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SI MATERIALS AND METHODS 

Human sample 

Human HCC samples were collected from the resected livers from patients with HCC, and 

were provided by the Liver Tissue Procurement and Distribution System, University of 

Minnesota, which was funded by NIH Contract # HHSN276201200017C. The characteristics 

of these samples are listed in supplemental table 1. Normal healthy liver samples were also 

provided by the Liver Tissue Procurement and Distribution System, and were collected from 
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the part of donor livers that was not used for transplantation. All of samples were collected by 

quickly freezing in liquid nitrogen. 

 

Matrix data analysis 

Processed microarray data form Human HCC patients were acquired from GEO	  

(https://www.ncbi.nlm.nih.gov/geo/) under accession number GSE14520. Expression data of 

MCP1, CYR61 and CTGF were extracted from series matrix file of GSE14520 [1]. 

 

Neutralization with Anti-MCP-1 antibody 

To reduce the infiltrating macrophages in the liver, we injected intraperitoneally 50 µg per 

dose of anti–MCP-1 monoclonal antibody (MAB479) or the nonspecific, isotype-matched 

control antibody (both obtained from R&D Systems) on every 4th day, starting at 4 weeks of 

age and harvested the liver tissues at 4 months of age. 

Immunofluorescence  

Liver tissues were perfused with PBS and 4% paraformaldehyde for preparation of frozen 

sections. Sections were permeabilized in 0.5% Triton/PBS (PBST) for 5min, followed by 3 

washes in PBS. Sections were incubated in blocking buffer (1% BSA/PBST) for 1h at room 

temperature and then incubated overnight at 4°C with primary antibodies in blocking buffer. 

The following antibodies were used for immunostaining: pH3 (#9701, Cell signaling), Sox9 

(#ab5535, Millipore), EpCAM (clone G8.8, Developmental Studies Hybridoma Bank, University 

of Iowa), CD206 (#141710, Biolegend), iNOS (sc-850, Santa Cruz Biotechnology), CD11b 

(#553308, BD Pharmingen), Ly6C (#128010, Biolegend) and F4/80 (MCA497, AbD Serotec). 

Liver sections treated with primary antibody were washed five times in PBS and then 

incubated in secondary antibody for 1h at room temperature. Donkey anti-mouse Alexa-488, 
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donkey anti-rat Alexa-594 or donkey anti-rabbit Alexa-594 secondary antibodies (Life 

Technologies) were used for fluorescent imaging. Sections were washed 10 times in PBST 

and then mounted with mounting medium with DAPI from Vector laboratories (H-1200). 

Immunofluorescence imaging was performed using Zeiss 510 NLO Meta.  

 

Immunohistochemistry 

Formalin-fixed liver samples were processed and sectioned for 4µm thickness. Paraffin-

embedded sections were de-paraffinized, hydrated and processed by using heat-induced 

epitope retrieval method. To eliminate endogenous peroxidase activity, sections were 

incubated for 15 min in PBS with 0.3% hydrogen peroxide. Sections were then blocked in 10% 

normal donkey serum in PBST for 1 hour before incubated with primary antibody. For detection 

of MCP1, YAP and CYR61, sections were stained with anti-YAP antibody (#8418, Cell 

Signaling Technology), anti-MCP-1 antibody (ab9669, Abcam) and anti-CYR61 antibody 

(Sc13100, Santa Cruz Biotechnology). Visualized the staining by using IHC staining kit 

(PK6100, Vector Laboratories, Inc.) according to manufacturer’s instruction.  

 

Sirius staining  

Formalin-fixed liver samples were processed and sectioned for 6µm thickness. Paraffin-

embedded sections were de-paraffinized and hydrated. Sections were incubated in Sirius 

staining solution (0.1% Direct Red 80 and 1.3% picric acid in distilled water) for 1 hour then 

washed in two changes of acidified water (0.5% acetic acid in distilled water).  

 

Immunoblotting and antibodies  
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Mouse liver tissues were lysed in RIPA buffer (Santa Cruz Biotechnology, sc-24948) 

containing protease inhibitor cocktail. Lysates were clarified by centrifugation at 13,200 rpm for 

10 min at 4°C, and protein concentration was determined using a Bradford assay kit (Bio-Rad). 

Total lysates (20-50µg) were analyzed by Western blotting. The boiled samples were 

separated on Bis-Tris Protein gels and transferred to nitrocellulose membrane (Life 

technology). After blocking with 5% nonfat skim milk or BSA (bovine serum albumin) in TBS 

(tris-buffered saline) with 0.1% Tween 20 for 1h, the membrane were probed with 

corresponding antibodies for overnight. Bound antibodies were visualized by enhanced 

chemiluminescence (Millipore or Pierce) using horseradish peroxidase-conjugated antibodies. 

Anti-YAP (#4912, #14074), anti-p-STAT3 (#9145), anti-MCP1 (# 2029), anti-SMAD2 (#5339), 

p-SMAD2 (S465/467, #3108), anti-ERK (#4695), anti-p-ERK (#9101) and anti-p-JNK 

(T183/Y185, #9255) antibodies were purchased from Cell signaling. Anti-TAZ (# 560235) and 

anti-JNK (#554285) antibodies were from BD Transduction Laboratories. Anti-GAPDH 

(SAB1405848) and anti-TAZ (T4077) antibodies were purchased from Sigma-Aldrich. Anti-

STAT3 (ab7966) and anti-SOX9 (AB5535) antibody was from Abcam and Millipore, 

respectively. Anti-JNK (C-17, sc-474) and anti-F4/80 (MCA497) antibodies were from Santa 

Cruz Biotechnology and AbD Serotec, respectively. Anti-mouse and rabbit HRP-conjugated 

secondary antibodies were from GE Healthcare Life Science. Anti-goat and rat HRP-

conjugated secondary antibodies were from Santa Cruz and Sigma-Aldrich, respectively.  

 

Quantitative Real-Time PCR  

Total RNA from mouse liver tissue or cultured cells were prepared using Trizol reagent (Life 

Technologies) or RNeasy mini kit (Qiagen) according to the manufacturer’s protocol. cDNA 

were synthesized from total RNA (1-3µg) using SuperScript II Reverse Transcriptase with 
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random primer (Life Technologies). Quantitative real-time PCR were performed using SYBR 

Select Master Mix on StepOnePlus thermal cycler from Applied Biosystems. Expression levels 

were always given relative to Gapdh.  

 

The following PCR primers were used:  

Mcp1, for: TCACCTGCTGCTACTCATTCACCA; rev:  AAAGGTGCTGAAGACCTTAGGGCA. 

F4/80, for: CCCCAGTGTCCTTACAGAGTG; rev: GTGCCCAGAGTGGATGTCT. Il-1β, for: CA 

ACCAACACGTGATATTCTCCATG; rev: GATCCACACTCTCCAGCTGCA. Il-6, for: TCCATCC 

AGTTGCCTTCTTG; rev: TTCCACGATTTCCCAGAGAA. Il-10, for: CAGTACAGCCGGGAAG 

ACAAT; rev: TGGCAACCCAAGTAACCCTTA. Il-13, for: CAGCATGGTATGGAGTGTGGA; 

rev: ATTTTGGTATCGGGGAGGCT. Tgf-β1, for: GCCTGAGTGGCTGTCTTTTGA; rev: GGCT 

GATCCCGTTGATTTCCA. Tgf-β2, for: TGGAGTTCAGACACTCAACACA; rev: AAGCTTCGG 

GATTTATGGTGT. Tgf-β3, for: AGTGGCTGTTGAGGAGAGAGT; rev: GTGTGGGTTGTGGTG 

ATCCTT.Ccne, for: GGAAAATCAGACCACCCAGA; rev: AGGATGACGCTGCAGAAAGT. c-

Myc, for: ATGCCCCTCAACGTGAACTTC; rev: CGCAACATAGGATGGAGAGCA. Survivin, 

for: GAGGCTGGCTTCATCCACTG; rev: ATGCTCCTCTATCGGGTTGTC. Acta2, for: ATGCT 

CCCAGGGCTGTTTTCCCAT; rev: GTGGTGCCAGATCTTTTCCATGTCG. Col1a1, for: GCTC 

CTCTTAGGGGCCACT; rev: CCACGTCTCACCATTGGGG. Timp1, for: CTCAAAGACCTATA 

GTGCTGGC; rev: CAAAGTGACGGCTCTGGTAG. CD86, for: TGGACTCTACGACTTCACAA 

TG; rev: CCTGTTACATTCTGAGCCAGTT. Il-1RA, for: GCTCATTGCTGGGTACTTACA; rev: 

TTGTTCTTGCTCAGATCAGTGA. Mrc1, for: CCTGGCATGTCCTGGAATGAT; rev: GCAGTA 

ACTGGTGGATTGTCTT. Ym1, for: AAGACTTGCGTGACTATGAAGC; rev: TGACGGTTCTG 

AGGAGTAGAGA. Ctgf, for: CTGCCTACCGACTGGAAGAC; rev: CATTGGTAACTCGGGTG 
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GAG. Cyr61, for: GCTCAGTCAGAAGGCAGACC; rev: GTTCTTGGGGACACAGAGGA. 

Jagged1, for: AGAAGTCAGAGTTCAGAGGCGTCC; rev: AGTAGAAGGCTGTCACCAAGCAA 

C. Gapdh, for: ATCCTGCACCACCAACTGCT; rev: GGGCCATCCACAGTCTTCTG.  

 

Chromatin immunoprecipitation (ChIP) assay  

Chromatin immunoprecipitation was carried out by using a modified protocol form ChIP Assay 

Kit (Millipore, 17-295). Briefly, cells were cross-linked in 1% formaldehyde for 15min at room 

temperature, and 125mM glycine was added to fixed cells to stop the reaction. Cells were 

washed, harvested with cold PBS, resuspended in lysis buffer (1% SDS, 10mM EDTA, and 

50mM Tris at pH8.1). Nuclei were disrupted by sonication (Misonix XL-2000) by performing 8 

rounds of 3x5s pulses with at least 20s rest between pulses and 2 min rest between rounds to 

obtain fragments of average 200-1000bp in size. The sonicated cell supernatant was diluted in 

ChIP dilution buffer (0.01% SDS, 1.1%Triton X-100, 1.2mM EDTA, 20mM Tris at pH8.1 and 

167mM NaCl). Suitable amounts of chromatin were immunopreciptated with specific antibodies 

overnight. Antibodies used were IgG (Life Technologies, #026102) and YAP (Cell signaling, 

#14074). Immunoprecipitated complexes were recovered on ChIP-grade Protein A/G plus 

agarose bead (Life Technologies, #26195). qPCR was performed as described above using 

primer sets flanking the predicted TEAD binding sites. The following primer sequences are 

used: MCP1, for: GCATTTGAATGAGCAAATGGA; rev: AGATAGCAAATCGGCTGACG. HBB 

(negative control), for: GCTTCTGACACAACTGTGTTCACTAGC; rev: CACCAACTTCATCCA 

CGTTCACC. CTGF (positive control), for: TGTGCCAGCTTTTTCAGACG; rev: TGAGCTGAAT 

GGAGTCCTACACA. 
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SI FIGURE LEGENDS 

Supplementary Figure 1. (A) qRT-PCR of IL-1β, IL-6 and Mcp1 expression in liver tissues 

from indicated mice (n=3). Data are expressed as the mean ± SEM.  *P < 0.05 and **P < 0.01 

by 2-tailed Student t-test. (B) Liver cross-sections were subjected to IF staining with anti-F4/80 

antibody. Size bar, 100µm (left panel). Quantification of proliferative cells in indicated mice liver 

tissues (right panel).  

 

Supplementary Figure 2. (A) Representative macroscopic images of liver treated with Anti-

IgG control or Anti-Mcp-1 antibody, black arrows indicate tumor nodules. (B-C) The 

corresponding quantitative comparison of liver weight and tumor numbers respectively (IgG 

control n=3, anti-Mcp-1 n=3). (D) Liver sections were subjected to immunofluorescence 

staining with anti-F4/80 antibody to detect macrophage in the liver. Scale bar, 100 µm. (E) 

Relative F4/80 expression by qRT-PCR shows significant reduction in macrophage 

population in Mcp-1 antibody treated liver. (F) Relative mRNA expression of inflammatory 

cytokines IL-1β and Il-6. Data are expressed as mean ± SEM. *P < 0.05 and **P < 0.01 by 2-

tailed Student t-test. 

 

Supplementary Figure 3. (A) Representative IF staining for phosphor-Histone3 (pSer10) in 

indicated mouse liver tissue. Scale bars, 50µm (left panel). Quantification of proliferative cells 

in the indicated mouse liver tissues (right panel). Data are expressed as the mean ± SEM.  **P 

< 0.01 by 1-way ANOVA with Tukey’s post-hoc test for multiple groups. (B) Representative IF 

staining for TUNEL assay in indicated mouse liver tissue. Scale bars, 50µm (left panel). The 

number of TUNEL+ cells/mm2 was counted for each sample in a group (right panel). Data are 
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expressed as the mean ± SEM.  **P < 0.01 by 1-way ANOVA with Tukey’s post-hoc test for 

multiple groups.  

 

Supplementary Figure 4. (A) Representative sirius staining for liver fibrosis in mouse liver 

tissue with indicated ages and genotypes. (B) Representative IF staining of liver sections from 

control, DKO and TKO-Mcp1 mice with anti-αSMA antibody. (C) Relative mRNA expression of 

fibrosis markers Acta1, Col1a1 and Timp1 in the liver of control, DKO and TKO-Mcp1. Scale 

bars, 50µm. Data are expressed as mean ± SEM. *p<0.05 and **p<0.01 by 1-way ANOVA with 

Tukey’s post-hoc test for multiple groups.   

 

Supplementary Figure 5. qRT-PCR of Interleukin and Tgf-β family genes expression in liver 

tissues from the indicated mice (n=3). Data are expressed as the mean ± SEM.  *P < 0.05 and 

**P < 0.01 by 1-way ANOVA with Tukey’s post-hoc test for multiple groups. n.s., not significant. 

 

Supplementary Figure 6. CD11b, Ly6c and F4/80 positive cells in liver tissues from the 

indicated mice (n=3) were counted and quantified as the number of positive cells/field of view 

(FOV). Data are expressed as the mean ± SEM.  *P < 0.05 and **P < 0.01 by 1-way ANOVA 

with Tukey’s post-hoc test for multiple groups.  

 

Supplementary Figure 7. Western blot analysis of liver lysates from 3 months old control, 

DKO, and TKO-Mcp1 mice with the indicated antibodies. 
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Supplementary table1.  Characteristics of resected HCC tissues from patients  

 
 

Liver samples from 6 healthy and 19 HCC patients (described in material and method) with 

the indicated AST and bilirubin levels were processed for analysis of MCP-1, YAP and 

CYR61 protein expression by Immunohistochemistry. Positive cells in each sample were 

counted under microscope and expression levels were scored by quantifying positive cell 

number per field. We define <10 cells/field as “-”, 10-50/field as “+”, 50-100/field as “++”, and 

Patient 
number Gender Age Primary 

diagnosis MCP-1 YAP CYR61 AST 
(U/L) 

Total 
bilirubin 
(mg/DL) 

1115 M 54 HCC/HCV - - - 56 0.3 
1127 M 57 HCC/HCV +++ - - 79 1.7 
1129 M 59 HCC/HCV + - - 86 2.2 
1130 M 48 HCC/HCV ++ - - 197 1.5 
1131 M 51 HCC/HCV ++ - - 161 1.2 
1132 M 66 HCC/HCV +++ ++ ++ 180 1.2 
1135 M 54 HCC/HCV + - - 77 0.6 
1143 M 56 HCC/HCV - - - 65 0.5 
1063 M 51 HCC/HCV ++ ++ + 110 0.6 
1072 F 60 HCC/HCV +++ +++ +++ 111 2.3 
1083 M 46 HCC/HCV +++ +++ +++ 143 7.7 
1094 F 68 HCC/HCV - - - 227 1.5 
1099 M 59 HCC/HCV - - - 55 2.1 
1116 M 59 HCC/HBV - - - 61 2.6 
1111 M 66 HCC/HBV + - - 30 1.0 
1088 M 34 HCC/HBV +++ +++ +++ 82 1.8 
1068 F 60 HCC/HBV +++ +++ +++ 37 0.7 
1020 M 46 HCC/HBV ++ ++ +++ 131 1.5 
996 M 34 HCC/HBV +++ +++ +++ 588 1.8 

Healthy 
control Gender Age Primary 

diagnosis MCP-1 YAP CYR61 AST 
(U/L) 

Total 
bilirubin 
(mg/DL) 

D817 F 68 Normal + - - n.a n.a 
D819 M 54 Normal - + - n.a n.a 
D843 M 71 Normal - - - n.a n.a 
D893 F 19 Normal + - + n.a n.a 
D935 F 28 Normal - - + n.a n.a 
D939 F 50 Normal + + + n.a n.a 
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>100/field as “+++”. Expression of YAP and its target CYR61 were increased and positively 

correlated with MCP-1 expression in HCC patient sample, but not in adjacent non-tumor 

tissue or healthy control liver tissue in 8 of 19 HCC samples. MCP1 expression in 6 of 19 

HCC samples was independent of YAP.  No expression of all three proteins was found in 5 of 

19 HCC samples.  

 

 
 

 
 
 

Reference 
 

1 Roessler S, Jia HL, Budhu A, Forgues M, Ye QH, Lee JS, et al. A unique metastasis 

gene signature enables prediction of tumor relapse in early-stage hepatocellular carcinoma 

patients. Cancer Res 2010;70:10202-12. 

 

 

 
 

 

 

 

 

 

 

 

 



	   11	  

Supplementary Figure 1 
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Supplementary Figure 2 
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Supplementary Figure 3 
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Supplementary Figure 4 
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Supplementary Figure 5 

 

 

 

 

 

 



	   16	  

Supplementary Figure 6 

 

 

 

 

 
 
 
 
 
 
 



	   17	  

Supplementary Figure 7 

 

 


