Sirtuin 6 is critical for maintaining intervertebral disc homeostasis during spine aging
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Introduction: Intervertebral disc degeneration (IVDD) is one of the main contributors for low back pain viz. the leading cause of disability worldwide®.
Although environmental and genetic factors are the known etiological causes for disc degeneration, age is still the most significant risk factor. Recent findings
report that senescence plays a major role in ageing as well as disc degeneration in human and mouse models?. Interestingly, Sirtuin 6 (SIRT6) has been shown
to decelerate ageing across different species as well as have an anti-senescence effect®. However, its role in intervertebral disc degeneration is largely unknown.
Therefore, the aim of this study is to explore the role of SIRT6 in intervertebral disc degeneration.

Methods: We studied the spinal phenotype of mice exhibiting conditional deletion of SIRT6 (cKO) in Acan-expressing cells (Acan®ERT2SIRT6"M) at healthy
and aged time points i.e., 12, 18 and 24 months. uCT analysis was performed to check effects of SIRT6 KO on physiological parameters of the disc and
vertebral bones. SaF-O staining was performed on intervertebral discs sections and evaluated by at least six blind graders to generate Modified Thompson
grading scores to characterize and measure degenerative phenotype. Picrosirius red staining was performed to check changes in collagen type. FTIR analysis
was performed to determine aggrecan, collagen and proteoglycan content. Immunohistochemistry analysis and Lipofuscin staining was performed to measure
senescence in the disc.

Results: uCT analyses of SIRT6 cKO mice showed significant changes in disc height (DH), vertebral height (VH) and disc height index (DHI) as compared
to WT control mice. SaF-O staining and Modified Thompson grading of SaFO stained discs showed that SIRT6 cKo exhibit significantly higher grades of
degeneration as compared to their respective age matched controls, especially in the AF (annulus fibrosus). Surprisingly, Picrosirius red staining showed no
significant differences in the collagen content in SIRT6 cKO mice. FTIR analysis showed no significant changes in aggrecan, collagen or proteoglycan content
of the cKO mice. Interestingly, immunohistochemistry analysis showed an increase in p21, a bonafide marker of senescence in SIRT6 cKO discs as compared
to their respective controls. Lipofuscin staining and IHC analysis shows changes in DNA damage and autophagy.

Discussion: Higher modified Thompson grading scores for disc degeneration in SIRT6cKO mice suggest its fundamental role in disc homeostasis. Surprisingly,
Picrosirius red staining showed no significant differences in the collagen fibrils, although AF tissue was the most affected in the disc compartment. Increased
p21 in SIRT6 cKO mice suggests that senescence- the major etiological factor for disc degeneration, is regulated by SIRT6. Therefore, SIRT6 cKO accelerates
disc degeneration via senescence.

Significance: In summary, our work provides new insights into SIRT6“C mediated disc degeneration at the pathological, cellular, and molecular levels,
thereby defining the significance of epigenetic landscape in this unique tissue. Further exploration of these findings may lead to development of therapeutic
targeting of SIRT6 to mitigate disc degeneration.
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