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Abstract: Oxidized low-density lipoprotein (ox-LDL)-induced endothelial-mesenchymal transition (EndMT), inflam-
mation and apoptosis in endothelial cells play crucial roles in the progression of cardiovascular diseases including 
atherosclerosis. Vaccarin is a flavonoid glycoside from vaccariae semen associated with powerful cardiovascular 
protective effects. However, the effects of vaccarin on human umbilical vein endothelial cells (HUVEC) injury in 
response to ox-LDL remain unknown. Herein, we showed that treatment with vaccarin significantly suppressed ox-
LDL-induced HUVEC inflammation, EndMT and apoptosis. Mechanistically, the HUVECs exposed to ox-LDL exhibited 
enlarged reactive oxygen species (ROS) production and p38 MAPK phosphorylation, which was counteracted by 
vaccarin. Importantly, ROS activator hydrogen peroxide (H2O2) and p38 MAPK activator anisomycin pretreatment 
prevent the protective effect of vaccarin on endothelial injury induced by ox-LDL. Our study suggested that vaccarin 
impeded ox-LDL-triggered HUVEC inflammation, EndMT and apoptosis via inhibition of ROS/p38 MAPK signaling 
pathway. Vaccarin may have a therapeutic effect on endothelial injury-related disorders.
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Introduction

In normal blood vessels, the morphologic and 
functional integrality are the main features of 
vascular endothelial cells, which can swallow 
up the bacteria, necrotic and senescent tissue 
[1, 2]. In various vascular pathologies, vascular 
endothelial cells may undergo phenotypic swi- 
tch of endothelial-to-mesenchymal transition 
(EndMT) by downregulating endothelial mark-
ers including platelet endothelial cell adhesion 
molecule-1 (CD31), vascular epithelial calcito-
nin (VE-Cadherin) and upregulating mesenchy-
mal markers, such as α-smooth muscle actin 
(α-SMA) and SM22α [3]. Accumulating evidence 
indicates that the appearance of EndMT is 
widely observed in atherosclerosis [4], myocar-
dial infarction [5], vascular grift failure [6] and 
pulmonary hypertension [7]. Unraveling the po- 
tential mechanisms of EndMT may lead to new 
therapeutic target for interventions of cardio-
vascular diseases including atherosclerosis.

Endothelial cell inflammation and apoptosis 
play a pivotal role in the pathophysiology of car-
diovascular diseases such as atherosclerosis 
[8], hypertension and diabetes [9]. The loss of 
the morphologic and functional integrality of 
vascular endothelial cells is closely related to 
its inflammation and apoptosis in atherosclero-
sis [10]. Therapeutic strategies against vascu-
lar endothelial cell EndMT, inflammation and 
apoptosis may lead to endothelial related path-
ological remission. Atherosclerosis proceeds 
through a multistep response that begins with 
endothelial cell injury induced by a plethora of 
injured stress signals, among which oxidized 
low-density lipoprotein (oxLDL) plays a critical 
role [11, 12]. Ox-LDL binding to scavenger 
receptor can induce endothelial cell damages 
such as loss of endothelial integrity, inflamma-
tion and apoptosis, which is critically linked to 
pathophysiological events in the vascular endo-
thelium [13].
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Vaccarin, a naturally flavonoid glycoside, is iso-
lated and purified from vaccariae semen [14], it 
stimulates endothelial cell proliferation, migra-
tion, vascularization via activation of AKT and 
ERK signaling pathways [15]. Vaccarin induces 
neovascularization via FGF2/FGFR-1 signaling 
activation in vitro and in vivo [16]. Vaccarin pro-
tects endothelial cell injury against hydrogen 
peroxide or high glucose through inhibition of 
Notch signaling [17, 18]. Recently, we demon-
strate that vaccarin protects human microvas-
cular endothelial cells from apoptosis via sup-
pressing reactive oxygen species accumulation 
and histone deacetylase1 (HDAC1) expression 
[19]. Bacterial cellulose-vaccarin membranes 
are expected to boost wound healing in rat sk- 
in models [20]. Vaccarin treatment ameliorates 
hypertension-related cardiovascular remodel-
ing and nephropathy in renovascular hyperten-
sive rats [21, 22]. The existing evidence high-
lights the importance of vaccarin in cardiovas-
cular functions. However, knowledge with re- 
gard to the effects of vaccarin on ox-LDL-in- 
duced endothelial injury is still unclear. The- 
refore, we aimed to explore the potential role 
and underlying molecular mechanisms of vac-
carin in ox-LDL-induced EndMT, inflammation  
in human umbilical vein endothelial cells (HU- 
VECs).

Material and methods

Reagents and chemicals 

Vaccarin (Figure S1A) was purchased from 
Shanghai Shifeng technology Co., Ltd., China. 
Dulbeccoo’s modified Eagle’s medium (DMEM), 
and fetal bovine serum (FBS) were obtained 
from Gibco BRL (Carlsbad, CA, USA). Ox-LDL, 
N-acetyl-L-cysteine (NAC), 2’,7’-dichlorofluores-
cein diacetate (DCFH-DA) and dimethyl sulfox-
ide (DMSO) were purchased from Sigma Che- 
mical Co. (St Louis, MO, USA). Anisomycin was 
purchased from Cell Signaling Technology (Da- 
nvers, MA, USA). DAPI (4’,6-diamidino-2-phenyl-
indole) and Cell Counting Assay Kit-8 (CCK-8) 
were purchased from Beyotime Biotechnology 
Research Institute (Shanghai, China). Annexin 
V-FITC/PI Apoptosis Detection Kit was purch- 
ased from Shanghai Yisheng technology (Sh- 
anghai, China). Enzyme linked-immuno-sorbent 
assay (ELISA) kits for monocyte chemotactic 
protein 1 (MCP-1), interleukin-6 (IL-6), vascular 
cell adhesion molecule-1 (VCAM-1), intercellu-
lar cell adhesion molecule-1 (ICAM-1) were pur-
chased from Boster biological technology com-

pany (Wuhan, China). Antibodies against total 
p38 MAPK, p65-NFκB, SM22α, β-actin and 
goat anti-rabbit IgGH&L (Alexa Fluor® 488) anti-
bodies were acquired from Abcam (Cambrid- 
ge, MA, USA). Rabbit monoclonal antibody 
against phosphorylated p38 MAPK was ob- 
tained from Cell Signaling Technology (Beverly, 
MA, USA). The specific primers were synthe-
sized by Sangon Biotech Co. Ltd. (Shanghai, 
China). 

Cell culture and treatments

Human Umbilical Vein Endothelial Cells (HU- 
VECs; FuDan IBS Cell Center, Shanghai, China) 
were cultured in DMEM supplemented with 
10% FBS and 1% penicillin/streptomycin in a 
humidified atmosphere containing 5% CO2 at 
37°C. The culture medium was replaced every 
1-2 days, cells at 85-90% confluence were pas-
saged at a ratio of 1:3 confluence. The cells 
were used between passages two and five in  
all experiments. To detect the possible protec-
tive effects of vaccarin in the context of ox- 
LDL, HUVECs were treated with 5 μM vaccarin 
for 12 h prior to ox-LDL (100 μg/mL) challenge 
for 24 h in the following experiments according 
to previous reports [18, 19, 23].

Cell viability assay

The cell viability of HUVECs was detected by 
CCK-8 kit according to previous reports [24]. 
Briefly, HUVECs were seeded on 96-well plates 
and treated with ox-LDL (0, 10, 20, 50, 100, 
200 μg/mL) or vaccarin (0, 1, 2, 5, 10 μM) for 
24 h. Then, 10 μL CCK-8 was added to each 
well for 2 h incubation at 37°C and absorbance 
was measured at 450 nm by Biotek microplate 
reader (Winooski, VT, USA). For per experiment, 
5 duplicate wells were examined for each gr- 
oup.

Quantitative real time-PCR

Total RNA from HUVECs was extracted using 
Trizol reagent following the manufacturer’s 
instructions. Briefly, RNA purity was assessed 
by spectrophotometric analysis (CWBIO, Tai- 
zhou, China) wherein the A260/280 ratios were 
between 1.8 and 2.2. Equal RNA was used 
HiScriptQ RT SuperMix for qPCR (Vazyme, 
Nanjing, China) to generate cDNA. The real-
time quantitative PCR used ChamQTM SYBR® 
qPCR Master Mix (Vazyme, Nanjing, China). For 
per experiment, 5 duplicate wells were exam-
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ined for each group. The average cycle thresh-
olds (Ct) were calculated by using 2-ΔΔCT method 
which was reported to calculate relative gene 
expression levels [25]. The primer sequences 
for IL-6: TTCTCCACAAGCGCCTTCGGTCCA (For- 
ward), AGGGCTGAGATGCCGTCGAGGATGTA (Re- 
verse); MCP-1: GCTCATAGCCACCTTCATTC (For- 
ward), GGACACTTGCTGCTGGTGATTC (Reverse); 
VCAM-1: TTTGACAGGCTGGAGATAGACT (For- 
ward), TCAATGTGTAATTTAGCTCGGCA (Reverse); 
ICAM-1: TTGGGCATAGAGACCCCGTT (Forward), 
GCACATTGCTCAGTTCATACACC (Reverse); β-ac- 
tin: ATCATGTTTGAGACCTTCAACA (Forward), CA- 
TCTCTTGCTCGAAGTCCA (Reverse).

Enzyme linked-immunosorbent assay (ELISA)

The conditioned medium concentrations of 
MCP-1, IL-6, VCAM-1, ICAM-1 in HUVECs by 
ELISA assays according to the manufacturer’s 
protocols. The color absorbance was measur- 
ed at 450 nm by Biotek microplate reader 
(Winooski, VT, USA).

Intracellular reactive oxygen species (ROS) 
measurement

Intracellular ROS generation was detected by  
a fluorescence probe DCFH-DA as previously 
described [26]. In short, HUVECs were washed 
3 times with PBS and then incubated with 10 
μM DCFH-DA for 30 min in dark at 37°C. After 
washing the cells with PBS, the photographs 
were captured on a fluorescence microscope 
(80i, Nikon, Japan). The mean fluorescence 
intensity was analyzed and averaged using  
the IMAGE-PRO PLUS 6.0 (Version 6.0, Media 
Cybernetics, Bethesda, Maryland, USA) by us- 
ing the same parameters. 

Apoptosis analysis

The cell apoptosis was detected by a flow 
cytometry (BD Accuri C6, USA), HUVECs in 
6-well plates stain with PI and Annexin 
V-fluorescein isothiocyanate (FITC) according  
to manufacturer’s protocols [19]. The apoptotic 
HUVECs were analyzed with FlowJo_V10 soft- 
ware.

Immunofluorescence

The stimulated HUVECs were fixed with 4% 
paraformaldehyde for 30 min, and then were 
permeabilized with 0.1% Triton X-100 in PBS for 

15 min at room temperature. Blocking of aspe-
cific antibody, the cells was used 5% BSA for 1 
h at room temperature, and then incubated 
with primary antibody at 4°C overnight. After 
washing with PBS three times, the cells were 
incubated with goat anti-rabbit IgG H&L Alexa 
Fluor® 488. Finally, the cells washed with PBS 
three times and then stained with DAPI for 10 
min at room temperature. The fluorescent 
images were photographed by a fluorescence 
microscope (80i, Nikon, Tokyo, Japan). The data 
were analyzed by the IMAGE-PRO PLUS 6.0 
(Version 6.0, Media Cybernetics, Bethesda, 
Maryland, USA).

Western blot analysis

Total protein was isolated using RIPA lysis buf-
fer (CWBIO, Taizhou, China) as our previously 
described [19]. The nuclear protein and cyto-
plasmic protein of HUVECs were extracted with 
nuclear and cytoplasmic extraction kit (CWBIO, 
Taizhou, China) following the manufacturer’s 
instructions. The protein concentrations were 
quantified through bicinchoninic acid (BCA)  
protein assay kit (Beyotime, Nanjing, China). 
The expression of proteins blots was detected 
as our previous [21, 22]. The resulting bands 
were semi-quantified with Image J software 
(National Institutes of Health, Bethesda, MD, 
USA) and Image Lab software (Bio-Rad, Her- 
cules, CA, USA). 

Statistical analysis

All results are expressed as mean ± S.D. Com- 
parisons within two groups were performed 
using Student’s t-test. Comparisons within mul-
tiple groups were determined using ANOVA  
followed by Dunnet t-test. Differences with P 
value < 0.05 were regarded as significant. All 
the experiments were repeated three times at 
least.

Results

Vaccarin retarded ox-LDL-induced cell viability 
decline and EndMT in HUVECs

To mimic lipid accumulation-disrupted normal 
functionality of the endothelium endothelial in 
atherosclerosis, we treated HUVECs with differ-
ent doses of ox-LDL (10, 20, 50, 100, 200 μg/
mL) for 24 h. Cell viability progressively reduced 
along with the increase of ox-LDL concentra-
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tion, and cell viability decreased to 51.59% ± 
6.23% after treated with 100 μg/mL ox-LDL 
(Figure S1B). Therefore, the ox-LDL concentra-
tion of 100 μg/mL was used for further experi-
ments. To evaluate the actions of vaccarin on 
ox-LDL-induced HUVECs injury, the cells were 
incubated with vaccarin (0, 1, 2, 5, 10 μM) in 
the presence of 100 μg/mL ox-LDL for 24 h. In 
ox-LDL-treated cells, the cell viability was par-
tially restored from 52.43% ± 7.41% to 81.93% 
± 8.01% with 5 μM vaccarin (Figure S1C). There- 
fore, the vaccarin concentration for 5 μM was 
used for the following experiments. Immuno- 
fluorescence staining showed that incubation 
of HUVECs with ox-LDL decreased expression 
of the endothelial marker CD31 (Figure 1A and 
1C) and increased expression of the mesenchy-
mal marker SM22α (Figure 1B and 1D), which 
were mitigated by vaccarin. Consistently, west-
ern blot showed that vaccarin attenuated the 
upregulated SM22α protein level in HUVECs 
induced by ox-LDL (Figure 1E and 1F).

Vaccarin abrogated ox-LDL-induced inflamma-
tion in HUVECs

In the presence of ox-LDL, the mRNA levels of 
IL-6, MCP-1, VCAM-1, ICAM-1 were obviously 
upregulated in HUVECs, while vaccarin treat-
ment reversed these aberrant changes (Figure 
2A). Likewise, the similar results were further 
confirmed by ELISA (Figure 2B). It has been 
reported that ox-LDL induces the production of 
proinflammatory cytokines by the transcription 
factor NFκB p65 activation [27]. Translocation 
of p65 of nuclear factor kappa beta (NFκB) 
from cytoplasm to nucleus is recognized as a 
prerequisite for transcription [28]. As expect- 
ed, vaccarin treatment significantly suppressed 
the ox-LDL-evoked NFκB p65 nuclear transloca-
tion, as manifested by decreased NFκB p65 in 
the nucleus (Figure 2C and 2D) and increased 
NFκB p65 in the cytoplasm (Figure 2C and 2D). 

Vaccarin abrogated ox-LDL-induced apoptosis 
in HUVECs

The increased apoptosis of endothelial cells in 
response to ox-LDL are intimately linked to ath-
erosclerosis [29]. To investigate the effect of 
vaccarin on HUVEC apoptosis, HUVECs were 
co-cultured with vaccarin in ox-LDL-containing 
medium. Flow cytometry results showed that 

ox-LDL-induced HUVECs apoptosis were mark-
edly rescued by vaccarin (Figure 3A and 3B). 
Similarly, treatment with vaccarin counteracted 
the upregulated Bax and cleaved-caspase-3 
protein levels, and downregulated Bcl-2 protein 
level in ox-LDL-induced HUVECs (Figure 3C and 
3D). These above findings indicated that vac-
carin abrogated ox-LDL-induced EndMT, inflam-
mation and apoptosis in HUVECs.

Vaccarin prevented ox-LDL-induced ROS/p38 
MAPK signaling 

Activation of p38 MAPK signaling participates 
in ox-LDL-induced cell apoptosis, and ROS gen-
eration in HUVECs [30]. Inhibition of ROS/p38 
MAPK signaling effectively prevents the pro-
gression of EndMT in human renal proximal 
tubular epithelial cells exposed to ox-LDL [31]. 
ROS scavenger is sufficient to inhibit tumor 
necrosis-α (TNF-α)-induced phosphorylation of 
p38 MAPK and its downstream proinflammato-
ry response in human aortic endothelial cells 
[32]. Thus, we hypothesized that inactivation of 
ROS/p38 MAPK signaling was involved in the 
protective effects of vaccarin against endothe-
lial cell injury induced by ox-LDL. As observed, 
vaccarin had no significant effect on basal ROS 
production and phosphorylated p38 MAPK pro-
tein level, but markedly diminished ROS accu-
mulation (Figure 4A and 4B) and p38 MAPK 
phosphorylation (Figure 4C and 4D) in HUVECs 
response to ox-LDL. 

Vaccarin prevented ox-LDL-induced EndMT via 
inactivation of ROS/p38 MAPK signaling 

Importantly, pretreatment with p38 MAPK acti-
vator anisomycin suppressed the upregulated 
endothelial marker CD31 protein expression 
and the down-regulated mesenchymal marker 
SM22α protein expression in vaccarin-treated 
HUVECs, as evidenced by immunofluorescence 
staining (Figure 5A and 5C). Similar to the 
results from anisomycin, H2O2, an activator of 
ROS, abolished the inhibitory effect of vaccarin 
on EndMT induced by ox-LDL (Figure 5D and 
5F). As observed above, vaccarin suppressed 
the phosphorylated p38 MAPK protein level in 
ox-LDL-incubated HUVECs, but these effects 
were blocked by both anisomycin (Figure 5B) 
and H2O2 (Figure 5E). These results hinted that 
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vaccarin may suppress ROS/p38 MAPK sig- 
naling pathway to ameliorate ox-LDL-induced 
HUVEC EndMT.

Vaccarin prevented ox-LDL-induced inflamma-
tion via inactivation of ROS/p38 MAPK signal-
ing

Activation of ROS/p38 MAPK signaling plays a 
central role in inflammation and apoptosis in 
endothelial cells [33]. Anisomycin pretreatment 
retarded that the suppressive effect of vacca-
rin on ox-LDL-induced the production of proin-

flammatory cytokines, as evidenced by RT-PCR 
and ELISA assays (Figure 6A and 6B). More- 
over, vaccarin remarkably antagonized the tr- 
anslocation of NFκB p65 from cytoplasm to 
nucleus, which was impeded by anisomycin 
(Figure 6C). In similarity, H2O2 treatment also 
prohibited the antagonistic action of vaccarin 
on the expressions of proinflammatory cyto-
kines (Figure 6D and 6E) and NFκB p65 nuc- 
lear translocation (Figure 6F) in ox-LDL-incubat-
ed HUVECs. These results suggested that inac-
tivation of ROS/p38 MAPK signaling was essen-

Figure 1. Vaccarin retarded ox-LDL induced HUVEC EndMT. HUVECs treated with ox-LDL (100 μg/ml) with or without 
vaccarin (5 μM) for 24 h. A. Immunofluorescence analysis of the protein expression of CD31 (×400). B. Fluorescent 
images showing the protein expression of SM22α (×400). C. Quantification of immunofluorescence analysis of 
CD31. D. Quantification of immunofluorescence analysis of SM22α. E. Representative immunoblots showing intra-
cellular the protein expression of SM22α. F. Bar graph showing quantification of SM22α. Values are mean ± S.D. *P 
< 0.05 vs control, #P < 0.05 vs ox-LDL, n = 3/group.

Figure 2. Vaccarin abrogated ox-LDL-induced inflammation in HUVECs. HUVECs treated with ox-LDL (100 μg/ml) with 
or without vaccarin (5 μM) for 24 h. A. RT-PCR showing the intracellular mRNA levels of MCP-1, IL-6, VCAM-1 and 
ICAM-1. B. The concentrations of MCP-1, IL-6, VCAM-1 and ICAM-1 in HUVECs cultured supernatants determined by 
ELISA. C. Represented immunoblots showing the protein expression of NFκB p65 in nuclear and in cytoplasm. D. Bar 
graph showing percentage of NFκB p65 in nucleus and in cytoplasm. Values are mean ± S.D. *P < 0.05 vs control, 
#P < 0.05 vs ox-LDL, n = 3/group.
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tial for vaccarin to protect HUVECs from inflam-
matory response induced by ox-LDL.

Vaccarin prevented ox-LDL-induced apoptosis 
via inactivation of ROS/p38 MAPK signaling 

In ox-LDL-treated HUVECs, the increased apop-
totic rate, upregulated Bax and cleaved-cas-
pase-3 protein expressions, as well as decrea- 
sed protein Bcl-2 protein were ameliorated by 
vaccarin, but these changes were eliminated 
with p38 MAPK activator anisomycin (Figure 7A 
and 7B). In parallel to the results from anisomy-
cin, the negative effects of vaccarin on ox-LDL-
induced changes in cell apoptosis and apopto-
sis-related protein expressions were also com-

promised by H2O2 treatment (Figure 7C and 
7D). These results implied that pharmacologi-
cal activation of ROS/p38 MAPK signaling pa- 
thway was sufficient to block the protective 
effects of vaccarin against ox-LDL-induced cell 
apoptosis.

Discussion

Vascular endothelial cell injury is the common 
pathological basis of various cardiovascular 
diseases associated with high mortality and 
disability [34, 35]. Ox-LDL plays a pivotal role in 
early stages of lesion formation in atheroscle-
rosis via accelerating endothelial cell EndMT, 
inflammation and apoptosis [36]. The primary 

Figure 3. Vaccarin prevented ox-LDL-induced HUVECs apoptosis. HUVECs treated with ox-LDL (100 μg/ml) with or 
without vaccarin (5 μM) for 24 h. A. The cell apoptosis was analyzed by flow cytometry. B. Bar graph showing the 
apoptosis rates by the ratio of Annexin-V-positive and Annexin-V/PI-double positive to the total cells. C. The protein 
expressions of Bax, Bcl-2, and cleaved-caspase-3 detected by western blot. D. Quantification of the related bands of 
Bax, Bcl-2 and cleaved-caspase-3. Values are mean ± S.D. *P < 0.05 vs control, #P < 0.05 vs ox-LDL, n = 3/group. 



Vaccarin prevents ox-LDL-induced HUVEC injury

2147 Am J Transl Res 2019;11(4):2140-2154

novel findings in our study were that vaccarin 
protected HUVECs from ox-LDL-induced EndMT, 
inflammation and apoptosis via suppression of 
ROS/p38 MAPK signaling pathway. These re- 
sults revealed that vaccarin may be considered 
to be as a new therapeutic drug for atheros- 
clerosis. 

Normal endothelial cells response to proinflam-
matory factors may undergo EndMT which were 
characterized by fibroblastoid morphology and 
cell-to-cell junction rearrangement [5]. EndMT 
may facilitate endothelial cells to acquire mes-
enchymal fate, as reflected by the shape and 
properties of mesenchymal cells [37]. Recent 
studies have identified that EndMT plays a piv-
otal role in the pathogenesis of cardiovascular 
diseases, and may represent a novel therapeu-

tic target for cardiovascular disorders [38]. 
Disruption of baseline fibroblast growth factor 
(FGF) signal leads to EndMT via activation of 
transforming growth factor (TGF)-β signaling 
[39]. Fibroblast growth factor receptor 1 (FG- 
FR1) is emerged as the key anti-EndMT mole-
cule in human dermal microvascular endotheli-
al cells [40]. These published papers have es- 
tablished that FGF signaling is a critical factor 
in maintenance of endothelial homeostasis. In- 
triguingly, our previous study has illustrated th- 
at FGF-2-mediated FGFR1 signaling in human 
microvascular endothelial cells is activated by 
vaccarin to promote angiogenesis [41]. Theore- 
tically, we deduced that vaccarin can be used 
to combat the development of EndMT. As ex- 
pected, our results showed that HUVECs ex- 
posed to ox-LDL underwent EndMT through 

Figure 4. Vaccarin inhibited ox-LDL-induced ROS production and p38 MAPK signaling activation in HUVECs. HUVECs 
treated with ox-LDL (100 μg/ml) with or without vaccarin (5 μM) for 24 h. A. Intracellular levels of ROS were detected 
by DCFH-DA fluorescence (×200). B. Intracellular ROS fluorescence values. C. The phosphorylated and total p38 
protein levels. D. Quantification of the related bands. Values are mean ± S.D. *P < 0.05 vs control, #P < 0.05 vs ox-
LDL, n = 3/group.
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Figure 5. Anisomycin or H2O2 inhibited ox-LDL and vaccarin treated HUVEC EndMT via suppressing ROS/p38 MAPK 
signaling pathway. HUVECs were pretreated with anisomycin (25 μg/mL) for 30 min prior to ox-LDL (100 μg/mL) and 
vaccarin (5 μM) treatment for 24 h. A. Immunofluorescence analysis of the protein expression of CD31 and SM22α 
(×400). B. The expression of total and phosphorylated p38 MAPK and SM22α were detected by immunoblot assays. 
C. Quantification of Immunofluorescence analysis of CD31 and SM22α. HUVECs were treated with H2O2 (100 μM/
mL) for 30 min before ox-LDL (100 μg/mL) and vaccarin (5 μM) for 24 h. D. Fluorescent images showing the protein 
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expression of CD31 and SM22α (×400). E. Represented immunoblots showing the total and phosphorylated p38 
MAPK and SM22α. F. Bar graph showing Quantification of CD31 and SM22α. Values are mean ± S.D. *P < 0.05 vs 
ox-LDL, #P < 0.05 vs ox-LDL+ vaccarin, n = 3/group.

Figure 6. Anisomycin or H2O2 repressed ox-LDL and vaccarin treated HUVEC inflammation via suppression of ROS/
p38 MAPK signaling pathway. HUVECs were pretreated with anisomycin (25 μg/mL) for 30 min prior to ox-LDL (100 
μg/mL) and vaccarin (5 μM) treatment for 24 h. A. RT-PCR showing the intracellular mRNA levels of MCP-1, IL-6, 
VCAM-1 and ICAM-1. B. The concentrations of MCP-1, IL-6, VCAM-1 and ICAM-1 in HUVECs cultured supernatants 
measured by ELISA. C. Represented immunoblots showing the protein expression of NFκB p65 in nucleus and in 
cytoplasm. HUVECs were treated with H2O2 (100 μM/mL) for 30 min before ox-LDL (100 μg/mL) and vaccarin (5 μM) 
for 24 h. D. RT-PCR showing the relative intracellular mRNA levels. E. ELISA showing the relative concentrations of 
MCP-1, IL-6, VCAM-1 and ICAM-1 in HUVECs cultured supernatants. F. The protein expression of NFκB p65 in nucleus 
and in cytoplasm were detected by western blot. Values are mean ± S.D. *P < 0.05 vs ox-LDL, #P < 0.05 vs ox-LDL+ 
vaccarin, n = 3/group. 
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Figure 7. Vaccarin inhibited ox-LDL-induced HUVEC apoptosis by attenuation of ROS/p38 MAPK signaling pathway. 
HUVECs were pretreated with anisomycin (25 μg/mL) for 30 min followed by stimulation with ox-LDL (100 μg/mL) 
and vaccarin (5 μM) for 24 h. A. Flow cytometry showing the cell apoptosis, and the relative apoptosis rates by the 
ratio of Annexin-V-positive and Annexin-V/PI-double positive to the total cells. B. The protein levels of Bax, Bcl-2 and 
cleaved-caspase-3 detected by western blot. HUVECs were treated with H2O2 (100 μM/mL) for 30 min before ox-LDL 
(100 μg/mL) and vaccarin (5 μM) for 24 h. C. The cell apoptosis was analyzed by flow cytometry. D. Represented 
immunoblots showing the protein expressions of Bax, Bcl-2 and cleaved-caspase-3. Values are mean ± S.D. *P < 
0.05 vs ox-LDL, #P < 0.05 vs ox-LDL+ vaccarin, n = 3/group.

downregulating endothelial marker CD31 and 
upregulating mesenchymal marker SM22α, whi- 
ch was dramatically inhibited by vaccarin tre- 

atment. These results indicated that vaccarin 
was able to antagonize the process of EndMT in 
ox-LDL-induced HUVECs. 
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Vascular endothelial cell inflammation and ap- 
optosis participate in each stage of atheroscle-
rosis [42]. Ox-LDL promotes the formation and 
development of atherosclerotic plaques by in- 
ducing vascular endothelial inflammation and 
apoptosis [23, 43, 44]. Moreover, ox-LDL accel-
erates the expressions of adhesion molecules 
such as MCP-1, IL-6, VCAM-1 and ICAM-1, NFκB 
activation and expression of apoptotic prote- 
ins in endothelial cells [45, 46]. Thereafter, the 
new drugs can be used to treat atherosclerosis 
via targeting endothelial inflammation and ap- 
optosis. Recently, our groups have shown that 
investigate that vaccarin promotes endothe- 
lial cell proliferation and inhibits apoptosis of 
high glucose-induced endothelial cells [19]. 
However, it remains to be clarified whether vac-
carin had effect on ox-LDL-induced endothelial 
inflammation and apoptosis. In the present 
study, we found that vaccarin treatment re- 
strained the expression of adhesion molecules 
MCP-1, IL-6, VCAM-1 and ICAM-1, and NFκB 
p65 nuclear translocation in ox-LDL-induced 
HUVECs. Furthermore, ox-LDL upregulated Bax, 
cleaved-caspase-3 protein levels, but downreg-
ulated downregulated Bcl-2 protein expression 
in HUVECs, which was mitigated by vaccarin. 
Consequently, these data revealed that vacca-
rin served as a therapeutic regulator for endo-
thelial repair via inhibition of endothelial cell 
inflammation and apoptosis. 

MAP kinases, including ERK1/2 (extracellular 
signalling-regulated kinase), JNK (c-Jun N-ter- 
minal kinase) and p38 MAPK, regulate the 
activity of many proteins, enzymes and tran-
scription factors and thus are involved in a bio-
logical response of a cell to an external stimu-
lus [47]. More and more studies have proposed 
that p38 MAPK is a key target for endothelial 
cell inflammation and apoptosis in the patho-
genesis of atherosclerosis [48]. Reactive oxy-
gen species (ROS) are well known for their role 
in modulating both physiological and patho-
physiological signal transduction [49]. Sub- 
stantial evidence suggests that increased oxi-
dative stress plays a prominent role in the 
pathogenesis of vascular endothelial dysfunc-
tion along with endothelial cell EndMT, inflam-
mation and apoptosis [50-52]. Polymerized 
porcine hemoglobin attenuates H2O2-induced 
endothelial cell injury via decreasing the ROS 
overproduction and subsequent phosphoryla-
tion of p38 MAPK [53]. In the present study,  

our data demonstrated that ox-LDL elicited 
increased p38 MAPK phosphorylation tremen-
dous ROS generation in HUVECs, and these 
effects were reversed by vaccarin pretreat-
ment. It is noted that both ROS and p38 MAPK 
activators suppressed vaccarin-mediated pro-
tective effects against ox-LDL-induced endo-
thelial cell EndMT, inflammation and apoptosis. 
These results hinted that blockade of ROS/p38 
MAPK signaling pathway was responsible for 
the protective actions of vaccarin in ox-LDL-
mediated endothelial dysfunction.

Collectively, our results demonstrated that vac-
carin suppressed ox-LDL induced endothelial 
EndMT, inflammation and apoptosis via inhibit-
ing ROS/p38 MAPK signaling pathway. Vaccarin 
may serve as a candidate for protection of vas-
cular endothelium, thus providing a promising 
alternative for the treatment of atherosclerotic 
endothelial injury.
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Figure S1. The different concentrations of ox-LDL and vaccarin used in this study. A. Chemical structure of vaccarin. 
B. HUVECs were exposed to various concentrations of ox-LDL (0, 10, 20, 50, 100, 200 μg/mL) for 24 h. The cell vi-
ability was detected by CCK-8. C. Different concentrations of vaccarin (0, 1, 2, 5, 10 μM) treatment ox-LDL (100 μg/
mL) induced HUVECs for 24 h, the cell viability was detected by CCK-8. Values are mean ± S.D. *P < 0.05 vs control, 
#P < 0.05 vs ox-LDL, n = 5/group.


