Bayesian Analysis: Probability that Ergothioneine Depletion

Causes Ferroptosis and Warburg Metabolism

BAYESIAN FRAMEWORK

Hypothesis (H): Ergothioneine (EGT) depletion is the causal mechanism triggering ferroptosis vulnerability and glycolytic metabolism. Method: Calculate posterior probability
P(H|Evidence) using Bayes' theorem. For each independent evidence category, we compute the likelihood ratio LR = P(E|H) / P(E|-H), representing how much more likely we would
observe this evidence if H is true versus false. Critical requirement: Evidence must be genuinely independent—different experimental systems, different predictions, different
methodologies.

PRIOR PROBABILITY

Conservative prior: P(H) = 0.05 (5%). Most nutritional hypotheses proposing specific causal mechanisms fail when rigorously tested. While EGT has a dedicated mammalian
transporter (suggesting evolutionary importance), this alone does not establish causality for disease prevention. A 5% prior reflects appropriate skepticism. Sensitivity analysis
examines P(H) = 0.10 (10%) as an optimistic alternative.

INDEPENDENT EVIDENCE CATEGORIES

Evidence P(E[H) | P(E|-H) LR Independence Justification

MPST Knockout 0.90 0.12 7.5 Genetic ablation is gold standard for causation.
Completely eliminates Proves EGT - MPST pathway necessity.

EGT benefits P(E|-H) accounts for possible redundant pathways.
ETT Transporter KO 0.80 0.18 4.4 Independent gene (transporter vs enzyme),
Complex | failure, independent species (zebrafish vs mouse),
shortened lifespan tests different prediction (full EGT deprivation).
Molecular Target 0.75 0.25 3.0 Binding discovered independently before knockout.
MPST binding Kd Physiological concentration is testable prediction.
1-5 puM physiological Not fully independent from knockout—reduced LR.
Performance Effects 0.70 0.45 1.56 Different outcome measure (performance vs
41-100% endurance molecular). P(E|-H) high due to publication bias
improvement and potential confounding.

Epidemiology 0.65 0.50 1.30 Independent methodology (observational).
>20,000 humans, P(E|-H) high: reverse causation, healthy user bias,
low EGT predicts disease and confounding by diet quality are strong.

BAYESIAN CALCULATION

Combined Likelihood Ratio: LRtotaI =75x%x44x3.0x156x1.30=189.6
Base Case (5% prior): Prior odds = 0.05/0.95 = 0.053 - Posterior odds = 0.053 x 189.6 = 10.0 — P(H|E) = 10.0/(1+10.0) = 0.909 (90.9%)
Optimistic Case (10% prior): Prior odds = 0.10/0.90 = 0.111 - Posterior odds = 0.111 x 189.6 = 21.0 —» P(H|E) = 21.0/(1+21.0) = 0.955 (95.5%)

SENSITIVITY ANALYSIS

Conservative LRs (reduce each by 25%): LRtot =5.6x3.3x225x1.17 x 0.98 = 47.8 — With 5% prior: P(H|E) = 71.6% | With 10% prior: P(H|E) = 84.2%

If MPST knockout evidence alone: LR=7.5 — %ith 5% prior: P(H|E) = 28.4% | With 10% prior: P(H|E) = 45.5%

Conclusion: Under base assumptions, posterior probability is 91-96%. Even under conservative assumptions (reduced LRs, skeptical prior), probability remains 72-84%. The MPST
knockout alone provides strong but insufficient evidence (28-46%); convergent independent validation drives high confidence.

CRITICAL ASSUMPTIONS & LIMITATIONS

Independence: We treated evidence as independent but acknowledge partial overlap (MPST binding confirms knockout mechanism). Conservative LRs partially account for this.
Publication bias: Negative studies (EGT had no effect) are underreported. This inflates apparent evidence strength. We cannot quantify this bias.

Species extrapolation: Rodent effects (41-100% performance) may not translate proportionally to humans with different baseline EGT status.

Causation vs. association: Genetic knockouts prove EGT works through MPST but do not prove depletion causes disease in free-living populations.

Missing experiments: No published study directly shows EGT prevents ferroptosis in MPST-dependent manner (logical chain exists but not closed experimentally).

No human RCTs: No randomized controlled trial has demonstrated EGT supplementation prevents cognitive decline, cardiovascular events, or cancer.

Threshold undefined: "Low EGT" lacks validated clinical cutoff. Optimal levels for disease prevention remain unknown.

CONCLUSION

Probability range: 72-96% that EGT depletion is causal for ferroptosis/Warburg metabolism, depending on assumptions.

Base case estimate: ~91% (5% prior, conservative LRs).

What this means: The genetic proof (MPST knockout eliminating benefits) combined with independent validation (ETT knockout, molecular target identification) provides strong
evidence for causation—exceptional for nutritional biochemistry. However, 91% is not certainty. The following could reduce confidence: (1) Human RCTs showing no effect on
disease endpoints; (2) Discovery of redundant pathways making EGT non-essential; (3) Evidence that low EGT is consequence rather than cause of disease.

Strongest claims defensible: (1) EGT works through MPST to protect mitochondrial function (genetic proof); (2) EGT depletion creates metabolic vulnerability (mechanistic pathway
validated); (3) Low EGT status associates with disease (epidemiology consistent).

Requires validation: (1) Human interventional trials with clinical endpoints; (2) Defined deficiency thresholds; (3) Direct ferroptosis protection experiments closing logical chain.



