 95% Cl 0.592-2.698; FDR = 0.128). Three bulk datasets showed positive associations,
but two were sample scoped and heterogeneity was high (12 = 87.6%). Stool models were negative and did not directly test M02; LST-G and patient-level
spatial endpoints were not estimable.

Conclusions

MO02 remains a post-hoc FAP/adenoma-associated candidate, not an independently supported sporadic-adenoma signature. Random-module resampling
addressed arbitrariness but did not remove design-time selection bias or limited external patient-level evidence.

Background

Colorectal tumorigenesis is commonly described as progression from normal mucosa through adenoma to invasive cancer, but hereditary background,
anatomical site and lesion morphology create multiple biological routes rather than a uniform sequence [1]. Familial adenomatous polyposis (FAP),
caused predominantly by germline APC alterations, is biologically distinct from most sporadic adenomas [2]. Single-cell, single-nucleus and bulk
transcriptomic datasets permit comparison of epithelial states across these contexts [3-5], but they also create analytical hazards. Thousands of cells or
nuclei from one donor do not constitute independent biological replicates, and methods that ignore donor structure can generate false discoveries [6-8].
Cross-platform agreement can also be exaggerated when matrices are concatenated, sample-level arrays are relabeled as patients or failed feature
mapping is hidden.

The project initially asked whether epithelial genes changed at the normal-to-adenoma transition and continued in the same direction toward cancer.
GSE201348 supplied this donor-level single-nucleus screen [3]. The project-recorded gene-level result was negative. A subsequent post-hoc amendment
formed stage-label-blind covariance modules and then filtered them using stage effects, paired FAP direction and leave-one-donor-out behavior. Six
modules met those exploratory criteria, and a 36-gene Stem/progenitor module, M02, was selected for cross-dataset assessment.

This sequence creates an essential dependency: the four paired FAP donors used to assess direction also influenced which module was retained.
Recalculated summaries in those donors are therefore conditional on selection and likely optimistic. They cannot independently support the module,
estimate a FAP population effect or justify generalization to sporadic adenoma. The term “stage-label-blind” applies only to covariance clustering, not to
the subsequent stage-aware and FAP-aware filtering step.

We therefore asked a narrower question: what are the estimability, direction and evidence boundaries of a post-hoc FAP/adenoma-associated candidate
when its membership is fixed across public colorectal transcriptomic datasets? The analysis retained the original single-nucleus screen and module-
generating cohort, one three-donor matched single-cell cohort and three separately processed bulk-tissue datasets. Cancer-only, stool-RNA, laterally
spreading tumor and spatial branches provided supplementary context or technical feasibility assessments; they were not counted as accumulating
votes for a biological claim.

Our objective was to evaluate the locked score across datasets while preserving each dataset'’s biological unit, platform and eligibility constraints. We
retained negative and non-estimable branches, did not tally the number of positive sensitivities as evidence and kept causal, diagnostic and sporadic-
disease claims outside the recorded claim ceiling.

Methods
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Study design and dataset roles

All analyses used public, de-identified data. Dataset roles, biological units and independence constraints are summarized in Fig. 1 and Table 1. Records
from the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO) were GSE201348 [3], GSE161277 [4] and GSE132465 [5]
for single-nucleus or single-cell analyses; GSE41657 (repository record), GSE100179 [9] and GSE8671 [10] for separately processed bulk comparisons;
GSE99573 [11] for stool-RNA analysis; and GSE200997 [16] and GSE226997 for cancer-context or secondary technical roles. Figshare record 29925404
and its source report [12, 13] supplied the LST-G data. The DNA Data Bank of Japan (DDBJ) Genomic Expression Archive (GEA) record E-GEAD-622 [14]
supplied the spatial feasibility branch; E-GEAD-619 and E-GEAD-579 [17] had secondary technical roles. TCGA-COAD [15] was accessed through the
National Cancer Institute (NCI) Genomic Data Commons (GDC). Repository URLs and complete accession details are provided in the Availability of data

and materials section and Supplementary Information 4.

Dataset roles, biological units and principal constraints

Table 1

Dataset

GSE201348

GSE161277

GSE132465

GSE41657

GSE100179

GSE8671

TCGA-
COAD

GSE99573

Figshare
29925404

E-GEAD-
622

Role in
manuscript

Primary
negative single-
nucleus screen;
post-hoc
candidate
generation

Small matched
single-cell
description

Supplementary
cancer-only
context

Bulk adenoma
association

Bulk adenoma
association

Paired bulk
adenoma
association

Supplementary
cancer-only
context

Supplementary
model-transport
audit

Supplementary
mapping-limited
LST-G
sensitivity

Supplementary
spatial
technical
feasibility

Lesion/context

normal mucosa;
polyp/adenoma;
cancer

normal mucosa;
adenoma;
carcinoma

normal mucosa
to cancer

normal; low-
grade adenoma;
high-grade
adenoma; cancer

normal;
adenoma; cancer

normal mucosa
to adenoma

primary cancer
to normal; stage;
MSI; CMS;
survival

stool RNA
normal;
adenoma; cancer

LST-G; protruded
adenoma;
normal

pTis sections
with frozen
normal,
adenoma,
carcinoma and
other regions

Biological/statistical
unit

Donor pseudobulk

Donor paired
difference

Donor paired
difference

Array/sample-scoped
unit

Array/sample-scoped
unit

Patient pair

Patient

Participant

Patient

Patient required;
spots and pseudo-
spots technical only

Unit count

14 total donors;
four paired FAP
donors used
during candidate
filtering

3 matched donors

8 evaluable
matched donors

63
normal/adenoma
arrays; 88 arrays
overall

40
normal/adenoma
arrays; 60 arrays
overall

32 verified pairs

41 paired cancer-
normal patients

65 independent
test participants

7 patients; 2
matched donors

1/4 patients
passed region
gate

Pairing

Partially
paired;
four paired
FAP
donors
entered
candidate
filtering

Yes; three
matched
donors

Yes; eight
cancer—
normal
donor
pairs

No verified
pairing

No verified
pairing

Yes; 32
verified
pairs

YES for
cancer-
normal
subset

NO

Yes for P1
and P5
only

Planned
within-
section
pairing;
only one
eligible
patient

MO02
feature
coverage

36/36 for
the module
branch; not
applicable
to the
primary
gene
screen

36/36

33/36

29/36

32/36

29/36

34/36

31/36
mapped;
27/36
detectable

33/36
mapped;
canonical
endpoint
not
estimable

30/36

Principal
constraint

Internal M02
statistics are
selection
affected;
sporadic
adenoma and
stage-by-FAP
effects not
estimable

Underpowered;
FDR 0.128;
hereditary
stratification
unavailable

No adenoma
endpoint

Patient identity
unresolved; bulk
tissue

Patient identity
unresolved; bulk
tissue

Bulk tissue;
hereditary status
unresolved

No adenoma
endpoint

Models selected
0/0/1 features;
test set retired

36-gene
endpoint not
estimable;
hereditary status
unknown

No independent
pathology gold
standard;
patient-level
analysis not
estimable

Numerical summary with effect definitions, confidence intervals, P values, FDR values and mandatory interpretation. FAP summaries are marked
selection conditioned and non-independent. NA indicates not available or not estimable, never zero.
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The patient or donor was the biological replicate whenever a reliable identifier was available. Nuclei, cells, libraries, tissue fragments, arrays, capture
areas, regions and spatial spots were nested or technical observations. GSE41657 and GSE100179 remained sample scoped because patient identities
could not be verified; GSE8671 contained 32 verified normal—-adenoma patient pairs. Expression matrices from different cohorts or platforms were never
concatenated. The available study size was determined by repository eligibility and recoverable biological identifiers, not by observed M02 direction; no
post-hoc power calculation was used to justify the included cohorts.

Bias-control measures included donor/patient-level inference, independent dataset preprocessing, fixed M02 membership, separation of candidate
generation from later assessment, a selection-conditioned random-gene-set audit and complete retention of negative and non-estimable branches.
Missing clinical or technical metadata were not imputed: unresolved fields remained NA, analyses were omitted when a design was not estimable and
arrays without recoverable donor identifiers remained sample scoped. These safeguards do not remove the selection bias inherent in the post-hoc M02
construction.

GSE201348 preprocessing, quality control and annotation

GSE201348 comprised single-nucleus RNA-sequencing libraries. Each library was processed independently before integration. The final primary gate
retained nuclei with > 400 and < 4,000 detected genes, < 10,000 UMI and < 5% mitochondrial RNA, following the deposited analysis design. The previously
approved 100-UMI/100-gene setting for GSM6061701 was retained only as a pilot sensitivity setting and was not mixed into the primary object. After
primary hard QC, that library contributed 172 nuclei and remained flagged as low depth/high risk. Ribosomal proportion was diagnostic only. Doublets
were assessed independently per eligible library using scDblFinder [18]. Three of 72 libraries had < 100 nuclei after hard QC and were excluded. The final
objects contained 201,649 nuclei from 69 libraries, 67 biological tissues and all 14 donors.

Seurat was used for normalization, variable-feature selection and principal components [19]. Harmony was applied only to the low-dimensional
representation; raw counts and unintegrated objects were retained [20]. Major lineages were assigned from combinations of positive and exclusionary
markers. Epithelial profiles were reclustered into broad states including Absorptive, Adenoma-like, Cycling, Stem/progenitor, BEST4-positive,
enteroendocrine, goblet/secretory and tuft states. CopyKAT supplied auxiliary copy-number evidence [21]; tissue origin or EPCAM expression alone did
not define malignancy.

The annotation audit reports marker-expression dot plots, cluster-to-state assignments, donor composition and stage/FAP composition (Fig. S1; Table
S2). Three M02 genes occurred in the recorded epithelial-state marker evidence: ASCL2 in the broad Stem/progenitor panel and NKD1/APCDD1 in cluster-
level evidence. This overlap is disclosed because the module was generated within the annotated Stem/progenitor compartment; it limits independence
between state definition and module characterization. No M02 gene is mitochondrial, ribosomal or a canonical cell-cycle QC gene. INPP5D was flagged
before the contamination sensitivity analysis as an immune-lineage concern.

Donor-level primary gene screen

Raw epithelial counts were summed by donor, lesion stage and epithelial state. Pseudobulks required at least 20 nuclei and 10,000 total raw UMI. Four
states had at least three eligible donors in each of the normal, adenoma and cancer stages: Absorptive (6, 8 and 3 donors), Adenoma-like (6, 8 and 4),
Cycling (6, 9 and 4) and Stem/progenitor (6, 9 and 4).

Counts were filtered and normalized by trimmed mean of M-values (TMM) in edgeR [22, 23] and modeled with limma-voom [24]. Repeated stages from
the same donor were handled with duplicateCorrelation; FAP status was included only when estimable. Anatomical-location covariates were audited but
not forced into underidentified models. Missing hereditary, location or patient-identity fields were not imputed. The primary normal-to-adenoma screen
used a Benjamini—Hochberg FDR threshold of 0.05 [25]. Effect estimates, 95% confidence intervals (Cls), two-sided P values, FDR values and donor
counts were retained for every tested gene.

Post-hoc module construction and candidate selection

Module construction and candidate filtering were distinct steps. First, within each epithelial state, up to 1,000 highly variable genes were selected without
using lesion-stage labels. Spearman correlation matrices were clustered into at most 20 modules. Modules required at least 10 genes and a median
within-module correlation of at least 0.20.

Second, stage labels and paired FAP data were used to filter these covariance modules. A module required a normal-to-adenoma FDR of at most 0.05, an
absolute standardized effect of at least 0.50, a cancer-to-normal effect in the same direction and at least 80% of the early effect, a compatible cancer-to-
adenoma direction or plateau, concordance with the paired FAP direction, and leave-one-donor-out sign stability of at least 0.75. Six modules passed.
MO02 was selected from these six for downstream cross-cohort assessment. This was post-hoc candidate generation; it was not part of the original gene-
level discovery question and was not publicly preregistered.

MO02 contained 36 genes with equal weights of 1/36. Its canonical membership was documented before specified downstream evaluations with SHA256
d4e34472243b0259650aca3123a5df7e767e9a408a409cef08861937f2360a30. That timestamp demonstrates file order within the project but is not
claimed as independent preregistration. No gene was added or replaced after downstream results were viewed.
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Module composition and selection-conditioned audits

The 36 genes were grouped into broad, non-exclusive descriptive categories, and gene descriptions were mapped with g:Profiler [26]. Overrepresentation
analysis used g:Profiler version e114_eg62_p19_27110d83, g:SCS correction and a custom background of the 1,000 unique genes entering
Stem/progenitor covariance modules. Functional characterization was performed after module selection and did not modify membership.

For the four paired FAP donors, TMM-normalized log2 counts per million (log2CPM; prior count 2) were calculated for the 36 genes in all epithelium and
the Stem/progenitor compartment. Patient-specific adenoma-minus-normal differences, gene contributions and leave-one-gene-out score differences
were summarized descriptively. Because paired FAP direction was part of candidate selection, no P value from these four donors is interpreted as an
independent test. Their role is a selection-conditioned exploratory association, not independent inferential support.

Selection-conditioned random-gene-set resampling audit

Before inspecting resampling output, we froze the source universe, matching variables, iteration counts, seeds, scoring method and reporting limits. The
universe comprised the 1,000 genes used for Stem/progenitor covariance clustering; the 36 M02 genes were excluded from random sampling. For the
primary reference, each source-universe gene was classified by quintiles of mean and standard deviation across eligible Stem/progenitor TMM-log2CPM
pseudobulks. We generated 10,000 unique 36-gene modules that matched the number of M02 genes in every two-dimensional expression-variability
stratum. A second 10,000-module reference sampled uniformly from the same background. The same sampled membership was scored in all epithelium
and Stem/progenitor profiles using the locked equal-weight TMM-log2CPM method.

We compared the observed mean paired FAP difference with each random-module distribution and reported its percentile and plus-one upper-tail
fraction. These quantities are descriptive random-gene-set references, not post-selection P values: the same four FAP donors contributed to M02 filtering,
so random resampling cannot restore independence or type-l error control. We also summarized donor-specific effects and all four leave-one-donor-out
means. No resampling result was used to change M02, its weights, the gene universe, either compartment or any external dataset.

GSE161277 descriptive assessment

GSE161277 was processed independently and was not used during M02 generation, gene ranking, module filtering or module selection. After per-capture
quality control and doublet assessment, 38,239 tissue cells remained, including 13,734 epithelial cells. Multiple adenoma tissues from the same donor
were aggregated within donor and stage before scoring. The assessment used three fully matched donors. Raw counts were aggregated to donor-stage
pseudobulks, TMM-normalized and transformed to log2CPM. The 36-gene equal-weight score was calculated without redefining the module. The mean
paired effect, t confidence interval, nominal two-sided P value and BH FDR across the six previously selected modules were reported. Given n = 3, patient-
specific directions are the primary display; inferential estimates are descriptive and underpowered.

Independent bulk-tissue analyses and scale sensitivity

GSE41657, GSE100179 [9] and GSE8671 [10] were normalized and analyzed separately. Platform-specific probe mappings were audited before scoring.
GSE41657 compared normal, low-grade adenoma, high-grade adenoma and cancer arrays; GSE100179 compared normal, adenoma and cancer arrays;
GSE8671 used 32 verified normal-adenoma pairs. GSE41657 and GSE100179 used heteroskedasticity-consistent regression at the array/sample level
because patient identifiers were unresolved. GSE8671 used paired patient differences.

The original analysis combined accession-level adenoma-versus-normal effects using a random-effects model with restricted maximum likelihood and
Knapp-Hartung inference [27, 28]. These effects were on platform-specific module-score scales. As an additional non-selective analysis, we evaluated
scale sensitivity: each accession-specific effect and standard error was divided by the standard deviation of M02 scores among its normal and adenoma
samples. The three standardized accession effects were synthesized with REML/Knapp-Hartung and repeated with Paule-Mandel heterogeneity
estimation. Leave-one-accession-out estimates were reported. This sensitivity does not recover patient independence in the two sample-scoped cohorts
and was not used to redefine the module.

Supplementary transportability and technical-feasibility audits

Cancer-only analyses in GSE132465 and TCGA-COAD [15] were kept separate from adenoma-onset evidence. The GSE99573 stool-RNA models [11] were
trained and locked before one use of the held-out test set. LASSO-logistic regression used only the training set for feature and penalty selection [29], and
AUCs were computed with pROC [30]. After testing, the split was retired. We report the frozen coefficients, number of unique predicted probabilities and
test metrics; no model was refit, and the 36-gene M02 score was not directly tested in this branch.

For Figshare 29925404 [12, 13], 33 of 36 canonical genes were present in the integer-count feature space; AL022068.1, AP001636.3 and LINC0O1748 were
absent. The historical name M02_290F36_COVERAGE_SENS denoted a minimum coverage threshold. The implemented score averaged all 33 mapped
genes; it was not a fixed 29-gene subset. Predefined reduced-coverage, gene-z and UCell [31] scores were sensitivity descriptions only. Because the
canonical endpoint was unavailable and only two same-site matched LST-G donors were present, this branch remained non-inferential.
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Pseudo-spots were used solely to evaluate score recoverability under simulated depth, dropout, epithelial proportion and contamination; they were not
biological replicates. For E-GEAD-622 [14], two image-processing pipelines generated region labels without using M02 values, but no independent
pathologist gold standard was available. Only case4 met the frozen agreement and paired-region criteria; cases1-3 failed. The patient-level comparison
required at least three eligible patients and was therefore not estimable. In case4, the primary 30/36 score and most sensitivities were negative, whereas
the two-region gene-z sensitivity was effectively zero; the frozen decision was DESCRIPTIVE_METHOD_DEPENDENT, with no population inference.

Statistical reporting and reproducibility

In this manuscript, ‘prespecified” means recorded in the project workflow before the relevant downstream endpoint was inspected; it does not mean that
the analysis was publicly preregistered.

All hypothesis tests were two sided. For gene-level analyses, Benjamini—Hochberg FDR was applied within each epithelial-state-by-contrast family; for
GSE161277, the FDR family comprised the six previously selected modules. Other families are identified in the source tables. NA denotes unavailable or
not computed, never zero. Non-estimable outcomes were not converted to negative outcomes. Nuclei, cells, arrays and spots did not increase the
biological sample size. Small-sample results are accompanied by the number and identity scope of biological units.

Analytical scripts, configuration files, small source-data tables, environment records and checksums are provided in the supplementary source package,
consistent with reproducible-computation principles [32]. The versioned baseline package is available on GitHub and Zenodo [33]; it supports provenance
checks and reconstruction of key small source data, not a complete automated rerun of large single-cell or single-nucleus objects.

Results

The donor-level normal-to-adenoma gene screen was negative

Of 72 deposited GSE201348 single-nucleus libraries, three FAP adenoma/polyp libraries had < 100 nuclei after hard QC and were excluded; the analysis
retained 201,649 nuclei from 69 libraries, 67 tissues and all 14 donors (Table S1). No gene reached FDR < 0.05 in any of the four epithelial states eligible
for all three stages (Fig. 2a; Table 2). Minimum normal-to-adenoma P values were 7.17x10-¢, 1.44x10-5, 1.10x10-% and 9.49x10-¢ for Absorptive,
Adenoma-like, Cycling and Stem/progenitor states; the corresponding minimum FDR values were 0.0866, 0.0519, 0.0625 and 0.0534. The project-
recorded screen therefore yielded zero genes and zero primary candidate programs. Cancer-associated changes did not satisfy the required adenoma-
stage endpoint and were not relabeled as early-transition findings.
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Table 2

Primary, candidate-generation and cross-cohort results

Dataset

GSE201348

GSE201348

GSE201348

GSE201348

GSE201348

GSE201348

GSE161277

GSE41657

GSE100179

GSE8671

Analysis

Absorptive

Adenoma_like

Cycling

Stem_progenitor

All_epithelial

Stem_progenitor

Normal to adenoma

Adenoma versus
normal

Adenoma versus
normal

Adenoma versus
normal

Biological/statistical
unit

Donor-level
pseudobulk
(n=normal =
6;adenoma =
8;cancer = 3)

Donor-level
pseudobulk
(n=normal =
6;adenoma =
8;cancer = 4)

Donor-level
pseudobulk
(n=normal =
6;adenoma =
9;cancer = 4)

Donor-level
pseudobulk
(n=normal =
6;adenoma =
9;cancer = 4)

donor (n=4)

donor (n=4)

Donor paired
difference (n = 3)

Array/sample-
scoped unit (n = 63)

Array/sample-
scoped unit (n = 40)

Patient pair (n = 32)
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Effect
(95% CI)

No gene
passed
FDR <
0.05

No gene
passed
FDR <
0.05

No gene
passed
FDR <
0.05

No gene
passed
FDR <
0.05

1.276
(0.243 to
2.310)

0.778
(0.066 to
1.491)

1.645
(0.592 to
2.698)

2.420
(2.21510
2.626)

2.080
(1.832t0
2.327)

1.846
(1.666 to
2.026)

P

7.17e-
06

1.44e-
05

1.10e-
05

9.49%e-
06

0.0293

0.0402

0.0214

2.48e-
32

2.3Te-
19

7.65e-

FDR

0.0866

0.0519

0.0625

0.0534

0.0586

0.0482

0.1285

1.49e-
31

1.38e-
18

4.59%e-
19

Result status

Primary gene-
level screen:
zero genes at
FDR<0.05

Primary gene-
level screen:
zero genes at
FDR<0.05

Primary gene-
level screen:
zero genes at
FDR<0.05

Primary gene-
level screen:
zero genes at
FDR<0.05

Selection-
conditioned
candidate-
generation
description;
not an
independent
test

Selection-
conditioned
candidate-
generation
description;
not an
independent
test

Three-donor
concordant
description;
underpowered;
multiplicity-
adjusted result
not significant

Bulk-tissue
association

Bulk-tissue
association

Bulk-tissue
association

Principal
limitation

State-
specific
eligible
donor
counts; no
threshold
relaxation

State-
specific
eligible
donor
counts; no
threshold
relaxation

State-
specific
eligible
donor
counts; no
threshold
relaxation

State-
specific
eligible
donor
counts; no
threshold
relaxation

Same-donor
selection-
conditioned
description;
n=4;no
independent-
evidence
credit

Same-donor
selection-
conditioned
description;
n=4;no
independent-
evidence
credit

One
independent
cohort; n =3;
FDR=0.128;
counted
once

Patient
identity not
verifiable;
sample-
scoped
arrays; bulk
tissue

Patient
identity not
verifiable;
sample-
scoped
arrays; bulk
tissue

32 verified
matched
patients;
bulk tissue



Dataset

GSE41657,GSE100179;GSE8671

GSE99573

GSE99573

GSE99573

Figshare 29925404

E-GEAD-622 Stage 10F

GSE41657; GSE100179;
GSE8671

Analysis

Random-effects
adenoma versus
normal

adenoma_vs_normal

cancer_vs_normal

neoplasia_vs_normal

Primary 36/36 LST-G
matched-pair score

Patient-level spatial
endpoint

Additional within-
accession SD
scaling sensitivity

Biological/statistical
unit

Cohort-level
random-effects
meta-analysis (n = 3)

Participant (n = 42)

Participant (n = 45)

Participant (n = 65)

Patient matched
descriptive effect (n
=2 matched donors)

Patient gate (n =1
eligible patient of
minimum 3)

Accession-level
meta-analysis (n =3
accession effects)

Effect
(95% CI)

2.113
(1.389to
2.837)

0.500
(0.500 to
0.500)

0.500
(0.500 to
0.500)

0.530
(0.380 to
0.679)

Not

estimable

Not

estimable

1.951
(1.542t0
2.361)

P

0.0063

NA

NA

NA

NA

0.0024

FDR

0.0377

NA

NA

NA

NA

NA

NA

Result status

Three-
accession
random-
effects
summary; not
pooled
patients

Frozen model-
transport
result

Frozen model-
transport
result

Frozen model-
transport
result

Canonical 36-
gene endpoint
not estimable

Patient-level
spatial
analysis not
estimable

Additional
scale
sensitivity; not
a new primary
result

Principal
limitation

12=87.6%;
prediction
interval
0.725to
3.500; not a
pooled-
patient
analysis

Immutable
test set used
once and
retired

Immutable
test set used
once and
retired

Immutable
test set used
once and
retired

Primary
status
precedes
sensitivities;
hereditary
status
unknown;
Stage 11B-
specific
Table 2
inclusion

Not-
estimable
due to ROI
eligibility
shortfall; not
a negative
biological
effect

k=3;two
cohorts have
unresolved
patient
identity;
pooled
estimate is
sensitivity-
only and not
a pooled-
patient
analysis; 12
=67.2%

MO02 showed a selection-conditioned descriptive association in the donors used to

select it

Stage-label-blind covariance clustering produced multiple modules; subsequent stage-aware, paired-FAP and leave-one-donor-out filters reduced them to
six exploratory candidates (Fig. 2b). M02 contained 36 genes and was selected for cross-dataset assessment. The module included six genes in each of
four broad categories—WNT-linked/epithelial-state, receptor/signal-transduction, extracellular-matrix/adhesion and long-noncoding/poorly characterized
genes—plus smaller transcriptional, metabolic, membrane and other groups (Fig. 2c; Table S3). No functional term reached adjusted P < 0.05 against the
1,000-gene Stem/progenitor module background. INPP5D was the only explicitly immune-linked member.

All four paired FAP donors had positive 36-gene adenoma-minus-normal differences in all epithelium (0.413-1.917) and Stem/progenitor profiles (0.219-
1.286) (Fig. 3a). Omitting any single gene left all four Stem/progenitor donor differences positive; mean paired differences ranged from 0.746 to 0.810
across leave-one-gene-out scores (Fig. 3b). These values describe a selection-conditioned association in the donors that helped select the module; they
are not independent evidence. Historical paired summaries—1.276 (95% Cl 0.243-2.310; P = 0.0293; FDR = 0.0586) in all epithelium and 0.778 (95% Cl

0.066-1.491; P = 0.0402; FDR = 0.0482) in Stem/progenitor profiles—are retained in Table S4 and explicitly marked selection conditioned.

Random-gene-set resampling contextualized but did not remove selection

dependence

Page 8/17



In the expression- and variability-matched reference, the observed M02 mean exceeded all 10,000 random-module effects in both all epithelium and
Stem/progenitor profiles. For all epithelium, the observed effect was 1.276, whereas the random-module median was 0.209 and its 2.5th—97.5th
percentile interval was - 0.143 to 0.562. For Stem/progenitor profiles, the observed effect was 0.778 versus a random-module median of 0.185 and
interval of - 0.139 to 0.502. The plus-one upper-tail fraction was 1/10,001 (1.0x10 - 4) in each compartment (Fig. S10; Table S11).

The unmatched reference gave the same qualitative ordering: M02 exceeded all 10,000 all-epithelial modules and 9,999 of 10,000 Stem/progenitor
modules; the corresponding upper-tail fractions were 1.0x10 - 4 and 2.0x10 - 4. Omitting each FAP donor in turn left mean effects positive, ranging from
1.063 to 1.564 in all epithelium and from 0.609 to 0.965 in Stem/progenitor profiles. These observations show that the selected score was not typical of
random 36-gene sets under the stated references. They do not correct selection bias, because paired FAP direction and leave-one-donor-out behavior
helped determine which module was retained.

Three matched GSE161277 donors showed concordant but underpowered differences

The three GSE161277 donors had M02 adenoma-minus-normal differences of 2.012, 1.181 and 1.743 (Fig. 4a). The mean was 1.645 (95% Cl 0.592—
2.698; nominal P = 0.0214), but the FDR across six candidate modules was 0.128. This single three-donor dataset, which was not used during M02
generation, was directional and underpowered, not evidence of a general sporadic effect: hereditary status was insufficient for FAP-specific or sporadic-
specific estimation, and three donors cannot characterize population heterogeneity.

Separately processed bulk-tissue datasets showed associations limited by unit
resolution and heterogeneity

Original-scale adenoma-versus-normal module-score differences were positive in GSE41657 (2.420, 95% Cl 2.215-2.626; 63 sample-scoped arrays),
GSE100179 (2.080, 95% CI 1.832-2.327; 40 sample-scoped arrays) and GSE8671 (1.846, 95% Cl 1.666—2.026; 32 verified pairs) (Fig. 4b). The accession-
level random-effects summary was 2.113 (95% CI 1.389-2.837), with |2 = 87.6% and a prediction interval of 0.725-3.500. Because score scales differed
by platform and two datasets lacked patient identifiers, this synthesis is not a pooled patient effect.

After division by each accession’s normal/adenoma score standard deviation, the standardized effects were 2.136, 1.862 and 1.846. The REML/Knapp—
Hartung summary was 1.951 SD units (95% Cl 1.542-2.361), with 1> = 67.2% and a prediction interval of 1.234-2.668; Paule—Mandel results were nearly
identical (Fig. 4c; Table S6). Leave-one-accession-out estimates remained positive but were highly uncertain with only two accessions. These analyses
show a cross-platform bulk-tissue association, not epithelial specificity or independent patient-level reproducibility in all three cohorts.

Transport and spatial branches exposed failure modes rather than additional support

The locked stool-RNA models degenerated. Adenoma-versus-normal and cancer-versus-normal LASSO models selected no non-intercept feature and
assigned one unique test probability, producing AUC = 0.500 for both endpoints. The composite neoplasia-versus-normal model selected B4GALT7 alone,
produced 61 unique probabilities among 65 test samples and had AUC = 0.530 (95% CI 0.380-0.679) (Fig. S7; Table S7). This was a negative assessment
of the project-locked feature-selection pipeline, not a direct test of the 36-gene M02 score.

In Figshare 29925404, 33 canonical genes mapped, whereas the 36/36 endpoint required by that branch was unavailable (Fig. S8). The reduced-coverage
scores in two matched LST-G donors remained descriptive because the canonical endpoint was not estimable, FAP/APC status was unknown and LST-G
is not equivalent to ordinary sporadic adenoma.

Spatial pseudo-spot analyses established only simulation-based score recoverability. In E-GEAD-622, the absence of an independent pathologist
reference and failure of three of four cases at the frozen region-registration gate prevented patient-level analysis (Fig. S9). In the sole eligible case, the
primary score was negative, most sensitivities were also negative and gene-z was effectively zero; the result was therefore method dependent. No spatial
population, biological or causal analysis was performed.

Discussion

This secondary analysis illustrates a common trajectory in public-data research: a valid donor-level screen can be negative while a later post-hoc module
appears coherent in selected contexts. The relevant question is not whether the module can be made to look positive, but whether its provenance,
estimability and cross-dataset limits are explicit enough for independent testing.

Limitations and boundary conditions

The strongest limitation is post-hoc selection dependence. M02 was not an outcome of the primary gene-level screen. Its covariance structure was
derived without stage labels, but the candidate filter used stage effects, paired FAP direction and leave-one-donor-out behavior. The same four FAP
donors were then summarized again. Consequently, the internal effect sizes, confidence intervals and FDR values are conditional on selection and likely
optimistic. Their appropriate role is to document a selection-conditioned exploratory association, not provide independent inferential support.

The random-gene-set audit addresses arbitrariness, not independence. M02 occupied the extreme upper tail of both matched and unmatched 36-gene
references, and its leave-one-donor-out means remained positive. However, this pattern is partly expected because paired FAP direction and donor-
omission behavior entered the candidate filter. The empirical tail fractions therefore have no valid post-selection P-value interpretation and do not raise
the evidence level.
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FAP-stage confounding further restricts interpretation. GSE201348 did not contain a pathology-defined sporadic-adenoma design cell adequate for a
sporadic normal-to-adenoma effect, and a stage-by-FAP interaction was not estimable. M02 should therefore be described as a FAP/adenoma-associated
exploratory epithelial stem/progenitor module, not a general colorectal initiation program. GSE161277 adds a concordant observation in three matched
donors, but its FDR of 0.128, very small n and insufficient hereditary stratification prevent broad generalization.

The module audit also tempers biological interpretation. M02 spans WNT-linked genes, extracellular/adhesion genes, signaling genes, transcriptional
regulators and six noncoding or poorly characterized loci, but no functional category was significantly enriched against the relevant module-construction
background. Three module genes overlapped state-annotation evidence. This does not invalidate the score, but it means that Stem/progenitor
localization is not fully independent of the labels used to define that compartment. INPP5D creates a plausible immune-contamination sensitivity,
although removing it did not reverse the four FAP donor descriptions.

Bulk-tissue associations were the most numerically consistent external observations. They remain limited in three ways. First, bulk scores are not
epithelial-specific. Second, patient identity was unresolved in two accessions, so arrays cannot be assumed to be independent patients. Third, only three
accession effects were available. Knapp-Hartung and alternative heterogeneity estimates address some small-k uncertainty but cannot manufacture
cohort diversity or patient metadata [28]. The reduced heterogeneity after within-cohort scaling shows that score scale contributed to the original 12, yet
substantial residual heterogeneity remained.

The technically failed and non-estimable branches are informative. The stool models collapsed to intercept-only or one-feature solutions, but this branch
did not directly test M02. Because the test set was used once and retired, a direct M02 assessment would require a new independent dataset. In the LST-
G branch, the 36-gene endpoint was unavailable, and the historical “29/36" label obscured that all 33 mapped genes were averaged after meeting a 29-
gene minimum threshold. The spatial branch lacked independent pathology adjudication and retained one eligible case; its method-dependent description
cannot be converted into population evidence.

Additional limitations arise from uneven public metadata, platform-specific preprocessing and incomplete anatomical or hereditary information.
Candidate selection and evaluation were not registered in a public immutable protocol before analysis; repository timestamps establish file order only.
Automated annotation was auxiliary, but state labels still depend on marker choices and several clusters were donor dominated. Within-accession bulk
standardization was a later sensitivity analysis introduced after the original-scale synthesis; it did not alter module membership. No wet-laboratory
experiment was performed, so causal or clinical-utility claims remain outside the evidence.

Implications for independent evaluation

A decisive next study would require pathology-defined sporadic adenomas and matched normal mucosa, recorded hereditary status, raw counts,
epithelial states defined without M02 genes and enough independent donors for patient-level estimation. The 36-gene score, mapping rule and analysis
code should be fixed publicly before outcome analysis. Until such data exist, M02 should remain a candidate for prospective assessment rather than an
independently supported signature.

Conclusions

The project-recorded donor-level normal-to-adenoma screen was negative. M02 emerged only after a post-hoc workflow that used paired FAP direction,
making its four-donor summaries selection conditioned and unsuitable for independent inference. Three matched GSE161277 donors and three bulk-
tissue accessions showed concordant module-score differences, but small n, unresolved patient identities, tissue composition and heterogeneity prevent
broad inference. Stool, LST-G and spatial branches did not provide independent support. The reusable output is a fixed exploratory candidate and an
auditable account of where cross-dataset evaluation was feasible, technically failed or was not estimable.
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a Analysis chronology

stage-aware selection

Donor-level Covariance Candidate MO02 project Cross-cohort
gene screen |—> [ modules |—>| filtering [—> lock —> | evaluation
0 genes at stage labels stage + FAP fixed for specified negative and non-
FDR < 0.05 not used direction evaluations estimable retained
b Dataset roles and biological units
B GSE201348 candidate generation 14 total donors; four paired FAP donors used during candidate filtering | Donor pseudobulk
B GSE161277 independent directional 3 matched donors | Donor paired difference
B GSE132465 cancer context 8 evaluable matched donors | Donor paired difference
B GSE41657 bulk, sample scoped 63 normal/adenoma arrays; 88 arrays overall | Array/sample-scoped unit
B GSE100179 bulk, sample scoped 40 normal/adenoma arrays; 60 arrays overall | Array/sample-scoped unit
B GSE8671 bulk, 32 pairs 32 verified pairs | Patient pair
B TCGA-COAD cancer context 41 paired cancer-normal patients | Patient
B GSE99573 transport audit 65 independent test participants | Participant

W Figshare 29925404  descriptive sensitivity 7 patients; 2 matched donors | Patient
W E-GEAD-622 spatial feasibility 1/4 patients passed region gate | Patient required; pseudo-spots technical only

Patients or donors define biological n whenever identifiers are recoverable

Figure 1

Study design, dataset roles and biological units

Chronology and dataset-role matrix for the negative donor-level screen, post-hoc module generation and subsequent or supplementary assessments. The
module-candidate filter used paired FAP direction after stage-label-blind covariance clustering. Patient or donor is the biological unit where identifiers are
recoverable; GSE41657 and GSE100179 remain sample-scoped
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Figure 2

Negative primary screen and post-hoc M02 construction

(a) Minimum normal-to-adenoma FDR in the four eligible epithelial states; no gene reached FDR<0.05. (b) Separation of stage-label-blind covariance
clustering from stage-aware and FAP-direction candidate filtering. (c) Descriptive composition of the 36-gene M02 module. Functional enrichment against
the 1,000-gene Stem/progenitor module background yielded no adjusted term below 0.05
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Figure 3

Selection-conditioned descriptive scores in four FAP patients used during module development

(a) Patient-level 36-gene scores in paired normal and adenoma pseudobulks for all epithelium and Stem/progenitor cells. (b) Leave-one-gene-out paired
differences. The same four donors contributed to the candidate-selection rule, so no displayed quantity is an independent inferential test
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Figure 4
Three-donor single-cell description and bulk-tissue associations

(a) GSE161277 patient-specific normal-to-adenoma differences for three matched donors; the mean effect was 1.645 (95% CI 0.592 to 2.698; FDR 0.128).
(b) Original-scale accession-specific bulk effects and random-effects summary. (c) Within-accession standardized sensitivity. GSE41657 and GSE100179
are sample-scoped; GSE8671 contains 32 verified pairs. Meta-analyses combine three accession effects, not pooled patients
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