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Supplemental figures 

 

 

Figure S1  SARS-CoV-2 cannot infect human iPS cells, Related to Figure 1 

(A) Undifferentiated human iPS cells (1383D6) were infected with SARS-CoV-2 

(5×104 TCID50/well) for 2 hr and then cultured with AK02 medium for 4 days. (B) The 

gene expression levels of ACE2, TMPRSS2, CD147, and NRP1 in human iPS cells were 

examined by qPCR. (C) Phase images of uninfected and infected human iPS cells are 

shown. (D) At days 0, 2, 3 and 4 after the infection, the viral RNA copy number in the 



cell culture supernatant was measured by qPCR. day 0 = medium containing initial 

virus (5×104 TCID50/2ml). (E) The amount of infectious virus in the supernatant was 

measured by the TCID50 assay. Data are represented as means ± SD (n=3). ND=not 

detected. 

  



 

 

Figure S2  The pluripotent state of human iPS cells is not affected by SARS-CoV-

2 infection, Related to Figure 1 
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The gene expression levels of pluripotent markers (NANOG, OCT3/4, and SOX2) (A) 

and innate immunity-related markers (IFNα, MxA, and ISG15) (B) in uninfected and 

infected human iPS cells were examined by qPCR. (C) Immunofluorescence analysis of 

SARS-CoV-2 NP (green), Tra1-81 (red), and OCT3/4 (red) in uninfected and infected 

human iPS cells. Nuclei were counterstained with DAPI (blue). Data are represented as 

means ± SD (n=3). 

  



 

 



Figure S3  TEM images of infected ACE2-iPS cells, Related to Figure 2 

(A-D) Endoplasmic reticulum-Golgi intermediate compartment (ERGIC) containing 

SARS-CoV-2 particles (black arrows) was observed in infected ACE2-iPS cells. (E-H) 

Double membrane vesicles (black arrows) were observed in infected ACE2-iPS cells.  



 

Figure S4  Gene expression profiles of differentiation markers and viral receptors 

in infected ACE2-iPS cells, Related to Figure 3 

Undifferentiated human iPS cells (1383D6) were transduced with 600 VP/cell of LacZ- 

or ACE2-expressing Ad vectors (Ad-LacZ and Ad-ACE2, respectively) for 2 hr and 

then cultured with AK02 medium for 2 days. Control human iPS cells were not 

transduced with Ad vectors. The LacZ- and ACE2-expressing human iPS cells were 

then infected with SARS-CoV-2 (5×104 TCID50/well) for 2 hr and cultured with AK02 

medium for 3 days. (A, B) The gene expression levels of endoderm markers (FOXA2, 

SOX17, and CER1) (A) and viral receptors (CD147 and NRP1) (B) were examined by 

qPCR. Data are represented as means ± SD (n=3). One-way ANOVA followed by 

Tukey’s post hoc test (*p<0.05, compared with Ad-LacZ). 



 

Figure S5  Immunofluorescence analysis of infected ACE2-iPS cells, Related to 

Figure 3 

Immunofluorescence analysis of SARS-CoV-2 NP (green) and OCT3/4 (red) in 

uninfected and infected ACE2-iPS cells. Nuclei were counterstained with DAPI (blue). 

  



 

 





Figure S6  Global gene expression analysis of infected ACE2-iPS cells, Related to 

Figure 4 

RNA-seq analysis of uninfected and infected ACE2-iPS cells. (A) A scatter plot of 

uninfected ACE2-iPS cells (control) vs. infected ACE2-iPS cells (SARS-CoV-2). The 

count and rate of up-regulated and down-regulated genes are summarized in the table. 

(B, C) GO analysis was performed for gene sets whose gene expression levels were 

decreased (B) or increased (C) more than three-fold. 



 

Figure S7  Gene expression profiles of endoderm, mesoderm, and ectoderm 

markers in infected ACE2-iPS cells, Related to Figure 4 
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RNA-seq analysis of uninfected and infected ACE2-iPS cells. Bar plots of ectoderm, 

mesoderm, and endoderm markers in uninfected ACE2-iPS cells (control) and infected 

ACE2-iPS cells (SARS-CoV-2) are shown. 

  



Supplemental tables 

 

Table S1  Drugs used in the infection experiments, Related to Figure 6 

Drug Catalogue Company 

Camostat mesylate SML0057 Sigma-Aldrich 

Chloroquine diphosphate No.4109 Tocris 

EIDD-2801 HY-135853 MedChemExpress 

Favipiravir S7975 Selleck Chemicals 

Ivermectin I8618 LKT Labs 

Nafamostat mesylate N0289-10MG Sigma-Aldrich 

Recombinant human IFN-β 300-02BC PeproTech 

Remdesivir A17170 Clinisciences 

 

Table S2  Primers used in this study, Related to Figures 3, 6, S1, S2, and S4  

Gene name Fwd primer Rev primer 

ACE2 ACAGTCCACACTTGCCCAAAT TGAGAGCACTGAAGACCCATT 

CD147 GAAGTCGTCAGAACACATCAACG TTCCGGCGCTTCTCGTAGA 

CER1 ACAGTGCCCTTCAGCCAGACT ACAACTACTTTTTCACAGCCTTC

GT 

FOXA2 GCGACCCCAAGACCTACAG GGTTCTGCCGGTAGAAGGG 

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG 

IFNα GCCTCGCCCTTTGCTTTACT CTGTGGGTCTCAGGGAGATCA 

IFNβ ATGACCAACAAGTGTCTCCTCC GGAATCCAAGCAAGTTGTAGCTC 

ISG15 CGCAGATCACCCAGAAGATCG TTCGTCGCATTTGTCCACCA 

NANOG AGAAGGCCTCAGCACCTAC GGCCTGATTGTTCCAGGATT 

NRP1 GGCGCTTTTCGCAACGATAAA TCGCATTTTTCACTTGGGTGAT 

OCT3/4 CTTGAATCCCGAATGGAAAGGG GTGTATATCCCAGGGTGATCCTC 

SARS-CoV-

N 

CCAGGTAACAAACCAACCAACTTTCG GGTTACTGCCAGTTGAATCTGAG

G 

SOX17 GTGGACCGCACGGAATTTG GAGGCCCATCTCAGGCTTG 

SOX2 GGCAGCTACAGCATGATGATGCAGGA

GC 

CTGGTCATGGAGTTGTACTGCAG

G 

TMPRSS2 GTCCCCACTGTCTACGAGGT CAGACGACGGGGTTGGAAG 

 

Table S3  Antibodies used in this study, Related to Figures 3, S2, and S5   



Antigen Catalogue Host Company 

Donkey anti-Mouse IgG (H+L)  

Highly Cross-Adsorbed Secondary Antibody,  

Alexa Fluor Plus 594 

A32744 Donkey Thermo Fisher Scientific 

Goat anti-Rabbit IgG (H+L)  

Highly Cross-Adsorbed Secondary Antibody,  

Alexa Fluor Plus 488 

A32731 Goat Thermo Fisher Scientific 

OCT3/4 sc-5279 Mouse Santa Cruz Biotechnology 

SARS-CoV-2 NP A2061-50 Rabbit BIO Vision 

SOX2 sc-365823 Mouse Santa Cruz Biotechnology 

Tra1-81 MAB4381 Mouse Sigma-Aldrich 

 

 

 

  



Transparent methods 

 

Materials availability 

All unique/stable reagents generated in this study are available from the 

corresponding authors with a completed Materials Transfer Agreement. 

 

Human ES/iPS cells 

The human ES/iPS cell lines 1383D6 (Nakagawa et al., 2014) (provided by Dr. 

Masato Nakawaga, Kyoto University), 201B7 (Takahashi et al., 2007), Tic (JCRB1331, 

JCRB Cell Bank), H1 (WA01), H9 (WA09) (WiCell Research Institute), KhES1, 

KhES2, and KhES3 (Kyoto University) were maintained on 0.5 μg/cm2 recombinant 

human laminin 511 E8 fragments (iMatrix-511, Nippi) with StemFit AK02N medium 

(Ajinomoto) containing 10 μM Y-27632 (from day 0 to day 1, FUJIFILM Wako Pure 

Chemical). To passage human ES/iPS cells, near-confluent human ES/iPS cell colonies 

were treated with TrypLE Select Enzyme (Thermo Fisher Scientific) for 5 min at 37°C. 

After the centrifugation, the cells were seeded at an appropriate cell density (1.3×104 

cells/9 cm2) onto iMatrix-511 and subcultured every 6 days. Human ES cells were used 

following the Guidelines for Derivation and Utilization of Human Embryonic Stem 

Cells of the Ministry of Education, Culture, Sports, Science and Technology of Japan, 

and the study was approved by an independent ethics committee. Except for figure 6, 

the human iPS cell line 1383D6 was used for all experiments. 

 

SARS-CoV-2 preparation 

The SARS-CoV-2 strains used in this study (SARS-CoV-2/Hu/DP/Kng/19-027) 

were provided by the Kanagawa Prefectural Institute of Public Health. SARS-CoV-2 

was isolated from a COVID-19 patient (GenBank: LC528233.1). The isolation and 

analysis of the virus will be described elsewhere (manuscript in preparation). The virus 

was plaque-purified and propagated in Vero cells and stored at -80°C. All experiments 

including virus infections were done in a biosafety level 3 facility at Kyoto University 

strictly following regulations. 

 

Adenovirus vectors 

Ad vectors were constructed using Adeno-XTM Adenoviral System 3 (Takara 

Bio). The ACE2 and TMPRSS2 genes were amplified by PCR using cDNA generated 

from Pulmonary Alveolar Epithelial Cell Total RNA (ScienCell Research Laboratories) 

as a template. The ACE2 and TMPRSS2 genes were inserted into Adeno-XTM 



Adenoviral System 3, resulting in pAdX-ACE2 and pAdX-TMPRSS2, respectively. The 

ACE2- and TMPRSS2-expressing Ad vectors (Ad-ACE2 and Ad-TMPRSS2, 

respectively) were propagated in HEK293 cells (JCRB9068, JCRB Cell Bank). LacZ-

expressing Ad vectors were purchased from Vector Biolabs. The vector particle (VP) 

titer was determined by using a spectrophotometric method (Maizel Jr et al., 1968). 

 

Viral titration of SARS-CoV-2 

Viral titers were measured by median tissue culture infectious dose (TCID50) 

assays at a biosafety level 3 laboratory (Kyoto University). TMPRSS2/Vero cells 

(JCRB1818, JCRB Cell Bank) (Matsuyama et al., 2020) were cultured with Minimum 

Essential Media (MEM, Sigma-Aldrich) supplemented with 5% fetal bovine serum 

(FBS), and 1% penicillin/streptomycin and seeded into 96-well cell culture plates 

(Thermo Fisher Scientific). The samples were serially diluted 10-fold from 10−1 to 10−8 

in the cell culture medium. Dilutions were placed onto the TMPRSS2/Vero cells in 

triplicate and incubated at 37°C for 96 hr. Cytopathic effects were evaluated under a 

microscope. TCID50/mL was calculated using the Reed-Muench method. 

 

Quantification of viral RNA copy number  

The cell culture supernatant was mixed with an equal volume of 2×RNA lysis 

buffer (distilled water containing 0.4 U/uL SUPERase ITM RNase Inhibitor (Thermo 

Fisher Scientific), 2% Triton X-100, 50 mM KCl, 100 mM Tris-HCl (pH 7.4), and 40% 

glycerol) and incubated at room temperature for 10 min. The mixture was diluted 10 

times with distilled water. Viral RNA was quantified using a One Step TB Green 

PrimeScript PLUS RT-PCR Kit (Perfect Real Time) (Takara Bio) on a StepOnePlus 

real-time PCR system (Thermo Fisher Scientific). The primers used in this experiment 

are as follows: (forward) AGCCTCTTCTCGTTCCTCATCAC and (reverse) 

CCGCCATTGCCAGCCATTC. Standard curves were prepared using SARS-CoV-2 

RNA (105 copies/μL) purchased from Nihon Gene Research Laboratories. 

 

Ultrathin section transmission electron microscopy (TEM) 

Uninfected and infected ACE2-iPS cells were fixed with 2.5% glutaraldehyde 

in 0.1M cacodylate buffer and subsequently post-fixed with 1% osmium tetroxide in the 

same buffer for 1 hr at 4°C. After fixation, they were dehydrated in a series of ethanol 

gradient and embedded in epoxy resin. Ultrathin sections were cut, stained with uranyl 

acetate and lead citrate, and examined using an electron microscope (HITACHI HT-

7700) at 80 kV. 



 

RNA-seq 

Total RNA was prepared using an RNeasy Mini Kit (Qiagen). RNA integrity 

was assessed with a 2100 Bioanalyzer (Agilent Technologies). The library preparation 

was performed using a TruSeq stranded mRNA sample prep kit (Illumina) according to 

the manufacturer’s instructions. Sequencing was performed on an Illumina NextSeq500. 

The fastq files were generated using bcl2fastq-2.20. Adapter sequences and low-quality 

bases were trimmed from the raw reads by Cutadapt ver 1.14 (Martin, 2011). The 

trimmed reads were mapped to human reference genome sequences (hg38) using STAR 

ver 2.5.3a (Dobin et al., 2013) with the GENCODE (release 36, GRCh38.p13) 

(Frankish et al., 2019) gtf file. The raw counts for protein-coding genes were calculated 

using htseq-count ver. 0.12.4 (Anders et al., 2015) with the GENCODE gtf file. Gene 

expression levels were determined as transcripts per million (TPM) with DEseq2 (Love 

et al., 2014). Raw data concerning this study were submitted under Gene Expression 

Omnibus (GEO) accession number GSE166990. 

 

SARS-CoV-2 infection and drug treatment 

ACE2-iPS cells and Vero cells (JCRB0111, JCRB Cell Bank) cultured in a 96-

well plate (2.0×104 cells/well) were infected with 2.0×103 TCID50/well of SARS-CoV-

2 for 2 hr and then cultured with medium containing drugs. In the infection and drug 

treatment experiments, the medium containing drugs was replaced with fresh medium 

every day. At day 2 (Vero cells) or day 4 (ACE2-iPS cells) after the infection, the viral 

RNA copy number in the cell culture supernatant was measured by qPCR. Drugs used 

in the infection experiments are summarized in Table S1.  

 

Quantitative PCR 

Total RNA was isolated from human iPS cells using ISOGENE (NIPPON 

GENE). cDNA was synthesized using 500 ng of total RNA with a Superscript VILO 

cDNA Synthesis Kit (Thermo Fisher Scientific). Real-time RT-PCR was performed with 

SYBR Green PCR Master Mix (Thermo Fisher Scientific) using a StepOnePlus real-

time PCR system (Thermo Fisher Scientific). The relative quantitation of target mRNA 

levels was performed by using the 2-ΔΔCT method. The values were normalized by those 

of the housekeeping gene, glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The 

PCR primer sequences are shown in Table S2. 

 

Immunofluorescence staining 



For the immunofluorescence staining of human iPS cells, the cells were fixed 

with 4% paraformaldehyde in PBS at 4°C. After blocking the cells with PBS containing 

2% bovine serum albumin and 0.2% Triton X-100 at room temperature for 45 min, the 

cells were incubated with a primary antibody at 4°C overnight and then with a 

secondary antibody at room temperature for 1 hr. All antibodies used in this report are 

described in Table S3. 

 

Statistical analyses 

Statistical significance was evaluated by unpaired two-tailed Student’s t-test or 

one-way analysis of variance (ANOVA) followed by Tukey’s post hoc tests. Statistical 

analyses were performed using GraphPad Prism8 and 9. Data are representative of three 

independent experiments. Details are described in the figure legends. 
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