Narciclasine alleviates endothelial inflammation and atherosclerosis initiation by inhibiting histone lactylation-mediated NF-κB activation
Supplementary material
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Figure S1. Proteomic analysis of oscillatory shear stress-induced pro-inflammatory activation in ECs
Heat map showing the protein profiles in the OSS-activated HUVECs (n=3 biological replicates).

[image: ]
Figure S2. Narciclasine attenuates ox-LDL-induced intracellular ROS generation in ECs
[bookmark: OLE_LINK1]HUVECs were pretreated with narciclasine (Narc, 20 nM, 6 h) and subsequently treated with ox-LDL (100 µg/mL, 24 h); control groups received PBS or vehicle (0.1% DMSO). Representative DCFH (ROS, green) and Hoechst (nuclei, blue) staining, with quantification of mean fluorescence intensity of ROS in the right panel (n=4 biological replicates). Scale bar = 100 μm. Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey’s multiple comparison test. 
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[bookmark: _Hlk211294617]Figure S3. Doppler ultrasound confirms successful carotid artery ligation in ApoE-/- mice
Representative Doppler ultrasound images of the LCA and RCA in ApoE-/- mice. The ligated LCA (red box, right) exhibited complete lumen occlusion, whereas the unligated RCA (red box, left) maintained normal blood flow.
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Figure S4. Narciclasine modulates macrophage polarization and suppresses pro-inflammatory activation in vitro and in vivo
(A, B) ApoE-/- mice underwent partial carotid artery ligation and were treated with saline or narciclasine (Narc, 0.02 mg/kg) every other day for 3 weeks. (A) Cross-sections of carotid artery plaques were co-stained for F4/80 (green) and iNOS (red). Scale bar: 200 µm (left), 50 µm (right). The right panel shows the quantification of the iNOS+ area as a percentage of the F4/80+ area (5 fields per artery, averaged per mouse; n=5 mice). (B) Plaque sections were co-stained for F4/80 (green) and Arg-1 (red). Scale bar: 200 µm (left), 50 µm (right). The right panel shows the quantification of the Arg-1+ area as a percentage of the F4/80+ area (5 fields per artery, averaged per mouse; n=5 mice). (C) THP-1 monocytes were treated with increasing concentrations of Narc for 24 hours, and cell viability was assessed using the CCK-8 assay (n=3 biological replicates). (D) THP-1-derived macrophages were pretreated with or without Narc (20 nM) for 6 hours, followed by stimulation with or without LPS (100 ng/mL) and IFN-γ (10 ng/mL) for 24 hours. The mRNA levels of pro-inflammatory genes (INOS, TNF-α, IL-6, IL-1β) were assayed by qPCR using the 2–ΔΔCt method with β-actin as the reference gene (n=3 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed using Student's t-test for (A-B) or one-way ANOVA followed by Tukey's multiple comparison test for (C-D).
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Figure S5. Evaluation of the effects of narciclasine on blood lipids and toxicity in ApoE-/- mice
(A-E) ApoE-/- mice with partial carotid artery ligation were intraperitoneally injected with saline or narciclasine (Narc, 0.02 mg/kg) every other day for 3 weeks. (A) Serum levels of renal or liver function markers: blood urea nitrogen, creatinine, alanine aminotransferase, and aspartate aminotransferase (n=5 mice) (B) Body weight quantification (n=5 mice). (C) Blood glucose level analysis (n=5 mice). (D) Representative HE stained sections of major organs (heart, lung, spleen, kidney, and liver) from each group. (E) Quantification of serum levels of TC, LDL-C, HDL-C, and TGs (n=5 mice). Data were represented as mean ± SD. Statistical significance was assessed by Student’s t-test. 
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Figure S6. Transcriptomic analysis of narciclasine-regulated differentially expressed genes and pathway enrichment
(A-B) GSEA analysis of enriched pathways (adjusted p-value < 0.05, FDR < 0.25) in narciclasine (Narc)-treated HMC3 cells compared to control (GSE202556). (A) Top 10 significantly upregulated pathways following Narc treatment. (B) Top 10 significantly downregulated pathways following Narc treatment. (C) Heatmap depicting changes in gene expression related to the glycolysis pathway after Narc treatment in HMC3 cells.
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Figure S7. Metabolite detection in ECs
(A-B) HUVECs were pretreated with or without narciclasine (Narc, 20 nM) for 6 hours, followed by treatment with or without ox-LDL (100 μg/mL) for 24 hours. (A) Quantitative analysis of selected TCA cycle intermediates and energy charge metabolites measured by targeted metabolomics (n=3 biological replicates). (B) Intracellular pyruvate levels were measured using a colorimetric assay against a standard curve (n=6 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed using a one-way ANOVA followed by Tukey's multiple comparison test.
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Figure S8. Narciclasine does not affect oxidative phosphorylation and mitochondrial membrane potential levels in ECs
(A-B) HUVECs were pretreated with narciclasine (Narc, 20 nM, 6 h) and subsequently treated with ox-LDL (100 µg/mL, 24 h); control groups received PBS or vehicle (0.1% DMSO). (A) Mitochondrial respiration profiles were measured by Seahorse analyzer, with quantification of oxidative phosphorylation parameters in the right panel (n=3 biological replicates). (B) Mitochondrial membrane potential was determined by JC-1 staining with quantification of JC-1 red fluorescence intensity in the right panel (n=3 biological replicates). CCCP treatment (50μM, 20min) served as a positive control. Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey’s multiple comparisons test. 
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Figure S9. Narciclasine inhibits transcription of glycolysis-related genes
HUVECs were pretreated with narciclasine (Narc, 20 nM, 6 h) and subsequently treated with ox-LDL (100 µg/mL, 24 h); control groups received PBS or vehicle (0.1% DMSO). The mRNA levels of GLUT1 and PFKFB3 were measured by qPCR using the 2–ΔΔCt method with β-actin as the reference gene (n=3 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey’s multiple comparison test.
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Figure S10. Overexpression of GLUT1 or PFKFB3 in HUVECs
HUVECs were transduced with OE-NC (negative control), OE-GLUT1, or OE-PFKFB3 plasmids (2.5 µg for 48 h), followed by treatment with narciclasine (Narc, 20 nM) or vehicle and stimulation with ox-LDL (100 µg/mL) for 24 h. Intracellular pyruvate (left panel) and lactate (right panel) levels were measured using a colorimetric assay against a standard curve (n=6 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey’s multiple comparison test.
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Figure S11. Restoration of glycolysis by overexpressing GLUT1, PFKFB3, or exogenous sodium pyruvate rescues narciclasine-suppressed endothelial inflammation
(A) Quantification of VCAM1, ICAM1, PFKFB3, and GLUT1 protein levels from the Western blots shown in Figure 4G (n=3 biological replicates). (B, C) HUVECs were pretreated with or without narciclasine (Narc, 20 nM) for 6 hours, followed by stimulation with ox-LDL (100 μg/mL) in the presence or absence of sodium pyruvate (NaPyr, 10 mM) for 24 hours. (B) Protein levels of VCAM1 (110 kDa) and ICAM1 (90 kDa) were analyzed by Western blotting. Quantification of VCAM1 and ICAM1 (normalized to β-actin, 42 kDa) as determined by densitometry (ImageJ 1.48v) is shown in the right panel (n=3 biological replicates). (C) Representative images of PKH26-labeled THP-1 monocyte adhesion to endothelial cells (scale bar = 250 μm, 10× magnification). The right panel shows the quantification of adherent monocytes from 10 random fields per replicate, expressed as cells per field (n=4 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey’s multiple comparison test.
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Figure S12. Narciclasine does not affect global histone acetylation or H3K18ac levels in ECs
HUVECs were pretreated with or without narciclasine (Narc, 20 nM) for 6 hours, followed by treatment with ox-LDL or PBS for 24 hours. The level of pan-acetyl (Pan Ac) and H3K18ac (15 kDa) were analyzed by Western blotting. Quantification of Pan-Kla and H3K18ac (normalized to β-actin, 42 kDa) as determined by densitometry (ImageJ 1.48v) is shown in the right panel (n=3 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey’s multiple comparison test. 
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Figure S13. Narciclasine does not affect the levels of H3K9la and H3K14la in HUVECs
Quantification of H3K9la and H3K14la levels from the Western blots shown in Figure 5B (n=3 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey’s multiple comparison test. 
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Figure S14. Modulation of H3K18la levels regulates endothelial inflammation
(A) HUVECs were treated with increasing concentrations of lactate (Lac) or sodium lactate (NaLac) for 24 hours. Cell viability was assessed using the CCK-8 assay (n=3 biological replicates). (B) Quantification of VCAM1, ICAM1, and H3K18la levels from the Western blots shown in Figure 6B (n=3 biological replicates). (C) Quantification of VCAM1, ICAM1, and H3K18la levels from the Western blots shown in Figure 6C (n=3 biological replicates). (D) Quantification of VCAM1, ICAM1, and H3K18la levels from the Western blots shown in Figure 6D (n=3 biological replicates). (E) Quantification of VCAM1 and H3K18la levels from the Western blots shown in Figure 6F (n=3 biological replicates). (F) Quantification of VCAM1 and H3K18la levels from the Western blots shown in Figure 6G (n=3 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey’s multiple comparison test.
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Figure S15. Validation of P300 and LDHA knockdown efficiency by siRNA
(A and B) HUVECs were transfected with three distinct siRNAs targeting P300, three distinct siRNAs targeting LDHA, or a negative control siRNA (siNC) for 48 hours. (A) Protein levels of p300 (300 kDa) were analyzed by Western blotting. Quantification of P300 (normalized to β-actin, 42 kDa) as determined by densitometry (ImageJ 1.48v) is shown in the right panel (n=3 biological replicates). (B) Protein levels of LDHA (37 kDa) were analyzed by Western blotting. Quantification of LDHA (normalized to β-actin) as determined by densitometry is shown in the right panel (n=3 biological replicates). Data were represented as mean ± SD. Statistical analysis was performed by one-way ANOVA followed by Tukey's multiple comparison test.


Table. S1 Results of the pilot dose-finding study for narciclasine in ApoE-/- mice
	Treatment Group 
(mg/kg, every other day)
	Lesion area 
(mm2, Mean ± SD) 
	Lesion area reduction 
vs. Control (%)
	Body weight 
(g, Mean ± SD) 

	Control (Vehicle)
	74356.82 ± 37409.22
	--
	25.63 ±1.82

	Narciclasine (1.0)
	N/D (Mortality)
	N/D
	N/D

	Narciclasine (0.6)
	94741.24 ±27536.01
	+27.4%
	20.27 ± 1.86*

	Narciclasine (0.2)
	87016.42 ±27536.11
	+17.0%
	20.83 ±2.19*

	Narciclasine (0.06)
	34840.91 ± 28765.46
	-53.1%
	25.80 ±1.56

	Narciclasine (0.02)
	25901.15 ± 13255.45
	-65.2%
	25.33 ±2.15

	Narciclasine (0.006)
	43946.31 ±23379.26
	-40.9%
	27.40 ± 0.70


*Note: n=3 mice per group. N/D: Not determined due to mortality. P < 0.05 vs. Control group in body weight.
Decision Rationale: The study revealed a biphasic response. Doses ≥ 0.2 mg/kg were toxic and/or associated with a trend of increased plaque formation. In contrast, doses ≤ 0.06 mg/kg were safe and effective. The 0.02 mg/kg dose was selected as it resided within this therapeutic window and showed maximal efficacy.

[bookmark: OLE_LINK2]Table. S2 Primers used for qPCR
	Primers
	Forward primer (5’-3’)
	Reverse primer (5’-3’)

	VCAM1
	GGACCACATCTACGCTGACA
	TTGACTGTGATCGGCTTCCC

	ICAM1
	AGCCAACCAATGTGCTATTCAAAC
	CACCTGGCAGCGTAGGGTAA

	SELE
	TGGTGAGGTGTGCTCATTCC
	TGATCTTTCCCGGAACTGCC

	CCL2
	CCCAAAGAAGCTGTGATCTTCA
	TCTGGGGAAAGCTAGGGGAA

	GLUT1
	CGGGCCAAGAGTGTGCTAAA
	TCTTCTCCCGCATCATCTGC

	PFKFB3
	GCAGCTGCCTGGACAAAACA
	GAGGGCAGGACACAAGCTAA

	ACTB
	GGCACCCAGCACAATGAAG
	CCGATCCACACGGAGTACTTG

	INOS
	GCTCTACACCTCCAATGTGACC
	CTGCCGAGATTTGAGCCTCATG

	IL6
	AGACAGCCACTCACCTCTTCAG
	TTCTGCCAGTGCCTCTTTGCTG

	TNFA
	CTCTTCTGCCTGCTGCACTTTG
	ATGGGCTACAGGCTTGTCACTC

	IL1B
	CCACAGACCTTCCAGGAGAATG
	GTGCAGTTCAGTGATCGTACAGG



[bookmark: _Hlk201310201]Table. S3 Primers used for CHIP-qPCR
	Primers 
(primer loci)
	Forward primer (5’-3’)
	Reverse primer (5’-3’)

	TRAF2 (hg 38, chr9: 136887072-1369887092)
	CCGACTCTGCTGCCTTCCTG
	CCCCGCACTGGCTCCTTG

	TRAF6 (hg 38, chr11: 36510102-36510122)
	ACGACTCCGCTCAGCCAAGG
	GATCCAGAGTTTGCCGTCCAAGC

	cIAP1 (hg 38, chr11: 102346003-102346027)
	TAGACCTCCTGTTCTGTGACTGAC
	AATTCCAAGACCCTGAACCATTTCC

	RIP1 (hg 38, chr6: 3068477-3068497)
	AGGAGGCAGCGCGAACAGTC
	CTGTGGGTCCCCTGGAGTCG

	RELA (hg 38, ch11: 65664013-65664037)
	TGACTTGTTTCCCAGGCTCTGAAG
	TGAGTGGGCGGGGTGCTAAC



Table. S4 The sequence of siRNAs
	siRNA
	Forward sequence (5’-3’)
	Reverse sequence (5’-3’)

	siP300-1
	GGACUACCCUAUCAAGUAATT
	UUACUUGAUAGGGUAGUCCTT

	siP300-2
	CAUCACGGGUAUACAAAUATT
	UAUUUGUAUACCCGUGAUGTT

	siP300-3
	GUCCUGGAUUAGGUUUGAUTT
	AUCAAACCUAAUCCAGGACTT

	siLDHA-1
	GCGUAACGUGAACAUCUUUTT
	AAAGAUGUUCACGUUACGCTT

	siLDHA-2
	AAAGAUGUUCACGUUACGCTT
	UAAAGACCCUUAAUCAUGGTT

	siLDHA-3
	GGACUUGGCAGAUGAACUUTT
	AAGUUCAUCUGCCAAGUCCTT

	siNC
	UUCUCCGAACGUGUCACGUTT
	ACGUGACACGUUCGGAGAATT
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