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[{ZE] BH - T M RNAMF (single-cell RNA sequencing, scRNA-Seq), 437" 5 a PEIEIE 455 AE AR5 2 (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2) ZAIi & B3k Z 41k 2 (angiotensin-converting enzyme 2, ACE2) #£ NFI/NFEEIL
BT S FRIRGFAE . FTiE - IR AR PR AS R B O B N SE AL AL 2 10 B il CS7TBL/6 /N FRLEE ALLH 2R 9 3], I T A A o 400 i 2 S 48
SCRNA-Seq hrifEAb FHAR 745 S0 A0 M- B D 3k 1 o 283 i Pl . B bl . b UOn b B AN SRSB4 I, ) A S L A0
PR i RS HEA A, LA 7E & B ORI Beh AR BRUEEALH ACE2 b 22 . G551 - S50 RIS BRI A Y S AL 4t T
EOAS, AUdE 3 BFAAIANMT ORS B An i . A BRI AN 7 A0 i/AKS 1) AN 6 BEURANAT (Sertoli 4HA . B WEANMT 1Mo 25 F-w WLANAE . N2
L. Leydig MG TRNREANEL) . WA TRISGARE, FEMASILT, ACE2 34 3RIKT Sertoli MM, £ Leydig 40l . %5 AU 40
AT NR A RIE . IWBFIREE B, A Sertoli MY ACE2 ¥ 5 F REMER S£ILHY R E MBI, HFHWS Sertoli MM h ACE2 FRiB i
i THUHAILEY (P=0.000). WINREIRTRIBORE, Adce2 RIXX S ANEITH BERI . fSFJWWCWBL/é/\ﬁ%
L, Ace2 iy KPR B R T M- AN (P=0.000), Tii Sertoli 41l it * Ace2 FHTLANEIMIL . Z5iE + SARS-CoV-21]
AE 2L Sertoli AT/ NJSEEIL, H L CSTBL/6 /)N BB AIASTE F T4 SARS-Co V-2 & xif A2 L) D) BERY mo
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Single-cell RNA sequencing reveals the spatio-temporal expression profile of SARS-CoV-2 related
receptor in human and mouse testes
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[Abstract] Objective:To analyze the spatio-temporal expression profile of angiotensin-converting enzyme 2 (4CE2), the receptor of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), in human and mouse testes based on single-cell RNA sequencing (scRNA-Seq). Methods:Ten
testicular tissues from humans and nine testicular tissues from C57BL/6 mice with normal developmental stages were collected and digested into single cell
suspensions by enzyme, and then the cell-gene expression matrixes were obtained by scRNA-Seq standard processing procedures. After quality control,
data standardization, batch effect processing, clustering, and dimensionality reduction, each subgroup of cells was annotated based on known testicular cell
bio-markers to clarify the expression patterns and differences of ACE2 in human and mouse testes with normal developmental stages. Results-In this
study, nine testicular cell subgroups found in human and mice were identified, including three subgroups of germ cells (spermatogonia, spermatocytes, and
spermatids/sperm) and six subgroups of somatic cells (Sertoli cells, macrophages, vascular smooth muscle cells, endothelial cells, Leydig cells, and
peritubular myoid cells). In terms of spatial distribution, 4CE2 was predominantly expressed in human Sertoli cells in adult testes, and also expressed in
Leydig cells, peritubular myoid cells, and germ cells. In terms of time scale, the transcription abundance of ACE?2 in human Sertoli cells increased with the
development of testis, and the expression level of ACE?2 in Sertoli cells after puberty was significantly higher than that in infancy and childhood (P=0.000).
Judging from the stages of mouse testicular development, the expression patterns of Ace2 were both significantly different from those in humans. In testis
of the 5-week-old adult C57BL/6 mouse, the transcription level of Ace2 was low and it was mainly expressed in vascular smooth muscle cells (P=0.000),
while the number of Ace2 positive cell in Sertoli cells was extremely low. Conclusion®SARS-CoV-2 may mainly infects human testis through Sertoli cells,
and the conventional C57BL/6 mouse model is not suitable to simulate the effect of SARS-CoV-2 infection on human testicular function.
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enzyme 2 (ACE2); viral orchitis; Sertoli cell

2019 4F 12 7 LUK, ™5 2 ME R I 25 & AE 5 R0 75 2
(severe acute respiratory syndrome coronavirus 2, SARS-
CoV-2) FEUAYMG A PENG AR ERAWT & AE 2 Hith 5 A=
HAVE TG (https://covid19.who.int/) $HE s, #E
20214E3 23 H, BRI EENT 22 (coronavirus disease
2019, COVID-19) &k Z23FH1i2# 12 341 74, Il
A KRR 3R] IR ki . WF5E © IEW], SARS-CoV-2
o 5o %k &K % {1k 8 2 (angiotensin-converting
enzyme 2, ACE2) ZIRZ5GHE AN, b, [H] SARS-
CoV A[A], SARS-CoV-2 1S FITE S1/S2 WA HA MR
JEARE FBE (furin) DIFIOZ AL, SR EATEICAL AU DI E 0
THA AR S S ARA NG G EEE

COVID-19 3% F 45258 7 7R, SARS-CoV-2 &t
SRR E AL, I IR BT AR e
Ay AU (Edifh) Q@ R, RiKACE2RY
—BESERSCRE R A A T B b e A AR
1 LW 20 A ) SARS-CoV-2 85 1 £ PR 5 sl iok B T~ 5 I
2 PCR (real time quantitative PCR, RT-qPCR) F{JJk 85 1%
PRGN | S 2H ARG BORIE ST L 7 AR, R SEAL AR
# SARS-CoV-2 ) RNA FIJ#E 0k . #R1MT, SARS-CoV-2
SR 2R R AR AR IRG Y Xhie, FRATTE T AT AR
] 52 AL 40 D RNA I ¥ (single-cell RNA sequencing,
scRNA-Seq) #ufli, 2l 7B KA T SRR BB
FERSIE R BN BN REE AL ACE2 FUS OS2 AL FURIN )
Fikik, LU Z 5 ISP K-F-BF5E SARS-CoV-2 Jfk e 52
LRI S HR S AL RE P FE R R iR IS

1 HE5ERE

1.1 ALZUR 5 - Sl )
111 4HEURIE

(1) AREAALT 20184F 11 H—20194F2 H F I
TR A8 38 2 B T A — N ER 6 [ L 98 52 38 K I 2 g B
J& i L B2 bR T 10 B 1D TR FE Ay 22
JLHE, PR T B T S IUBOR AR 1Y) 26~33 2 AT BRI C
K5 (obstructive azoospermia, OA) H& SHl; 2% |
5% I BWHESGEES 1], 82 1 sk S ALl
TR L 17 % 52 UHL L UG A B 45 LB AR SR
% PR 2 REBR I ZE A S WA, T R EE
(FARAERZR) M (FARBRUAL TR S
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(2) /AMRBRLAR NRBAHLAIA B3,
6. 8. 11, 14, 17, 21, 25 dF15 &M CSTBL/6 /N, Ab
FE/IN UG B 220, G TR W R 28 o (phosphate
buffer saline, PBS) e, #ILFIRAL, BOH T R/NE
JLHLUWE N —P A3,

A G T FH 52 AU ZH 2349 Ry 38 i 1) oK 28 W R R AE 3 1Y
MY, HAEEIERSE 6 h NS F EHL, DURIES R
T AR I3 W] S A e SR AL B
112 SEE 3G EYIFREE (Hyaluronldase, Sigma
), 4845 H3506) ; BREAEE (Typsin, Sigma/sw], %5
T8003); VAW JREE (Collagenase Type IV, Gibco, 55
17104-019); XAEANMEIAHIE (Miltenyi, 4% 130-090-482).

1.2 Wik

121 SRR AR PBS Z% th i vh e S L 4L
ZU3WE, PR I oeeE, THAE (VAR R, s
g A TR ) T 37 °COKIRIH A 15~20 min, HL&E %4
HALE PR B . 40 pm JE e M IR IR B0, B
EETF0.1%2FIMEHEM (bovine serum albumin, BSA)
HPBS . il R AEAN AR & L BRIEANN, FH0.1%BSA
1) PBS Pk 138 5 AT IO M B3 5x107/mL K
1.2.2  scRNA-Seq SRR &7 FEE 43 #1 - H Chromium
Single cell 3’ Reagent (v3, 10xGenomics™) X#| &,
SR LA AN I B RN 2 3 10xGenomics™ i ia it i L, 4
BT AR AL AN IR S BRAR W . 28 53 °C 300 57 45 min
J& . 85°C 5 min % 1k J v A B cDNA. #R J5 FH PCR 7 3
cDNA, JFR4 11 cDNA #F17 lr Befb . KunfE & . poly-
ARSI Sk E B IF AT SCE Y . M Hllumina
NovaSeq 6000 Wl J37 *F- & i 47 W ¥ o J5 4 B4 Cell
Ranger {4 (V2.2.0, 10xGenomics™) #E47 H X} )5 75 3
i UMI 38506 B CBuHs 1% % GSE149512 ), JFHI
GEO % i J&£ GSE124263 ") (2 4~ 0 % #E R B ) M
GSE134144 " (7 R 13 B REARBIES 11) 5. @
o AR BR SR AT A M BT 0 . (DU UMIK T 500 H/)
F°90 000, @ EEEHFFIAHOKT 500, LR K F A
A7 H/INT 25% . A AR A R A2 Seurat (V3.0.1) 47
F 4438 (principal component analysis, PCA) ' )5,
HEFE PCs 1-20 FA4T t-SNE  (t-distributed stochastic neighbor
embedding) FEZESM AT FNIE MBS 2 DT R A5 9 A4~ At i
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1.2.3 JERFRIESHT R T MM SIS A AR &
WOEABEANML . fH R £ Seurat (V3.0.1) P E 4
VLNPLOT #l FEATUREPLOT £ il /N 35 Pl 1 2 it 4315 1
Ko ke & N 288 1 3 3K %48 % Human Protein Atlas
(https: //www.proteinatlas.org), 313 ACE2 (CAB026174)
5 FURIN (CAB009499) 75 i4F 55 1 52 JLZH 4L i) o 52
HAL G oL, Qe @Ak A T 29 2 F126 2 1Y
Bk

B IR RS A ST 3 R T Wilcoxon FR ARG 5
Ky, A MRE AT FEAS 4 R R A AT
GYER, POORTRE R ST ) A0 LR R SEALAI M . P<<0.05
hESAGFE L
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e R
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Note: A. t-SNE plot of testicular cells from 5 adult OA patients. B. t-SNE plot of 5-week-old mouse testicular cells. C. Expression patterns of markers on t-SNE plots of
human testicular cells. D. Expression patterns of markers on t-SNE plots of mouse testicular cells. SPGs—spermatogonia; SPCs—spermatocytes; SPTs—spermatids/sperm;
SCs—Sertoli cells; MACs—macrophages; VSMs—vascular smooth muscle cells; ENCs—endothelial cells; LCs—Leydig cells; PTMs—peritubular myoid cells. FGFR3—
fibroblast growth factor receptor 3; SYCP3—synaptonemal complex protein 3; TNP1—transition protein 1; VWF—von willebrand factor; DLK1—delta like non-canonical

notch ligand 1; MYH11—myosin heavy chain 11; MUSTN I—musculoskeletal embryonic nuclear protein 1; SOX9—(sex-determining of Y)-Box transcription factor 9; Gfral—

glial cell derived neurotrophic factor family receptor « 1.
E1 AFUNREAMHE scRNA-Seq 5347

Fig1 scRNA-Seq analysis of human and mouse testicular cells
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22 AN ACE2 Y FURIN 46545 4E

AN 2 3L scRNA-Seq BUE 2 . ACE2 E 2 & B 4E
Sertoli 4, 7F Leydig 40 . 7 J&] WIURE 20 fitd A 45 2 A=
A b L G W] e gk, AR A S B Y 40 Rk
KPR (K2A, C). ACE2 FHAERY Sertoli 41 iy i 4
Sertoli ZH it 1) 12.7%. A S2ILAH S e A AL G 8 o,
ACE2 23R 3K T Sertoli i il Fl Leydig 410 (#12E). #%
AT FE scRNA-Seq B4 510 A2 5 27 B 1 Guo 45 ' ]

R A8 JE K 27 19 Sohni 55 10 (1 B B A S 43 BT Rk B
ACE2 7£ Sertoli 21 Jitd ' (1) 8 2 AR 2 [RIRE A7 7E T HoAth 4 e
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40 |
20

{SNE_2
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B, H Sertoli 4H i) ACE2 % 5 4= BE Bt 4 22 4L 1Y) k& i 4
i, BEG REE Sertoli 41 ACE2 F 3k W i 5 T4
JLH ALz (P=0.000, E2D) . BEAh, XFR A S L
FURIN (W3R X FEAE AT 73 B B . FURIN 78 2 AU4 #F 4
M B Kk, 75:Sertoli?ﬁiﬂ@*ﬂLeydigéﬁﬂﬂ@*%@iﬁiﬁ
m (E2B. C). ekt /R, FURIN KL T8
YR B (B 2F) o 28 BTk, NACE2 FERIAT
Sertoli il g Al Leydig 40 i1, JbH: = 235 75 & 5 it
1) Sertoli ZH il /1 5 FURIN 78 N 5 JU 4 #F 40 M b 33 47
Fik,

FURIN

B
40
20
3
ol 2
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0
_20 +
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e
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Note: A. Feature plot for ACE2 expression across all cell populations of adult testicles. B. Feature plot for FURIN expression across all cell populations of adult testicles. C.
Violin plot for ACE2 and FURIN expression across all cell populations of adult testicles. D. Changes of expression levels of ACE2 in human testicular Sertoli cells at different
developmental stages from birth to adult. E. Immunohistochemical staining of ACE2 in the testicle of adult male (x400). F. Inmunohistochemical staining of FURIN in the

testicle of adult male (x400).
B2 ACE2# FURINTE NEAFHFFER
Fig 2 Expression patterns of ACE2 and FURIN in human testicles
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3A. B)o b, FRATR A S 3 d 25 Y/ B2 L
scRNA-Seq H 4 #4770 A & B . e/ LR IL K & RN TH)
BrBert, Ace2 ' A 3R BAPE 1Y Sertoli 40 i £ & 4l /0 H.
RILAKFAF (F3C), (HIILE V-8 LA A 8B &
Ace2 FiRIKF (EI3D),

A B
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20 31
: e
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Note: A. Feature plot for Ace2 expression across all cell populations of 5-week-old mouse testicle. B.Violin plot for Ace2 expression across all cell populations of 5-week-old

mouse testicle. C. Changes of expression levels of 4ce2 in mouse testicular Sertoli cells. D. Changes of expression levels of Ace2 in mouse testicular vascular smooth muscle

cells from 3 days and 5 weeks after birth.
3 Ace2fE/NREBAPHFIEENX

Fig 3 Expression patterns of Ace2 in mouse testicles

3 itie

R 7 % A R DT A0 L SR AN 04 S L T
(It AR 1. Sertoli 20 M Ay A G /N PA OFE— A2 D
S ARG I A0 M AE PN 0 22 G AR A e A, DR
VAEE Z 05553 IR B AR UME S AR TR VY TRl E
Sertoli 4 A =2 [11] 114 5% %% 22 42 2 1 52 5k e 114) 5 i 21 i
oy, SHAERF BRI R MR . Leydig 407 T 5
JUIRIGE, A B3 D I 28 1) 2 24l 1

Z R R AT 5 R LR D, P IR A B
(mumps virus, MuV) 2% WHKFEIAZ —, 14%~35%
H A WG 0 B R R 20 RS2, R A
BAHZM T, HESPUHERY] . AE Y BT/ NEE
FERIM, MuV B Y Sertoli 21 i I 5l 3% HL ™ Az b g IR BE A
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F-a (tumor necrosis factor-a, TNF-a), Bt H B RIER
N _E VAR AL]F CXCL10 (C-X-C motif chemokine ligand
10) #ik, EMEFAERMMEIT . I, MuvIiEgs
$ith Leydig 40 MI DI RE, S0 520 A9 IEH 734 1. SARS-
CoV YL 5| S AL A il o RIS 21 X 6 4
A" S0Pk 0T I ZE A/ i (severe acute respiratory
syndrome, SARS) SET-WEHE AT K LM, HELA
IR R I SR B PRk AL - S OIL ) 55 M R AT 1 4
IR | ARV SR JRE | A5 G RS A ek
EENILPRIWAE T JAN, b e A RS B % B
Kuti) B BBk 1gG FIgA, M SARS-CoV 75 Y H
B Ve v] R e P BRI AR I BRI Z —

ACE2 TR NI LUz ik, RHERKT
Sertoli ZH il Fl Leydig 4l , WA SEALHF7#E K it SARS-
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CoV-2 455 i s . LA WF5E 5% 1Ak, FURIN %} SARS-
CoV-2 (1 S F [ 1) TRUIAL I 2 o 745 J e 4 il A9 G,
FURIN 3235 T4 55 NS4 40 Jf R ) 5T 240 i 76 9 19 2 B A
KA D. Bk, 5GBTS BT A B
P, FRATHEI A S AL SARS-CoV-2 [ 5 AL 28 B 22—,
a2 E 2Ll AR A Sertoli 4 J iYL AL, ACE2TENFH &
)5 Sertoli 1 fif v 2235 F BEAH XS B i, #27K SARS-CoV-2
X 5 AR SIS 52 R XU T BEAR XS BE K . SARS-CoV-2 /]
Bl 3 B IR Sertoli 4 g Al Leydig 40 i 1E % Dhfig, 514 %
PEAN M R 7 S8 63k, WP I 5 i 52 B B R 52 L S
RIS, BSABARET, SEBEMNAT Zm
SN RE R

AN, RAE NN L ACE2 2 [ Y 2 SR 1 X Y
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