Neuroinflammatory Markers in Former Athletes with Repetitive Head Impacts
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Table 3. Top Proteins Predicting Hippocampal volume based on Random Forest
Feature Importance and Correlation.

Introduction

Module-Trait Relationships

* Repetitive Head Impacts (RHI), common in contact sports, are associated with ME1 oot N - WGCNA identified one protein co-expression module m Importance | _Correlation _Raw p-value
neuroinflammation and increased risk for neurodegenerative diseases, including Chronic ME2 gt —E associated with RHI exposure (MEQ; r = 0.27, p = 0.03). Lo B2t/ R L0 L0zl
Traumatic Encephalopathy (CTE). S oar S The module included 134 proteins involved in oxidative 0.035763 -0.43638 0.011121 0.029066

) , . : :

 Neuroinflammatory changes have been observed in individuals with RHI even before &© stress, inflammation, and cellular metabolism. BTN 0.030013 -0.5311 0.001472 0.029066
substantial tau pathology is detected, suggesting that immune dysregulation may & 0.024151 -0.45375 0.007996 0.029066
represent an early event in RHI-related brain injury. . . - . . 0.021692 -0.45791 0.00737 0.029066

* However, the inflammatory pathways underlying these early alterations remain poorly Figure 1. Network Analysis Identifies an RHI-Associated Protein Module. 0.022333 -0.44406 0.009632 0.029066
characterized. ldentifying neuroinflammatory markers in individuals with RHI could m 0.017717 -0.43157 0.01215 0.029066
support detection and mechanistic understanding of RHI-related brain injury. ' MFAP4 IENOIVEYE 0.42751 0.01308 0.029066

Objectives N BTYYER 0.014908 -0.48728 0.004026 0.029066

* To identify CSF protein co-expression modules associated with RHI exposure. m 0.017142 0.391374 0.024305 0.048387

* To characterize hub proteins within RHI-associated modules. 0.015241 -0.38575 0.026613 0.048387

* To use machine learning to identify proteins most informative for cognitive and structural @ 0.013314 -0.37821 0.029991 0.049985

Hub proteins within MEO included CAT, SHMT1, PKLR, GLRX5,
TRAF2, and TPSAB1, suggesting coordinated immune-metabolic
and oxidative stress-related processes in RHI.

outcomes.
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Table 4. Top Proteins Predicting White matter volume based on Random Forest
Feature Importance and Correlation.

Participants __Protein | Importance | Correlation | Rawp-value | FDR

* Participants: 35 former contact sports athletes with a history of repetitive head impacts e 0.093083 -0.57895 0.000416 0.008314
(RHI) (34M/1F, mean age 55.4) and 26 HC (14M/12F, mean age 63.9) recruited through - 0.057267 _0.5051 0.002717 0.024757
the CCC brain monitoring research program s 0.025809 -0.48051 0.00465 0.024757

. CIinic.aI assesfsments: Cognitive s.cores (memory & exechive function), concussion history @ 0.016692 -0.47152 0.005605 0.024757

: Icr;\sgclon"gecl?;:z: It/lljljrl]éc;erreltj;ilt\l:vgte matter volume and hippocampal volume) . @ 5@’ 0.012456 -0.46665 0.006189 0.024757

' P | @ = o) 0.012606 -0.43819 0.010753  0.035843

MR | B 0.016013 10.42701 0.013198  0.037708

e Structural T1-weighted MRI scans. p. @

* Hippocampal and cerebral white matter volumes extracted for analysis.

Proteomic Profiling . . Key Biological Pathways Identified

* Olink Explore Inflammation | & Il panels. Complement activation (C1QA)

* Proximity Extension Assay (PEA)-based multiplex proteomics. T@ ) Shemlokine siggall-ing/(CBCBLg,dCXfCB) ion (PGF, VEGFD, JAM3, MFAPA4)
. - : * Vascular remodeling ysfunction : , ,

737 mflammatory protelr-ls measured. @1 Figure 2. Protein Co-expression Network for Module 0 (MEO) . - o
e 425 proteins nassed quality control @ Innate immune activation (TLR3, KLRF1)

P P q Y : | | . Highlighting Top 30 Hub Proteins, with the Top 10 Most + Metabolic stress and oxidative pathways (GAPDH, GPI)

* Results expressed as NPX (log,-scaled normalized protein expression) Connected (Hub) Proteins Shown in Red. P Y '
Statistical Analyses
 Weighted Gene Co-expression Network Analysis (WGCNA) to identify coordinated CSF @ p@l Conclusion

protein modules associated with RHI.

* Although distinct proteins emerged across analyses, convergent pathways implicated
complement activation, chemokine signaling, vascular remodeling, microglial activation,
and metabolic dysregulation in athletes with a history of RHI.

* A CSF protein co-expression module associated with RHI highlighted hub proteins involved
in immune-metabolic and oxidative stress-related processes.

* These proteins may represent candidate biomarkers of immune-related mechanisms in

e Random forest regression to identify multivariable protein signatures associated with
cognition and MRI measures.
* Significant associations evaluated using false discovery rate (FDR) correction

» Machine learning signatures

Table 1. Demographics and Clinical Features of former contact sports athletes with RHI and HC

Groups . o . RHI, but findings from this exploratory cross-sectional study require validation in larger
Table 2. Top Proteins Predicting Memory Function based on Random Forest and longitudinal cohorts
HC (n =26) (Mean = SD) RHI (n = 35) (Mean = SD) Feature Importance and Correlation. '
Age (years) 63.9 £8.5 55.4+13.8 (p<0.0%5) m Importance Correlation |Raw p-value m
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