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SUPPLEMENTARY METHODS 

 

Cell cultures 

Human embryonic kidney cells HEK-293 (ATCC, CRL-1573), HEK-293T (ATCC, CRL-11268) and 

hepatoma HepG2 (ATCC, HB-8065), HuH-7.5 (kindly provided by Professor C. M. Rice, Rockefeller 

University, New York, NY) cell lines were grown and maintained at 37°C, 5% CO2 in Dulbecco’s 

Modified Eagle’s Medium (DMEM) supplemented with 10% (vol/vol) heat-inactivated fetal bovine 

serum (FBS, Euroclone, Pero, Milan, Italy), non-essential aminoacids (NEAA), 10 mM HEPES, 100 

U/mL of penicillin and 100 µg/mL of streptomycin. For the selection of stable transfected HEK-293 

and HepG2 cells, medium was supplemented with 1 mg/mL of geneticin. Primary human T-cells 

were grown and maintained in RPMI Dutch modified medium, supplemented with 10% heat-

inactivated human serum, NEAA, L-glutamine, sodium pyruvate, 100 U/mL of penicillin and 100 

µg/mL of streptomycin. Media and all supplements, except FBS, were purchased from GIBCO (Life 

Technologies, Carlsbad, CA, USA). 

 

Transduction of primary human T-cells with CARs 

Murine leukemia virus (MLV) envelope-pseudotyped, amphotropic retroviral vectors were 

generated by co-transfecting HEK-293T cells through Lipofectamine 2000 (Life Technologies), with 

the packaging plasmids and the different MP71 vectors containing e137-CARs (VH+VL or VL+VH) or 

S-CAR, following the instructions provided by the manufacturer. Primary human T cells were 

isolated and freshly prepared from the peripheral blood of three different healthy donors using 

Ficoll-Histopaque (Sigma-Aldrich) density gradient centrifugation. Non-T cells were depleted by 

using the above described selective T-cell medium, and T cells were stimulated with anti-CD3 

(OKT3) and anti-CD28 mAbs-coated plates in presence of recombinant human IL-2 (Proleukin-S, 
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Novartis, Basel, Switzerland). Both mAbs were kindly provided by E. Kremmer, Helmholtz Zentrum 

München, Neuherberg, Germany. Retrovirus particles were loaded on RetroNectin-coated plates 

(12.5 µg/mL; TaKaRa Bio Europe SAS, St. Germain en Laye, France) at 2,000 x g for 90 minutes at 

32°C, following spinoculation of T cells at 1,000 x g for 10 minutes.  

To evaluate transduction efficiency, T cells were stained with FITC-labelled murine anti-human 

CD4 and APC-labelled anti-human CD8 (eBioscience Inc.). Transduced cells were identified with PE-

labelled anti-human IgG antibodies recognizing the extracellular Fc-derived spacer of the CAR, 

counterstained with propidium iodide, and analyzed using a FACS Canto II Flow Cytometer (BD 

Biosciences). Data was analyzed using FlowJo 9.2 software (Tree Star Inc., Ashland, OR, USA). 

Percentages of CD4+ and CD8+ T-cells expressing the S-CAR, e137-CAR VH+VL and e137-CAR 

VL+VH following retroviral transduction were 27.7% and 27.6%, 25.3% and 30%, 4.76% and 7.59%, 

respectively (Supplementary Figure 1). Similar percentages were obtained using T cells derived 

from other healthy donors. 

For evaluation of CD4+ or CD8+ T cells activity, CAR-transduced CD4+ and CD8+ T cells were 

positively and negatively selected, respectively, with magnetic beads (MACS CD4 MicroBeads; 

MiltenyiBiotec, Bergisch-Gladbach, Germany), following the instructions provided by the 

manufacturer. To control the efficiency of magnetic separation and the CAR expression, T cells 

were analyzed through flow cytometry as described above. 

 

Generation of HCV cell culture (HCVcc) infectious virions 

Infectious HCV cell culture-derived (HCVcc) virus was generated as previously described.[56] In 

brief, plasmid enconding JFH-1 HCV genotype 2a viral genome was linearized with XbaI restriction 

enzyme (New England Biolabs, Ipswich, MA, USA). Linearized plasmid was then treated with the 

Mung Bean Nuclease (New England Biolabs) with the aim of obtaining blunt-ended DNA. For in 
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vitro transcription, 1 μg of linearized DNA was transcribed using the Megascript kit (Ambion, Life 

Technologies) according to the manufacturer’s protocol. The in vitro transcription reaction was set 

up and incubated at 37°C for 4 h and transcripts were purified using the Megaclear kit (Ambion, 

Life Technologies). HuH-7.5 cells were electroporated with 10 µg of purified RNA and produced 

virions were harvested starting from 48 hours post-electroporation, filtered through a 0.45 µm 

filter device (Millipore) and stored at -80°C. For HCVcc titer determination, virions were inoculated 

in HuH-7.5 cells and analyzed starting from day 3 post-inoculation through immunofluorescence 

staining by using the 9E10 mAb or the e137 mAb. Enumeration of the foci of infected cells was 

performed through an IN Cell Analyzer 2000 (GE Healthcare, Cleveland Ohio, USA) platform and 

infectious virus titers were determined and expressed in focus-forming units of virus per milliliter 

(FFU/mL). 

 

Cloning of soluble HCV/E2 (sE2) 

The sequence of a soluble HCV/E2 (HCV/sE2) (genotype 1a, H77 isolate, GenBank accession 

number AF009606) was cloned similarly to previously described methods.[57] In brief, the E2 

sequence corresponding to 384-715 aminoacid residues of the H77 isolate polyprotein was cloned 

at the 3’-end of the tissue plasminogen activator (TPA) leader sequence and 5’ of the 6xHIS-tag 

and V5-epitope in the pcDNA3.1 vector (Life Technologies), below reported as pcDNA3.1/sE2.H77. 

The vector including the hemagglutinin (HA) sequence of influenza A/Puerto Rico/8/1934 strain 

(GenBank accession number ABO21709) and below reported as pcDNA3.1/HA.A/PR/8/34, used as 

negative target control, was previously described.[58, 59] 
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Expression and purification of soluble HIS-tag HCV/E2 (HCV/sE2) 

HEK-293 cells stably transfected with pcDNA3.1/sE2.H77 were grown in a T162 flask (Costar) for at 

least 72 hours. As determined by ELISA and Western blot analysis, the average HCV/sE2 yield was 

of about 280 ng per mL of medium (data not shown), comparable to what previously reported. 

[60] A similar amount was obtained using HepG2 stably transfected cells. Subsequently, the 

medium was collected, clarified by centrifugation and filtered with a 0.22 µm filter device 

(Millipore, Billerica, MA, USA). The HCV/sE2 glycoprotein was purified through a nichel-

nitrilotriacetic acid agarose resin (Ni-NTA, Qiagen) following the instruction provided by the 

manufacturer. In brief, 200 µL of the Ni-NTA agarose resin per 4 mL of clarified medium were 

added and mixed by shaking (200 rpm) at 4°C for 2 hours. The mixture was then loaded into a 

polypropylene column (Qiagen) and washed twice with 10 mL of wash buffer (50 mM NaH2PO4, 

300 mM NaCl, 20 mM imidazole, pH 8.0). Finally, the HCV/sE2 glycoprotein was eluted four times 

with 1 mL of elution buffer (50 mM NaH2PO4, 300 mM NaCl, 250 mM imidazole, pH 8.0), dyalized 

against PBS and concentrated using an Amicon ultra-15 centrifugal filter device (Millipore). Protein 

concentration and purity was determined by SDS-PAGE and by spectrophotometric measurement 

at 280 nm. 

 

Evaluation of T-cell activation in the presence of coated or free antigens in the medium  

For the evaluation of T-cell activation, 2.5·104 e137-CARs-transduced T-cells were incubated for 24 

h in a 96-well plate (Costar) coated with a saturating amount (500 ng per well) of HCV/sE2, or 

bovine serum albumin (BSA, Sigma-Aldrich, Buchs SG, Switzerland) as control antigen. 

Analogously, S-CAR-transduced and untransduced T cells were used as controls. Alternatively, the 

same T cells were incubated for 24 h in a 96-well plate in presence of 50 µg/mL of soluble HCV/E2 

(sE2), or BSA as control, in order to verify a possible activation exerted by the free antigen present 
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in the medium. An analogous assay was also performed using 100 FFU/well of HCV cell culture 

(HCVcc) viral particles (JFH-1 strain). 

In all the above experimental settings, supernatants were removed and analyzed with Human IFN-

γ, IL-2, TNF-α and Granzyme B ELISA MAXTM Standard kits (BioLegend Inc., San Diego, CA, USA) for 

IFN-γ, IL-2, TNF-α and granzyme B expression, respectively, following the instructions provided by 

the manufacturer. In particular, absorbance at 650 nm was read using an Infinite 200 (Tecan, 

Männedorf, Switzerland) microplate reader and subtracted to that obtained at 450 nm. For 

absolute quantification, obtained O.D. values were then compared to the curve of the IFN-γ, IL-2, 

TNF-α and granzyme B standards included in the kit. 

Moreover, to evaluate cytotoxic degranulation, Brilliant Violet 605-labeled anti-CD107a (LAMP-1) 

(BioLegend) was added for 4 hours during incubation of T cells on HCV/sE2 or BSA coated plates. 

For intracellular cytokine staining, effector CD4+ and CD8+ T-cells were treated with brefeldin A 

(BFA; 1 µg/mL Sigma-Aldrich). After staining of dead cells with ethidium monoazide bromide 

(EMA, Life Technologies), cells were fixed and permeabilized using the Cytofix/Cytoperm Kit (BD 

Biosciences, Franklin Lakes, NJ, USA), and stained with FITC-labeled anti-human IFN-γ, PB-labeled 

anti-human TNF-α, APC-labeled anti-human IL-2 (eBioscience Inc., San Diego, CA, USA and BD 

Biosciences) and analyzed by FACS. 

 

Transient and stable transfection of target cells 

HEK-293T cells were transiently transfected in 10-cm dish plates (Costar) through Lipofectamine 

2000 (Life Technologies) reagent with pcDNA3.1 (Life Technologies) plasmids containing the E1-E2 

sequences of different isolates representative of different HCV genotypes and subtypes (H77, 

GenBank accession number AF009606; UKN1B12.16, AY734974; UKN2A1.2, AY734977; UKN2B2.8, 

AY734983; UKN3A1.28, AY764984; UKN4.21.16, AY734987; UKN5.15.11, AY894682; UKN6.5.8, 
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EF427671), or of single-point mutated in alanine HCV/E1-E2 proteins of H77 strain (T416A, W420A, 

W529A, G530A, D535A) not recognized by e137. S419A as well as V538A point-mutated HCV/E1-

E2 (located in the two main HCV/E2 regions recognized by e137 mAb and previously described to 

not abrogate its binding) were used as controls.[19] All HCV/E2 constructs were kindly provided by 

Dr. Alexander W. Tarr (Queen’s Medical Centre, University of Nottingham, UK). As negative target 

control, pcDNA3.1/HA.A/PR/8/34-transfected cells were used (Supplementary Table 1A). 

The efficiency of transfection was evaluated on non-permeabilized cells by immunofluorescence 

and FACS using the e137 mAb as primary antibody for HCV/E1-E2 transfected cells, and the PN-

SIA28 or PN-SIA49 mAbs for HA transfected cells.[61, 62] As secondary antibody a FITC-conjugated 

anti-human IgG-Fc (Sigma-Aldrich) was used. An 80% transfection efficiency was considered 

appropriate for the following citotoxicity assays.  

For stable transfection of HEK-293, cells were transfected through X-tremeGENE 9 (Roche) reagent 

with pcDNA3.1/E1-E2.H77 and pcDNA3.1/sE2.H77 following the instructions provided by the 

manufacturer, and maintained in geneticin selective medium. Expression of HCV/E2 on stably 

transfected cells was evaluated as described above and depicted on Supplementary Figure 5A. 

Similarly, HepG2 cells were stably transfected with pcDNA3.1/E1-E2.H77 and pcDNA3.1/sE2.H77 

and expression levels, determined as described above, are depicted on Supplementary Figure 5B. 

Moreover, as HepG2 cells do not express the CD81 co-receptor, they were transduced with a 

retroviral vector containing the human CD81, kindly provided by Dr. Birke Bartosch (Centre de 

Recherche en Cancérologie de Lyon, France), in order to render them permissive to HCV infection 

or to be used for control experiments, and were maintained in geneticin selective medium 

(Supplementary Table 1B).[63] Expression of human CD81 was evaluated by immunofluorescence 

and FACS (data not shown) using the anti-human CD81 mouse mAb (JS-81 clone, BD Biosciences).
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A 

 Negative control HCV/E1-E2 constructs for transient transfection of HEK-293T cells 

Genotype/subtype Influenza A H1N1 1a 1b 2a 2b 3a 4 5 6 

Isolate A/PR/8/34 H77 UKN1B12.16 UKN2A1.2 UKN2B2.8 UKN3A1.28 UKN4.21.16 UKN5.15.11 UKN6.5.8 

GenBank accession number ABO21709 AF009606 AY734974 AY734977 AY734983 AY764984 AY734987 AY894682 EF427671 

 

B 

Cell lines 
Stable expression constructs 

Negative control HCV constructs 

HEK-293 HA A/PR/8/34  
E1-E2, genotype 1a, H77 isolate 

 
HCV/sE2, genotype 1a, H77 isolate 

HepG2 Human CD81* 

 

Supplementary Table 1. Synopsis of DNA constructs employed for cell transfection. Table lists the different plasmids used for transient (A) and 

stable expression (B) in the reported cell lines. *As described in the Supplementary Methods, differently from other constructs, human CD81 was 

delivered to HepG2 cells through retroviral transduction.  



8 
 

SUPPLEMENTARY FIGURE LEGENDS 

 

Supplementary Figure 1. Grafting of primary human T-cells with CARs. Lymphocytes T obtained 

from three healthy donors were retrovirally-grafted with two CARs containing scFvs derived from 

an anti-HCV/E2 human mAb (named e137) (e137-CAR VH+VL and e137-CAR VL+VH), or with a 

previously described CAR (S-CAR) used as control and recognizing the HBsAg. Flow cytometric 

analysis using a FITC-conjugated anti-CD4, an APC-conjugated anti-CD8 and a PE-conjugated anti-

human IgG-Fc antibody, detecting the extracellular IgG1 CH2-CH3 spacer domain of the receptors, 

were performed to identify CARs-grafted T cells. Representative data derived from redirected T 

cells of a single donor are reported as dot blots. Percentages of double positive cells are given. 

 

Supplementary Figure 2. Intracellular staining for IFN-γ, IL-2 and TNF-α of engineered T-cells 

redirected with e137-CARs and cultured in presence of coated antigens. Intracellular staining for 

human TNF-α, IFN-γ and IL-2 was performed on sorted CD4+ and CD8+ untransduced T-cells and 

e137-CARs-or S-CAR-transduced T cells cultured in triplicate in presence of coated HCV/sE2 or BSA 

(as depicted on the top of the different panels). Flow cytometric analysis using a PE-Cy7-

conjugated anti-CD4, an APC-Cy7-conjugated anti-CD8 and a PE-conjugated anti-human IgG-Fc 

antibody were performed to identify CARs-grafted T cells. For cytokine staining FITC-conjugated 

anti-IFN-γ, PB-conjugated anti-TNF-α and APC-conjugated anti-IL-2 were used. EMA staining was 

performed in order to identify the percentage of living cells. For brevity reasons, data obtained 

from T cells of a triplicate of a single healthy donor and with e137-CAR VH+VL are shown. Similar 

results were obtained using T cells derived from other triplicates of other donors and with the 

e137-CAR VL+VH. Results are represented as dot plots, and percentages of positive cells are given. 
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Supplementary Figure 3. Evaluation of T cell degranulation. Staining for CD107a (LAMP-1) of 

untransduced, or e137-CARs (VH+VL and VL+VH)-transduced, or control S-CAR-transduced T cells 

after incubation with plate-coated HCV/sE2 or a control antigen (BSA) is reported. 

 

Supplementary Figure 4. IFN-γ, IL-2, TNF-α and granzyme B levels of CAR-engineered T-cells 

cultured in presence of soluble antigens. Human IFN-γ, IL-2, TNF-α and granzyme B levels (y axis) 

of T cells from three different healthy donors, untransduced and transduced with e137-CARs 

(VH+VL and VL+VH) or S-CAR are reported. Redirected and untransduced T cells were cultured in 

triplicate in presence of HCVcc (JFH-1 strain, 100 FFU) viral particles, of free HCV/sE2 (H77 strain, 

50 µg/mL), of medium only, of coated BSA (500 ng/well) or HCV/sE2 (500 ng/well). The mean plus 

standard error from the mean (error bars) are reported.  

 

Supplementary Figure 5. HCV/E2 cell surface expression of stably transfected and infected cells. 

(A) Staining for HCV/E2 glycoprotein on: (A) Untransfected, HCV/E1-E2- or HCV/sE2-stably 

transfected HEK-293 cells; (B) Human CD81-transduced, HCV/E1-E2 or HCV/sE2-stably transfected 

HepG2 cells; (C) Uninfected or HCVcc-infected HuH-7.5 cells. The positive staining of HCV/sE2-

secreting cells is due to HCV/E2 transient passage in the membrane before its secretion, not 

sufficient to significantly elicit CARs-redirected T-cells, differently than membrane-bound HCV/E1-

E2. 

 

Supplementary Figure 6. Levels of IFN-γ, IL-2, TNF-α and granzyme B of total or sorted 

CD4+/CD8+ T cells redirected with e137-CARs and co-cultured against untransfected and 

HCV/E1-E2 or HCV/sE2 stably transfected HEK-293 cells. As depicted in the graphs, CAR-

transduced T cells were used at four different E:T ratios, whereas untransduced T cells were used 
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at a single 1:4 E:T ratio. For HCV/sE2 stably transfected HEK-293 cells, levels of granzyme B and 

pro-inflammatory cytokines were evaluated only for total CAR-transduced and untransduced T 

cells. Levels of IFN-γ of total CAR-transduced and untransduced T cells are the same reported in 

Figure 4D-F. 

 

Supplementary Figure 7. Cytotoxic activity of sorted CD4+ and CD8+ T-cells redirected with e137-

CARs against HCV/E1-E2-stably transfected HepG2 target cells. Light microscopy (20x 

magnification) of HepG2 target cells transduced with human CD81 (upper panels) or stably 

transfected with HCV/E1-E2 glycoprotein of genotype 1a (H77 strain) (lower panels). Target cells 

were co-cultured for 48 hours with sorted CD4+ or CD8+ T cells (E:T 1:8) redirected with e137-

CARs (VH+VL and VL+VH) or control S-CAR. Untransduced CD4+ and CD8+ T cells from the same 

donor were also used as control. Similar results were obtained with T cells derived from the other 

two donors. 

 

Supplementary Figure 8. Levels of IFN-γ, IL-2, TNF-α and granzyme B of total or sorted 

CD4+/CD8+ CAR-engineered T cells co-cultured against untransfected and HCV/E1-E2- or 

HCV/sE2-stably transfected HepG2 cells. As depicted in the graphs, CAR-transduced T cells were 

used at four different E:T ratios, whereas untransduced T cells were used at a single 1:4 E:T ratio. 

For HCV/sE2 stably transfected HepG2 cells, levels of granzyme B and pro-inflammatory cytokines 

were evaluated only for total CAR-transduced and untransduced T cells. Levels of IFN-γ of total 

CAR-transduced and untransduced T cells are the same reported in Figure 5D-F. 
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Supplementary Figure 9. Levels of IFN-γ, IL-2, TNF-α and granzyme B of total or sorted 

CD4+/CD8+ T cells redirected with e137-CARs and co-cultured against infected and uninfected 

HuH-7.5. As depicted in graphs, CAR-transduced T cells were used at four different E:T ratios, 

whereas untransduced T cells were used at a single 1:4 E:T ratio. Levels of IFN-γ of total CAR-

transduced and untransduced T cells are the same reported in Figure 6C and D.  
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