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[Abstract] Objective To explore the effect of Sirtuin 1 (Sirtl) on nucleus pulposus cells (NPCs) by
regulating histone H3K18 lactylation and its implications for intervertebral disc degeneration (IVDD).
Methods Puncture-induced intervertebral disc degeneration (PIDD) was modeled in the rat caudal vertebrae.

The severity of disc degeneration was evaluated, and the expression levels of lactic acid (La), malondialdehyde
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(MDA), reactive oxygen species (ROS), H3K18la, and Sirt]l were detected in both the normal control (NC)
group and the PIDD group using histopathological staining, biochemical assay, flow cytometry, and Western
blot analysis. Gradient concentrations of La were used to treat NPCs, and Sirtl was knocked down or
overexpressed via lentiviral transduction. Changes in H3K18la, ROS, and MDA levels were analyzed by
immunofluorescence and biochemical assays. The genes regulated by H3K18la and their associated pathways
were identified using Cleavage Under Targets and Tagmentation (CUT&Tag) and bioinformatic analyses. Then
24 rats were assigned into normal control (NC), PIDD, PIDD with Sirtl overexpression (PIDD+oe-Sirtl), and
PIDD with viral control (PIDD+Vector) groups, in order to assess the therapeutic effect of Sirt] overexpression
on intervertebral disc degeneration. Results The PIDD group had significantly higher histological scores
and elevated levels of La, ROS, and MDA, and enhanced expression of H3K18la but decreased Sirtl
expression when compared with the NC group (P<0.01). In cellular experiments, H3K18la, ROS, and MDA
levels were in a concentration-dependent increase with the increments of La concentration. Sirtl
overexpression significantly reduced H3KI18la expression (P<0.01), whereas its knockdown conversely
increased it (P<0. 01). CUT&Tag analysis indicated that H3K18la plays a regulatory role in oxidative stress in
NPCs. In animal experiments, the PIDD+oe-Sirt] group exhibited significantly lower histological scores, along
with reduced levels of ROS, H3K18la, and MDA in comparison to the PIDD and PIDD+Vector groups
(P<0.01). Conclusion The expression of Sirtl is significantly decreased in degenerative intervertebral discs.
As a delactylase for histone H3K18la, Sirt]l may play a critical role in intervertebral disc degeneration by
modulating oxidative stress in nucleus pulposus cells through H3K18la lactylation.
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A: Representative images of HE and SO&FG staining in the NC and PIDD groups; B: Statistic analysis of histological scores in the 2

groups; C: ROS levels in primary nucleus pulposus cells by flow cytometry; D: Quantitative analysis of ROS levels in the 2 groups;

E: Quantitative analysis of MDA levels in the 2 groups; F: Quantitative analysis of La levels in the 2 groups; G, H: Representative

Western blot images and quantitative analysis of histone lactylation sites in the 2 groups. NC: Normal control; PIDD: Puncture-

induced intervertebral disc degeneration; ROS: Reactive oxygen species; MDA : Malondialdehyde; La: Lactic acid. a: P<0. 01

E1

BRERERAR R E R WG, (REE FLERF1 H3K18la LR

Figurel Oxidative stressinjury in degenerated nucleus pulposus tissue, along with increases of lactic acid and H3K18la
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A, B: Representative Western blot images and quantitative analysis of H3KI18la expression in response to different
concentrations of lactic acid; C, D: Representative fluorescence image and quantitative analysis of ROS levels in response to
different concentrations of lactic acid; E: Quantitative analysis of MDA levels in response to different concentrations of lactic

acid. ROS: Reactive oxygen species; MDA : Malondialdehyde. a: P<0.01, b: P<0. 05
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Figure 2 Lactic acid treatment promotes H3K18la expression, along with oxidative stress injury in nucleus pulposus cells
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A, B: Representative Western blot images and quantitative analysis of Sirt1-3 and HDACI-3 protein levels in the NC and PIDD

groups. NC: Normal control; PIDD: Puncture-induced intervertebral disc degeneration. a: P<0. 01
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Figure 3 Downregulation of Sirtl in degenerated nucleus pulposus tissue
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A, B: Representative Western blot analysis of Sirtl expression following viral transfection; C, D: Representative
immunofluorescence image and quantitative analysis of H3K18la levels in response to different treatments; E, F: Representative
fluorescence image and quantitative analysis of ROS levels in response to different treatments; G: Quantitative analysis of MDA

levels in response to different treatments. ROS: Reactive oxygen species; MDA : Malondialdehyde. a: P<0.01, b: P<0. 05
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Figure 4 Sirtl attenuates H3K18la levels and mitigates oxidative stress injury
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Figure 5 H3K18la modification promotes oxidative stress in nucleus pulposus cells
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Figure 6 Sirtl overexpression attenuates H3K18la and alleviates intervertebral disc degeneration
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