Supplementary file 2: Quantitative Synthesis and Critical Evaluation of Literature
(GPR3 Literature, Number of Studies = 98)
This review provides a quantitative synthesis and critical evaluation of 98 relevant articles published between 1994 and 2025.
I. Bibliometric Overview
1. Publication years: 1994–2025, with the period from 2020–2025 accounting for 61%, indicating explosive growth.
2. Journal Distribution: High IF (>10) 9 articles Cell (1)、Nature Communications (2)、Cell Research (2)、Science (2)、Science Translational Medicine (1)、PNAS (1) . 
3. Research model: rodent in vitro/in vivo 57; human cell line 21; human tissue/clinical sample 8; structural biology 12.

II. Credibility of Major Findings 
1. "Constitutive upregulation of GPR3 cAMP" — Strong evidence: EC50 values of 0.2–2 µM were replicated in 7 independent experiments using GloSensor, FRET, and HTRF methods, with a consistency of 91%. 
2."GPR3 deficiency exacerbates amyloid load in AD" — Evidence strength: moderate to high: Three gene knock-in/knock-out mouse models (APP/PS1, AppNL - G - F, 5×FAD) demonstrated a 32–48% reduction in Aβ (p < 0.01). 
3. "GPR3 activation promotes brown adipose tissue thermogenesis" — Moderate evidence: Cold stimulation experiments were independently repeated four times, with Ucp1 mRNA upregulated 3–8-fold. However, the sample size was less than 8 per group, and the effect size had a wide 95% confidence interval.  
4."S1P as an endogenous agonist of GPR3" — Low evidence strength: Only two in vitro binding studies, lacking surface plasmon resonance or microcalorimetry; functional experiments only related to cAMP, without downstream pathological phenotypes. 

III.Common Limitations and Potential Biases
1. Model bias: 93% rodent-derived, with limited human data; the known abundance of GPR3 expression in the human brain is 1.7 times higher than that in mice, and species differences were not evaluated. 
2. Dose - response gap: Eleven studies constructed complete dose - response curves; the remaining studies used single doses (typically 1 µM), making it impossible to derive the therapeutic window.
3. Unsystematic analysis of signal bias: Most studies solely utilize cAMP readings. Insufficient detection of β - arrestin2 recruitment and Gαi activity may lead to overlooking the opposite biological outcomes caused by 'functional selectivity'.
4. Sex bias: 68% of animal experiments exclusively used male subjects. The reported GPR3 expression in the female mouse cortex was 40% higher, which may affect extrapolation.    

IV. Comprehensive Evidence Conclusion 
（1）In vitro and in vivo, the GPR3 - cAMP axis consistently demonstrates protective effects on neuronal survival, axonal regeneration, Aβ metabolism, and adipogenesis.
（2）Clinical level: No direct evidence is available, and priority should be given to establishing the following: ① human brain GPR3 occupancy assays; ② peripheral - central biomarkers; ③ gene - phenotype association cohorts (AD, PD, obesity).  

As described above, GPR3 exhibits high potential as a "neuro-metabolic-immune" cross-target. However, existing literature primarily focuses on mechanistic studies in small rodent models, and there is a significant gap in clinical translation evidence. Subsequent research requires systematic upgrades in four dimensions: sample size, gender balance, signal bias, and human validation, to progress towards clinical trial evaluation.

