
Materials and methods 

Patient and Specimens 

We used 314 pairs of HCC tissues (pairs refer to tumor tissue and adjacent tissue form the same 
patients) from patients who underwent liver biopsy at the Hepatic Surgery Center of Tongji Hospital 
of University of Science and Technology (HUST, Wuhan, China) between February 2015 and March 
2018. All samples were pathologically diagnosed with HCC and followed up for prognostic 
assessment. All samples were used for Sequencing of the CTNNB1 exons 3. 196 pairs of HCC 
tissues form this cohort were utilized to construct microarrays for immunohistochemistry (IHC) 
experiments. 99 pairs of HCC tissues form this cohort were used for the Quantitative real time 
polymerase chain reaction (q-PCR). All patients provided signed informed consent forms. The study 
was approved by the Ethics Committee of Tongji Hospital (HUST, Wuhan, China), and sample 
tissues were utilized in accordance with the appropriate regulations. 

 

Cell Lines and Cell Culture 

HEK 293T cell line and Hepa1-6 cell line were purchased from China Center for Type Culture 
Collection (CCTCC, Wuhan, China). HEK 293T and Hepa1-6 cells were cultured in Dulbeccoôs 
modified Eagleôs medium (DMEM, HyClone, #SH30022.01) containing 10% FBS (Gibco, #10099) 
at 37  and 5% CO2 in an incubator. Both of the cell lines were routinely authenticated and were 
free of Mycoplasma contamination. CD8+ T cells were cultured in RPMI 1640 medium (HyClone; 
#SH30809.01) supplemented with 10% FBS (Gibco, #10099), 1% penicillin/streptomycin (Kerui; 
#KR151400), 5ɛg/mL CD3Ů (Biolend; #100340), 1ɛg/mL CD28 (Biolend; #302934) and 20 ng/mL 
mIL2 (R&D Systems; #402-ML) at 37ÁC and 5% CO2. 
 

Animal Studies 
All animal care and experimental protocols were performed according to the National Institutes 

of Health Guidelines for the Care and Use of Laboratory Animals and approved by the Ethics 
Committee of Tongji Hospital (HUST, Wuhan, China). MMP9F/F and MMP9ȹhep mice were 
purchased from Cyagen Biosciences Inc. For HCC induced by hydrodynamic tail vein injection 
(HTVi), 6-week-old male C57BL/6J mice (Gempharmatech Co., Ltd) (n = 6) were used. For each 
mouse, pT3-ȹN90-CTNNB1 (10ɛg)/pT3-vector (10ɛg)/pT3-EF1aH-myr-AKT (20ɛg)/pT3-EF1aH-
c-Met (20ɛg)/pT3-EF1a-MYC-IRES-Luciferase (15ɛg)/SB100 transposase-encoding plasmid (1/4 
of the total plasmid mass) were dissolved in 2 mL 0.9% Nacl solution and injected 10% of the 
weight of each mouse in volume in 5-8 seconds. Equivalent DNA concentration between different 
batches of DNA was confirmed to ensure reproducibility among experiments. Mice were monitored 
and euthanized when they developed large abdominal masses and become moribund. At the end of 
the experiment, solid tumors were collected and analyzed by IHC, flow cytometry and/or mIF. 

In the subcutaneous tumor formation assay, 2 106 logarithmic growth-phase Hepa1-6 cells in 
100ɛL of DMEM (HyClone, #SH30022.01) were injected into the axillary regions of 4-week-old 
BALB/C male nude mice (n = 7) and 6-week-old male C57BL/6J mice (Gempharmatech Co., Ltd) 
(n = 6). For orthotopic HCC models, 6-week-old male C57BL/6J mice (Gempharmatech Co., Ltd) 
(n = 6-15) were injected in the largest liver lobe with 8Ĭ 106 Hepa1-6 cells in 30ɛL of DMEM 
(HyClone, #SH30022.01). After 3 weeks, all the mice were sacrificed. Livers were harvested to 
assess the tumor burden. At the end of the experiment, solid tumors were collected and analyzed by 
IHC, flow cytometry and/or mIF. 
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For the T cell depletion experiments, mice were injected intraperitoneally with anti-CD8 (200ɛg, 
clone 53-6.7, BioXcell), anti-CD4 (200ɛg, clone GK1.5, Sellect), IgG2a (200ɛg, clone 2A3, 
BioXcell) or IgG2b (200ɛg, clone LTF-2, Sellect) twice a week. For the Macrophage depletion 
experiments, mice were injected intraperitoneally with Clophosome (1.4mg first day, 0.7mg every 
6 days, FormuMax, #F70101C-N). For the experiments with amti-PD-1 mAbs, mice were 
intravenously injected with anti-PD-1 (200ɛg, Junmeng Jiangsu, #GC42) every three days via the 
tail vein. For blocking the function of MMP9, mice were injected intraperitoneally with MMP9-in-
1 (20mg/kg, MedChemExpress) every two days.  

All experiments were randomized according to numbers. The personnel who treated the mice 
were aware of the group allocation at the different stages of the experiment.  

 

Flow Cytometry Sample Preparation and Cytokine/Surface Staining 

Fresh harvest tumors were cut into small pieces (~1 mm3) with scissors and digested with 
collagenase IV (1mg/mL in 10% FBS DMEM, Biosharp, #BS165) and DNase  (0.1mg/mL in 10% 
FBS DMEM, Biosharp, #BS137) for 30 minutes at 37 . Dissociated tumor samples were 
homogenized and filtered through a 200-mesh screen and then filtered through a 70-ɛm strainer. 
ACK Lysis Buffer (Servicebio, #G2015) was utilized to lyse erythrocytes. Single cells were 
resuspended in 100ɛL pre-cooled living cells staining mix (0.5ɛL/sample FVS in PBS) and 
incubated for 10 minutes on ice. Then cells were blocked and stained for 30 minutes with surface 
antibody mix (1ɛL/sample in PBS). For intracellular cytokine staining, cells were stimulated for 3-
6 hours and treated with Phosflow Perm Buffer  (BD Pharmingen, #558050) according to the 
manufacturerôs instructions. Finally, cells were washed, resuspended, and stored at 4  before 
acquisition on a flow cytometry instrument (CytoFLEX). Flow cytometry data were analyzed using 
Flowjo (BD Pharmingen, v10.3.5) software. Antibody and suppliers are listed in Supplementary 
Table S5. 

 

T-Distributed Stochastic Neighbor Embedding (tSNE) analysis in FlowJo 

Raw data were cleaned up to exclude doublets, debris and dead cells. In addition, cells of interest 
were incorporated for further analysis. Appropriate fluorescence compensated parameters were 
selected in each fluorescence channel. Then, the plugin ñdownsampleò was used to down sample 
the events to ensure an equal number of cells per sample. All samples were concatenated together 
and run tSNE on this single large file for comparing multiple samples. After running tSNE, FlowJo 
will automatically add to separate the files using the variable ñSample IDò. 
 

Immunoblot and Coimmunoprecipitation 

Suspension cells harvested by centrifugation or cultured adherent cells proteins were dispersed 
in RIPA Lysis Buffer (Meilunbio, #MA0151) supplemented with 1/100 Protease Inhibitor Cocktail 
(MedChemExpress, #HY-K0010), 1/100 Phosphatase Inhibitor Cocktail I (MedChemExpress, #HY-
K0021) and 1/100 Phosphatase Inhibitor Cocktail II (MedChemExpress, #HY-Koo22) for 15 
minutes on ice. For mouse tissue samples, the tissues were first homogenized using the tissue 
homogenizers (Servicebio, #KZ-III-F) in ice cold above RIPA Lysis Buffer for 120 seconds (60Hz). 
Cell or tissue lysates were centrifuged at 12,000 rpm for 15 minutes at 4 . Supernatants were 
collected and measured concentration by UVïVisible Spectrophotometer (BeckMan, #DU730). 
Then, the protein supernatants were adjusted to the same concentration by adding 5  SDS-PAGE 
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loading buffer (Servicebio, #G2075) and RIPA Lysis Buffer, and the samples were boiled at 95  
for 10 minutes. Prepared protein samples were loaded onto 10% SDS-PAGE gels, separated by 
electrophoresis, and then transferred onto polyvinylidene fluoride membranes (Millipore). After 
transfer, membranes were blocked with TBST containing 5% skim milk for 1 hour at room 
temperature. After washed with TBST 3 times at room temperature (each for 5 minutes), membranes 
were incubated with the indicated primary antibody at 4  overnight. On the second day, 
membranes were washed with TBST 3 times (each for 10 minutes) and then incubated with 
secondary antibody (Horseradish Peroxidase-conjugated) for 1 hour at room temperature. Finally, 
membranes were washed with TBST 3 times (each for 10 minutes), and reactive bands were 
visualized and exposured using ECL substrate (Bio-Rad, #1705060/1705061). Antibodies and 
suppliers are listed in Supplementary Table S5. 

For co-IP, transfected cells were lysed with IP cell lysates (Servicebio, #G2038) supplemented 
with 1/100 Protease Inhibitor Cocktail (MedChemExpress, #HY-K0010). Cell lysates were 
centrifuged at 12,000 rpm for 15 minutes at 4 . Supernatants were incubated with co-IP-grade 
antibodies with rotation at 4  overnight. On the second day, antibodies were pull down with Protein 
G Magnetic Beads (MedChemExpress, #HY-K0204) with rotation for 3-4 hours at room 
temperature. After washing with wash buffer 6 times, samples were added 2 SDS-PAGE loading 
buffer (Servicebio, #G2075) and boiled at 95  for 10 minutes, followed by immunoblot analysis. 
Antibodies and suppliers are listed in Supplementary Table S5. 
 

RT-PCR 

Total RNA was extracted from cultured cells and tissues using the RNA-easy Isolation Reagent 
(Vazyme, #R701-01) and used as a template to generate cDNA with the HiScript III RT SuperMix 
for qPCR (Vazyme, #R323-01). Q-PCR was performed using the ChamQ Universal SYBR qPCR 
Master mix (Vazyme, #Q711-02) on a Real-Time System (Bio-Rad, #CFX Connect) and analyzed 
using BioRadCFX Manager (Bio-Rad, v3.0) software. Relative RNA expression levels were 
determined by comparative threshold cycle (2-ȹȹCT). Primers used are given in Supplementary 
Table S6. 

 

Dual-luciferase reported assay 

Luciferase activity was detected with the Dual Luciferase Reporter Assay Kit (Vazyme, #DL101-
01) according to the manufacturerôs instructions. The relative luciferase activity was determined by 
a GloMax 20/20 Luminometer (Promega). Luciferase activity was normalized to Renilla activity. 
 

Immunohistochemistry and Analysis 

Tissue specimens used for IHC were fixed in 4% paraformaldehyd and embedded in paraffin, and 
paraffin-embedded tissue sections that had been cut to 4 Õm thickness. The paraffin sections were 
then deparaffinized, and antigen retrieval with 0.01 M sodium citrate buffer (pH6.0, Servicebio, 
#G1219) or Tris-EDTA buffer (pH8.0, Servicebio, #G1207), followed with 3% hydrogen peroxide 
incubated for 15 minutes at room temperature to block endogenous peroxidase. Next, the sections 
were blocked by 5% bovine serum albumin (BSA) blocking for 60 minutes at room temperature. 
Primary antibodies were incubated overnight at 4  in a humidified chamber, followed by HRP 
conjugated secondary antibody incubation for 45 minutes at 37 . The binding of antibodies was 
detected by DAB (Servicebio, #G1212) and the reaction was stopped by immersion in distilled water 
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after brown color was observed under the microscope. Tissue sections were counterstained by 
hematoxylin (Servicebio, #G1004), dehydrated in graded ethanol, sealed with neutral balsam, 
photos were taken and analyzed. Antibodies and suppliers are listed in Supplementary Table S5. 

Positive and negative control groups were included for each batch of immunohistochemically 
stained sections. The IHC staining score was calculated according to the staining intensity and the 
percentage of positive cells. The rules of the staining intensity scoring were as follows: 0 points 
(Negative); 1 points (Light brown); 2 points (Brown); 3 points (Dark brown). The rules of stained 
positive cells scoring were as follows: score 0 denotes less than 10%, score 1 denotes 10-25%, score 
2 denotes 26-50%, score 3 denotes 51-75% and score 4 denotes more than 75% of positive stained 
cells. The staining intensity and extent were multiplied to generate IHC staining score. Overall 
scores of <6 and Ó6 were defined as low expression and high expression, respectively. IHC analyses 
were scored by two independent pathologists blind to the clinical data and grouping information. 
 

Multiplex Immunofluorescence Staining 

For multiplex staining, we followed the tyramide signal amplification (TSA) protocol staining 
method. The methods of antigen retrievaling, blocking endogenous peroxidase and BSA blocking 
were consistent with the IHC described above. The first primary antibody was incubated overnight 
at 4  in a humidified chamber, followed by secondary antibody incubation for 45 minutes at 37 . 
Tyramide working solution was incubated for 10 minutes at room temperature and protected from 
light. After washing with wash buffer for 20 minutes at 42  and BSA blocking for 30 minutes at 
37 , the second primary antibody was incubated overnight at 4  in a humidified chamber. The 
operations were then repeated as described above until meet the desired number of primary 
antibodies. The sections were sealed by anti-fluorescence quenching sealed tablets (Southern 
Biotech, #0100-01) after cell nuclei counterstained with DAPI (Solarbio, #C0060) for 5 min. Each 
of the stained sections was scanned using a slide scanner (3D HISTECH, # Pannoramic SCAN ) 
under fluorescence conditions and analyzed using Zen Microscope (ZEISS, v2.6) software. 
Antibodies, suppliers and fluorescence channel are listed in Supplementary Table S5. 
 

Plasmids and constructions 

MMP9 2.0 kb promoter sequence and SBE sites truncations were cloned into the pGL4.17 vector. 
Mammalian expression plasmids for Flag-, HA- or Myc-tagged SIRT2, ɓ-catenin and KDM4D and 
the truncated proteins were constructed by standard molecular cloning method from cDNA 
templates. MMP9 promoter SBE site mutation plasmid was constructed by site-directed 
mutagenesis. All constructs were confirmed by DNA sequencing. 
 

Lentivirus-transduced stable cell lines 

To generate stable gene over-expression or knockdown cells lines, Flag-tagged CDS of SIRT2 
andSSH1 were cloned into the BamHI/SalI sites of pLenti-CMV-Puro plasmid (Addgene, #17448), 
or the short hairpin targeting sequences for MMP9, KDM4D and SSH1 were cloned into the 
pLKO.1-TRC vector (Addgene, #10879). Vectors contain Flag tag or scramble shRNA (Addgene 
#1864) were used as negative controls, respectively. HEK293 cells were co-transfected with 
pMD2.G (Addgene #12259), psPAX2 (Addgene #12260), and pLenti-CMV-Puro or pLKO.1-
shRNA plasmids (ratio 1:3:4) to produce lentiviruses. Virus supernatant were collected at 48 hours 
post transfection, and were concentrated over 100-fold using a Lentivirus Concentration Solution 
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(Yeasen Biotechnology, #41101ES50), aliquots were stored at -80ÁC. To establish stable murine 
HCC cell lines, forty-eight hours post lentivirus infection, cells were selected by puromycin addition 
(3 ɛg/mL). The target sequences for specific genes were as follows are listed in Supplementary Table 
S6. 
 

T cell Cytotoxicity assays 

  CD8+ CTLs were sorted form 6-week-old male C57BL/6J mice splenocytes using a Mouse CD8+ 
T-Cell Isolation Kit (Sellect, #B90011) and incubated with 5ɛg/mL CD3Ů (Biolend; #100340), 
1ɛg/mL CD28 (Biolend; #302934) and 20 ng/mL mIL2 (R&D Systems; #402-ML) for 3 days. 
Prepared CTLs co-cultured with Hepa1-6 HCC cell line (Target ratio of 10:1) at 37  for 12 hours. 
Next, all cells were collected for CD45, PI and Annexin  staining and immediate flow cytometry 
analysis. Percentage of CD45-annexin +PI- (early phase) and CD45-annexin +PI+ (late phase) 
cells constituted the entire percentage of killed target cells. 
 

Transwell chemotaxis assays 

CD8+ T cells with the indicated treatments were allowed to migrate through 5-ɛm transwell filters 
(Corning) to the medium in the bottom chamber for 12h, with PBS or tumor CM, were counted by 
flow cytometry. The following formula was used: chemotaxis index = percentage of migrated cells 
induced by the indicated chemokine õ percentage of migrated cells induced by PBS. 
 

F-actin staining 

CD8+ T cells treated with CXCL10 (ABclonal, #RP01642, 100ng/mL) for 15 minutes 
successively underwent a 15-minute fixation with fresh 4% paraformaldehyde, a 10-minute 
permeabilization om 0.1% Triton X-100, a 1-hour block with 5% normal goat serum, 15-minute 
staining with phalloidin FITC (YEASEN, #40735ES75) and DAPI counterstaining before confocal 
microscopy with a confocal laser-scanning microscope (Leica, #TCS SP8 STED). The Zen 
Microscope (ZEISS, v2.6) and ImageJ software were used to analyze and quantify F actin staining. 
All presented images are representative of three independent experiments with at least 30 cells per 
group. The line-fluorescence-intensity profile of cells was used to define cell polarization. The 
average fluorescence signal on one side of the polarized cells was more than 1.5 times stronger than 
that of the opposite side. The frequency of polarized or unpolarized distribution in CD8+ T cells was 
presented. 
 

Library Preparation and RNA-seq Analysis 

Total RNA was extracted from tissues using the RNA-easy Isolation Reagent (Vazyme, #R701-
01). A NanoDrop 2000 spectrophotometer (Thermo Scientific) was applied for RNA purity 
measurement and quantification, and an Agilent 2100 bioanalyzer (Agilent Technologies) was 
applied for RNA integrity assessment. Sequencing libraries were generated using the TruSeq 
Stranded mRNA LT Sample Prep Kit (Illumina) following the manufacturerôs recommendations.       
Prepared libraries were sequenced on an Illumina HiSeq X Ten platform. The abundances of 
transcripts (including mRNAs, pseudogenes, noncoding RNAs, and other predicted RNAs) were 
calculated and normalized in fragments per kilobase of transcript per million mapped reads. 
Differential gene expression evaluation was analyzed using R software (v4.2.2). 
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Single cell RNA-Sequencing and Data analysis 

Tissue dissociation and preparation  

The fresh tissue was stored in the tissue preservation solution (Singleron Biotechnologies, 
sCelLiveTM) on ice after the surgery within 30 minutes. The specimens were washed with hanks 
balanced salt solution (HBSS) for three times, minced into small pieces, and then digested with 3 
mL tissue dissociation solution (Singleron, sCelLiveTM) by tissue dissociation system (Singleron, 
PythoNÊ) at 37 ÁC for 15 min. The cell suspension was collected and filtered through a 40-micron 
sterile strainer. Afterwards, the red blood cell lysis bu er (RCLB, Singleron, GEXSCOPEÈ) was 
added, and the mixture (Cell: RCLB=1:2 (volume ratio)) was incubated at room temperature for 5-
8 minutes to remove red blood cells. The mixture was then centrifuged at 300 Ĭ g 4  for 5 minutes 
to remove supernatant and suspended softly with PBS. Finally, the samples were stained with 
Trypan Blue and the cell viability was evaluated microscopically. 
Library Construction and Single Cell RNA-seq Analysis 

Single-cell suspensions (2Ĭ105 cells/mL) with PBS (HyClone) were loaded onto microwell chip 
using the single cell processing system (Singleron MatrixÈ). Barcoding Beads are subsequently 
collected from the microwell chip, followed by reverse transcription of the mRNA captured by the 
barcoding beads and to obtain cDNA, and PCR amplification. The amplified cDNA is then 
fragmented and ligated with sequencing adapters. The scRNA-seq libraries were constructed 
according to the protocol of the Single Cell RNA Library Kits (Singleron, GEXSCOPEÈ). 
Individual libraries were diluted to 4 nM, pooled, and sequenced on Illumina novaseq 6000 with 
150 bp paired end reads. 
 

Tandem mass tag (TMT)-labeled proteomics 

PCT based protein digestion 

Cell sample was transferred into a PCT tube. Then 30 ɛL 6 M Urea/2 M thiourea/100 mM 
triethylammonium bicarbonate (TEAB), 5 ɛL 200 mM Tris (2-carboxyethyl) phosphine (TCEP) and 
2.5 ɛL 800 mM iodoacetamide (IAA) was added for reduction and alkylation under 45000 psi, with 
30 s high pressure and 10 s ambient pressure per cycle, 30  for 90 cycles. 75 ɛL 100Mm TEAB 
was added into PCT tube to decrease the concentration of Urea to lower than 1.5 M. Then 10 ul 
Trypsin (0.5 ug/ul), 2.5 ul Lys-C (0.5 ug/ul) were added for protein digestion under 20000 psi, with 
50 s high pressure and 10 s ambient pressure per cycle, 30  for 120 cycles. Tryptic peptides were 
transferred into 1.5 mL tubes and digestion was then terminated by 15 ɛL 10% TFA. 
Desalting and TMT labeling 

Confirm that pH of the samples was between 2 and 3. SOLAɛ (Thermo Fisher ScientificÊ, San 
Jose, USA) was applied for desalting and TMTpro 16plex Isobaric Label Reagent Set was applied 
for TMT labeling according to their user guide. 
High pH Fractionation 

Fractionation was performed with a Waters XBridge Peptide BEH C18 column (300 ¡, 5 ɛm Ĭ 
4.6 mm Ĭ 250 mm) under a DIONEX UltiMate 3000 Liquid Chromatogram. Mobile phase A was 
10 mM ammonium hydroxide (pH=10), and mobile phase B was 98% ACN, 10 mM ammonium 
hydroxide (pH=10). Peptides were collected every one minute from 5% ACN to 35% ACN with a 
flowrate of 0.5 ml/min in 60 min, and then combined into 30 fractions. After SpeedVac dried, the 
30 fraction samples were resuspended with 2% ACN, 0.1% Formic Acid and then sent for LC-MS 
analysis. 
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MS analysis 

LC-MS/MS with the nanoflow DIONEX UltiMate 3000 RSLCnano System coupled to an Orbitrap 
Exploris 480 mass spectrometer (Thermo ScientificÊ, San Jose, USA), which equipped with a 
FAIMS ProÊ (Thermo ScientificÊ, San Jose, USA), in data dependent acquisition (DDA) mode.  
Buffer A. 2% ACN, 98% H2O containing 0.1% FA; Buffer B. 98% ACN in water containing 0.1% 
FA. All reagents were MS grade for each acquisition, peptides were loaded onto a precolumn (3 Õm, 
100 ¡, 20 mm*75 Õm i.d.) at a flowrate of 6 ɛL/min for 4 min and then injected using a 30 min LC 
gradient (from 7% to 30% buffer B) at a flowrate of 300 nL/min (analytical column, 1.9 Õm, 120 ¡, 
150 mm*75 Õm i.d.). Buffer A was 2% ACN, 98% H2O containing 0.1% FA, and buffer B was 98% 
ACN in water containing 0.1% FA. All reagents were MS grade. The m/z range of MS1 was 375-
1800 with the resolution at 60,000, normalized AGC target of 300% with the intensity threshold of 
2e4, and maximum ion injection time (max IT) of 50 ms. MS/MS experiment were performed with 
a resolution at30000, normalized AGC target of 200%, and max IT of 86 ms. isolation window was 
set to 0.7 m/z and first mass was set to 110 m/z. 
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Supplementary Figure S1 Three groups of CTNNB1GOF HCC models were constructed in mice 

(A) Three groups of CTNNB1GOF HCC models were constructed via HTVi of activated AKT (myr-
AKT)/ɓ-catenin (ȹN90-ɓ-catenin), c-Met/ɓ-catenin and c-Myc (MYC-IRES-Luc)/ɓ-catenin 
plasmids. (B) Gross images, H&E staining, and IHC staining of ɓ-catenin and CD8 in the three 
groups of CTNNB1GOF HCC models and statistical analyses. The number of CD8-positive cells per 
HPF was counted in HCC sections from each group. Three random HPFs were selected for analysis 
on each slide. (C) The liver to body weight ratio of the three groups of CTNNB1GOF HCC 
models(n=6). (D) Representative images of immunofluorescence costaining for CD8 (green) with 
granzyme B (pink) in the three groups of CTNNB1GOF HCC models and statistical analyses. The 
number of cells positive for both CD8 and granzyme B per HPF was counted in HCC sections from 
each group. Three random HPFs were selected for analysis on each slide. (E) Survival curves of 
mice in each group(n=6). (F) The IHC staining score analyses of MMP9 in each group. Three 
random HPFs were selected for analysis on each slide. *P<0.05, **P<0.01, ***P<0.001. 
MeanÑSEM. Unpaired Studentôs t-test(B,C,D,F), log-rank test(E). CTNNB1GOF, gain of function 
mutations in CTNNB1; IHC, immunohistochemistry; HPF, high-power field. 
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Supplementary Figure S2 Flow cytometry analysis of liver immune microenvironment in the 
three groups of CTNNB1GOF HCC models 

(A, B) The gate method of live hepatic CD45+ cells. 
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Supplementary Figure S3 Bioinformatics analyses of public database data 

(A)The heatmap and Venn diagram of DEGs screened by ImmuneScore and StromalScore analysis 
in TCGA dataset. (B) The PPI network diagram of genes associated with immune regulation. (C) 
The mRNA expression of MMP9 in normal liver and HCC tissue in GEO datasets. (D) Analysis of 
MMP9 gene expression in various cells using Lu's single cell expression data. TCGA, The Cancer 
Genome Atlas; DEGs, differentially expressed genes; GEO, Gene Expression Omnibus; PPI, 
Proteinïprotein interaction. 
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Supplementary Figure S4 Spectrum of CTNNB1 exon3 mutations in HCC 

(A) Mutations in CTNNB1 exon3 identified in HCC Tongji cohort. Amino acid substitutions and 
small in-frame deletions identified in the tumors are shown above the human ɓ-catenin amino acid 
sequence. 
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Supplementary Figure S5 Wnt/ɓ-catenin signal regulates MMP9 transcription in HCC in vitro 

(A) Hepa1-6 cells were treated with Wnt/ɓ-catenin signature inhibitor XAV939 (10/20/40 ng/mL) 
or DMSO. The mRNA expression of CD44, CyclinD1, c-myc and MMP9 were measured by qRT-
PCR. (B) Hepa1-6 cells were treated with XAV939(10/20 ng/mL) or DMSO followed by western 
blotting to detect the expression of CD44, CyclinD1, c-myc and MMP9. (C) Hepa1-6 cells were 
treated with XAV939(10/20/40 ng/mL) or DMSO followed by Elisa to detect the MMP9 secretion 
level from culture medium supernatant. (D) Hepa1-6 cells were treated with Wnt/ɓ-catenin activator 
laduviglusib (10 ng/mL). The mRNA expression of MMP9 were measured by qRT-PCR. (E) Hepa1-
6 cells were treated with laduviglusib (10 ng/mL) followed by western blotting to detect the 
expression of MMP9. (F) Time course of MMP9 mRNA levels in Hepa1-6 cells treated with 
laduviglusib (10 ng/mL), together with XAV939 (20 ng/mL) or actinomycin D (1 mg/mL). (G) 
Activities of MMP9 promoter truncations or mutations in laduviglusib-ɓ-treated Hepa1-6 cells were 
measured by dual-luciferase assays. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. MeanÑSEM. 
Unpaired Studentôs t-test(A,C,D,F,G).  qRT-PCR, quantitative real-time PCR. 
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Supplementary Figure S6 MMP9 had little impact on HCC proliferation in vitro 

(A) GESA analysis in MMP9 low and high expression HCC obtained from the TCGA dataset. (B, 
C) qRT-PCR and western blotting analyses of MMP9 knockdown efficiency in Hepa1-6 cell line. 
(D, E) EdU and CCK-8 experiments were used to verify the effect of MMP9 on proliferation 
capability. ns, no significance, **P<0.01, ***P<0.001. MeanÑSEM. Unpaired Studentôs t-test(B,E). 
GSEA, Gene Set Enrichment Analysis; qRT-PCR, quantitative real-time PCR; CCK8, Cell Counting 
Kit-8. 
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Supplementary Figure S7 Knockdown of MMP9 significantly suppressed HCC progression in 
C57BL/6J mice but not in BALB/c nude mice 

(A, B) Gross images of Hepa1-6 (scramble/sh MMP9) subcutaneous tumors in BALB/c nude mice 
and C57BL/6J mice. (C) Representative flow cytometry data showing the proportion of T cells in 
spleens from C57BL/6J mice and BALB/c nude mice. The statistics results are shown below(n=5). 
ns, no significance, *P<0.05, **P<0.01, ****P<0.0001. MeanÑSEM. Unpaired Studentôs t-test(C). 
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