Supplementary Methods
S1. Metadata audit and biological-replicate safeguards
GSE64711 was retained only as a metadata-feasibility audit because public GEO records did not safely reconstruct patient-level repeated sampling or the original matched outcome subset. GSE36809 was used for formal longitudinal inference because repeated-subject and injury-time information were recoverable. Across all datasets, donors, patients, mice, or experimental samples were treated as biological replicates when available; cells and nuclei were not substituted for independent subjects.
S2. Frozen programmes, ortholog mapping, and projection
The frozen registry comprised SP1 stress-remodeling (178 genes), SP2 maintenance/proteostasis (112 genes), TraumaRepair_Green (216 genes), and TraumaStress_Red (171 genes), together with prespecified NAD-related and endothelial context sets. Dataset-internal transition or disease cores were defined only from their designated reference contrasts. Mouse-to-human projection of the 311-gene aged-late signature used strict outcome-independent one-to-one ortholog mapping. The registry identified 212 strict human orthologs; 211 were scoreable in the Figure 3 implementation, and 200 remained after near-zero-variance filtering in the 16-donor GSE295174 trauma comparison. State-space projections were interpreted as coordinates along a frozen transcriptomic axis rather than probabilities or percentages of biological rescue.
S3. Robustness and multiplicity control
Sensitivity analyses included balanced complete-case longitudinal restriction, exact-time mixed models, paired within-donor contrasts, composition adjustment, alternate probe collapse, strict ortholog subsets, leave-one-out analyses, donor exclusion/downsampling, equal-cell resampling, and low-quality-sample exclusion as applicable. Gene-level multiplicity was controlled by the Benjamini-Hochberg procedure; programme and pathway families were corrected within prespecified analytical families. Sensitivity analyses did not redefine a frozen primary signature after outcome inspection.
S4. Endothelial and neurovascular interpretation boundaries
GSE172210 HUVEC experiments test transcriptional transfer from trauma-associated circulating sEVs and cannot establish blood–brain barrier causality. Rowe et al. targeted brain RT-qPCR data provide external regional/time context, not whole-transcriptome replication. GSE172382 groups were pooled at the sequencing-sample level; equal-cell resampling ranges describe sensitivity to sampling, not mouse-level confidence intervals. All pathway and gene-level cross-system similarities are interpreted as directional compatibility, not a proven mechanistic pathway.
S5. NAD perturbation and cross-context validation
The untreated GSE318549 CTL-D2-to-CTL-D5 vector was frozen before FK866 and NMN effects were examined. The 6,507-gene reference supported independent transcriptomic projection and signed-score metrics. Hallmark triads were selected according to direction and FDR rules before GSE255975 interrogation. Only oxidative phosphorylation passed stringent cross-context testing. Panel-level graphical summaries must be derived from quantitative source tables; no interpolated sample positions, confidence intervals, or synthetic PCA coordinates are used as evidence.



Supplementary Results
Supplementary Result S1. Metadata forensics prevented unsafe use of GSE64711 and established GSE36809 as the formal human longitudinal reference
The original analysis plan nominated GSE64711 as the principal human severe-trauma age-by-time dataset. A dedicated metadata-forensics step, however, showed that the public GEO representation could not safely reproduce the biological linkage required for longitudinal inference. GEO contained 495 arrays (478 trauma and 17 healthy-control arrays), and age could be recovered at the array level, but explicit sampling time, complicated-outcome status, AIS, 28-day survival, and a defensible sample-to-patient crosswalk were not available. The original publication described 244 trauma patients (177 young and 67 aged) and a 17-pair complicated-outcome confirmation set, but those matched pairs could not be reconstructed from public metadata without inference from sample order or expression similarity. GSE64711 was therefore retained as a documented exclusion/feasibility audit and was not treated as 478 independent trauma subjects.
Formal human longitudinal inference instead used GSE36809, for which patient-level repeated measurements and injury-time information were recoverable. Programme scores were analyzed with person-level random intercepts; healthy controls were used as an external reference rather than the temporal baseline. The primary frozen programmes were SP1 stress-remodeling (178 genes), SP2 maintenance/proteostasis (112 genes), the published Green trauma-repair module (216 genes), and the Red trauma-stress module (171 genes). The same programme definitions were carried forward into the mouse and recovery-phenotype analyses without reselection.
Longitudinal conclusions were robust to several analysis definitions. In the balanced complete-case sensitivity restricted to the same 113 trauma subjects observed at Early, 1 day, 4 days, and 7 days (452 repeated observations), omnibus trajectory tests were significant for SP1 (chi-square=91.054, df=3, P=1.30x10^-19, BH q=5.20x10^-19), SP2 (chi-square=67.810, P=1.26x10^-14, q=4.02x10^-14), Green (chi-square=12.019, P=0.00732, q=0.00976), and Red (chi-square=106.993, P=4.87x10^-23, q=2.60x10^-22). Exact-hours spline models and strict paired within-patient contrasts were used as secondary checks. Together these analyses supported rapid stress/remodeling, maintenance, and repair transitions with a comparatively slower trauma-stress component rather than a single monotonic inflammatory trajectory.
Supplementary Result S2. Aged mice show a robust late post-polytrauma response bottleneck that is not explained by leukocyte composition or probe summarization
GSE70418 provided a true cross-species test in young (6-10 weeks) and old (20-24 months) mice after polytrauma. The final circulating-leukocyte analysis included 36 independent terminal samples distributed across all eight Age x State cells: young Naive/2 h/1 d/3 d, n=4/4/6/4, and old Naive/2 h/1 d/3 d, n=4/5/4/5. Each frozen programme was modeled as score ~ 0 + Age_State, with prespecified age effects, within-age injury responses, difference-in-differences at 2 h, 1 d, and 3 d, 3 d-versus-2 h resolution contrasts, and an omnibus Age x State test.
A 311-gene aged-late signature was frozen from the late response, comprising 188 Old-excess and 123 Old-deficit genes; a 310-gene late-exclusive definition was retained as a sensitivity set. The age effect on distance from the naive state at 3 days was positive in the primary analysis (beta=1.219, P=1.38x10^-4) and remained evident after leukocyte-composition adjustment (beta=0.957, P=0.00665). Composition adjustment preserved the direction of all 311 gene-level effects (100% directional retention; Pearson r=0.891), although the median effect magnitude was attenuated to 48.5% of the primary estimate. An alternate probe-collapse procedure produced Pearson r=0.976 with 100% directional retention.
Cross-species programme comparison showed concordant support for SP1, SP2, and the Green recovery-associated programme in the human and mouse datasets. The Red trauma-stress trajectory was more mouse-specific and was therefore not promoted as a universally conserved response. These findings define aging as a modifier of late response resolution rather than merely a determinant of the initial acute response amplitude.
Supplementary Result S3. Recovery-phenotype cohorts show selective and time-dependent projection of the aged-late programme rather than global aging-state replication
The recovery layer was intentionally analyzed at the donor/patient level. In GSE295174, the Day-3 DOGMA-seq cohort comprised 20 donors: 8 fast-recovery (FR), 8 slow-recovery (SR), and 4 healthy-control donors. FR was defined by ICU length of stay <=7 days and SR by >7 days. The reconstructed donor-level TMM-logCPM matrix contained 36,601 genes. GEO modality/batch records were not counted as independent donors, and P3a/P3b technical batches were treated as technical replicates rather than biological n.
The frozen 311-gene mouse aged-late signature was mapped to human genes using an outcome-independent one-to-one ortholog procedure, yielding 212 strict human orthologs. This replaced a legacy low-coverage mapping and prevented target-dataset expression from determining which ortholog was retained. At Day 3, neither the Old-excess score (SR-FR effect -0.237, P=0.106, BH q=0.212) nor the Old-deficit score (-0.158, P=0.414, q=0.414) showed significant cross-sectional enrichment in SR. Thus, a simple statement that slow recovery globally reproduces the aged mouse state was not supported.
The longitudinal GSE295173 D3-D7 subset contained four paired trauma donors. Because FR/SR linkage was not sufficiently complete for a stable recovery-group-by-time model in the frozen analysis, D3-to-D7 changes were treated as unstratified paired recovery transitions rather than used to manufacture an FR-specific temporal effect. In the outcome-linked Glue Grant 2 analysis, however, the Day-7 Old-excess signal was associated with subsequent recovery (hazard ratio 0.605, 95% CI 0.469-0.780; BH q=0.0010). The integrated interpretation is therefore selective and time-dependent overlap between age-sensitive late programmes and human recovery biology, not global signed aging-state replication.
Supplementary Result S4. Polytrauma plasma-sEV exposure produces a persistent endothelial transcriptional state despite sparse single-gene FDR significance
GSE172210 tested signal transfer from the circulation to endothelium using HUVECs exposed to plasma small extracellular vesicles (sEVs) from six healthy controls or six polytrauma donors sampled at 4 h and 24 h after injury. All 18 expected samples were recovered, and each trauma donor contributed paired PT4 and PT24 exposures. The processed matrix was treated as FPKM-derived expression and analyzed on log2(FPKM+1) using donor-aware limma with duplicateCorrelation (rho=0.2959). After median collapse, 60,642 genes were represented; 13,927 genes passed the primary filter.
At the gene-wise FDR<0.05 threshold, PT4 versus HC yielded one significant gene, PT24 versus HC four genes, and PT24 versus PT4 none. The complete signed statistics, however, showed strong temporal persistence: PT4-versus-HC and PT24-versus-HC estimates correlated at Pearson r=0.765 and Spearman rho=0.750, and 78.6% of genes changed in the same direction. A trauma fixed-donor model reproduced the global donor-aware effects exactly (Pearson and Spearman=1.00), while leave-one-trauma-donor-out analyses retained minimum Pearson r=0.829 and Spearman rho=0.763.
Pathway-level analyses resolved the persistent state more clearly than post-hoc DEG intersections. Strict/supportive persistence was observed for 16 of 17 Hallmark, 73 of 93 Reactome, and 141 of 379 GO Biological Process gene sets; 10,940 of 13,927 genes were directionally concordant between PT4 and PT24. Hallmark TNF-alpha signaling via NF-kappaB was among the strongest persistent programmes (score +2.75). Inferred transcription-factor activity additionally identified persistent NF-kappaB-related signals, including NFKB2 (score -4.26; q4=0.0161; q24=0.0122). These activity scores are transcriptional inferences and do not establish causal TF activation.
The HUVEC experiment therefore supports sufficiency of the polytrauma circulating sEV milieu to alter a recipient endothelial transcriptional state. It does not establish the in-vivo tissue source of every vesicle or cargo and is not, by itself, evidence for a brain-endothelial or BBB-specific mechanism.
Supplementary Result S5. Extracranial injury provides a remote-brain context without being treated as whole-transcriptome replication
To test whether remote brain responses can occur without primary brain injury, the endothelial signal-transfer analysis was placed alongside the targeted source tables from Rowe et al. (2024). The study used adult male Sprague-Dawley rats, five trauma paradigms, 6 h, 24 h, and 168 h sampling, and eight brain regions, with generally 5-7 animals per group/time point and seven naive animals. The main manuscript interpretation was restricted to the non-blast extracranial arms: cutaneous burn (BU) and the composite CEI+tI+HLA injury (femur fracture, soft-tissue crush, tourniquet ischemia, and hindlimb amputation).
Because this external dataset used a targeted low-density RT-qPCR neuroinflammatory/neurodegeneration panel rather than transcriptome-wide sequencing, it was treated as quantitative regional-time context rather than as a second omics discovery cohort. Unmeasured genes were never classified as unchanged, and blast-overpressure-containing arms were not used as the primary extracranial evidence because they introduce a direct head/blast exposure component. The combined Result 4 inference is therefore deliberately two-part: polytrauma circulating sEVs are sufficient to alter systemic endothelial transcription, and severe extracranial injury can be accompanied by remote regional brain transcriptional responses. The two observations are not assumed to represent an identical molecular pathway unless the same measured targets support that conclusion.
Supplementary Result S6. Brain endothelial aging is capillary-biased, selectively remodels redox/barrier programmes, and remains partially responsive to circulating age cues
GSE146395 was reconstructed into a frozen arterial-capillary-venous brain endothelial reference containing 2,034 cells (981 young and 1,053 aged): 441 arterial, 1,310 capillary, and 283 venous BECs. Across four experimental batches, capillary aging was characterized by coordinated redox remodeling together with selective and directionally heterogeneous barrier/transport changes. Mean Aged-Young gene-z effects were +0.083 for Txnrd1, +0.101 for Sod2, +0.111 for Abcb1a, -0.140 for Slco1a4, -0.096 for Mfsd2a, and -0.088 for Ocln.
Circulating age cues were evaluated against a signed aging-state score frozen before treatment interpretation. Aged plasma produced only small aging-like shifts (pooled capillary +0.0064; capillary core +0.0339; high-confidence capillary +0.0041), whereas young plasma consistently shifted the score toward a younger-like state (pooled -0.0942; sort-balanced -0.0807; capillary core -0.0993; high-confidence -0.0922). Among 406 genes with the strongest and most concordant natural-aging effects, aged-plasma direction concordance was 53.2-56.7%, while young-plasma reversal concordance was 58.4-59.9%. Genome-wide Spearman correlations were essentially null for aged plasma (-0.006 to +0.006) but weakly and reproducibly inverse for young plasma (-0.049 to -0.045).
GSE172382 supplied an independent neurovascular localization context. Raw data contained 30,905 genes and 17,501 nuclei. Correct mouse mitochondrial annotation required the ^mt- pattern; after frozen QC, the final object used 17,139 nuclei. Endothelial cluster 13 contained 579 nuclei (374 young and 205 old). Equal-cell downsampling showed lower old-versus-young expression of Ptprb (-0.474; 2.5-97.5% range -0.578 to -0.383), Tjp1 (-0.298; -0.388 to -0.216), and Cldn5 (-0.223; -0.325 to -0.125), with smaller Mfsd2a (-0.048; -0.109 to +0.005) and Gja1 (-0.016; -0.062 to +0.035) shifts, whereas Ocln increased (+0.173; +0.094 to +0.246). Because the young and old nuclei each arose from pooled sequencing samples, these resampling ranges are not biological-replicate confidence intervals and no nucleus-level age P values were used for the main inference.
Supplementary Result S7. NAMPT inhibition blocks execution of a frozen endothelial transition and NMN restores its transcriptional direction
GSE318549 was analyzed as a perturbation-rescue experiment in which the normal endothelial reference was frozen before treatment effects were inspected. The cleaned expression matrix contained 14,020 unique gene symbols across 15 samples (CTL-D2, CTL-D5, FK-D2, FK-D5, and FK+NMN-D5; n=3 per group). Using CTL-D2 versus CTL-D5 only, 6,507 genes met the transition-core criterion (BH-FDR<0.05 and |log2FC|>=0.5), including 3,239 D5-up and 3,268 D5-down genes. Leave-one-control-sample-out analysis remained highly stable; after excluding the most heterogeneous CTL-D5 sample, Pearson r was 0.974, Spearman rho 0.968, and transition-core directional concordance remained 100%.
Three independent completion metrics gave the same result. On the whole-transcriptome axis, CTL-D2 and CTL-D5 anchored 0 and 1, FK-D2 was 0.064, FK-D5 0.538, and FK+NMN-D5 1.071. Frozen-core projections were 0.056, 0.536, and 1.061 for FK-D2, FK-D5, and FK+NMN-D5, respectively, and equal-weight signed values were 0.063, 0.528, and 1.054. Thus, NAMPT inhibition substantially impaired transition completion, whereas NMN restored the trajectory to approximately the untreated D5 reference. Values slightly above 1 are projection coordinates and are not interpreted as supra-physiological 'complete rescue.'
The result was also visible in genome-wide direction. Within the 6,507 frozen genes, the transition-blockade vector was anticorrelated with the normal transition (Spearman rho=-0.895), with 93.7% of genes changing opposite to normal. NMN rescue correlated positively with the normal transition (rho=+0.890), with 90.3% of genes moving in the normal D5 direction, and strongly opposed the FK-D5 deviation (rho=-0.950). A stringent combined criterion was met by 4,376 genes (67.3%). Consistent with a transition-dependent effect, FK-D2 versus CTL-D2 yielded no FDR-significant genes, whereas FK-D5 versus CTL-D5 yielded 3,913; after NMN, only 81 genes remained different from CTL-D5.
Hallmark GSEA identified 31 significant normal-transition programmes (FDR<0.05 and |NES|>=1.3), of which 21 satisfied the strict blockade-rescue triad. Representative normal/FK/NMN NES values were E2F targets -3.60/+2.45/-3.69, G2M checkpoint -3.23/+2.12/-2.93, MYC targets V1 -3.38/+2.44/-3.79, mTORC1 -2.75/+2.14/-3.00, oxidative phosphorylation -2.46/+2.04/-2.90, glycolysis -2.14/+1.92/-2.25, UPR -2.14/+1.86/-2.04, and interferon-alpha response +1.99/-1.63/+1.95. The normal D2-D5 transition therefore includes coordinated proliferative, biosynthetic, metabolic, proteostatic, and inflammatory remodeling. NMN restored the direction of that state remodeling; it should not be described as a universal activator of oxidative phosphorylation.
Supplementary Result S8. An independent NAD-consumption model partially reverses a PS19 disease state, with oxidative phosphorylation providing focused cross-context convergence
GSE255975 was used as an orthogonal NAD-consumption context rather than as a second endothelial experiment. Raw FeatureCounts files were reconstructed for 20 hippocampal samples (WT n=5, RKO n=4, PS19 n=5, PS19/RKO n=6). Of 55,487 raw gene rows, 27,454 passed expression filtering. The primary analysis retained all 20 samples and used TMM normalization, voomWithQualityWeights, and robust empirical Bayes. PS19 versus WT yielded 3,940 FDR-significant genes and a frozen 2,518-gene disease core (FDR<0.05 and |logFC|>=0.5).
Within the frozen disease core, 2,301 genes (91.4%) changed in the opposite direction after RKO in the PS19 background. The disease and RKO-modifier vectors were anticorrelated (Pearson r=-0.745, Spearman rho=-0.746, cosine=-0.752). On the WT-to-PS19 disease axis, PS19/RKO shifted from the PS19 reference of 1 to 0.613 genome-wide and 0.645 within the disease core; RKO alone projected to 0.194 and 0.091, respectively. Thus, the disease transcriptome showed substantial but incomplete movement toward WT.
The prespecified NAD-consumption anchors were concordant with the expected mechanism. In PS19/RKO versus PS19, Nfil3 increased (log2FC +1.114, FDR=0.0027), Cd38 decreased (-0.927, FDR=0.013), and Nampt was not significantly altered (-0.146, FDR=0.325). Cd38 was increased in PS19 versus WT (+0.60, FDR=0.014). No gene-level PS19-by-RKO interaction survived FDR correction, so the result is described as a disease-opposing transcriptional shift in the PS19 background rather than a broadly significant genotype interaction. GSM8083601 had a low quality weight (0.129) but was retained in the primary model; excluding it yielded nearly identical RKO effects (Pearson r=0.9970, Spearman rho=0.9941, 97.2% direction concordance) and a disease-core reversal fraction of 91.9%.
Cross-context validation was prespecified at the pathway level using the 21 strict HUVEC rescue Hallmarks frozen before the mouse dataset was interrogated. All 21 were evaluable, 11 were significant PS19 disease programmes, eight showed dual directional alignment, but only one met the complete strict cross-context criterion. That pathway was oxidative phosphorylation: HUVEC normal D2-D5 NES=-2.46, FK866 blockade +2.04, and NMN rescue -2.90; independently, PS19 disease NES=-1.85 (FDR=5.3x10^-6) and the RKO effect in PS19 NES=+1.85 (FDR=8.2x10^-5). Among the 11 overlapping disease pathways, aligned-effect concordance was Pearson r=0.599 and Spearman rho=0.300. The defensible conclusion is therefore focused NAD-sensitive oxidative-phosphorylation convergence across two biologically distinct systems, not broad endothelial-to-brain pathway equivalence.


Supplementary statistical and interpretation notes
Biological replication: Repeated cells/nuclei were not substituted for donors, patients, mice, or experimental samples. Donor-/mouse-level inference was used wherever the dataset structure allowed it.
Multiple testing: Gene-level analyses used Benjamini-Hochberg FDR. Programme/pathway families were corrected within their prespecified Result-specific analysis families.
Frozen definitions: SP1/SP2/Green/Red and NAD/BBB context sets were frozen before downstream validation. Dataset-internal transition/disease cores were defined from their designated reference contrasts before perturbation/rescue testing.
NAD interpretation: NAMPT, CD38, PARP, SIRT, and pathway scores are transcriptomic proxies. RNA expression does not measure cellular NAD+ concentration, NAD+ flux, or distinguish intracellular from extracellular NAMPT.
Endothelial interpretation: HUVEC responses demonstrate systemic endothelial signal transfer, not BBB-specific causality. GSE146395/GSE172382 provide neurovascular context, with GSE172382 restricted to descriptive/resampling analyses because age groups were pooled at sequencing-sample level.
Recovery interpretation: A recovery-associated programme is not automatically protective or causally reparative. Result 3 supports selective/time-dependent overlap rather than universal aging-state replication.
Cross-context interpretation: The HUVEC and PS19/RKO arms are orthogonal NAD-related perturbation systems. Only OXPHOS passed the complete strict pathway-level cross-context criterion; this does not justify broad pathway equivalence.
Data and source-output provenance
Human longitudinal reference: GSE64711 metadata-forensics audit; GSE36809 frozen longitudinal report and robustness outputs.
Figure 1: GSE70418 frozen gene-set scoring, composition adjustment, probe-collapse, distance-to-naive, and aged-late signature outputs.
Figures 2–3: GSE295173/GSE295174 metadata audit and donor-level programme reports; strict ortholog projection; outcome-linked Glue Grant 2 analysis.
Figure 4: GSE172210 donor-aware differential and persistent pathway/TF outputs; Rowe et al. targeted source tables.
Figure 5: GSE146395/GSE172382 frozen source tables, zonation, aging, plasma, and resampling outputs.
Figure 6: GSE318549 frozen transition and blockade/rescue outputs; GSE255975 primary/sensitivity analyses; frozen cross-context validation outputs.



Figure S1. Human longitudinal trauma reference and robustness.
[image: ]
(A) Analytical overview for the balanced GSE36809 complete-case sensitivity set comprising 113 trauma subjects observed at four common windows (Early, day 1, day 4, and day 7; 452 repeated observations) and the four frozen programmes. (B) Longitudinal programme trajectories. Omnibus balanced-subset BH q values were 5.20×10^-19 for SP1, 4.02×10^-14 for SP2, 9.76×10^-3 for TraumaRepair_Green, and 2.60×10^-22 for TraumaStress_Red. (C) Concordance of programme-shape estimates across the primary, balanced, paired, and exact-time sensitivity analyses. (D) Effect-size and statistical-support summary. (E) Interpretation summary emphasizing reproducible but kinetically distinct post-traumatic state trajectories.


Figure S2. Mouse age-by-polytrauma robustness.
[image: ]
(A) GSE70418 design showing independent terminal samples from young and old mice at baseline, 2 h, 1 d, and 3 d after polytrauma. (B) Day-3 distance from the age-matched naive state in the primary analysis (age effect beta=1.219, P=1.38×10^-4) and after leukocyte-composition adjustment (beta=0.957, P=0.00665). (C) Composition of the frozen 311-gene aged-late signature (188 old-excess and 123 old-deficit genes). (D) Representative row-z-scored heatmap of the aged-late response. (E) Robustness summary; composition adjustment and alternate probe summarization preserved the principal late-state direction.


Figure S3. Recovery-phenotype validation and boundaries.

(A) Overview of GSE295174, paired GSE295173, and independent Glue Grant 2/GSE36809 analyses. (B) Day-3 GSE295174 donor-level old-excess and old-deficit score comparisons between slow and fast recovery. Neither component was significantly enriched in slow recovery after multiplicity correction. (C) Paired GSE295173 day-3-to-day-7 donor trajectories are shown descriptively; all four donors increased on the repair-versus-stress balance axis. Statistical annotations originating from the cross-sectional panel should not be interpreted as paired-change P values. (D) Independent day-7 outcome association for the old-excess component (HR=0.605, 95% CI 0.469–0.780; BH q=0.0010). (E) Evidence-boundary summary emphasizing selective, time-dependent overlap rather than global replication of a signed aging state.


Figure S4. Endothelial transfer persistence and remote-brain context.

(A) GSE172210 HUVEC design: six healthy-control exposures and paired 4-h/24-h trauma-donor exposures from six polytrauma donors. (B) Sparse gene-level FDR-significant burden despite a complete signed response vector. (C) Persistence of PT4-versus-HC and PT24-versus-HC effects (Pearson r=0.765; Spearman rho=0.750; same direction 78.6%). (D) Persistent pathway-level remodeling; Hallmark results constituted the prespecified primary pathway family, while broader Reactome/GO/KEGG displays were descriptive. (E) External Rowe et al. targeted RT-qPCR context across eight brain regions and non-blast extracranial trauma arms. This panel is contextual and does not establish endothelial-to-brain causality.


Figure S5. Brain endothelial aging, plasma modulation, and single-nucleus robustness.

(A) GSE146395 design and reconstructed 2,034-cell brain endothelial reference. (B) Representative features from the 406-gene natural-aging set. (C) Aged-plasma and young-plasma effects on the frozen signed aging state. (D) Directional-concordance analysis for natural-aging genes. (E) Robustness summary across plasma-analysis definitions. (F) Independent GSE172382 endothelial-nucleus context. Horizontal ranges are the 2.5th–97.5th percentiles from equal-cell downsampling and quantify sampling stability; they are not biological-replicate 95% confidence intervals because each age group was pooled at the sequencing-sample level.


Figure S6. Robustness of endothelial transition blockade and NMN-mediated rescue.

(A) Experimental design and sample distribution of GSE318549, comprising five HUVEC groups (CTL-D2, CTL-D5, FK-D2, FK-D5, and FK+NMN-D5; n = 3 per group; 15 samples in total). Group sizes are presented without sample-level PCA coordinates. (B) Stability of the frozen 6,507-gene endothelial transition reference after exclusion of the most heterogeneous CTL-D5 sample (Pearson r = 0.974; Spearman ρ = 0.968; 100% directional concordance). (C) Differential-expression burden following FK866 treatment and NMN supplementation. The numbers of FDR-significant genes were 0, 3,913, and 81 for FK-D2 versus CTL-D2, FK-D5 versus CTL-D5, and FK+NMN-D5 versus CTL-D5, respectively (FDR < 0.05). (D) Aggregate-count workflow identifying Hallmark blockade–rescue pathways. Among 50 Hallmark gene sets, 31 were significant during the untreated transition, 22 showed significant FK866-associated opposition, and 22 showed significant NMN-associated restoration. Their strict intersection comprised 21 pathways satisfying all three criteria. (E) Directional restoration within the frozen transition core. FK866 opposed the normal transition (Spearman ρ = −0.895), whereas NMN aligned with it (ρ = 0.890) and opposed the FK866-induced deviation (ρ = −0.950). Overall, 4,376 of 6,507 genes (67.3%) met the prespecified strict rescue criterion.


Figure S7. PS19/RKO sensitivity and focused cross-context validation.

(A) GSE255975 design: WT n=5, RKO n=4, PS19 n=5, and PS19/RKO n=6. (B) Within the frozen 2,518-gene PS19 disease core, 2,301 genes (91.4%) changed in the disease-opposing direction after RKO; disease and modifier vectors were strongly anticorrelated. (C) Disease-state projection showing PS19/RKO at 0.613 genome-wide and 0.645 within the disease core relative to WT=0 and PS19=1. (D) Prespecified NAD-consumption anchors: Nfil3 increased, Cd38 decreased, and Nampt was not significantly altered in PS19/RKO versus PS19. (E) Cross-context screen of the 21 frozen HUVEC strict-rescue pathways; 11 were significant PS19 disease programmes, eight showed dual directional alignment, and one met the complete strict criterion. (F) Oxidative phosphorylation was the sole complete strict cross-context pathway.
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