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[Abstract] Objective To investigate the effects and underlying mechanisms of hawthorn-derived exosome-like nanovesicles
(HDELNS) on trimethylamine N-oxide (TMAO) -induced injury in human umbilical vein endothelial cells (HUVECs). Methods
Primary HUVECs were cultured in HUVECs-specialized medium; HDELNs were isolated from hawthorn using differential
centrifugation and sucrose density gradient centrifugation, and characterized by transmission electron microscopy (TEM),
nanoparticle tracking analysis (NTA), Coomassie brilliant blue staining and Western blotting. (1) The following groups were
established: control group (HUVECs cultured under normal conditions), TMAO concentration gradient subgroups (HUVECs
treated with 150, 300, 600, 900, 1800, or 3600 pmol/L TMAO for 24 h), TMAO time gradient subgroups (HUVECs treated with
900 wmol/L TMAO for 4, 8, 12, 24, 48 h), and HDELNSs concentration gradient subgroups (HUVECs treated with 1x10°, 1x107,
1x108, 1x10% 1x10", 1x10" particles/ml HDELNS for 24 h). Cell viability of each group was assessed using the CCK-8 assay, and the
protein expression levels of intercellular cell adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), matrix
metallopeptidase 9 (MMP-9) and interleukin-13 (IL-1B) in HUVECs were determined by Western blotting. (2) Four independent
groups were set up: control group, TMAO group (HUVECs treated with TMAO for 24 h), HDELNSs group (HUVECs treated with
HDELNS for 24 h) and TMAO+HDELNSs group (HUVECs co-treated with TMAO and HDELNS for 24 h). Cell viability of each
group was measured by the CCK-8 assay. The protein expression levels of ICAM-1, VCAM-1, MMP-9, IL-18, endothelial nitric oxide
synthase (eNOS), and peroxisome proliferator-activated receptor y (PPAR-vy) in HUVECs were detected by Western blotting. The
mRNA expression level of PPAR-y in HUVECs was quantified using reverse transcription quantitative polymerase chain reaction (RT-
qPCR). Intracellular adenosine triphosphate (ATP) content was determined by luciferase assay. Intracellular superoxide dismutase
(SOD) activity was evaluated using the WST-8 assay. Mitochondrial membrane potential, reactive oxygen species (ROS) and
mitochondrial superoxide contents were detected by fluorescent probe assays. (3) The following groups were designed: control
group, TMAO group, HDELNs group, TMAO+HDELNs group, TMAO+HDELNs+PPAR- <y inhibitor T0070907 subgroups
(HUVECsS co-treated with TMAO, HDELNs and 1, 3, 10, 30 wmol/L T0070907 for 24 h) and TMAO+HDELNSs+PPAR-+y agonist
rosiglitazone subgroups (HUVECs co-treated with TMAO, HDELNSs and 20, 30, 50 wmol/L rosiglitazone for 24 h). Cell viability was
assessed by the CCK-8 assay. (4) Five independent groups were established: control group, TMAO group, HDELNSs group, TMAO+
HDELNs group, and TMAO+HDELNs+PPAR-y agonist/inhibitor groups (HUVECs co-treated with TMAO, HDELNSs and the
PPAR-vy agonist or inhibitor for 24 h). Cell viability of each group was measured using the CCK-8 assay. The protein expression levels
of ICAM-1, VCAM-1, MMP-9, IL-1B and eNOS in HUVECs were detected by Western blotting. Intracellular ATP content of each
group was determined by the luciferase assay. Intracellular SOD activity was measured by the WST-8 assay. Mitochondrial membrane
potential, ROS and mitochondrial superoxide content in cells were examined by fluorescent probe assays. Results HDELNSs with
uniform size and double-layer membrane structure were isolated from hawthorn by differential centrifugation and sucrose density
gradient centrifugation. Protein bands in HDELNSs were visualized by Coomassie brilliant blue staining. CCK-8 results demonstrated
that treatment with 900 pumol/L TMAO for 24 h significantly decreased HUVEC viability (P<0.01), while 1x10” particles/ml
HDELNSs markedly restored cell viability (P<0.01). Western blotting results showed that TMAO treatment significantly increased the
protein levels of ICAM-1, VCAM-1, MMP-9 and IL-1B (P<0.0S5), and decreased the expression level of eNOS (P<0.01), whereas
HDELNS s reversed these abnormal protein expression (P<0.05). Luciferase assay results indicated that TMAO significantly reduced
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intracellular ATP content (P<0.0001), while HDELNs restored the ATP content (P<0.0001). WST-8 assay results revealed that
TMAO treatment significantly decreased SOD activity (P<0.01), while HDELNSs restored SOD activity (P<0.001). Fluorescence

probe assays showed that TMAO increased the ROS and mitochondrial superoxide contents and decreased the mitochondrial
membrane potential (P<0.01), and these effects were reversed by HDELNs (P<0.001). Western blotting and RT-qPCR results
showed that TMAO significantly downregulated PPAR-y expression in HUVECs (P<0.01), while HDELNs restored PPAR-y
expression (P<0.05). CCK-8, luciferase assay, WST-8 assay, Western blotting and fluorescence probe method results showed that
30 wmol/L PPAR-y antagonist T0070907 antagonized the protective effect of HDELNs on TMAO-induced HUVECs' injury
(P<0.0S), while SO pmol/L PPAR-+y agonist rosiglitazone enhanced the protective efficacy of HDELNs (P<0.05). Conclusion
HDELNS can significantly alleviate TMAO-induced injury in HUVECs, and the underlying mechanism may be associated with the

activation of the PPAR-y signaling pathway.
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SR FH 25 A0 o 3o TR RE AR 2380 P 0 B 00 1 0 S
$24l15 % HDELNs, i 5L W {58 T Al ) HDELNs
IR 2SR SUZ FE IR (18 1E) 5 9K kL IR
0 BT R ARG 45 SRtk 7R HDELNs Uk /N A 4
—, SEPTE 50~200 nm X [i1], 250 g LA AT $EHL 10"
T % /ml i ki HDELNs( & 1F); i i % 1 37 20 5 e
o, Al P4k HDELNs W2 1 5 A9 2 B & o0 1 0 A
(& 1G); Western blotting 1] £ il #{ HDELNs 1 [y
TSG101 FIHSP70 4545 (8 1H), 7] ., HDELNs 2K
NV B BUZESEH A B A MR
GORFEND . A A [R) & BE 1) HDELNs(1x10°, 1x107,

1x10°, 1x10°, 1x10", 1x10" ki F #{/ml) &b H
HUVECs, CCK-8EKIES R WA, 50k F%/ml
kAL, W4 HDELNs YT, HUVECs 121 fifd
R LTS FREREE, Fr 1x107 R F40/ml
HDELNs X HUVECs #f il 1 J7 1 38 58 AF H 5 W
(P<0.01, K& 11), J5 ZE ¥k B 1x107 KL ¥ £/ml 1Y
HDELNs #F 175255 . Western blotting £ illl 5 2 . 715
5 0k FH/ml4H B, 1107k 7-41/ml HDELNs 2H
HUVECs ' ICAM-1, MMP-9. IL-1B % 136k /KA
FrkEAR (P<0.05, El1]).

2.2 HDELNs X TMAO 4k ¥ () HUVECs 4 i 3 JJ
TGRSR SRl A A S s SRR e
3%, TMAO 41 HUVECs (4N IBA7TG % . ATP & h
SOD [l 11 [ i (P<0.0001 5%, P<0.01),, Tfif HDELNs 21
LidtEhn 22 R BTG F E L (P>0.05); 5 TMAO
20 %8, TMAO+HDELNs 41 HUVECs 4l Jifl 771 %< 4
/5 (P<0.0001), ATP 75 fi 3 il (P<0.0001), SOD i i
PEFEAG (P<0.001, [ 2A). 2 CHRENKINSSH Bow,
LA F B, TMAO 41 HUVECs 20 fifd PN 76 14 48 2%
2 br AR 48 Ak W & 85 i (P<0.001 5% P<0.0001),
HDELNs 2] it 4845 25 5% B4 it & L (P>0.05), i
5 TMAO 4H [t 4%, TMAO+HDELNs 4 i 48 fdk
AR ALY & B (P<0.001, E2B, C).

2.3 HDELNSs X} TMAO Ab # () HUVECs 28 47 /A 5 He,
NMEARIRWZN SO RN ZE R R, 5
X} HRZH S, TMAO 41 HUVECs 4 il rr 2 f4< ) el
fii % % (P<0.01), HDELNs 4 2 % L4 it 2% & X
(P>0.05), T TMAO 41 %, TMAO+HDELNs 41
LRI IR L K &2 (P<0.001) (K 3A) . Western blotting
K gs B R, 5T L, TMAO 41 HUVECs
I ICAM-1, VCAM-1, MMP-9 I IL-1B % [k /K F
By W FF & (P<0.01), eNOS 7 [ % ik /K F % %
(P<0.01), HDELNs 4] ["ih 8 R KF-22 7 L4 1T
23 X (P>0.05), 15 TMAO 41t %, TMAO+
HDELNs 2 HUVECs ' ICAM-1, VCAM-1, MMP-9
HIL-1B 4 £ KK PR (P<0.05) . eNOS HFIFKRIA
IKETH (P<0.05) (F1 3B) .

2.4 PPAR-vy 5 H1 7] T0070907 FliEL 577 % 4% 51 i (1)
T AETR I 1 E RT-qPCR 1 Western blotting iRl Esd
RN, SXHRA A, TMAO 41 HUVECs 1 PPAR-y
mRNA J 5 1615 K F T % (P<0.01), HDELNs 412
SEG I 2F B X (P>0.05); 5 TMAO 4 L%, i
TMAO+HDELNs 2] HUVECs H1 PPAR-y mRNA % # [
FEIR KA B TH 5 (P<0.05) (K1 4A. B). CCK-8 A
MEE R B, ST, TMAO 41 HUVECs 4
MIAFTE AL (P<0.01), HDELNSs 41 2% S# L4124 5
X (P>0.05); 5 TMAO 4 L%, TMAO+HDELNs 4
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ATP % = Fl SOD Jff i 4 [ F+ (P<0.05) ( ¥l 5A).
Western blotting # Il 25 2 W75, 5 %F B2 L 8%,
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EaWAIES Y AL G Y/ R ol o S A % TS ER v S 18
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HDELNs AJ ¥ % DL [ 25 5%, # 75 HDELNs AJ 38 i it
% PUAEALE B E TMAO 53 () HUVECs 41 Jifl
it .

PPAR JE A 15 g it Al A% 3R 32 A KT g
IR TG e s R H AT 488 3 F PPAR W2
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