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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 (2x10°
TCIDso: n=6, 2x10°> TCIDso: n=6 and 2x10* TCIDso: 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 2x10? TCIDso, 2x10* TCIDso, and 2x10* TCIDs, respectively.
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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 2x10? TCIDso, 2x10* TCIDso and 2x10* TCIDso, respectively. Data are

presented as the mean £ SEM.
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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 2x10? TCIDso (left panel), 2x10° TCIDso (center panel) and

2x10* TCIDsy (right panel) SARS-CoV-2. Bars indicates 50 um.
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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-6¢) and NK



cell (CD11b+, NK-1-1+).
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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 2x10° TCIDso (2, 4 and 7 dpi, n=6) and 2x10* TCIDso (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.
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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.

>
vy
O

CD3+ T cell CD4+ T cell
60 P=0.0099 80 60
y—“ P=0.0012
= O = T
Bl w2 NSy | RS = VS W Ay
=) +
Pl T g i
5 20 . g 5 20
° 'y S 20 o
& AA = A =®
A
0 0
0 2 4 7 2 4  (dpi) 0 2 4 7 2 4  (dpi)
2x10° 2x10* (TCID;0) 2x10° 2x10° (TCID5,)
CD19+B cell cDC
60 3
ke N P=0.0188
= 28 a A ":ﬁ*‘ a - _
@ = aQ W
© 40 o Ak 2 g2 A c
2 Lo 2 | o LA 2
15 c o N ai £
(2] [} Fy A 7]
5 20 5 1 EA A ’ 35
2 4 = L4 B
AA
0 2 0 AA
D 2 4 7 2 4 (dpi) 0 2 4 7 2 4  (dpi)
2x10° 2x10% (TCIDgo) 2x10° 2x10* (TCIDgo)
Eosinophil Monocyte
2.0 3 15
P=0.0267 4
E 3, B 4
g 2 ifx 2
£ £ a £
w [%] w
‘s B 1 N B 5
52 =2 el a2
: Sl e s
0 —————aA 0
0 2 4 7 2 4  (dpi) 0 2 4 7 2 4 (dp)
2x10° 2x10*  (TCIDsp) 2x10° 2x10"  (TCIDsp}
Basophil
08 P=0.0043
E
o o4
2
3 = A
6 0.2 Ahh
= o 47
0. a
0.0 4 )
2 4 (dpi)
2x10* (TCIDso)

CD8+ T cell
P=0.0116
P=0.0004
N
- A
.(%A‘_g,.'u‘é ‘i# "

A

0o 2 4 7 2 4 (dpi)
2x10° 2x10*  (TCIDgo)
Neutrophil

NK cell
AA
A
A
@ A A
g 4 A
0 2 4 7 2 4 (dp)
2x10° 2x10*  (TCIDg5g)

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 CDI11c+, I-A/I-E+), Neutrophil (CD11b+, Ly-6G),
Eosinophil (CD11b+, Siglec-F+), Monocyte (CD11b+, Ly-6¢) 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 2x10° TCIDso (2, 4 and 7 dpi, n=6) and 2x10* TCIDso (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.
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Supplemental Figure 8. Immunohistochemical analyses of hearts infected CAG-

hACE?2 mice. H&E staining of representative images are shown in the heart tissues of

uninfected (left panel), deceased mice infected with 2x10* TCIDs (center panel) and

2x10* TCIDs (right panel) SARS-CoV-2. Bars indicates 100 um (Upper images) and 50

um (Bottom images).




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

Advantages/ Route of Lethal dose of - . . .
Mouse model Limitations infection SARS-CoV-2 Clinical signs Histopathology viral RNA Immune response Reference
Inflammatory cell v Elevated cytokine and
¥ Highly susceptible for SARS infiltrati i
CoV-2 Intratracheal 10%~10* Weight loss and v :lflltralllon Il thickeni Mainly lung, v Ehemgklne ia (PBMC
CAG-hACE2 . ) TCIDsg pneumonia veoar.wa ICKENING  5nd brain ymphopenia ( . )
mouse v Suitable for evaluating Congestion and/or v Elevated neutrophil -
vaccine and therapeutics by hemorrhage (PBMC)
lethality 2 404
Intranasal 10°~10 Weight loss N/A N/A NIA
TCIDsy
¥’ Elevated cytokine and
v Susceptible for SARS CoV-2 Inflammatory cell :;:’a"lg :i‘;‘:; chemokine Bao et al., (2020)
K18-hACE2 ¥ Suitable for evaluating | | 10% ~ 10° Weight loss and infiltration I § Y v Elevated CD11b+ Winkler et al., (2020)
mouse i i ntranasa TCID neumonia iti i spieen, Yinda et al., (2020)
vaccine and therapeutics by 50 p! Interstitial pneumonia intestine DCs (Lung) al,
lethality Alveolar wall thickening  stomach v Decreased monocyte Oladunni et al., (2020)
(Lung)
¥ Susceptible for SARS CoV-2 Interstitial pneumonia
| v i i * ~10° v i
HFH4-hACE2 Suna_ble for evaluatmg. Intranasal 10"~ 10 Weight loss !nfllamr.natory cell Lung, heal‘t,_ Elevated neutrophil Jiang et al., (2020)
mouse vaccine and therapeutics by TCIDsp infiltration eye and brain (PBMC)
lethality Hyaline membranes
Inflammatory cel Lung, trachea v Elevated cytokine and
¥ Mild symptoms Intranasal N/A N/A infiltration andgﬁrain chemokine Sun et al., (2020)
. ¥ Regulated hACE2 expression Alveolar wall thickening
Knock-in mouse b 4 ACE2
y endogenous m. ¥ Neutrophil infiltration
Congestion and X v Elevated cytokine and
romoter -
p Intratracheal N/A edema of lung Hya||ne membranes Lung chemokine Hung et al., (2021)
like structure
Adeno virus ¥ Applicable for all mice )
v
vector-driven including disease model mice Intranasal N/A Weight loss !nfllamr.natory cell Lu;g, tlwean, Elevatec.i eytokine and Hassan et al., (2020)
hACE?2 mouse X infiltration and spleen chemokine
¥ Mild symptoms
Adeno-associated ¥ Applicable for all mice ﬁ:::;'ﬁ;n v Elevated macrophage,
virus vector-driven including disease model mice Intranasal N/A N/A Inflammatory cell Lung monocyte, Israelow et al., (2021)
hACEZmouse . Mild symptoms riammatory ¥ T-cell, and NK cell {Lung)
infiltration
v Structurally difference of S QLZZ(::;:ZTSQ& focal Lung, trachea,
mouse adopted protein comparing with Intranasal N/A NIA hemorthage liver, v Elevated cytokine and Gu et al., (2021)
SARS-CoV-2 conventional S protein 9 spleen and chemokine -
Inflammatory cell heart

Mild symptoms

infiltration




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

Genes 5’-Sense-3’ 3’-Antisense-5’

S-Actin ATGCAGAAGGAGATTACTGCTCT | ATCTGCTGGAAGGTGGACAGTG
G A

1I-6 GCCAGAGTCCTTCAGAGAGATAC | ACTCCTTCTGTGACTCCAGCTTA
AG TCT

1I-1b GGGCCTCAAAGGAAAGAATCTAT | GACTTCTATCTTGTTGAAGACAA
ACC ACCG

Tnf-a GCTACAGGCTTGTCACTCGAATT
TGTCTACTGAACTTCGGGGTGA -

Ifn-p AGCAAGAGGAAAGATTGACGTG | AAAGTTCCTGAAGATCTCTGCTC
G G

Ifn-y GGATGCATTCATGAGTATTGC ACTCCTTTTCCGCTTCCTGA

Ccl?

TGAGTAGGCTGGAGAGCTACAA

TATGTCTGGACCCATTCCTTCTT

Ccl4

CTTCACAGAAGCTTTGTGATGG

ATGTACTCAGTGACCCAGGGCT

Ccl12

CCAGTCACGTGCTGTTATAATGT
TGTT

ACAGATCTCCTTATCCAGTATGG
TCCT

Cxcll

ATGGCTGGGATTCACCTCAA

GAGCTTCAGGGTCAAGGCAA

Cxcl10

GCCGTCATTTTCTGCCTCAT

GCTTCCCTATGGCCCTCATT




Supplemental Table 3. Antibodies using FACS analyses.

Antibody Clone Catalog No. Company Dilution

PerCP-Cy5.5 Hamster Anti-Mouse CD3e 145-2C1 551163 BD Bioscience 1:100
BUV496 Rat Anti-Mouse CD4 GK1.5 612952 BD Bioscience 1:100
BUV805 Rat Anti-Mouse CD8a 53-6.7 612898 BD Bioscience 1:100
BV480 Rat Anti-CD11b M1/70 566117 BD Bioscience 1:100

BB515 Armenian Hamster Anti-Mouse CD11c N418 565586 BD Bioscience 1:100
BV650 Rat Anti-Mouse CD19 1D3 563235 BD Bioscience 1:100
PE-CF594 Rat Anti-Mouse CD49b DX5 562453 BD Bioscience 1:100

PE anti-mouse CD200R3 Ba13 142206 BioLegend 1:100

PE-Cy7 conjugated Rat Anti-Mouse Ly-6C AL-21 560593 BD Bioscience 1:100
BUV395 Rat Anti-Mouse Ly-6G 1A8 563978 BD Bioscience 1:100
Alexa Fluor® 647 Rat Anti-Mouse I-A/I-E M5/114.15.2 562367 BD Bioscience 1:100
BV421 Rat Anti-Mouse Siglec-F E50-2440 565934 BD Bioscience 1:100
BV786 Mouse Anti-Mouse NK-1.1 PK136 740853 BD Bioscience 1:100




Supplemental Methods

Intranasal infection of SARS-CoV-2. Mice were assigned randomly to three groups in CAG-
hACE2 mice to assess hACE2 Tg + 2x10% TCIDsy (n=6), hACE2 Tg + 2x10° TCIDs
(n=6), and hACE2 Tg + 2x10* TCIDso (n=6). CAG-hACE2 mice were intranasally
infected with SARS-CoV-2 stock virus at a dosage of 2x10* TCIDso/10 pL, 2x10°
TCIDso/10 pL and 2x10* TCIDs0/10 pL (5 uL/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 X200, and x400 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.



