Supplementary Figure 1. Effects of AOPPs on IVDD in a AOPPs-induced IVDD Model. 
Representative T2-weighted MRI of rat Co6/7 and Co8/9 discs following intradiscal PBS, intradiscal AOPPs, and intradiscal RSA, once or twice a month. Co7/8 served as an internal control. The Pfirrmann grades were quantified and plotted as graphs. Western blot analysis was then used to measure the levels of NOX4, AOPPs, Alb, TXNIP, FTH, and GPX4 in the disc tissues.
* P< 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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AOPPs at 200 μg/ml significantly reduced cell viability in both NP and AF cells after 24 hours (A, B). Time-course experiments showed a 24-hour exposure to 200 μg/ml AOPPs markedly decreased cell viability in both cell types (C, D). Western blot analysis demonstrated that AOPPs (200 μg/ml) and ferroptosis inducer Erastin significantly increased NOX4, TXNIP, and FTH levels while decreasing GPX4 expression in NP and AF cells. Ferroptosis inhibitor Ferrostatin-1 effectively ameliorated these effects. 
* P< 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.


Supplementary Figure 3. Effects of GKT and APO on AOPPs-induced ferroptosis in AF cells.
Western blot analysis showed that AOPPs treatment significantly increased NOX4, TXNIP, and FTH expression while decreasing GPX4 expression in AF cells. Pretreatment with GKT or APO effectively inhibited these AOPPs-induced changes. 
**P < 0.01, ***P < 0.001, ****P < 0.0001.


Supplementary Figure 4. Efficiency of ADV infection and effects of NOX4 knockdown in NP cells and on AOPPs- and Erastin-induced changes in AF cells.
(A) Fluorescent microscopy images showed that NP cells were efficiently infected by ADV (over 90%), as indicated by FITC and DAPI staining. (scale bar = 100 μm).
(B) Western blot analysis revealed that NOX4 knockdown effectively inhibited the upregulation of NOX4, TXNIP, and FTH expression, as well as the downregulation of GPX4 expression, induced by AOPPs and Erastin treatments. 
* P< 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

