Supplementary information

[bookmark: OLE_LINK67]Ferroptosis-related genes coordinated with PD-L2 shapes matrix stiffness-driven tumor environment and predict hepatocellular carcinoma development


[bookmark: OLE_LINK17][bookmark: OLE_LINK36]Wang Shunxi1, 2#, Chen Long1#, Liu Wanqian 1, 2,*
1Key Laboratory of Biorheological Science and Technology, Ministry of Education, Bioengineering College, Chongqing University, Chongqing 400044, China.
2The 111 Project Laboratory of Biomechanics and Tissue Repair, College of Bioengineering, Chongqing University, Chongqing 400044, China.
# Equal contribution
[bookmark: _GoBack]Short running title: 
Ferroptosis- and immune-related predictive biomarker in HCC
Correspondence: 
Liu Wanqian, professor
Bioengineering Institute of Chongqing University, 174 Shazheng Street, Chongqing 400000, China. Tel:+8615086936790. E-mail: 20201902041@cqu.edu.cn






The supplementary information file contains Materials and Methods, supplementary tables (Table S1 to S3) and supplementary figures (supplementary figures 1 to 3).
Cell viability assay 
Cell viability was evaluated using the Cell Counting Kit-8 (CCK-8) (#C0038, Beyotime) according to the manufacturer's protocol. Simply, HepG2 and HCCLM3 cells were seeded in a 96-well plate (10,000 cells per well) and incubated at 37 °C for 24 h. Then, the cells were starved with    100 μL fresh medium containing 2% FBS, and treated with DMSO or RSL3 for 24 h. After cultured with CCK-8 reagent at 37°C in 5% CO2 for 3 hours, the cells were measured using the Tecan Safire2 Multi-Detection Microplate Reader (Morrisville, NC) at 450 nm. 
Intracellular ROS quantification
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK16]The level of intracellular reactive oxygen species (ROS) was quantified by the change of fluorescent probe 2′, 7′-dichlorofluorescin diacetate (DCFH-DA) (Sigma, Billerica, MA). Briefly, Cells were firstly treated with pcDNA3.1 (control), STEAP3-overexpressed plasmids (OE-STEAP3), and RSL3 (HCCLM3 cells: 10μm/ HepG2 cells: 1μm) for 24 h. After washed three times with PBS, cells were incubated with 10 μM DCFH-DA for 30 min at 37 °C in dark. Then, cells were washed by PBS for three times and analyzed by the microscope (Leica, Germany). 
Masson and hematoxylin-eosin staining
Rats were euthanized and perfused by PBS and paraformaldehyde successively. Then the cirrhotic liver tissues and HCC tissues were fixed, paraffin embedded, and mounted in the microtome. Consecutive sections (5 µm thickness) were taken from the cirrhotic liver tissues and HCC tissues, and stained with masson and hematoxylin/eosin. Pictures were obtained by the microscope.
[bookmark: OLE_LINK6]Cell transfection
[bookmark: OLE_LINK4]SLC7A11 siRNA was purchased from Tsingke Biological Technology Co. Ltd. (Beijing, China) and transfected into liver cancer cells with the final transfection concentration for 50nM using Lipofectamine 3000 (no. L3000008; Invitrogen) in Opti-MEM serum-free media for 6 h (Invitrogen, Carlsbad, CA). Then the Opti-MEM medium was replaced by DMEM complete medium with 10% FBS. The human SLC7A11 siRNA 1 sense sequence is: 5′-GGAGUUAUGCAGCUAAUUATT-3′ and antisense sequence 5′-UAAUUAGCUGCAUAACUCCTT-3′; SLC7A11 siRNA 2 sense sequence is: 5′-CUACUUUACGACCAUUAAUTT-3′ and antisense sequence 5′-AUUAAUGGUCGUAAAGUAGTT-3′. Non-targeting siRNA was used as negative control. STEAP3 overexpression plasmids were constructed by cloning the cDNA of the coding regions into the pcDNA3.1 (Invitrogen) vector using NheI and XhoI.
MDA assay
The relative malondialdehyde (MDA) concentration in cell lysates was measured using MDA Assay Kit (no. A003-4-1, njjc, China) to monitor lipid peroxidation. Simply, the supernatant collected after cell lysis was centrifuged and the protein concentration was determined with BCA kit. 0.5 mL of MDA detection solution was added to and stood in a water bath at 95 °C for 40 min. After cooling to room temperature, the absorbance of the supernatant at 530 nm was detected by a microplate analyzer to calculate the content of MDA.
[bookmark: _Hlk522116779]Supplementary figures and legends 
Figure S1. Screening of the differential gene. (A, B) The heat map showing the differential genes between normal liver tissue and HCC (GSE45050) and between HBV- or HCV-induced cirrhosis and HCC (GSE17548), respectively. Color depth represents expression. 
Figure S2. Representative HE, masson, and immunohistochemical staining images in cirrhosis and HCC tissue. (A) Representative HE staining images showing tumor characteristics in cirrhotic HCC specimen. A large mass of tumor cells is seen locally, surrounded by connective tissue and squeezing surrounding hepatocytes (black arrow). The tumor cells have large nuclei with prominent nucleoli and slightly basophilic cytoplasm (red arrow). (B) Representative HE staining showing tumor characteristics in cirrhotic HCC of SD rat. Normal liver tissue: the shape and size of liver cells are the same and the boundary is clear. Cirrhosis group: disordered structure of liver lobules, hyperplasia of connective tissue around veins, formation of pseudolobules (black arrows), swelling of more liver cells (blue arrows), vacuolar degeneration of a few liver cells, and round vacuoles of varying sizes (green arrows) are seen in the cytoplasm. HCC grouop: a large mass of tumor cells is seen locally, surrounded by connective tissue and squeezing surrounding hepatocytes (black arrow). The tumor cells have large nuclei with prominent nucleoli and slightly basophilic cytoplasm (red arrow). There is congestion in the sinusoids (yellow arrow). (C) Representative immunohistochemical staining images showing the expression of GPX4 in tumor center and invasive frontier area of HCC tissue. NT: Normal Tissue，TC: Tumor center，IF: Invasive front.
Figure S3. Analysis of cell viability and expression of SLC7A11/STEAP3 in HCC cells by RSL3. (A) Cell viability of HCCLM3 and HepG2 cells with RSL3 (1–10 μM) treatment for 24 h. (B, C) The mRNA level of SLC7A11 and STEAP3 in HCCLM3 and HepG2 cells with RSL3 (1–10 μM) treatment for 24 h. (D) The protein level of SLC7A11 and STEAP3 in HCCLM3 and HepG2 cells with RSL3 (1–10 μM) treatment for 24 h. (E, F) The mRNA expression level of GPX4 and ferritin in SLC7A11-knockdown and STEAP3-overexpressed HCCLM3 and HepG2 cells on a stiff matrix gel (40 kPa).











Supplementary Table.
Table S1. List of database.
	Database ID
	URL

	GEO dataset
	https://www.ncbi.nlm.nih.gov/gds/?term=

	TCGA     
	https://www.cancer.gov/

	g: Profiler
	https://biit.cs.ut.ee/gprofiler/gost

	cBioportal of cancer genomics
	https://www.cbioportal.org/

	FireBrowe
	http://firebrowse.org/

	Mexpress
	https://mexpress.be/

	OmicShare
	http://www.omicshare.com/

	TIMER
	https://cistrome.shinyapps.io/timer/

	GEPIA
	http://gepia.cancer-pku.cn/index.html/

	TIP
	http://biocc.hrbmu.edu.cn/TIP/index.jsp/

	TISIDB
	http://cis.hku.hk/TISIDB/index.php/

	Linkedomics
	http://www.linkedomics.org/



[bookmark: OLE_LINK7]Table S2. Composition of the PVA hydrogel with different stiffness.
	
	2 kpa (soft)
	40 kpa (stiff)

	8% PVA hydrogel (ml)
	10
	10

	37% HCl (ul)
	50
	100

	25% Glutaraldehyde (ul)
	32
	160



Table S3. The primers sequences for RT-qPCR in this study.
	Target genes
	Primer sequences

	Human GAPDH
	Forward: 5’- GGTATGACAACGAATTTGGC -3’

	
	Reverse: 5’- GAGCACAGGGTACTTTATTG -3’

	Human SLC7A11
	Forward: 5’- GGCAGTTGCTGGGCTGATTT -3’

	
	Reverse: 5’- CCATGAAGAGGCATGTGAAG -3’

	Human STEAP3
	Forward: 5’- AATGAGAGGCAGGGAGAGC -3’

	
	Reverse: 5’- CTTCAGCCAGAGGTGGGT -3’

	Human SLC3A2
	Forward: 5’- GAGGCTCCAGTCATGCTGTG -3’

	
	Reverse: 5’- TTACTCCGCTGGTCACTCAG -3’

	Human GPX4
	Forward: 5’- GCAAGGGCATCCTGGGAAA -3’

	
	Reverse: 5’- GTCCGTAGCGCTTCACCAC -3’

	Human PD-L1
	Forward: 5’- ACATGTCAGGCTGAGGGCTA -3’

	
	Reverse: 5’- TCTCTTGGAATTGGTGGTGGTG-3’

	Human PD-L2
	Forward: 5’- CAGGACCCATCCAACTTGGC -3’

	
	Reverse: 5’- CTTAGGGCTATCACTGTGGC -3’

	Human CTLA4

Human HAVCR2

Human LAG3 

Human PDCD1

Human TIGIT

Human SIGLEC15
	Forward: 5’- GTCCGGGTGACAGTGCTT -3’
Reverse: 5’- GGAAGGTCAACTCATTCCCC -3’
Forward: 5’- AACCAGCCAAGGTCACCC -3’
Reverse: 5’- TCCCCTGGTGGTAAGCAT-3’
Forward: 5’- ATCACAGTGACTCCCAAATCCT-3’
Reverse: 5’- TTGTCCAGATACTGGAGTCACC -3’
Forward: 5’- TGGTGACCGAAGGGGACAAC -3’
Reverse: 5’- TGCGGTACCAGTTTAGCACG-3’
Forward: 5’- ATTCCATTGCTTGGAGCCAT -3’
Reverse: 5’- CTTTCTAGTCAACGCGACCA-3’
Forward: 5’- GGGTTCTCCCGACAGGC -3’
Reverse: 5’- CGAGCTGTGCACCTCTG-3’

	Human CCL14

Human CXCL2
	Forward: 5’- GAGACCAACAGCCAGTGCTC-3’
Reverse: 5’- AGTCCTGGACCCACTTGTCA-3’
Forward: 5’- CCCTGCAGGGAATTCACCTC-3’
Reverse: 5’- GCCCATTCTTGAGTGTGGCT-3’



