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[ Abstract] Objective To investigate the effect of fibulin-3 on the senescence of intervertebral disc nucleus
pulposus cells (NPCs) through the regulation of tissue inhibitor of metalloproteinases 3 (TIMP-3) expression and to
elucidate the molecular mechanisms involved. Methods 1). The nucleus pulposus tissues and imaging data of 37
patients who had undergone intervertebral disc surgery were collected. The degree of degeneration of the intervertebral
discs were classified according to the Pfirrmann grading system. The senescence degree of NPCs was determined using
senescence-associated p-galactosidase (SA-B-gal) staining. Fibulin-3 expression levels were determined using Western blot
and ELISA. The relationship between fibulin-3 and disc degeneration and NPCs senescence was investigated. 2). Human
intervertebral disc NPCs were cultured in vitro. The proliferation and senescence of NPC across continuous passage were
observed via CCK-8 assay and SA-B-gal staining, respectively. Fibulin-3 expression levels and the expression of
inflammatory cytokines and matrix metalloproteinases were assessed. Exogenous fibulin-3 was added to verify its effect on
the proliferation and senescence of NPCs. 3). The effect of fibulin-3 on the apoptosis and proliferation of NPCs was

verified through gene overexpression, which was used in combination with an apoptosis inhibitor for bidirectional
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verification. 4). Bioinformatics analysis was performed to explore the relationship between fibulin-3 and the TIMP family.
Experiments overexpressing fibulin-3 and silencing the TIMP-3 gene were performed to verify their role in NPCs
senescence. Results  1). The intervertebral disc degeneration samples from 37 patients were classified according to the
Pfirrmann grading system. The higher the degeneration grade, the lower fibulin-3 expression. Spearman correlation
analysis showed that the disc grade was negatively correlated with the NPC senescence grade (r=—0.87, P<0.001) and
fibulin-3 expression (r=—0.79, P<0.001). 2). As the passage number of NPCs increased, fibulin-3 expression gradually
decreased, cell proliferation ability weakened, and the expression of inflammatory cytokines and matrix
metalloproteinases increased. After exogenous fibulin-3 was added, cell morphology and growth status were maintained,
cell senescence was significantly inhibited, and the expression of inflammatory cytokines and matrix metalloproteinases
was markedly reduced. 3). Gene overexpression experiments showed that fibulin-3 reduced NPC apoptosis and promoted
cell proliferation, thereby inhibiting NPC senescence. 4). Bioinformatics analysis revealed a significant association
between fibulin-3 and TIMP-3 of the TIMP family. Further experiments confirmed that overexpressing fibulin-3
enhanced TIMP-3 expression, while silencing the TIMP-3 gene significantly weakened the inhibitory effect of fibulin-3 on
NPCs senescence. This indicates that, through regulating TIMP-3, fibulin-3 inhibits the activity of matrix
metalloproteinases, affects the synthesis and degradation of the extracellular matrix, and ultimately inhibits NPCs
senescence. Conclusion  This study demonstrates that fibulin-3 plays a crucial role in inhibiting the senescence of
intervertebral disc NPCs by regulating TIMP-3. The specific mechanisms involved are as follows, fibulin-3 upregulates
TIMP-3 expression, inhibits matrix metalloproteinase activity, and reduces extracellular matrix degradation, thereby
promoting extracellular matrix synthesis. Additionally, fibulin-3 inhibits NPCs senescence by reducing apoptosis and
promoting cell proliferation. Therefore, fibulin-3 and TIMP-3 have potential therapeutic significance in maintaining

intervertebral disc health and delaying degeneration.
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), R AL BAEARR]D) | FRERE L 7ERE AR F I AL
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Fig 1 Fibulin-3 in human nucleus pulposus tissue is associated with nucleus pulposus cells (NPCs) senescence and intervertebral disc degeneration
A, Western blot analysis of fibulin-3 protein levels in moderately degenerated (Il - 1ll) and severely degenerated (IV- V) nucleus pulposus tissues. B, ELISA was
performed to determine the fibulin-3 expression in NPCs from discs of different grades, measured at 450 nm absorbance ( I : n=5, 11 : n=8, lll: n=8, IV: n=8, V:n=8). C,
Spearman correlation analysis between different grades and fibulin-3 expression, showing a negative correlation (r=-0.87, P<0.001). D, Spearman correlation analysis
between different grades and NPCs from various grades, showing a negative correlation (r=—0.79, P<0.001). E, Spearman correlation analysis between the degree of

senescence and NPCs from various grades, showing a positive correlation (r=0.9, P<0.001).
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Fig 2 Negative correlation between the senescence level of serially passaged nucleus pulposus cells (NPCs) and fibulin-3 protein level
A, ELISA detection of fibulin-3 expression in serially passaged NPCs at 450 nm absorbance. B, CCK8 assay determination of proliferation in serially passaged NPCs
at 450 nm absorbance. C, SA-B-gal staining to assess the degree of senescence in NPCs, with representative images showing significant differences in senescence staining of
serially passaged NPCs. D, Statistical analysis of apoptosis rate in NPCs of different passages. E, Quantitative PCR analysis showing increased mRNA levels of senescence
pathway proteins p53, p21, and p16 in NPCs with increasing passages. F, Western blot analysis of p53, p21, and p16 protein levels in NPCs showing an increase with
successive passages. G, Quantitative PCR analysis showing increased expression of inflammatory cytokines and matrix metalloproteinases, indicative of the senescence-

associated secretory phenotype (SASP), in NPCs with increasing passages. n=3. " P<0.01,” P<0.001, " P<0.0001.
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Fig 3 Fibulin-3 protein delays senescence of serially passaged nucleus pulposus cells (NPCs) by inhibiting matrix metalloproteinase activity and secreting

pro-inflammatory cytokines

A, ELISA detection of fibulin-3 expression in the treatment group (fibulin-3) and control group (PBS) at 450 nm absorbance. B, Quantitative PCR validation of

mRNA levels of fibulin-3 expression in the treatment and control groups. C, CCK8 assay detection of proliferation in NPCs from the treatment and control groups at

450 nm absorbance. D, SA-pB-gal staining to assess the degree of senescence in NPCs, with representative images of senescence staining from the treatment and control

groups (x200). E, Statistical analysis of senescence staining in NPCs from the treatment and control groups. F, Quantitative PCR analysis showing the secretion of

inflammatory cytokines and matrix metalloproteinases in NPCs, indicating that the treatment group inhibited the senescence-associated secretory phenotype (SASP). n=3.

" P<0.01,” P<0.001, " P<0.0001.
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A, Overexpression of the fibulin-3 gene in NPCs reduces the expression of apoptotic genes and increases the expression of proliferation markers. This effect is

confirmed by using the apoptosis inhibitor Z-VAD-FMK, which abolishes the reduction in apoptosis caused by fibulin-3 overexpression. ~~ P<0.01, "~

" P<0.001, vs. control

of vehicle. B, The effect of fibulin-3 overexpression on enhancing cell viability is abolished by using the apoptosis inhibitor Z-VAD-FMK ("~ P<0.01). C, Overexpression of

fibulin-3 in nucleus pulposus cells reduces the expression of senescence genes. This effect is confirmed by using the apoptosis inhibitor Z-VAD-FMK, which abolishes the

reduction in senescence gene expression caused by fibulin-3. * P<0.05, "~ P<0.01, vs. control of vehicle. D, Western blot analysis of the expression levels of p53, p21, and p16

proteins in NPCs from different groups. n=3.
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" P<0.001. C, Western blot analysis demonstrating increased protein levels of TIMP-3 in
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