WREEERE2AR 20234F7 A% 4455 78 hup//xuebao.smmu.edu.cn

e 808 - Academic Journal of Naval Medical University, Jul. 2023, Vol. 44, No. 7
DOI: 10.16781/.CN31-2187/R 20230181 - MR E -

BB g R AN FEXS R AN F R EN KRR PN At E

WA, WEE, BRE, & rY
1R (5 R R ) SRR 2AFes 0B, g 200433
2 REERKE (R KE) HhlEEREHLN RS20 E, i 200433

(HZE] RN SR 3106 & 2 ) S I v A b 20 88 P9 g — A A R 5 Sl Bk i A s Rl A5 8., A
B FHRIT MM A 5L R XK RIZH U = 2 E e, R ise i i e o, AR AR ARl AR R AR AR A, X IR AR R
o K LE AR SRR A 5 43 T HLH A 2 S AP R A28 2 EE, WAL, Sz ARURiier 4etk
TRIT TR, RIAT TG ISR I B i A TR ITARR, SRR SEZE I 166 5 2 TR S 2 0 e & 0 ] TR Al
SR AL ML G D, S T3 HE R o AR SCATEEA - 28 B A S 20 I PP 3 15 25 ) 2 SR e R, X FLAR 2
AEA BRI ST A I R E 253 .

[REEIE ] Fespdlsy; HRANfEie R T, 2SS dil Ty ; 2F4efl; S4Efbpns

[SIRAZST] HHEEM, EHFRR, BRE, 55 . SRANMA, LA P65 2 (W) S 2 DU AR AF AL pe s iR 5 v (9 g
PR (1] B EZEE RF4R, 2023, 44 (7) : 808-815. DOI: 10.16781/.CN31-2187/R.20230181.

Single-cell transcriptome sequencing combined with spatial transcriptome sequencing in fibrotic diseases:
research progress

HU Yifan', HU Jinghan', JIANG Junfeng’, XIONG Jun®
1. Student Team, College of Basic Medical Sciences, Naval Medical University (Second Military Medical University), Shanghai

200433, China
2. Department of Histology and Embryology, College of Basic Medical Sciences, Naval Medical University (Second Military Medical
University), Shanghai 200433, China

[ Abstract | The combination of single-cell transcriptome sequencing and spatial transcriptome sequencing
can analyze the transcriptome and spatial location information of each cell within the tissue, which helps to explore the
gene expression level of cells and the 3-dimensional reconstruction of tissue, decipher cell heterogeneity, understand the
connections and interactions between cells, and deeply explore the cellular and molecular mechanisms of disease development
and progression. Fibrotic diseases involve multiple organs, the course of the disease is extremely complex, and there is a lack
of effective anti-fibrotic treatment; it is still necessary to strengthen the comprehensive understanding of the disease. In recent
years, single-cell transcriptome sequencing combined with spatial transcriptome sequencing has been applied for the research
on pathophysiological mechanisms of fibrotic diseases, and more progress has been made. This article briefly introduces
single-cell transcriptome sequencing combined with spatial transcriptome sequencing and reviews its research progress in
fibrotic diseases.
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BT R R, BERT RERER A G54, KSR E )
RERENY, A FEANE FilE. 4141 ECM i B
MEBMSIE ML ditl, TR A EHZHEE, S
ARG o AL DR R S R N A,
EAFE I HUACE . AR (s i
B ESILRG ) | DI SA A F B e
YA E— RSN, RS R R A
o5 R E YRR T ZAAIE T, 7R Tl E R
A Ik 45% BB & i 4F ek pcis s i . B
i, PR IR YT BR S A BRI BRI R Ah, AT =
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ZRUM S 5 A s R i fE . AT 4
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Vo R AR AN S LA B S PN R AL A L £
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SEZH ) ¥ (single-cell RNA sequencing, scRNA-
seq) 7V HE 4 23 [ RNA (55 5% 40 ) W JF (spatial
RNA sequencing, spRNA-seq) *' ¥ i B #1 % Ji2,
Wil 1 4L R fe, S Eas Rl HER
IRV A AE AL (R AR R o Al . TR
20 2 AN i A 248 e 1) A B A FH B LRk Pl
XN RHESHHTLT IR PR RIS I B, A
SCAETEN B2 HOR AR [, & E e HAE

L YEABRRTSE h E
1 scRNA-seq BX& spRNA-seq 4"

It 53 L3 — R AH T 1999 AR REAR I, HRaE
TEANML . AR RIS A RNA 73111
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75 5 DX 2 SR A AN s 1R o AT B . e sk A 2R R i
il 2 JRE A5 T 7 3 A P A RS T I L
e AR RO R . WEARIR (4
TEASFRZE ) AR [ ME—23 FFRIRAT (unique
molecular identifiers, UMI ) J AR | JEAHIZRFIAR |
BRI BT HAR S

H A, scRNA-seq 1 spRNA-seq T\ A il 15
BUR AT, 31X 2 FhEAR B EAR SRR AR L, R
FrFATREA T % . RXIRA 3R . cDNA B, Y
B SCEEREE RN . BRI AL, (AR
il 25 FAZ B A 7 A AR, 2 v Ak 5
SERATA] (1) o T scRNA-seq F #4121
R PR A, R4k O 25 T A Y A3 (]
8B . spRNA-seq AJ LA scRNA-seq %5 [H] 1/
AP, B2 SZE AR RN KZ R AL
AR (5 1D BEC ) ry 5L D F ik B,
DRI IR B FAOE B S R A K, AR
B 2 FpERECA A, BERT LA E AN, MRTLATR
AN B JRI PR, AT AN A BT B9 2 R 2 B AN
YRR . PRSP A S B . JEERAE R
Tk 2R MR R AR N . PR A M GO AR TAE AN
GPEN B N . FEATIE B LH 2k T e B AR B
AR . WFTTIRYT SRS A A BT R 25 ) S AR 22 Sk 3
FATCAT FR i AT 5 o

F1 B RNA UFFZE RNA AFHER
Tab 1 Differences between single-cell RNA sequencing and spatial RNA sequencing

Item Single-cell RNA sequencing

Spatial RNA sequencing

Sample preparation methods

precipitation, etc.)
Nucleic acid capture methods
(tagging process)

Data visualization results
cell

Dissociation of fresh tissue into single
cell suspensions (enzymatic digestion,
mechanical separation, physical

Microfluidics (water-in-oil or micropores)

Gene expression data for each single

Fresh tissue being either frozen in isopentane
or embedded in optimal cutting temperature
compound-or formalin-fixed and parrffin-embedded
sample, sectioned, and imaged

In situ capture, bidirectional microfluidics, laser
microdissection, gel beads, etc.

Gene expression data of tissue iz sifu microregions
(containing 1 to several cells)
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Tab 2 Single-cell RNA sequencing combined with spatial RNA sequencing in fibrotic disease research

Disease Etiology Subject

Result Reference

Pulmonary Silica suspension was injected into Mice
fibrosis the trachea (silicosis)

Crocidolite asbestos fibres suspension Human,
was injected into the trachea (asbestosis) mice
Respiratory viral infections Human,
mice

IPF Human

Liver Human

fibrosis

End-stage cirrhosis

Biliary atresia Human

Mice model of developmental early- Mice
onset liver failure (TD mice)

Renal
fibrosis

Chronic kidney disease, mice model Human,
of unilateral ureteral obstruction mice

Mice model of ischemia-reperfusion Mice
injury and unilateral ureteral obstruction

Diabetic kidney disease Human

Skin
scarring

A stented wound model (mimics Mice
the wound healing kinetics of tight-
skinned humans)

Skin dermis Human,

mice

Keloids Human

Inflammatory proliferating fibroblasts regulate the cell cycle,
drive inflammatory response, and promote fibrosis through the
GREM1/PPP2R3A pathway.

Monocyte-derived alveolar macrophages self-sustain through
M-CSF/M-CSFR signaling and contribute to fibroblasts
proliferation through PDGFA.

In severe respiratory viral infections, injury-reactive lung
fibroblasts produce ADAMTS4 to remodel the ECM and
promote intense immune cell infiltration, leading to ARDS.

In the IPF fibrosis niche, abnormal basal cells are located
at the edge of myofibroblast foci, and macrophages derived
from profibrotic monocytes promote the formation of ectopic
bronchial vascularization.

The spatial transcriptome distinction between parenchymal
and fibrotic regions of the liver is highly consistent with
conventional histology, with a significant increase in
heterogeneous mesenchymal cells, monocytes, hepatic
macrophages, T cells and B cells in the fibrotic regions.

In the fibrotic niche in biliary atresia, transcriptome enrichment
of immune cell subsets in profibrosis-related pathways may be
the root cause of abnormally rapid liver fibrosis.

Submicron resolution spatial barcoding technology (Seg-scope)
shows that inflammatory macrophages and hepatic stellate cells
in TD liver increased and intertwined, and new cell populations
such as Hep Injured population have increased significantly.
Pdgfraf/Pdgfrb+ myofibroblasts are the main ECM-producing
cells in renal fibrosis, which specifically express Nkd2 and
have been shown to be potential targets for renal fibrosis
therapy in cells and organoids.

The epithelial cells have common and segment-specific damage
and repair responses, and the 2 distinct proximal tubular cell
states after injury have different metabolic characteristics, with
transiently activated lipid metabolism and PLIN2 " lipid droplets
appearing early in ischemia-reperfusion injury.

Vascular endothelial cells, fibroblasts with elevated expression
of CCL19, and immune cells are enriched mainly in areas of
renal fibrosis. Differentially expressed genes in parenchymal
cells are enriched in inflammatory signaling pathways.
Intercellular crosstalk revealed that most cell interactions are
associated with chemokines.

In the process of skin wound healing, there is a significant
increase in the expression of fibrosis-related markers in some
fibroblasts. Subsequently, fibroblasts undergo migration and
differentiation. Ultimately, the fibrosis state is maintained
through continuous inflammatory signals within the scar tissue.
The different fibroblast subgroups in the dermis have different
functions in promoting human epidermal reconstruction in
terms of Wnt signal transduction, interferon y responsiveness,
and introducing acellular dermis.

The cells within scar tissue exhibit heterogeneity, with
activation of mesenchymal transition in endothelial cells and
dysregulation of TGFB/SMAD signaling pathway, leading to
reciprocal interaction between fibroblasts and endothelial cells.

[14]

[15]

[16]

[17]
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Disease Etiology Subject Result Reference
Cardiac ~ Heart failure, myocardial infarction Human, Cardiac fibroblasts maintain quiescent state by degrading [27]

fibrosis model mice

TGFp, and regulate cardiomyocyte homeostasis and fibrosis

through the Htra3-TGFB-IGFBP7 pathway.

Hypertrophic cardiomyopathy

Human Potential key genes for cardiomyocyte transition to failure [28]

and fibroblast activation are identified, in which knockdown
AEBPI promoting fibroblast activation and overexpressing
AEBP]I attenuating TGFB-induced fibroblast activation.

GREMI: Gremlin 1; PPP2R3A: Protein phosphatase 2 regulatory subunit B" a; M-CSF: Macrophage colony-stimulating
factor; M-CSFR: Macrophage colony-stimulating factor receptor; PDGFA: Platelet derived growth factor subunit A; ADAMTS4:

A disintegrin and metalloproteinase with thrombospondin motifs-4; ECM: Extracellular matrix; ARDS: Acute respiratory distress

syndrome; IPF: Idiopathic pulmonary fibrosis; PLIN2: Perilipin 2; CCL19: C-C chemokine ligand 19; TGFp: Transforming growth
factor B; IGFBP7: Insulin like growth factor binding protein 7; AEBP1: AE binding protein 1.

2.1 AR YeA AR AL R — RS A T A
P, DRI 2 T R i £ AL 20 21 S 30U1h 1)
REZR W R, MARUTCE W ( PR ) JEfiiZf
AEAIR T WA R Z—, Hrh Ry ™ E 2 A AR
ik (Si0,) AU fkil, J& H aTHROL S BiIE e
RPN, BN EE A% SRR | g g
T 55 A (9 XU > o Shi 2 1 G T RER
FEARY /N FUFNXT BE /N B, 38 3 scRNA-seq i %€ fIT A
B Y D ayiv B 2 o W A s L R S S LI R
i i spRNA-seq B & AN [FIZE AL I (G A 22 o, X
B 7 d A S6 d S AR E AR R L, 45R
U5 AR AR DX SUAE A 1 98 0 3 B R 41 4 40 i LA
S G FE FE R 5 I8 W RAE, 33k TGFB B 4%
A 53 gremlin 1 (GREM1 ) , GREMI i i 40 [1] 2§
W2 i 2 971759 MF *A37 B"a. ( protein phosphatase 2
regulatory subunit B”a, PPP2R3A ) &7 4l it J5 4],
FFIR B RAE SN, TR AE A TE AL . B 5 AT
%, WIS &R SiO, 5 S AN Al i il 4F 4Efk . 1%
WF5EHE7R, GREMI/PPP2R3A il i 1] B S fik il 44
IR B TERE A
AR TR PR R, 2 P B A A A
AR | R ) AT 24 Ak Sk 322 728 A HRO PR 2R if
il AP AR TURD B A IR, 4G (1) Jili
WE R, SRIE TR LRAZ A, EaR LA
ANORAENG IR NG SE, BeWS A FREHT, FEEfAAE;
(2) [8)J5T B W 4 A, /B0 47 0457 ) BBl RN S <04 ]
FEANAf, R ARIALUE M AIIRE; (3) 3
KA AT AR B It E E AR, A2 R R AR
FETE P R OK 5l HSE 4R R4k P . Joshi 261 1]
H scRNA-seq 5 spRNA-seq 55 £ R 0 52 41 #3155
YIS NN RN DN ES i e AN 2R 2
S AT A B A 7L B W A L S P S T AT AR DI
IREFAEAM R, TFZ IR/ MR IR AE K 2 A

( platelet derived growth factor subunit A, PDGFA )
SEAE AT YR A0 MG A 1) 43 1, IZ AL R IR B
21 fifd £E 7% ) 3% K 7 ( macrophage colony-stimulating
factor, M-CSF) , DLHFMNITAZS S H S 402K
AU 4EE; BT M-CSF/ B W 40 i 4 76 3 R 752
& (' macrophage colony-stimulating factor receptor,
M-CSFR ) 15555 5 ] i 21 44k A 2500 19 A% 41
A= B v e 2 L R SR I F A A 2T 4k . %5
$&7R, M-CSF/M-CSFR {558 242 1l o i i
A0 F FRAER RS R A

ECM HZSHEF . B s ECM Y 1
RO AL o T R 32, ECM
B EBE LI EE ECM, SAR et ( bz
AN, N RS ) — PRI S AN T RS F
PO, WOE R E AEHE CAIURET4E4nt )
SR YL (25 R 5 I ZF 44k . Boyd %5 i it
ScCRNA-seq A B0 3 95 55 B L BB 175 3l Bl 21 4 24
JfL 7 A Z R RERS, A48 ECM & RS . 445
iR TR MR @il spRNA-seq &
IRAG 5 SN A IS 2T 24 240 i A s 7 2 e 40 ) = 4
A T JAE (8] o DX sk, TG 0 21322 [X I8 g % 3K 1ff /)
M S 2 1 i 3R 4 JR KT 4 (a disintegrin and
metalloproteinase with thrombospondin motifs 4,
ADAMTS4 ) . Bl 58 3¢ W A )™ F U O 7 2% 44 30
], sk IS () 453 403 B IR i JC 2T 2 A L 3K 5l 1 3
AT G 3, Sl A4 ADAMTS4 %5 ECM &4
it e S DRl ¥ S I R G AR, A s T A
e sksm U S AR, S £
BRI KL . ZBFTEHRR, B )45 SO P il T
YA ECM 2 16 1, A B Ay ™ o A 3 U
o BRI I ORI DD RE YA RUR AR

e & MR £F 44k (idiopathic pulmonary fibrosis,
IPF ) J2—Rh SRR DLR{E P i i 28 Ay 45
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FE AR 27 4 A SR 20 AT A= %) 15 10 200 A 78 9 17 1O
T, TR SR AR AE, EITELF 4Rk IX
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H1 COL1SA 1 41 Jo BR A KA BRI 14 1055 P9 )2
B SEA0 FH S28 20 S Ak 2 0 A MR A T 5 )
£, AnARFF spRNA-seq ¥ A F TR 152 G 2+
1) S8 A LR AR ) 1) DGR, A R T R A A% i
P 7 AL LA
22 FFeFedesm wEPEIE AR sl A R T T R
S 4E b A ) 22 L 2R 4Efe s
JH R s 1 FRAF DG, SR 52 MR I Ik 50 45 ) e R8T
240 g KUK 1 OGS 25 3 L Chung 25 scRNA-
seq. spRNA-seq Zdi 55K & ot AHSS A
DS AR U] Bl s P 52 J5 DXl R 2 44 A XSk
EAENRE AR, IR TSGR 1y ik . BF
5% 7 spRNA-seq 45 A 15 28 iR 51 T AF A AN ) 3%
RIZRB YA, 5 FLA 42 X3 i S S T X
SRR YA DX S5 B — 30, AR 4L X Sl S ok
) FE A e . PRAZ AN . P E WEANM . T 40 AN
B 41l B 3% £, $E/R scRNA-seq JX 5 spRNA-seq
AT S8 20 R R ) S A e S R A S e, A B
F TP YA AT

JFTE PA A — ™ B Y SORE P T AR A 1Y
NHGE R, SR s 27 4R AL SUdhzom s A
Ye 21" 38 i1 scRNA-seq Fil spRNA-seq 18 7 T JIH
T P EAb R AL 3 T3R5 . RIS R A
() e O . R B, AL E AN
Yo A0 LA “AP IR CD14 " TCD16 " M A% 4l
M. BORAHCE REA M, ASRROI TAIMf . o
P B 410 it B 4F 4 iS5 8 14 3 (ficolin-3, FCN3) ©
RO R A i 35 R I BE RIS Y B 4R O BT
7N, T WUZ AL/ B 21 4 20 B 3 56 %) 1F ) 7 1 38
% K 1l P R A R A2 AR A N B AR R R/

R AR T2/ AT 4 20 B A K PR 7 19 2 1) 1A
T/ BN PR AN P A, SRR Ik S A A
JHLAE JIELTE PA B BT B £ A o 2 OC sV E A, T
B IHIE P A i DO T A AR AR T AL

Cho %5 20 JF 2K T — il AROK 23 3R 14 25 i 4%
AL+ A, FRA Seq-Scope. 1% 4% A H 5 X 5 40
AL 0.6 pm, HAE AR KP4 2 19 Bodhs
B LA BRI P S A S (4 700 UM/ 41D ) .
ZHAR T AE N A0 KT b 52 3023 [ 2H 220 i Y 35 A
FekEdE . W9 E W Seq-Scope FH T 5 &k 1 T3 35
INERERAL (TD/NR) |, 75 79 S HHE b 5
WA B R EARTE T A AL 2 20 R
BRI . SAEFNET AL S0, ] LIRS I AH 5G4 i
A, (At RE Do Hh AN MR . A B R A A
g5k W9 B, TD JHIE A 285 105 248 Ff R A2
ARABM I IFAR B AR, B 40 B 4N Hep
Injured ( #345 N AN ) BFSE R BT, WF5Y
SR N P TP ET AE A R0 AN e S HOR B A AR 43t
TSR
23 R B AT YR AL R R P B e R
MRk, Hrh AR IE By 4 AR IR . ThRe R
P 1S 2 R T S AP AR AE 4 Y L Kuppe 252
JH scRNA-seq 73 BT 1~ A At 5 ' I 0 21 4 4L B J)E
I s AR T v N A L S 2, sl AR
IR 2 53 P19 5 3k 7 /0N R ol FH 8 A i 2B
scRNA-seq 144 6 5t i P g nT S P 7y (assay for
transposase-accessible chromatin using sequencing,
ATAC-seq) DL M NEFHEALE 1 spRNA-seq, 7E 5
HERACE T 48R T N LT 2 20 i S i A2
MRS IEFN AL o W5 R BRI MR AR A R 32
TR IRANY R/ Ye 8 N v - N DA B R L S N A
) JULISCET A8 20 L 21 4R A 522/ ECM ™ A 4
Jitg, #EEA A AR 2 (naked cuticle homolog
2, Nkd2) iz rekik, It HAEL itk
I RE PRGN, 7EA Pdgfrb 400 R MBI E
HRIIESE Nkd2 PR R B T AL T R 1R 7 R o

itk B LT AR S AR AL, Li
452 F ] sci-RNA-seq3 4R (—Fhal S8l Z kEA
fe 38 FE AN () scRNA-seq F2 AR ), % B JUE dife i P-4
1 (ischemia-reperfusion injury, IRI ) #& 71 F1 B ]
i PRSP N U AP 4RAE A L e st
13 7 Ay Ta] RO R SEE, T8I0 o 284 B JE - 7z
W BEBTAIAR S RGN Y 50 Fh 4 i 2 BY sl 40
WA, B A b R HA [ 0 R BRe R 1Y)
P FESE RN, B 1 2 R 4 (%) 30 v /NS 4
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/N A AR BB R T R A E A S AR
YERT o X645 1) e B IR I 2S5 AT o
JAE R DR I 0 B £F AR 5 TR A5 Fh AL 4L
HA L QYRR H—Sed8 B ano k. B AR R
A A ol R 177 S 8 Ll S UEA | A
B R 9% B (diabetic kidney disease, DKD ) &
WE PRI B I R 2 —, 2 BRIE 1 B R
i B9 EF . Chen %8 % DKD £ 195 IE A%
AR P47 T scRNA-seq Fil spRNA-seq 73 ¥, % P 7E
DKD )5 £ 4 Ak DX b s & kN B 4l i . C-C
It bR FELA 19 (C-C chemokine ligand 19,
CCL19 ) FikTH i i 2F e 4 X S e 40, H
JVk N e 4 R 55 8 28 24 40 f 3 5 37 . DKD H oKk 24K
B SISO A0 L 1) 2 SR R I P 2 B AR AR RORE [ 5
e, ARl e s T DKD H Y R 2 504 A
AR SBHE A G, RS R T T A4
AP AN RRE 20 A ] AR AR T A 530 0 T i o
24 FRBIRE M 05 1R A A R A £ L
FIRIE LS B o IR AT 4k 4 M TR i 3508
ECM ZH i, ZHZRMEAE . 18 /0. B/ IE KRk B
7k, PRI Bz IR A ThiE . Foster 45 1/
SRS 7 FUBE AL R N R i N2 1,
1f scRNA-seq Ik & spRNA-seq PA M scATAC-seq,
WESE AT AR MOAE s D S i B AT RS . AR A
BaN ey BN Yl R 2SR 137 NN BT VA e ) P S A
I R I A G B, BB A 4R A 2
Aefb A IEARICY (U0 Engraed-1, Collal, Tgbf2 £l
Jun) Fik i EPE R, B S AE W4 RS R
IRk, FRA 0 D R 2 2N R 6
FE A5 T AE R A AR . e LT LR
A A XA 0 SO R 2 B A
RN Bk BB v AT A A i S T
2 ¥, Philippeos 25 45 & A 28 Fl/N LB 2 19
spRNA-seq FI A2 H B AT 4E A e %) scRNA-seq,
Wi 1T 20 4 P OE R BT AE A0 IR R e o o
REFEBFS0R CD26 B R OCEEIE R bRy, HiIA
o CD26 " IR 27 4k 40 Mo A B T B2 Ik F 44k 27, A
Philippeos % ' BF5E & R, FEAE T REBSF N BLH?
1) CD26 HIIFAFAET A R B2 (FLR2) i
LFAEANAE D o ST R BRAS[R] ( BET 2 20 STV A
TE Wit (55565 . XTHER v 09SOk &5 I A2
ML EC R, X N 3R R F A AN R D fE . ax sk

BERRST T a0 S S A0 ML SR L R AR
MR ITEE, JEA BT RTE X R e LT 440 i
RERTRY T RS DR 2 UB 5

LA T8 IR 92 985 5 HIL ) # BF 5% 3 24 P 7
FET 2k 20 B 3y R WA Lo Shim 450 R
scRNA-seq 1 spRNA-seq 7 TR IZ 14 4 SR AR
IEH B2 BRXTHEFEAS, scRNA-seq Z5 487~ TIIRIZ
TEWN BT AEL0 . PN B A0 B AR AL ZT 4 4 e 55 20
MRS spRNA-seq 285 3 ik 7 55 59 AH G A9 i
LTI Z B BRI D s 5, FE AT
PN B SR SRR R L TEIRIRIZ P 9 B A i it
53 [] 78 JUbR 2 P00 A TGFB/SMAD (45 L Sma
FUR b Mad 19 [R I EL R ) A5 5 2904, o [ 78 5 Al
M BRI 2 B PO LI E (s IRIZ B N
B AR ) FE S A A0 — AR AR B E R 2
E T RIRIZSE AT AR AN AN B A0 2 T] 17 B )
2%, spRNA-seq 5 (7 M SCRFIX PR ER AL . 1%
TSP £ 28 110538 17 R0 P R A4 L ) 8 JBA mT g
Z: SR IE I R RAILH
2.5 SREEF A U EEF AR AR B AS [ R
OIS A WL ER R BE, ECM 2R 1 1Y 5% DT
{1 ) B &2 34 4 A U Y R/ I 11 '8
A5 FNET SR DIRE, TR HER T B R L h 4R
YE Y . Ko %™ 38 3 scRNA-seq 5 spRNA-seq
S5 R BB, R R A 22 2R K 3 (high
temperature requirement A serine peptidase 3,
Htra3 ) 3 o [ £ TGFP 2 450 JUE 10 21 4 41 A i) i
1RIRAS . Htra3 S U IELF4EAL AL o) 5 05 117 S 5
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