Supplementary Methods
Serum IgG responses to melanoma-associated peptides do not distinguish birdshot uveitis: the MACAU study
Study design and participants
MACAU was a single-centre, two-stage exploratory study conducted at University Hospitals Leuven. Adults with birdshot uveitis (BU), idiopathic intermediate uveitis or sarcoid uveitis and healthy controls were recruited between 10 November 2023 and 27 June 2025. Uveitis was classified according to Standardization of Uveitis Nomenclature terminology. The Ethics Committee Research UZ/KU Leuven approved MACAU-1 (S67885; Belgian registration B3222022001249; favourable opinion 23 October 2023) and MACAU-2 (S68975; Belgian registration B3222024001571; initial favourable opinion 19 December 2024). All participants provided written informed consent before study procedures.
MACAU-1: pooled candidate screening
For the discovery phase, equal serum volumes from five participants in each study group were combined, yielding one pool each for BU, intermediate uveitis, sarcoid uveitis and healthy controls. PEPperPRINT GmbH (Heidelberg, Germany) tested the four pools on three prefabricated peptide microarrays: a melanoma-associated antigen array, an oncoviral antigen array and an autoimmune antigen array. Arrays were processed and scanned by PEPperPRINT and reviewed using PEPperMAP software. Peptides showing the strongest IgG binding or an apparent difference in signal intensity between groups were retained as candidates for MACAU-2.
MACAU-1 was intended solely as a pragmatic candidate-reduction step. Because each pool produced one composite measurement, this phase did not estimate individual-level response frequencies or group effects. The 20 donors whose samples contributed to the pools were therefore retested individually in MACAU-2.
MACAU-2: custom array and individual testing
Candidates selected in MACAU-1 were printed on a custom PEPperPRINT array. To explore a possible mycobacterial trigger in sarcoidosis, 44 overlapping peptides spanning the ESAT-6-like protein EsxB were added. The final array comprised 768 experimental peptide spots: 440 autoimmune, 132 melanoma-associated, 152 oncoviral and 44 EsxB spots. Three internal control spots (HA control, G-Spacer and polio control) brought the total to 771 spots. After duplicate experimental sequences were collapsed for analysis, 765 unique experimental peptide sequences remained.
Individual sera from 50 participants were tested: BU (n=15), intermediate uveitis (n=10), sarcoid uveitis (n=15) and healthy controls (n=10). Each serum sample was hybridised to a separate array carrying all four peptide panels. PEPperPRINT manufactured and processed the arrays, scanned the slides, performed background correction and conducted the initial analyses. The complete processed dataset was subsequently transferred to UMC Utrecht after approval of a data-transfer agreement and independently reanalysed by the UMC Utrecht team.
Signal processing and quality control
The independent analysis used the background-corrected spot intensities supplied by PEPperPRINT. Negative corrected values had been clipped at zero. Of 38,550 measurements (771 spots × 50 sera), 23,369 (60.6%) were zero, whereas only 70 (0.18%) were at or above 65,000 fluorescence units. Because this distribution was strongly left-censored, detection above local background (corrected intensity >0) was treated as the primary outcome and signal intensity as a complementary outcome.
Intensities were transformed as log2(intensity + 1). Whole-distribution quantile normalisation was not used because it would redistribute the large mass of censored values. Instead, detected values were upper-quartile normalised separately within each of the four panels. For each serum and panel, the 75th percentile of positive log2 intensities was calculated; the resulting offsets were centred across sera and subtracted from detected values. Values at the detection floor remained zero. The three internal control spots were excluded from inferential analyses.
Statistical analysis
Analyses compared the four study groups and were exploratory. Peptides were retained for differential testing when detected in at least five sera in at least one study group. Duplicate spots with the same peptide sequence were averaged within each serum after normalisation.
Peptide-, protein- and cluster-level analyses
For the primary seropositivity analysis, the proportion of sera with signal above local background was compared across the four groups using Fisher's exact test. For the complementary intensity analysis, normalised log2 intensities were analysed using limma with an omnibus moderated F-test across the group coefficients; empirical-Bayes moderation used trend=TRUE and robust=TRUE. Parent-protein values were calculated by averaging the eligible peptide intensities assigned to the same protein within each serum, followed by the same omnibus intensity analysis.
To identify responses shared by sequence-related peptides, eligible sequences were aligned with ClustalW using the msa package. For alignment only, non-standard residues were replaced as follows: Z (citrulline) by R, B (Asx) by N and U (selenocysteine) by C. Identity-based pairwise distances including gap penalties were calculated with seqinr::dist.alignment. Hierarchical clustering used Ward's linkage (ward.D2); the number of clusters was selected by the maximum mean silhouette width over k=2–150. Clusters containing fewer than three peptides, and peptides with a mean distance >0.75 from the other members of their cluster, were excluded. Cluster-level values were obtained by averaging member-peptide intensities within each serum and were analysed using the same omnibus limma model.
P values were adjusted for multiple testing using the Benjamini–Hochberg procedure. Because Fisher-test P values are discrete, an additional discrete false-discovery-rate adjustment based on the attainable exact null distributions (Heyse method) was applied as a sensitivity analysis. Statistical significance was defined as an adjusted P value <0.05.
Repertoire-wide permutation analysis
A permutation analysis tested whether weak group-associated signal was distributed across the IgG repertoire even when no individual feature reached significance. For seropositivity, Pearson chi-square statistics were calculated for every eligible peptide and summed; for intensity, conventional four-group F statistics were calculated and summed. Group labels were permuted 2,000 times while retaining the original group sizes. The empirical upper-tail P value was calculated as (1 + number of permuted statistics at least as large as the observed statistic)/(2,001). An exploratory simulation also used the 95th percentile of the permutation maximum chi-square statistic to estimate power for a BU-specific seropositivity difference under family-wise error control.
Software and reporting
The independent analysis was performed in R 4.4.0. Principal package versions were limma 3.60.6, msa 1.36.1, seqinr 4.2-36, Biostrings 2.72.1, cluster 2.1.8.2, dplyr 1.1.4 and readxl 1.4.5. 
Analysis sets
	Analysis
	Features tested

	Peptide intensity
	485 peptides

	Peptide seropositivity
	476 peptides

	Parent-protein intensity
	157 protein annotations

	Sequence-cluster intensity
	90 clusters (352 assigned peptides)

	Melanoma-associated subset
	132 printed spots; 83 peptides eligible for intensity, 82 for seropositivity; 18 represented parent proteins after filtering



Availability of data and materials:
A complete deidentified results workbook was provided for confidential peer review. Additional deidentified data and the reproducible R script are available from the corresponding author on reasonable request, subject to applicable institutional and data-protection requirements.
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