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[ Abstract]

(EC) in a murine model of choroidal neovascularization ( CNV) based on single-cell RNA sequencing ( scRNA-

Objective To investigate the molecular expression and pathological features of endothelial cell

seq). Methods Six C57BL/6 mice aged 6-8 weeks were randomly divided into two groups, with 3 mice in each
group. Bilateral eyeballs were enucleated. The choroidal tissues from the two groups were isolated by shearing the
complex and scraping the choroid, respectively. Single-cell suspension was prepared by continuous digestion with
trypsin/type 1 collagenase at 37 °C ,and the cell viability and EC ratio were detected by flow cytometry to determine
the preparation method of single-cell suspension. Another 6 mice were randomly assigned into the control group and
the CNV group, with 3 mice in each group. The CNV model was induced by laser photocoagulation and single-cell
suspensions were prepared 7 days after modeling. Gene expression library construction was performed using the
Chromi-um (10x Genomics) instrument. High throughput sequencing was performed using the Illumina Novaseq6000
to obtain the expression matrix. The EC subpopulations were classified according to previous researches and the
Cellmarker database. Pseudo-time analysis was performed in EC, revealing the gene expression matrix of different
states. CNV-EC were further selected with preliminary analysis of the expression characteristics. Another 6 mice were
selected to establish the CNV model and eyeball frozen sections were prepared 7 days after modeling. Expression and
distribution as well as the area percentage of EC marker Pecam! , mitochondrial outer membrane proteins Tomm20 and
mt-Col, and capillary markers Kdr and Plvap were observed by immunofluorescence staining, and the vascular
diameter was calculated. The use and care of animals followed the ARVO statement. This study protocol was approved
by the Experimental Animal Welfare and Ethics Committee of Air Force Military Medical University ( No.
20200181).

choroidal scrapings was 99.4% and 99. 1%, respectively, both of which met the sequencing requirements. The

Results The cell viability of the single-cell suspension prepared from choroidal-scleral fragments and

percentage of EC detected by flow cytometry was approximately 1. 58%. The scRNA-seq result revealed that both the
normal control and CNV groups contained 13 choroidal cell clusters. Compared with the normal control group, the
proportions of rod/cone photoreceptor cells, EC and hematopoietic cells all increased, while the retinal pigment
epithelium (RPE) and Schwan cells reduced in the CNV group. Among all clusters, EC constituted 18. 4%. The pseudo-
time analysis demonstrated that EC could be further divided into 4 states. The percentage of state 2 EC was 29. 1% in
the CNV group, which was significantly higher than 9.5% in the normal control group. Differentially expressed gene
analysis showed that the expression of mitochondrion-related genes,including mi-Nd4 and mit-Atp6, were upregulated in
state 2 EC, while capillary-related genes, including Kdr and Esml, were downregulated. Immunofluorescent staining
revealed that the area of Tomm20 and mt-Col in Pecaml-positive EC in the CNV area was (19.50+4.68)% and
(4.64+2.82) % ,respectively, which were both higher than (3.00+£2.09)% and (0.18+0.34)% in normal area
(t=7.88,3.84; both at P<0.01). The area of Kdr and Plvap in Pecaml-positive EC in the CNV area was
(1.50£0.29) % and (0.79+0.97) % ,respectively, which were both lower than (31.30+5.44) % and ( 10.43+2.28)%
in the normal area (¢=13.40,9.48;both at P<0.01). The vascular diameter in the CNV area was (5.52+1.85) um,
which was larger than (4.21+1.84)pum in the normal area (1=9.57,P<0.001).

the proportion of EC in choroid increases,and CNV-EC shows pathologic features of mitochondrial metabolic activation

Conclusions When CNV occurs,

and loss of capillary properties,suggesting the mitochondrial activation of EC may play a role in the formation of CNV.
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sequencing
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Figure 1 Cell viability in single cell suspensions prepared via different methods by flow cytometry
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For cells from choroidal-scleral fragments, the major cell group accounted for 75.3%. After the removal of
debris, single cells accounted for 95%. In single cells,7-AAD negative live cells accounted for 99.4%. For

cells from choroidal scrapings, the major cell group accounted for 77. 9%. After the removal of debris, single

cells accounted for 95. 7%. In single cells,7-AAD negative live cells accounted for 99. 1% (7-AAD negative
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scRNA-seq analysis of choroidal cells from control and CNV mice
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A:2D t-SNE plot of scRNA-seq result
different cell subpopulations and a total of 13 cell subpopulations were identified B Violin plot of typical cell markers in distinguished cell subtypes

C: The proportion of each type of cells in choroidal tissues from control and CNV mice
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Figure 4 Pseudo-time analysis of EC cluster
were selected for further analysis
group (FC>1.5; P<0.05)

color-coded D :The proportion of EC in different states from normal and CNV mice

Heatmap showing the expression of mitochondrial respiratory chain-related genes and capillary genes of EC in different states

C: Pseudo-time trajectory of ECs
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A ;2D t-SNE plot showing the distribution of EC markers Pecam1,Cdh5 and Fltl in choroidal cells. ECs

B : Volcano plot showing the distribution of differentially expressed genes of ECs between the CNV group and normal control

Cells were divided into 4 states. Different states in the pseudo-time analysis were

The number of ECs in state 2 increased evidently in CNV group E:

The expression of mitochondrial

respiratory chain related genes were upregulated and the capillary genes were downregulated in state 2 EC in compared with state 1,3 and 4 EC  FC:fold

change ; CNV : choroidal neovascularization
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P<0.01) (& 5A~D) ; 25/ B & F£ M CNV K& 415 £2 ESEAEC t Toplo FiHEHE
SFAH M (bulk RNA-seq, GSE129743) ¥t iR W~ , 5 1E Table 2 Top 10 upregulated genes in EC

B v B 1 CNV 4 RE 45 48 *EMU“‘H%*H?&%% in normal control group
wAETEE T A (B SE) . LI Log, (% 5450 P
2.3.2 CNV-EC BE4IMEREMEEARE EHR)E Unel3e 3.812 0.028
7 d IRFR KR D R S B S 6 R R A KB s a0 oL o0
B0 100 7 AE M AR 9 Kdre Al Plvap 78 Pecam1 B 4

EC Py % ik [ BLE 015 51 (1,50 £ 0.29)% f1 " o v
(0.79+0.97) % K F 1E # X 3L 1) (31.30+5. 44 ) % FI Lig3 2.757 0. 005
(10.43+2.28)%, % 44 Gt & X (1=13.40, . ) 7o o oi
9.48,4 P<0.001) (& 6A ~D); tt4h, B % F Y CNV

bulk RNA-seq B 4047 3%, 5 18 4 6 BB 4l g ony 2693 0-on
f AR v 2 20 R O 3 PR 4 BRI (] 6E) Mageel 2.551 0.009
2.3.3 CNV Jﬂl%ﬁfé/}rlﬂﬁ %i&*i%ﬁﬁ CNV EF'E/‘J Kbtbd3 2.533 0. 039
L5 S5 A AR, of ok 285 I 4 L AR AR AT SR 3T 40 BT, 45 SR - . o oo
R, CNV Xl 8 B AR N (5. 52+1.85) wm , B i 75 F

EH KM (421 1.84) pm, 2R H G EE L “° 2018 0.027
(t=9.57,P<0.001) (& 7A,B). M40, % % CNV bulk U - CNV.: ik 4 IR /£ 1L B 5 EC 9 Bz 241

Note ; CNV : choroidal neovascularization ; EC ; endothelial cell
RNA-seq $45 1) GSEA 73 7s CNV FEA 3l Ik & &
FHOCHEP AL Bl (18 7C) , 5A3C CNV AP LA P 25 1) %
AR5 #3 ECH State 1 fHE EM AU RSEELRERER
Table 3 Major upregulated genes in state 1 EC
compared with state 2,3 .4

%1 CNV 4 EC f1 Topl0 EiFEH FE A Log, (22 75 %0 Pl

Table 1 Top 10 upregulated genes in EC in CNV group

Card 4.112 <0.001
Ea7| Log, ( 22 A5 %80 P {H Esml 3.219 <0.001

Plvap 2.195 <0.001
Pcdhb14 6. 640 0.013

Kdr 2.089 <0.001
Helq 6. 184 P13 Flil 0.583 <0.001
Rho 5.220 0.012 T EC: 4 B4 M

Note : EC : endothelial cell
Dus31 4.913 0.023
- 475 o ont #4 EC State 2 M FRHEAURSEE LALRER
’ ' Table 4 Major upregulated genes in state 2 compared
with state 1,3 ,4

Snx29 4.661 0.039

SN Log, ( 22 =A% 50) Py
Ube2vl 4.563 0. 005

mt-Nd4 1.432 <0.001
Elmod2 4.023 0.016 mt-Atp6 1.421 <0.001

mt-Co3 1.392 <0.001
Zdhhcl4 3.879 0.028

mt-Nd3 1.356 <0.001
Tram2 3.719 0. 008 mi-Nd2 1.324 <0. 001

NV Jik 2% BB AR I35 s EC : N B 4 ff T EC: A B 40 il

Note : CNV ; choroidal neovascularization ; EC ; endothelial cell Note : EC : endothelial cell
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#*5 ECH State SfHL FTHM O URSEZELFAERER *6 ECH State 4 it FEM O URESEEZELAERER
Table 5 Major upregulated genes in state 3 compared Table 6 Major upregulated genes in state 4 compared
with state 1,24 with state 1,2,3
S| Log, ( 22 A5 %0) Py K Log, ( 22 545 £0) P 1Y
ligh4 3.591 0. 002 Rpl10-ps3 1.897 0.001
Hykk 3.498 <0.001 Rbpl 1.525 0. 002
Zfp780b 2.890 <0.001 Rps9 1.520 <0.001
Pgml 2.717 0.002 Rpsl5a 1.490 <0.001
Cnnm?2 2.706 0. 001 Rps27rt 1.450 <0.001
W EC: N 4 W EC: N R 40
Note : EC : endothelial cell Note : EC : endothelial cell
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Figure 5 Expression of mitochondrial protein in EC 7 days following CNV modeling A :Immunofluorescence staining of choroidal-scleral complex
frozen section for Pecaml and Tomm20 ( X400, bar=50 pm) EC marker Pecaml, mitochondrial outer membrane Tomm20 and cell nucleus ( DAPI)
showed red, gray and blue,respectively. There was more Tomm20 distributed in EC in the CNV area ( yellow arrows) compared with normal area B:
Immunofluorescence staining of choroidal-scleral complex frozen section for Pecaml and mt-Col (x400,bar=50 pm) EC marker Pecaml, mitochondrial
complex IV mt-Col and cell nucleus (DAPI) showed red, green and blue,respectively. There was more mt-Col distributed in EC in the CNV area ( yellow
arrows) compared with normal area C:Comparison of the ratio of Tomm20/Pecaml double positive area to Pecaml positive area between neovascular area
and normal area Compared with normal area,”P <0.001 (Independent samples t-test, n=6) D: Comparison of the ratio of mt-Col/Pecaml double
positive area to Pecaml positive area between neovascular area and normal area  Compared with normal area,”P<0.01 ( Independent samples t-test,
n=6) E:Gene Set Enrichment Analysis of whole choroid mitochondrial outer membrane-associated gene sets in GSE129743 database for control and CNV

groups The expression of mitochondrial related genes was upregulated in CNV group CNV ;choroidal neovascularization
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Figure 6 Expression of capillary endothelial marker in EC 7 days following CNV modeling A : Immunofluorescence staining of choroidal-scleral
complex frozen section for Pecam1 and Kdr ( X400,bar=50 pm) EC marker Pecaml, capillary marker Kdr and cell nucleus (DAPI) showed red, gray and
blue, respectively. There was more Kdr distributed in EC in the CNV area (yellow arrows) compared with normal area B :Immunofluorescence staining of
choroidal-scleral complex frozen section for Pecaml and Plvap ( X400,bar=50 pm) EC marker Pecaml, capillary marker Plvap and cell nucleus ( DAPT)
showed red, green and blue, respectively. There was more Plvap distributed in EC in the CNV area ( yellow arrows) compared with normal area
C: Comparison of the ratio of Kdr/Pecaml double positive area to Pecaml positive area between neovascular area and normal area Compared with normal
area, " P<0. 001 (Independent samples t-test, n=6) D Comparison of the ratio of Plvap/Pecam1 double positive area to Pecaml positive area between
neovascular area and normal area Compared with normal area,®P<0. 01 (Independent samples t-test, n=6) E:Gene Set Enrichment Analysis of whole
choroidal capillary-associated gene sets in GSE129743 database for control and CNV groups The expression of capillary-associated genes was downregulated

in CNV group CNV:choroidal neovascularization
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Figure 7 Average choroidal vessel diameter 7 days following CNV modeling A :Immunofluorescence staining of choroidal-scleral complex frozen
section for Pecaml (x400,bar=50 pm) EC marker Pecaml showed red and cell nucleus ( DAPI) presented blue. More tortuous and dilated vessels
appeared in the neovascular area in comparison with the normal area B: Comparison of the diameter of Pecaml positive vessels between neovascular and
normal areas Compared with normal area,”P<0.001 ( Paired samples t-test,n=6) C:Gene Set Enrichment Analysis of whole choroidal capillary-
associated gene sets in GSE129743 database for control and CNV groups The expression of aorta development related genes was upregulated in CNV

group CNV:choroidal neovascularization
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