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Figure S1. NTCP modulates HCV infection, related to Figure 1. A. Immunodetection of NTCP expression in 

Huh7.5.1 and Huh7.5.1-NTCP cells. Huh7.5.1 and Huh7.5.1-NTCP cells were treated with AF647-labelled preS1 

peptide. One experiment is shown. Scale bar, 10 m. NTCP protein was visualized in red after AF647-preS1 

binding and cell nuclei were stained with DAPI (blue) B. Comparable cell growth between Huh7.5.1 and Huh7.5.1-

NTCP cells. Huh7.5.1 and Huh7.5.1-NTCP cells were plated and cell growth was assessed every 24 h for 3 days 

by counting using an automated cell counter. Results are expressed as means ± SD cell counts from three 

independent experiments performed in triplicate (n=9). C-E. HCVpp, VSVpp, MLVpp, and HCVcc infection of 

NTCP-overexpressing cells. Huh7.5.1 and Huh7.5.1-NTCP cells were infected with HCVpp (genotypes 1b, 2a, 3a 

and 4, C), VSVpp and MLVpp (D), or HCVcc (Luc-Jc1 and JcR2A, E). Infection was assessed after 72 h by 

measuring luciferase activity. Results are expressed as means ± SD log relative light units (RLU) from one 

representative experiment performed in triplicate (n=3). 
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Figure S2. Expression and induction of ISGs in hepatoma cells, related to Figure 5. A. IFITM3 expression is 

induced by Poly(I:C) in Huh7.5.1-NTCP cells. Huh7.5.1-NTCP cells were reverse-transfected with Poly(I:C) (1 

µM/mL) for 24 h. IFITM3 expression was then assessed by qRT-PCR. Results are expressed as means ± SEM 

relative IFITM3 expression (fold change) compared to IFITM3 expression in non-transfected cells (set at 1) from 

three independent experiments performed in triplicate (n=9). B-C. IFITM3 expression is induced by type I IFN 

treatment in a STAT1-dependent manner in Huh7.5.1-NTCP cells. Huh7.5.1-NTCP cells were treated with IFNα2 

(1,000 UI/mL) in the presence or absence of a specific anti-IFNAR antibody. After 10 minutes of IFNα2 treatment, 

cells were lysed and STAT1 as well as phospho-STAT1 (pSTAT1) expression was assessed by Western blot (B). 

One experiment is shown. C. After 24 h of IFNα2 treatment, cells were lysed and IFITM3 expression was assessed 

by qRT-PCR. Results are expressed as means ± SD relative IFITM3 expression (fold change) compared to control 

cells (set at 1) from three independent experiments performed in triplicate (n=9).  

 

 

 

Supplemental Experimental Procedures 
 

Detection of NTCP protein by Western blot and immunofluoresence. Immunoblots of cell lysates using 

protein-specific antibodies (a rabbit anti-NTCP polyclonal antibody [Sigma, HPA042727] and a mouse anti-β-

actin monoclonal antibody [Sigma, A5441]) were performed in parallel as described (Verrier et al., 2016). Cell 

lysates were pre-treated with peptide-N-glycosidase (PNGase, NEB) following the manufacturer’s instructions. 

Quantification of protein expression was performed using ImageJ software. For detection of NTCP protein by 

immunofluorescence, a myristoylated peptide derived from the preS1 domain of the large HBV envelope protein 

labeled with Alexa Fluor 647 (AF647) fluorophore (Bachem, Switzerland) was used as described (Verrier et al., 

2016). Briefly, cells were treated with the AF647-preS1 peptide at 4°C for two hours and then fixed with 4% 

paraformaldehyde. Nuclei were stained with DAPI. The preS1 peptide specifically binds to NTCP and its primary 

structure has been described elsewhere (Schieck et al., 2013; Yan et al., 2012). Fluorescent imaging was performed 

using an Axio Observer Z1 microscope (Carl Zeiss, Germany). 

 

Cell viability assays and quantification of cell proliferation. Cell viability was assessed using PrestoBlue® Cell 

Viability Reagent (Fisher) as described (Verrier et al., 2016). Cell viability was assessed by measuring absorbance 

at 560 nm. For quantification of cell proliferation, Huh7.5.1 and Huh7.5.1-NTCP cells were seeded in 24 well 

plates for three days. Every 24 h, cell growth was assessed by counting cells using a TC20™ Automated Cell 

Counter (Bio-Rad). 

 

Quantification of gene and protein expression. Total RNA was extracted from cells using the RNeasy Mini Kit 

(Qiagen) or ReliaPrep Kit (Promega). cDNA was reverse-transcribed from total RNA using Maxima reverse 

transcriptase (Thermo Scientific). qPCR was performed using a CFX96 thermocycler (Bio-Rad) according to the 
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manufacturer’s instructions. Primers and TaqMan® probe for GAPDH, SLC10A1 (NTCP), IFITM2, IFITM3, 

PARP9, and CXCL10 mRNA detection were obtained from ThermoFisher (TaqMan® Gene Expression Assays). 

All values were normalized to GAPDH expression. IFITM3 protein expression was assessed by Western blot. 

Immunoblots of cell lysates using protein–specific antibodies (a rabbit anti-IFITM3 monoclonal antibody [Abcam, 

ab109429] and a mouse anti-β-actin monoclonal antibody [Sigma, A5441]) were performed as described (Verrier 

et al., 2016). Quantification of protein expression was performed using ImageJ software.  

 

HCV cell-to-cell transmission assay. The HCV cell-to-cell transmission assay has been described previously 

(Xiao et al., 2014). Briefly, producer Huh7.5.1 cells were electroporated with HCV Jc1 RNA. GFP-overexpressing 

Huh7.5 cells (Xiao et al., 2014) were transduced or not with human NTCP-expressing VSVpp (GeneCopoeia). 

HCV-replicating Huh7.5.1 cells were then co-cultured with uninfected target Huh7.5-GFP or Huh7.5-GFP-NTCP 

cells in the presence of neutralizing antibody AP33 (25 µg/mL) to inhibit cell-free entry. After co-culture for 24 

h, cells were fixed with 1% paraformaldehyde (PFA), stained with an NS5A-specific mouse antibody (0.1 mg/mL) 

and analyzed by flow cytometry as described (Xiao et al., 2014). Cell-to-cell transmission was defined as 

percentage HCV infection of Huh7.5-GFP target cells.  

 

siRNAs and shRNA expression plasmids for perturbation studies. One siRNA pool (Qiagen GeneSolution 

siRNA GS6554) targeting NTCP or one non-targeting siRNA control (Qiagen) were reverse transfected into PHH 

and Huh7.5.1-NTCP cells with Lipofectamine® RNAiMAX (Invitrogen) as described (Lupberger et al., 2011). 

Three unique 29mer NTCP-targeting shRNA constructs in lentiviral GFP vector (pGFP-C-shLenti plasmid) 

expressing shNTCP #1 (ref TL309420A, 5’ CCT CAG CAT TGT GAT GAC CAC CTG CTC CA 3’), shNTCP 

#2 (ref TL309420B, 5’ CAT GGA GTT CAG CAA GAT CAA GGC TCA CT 3’), and shNTCP #3 (ref 

TL309420C, 5’ CCA ACT CTG TTC CAC CAT CCT CAA TGT GG 3’) were used to transduce cells for 72 h 

(ORIgene). A non-targeting shRNA sequence (shCTRL - ref TR30021, non-effective scrambled pGFP-lenti) was 

used as a control. One siRNA pool (SMARTpool ON-TARGETplus, Dharmacon) targeting IFITM3 or one siRNA 

control (Dharmacon) were reverse transfected into Huh7.5.1-NTCP cells with Lipofectamine® RNAiMAX 

(Invitrogen) as described (Lupberger et al., 2011). 

 

HCV entry factor expression. HCV entry factor expression was assessed by flow cytometry using antibodies 

targeting CD81 (QV6A8F2C4) (Fofana et al., 2013), SR-BI (QQ4G9A6) (Zahid et al., 2013), CLDN1 

(OM7D3B3) (Fofana et al., 2010), OCLN (Invitrogen), or EGFR (Santa Cruz Biotechnologies) (Barth et al., 2008; 

Lupberger et al., 2011). The antibodies targeting CD81, SR-BI, CLDN1, and EGFR were used without cell 

permeabilization to allow cell surface protein quantification. For detection of NTCP protein, a myristoylated 

peptide derived from the preS1 domain of the large HBV envelope protein labeled with Alexa Fluor 647 

fluorophore (Bachem, Switzerland) was used (Verrier et al., 2016). Cells were treated with the peptide for 1 h at 

37°C and then fixed with 4% PFA. NTCP expression was then quantified by flow cytometry. 

 

Cellular HCV E2 binding. The sE2 binding experiment was performed as described (Krieger et al., 2010; Zahid 

et al., 2013). Cells were incubated with His-tagged sE2 for 1 h and sE2 binding was quantified by flow cytometry 

using a RGS-His antibody (Qiagen).  

 

Overexpression of IFITM2 and IFITM3 in Huh7.5.1-NTCP cells. Huh7.5.1-NTCP cells were seeded at 50% 

confluency 24 h prior to transfection with an empty vector, pCMV-HA-hIFITM2 (Addgene #58398), or pCMV-

HA-hIFITM3 (Addgene #58397) (Yount et al., 2010) using FuGENE® HD Transfection Reagent (Promega). 

Protein expression was assessed by Western blot using a mouse anti-HA tag monoclonal antibody (Abcam 

ab18181) 72 h after transfection. Cells were then infected with HCVcc (Luc-Jc1) for 3 days and infection was 

assessed as described. 

 

Stimulation of ISG expression in Huh7.5.1-NTCP cells. For Western blot analysis of STAT1 and pSTAT1 

expression, Huh7.5.1-NTCP cells were incubated with a mouse monoclonal antibody targeting the type I IFN 

receptor (IFNAR) (Millipore MAB1155) or a mouse control IgG (Invitrogen) at 2.5 µg/mL for one hour before 

treatment with recombinant IFNα2a (BioVision) at 1,000 UI/mL. Following 10 minutes of IFNα2a treatment, cells 

were lysed and STAT1 and pSTAT1 expression were assessed by Western blot using rabbit specific antibodies 

(Cell signaling #9172 and #9167, respectively) following manufacturer’s instructions. For IFITM3 expression 

after IFNα2a stimulation, Huh7.5.1-NTCP cells were co-incubated for 24 h with a mouse monoclonal antibody 

targeting IFNAR or a mouse control IgG at 2.5 µg/mL and IFNα2a at 1,000 UI/mL. IFITM3 gene expression was 

then assessed by qRT-PCR. For Poly(I:C) stimulation, Poly(I:C) (Sigma) (1µg/mL) was reverse transfected into 

Huh7.5.1-NTCP cells with Lipofectamine® RNAiMAX (Invitrogen). IFITM3 gene expression was assessed by 

qRT-PCR 24 h after transfection. 
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Investigation of the effects of bile acid on viral infection and IFITM3 expression. Huh7.5.1 or Huh7.5.1-NTCP 

cells were incubated for 72 h with the bile acid sodium taurocholate (25 µM and 100 µM) (Sigma) and/or the 

preS1 peptide (200 nM) or a scrambled peptide control (200 nM). Total RNA was then extracted, and IFITM3 

expression was assessed by qPCR as described above, or cells were lysed and IFITM3 protein expression was 

assessed as described above. Alternatively, treated cells were infected with HCVcc (Luc-Jc1) for 72 h. PHHs were 

cultured in serum-free medium (i.e. containing no bile acids) and treated for 72 h with increasing concentrations 

(100 M and 500 µM) of sodium taurocholate in the presence of the preS1 peptide or a control peptide (400 nM) 

and then infected with HCVpp (genotype 1b) for 72 h. Viral entry was assessed by measuring luciferase activity. 

 

IFN signal transduction and HCV infection. PHHs were treated for 72 h with 500 µM of sodium taurocholate 

in the presence of the preS1 peptide or a control peptide (400 nM), in the presence of a mouse monoclonal antibody 

targeting the type I IFN receptor (IFNAR) (Millipore MAB1155) or a mouse control IgG (Invitrogen) at 2.5 µg/mL 

and then infected with HCVpp (genotype 1b) for 72 h. Viral entry was assessed by measuring luciferase activity. 
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