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INTRODUCTION: Mechanisms of IVD degeneration are not fully understood, however, cytokines are thought to play primary roles within the degenerative 

signaling cascade1. Few studies have examined how the secretome of a tissue, such as the IVD, can influence resident or transplanted cells in the disease 

microenvironment, and how physical factors such as mechanical loading may influence the secretome. Damage associated matrix patterns (DAMPS), such as 
high mobility group box-1 (HMGB1), or glycoproteins2, have been shown to have degenerative effects in disc cells including increased expression of 

inflammatory cytokines and matrix degrading enzymes by signaling through TLRs3–5. However, it is unclear if such DAMPs are secreted from a loaded IVD. 

The goal of this study is to investigate how loading can influence the secretome of IVD motion segments using unbiased proteomics analysis. We hypothesize 

that the IVD motion segment secretome is dependent on loading profile with varying applied frequency and compression magnitude.  

METHODS: IVD loading: 48 caudal IVD motion segments were dissected from the caudal (Co10 to Co14) region of 12 male, mature Sprague-Dawley rats 

(IACUC-approved). IVD motion segments were submerged in phenol-free chemically defined media and loaded for 3 hours using a mechanical loader to 
generate conditioned loading media (CLM). A tare compressive strain of ~20% of segment height was applied to the static group to retain contact between the 

loading platen and sample to eliminate liftoff. The physiologic and injurious groups were loaded with a 20% static strain plus an additional dynamic strain 

(physiologic: 1.1% dynamic strain applied at 0.125 Hz, injurious: 8% dynamic strain applied at 3 Hz). Unloaded (UL) segments were cultured as free-swelling 
controls6. Proteomics analysis: Protein content of CLM of discs was measured using a standard Bradford protein assay (Bio-Rad). Once protein content was 

confirmed within the various CLMs, samples were then submitted to the Proteomics core. Protein was extracted using trichloroacetic acid and washed with 

acetone to form protein pellets. Pellets were denatured in 8 M urea and 0.1 M ammonium bicarbonate, followed by disulfide bond reduction using 5 mM DTT 

(56°C, 30 minutes) and alkylation with 10 mM iodoacetamide (RT, 30 minutes in the dark). After quenching, samples were diluted, digested overnight at 

37°C, and halted with 1% TFA. LC-MS/MS analysis utilized a Thermo Scientific™ UltiMate™ 3000 RSLCnano system linked to an Orbitrap Fusion™ 

Tribrid™ mass spectrometer. MaxQuant was employed for label-free quantitation (LFQ) and database searches against the human proteome. Results were 
analyzed using log2 fold change or “difference relative to UL” of LFQ intensities with the Perseus software, and Reactome was used for pathway analysis. 

Statistical significance was set at *p<0.05 where α=0.05 using GraphPad Prism 9.2.0 for average height loss, protein content, and gene expression results while 

the False Discovery Rate (FDR) was kept at 0.05 for Perseus. 

RESULTS: The average disc height in static (-17.3%, N=8), physiologic (-8.9%, N=6), and injurious loading (-61.3%, N=5) groups was significantly different 

from the UL condition (8.5%, N=11) and from each other (p<0.01), except for static vs. physiologic loading (not shown). Injurious CLM (N=3) led to the 

greatest release of protein content into the media compared to physiologic (p=0.0004, N=4), static (p=0.0013, N=4), and UL CLM (p=0.0002, N=4) (Fig. 1A 

i.) as well as the greatest release of IL-6 (Fig. 1B i.) and TNFα (Fig. 1B ii.) into the media. HMGB1 release was greatest in injurious CLM (20.3 ng, N=5), 

although it was not significantly upregulated compared to UL CLM (1.5 ng, N=4)(Fig. 1A ii.). Proteomics analysis yielded 1, 0, and 37 proteins that were 

differentially expressed in physiologic (Fig. 1C i.), static (Fig. 1C ii.), injurious CLM (Fig. 1C iii.), respectively, compared to UL CLM. The four most 
significant pathways for the secretome of injuriously loaded discs were related to the immune system (12 proteins), innate immune system (8 proteins), 

neutrophil degranulation (6 proteins), and RHO GTPase Effectors (4 proteins). Differentially expressed proteins involved in innate immune system signaling 

include upregulated MVP, ACTR3, LGALS3, FABP5, PGAM1, and ATP6V1B2 and downregulated GYG1 and LYZ1 along with 4 other proteins involved 
in the general immune system (upregulated DCTN2, ANXA1, ERAP1, and downregulated UBE2V2). Six proteins were specifically involved in neutrophil 

degranulation; GYG1, LYZ1, MVP, LGALS3, FABP5, PGAM1 in the secretome of injurious CLM compared to UL CLM. Additionally, it appears that four 

proteins: YHWAQ, PPP1R14A, ACTR3, and PFN2 are RHO GTPase Effectors and are related to actomyosin contractility. Levels of ECM proteins, such as 

chondroadherin (CHAD), were upregulated, while NID1 and EFEMP1 were downregulated in injurious CLM compared to UL CLM (Fig. 1D). 

DISCUSSION: Secretome of injuriously loaded IVDs exhibits a significant signature for immune system signaling, actomyosin contractility, and extracellular 

matrix compared to UL IVDs. Interestingly, the secretome of physiologically loaded and static loaded IVDs were not appreciably different from UL IVD 
secretome. Although we hypothesized that HMGB1 would be a DAMP secreted from loaded IVDs, we found other proteins, specifically glycoproteins and 

cartilage matrix proteins, released during loading that are more direct in activating the inflammatory response/innate immune system. Findings from injurious 

loading secretome suggest that the innate immune system is highly implicated during loading events, specifically neutrophil degranulation. The proteins 
secreted by loaded IVDs suggest that neutrophil mobilization is being regulated in hopes of minimizing damage to host tissue7,8. Thus, findings suggest that 

increased neutrophil degranulation leads to an increase of primary granules, implicating increased anti-microbial and proteolytic properties of the injurious 

CLM, while the decrease in secondary granules (ex. lysozyme 1)  may differentiate type of granule mobilization. Findings also suggest that injurious loading 
leads to activation of the Arp2/3 complex (ACTR3) and decrease in actin monomer binding protein, profilin (PFN2)9. Furthermore, the downregulation of the 

sulfated glycoproteins, NID1 and EFEMP1, suggests that DAMP 
signaling is reduced compared to UL CLM,  and upregulation of 

cartilage matrix protein CHAD in injurious CLM suggests that 

with decreased ECM glycoprotein release, the IVD attempts to 
increase release of proteins that can recover ECM-producing 

cells, such as chondrocytes, especially since CHAD increases 

attachment of chondrocytes, fibroblasts, and osteoblasts. 
Furthermore, downregulation of the EFEMP1 protein suggests 

injurious CLM can inhibit cell adhesion and migration while 

increasing chondrocyte differentiation10.  

SIGNIFICANCE: This study suggests that IVD motion segment 

protein release in conditioned loading media, or the secretome, 

not only informs loading-induced ECM loss, but can also affect 
the response of the immune system through paracrine signaling 

which may be optimized for potential therapeutic applications. 
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Fig. 1 A) i. Protein release and ii. HMGB1 release in CLM B) Cytokine release into CLM of i. 

IL-6 and ii. TNFα C) Volcano plots representing the difference in i. physiologic – UL CLM ii. 
Static – UL CLM, and iii. injurious – UL CLM D) Heatmap representing genes of proteins 

which displayed significant fold changes in the secretome of injuriously loaded IVD motion 

segments. *p<0.05, **p<0.01, ****p<0.0001 
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