Enzyme-linked immunosorbent assay (ELISA)
The serum isolated from DEN-induced and met-treated mice were cleared by centrifugation and used immediately. The IL-22 ELISA kit was purchased from R&D Systems (Shanghai, China) and used according to the manufacturer's instructions.
Quantitative real-time PCR
Total RNA was extracted from liver tissues or cell lines using Trizol Reagent (Invitrogen, CA, USA). Reverse transcription was performed using PrimerScript™ RT reagent kit according to the manufacturer's instructions. Real-time qPCR was carried out on an Applied Biosystems 7500 apparatus using SYBR-Green Master Mix (TaKaRa, Dalian, China). The PCR conditions were as follows: 95°C for 15 s; 40 cycles at 95°C for 5 s; 55°C for 34 s; 72°C for 30 s; melting curve. The delta Ct method was used to calculate the relative expression. ACTB was used as an internal control. The primer sequences used in this study were listed in Supplementary table 1.
Cell culture and reagents 
[bookmark: _GoBack]The human HCC cell lines (MHCC-97H, SMMC-7721) were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Cell line authentication is achieved by genetic profiling using polymorphic short tandem repeat (STR) loci. All experiments were performed with mycoplasma-free cells.All cells were cultured with Dulbecco's modified Eagle's medium (DMEM, Gibco, Shanghai) supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 1 % penicillin-streptomycin (Sigma, USA), and maintained in a humidified incubator under 5% CO2. The Hippo pathway inhibitor (XMU-MP-1) was purchased from Selleck and MCE (Shanghai, China).   
IL‐22 Expression Vector
The pcDNA3‐IL‐22 expression vector was constructed by inserting murine IL‐22 cDNA into the BamHI/EcoRI site of the mammalian expression vector pcDNA3.1(+) (Invitrogen, Carlsbad, CA). The cDNA‐encoding full‐length IL‐22 was obtained from the thymus of C57BL/6 mice by reverse‐transcriptase polymerase chain reaction (RT‐PCR). The following 2 primers, which included BamHI and EcoRI sites (underlined), were used: 5′‐GTGGGA TCCCTGATGGCTGTCCTGCAG‐3′ and 5′‐AGCGAATTCTCGCTCAGACTGCAA GCAT‐3′. 
Cell transfection
[bookmark: _Hlk33188071]MHCC97-H and SMMC-7721 cells (ATCC, Rockville, MD) were grown in 6‐well culture plates to about 50%‐60% confluence. Both the IL‐22 expression vector and the pcDNA3 vector control DNA were separately transfected into MHCC97-H or SMMC-7721 cells using lipofectin (Invitrogen). After 16 hours, the medium was replaced with fresh normal‐growth medium and cells were grown for an additional 48 hours. The cells were then exposed to a selective concentration of 800μg/mL of geneticin (Clontech, Palo Alto, CA) to isolate stably transfected cells. Positive colonies were confirmed by RT-PCR. The IL‐22 expression vector transfected c were named PCDH-IL-22,while the pcDNA3 vector control DNA transfected PCDH-NC. 
Cell viability assay
The Cell Counting Kit-8 (CCK-8; Japan) was used to determine cell proliferation in this study. In brief, cells were seeded into 96-well plates at 3000 cells per well and cultured for an indicated time after transfection. Cells were supplemented in 10% CCK-8 reagent at 37°C for 1 h. Subsequently, the absorbance at 450 nm was measured using a multiple multifunctional microplate reader (Bio-Rad Laboratories, Hercules, CA). All experiments were performed in triplicate.
Cell apoptosis assay
The Annexin V-FITC Apoptosis Detection Kit (Beyotime, China) was used to detect cell apoptosis. Briefly, cells were suspended followed by staining with 5 μl annexin V-fluorescein isothiocyanate (FITC) and 10 μl propidium iodide (PI) in 300 μl 1× binding buffer for 20 min. Then, stained cells were analyzed by flow cytometry (BD Biosciences).
Cell migration and invasion assay
The BD Matrigel invasion chambers (BD Biosciences UK) were used to evaluate cell invasion and migration ability. In brief, 1 × 104 HCC cells in serum-free DMEM were seeded into the top chamber coated with 100 μl Matrigel per well; DMEM supplemented with 10% FBS was added to the lower chamber to stimulate cell migration and invasion. After 48 h, cells remaining on the top side of the membrane were removed with a cotton swab, and migrated cells in the bottom chamber were fixed and stained with 0.1% crystal violet (Sigma-Aldrich, shanghai). The migration assay was performed in the same manner as the invasion assay, but without the Matrigel and the cell culture was changed to 24 h. 
Immunohistochemical analysis
Tissue sections were deparaffinized with xylene and rehydrated in graded ethanol, followed by removing endogenous peroxidase with 0.3% hydrogen peroxide. The antigen retrieval was carried out by incubating tissue sections in citric acid at pH 6.0 and boiling for 15 min. Then tissue sections were incubated with the antibody against Ki67 and MMP9 (Cell Signaling Technology) at 4 °C overnight, followed by labeling by HRP second antibody (Thermo Scientific, USA) at room temperature (RT) for 1 h. Finally, signals were developed in DAB solution (Cell Signaling Technology, Shanghai, China) and counterstained with hematoxylin.
TUNEL staining
The terminal deoxynucleotidyl transferase (TdT) dUTP Nick-End Labeling (TUNEL) assay was designed to detect apoptotic cells that undergo extensive DNA degradation during the late stages of apoptosis. The detailed protocol for TUNEL experiment was performed as previously reported 1.
RNA extraction and library construction
[bookmark: _Hlk30523497]Tumor tissues from treated and untreated DEN induced HCC mouse model were prepared to isolate total RNA. Total RNA was isolated by using an RNeasy Plant Mini Kit (Qiagen) according to the product instructions. DNase I (Takara) and an RNA purification kit (Tiangen) were used to eliminate DNA contamination. The purity, concentration and integrity of RNA was assessed by using a NanoPhotometer® spectrophotometer (IMPLEN), a Qubit® RNA Assay Kit with a Qubit® 2.0 Flurometer (Life Technologies), and an RNA Nano 6000 Assay Kit with the Bioanalyzer 2100 system (Agilent Technologies). Sequencing libraries were generated using an NEBNext® Ultra™ RNA Library Prep Kit for Illumina® (NEB) following the manufacturer’s recommendations. Briefly, mRNA was purified by using poly-T oligo-attached magnetic beads. After fragmentation, the cDNA was synthesized, and NEBNext Adaptors with hairpin loop structures were ligated to prepare for hybridization. PCR products were purified (AMPure XP system), and library quality was assessed on an Agilent Bioanalyzer 2100 system. Finally, eight libraries were successfully constructed.
Transcriptome analysis
The libraries were deep sequenced with the Illumina Hiseq platform. For sequence quality control, clean reads were obtained by removing reads containing adapters, reads containing poly-N homopolymers and other low-quality reads from the raw data. The Q20, Q30, and GC content in the clean reads were calculated to further assess quality. Release-31 version of the wheat reference genome and gene model annotation files were downloaded from the genome website (ftp://ftp.ensemblgenomes.org/pub/plants/release-31/fasta/triticum_aestivum/dna/). An index of the reference genome was then built using Bowtie v2.2.3, and paired-end clean reads were aligned to the reference genome using TopHat v2.0.12.
Quantification of gene expression levels and DEG analysis
The number of reads mapped to each gene were counted using HTSeq v0.6.1. The expected number of Fragments Per Kilobase of transcript sequence per Millions base pairs sequenced (FPKM) of each gene was then calculated based on the length of the gene and the read count mapped to this gene. FPKM, reflecting both the effect of sequencing depth and gene length for the read count, is a commonly used method for estimating gene expression levels69. DEG analysis was performed using the DESeq R package (1.18.0). DESeq provides statistical routines for determining DEGs using a model based on a negative binomial distribution. The resulting P-values were adjusted using the Benjamini and Hochberg approach for controlling the false discovery rate. Genes with an adjusted P-value determined to be <0.05 (FDR < 0.05) by DESeq and that had a fold change value ≥2 (|Log2 fold change| ≥ 1) between two groups were considered to be differentially expressed.
GO and KEGG enrichment analysis
For gene ontology (GO) mapping, the GO terms of DEGs associated with homologies (GO; http://www.geneontology.org) were extracted. GO enrichment analysis of DEGs was implemented using the GOseq R package, in which gene length bias was corrected. GO terms with corrected P values less than 0.05 were considered to be significantly enriched. REVIGO was used for analysis of the enriched GO terms (http://revigo.irb.hr/); this program removes redundant GO terms and attempts to reflect the similarity of given terms by semantic space34. The ten biological process categories GO terms with the lowest p values for enrichment in both the up- or down-regulated genes in the S_st1 vs S_WT comparisons were analyzed by REVIGO. KEGG pathways for the DEGs were retrieved (http://www.genome.jp/kegg/), and KOBAS software was used to test the statistical significance of the enrichment of DEGs in KEGG pathways.
Western blotting analysis
Proteins were extracted from the harvested cells. Protein samples (30 mg) were fractionated by SDS-PAGE and transferred to a nitrocellulose membrane. Immunoblotting was performed using antibodies against YAP, p-YAP, Mst1, Mst2(Cell Signaling Technology). The results were analyzed by a chemiluminescent analyzer system (Fusion SL-4 3500, Viber Lourmat).
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