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Human liver samples 
The DUHS NAFLD Clinical Database and Biorepository is approved by the DUHS Institutional Review Board (Pro00005368). The DUHS NAFLD Clinical Database and Biorepository contains clinical data and biospecimens from NAFLD patients who have undergone a diagnostic liver biopsy (following a 12 hour fast) to grade and stage the severity of presumed NAFLD as part of standard of care. All liver biopsy specimens were stained with hematoxylin-eosin and Masson’s trichrome, and graded and staged by an experienced hepatic pathologist (CDG) to generate a Nonalcoholic Fatty Liver Disease Activity Score (NAS) and fibrosis stage according to the published NASH Clinical Research Network scoring system (1). Clinical data were obtained at the time of liver biopsy and included body mass index (BMI), age, gender, race, the presence of hypertension, diabetes mellitus (DM) and hyperlipidemia.

Hepatocyte isolation and in vitro Vorapaxar treatment
To obtain primary hepatocytes, livers from GFP, P16-overexpressing, Het and OB mice were perfused with collagenase. Hepatocyte preparations were evaluated by light microscopy to assure that viability and purity were at least 95% (2). Freshly isolated hepatocytes were immediately processed to obtain RNA and protein or seeded in collagen-treated 6-well-plates at a density of 600.000 cells/well in DMEM F12 (Gibco, 11330-032) supplemented with 5% FBS (Gemini Bioproducts, 900-108), 1% L-Glutamine (Gibco, 25030-081), 1% Penicillin-Streptomycin (Gibco, 15140-122) and 1:100 insulin-transferrin-selenium (Gibco, 41400-045). Hepatocytes were washed twice with PBS (Gibco, 10010-023) 4 hours after seeding, and maintaining media (DMEM F12 supplemented with 2% FBS, 1% L-Glutamine, 1% Penicillin-Streptomycin, 1:100 insulin-transferrin-selenium and 40 ng/ml dexamethasone) containing vehicle or vorapaxar at 5, 10 and 20 μM was added. Hepatocytes were harvested to obtain protein 48h after the treatment.  Conditioned media was centrifuged and collected 24 hours after isolating the cells from GFP and P16 overexpressing hepatocytes.


Gli-Luciferase Reporter Assay
Shh-LIGHT2 cells are NIH-3T3 cells stably transfected with a Gli-responsive firefly luciferase reporter and a constitutively expressed Renilla luciferase that responds to the presence of hedgehog protein light-generating enzyme and can be measured with a luminometer (3).  Cells were cultured in 96 well-plates at a confluence of 10.000 cells/well in DMEM high glucose (Sigma-Millipore, D6429) supplemented with 10% Bovine Calf Serum (Cytiva, SH30072.03), 0.4 mg/ml G418 (Gibco, 10131) and 0.15 mg/ml Zeocin (Invitrogen R25001). 48h after seeding, cells were washed and conditioned media from GFP or P16-overexpressing hepatocytes was added for 48h. Cells were lysed with 25 μl/well Promega Passive Lysis Buffer using the Promega Dual Luciferase Kit (Promega, E1910) and cell lysate was transfer to a luminometer-compatible microplate for measuring luciferase activity following the manufacturer’s instructions.

Senescence induction in Huh7
Huh7 cells were cultured in Dulbecco’s modified eagle medium (DMEM) supplemented with 10% FBS. Cells were treated with Palbociclib 0.5 M or vehicle for 8 days. Senescence was confirmed via SA-βgal activity, cell cycle arrest, and changes in morphology.

Conditioned media experiments
LX2 cells were treated for 48h with conditioned media from GFP or P16 overexpressing primary hepatocytes, or vehicle or Palbociclib treated huh7 cells. LX2 cells were harvested to obtain RNA for mRNA measurement.  

Two-step real time RT-PCR
Total RNA was extracted from liver tissue using TRIzol (Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions. The concentration and purity of RNA were determined using a Nanodrop 2000 spectrophotometer. Template complementary DNAs were synthesized from total RNA using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA) according to the manufacturer's protocols. Power SYBR Green Master Mix (Applied Biosystems) was used for real-time quantitative PCR (qPCR) on the manufacturer’s specifications (StepOnePlus™ Real-Time PCR System, Applied Biosystems). The qPCR results were normalized to the housekeeping gene 40S ribosomal proteins S9 (S9) mRNA based on the threshold cycle (Ct) and relative fold-change was determined using the 2-ΔΔCt method. The sequences of primers used in this study are listed (Supplementary Table 5).

Western Blotting
Protein was extracted from isolated cell pellets or whole liver tissue using RIPA buffer with protease inhibitors (Sigma-Aldrich). Equal amounts of protein were loaded and separated by SDS-PAGE gel electrophoresis on 4%-20% Criterion gels (BioRad, Hercules, CA), and then transferred to PVDF membranes, and incubated with the following primary antibodies: Vimentin (ab92547), Collagen I (cs84336), P16 (ab211542), p21 (ab188224), THBD (sc-271804), PAR1 (sc-13503), Shh (sc-9024) or β-tubulin (Abcam, ab6046). Blots were visualized with HRP-conjugated secondary antibodies.
Liver histology and histochemistry
Liver specimens were fixed in 10% neutral buffered formalin, embedded in paraffin using standard methods and cut into 5 µm sections. For immunohistochemistry, liver sections were deparaffinized, hydrated and incubated in 3% hydrogen peroxide to block endogenous peroxidase. Antigen retrieval was performed by heating in 10 mM sodium citrate buffer (pH 6.0) for 10 min using a microwave. Specimens were blocked in Dako Protein Block solution (Agilent, Santa Clara, CA) for 30 min at room temperature followed by incubation with primary antibody at 4 °C overnight. Immunohistochemistry was used to detect target proteins using the following antibodies: P21 (ab188224, Abcam), PAR1 (sc13503, Santa Cruz), Thbd (sc271804, Santa Cruz), S10P-Histone3 (ab5176, Abcam), Ki67 (ab16667, Abcam), and Sonic hedgehog (Shh) (ab73958, Abcam). Secondary antibodies were HRP-conjugated anti-rabbit (K4003, DAKO) and anti-mouse (K4001, DAKO) antibodies. Blocking and chromogenic detection was performed using the DAKO Envision System with DAB substrate (DAKO Corporation) according to the manufacturer’s protocol. Tissue sections were counterstained with Hematoxylin Gill Nº1 (Sigma Aldrich). The specific staining was visualized and ten images per liver were acquired using a microscope equipped with a digital camera. Percentage of positive area or positive cells per field were quantified using ImageJ software. Cellular senescence in liver was evaluated by SA-β-gal staining using a commercially available kit (Cell Signaling, #9860) and followed the manufacturer’s instruction. Lipid accumulation in liver was evaluated by Oil Red O staining. Frozen liver tissue samples were cut at 10uM thickness, fixed with 10% formalin, and stained with Oil Red O (Sigma, O0625-25G) for 10 min. Results were examined by light microscopy. 

RNA-Seq and analysis
Global transcriptome profiling was performed by RNA-seq using freshly isolated hepatocytes from young wild type mice and P16-overexpressing cells before and at 48h after PH (n=3 mice/group/time point). Total RNA was extracted using RNeasy mini kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions. mRNA library preparation (poly A enrichment) and mRNA-Seq was performed by Novogene using Illumina NovaSeq PE150 platform. Resulting data was pre-processed: Trim_galore was used to trim off adapter and low-quality reads, STAR for reads alignment to the reference genome (mm10_STAR_genome_idx), Samtools index sorted bam files, Picard removed duplicates and HTSeq for quantification of the gene expression data. Differential expression analysis and gene set enrichment analysis were performed using Deseq and GSEA, respectively. The dataset is available at the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus database, accession number GSE204901.

Statistics
Data are expressed as mean ± S.E.M., unless otherwise specified. Statistical significance between two groups was analyzed by two-tailed Student's t test, whereas comparisons of multiple groups were evaluated by two-way analysis of variance (ANOVA) as specified followed by a post-hoc Tukey’s test. p-values < 0.05 were considered statistically significant. Drawing graphs and statistical analyses were performed using GraphPad Prism 8 (GraphPad Software, Inc. La Jolla, CA, USA).


Supplementary Figure Legends

Supplementary Figure 1. Inducing senescence in hepatocytes inhibits liver regeneration. (A) Liver to body weight ratios from GFP and P16 overexpressing mice after CCl4 toxicity. (B, C) Markers of hepatocyte proliferation after PHx in liver sections from GFP and P16 over-expressing mice. Results shown as MEAN +/- SEM (n=3 mice/group/time, *p<0.05). Micrographs 100X magnification.

Supplementary Figure 2. THBD-PAR1 axis enables senescent hepatocyte accumulation during NAFLD. (A) Hepatic expression of THBD and PAR1 was examined in a published RNA-seq dataset (GSE167264), and data graphed as total counts in obese (ob/ob) vs lean mice, *p<0.05 vs lean mice. In separate experiments, Vorapaxar or its vehicle control (saline) was administered daily by oral gavage to ob/ob mice for 4 weeks before blood and liver tissue were harvested. Results are compared to age- and sex-matched lean ob/+ littermate controls. (B) Morphometric quantitation of liver sections stained for THBD and PAR1. (C) Liver weight. Results shown as MEAN +/- SEM (n=6 mice/group, *p<0.05 vs lean, #p<0.05 vs ob/ob vehicle).

Supplementary Figure 3. CDKN2A (P16) in vivo overexpression induces senescence in hepatocytes. (A) AAV8-TBG-eGFP-P16 (P16) or its control vector, AAV8-TBG-eGFP (GFP), were administered to C57BL/6 wild-type mice via tail vein injection. GSEA of senescence-related signaling signatures in P16 overexpressing hepatocytes versus  controls. (B) Vorapaxar or its vehicle control (saline) was administered daily by oral gavage to WD+CCl4 mice during the last 4 weeks of diet. senescence marker P21 was assessed by or densitometry of liver immunoblots. Results shown as MEAN +/- SEM (n=4 mice in CDCO (chow diet plus corn oil vehicle) group, n=10 mice in WD+CCl4 groups, *p<0.05 vs CDCO, #p<0.05 vs WD+CCl4 vehicle ).




Tables
Supplementary Table 1: Patient characteristics.
	
	NAFLD Cohort (n=5)
	NASH Cohort (n=10)
	p-value

	Gender (% Female)
	60%
	50%
	> 0.2

	Race (%)
	
	
	

	White
Black
Unknown
	80%
20%
0%
	80%
10%
10%
	> 0.2

	Age
	52.8 ± 3.01
	52.5 ± 1.96
	> 0.2

	BMI
	35.15 ± 1.47
	37.72 ± 1.18
	> 0.2

	Diabetes (%)
	20%
	40%
	> 0.2

	Hyperlipidemia (%)
	80%
	50%
	> 0.2

	Hypertension (%)
	100%
	70%
	> 0.2

	Brunt Fibrosis Stage (%)
	
	
	

	0
1
2
3
4
	100%
0%
0%
0%
0%
	0%
50%
10%
30%
10%
	< 0.0001

	NAS Score (%)
	
	
	

	≤ 3
4
5
6
	100%
0%
0%
0%
	20%
30%
40%
10%
	0.001


 
Supplementary table 2
Top 20 upregulated gene sets in AAV8-P16 compared to AAV8-GFP hepatocytes.
	NAME
	NES
	NOM p-val
	FDR q-val

	REACTOME_RESPONSE_OF_EIF2AK4_GCN2_TO_AMINO_ACID_DEFICIENCY
	2.73
	0
	0

	REACTOME_EUKARYOTIC_TRANSLATION_ELONGATION
	2.70
	0
	0

	REACTOME_REGULATION_OF_EXPRESSION_OF_SLITS_AND_ROBOS
	2.67
	0
	0

	REACTOME_NONSENSE_MEDIATED_DECAY_NMD
	2.65
	0
	0

	REACTOME_EUKARYOTIC_TRANSLATION_INITIATION
	2.64
	0
	0

	REACTOME_SRP_DEPENDENT_COTRANSLATIONAL_PROTEIN_TARGETING_TO_MEMBRANE
	2.62
	0
	0

	REACTOME_CELLULAR_RESPONSE_TO_STARVATION
	2.54
	0
	0

	REACTOME_TRANSLATION
	2.53
	0
	0

	REACTOME_INFLUENZA_INFECTION
	2.50
	0
	0

	REACTOME_SIGNALING_BY_ROBO_RECEPTORS
	2.46
	0
	0

	REACTOME_RESPIRATORY_ELECTRON_TRANSPORT
	2.42
	0
	0

	REACTOME_RRNA_PROCESSING
	2.37
	0
	0

	REACTOME_SELENOAMINO_ACID_METABOLISM
	2.36
	0
	0

	REACTOME_ACTIVATION_OF_THE_MRNA_UPON_BINDING_OF_THE_CAP_BINDING_COMPLEX_AND_EIFS_AND_SUBSEQUENT_BINDING_TO_43S
	2.34
	0
	0

	REACTOME_RESPIRATORY_ELECTRON_TRANSPORT_ATP_SYNTHESIS_BY_CHEMIOSMOTIC_COUPLING_AND_HEAT_PRODUCTION_BY_UNCOUPLING_PROTEINS
	2.23
	0
	7.41E-04

	REACTOME_MITOCHONDRIAL_TRANSLATION
	2.21
	0
	0.001

	REACTOME_COMPLEX_I_BIOGENESIS
	2.22
	0
	0.001

	REACTOME_RESPONSE_OF_EIF2AK4_GCN2_TO_AMINO_ACID_DEFICIENCY
	2.73
	0
	0



Supplementary table 3
Top 20 downregulated gene sets in AAV8-P16 compared to AAV8-GFP hepatocytes.
	NAME
	NES
	NOM p-val
	FDR q-val

	REACTOME_IMMUNOREGULATORY_INTERACTIONS_BETWEEN_A_LYMPHOID_AND_A_NON_LYMPHOID_CELL
	-2.26
	0
	0.006

	REACTOME_EXTRACELLULAR_MATRIX_ORGANIZATION
	-2.12
	0
	0.01

	REACTOME_COMPLEMENT_CASCADE
	-2.12
	0
	0.02

	REACTOME_SULFUR_AMINO_ACID_METABOLISM
	-1.96
	0
	0.05

	REACTOME_GLUCONEOGENESIS
	-1.93
	0
	0.06

	REACTOME_CELL_SURFACE_INTERACTIONS_AT_THE_VASCULAR_WALL
	-1.92
	0.002
	0.06

	REACTOME_DEGRADATION_OF_THE_EXTRACELLULAR_MATRIX
	-1.91
	0
	0.06

	REACTOME_PLATELET_ACTIVATION_SIGNALING_AND_AGGREGATION
	-1.90
	0
	0.06

	REACTOME_ELASTIC_FIBRE_FORMATION
	-1.93
	0.002
	0.06

	REACTOME_CA_DEPENDENT_EVENTS
	-1.89
	0.006
	0.06

	REACTOME_INITIAL_TRIGGERING_OF_COMPLEMENT
	-1.89
	0.002
	0.06

	REACTOME_ANTI_INFLAMMATORY_RESPONSE_FAVOURING_LEISHMANIA_PARASITE_INFECTION
	-1.83
	0
	0.06

	REACTOME_INTEGRIN_CELL_SURFACE_INTERACTIONS
	-1.88
	0
	0.06

	REACTOME_MOLECULES_ASSOCIATED_WITH_ELASTIC_FIBRES
	-1.86
	0
	0.06

	REACTOME_LEISHMANIA_INFECTION
	-1.83
	0
	0.06

	REACTOME_IMMUNOREGULATORY_INTERACTIONS_BETWEEN_A_LYMPHOID_AND_A_NON_LYMPHOID_CELL
	-2.26
	0
	0.006

	REACTOME_EXTRACELLULAR_MATRIX_ORGANIZATION
	-2.12
	0
	0.01

	REACTOME_COMPLEMENT_CASCADE
	-2.12
	0
	0.02

	REACTOME_SULFUR_AMINO_ACID_METABOLISM
	-1.96
	0
	0.05





Supplementary table 4
Stress-related upregulated gene sets in AAV8-P16 compared to AAV8-GFP hepatocytes.
	NAME
	NES
	NOM p-val
	FDR q-val

	REACTOME_STABILIZATION_OF_P53
	2.18
	0
	0.002

	REACTOME_G1_S_DNA_DAMAGE_CHECKPOINTS
	1.98
	0
	0.02

	REACTOME_ONCOGENE_INDUCED_SENESCENCE
	1.78
	0.01
	0.06

	REACTOME_OXIDATIVE_STRESS_INDUCED_SENESCENCE
	1.66
	0.003
	0.09

	REACTOME_CELLULAR_RESPONSE_TO_STARVATION
	2.55
	0
	0

	REACTOME_CELLULAR_RESPONSE_TO_CHEMICAL_STRESS
	1.84
	0
	0.04

	REACTOME_MAPK6_MAPK4_SIGNALING
	1.80
	0.007
	0.06

	REACTOME_JNK_C_JUN_KINASES_PHOSPHORYLATION_AND_ACTIVATION_MEDIATED_BY_ACTIVATED_HUMAN_TAK1
	1.55
	0.03
	0.14

	PID_ATF2_PATHWAY
	1.67
	0.01
	0.09

	PID_AP1_PATHWAY
	1.66
	0.01
	0.09

	REACTOME_SIGNALING_BY_RETINOIC_ACID
	1.85
	0.001
	0.04

	REACTOME_HEDGEHOG_LIGAND_BIOGENESIS
	2.03
	0.00
	0.02







Supplementary table 5
	Gene symbol
	Primer forward
	Primer reverse

	Mm S9
	GGGCCTGAAGATTGAGGATT
	CGGGCATGGTGAATAGATTT

	Mm CDKN1A
	AACATCTCAGGGCCGAAA
	TGCGCTTGGAGTGATAGAAA

	Mm CDKN2A
	GCTCTGGCTTTCGTGAACAT
	GAATCTGCACCGTAGTTGAGC

	Mm Thbd
	TAGGGCCCTGGATCGGTTTA
	GGATCGCGAGTATTCACCGT

	Mm PAR1
	GCGGGCAGCCTTGGGACAAT
	ATGAAGGGAGGAGGCGGCGT

	Mm FoxM1
	TGATAGCCTCAGCAAGATCC
	CTATCGCAGCTAACCGATGA

	Mm ACTA2
	TCAGGGAGTAATGGTTGGAATG
	GGTGATGATGCCGTGTTCTA

	Mm TGFb1
	AGCTGCGCTTGCAGAGATTA
	AGCCCTGTATTCCGTCTCCT

	Mm Cyclin D1
	TAGGCCCTCAGCCTCACTC
	CCACCCCTGGGATAAAGCAC

	Mm Shh
	CTGGCCAGATGTTTTCTGGT
	TAAAGGGGTCAGCTTTTTGG
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