
Establishment of stable SUPT16H, SSRP1 and NRF2 knockdown cells 

Knockdown of SUPT16H, SSRP1 and NRF2 were established by lenti-viral based short-

hairpin RNA delivery. Target specific shRNAs were cloned into lenti-viral vector pLKO1 and 

packaged into 293FT cells. Luciferase-labelled MHCC97L, Huh7 and HepG2 were then 

infected with lentivirus and selected by Puromycin. Knockdown efficiencies were confirmed 

at both mRNA and protein levels. Target sequence for shRNA knockdown are listed in Table 

S4. 

 

Establishment of SUPT16H, SSRP1 and KEAP1 knockout cells 

Knockout of SUPT16H and SSRP1 were established by CRIPSR gene editing system obtained 

from Prof Zhang Feng (Board Institute, USA). MHCC97L and Huh-7 cells were first 

engineered to express Cas9.  Two guide RNAs were then delivered to target SUPT16H or 

SSRP1, respectively. Specific single-guided RNAs were cloned and packaged into 293FT. 

Luciferase-labelled Cas9-expressing MHCC97L and Huh7 were then infected with lentivirus 

and selected by Puromycin. Knockout efficiency was confirmed at protein level by Western 

blot. KEAP1 knockout lines were established by using Alt-R CRISPR-Cas9 system (Integrated 

DNA Technologies, IDT) with guide crRNA designed to target KEAP1. Wild-type and 

SUPT16H knockout MHCC97L were transfected with tracrRNA and designed crRNA. A 

negative control crRNA was purchased from IDT. Knockout efficiency was confirmed at 

protein level by Western blot. The sgRNAs and crRNAs targeted sequences are listed in Table 

S4. 

 

Establishment of stable SUPT16H and SSRP1 activation cells 

Gene activation of SUPT16H and SSRP1 was performed by using CRISPR/dCas9-VP64/MS2-

p65-HSF1 gene activation system obtained from Prof Zhang Feng (Board Institute). 
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MHCC97L cells were first engineered to stably express dCad9-VP64 and MS2-p65-HSF1. 

sgRNA was used to target the promoter region of SUPT16H and SSRP1, respectively. 

Overexpression of SUPT16H was selected by Puromycin and overexpression of SSRP1 was 

selected by Zeocin. SUPT16H overexpression cells were infected with sgSSRP1 lentivirus to 

obtain double activation stable cell line. Activation effect was confirmed at both mRNA and 

protein levels. The target sequences of sgRNAs used for overexpression in this study are listed 

in Table S4.  

 

Quantitative Reverse Transcription Polymerase Chain Reaction qRT-PCR 

Total RNA from HCC cell lines was extracted by Trizol reagent (Thermo Fisher Scientific). 

The extracted total RNA (1 µg) was reverse transcribed to from the first-strand cDNA with a 

random hexamer primer. Quantitative real-time PCR amplification were performed using 

Power SYBR Green Master Mix (ThermoFisher Scientific) with specific primers listed in 

Table S3. The level of target gene expression was determined using the ∆∆Ct method for each 

comparison. 

 

Protein Extraction and Western Blotting 

HCC cells were lysed with NETN buffer as standard protocol. Proteins were then resolved in 

SDS-PAGE and transferred onto nitrocellulose membrane. Anti-SUPT16H (ab204343, 

Abcam), anti-SSRP1 (13421, Cell Signaling Technology), anti-NRF2 (12721, Cell Signaling 

Technology), anti-KEAP1 (8047, Cell Signaling Technology) and anti-b-actin (4967, Cell 

Signaling Technology) antibodies were used for detecting protein expression. b-actin was used 

as normalization control. 

 

Cell Proliferation, Migration Assay and Colony Formation Assay 
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For proliferation assay, 2 x 104 cells were seeded onto 6-well cell culture plates in triplicate. 

Cell proliferation curve was measured by cell counting. Cells were trypsinized and counted 

with Z1 coulter particle counter (Beckman Coulter) daily. For cell migration assay, 1 x 105 

cells were resuspended in FBS-free medium and seeded into the upper chamber of Transwell 

(MCHT24H48, Millicell). Growth medium was added in the bottom chamber. After 24 or 48 

hours, the chambers were collected, fixed, and stained. Migrated cells were counted under 

microscope. For colony formation assay, 500 cells were seeded onto 6 well plate. After 

incubation at 37°C for 2-3 weeks, the number of cell colonies were counted and pictured. 

 

Cell Apoptosis Assay 

 Cells were cultured in serum-free medium for 24 hours before trypsinization and subsequently 

resuspended in binding buffer with annexin V–FITC and PI (A211, Vazyme) for staining 

according to the manufacturer’s instructions. The percentage of cell apoptosis for each sample 

was analyzed with FACSCanto II Analyzer flow cytometry (BD Bioscience). 

 

Immunohistochemistry (IHC), Immunofluorescence (IF) and hematoxylin & eosin (HE) 

staining 

Human and mice livers and HCC tissue were fixed with 10% formalin and embedded in 

paraffin block. Cells grew on glass coverslips were fixed with 4% PFA. Paraffin sections and 

fixed cells were incubated with anti-SUPT16H and anti-SSRP1 antibodies at diluted 1:500 

overnight at 4 °C. After washing with PBST, the sections were incubated with Alexa Fluor 488 

goat anti-rabbit SFX (A31627, Invitrogen) for one hour or horseradish peroxidase-conjugated 

secondary antibody (Dako) for 30 minutes. IHC samples were developed with 3,3’-

diaminobenzidine (Sigmal-Aldrich). IF sections were mounted with DAPI staining (H-1200, 
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VECTASHIELD). Fluorescence was observed under a confocal microscope. HE staining was 

performed as standard protocol. 

 

RNA Sequencing 

Primary HCC tumor samples and their corresponding non-tumorous (NT) liver samples of total 

16 patients with primary HCC were collected immediately during surgery resection at Queen 

Mary Hospital and stored at -80°C for transcriptome sequencing. The use of clinical samples 

in this study was approved by the institutional review board of The University of Hong Kong 

and Hong Kong Hospital Authority. The mRNA expression levels of 21 known human histone 

chaperones were extracted from the RNA-Seq of 16 pairs primary HCC reported previously 57. 

RNA-Seq was performed with HiSeq-1500 and analyzed using TopHatCufflinks pipeline. Data 

are presented as FPKM value.  
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