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HE B %IT CDIST i v 3% i oy b FEAG PR I 58 M B i B AL . Faik BPAR RU/INERURT CD1S T iR /N R 4y 31
538 WT-con 41 \WT-HLBIZH  KO-con 41 AT KO-BLTIZH  F54 6 H . WT-HERI L F KO-HE 7R 20 >R FIIE i 5 Mg 22 ( LPS) il 4% Jie
BEAE SUPER B 005 ( ALL) #8578, WT-con ZH 1 KO-con ZH W ¥ 1 S BARR ER 22 /il ( PBS) /R X I, 1ERE)S 24 h, i@ i Miles 52501
SE M I T A 1 B TR CD151 FIA MY siRNA (si-CD151) FIBIPERT BE si-NC %% A EA. hy 926 ZH L, 23 W B FL Rl 458 K 1 Y
B KT (VEGF-A) I AE T, N B2 A0 JE 7B AS 1R I ] 5 % FITC-dextran FO38 i31E ; CD151 RRARZE AU IR 47 P Je 400 B AT 5
UL ; e SEAG A LH A0 CD151 2345 B2 N AK ; Western bolt A2 RT-qPCR 461 CD151 #{{R2H K %} JB2H VE-cadherin 3%
FEBL, S REDEICARINAS AN VE-cadherin 23 BN AL, R Miles SCU0 25 F /R, WT-BEH 28 /1N U 4128 ekl AR 4
WT-con 434 (P <0.01) , KO-FEHRILL /NI ZH 2L el H AR A WT-RERIZ BN (P < 0.05) o PN B 200 23 3 s M A ) &5
P75 16 VEGF-A H113# 30 .60 F1 120 min Ji7,CD151 KL R} FITC-dextran 38 %1 B 255 TXF A (P <0.05) , H34F
R, Nz difarh CD151 538 BB AR % VI G . Western bolt Al RT-qPCR £ 5487, CD151 @R i Py B2 41 Jfd
H VE-cadherin 7£ 8 F il mRNA 7KF-F k500 AL 8 3 N RE (35 P <0.01) , Spesob e a5 B4R , 78 VEGF-A FIEUs , 5%
MR LLE, CD151 323k F R BB AN — 400 %E 3240 VE-cadherin BIZE1L, &A% T CD151 F1 VE-cadherin 764% J& X I8 i 1k 58
fii, 5  CDIS1 BIBRICTE IR N B 40 M 28 10 I AL FEAE 3R , B0 VE-cadherin 92635 5 PNALIS 217, 328 T 52 IR 1065 303 1
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1.1 ##

1.1.1 %334  C57/BL6 155 CDI51 f% /)
B 25 T b [ B 2 B2 B L i sh W o i . Sy Tk
AT AR A RN B 2L 2 PCR G &5 [ CAT:
10185ES70 , 252 £ LE Wy R4 ( Lt ) edn A FRAA W) ] 4%
HEL ) 38 7 19 7 28 AR AR $R UL R 41 DNA, A F 5%
IR 7 ~ 12 JEI Y CD151 M/ NEL, S
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[ At AR 1) ) e A N BRGHEA T LA, Bl ) 3%
F IRl B 2E B st 56 sh i bl iR 3R = 6 IR - SRS
PR 12 h, I8 (22 +2)°C ,IB)J% 40% ~50% , FiA 3
Yy S g S 2[Rl B B2 27 BE HLAG Sh A i o0 25 D s it e
SIS A 3R SR

1.1.2 F&4&X% DMEM ¥;3% G4 1miE (£H
Gibco 22 F) ; Lipofectamine 2000 ( 3¢ [E FE 2R /R B}
/N 7] ;CD151 /M4 RNA (si-CD151) BAMEXT IR
si-NC WS AT R )T 9 (1L AR 4 L AE R A PR
A ) ;Real-time PCR 5|4 (BDUARHEYHARA PR
Fl) ;CDI51 ik . GAPDH HifA ( S5 Proteintech 2
Fl) ;$T VE-cadherin HTIA ( SE[E Cell Signaling Tech-
nology 23 H) ) s I T IF YL @A HT CDI51 Hiik (£ H
Abcam 23 #)) ; VEGF-A165 (_\) \VEGF-A164 (/ML)
Pk (ZEFE R&D Systems 23 7)) ; Sulfo-NHS-SS-Biotin
(£ H ApexBio Technology /A 7)) ; 4% B 5% Ml & fh Bk
( £ [E MedChemexpress = YIRHE 2 A ) 5 SR ¢
JEE bR iC A ) R BE (FITC-dextran) T AW, fF 2= 9
L £ B (lipopolysaccharides, LPS) ( 3£ [# Sigma-
Aldrich 2A#))

1.2 FHik

1.2.1 saabEs BARUNEA CDIST flR/N
5150 A WT-con 41, WT-HE A 2 KO-con 41 Fll
KO-FERIZH 420 6 H, WT-HE I 20 F1 KO- 70 20 5%
FARE I T LPS i #85 Me i AE ALL #2807 i an k.
NI ST LPS, RN 12 me/kg, AT
Bl ALL A 2 ) il 1L 35 2 s, WT-con 411 KO-con
H/NEZ N I T A PBS AR IR

1.2.2 Miles 523 RMCE M) Miles SZH A6
B RURT CD1S1 R R B C57/BL6 /N BT 1ML 4% 3 355
PE, TEH & MeREAE ALL 8570 24 h J5 , 28 2 i KoK
100wl MRBE R 1% o pr 2= Juph i s 2/ BRI . 30
min Ji , 2470 BE FEBERR £ 2% P ( phosphate-buff-
ered saline, PBS) DAV ¥k BRI o 1 2 k), B4 il
WS NS SR 20 Gk YRR
TE 620 nm Kb E WO BE | A8 B LRk VR BE | AR AR ifE
T2t Aa i % e A b B DA i il A SE s
1.2.3 @R358t ANNEAMEER EA hy
926 £ DMEM 5% 44557 55 (1% 10% FBS,100 U/ml
T -HEHE RN B, T 37 ClEHE,95% 25K .5%
CO, MMEE T 855, M40 2 Y, B E S 2 d #e
W, $M CDIST AY/NFHE si-RNA - BEFIBH Xt g
si-RNA F Bt iy L AR 4 BB PR BRA |4
A CDI51siRNA ¥ %1 &y 5'-AGTACCTGCTGTTTAC-

CTACA-3", A si-NC J¥ 31 &y 5'-GCGAGACCATGC-
CTCCAACAT-3", {#i il Lipofectamine 2000 i& 7 %%
1.2.4 AxEEa@FHMNE  fHH Lipo2000
Opti-MEM {AR#44 EA. hy 926 4L, ¥ 54 U 5 1Y
A5 4 : con 4 | lipo 4 | si-NC 41 % si-CD151 41,
L 40T 48 h e, FH BB A, B R AN
L R A AR A B e R L3 200 wl 4R
W(E 1 x 10" AH) 28, T E LA 500
FRFRHE (0 DR R TR 5 I 3 IS0 %) 4 A, HL a5 ) B
L), RS RN AR R N R
UG B 1 ¢/L B9 FITC-dextran & F 2= i IfH
50 pg/L B I N 2 A2 4 I F (vascular endothelial
growth factor-A, VEGF-A ) JII 440 i 15 .30 .60 F1 120
min, B FEAIEFRER RS, B THRE %6 LA
B b AT I, 7E Synergy 2 22 A5 X i A 1Y
(Bio-Tek ) IR (12 EAHE

1.2.5 RT-qPCR #EHU EA. hy 926 ZHffl 5 RNA, 3%
535453 cDNA, RT-qPCR & SYBR Green ¥, fif
FH 7900HT FAST 5ZHf PCR RGEHEATRIN , L GAP-
DH {E N IEN S, R 274 5 415 VE-cadher-
in 1) mRNA FHXF Rk, 5T WK 1,

®1 59F5!

Tab.1 Primer sequences

Primer names Sequences (5" -3")

GAPDH F: ATGGGGAAGGTGAAGGTCG
R: GGGGTCATTGATGGCAACAATA
VE-cadherin F: GAAGCCTCTGATTGGCACAGTG

R: TTTTGTGACTCGGAAGAACTGGC

1.2.6 Western blot  Ji 1P 246 2% vh vk 2L 2 i,
BCA 00 8 AW, B SH SDS-5 N # Bt
JEBEIE o385, e Mo BN R R LA IR L, FH 5% BSA 7
T Tween 20 [ Tris ZZ P AR P IR EA 1 h, SR
JEHRE S —PifE 4 C PR LR, it s s
BRI PUOEE 2 h 5, ] ECL fb27 KOtk 52 R
1%, it Image J #X4XT Western blot 45y 472 48
AT,

1.2.7 R RAEEE BN EMMEAE 0. 1% W
WIZYRE 24 fLAR FAEK WA TS,
W SRR R 3E  H PBS VRN 3 IR 4% 2258 H I [
FE 15 min, #FFLEEMIA 500 wl 0. 1% Triton X-100,5
min JFiHUE, H 5% IE% 9P i35 £ 30 min, IA—
U TARWRAE 4 C TR R, PBS Va3 Ik, TS



- 220 - FMEMKFF®  Acta Universitatis Medicinalis Anhui 2025 Feb;60(2)

FBEAY Alexa Fluor® B " HiE =R FIFE 1 h, X
JH4'-6-Z Pk Fe2- R Jemg| W e 8, i H] Zeiss Axio
Imager %¢ 6 AU R 5 ML, Zen B4 ( Zen 3. 0 blue
edition ) X R4 FI Y K BT AL B,

1.3 Zit=438 R GraphPad Prism V8. 0 3K {4
BEATGETH 0T, A BB DL v + s RoR, PIALI] L
BRI A ¢ K3, Z2 20 18] L 3R T R R
2T, P <0.05 NEFAGIEREL,

2 FR

2.1 MREFRBEEER HHERRES AN
A CD151 mlR/IN B, 30 HE W6 e H UK &85 2Rl | P
HHI/INE, DNA 3734 )5 728 K /N4 958 bp, CD151
/B DNA §7 38 7= %) K /N Ry 215 bp, H. Western
blot £ /R CD151 BWRIE T M, ZRA ST+ E
X (1=12.390,P <0.000 1), WK 1, F# CDI151
i 5% /N BRURA) A i
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2.2 CD151 SREXAME S E MR  #il ek
KM Miles 5256 5 il 2 20 HE G €246 0 il 1 75 38
B SR ANE 2 R WT-BE R 2 /)N BT 2 24 rp e
BB A B WT-con 413 (¢ = 5.294, P =
0.002 1), [AI}, 5 WT-#5 8 20 kb 45, KO- R 20 /)N
BRI ZHZU P GeRhiz B (¢ =27. 528 ,P =0.006 8) ,
HE Q225 B B oR 5 WT-con 4 L5, WT-AR 51 21 fiili
TR AR /N i (8] J53 6 A IR0 5 45 WT-BE AU 4 EL %,
KO-BEAYZH /N BRI L 7K i | i 1fi, R AR A0 if SR A 1R
M, LU EgE RIS CDI5T Bl 280U 145 8 15
(ESIN=T

2.3 CDIS1 BB EHEBBERR KT
RNA #44 A EA. hy 926 4 i 53 CD151 £ /K-
FEAIK, Western blot £ Il 45 S 2 /<, si-CD151 4]
CD151 & R E KP4 si-NC 4 F & (g =12. 880,
P=0.0003), VWL 3, $&/R CDIS1 @R N K 41l
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Fig.1 Genotyping results of mice
A: The expression of CD151 protein in mice detected by Western blot; a; WT group; b: CD151 KO group; *** * P <0.000 1 vs WT group; B:

The expression of CD151 in mice detected by mouse tail identification; M: DNA Marker; 1: blank control group; 2: positive control group; 3,4. WT

group; 5,6: CD151 KO group.
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Fig.2 Effect of CD151 deficiency on pulmonary vascular permeability

A Evans blue exudation in lung tissue of 4 groups of mice; B: Pathological changes in lung tissue of 4 groups of mice HE x400; C. Statistical

histogram of evans blue content in tissues; a; WT-con group; b: KO-con group; c¢: WT-model group; d: KO-model group ; The white arrow indicated that

there was obvious dye exudation in the lung tissue; * * P <0.01 vs WT-con group; *P <0.01 vs WT-model group.
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Fig.3 Verification of CD151 protein level
knockdown by small interfering RNA
a; con group; b: lipo group; c: si-NC group; d: si-CD151 group;
*** P <0.001 vs si-NC group.

2.4 CDI151 k3TN B HAREEHAF M I si-
CD151 21 % con 4 lipo 2H . si-NC 2H N 2 41 i T2 i
R AR A DRSS LAl 45 1 Fl VEGE-A
WA T FITC-dextran M, 458 Bow, fE 5
ST, &% 4H FITC-dextran B 135 M [l 25 05 16] 11
SER I W (E 4A) {B4541 (8] FITC-dextran )
BiBHER LGB (¢=1.912,P >0.05) ; %

A 80 000 , con PBS
= lipo
=+ si-NC
P -+ si-CD151
E
o 70000 F
Q
=
3
5
15
5
=
g 60000 |
5
<
50000 L L L !
15 30 60 120

Time(min)

T VEGF-A i SRS , si-CD151 4%} FITC-dextran
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T si-NC 4 (F 4B), 2R AZKITFE L (q =
6.936,P <0.05), LI E45R4E/R CDIST KKK
AT BN e A 58 A T

2.5 CDI151 R TERBESHAIZM Ff si-CDI151
205 si-NC 2N B2 20 MR A T 5% s 20D e, 2 i
1 328 Pz Hor A ds 804 A i B F1 524
AR PEZER WL SA 5B, GO BAESHTAE SRR,
CD151 5HEa it sm A0 ¢, AN A i Joa 28 60 200 e Py
1 AN IAA AR AR e, ULIEL 5C 5D, X seZh
SRR E N B2 40 R CD151 5 A SR s A A
2.6 CDI151 £k %t VE-cadherin RiZHIEMm &
THRIE CD151 (R X 4852 H 5 e 2 75 5 VE-
cadherin A4 &, B si-CD151 41 } con 41 lipo 41,
si-NC 2H N Bz 20 M T A 20 M B3 /2 . Western bolt &
RT-qPCR 3Z 56 25 . W 7R, si-CD151 20 P J2 40 i v
VE-cadherin [ FI #3532 si-NC 41 FF¥ (¢ =4. 508,
P =0.0052), WK 6A;7E mRNA /K, si-CD151 41
N2 40 M8 F VE-cadherin Y 38 15 8 si-NC 4 T F%
(¢g=6.109,P =0.004 8), WL 6B, s it
SEERATINZE R o oA, A 400 VE-
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Fig.4 Effect of CD151 knockdown on endothelial cell layer permeability

A; Under basic conditions, the comparison of the average fluorescence intensity of each group at different time points; B: Under the condition of

VEGF-A stimulation, the comparison of the average fluorescence intensity of each group at different time points; * P <0.05 vs con group.
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Fig.5 Transcriptome sequencing of control group and CD151 knockdown group

A Differential gene heatmap; B: Volcano Plot; C: GO enrichment of up-regulated genes, the red frame circled part indicated that the genes related

to cytoplasmic vesicles and intracellular vesicle were up-regulated; D: GO enrichment of down-regulated genes, the red frame circled part indicated that

the genes related to exosomes and extracellular vesicles were down-regulated.
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1 VE-cadherin 2370 1% &, W8 H 5 CD151 3L &
PEESL, G5 E 7 B, & B con 41 lipo 4 . si-NC
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Fig.6 Knockdown of CD151 affected VE-cadherin expression

A; Comparison of VE-cadherin protein expression in each group; B: Comparison of VE-cadherin expression at mRNA level in each group; C: VE-

cadherin immunofluorescence image x400, the white dotted line indicated that the expression of VE-cadherin at the cell-cell junctions was destroyed; a:

con group; b: lipo group; c: si-NC group; d: si-CD151 group; * * P <0. 01 vs si-NC group.
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CD151 S SR 5 fif i A5 38 385 PR RE W, Miiles S50 245
FHH CD1S1 bR ALL /D BUITZH 2 ekl s g
X RRZE B N, s A HE CDIST R P R 4,
FEIN CD151 X BRLJ2 P Bz 40 i 375 14 110 5 i, S 36 &5
KW CDI51 @Ik n] i 2534 I VEGF-A 31 N
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7 CD151 B{ESI0 VE-cadherin B AL
Fig.7 Knockdown of CD151 affected the internalization of VE-cadherin

Endothelial cell immunofluorescence staining images ; upper images x 600 ; lower images x1200; a: con group; b: lipo group; c: si-NC group; d:

si-CD151 group; Green fluorescence indicated VE-cadherin; Red fluorescence indicated CD151; White arrow indicated the co-localization of VE-cadherin

and CDI51.
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herin € 437, [A] B 52 M0 VE-cadherin [ Ak, X
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AW AR T CDI51 ¥ 458 1L 5 38 85 PE A 18 AE
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The mechanism of CD151 regulating vascular permeability

through vesicle internalization and recycling
Fan Shilang',Jiang Luying”>*,Zhang Zixuan™*,Ji Mengmeng’**,Zuo Houjuan'>* Liu Jingbo
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Abstract Objective To explore the effect and mechanism of CD151 on vascular permeability by regulating vesi-
cle internalization and recycling. Methods Wild-type mice and CD151 knockout mice were divided into WT-con
group, WT-model group, KO-con group and KO-model group, with 6 mice in each group. WT-model group and
KO-model group were intraperitoneally injected with LPS to prepare sepsis ALI model, and WT-con group and KO-
con group were intraperitoneally injected with phosphate buffer saline (PBS) as a control. 24 h after modeling,
pulmonary vascular permeability was measured by Miles test. The siRNA silencing CD151 expression (si-CD151)
and negative control si-NC were transfected into EA. hy 926 cells. The permeability of endothelial cell layer to
FITC-dextran at different time points was observed under basic conditions and vascular endothelial growth factor-A
(VEGF-A) stimulation conditions. Transcriptome sequencing of endothelial cells in si-CD151 group and si-NC
group ; the distribution and internalization of CD151 in each group were measured using immunofluorescence. West-

ern blot and real-time quantitative RT-qPCR were used to detect the expression of VE-cadherin in si-CD151 group
(4% 233 W)
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ty, scratch experiment and tube formation experiment. On the 7th day after birth, C57BL/6] mice were randomly
assigned to different treatment groups: control group, oxygen-induced retinopathy ( OIR) group, OIR + si-HIF-1«
group and OIR + si-BNIP group. The neovascularization and vascular occlusion were measured. Results Com-
pared with normoxic group, the rate of LC3 + MitoTracker + spots, glucose uptake and lactic acid release in HU-
VECs in hypoxia + si-NC group increased significantly (P <0.001). Compared with hypoxia + si-NC group, the
rate of LC3 + MitoTracker + spots, glucose uptake and lactic acid release in HUVECs in hypoxia + si-HIF-1a
group decreased significantly (P <0.01). Compared with normoxic group, the proliferation activity of HUVECs in
hypoxia + si-NC group decreased significantly ( P <0.05), and the wound healing area and the number of tubes
formed increased significantly (P <0.01). Compared with hypoxia + si-NC group, the proliferation activity of HU-
VECs in hypoxia + si-HIF-la group decreased significantly at the 24th, 48th and 72th hours of culture (P <
0.05), and the wound healing area and the number of tubes formed decreased significantly (P <0.001). Overex-
pression of BNIP3 reversed the effects of HIF-1a knock-down on mitochondrial autophagy, glycolysis and biological
function. Compared with OIR group, the neovascularization and vascular occlusion areas in retina of mice in OIR +
si-HIF-1a group and OIR + si-BNIP3 group reduced significantly (P <0.05). Conclusion HIF-1a/BNIP3 signa-
ling pathway promotes mitochondrial autophagy activation in HUVECs under hypoxia, which plays an important role
in controlling endothelial function and angiogenesis.

Key words hypoxia inducible factor-1o; newborn mice; retinal blood vessels; glycolysis; mitochondrial autoph-
agy; human umbilical vein endothelial cells
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and other groups. The distribution and internalization of VE-cadherin in each group were measured using immuno-
fluorescence. Results Miles experiment results indicated that dye exudation in lung tissue of WT-model group was
significantly higher than that of WT-con group (P <0.01). The dye exudation in the lung tissue of KO-model
eroup increased compared with WT-model group (P <0.05). The results of endothelial cell layer permeability test
showed that the permeability of FITC-dextran in si-CD151 group was significantly higher than that in control group
after VEGF-A stimulation for 30, 60 and 120 min (P <0.05). Transcriptome sequencing results suggested that
CD151 in endothelial cells was closely related to vesicle-mediated transport. Compared with other groups, protein
and mRNA levels of VE-cadherin in CD151 knockdown endothelial cells was significantly lower (all P <0.01).
The immunofluorescence assay demonstrated that after VEGF-A stimulation, the decrease of CD151 expression sig-
nificantly impaired the expression of VE-cadherin at cell-cell contacts and reduced the CD151-VE-cadherin colocal-
ization in the perinuclear region compared with other groups. Conclusion The absence of CD151 affects the inter-
nalization and recycling of endothelial cell vesicles, affects the expression and internalization of VE-cadherin, and
then influences vascular permeability.

Key words acute lung injury; CD151; internalized recycling; endothelial cells; vascular permeability; VE-cad-
herin
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