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Supplemental Figure 1. Intranasal infection of SARS-CoV-2 with CAG-hACE2 mice. 

A and B, CAG-hACE2 mice were intranasally infected with SARS-CoV-2 (2×102 

TCID50: n=6, 2×103 TCID50: n=6 and 2×104 TCID50: n=6). Percentage of initial body 

weight (A), and survival rate (B) were monitored for up to 14 days. Blue, red, and black 

circles indicate 2×102 TCID50, 2×103 TCID50, and 2×104 TCID50, respectively. 

 



 



Supplemental Figure 2. Viral copy levels in organs due to SARS-CoV-2 

intratracheally infection. qRT-PCR of SARS-CoV-2 N gene expression in lung (A), 

brain (B), heart (C), colon (D), small intestine (E), kidney (F) and spleen (G). These 

samples were collected at 6 dpi (n=1) and 7 dpi (n=4) in high viral dose, at 7 dpi (n=1), 8 

dpi (n=1), 11 dpi (n=2) and 14 dpi (n=2) in middle viral dose, and at 12 dpi (n=1) and 14 

dpi (n=4) in low viral dose, respectively. Orange triangles, blue triangles and red circles 

are indicated as 2×102 TCID50, 2×103 TCID50 and 2×104 TCID50, respectively. Data are 

presented as the mean ± SEM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplemental Figure 3. Severe lung injury in hACE2 Tg mice caused by SARS-CoV-

2 infection. H&E staining of representative images are shown in the lung tissues of 

deceased mice infected with 2×102 TCID50 (left panel), 2×103 TCID50 (center panel) and 

2×104 TCID50 (right panel) SARS-CoV-2. Bars indicates 50 μm. 

 



 

Supplemental Figure 4. Gating of FACS analyses of PBMC. Gating strategy relative 

to the quantification of the immune cells in PBMC of CAG-hACE2 Tg mice with SARS-

CoV-2 infection. The analysis was performed by acquiring a single cell of 50,000 events. 

Figure was showed the representative sample. The population of immune cells are as 

shown follows; CD3 + T cell, CD4+ T cell, CD8+ T cell, CD19+ B cell, Basophil 

(CD200R3+, CD49b+), conventional dendritic cell (cDC: CD11c+, I-A/I-E+), Neutrophil 

(CD11b+, Ly-6G), Eosinophil (CD11b+, Siglec-F+), Monocyte (CD11b+, Ly-6c) and NK 



cell (CD11b+, NK-1-1+). 

 

 

Supplemental Figure 5. Results of FACS analyses using PBMC in infected CAG-

hACE2 mice. A-I, The population of immune cells are as shown in Sup Fig. 4. White 

triangles indicate the mock infection (0 dpi, n=6). Blue and red triangles indicate the 



infection dose of 2×103 TCID50 (2, 4 and 7 dpi, n=6) and 2×104 TCID50 (2 dpi, n=6. 4 dpi, 

n=5), respectively. Data are presented as the mean ± SEM. Statistical analyses were 

performed using Kruskal-Wallis one‐way ANOVA followed by Dunn's multiple 

comparison test. 

 

Supplemental Figure 6. Gating of FACS analyses of splenocytes. Gating strategy 

relative to the quantification of the immune cells in PBMC of CAG-hACE2 Tg mice with 

SARS-CoV-2 infection. The analysis was performed by acquiring a single cell of 50,000 



events. Figure was showed the representative sample. 

 

 

Supplemental Figure 7. Results of FACS analyses using splenocytes in infected 

CAG-hACE2 mice. A-I, The population of immune cells are as shown in Sup Fig. 5; 

CD3 + T cell, CD4+ T cell, CD8+ T cell, CD19+ B cell, Basophil (CD200R3+, CD49b+), 



conventional dendritic cell (cDC CD11c+, I-A/I-E+), Neutrophil (CD11b+, Ly-6G), 

Eosinophil (CD11b+, Siglec-F+), Monocyte (CD11b+, Ly-6c) and NK cell (CD11b+, 

NK-1-1+). White triangles indicate the mock infection (0 dpi, n=6). Blue and red triangles 

indicate the infection dose of 2×103 TCID50 (2, 4 and 7 dpi, n=6) and 2×104 TCID50 (2 

dpi, n=6. 4 dpi, n=5), respectively. Data are presented as the mean ± SEM. Statistical 

analyses were performed using Kruskal-Wallis one‐way ANOVA followed by Dunn's 

multiple comparison test. 

 

 

 

 

 

 



 

Supplemental Figure 8. Immunohistochemical analyses of hearts infected CAG-

hACE2 mice. H&E staining of representative images are shown in the heart tissues of 

uninfected (left panel), deceased mice infected with 2×103 TCID50 (center panel) and 

2×104 TCID50 (right panel) SARS-CoV-2. Bars indicates 100 μm (Upper images) and 50 

μm (Bottom images). 

  



Supplemental Table 1. Comparison of mouse model infected with SARS-CoV-2 

 



Supplemental Table 2. RT-qPCR primers for cytokine and chemokine mRNA measurements.  

 

Genes 5’-Sense-3’ 3’-Antisense-5’ 

-Actin ATGCAGAAGGAGATTACTGCTCT

G 

ATCTGCTGGAAGGTGGACAGTG

A 

Il-6 GCCAGAGTCCTTCAGAGAGATAC

AG 

ACTCCTTCTGTGACTCCAGCTTA

TCT 

Il-1b GGGCCTCAAAGGAAAGAATCTAT

ACC 

GACTTCTATCTTGTTGAAGACAA

ACCG 

Tnf- 
TGTCTACTGAACTTCGGGGTGA 

GCTACAGGCTTGTCACTCGAATT

T 

Ifn- AGCAAGAGGAAAGATTGACGTG

G 

AAAGTTCCTGAAGATCTCTGCTC

G 

Ifn- GGATGCATTCATGAGTATTGC ACTCCTTTTCCGCTTCCTGA 

Ccl2 TGAGTAGGCTGGAGAGCTACAA TATGTCTGGACCCATTCCTTCTT 

Ccl4 CTTCACAGAAGCTTTGTGATGG  ATGTACTCAGTGACCCAGGGCT 

Ccl12  CCAGTCACGTGCTGTTATAATGT

TGTT 

ACAGATCTCCTTATCCAGTATGG

TCCT 

Cxcl1  ATGGCTGGGATTCACCTCAA GAGCTTCAGGGTCAAGGCAA 

Cxcl10  GCCGTCATTTTCTGCCTCAT GCTTCCCTATGGCCCTCATT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplemental Table 3. Antibodies using FACS analyses. 

 

 

  



Supplemental Methods 

Intranasal infection of SARS-CoV-2. Mice were assigned randomly to three groups in CAG-

hACE2 mice to assess hACE2 Tg + 2×102 TCID50 (n=6), hACE2 Tg + 2×103 TCID50 

(n=6), and hACE2 Tg + 2×104 TCID50 (n=6). CAG-hACE2 mice were intranasally 

infected with SARS-CoV-2 stock virus at a dosage of 2×102 TCID50/10 μL, 2×103 

TCID50/10 μL and 2×104 TCID50/10 μL (5 μL/nostril). Infected mice were recorded daily 

for body weight and survival. Mice that were clearly emaciated were euthanized after 

recording their body weight and were considered dead.  

 

Macroscopic and Histological Evaluations. Lung and heart samples were collected from 

SARS-CoV-2 infected and uninfected mice. These organs were immersed in 10% 

formalin for 24 h, embedded in paraffin, and cut into 2 and sections onto a slide glass 

(Matsunami Glass, Osaka, Japan). Tissue sections were stained with hematoxylin and 

eosin (H&E) and observed using a BZ-9000 microscope (HS All-in-One Fluorescence 

Microscope; Keyence, Osaka, Japan) at ×200, and ×400 magnification. 

 

Flow cytometry. CAG-hACE2 mice were sacrificed at 0, 2, 4, and 7 dpi to collect their 

blood and spleen. Sample preparation as a below. Splenocytes were collected using C-



tube (gentleMACS™ C Tubes, Cat# 130-093-237, Miltenyi Biotec Inc., Bergisch 

Gladbach, Germany) and hemolyzed using lysing solution (Pharm Lyse™; Cat# 555899, 

BD Biosciences, NJ, USA). Blood was hemolyzed using lysing solution to collect 

Peripheral Blood Mononuclear Cells (PBMCs). Splenocytes and PBMCs were stained by 

Fixable Viability Stain 780 (Cat# 565388, BD Biosciences) to separate live cells and dead 

cells followed by blocking with Mouse BD Fc Block™ (Purified Rat Anti-Mouse 

CD16/CD32; Cat# 553142, BD Biosciences). After blocking, PBMCs were stained with 

the antibodies (supplementally Table 3) in Brilliant Stain Buffer Plus (Cat# 566385, BD 

Biosciences). After staining, cells were fixed in 0.5% PFA/FACS buffer (4% 

Paraformaldehyde Phosphate Buffer Solution, Cat# 163-20145, FUJIFILM Wako Pure 

Chemical Corporation, Tokyo, Japan.) and SARS-CoV-2 was inactivated by the buffer. 

Flow cytometric analysis of PBMCs was performed using a LSR Fortessa™ X-20 (BD), 

and data were analyzed with Diva software (BD Biosciences) and FlowJo software 

(FlowJo™, V10, BD). 

 

Statistics  

Data are presented as the mean ± SEM. Statistical analyses were performed using 

GraphPad Prism 7.0. (GraphPad Software, La Jolla, CA, USA). Kruskal-Wallis one-way 



ANOVA followed by Dunn’s multiple comparison test was used for the flow cytometry 

analysis of PBMC and splenocyte. Statistical significance was set at P<0.05.  

 


