
EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  481,  2021

Abstract. Oxidized low‑density lipoprotein (ox‑LDL)‑induced 
endothelial dysfunction contributes to the progression of 
atherosclerosis. Interferon regulatory factor  2‑binding 
protein  2  (IRF2BP2) attenuates macrophage‑mediated 
inflammation and susceptibility to atherosclerosis. However, 
the effects of IRF2BP2 on vascular endothelial cells in 
atherosclerosis have not been fully elucidated. In the present 
study, the effects of IRF2BP2 on cell viability, inflammation 
and endothelial‑to‑mesenchymal transition (EMT) of human 
umbilical vein endothelial cells (HUVECs) were assessed using 
Cell Counting Kit‑8 (CCK‑8) assays, ELISA kits and western 
blot analysis, respectively. In addition, the expression levels of 
Krüppel‑like factor 2 (KLF2) were determined by reverse tran‑
scription‑quantitative PCR and immunofluorescence assays. A 
Nitrate/Nitrite assay kit was utilized to detect the production 
of nitric oxide (NO). The results demonstrated that ox‑LDL 
induced inflammation and EMT of HUVECs, and decreased 
the NO levels. Furthermore, IRF2BP2 overexpression protected 
HUVECs against ox‑LDL‑induced inflammation, EMT and 
endothelial dysfunction, and resulted in upregulated expres‑
sion of KLF2. Additionally, IRF2BP2 was shown to bind to 
KLF2, and KLF2 knockdown reversed the protective effects of 
IRF2BP2 on ox‑LDL‑exposed HUVECs. These findings indi‑
cated that IRF2BP2 may prevent ox‑LDL‑induced endothelial 
damage via upregulating KLF2 expression.

Introduction

Cardiovascular diseases are the most common cause of 
disease‑associated mortality worldwide  (1). Hypertension, 

hypercholesterolemia, obesity and smoking pose serious threats 
to the cardiovascular system, contributing to vascular inflam‑
mation and endothelial cell dysfunction (2‑4). Atherosclerosis 
is a lipid‑driven progressive inflammatory systemic disease, 
which primarily affects the aorta, and the carotid and coro‑
nary arteries (5,6). The accumulation of plasma lipoproteins 
is considered as the main factor driving formation of athero‑
sclerotic lesions. Despite the progress that has been made in 
reducing the concentration of lipoproteins, there are residual 
risks to these cardiovascular events (7). Anti‑inflammatory 
approaches, including reducing the levels of pro‑inflammatory 
cytokines, are considered a promising strategy to supplement 
the existing lipid‑lowering strategies to decrease the residual 
risks (8).

Interferon regulatory factor 2‑binding protein 2 (IRF2BP2) 
is a transcriptional repressor that is extensively involved in 
the regulation of the expression of a range genes (9‑11). A 
recent study reported that IRF2BP2 overexpression improves 
cardiomyopathy via suppressing the infiltration of inflamma‑
tory cells and the secretion of inflammatory cytokines (12). 
Deletion of IRF2BP2 aggravated a high fat diet‑induced 
increase in systematic and central nervous inflammation via 
inhibition of the release of interleukin  (IL)‑1β and tumor 
necrosis factor (TNF)‑α (13). IRF2BP2 is a negative regulator 
of inflammation via regulation of macrophage polariza‑
tion. A study revealed that IRF2BP2‑deficient macrophages 
exacerbated atherosclerosis in apolipoprotein E null mice by 
reducing the expression of the anti‑inflammatory transcrip‑
tion factor Krüppel‑like factor  2 (KLF2) in macrophages 
and disrupting lipid homeostasis (14). KLFs are members of 
the zinc finger family of DNA‑binding transcription factors, 
which serve a range of roles in several biological processes, 
including quiescence, proliferation, differentiation, develop‑
ment, growth and inflammation (15). Amongst the members of 
KLFs, KLF2 is considered as a central regulator of endothelial 
biology through regulation of proinflammatory activation 
in endothelial cells. Previous studies have shown that KLF2 
signaling served an important role in mediating endothelial 
inflammation and atherosclerosis (16,17). For example, KLF2 
was reported to negatively regulate inflammation and reduce 
proinflammatory activity of nuclear factor‑κB (NF‑κB) (18). 
Endothelial KLF2 also exhibited an atheroprotective role 
as a novel inhibitor of endothelial inflammasome activation 
in atherogenesis in  vivo  (19). However, the effects of the 
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regulation of IRF2BP2 gene expression in endothelial cells on 
atherosclerosis remains elusive.

In the present study, it was hypothesized that IRF2BP2 may 
also serve a role in endothelial cell inflammation and dysfunc‑
tion via regulation of KLF2. The aim of the present study was 
to investigate whether IRF2BP2 overexpression in endothelial 
cells exhibited a beneficial effect on ox‑LDL‑induced endothe‑
lial cell injury, and further elucidate the underlying regulatory 
mechanisms.

Materials and methods

Cell culture. Human umbilical vein endothelial cells 
(HUVECs) were provided by The Cell Bank of Type Culture 
Collection of The Chinese Academy of Sciences and main‑
tained at  37˚C in a humidified incubator with 5%  CO2. 
HUVECs were cultured in F12K medium (Boster Biological 
Technology Co., Ltd.) supplemented with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.), 100 µg/ml streptomycin and 
100 IU/ml penicillin (Boster Biological Technology Co., Ltd.). 
HUVECs were treated with 100 µg/ml oxidized low‑density 
lipoprotein (ox‑LDL; UnionBiol Biotechnologies Co., Ltd.) 
for 24 h at 37˚C to simulate atherosclerosis, as previously 
described (20).

Cell  t ransfec t ion.  To overexpress  I R F2BP2,  a 
pcDNA3.1‑IRF2BP2 plasmid was synthesized by Shanghai 
GenePharma Co., Ltd.; empty pcDNA3.1 vector was used as a 
negative control. A small interfering RNA (siRNA) targeting 
KLF2 (5'‑AUU​UUG​AAA​AAC​AAA​ACU​CGU​GAG​UUU​
UGU​UUU​UCA​AAA​UGG‑3') was synthesized by Shanghai 
GenePharma Co., Ltd and transfected into HUVECs to 
knockdown KLF2 expression. Scrambled siRNA (5'‑CCU​
GGC​GCC​UUC​GGU​CUU​UUU‑3') served as a negative 
control. HUVECs were grown to 60‑70% confluence and 
20 µg pcDNA3.1 or siRNA plasmids were transfected into 
cells using Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) and incubated for 6 h at 37˚C. A total of 48 h 
post‑transfection, transfected cells were selected for subse‑
quent experiments.

Cell viability. HUVECs at a density of 5x103 cells/well were 
plated into 96‑well plates and then incubated with 100 µg/ml 
ox‑LDL for 24 h at 37˚C. Subsequently, 10 µl Cell Counting 
Kit‑8 reagent (CCK‑8; Beijing Solarbio Science & Technology 
Co., Ltd.) was added to each well for 1 h. The absorbance 
values were measured at 450 nm using a microplate reader 
(BioTek Instruments, Inc.).

ELISA. The levels of pro‑inflammatory cytokines in the cell 
medium were determined using TNF‑α (cat. no. SEKH‑0047), 
IL‑1β (cat. no. SEKH‑0002) and IL‑6 (cat. no. SEKH‑0013) 
ELISA kits (Beijing Solarbio Science & Technology Co., 
Ltd.). Briefly, the cell culture medium was transferred to a 
sterile centrifuge tube and centrifuged (1,000 x g) at 4˚C for 
10 min. The supernatants were then supplemented with the 
corresponding ELISA kit reagents, according to manufac‑
turer's protocol. The absorbance values were measured at a 
wavelength of 450  nm using a microplate reader (BioTek 
Instruments, Inc.).

Western blot analysis. HUVECs were lysed to extract total 
protein and the concentration was quantified using a BCA 
Protein assay kit (Beijing Solarbio Science & Technology Co., 
Ltd.). Protein samples were loaded on a 12% SDS‑gel, resolved 
using SDS‑PAGE and transferred to a PVDF membrane 
(EMD Millipore). Following blocking with 5% bovine serum 
albumin (BSA; Thermo  Fisher Scientific, Inc.) for 2  h at 
room temperature, the membranes were then incubated with 
primary antibodies against IRF2BP2 (cat. no. 18847‑1‑AP; 
1:1,000), GAPDH (cat. no. 10494‑1‑AP; 1:5,000), vimentin 
(cat. no. 10366‑1‑AP; 1:1,000; all from ProteinTech Group, Inc.), 
KLF2 (cat. no. PA5‑40591; 1:1,000), phosphorylated endo‑
thelial nitric oxide synthase (p‑eNOS; cat. no. PA5‑104858; 
1:500), eNOS (cat.  no.  PA1‑037; 1:1,000; all from 
Invitrogen; Thermo Fisher Scientific, Inc.) and VE‑cadherin 
(cat. no. 2500; 1:1,000; Cell Signaling Technology, Inc.) at 4˚C 
overnight. The following day, the membranes were incu‑
bated with HRP‑conjugated Affinipure goat anti‑mouse IgG 
(cat. no. SA00001‑1; 1:5,000) or HRP‑conjugated Affinipure 
goat anti‑rabbit IgG (cat. no. SA00001‑2; 1:5,000; both from 
ProteinTech Group, Inc.) for 2 h at room temperature. Signals 
were visualized using an ECL Western Blotting Substrate 
(Thermo Fisher Scientific, Inc.), and densitometry analysis was 
performed using Image Lab system (Bio‑Rad Laboratories, 
Inc.; version 1.52). GAPDH was used as the internal control.

Immunofluorescence assay. HUVECs were seeded into 
24‑well plates at a density of 1x105  cells/well. When 
cells reached 60‑70%  confluence, they were fixed with 
4% paraformaldehyde at 4˚C for 15 min and incubated with 
0.5% Triton X‑100 for 20 min. Subsequently, 5% BSA was 
added to block non‑specific antigen at room temperature for 
30 min, after which cells were incubated with the primary 
antibody against KLF2 (cat.  no.  MA5‑24300; Invitrogen; 
Thermo Fisher Scientific, Inc.) at 4˚C overnight. Following 
incubation with anti‑KLF2, cells were incubated with fluo‑
rescein isothiocyanate‑conjugated Affinipure goat anti‑mouse 
IgG (cat. no. SA00003‑1; ProteinTech Group, Inc.) for 1 h 
in the dark at room temperature. Cell nuclei were stained 
with DAPI for 5 min at room temperature, and images were 
captured under a fluorescence microscope (Carl Zeiss AG; 
magnification, x200).

Reverse transcription‑quantitative PCR (RT‑qPCR). 
HUVECs were harvested, total RNA was extracted using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
and cDNA was then synthesized using a reverse transcription 
kit, according to the manufacturer's protocol (Takara, Bio, 
Inc.). Next, a SYBR Green PCR kit (Takara Bio, Inc.) was 
used to determine gene expression on an ABI 7500 Real‑Time 
PCR system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The sequences of the primers used were: KLF2 forward, 
5'‑GCA​CGC​ACA​CAG​GTG​AGA‑3' (Tm=58˚C) and reverse, 
5'‑CAC​AGA​TGG​CAC​TGG​AAT​GG‑3' (Tm=62˚C), product 
length, 130 bp; IRF2BP2 forward, 5'‑CCC​TGA​CTG​CAG​TTG​
CAA​GA‑3' (Tm=62˚C) and reverse, 5'‑TTG​AGC​CCC​TCT​
GTG​GAT​GT‑3' (Tm=62˚C), product length, 127 bp; vascular 
cell adhesion molecule 1 (VCAM‑1) forward, 5'‑GGA​CCA​
CAT​CTA​CGC​TGA​CA‑3' (Tm=62˚C) and reverse, 5'‑TTG​
ACT​GTG​ATC​GGC​TTC​CC‑3' (Tm=62˚C), product length, 
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184 bp; intercellular adhesion molecule 1 (ICAM‑1) forward, 
5'‑TCT​TCC​TCG​GCC​TTC​CCA​TA‑3' (Tm=62˚C) and reverse, 
5'‑AGG​TAC​CAT​GGC​CCC​AAA​TG‑3' (Tm=62˚C), product 
length, 152 bp; and GAPDH forward, 5'‑ATG​GGC​AGC​CGT​
TAG​GAA​AG‑3' (Tm=62˚C) and reverse, 5'‑ATC​ACC​CGG​
AGG​AGA​AAT​CG‑3' (Tm=62˚C), product length, 126 bp.

Co‑immunoprecipitation (Co‑IP). Extraction of whole‑cell 
lysates from HUVECs was performed using RIPA lysis buffer 
(Beyotime Institute of Biotechnology). For immunoprecipita‑
tion, 500 µg protein was incubated with 1‑2 µg of the specific 
antibodies against IRF2BP2 or KLF2 (same antibodies used 
in western blotting; Invitrogen; Thermo  Fisher Scientific, 
Inc.) overnight at 4˚C. Subsequently, 40 µl 50% Protein A/G 
PLUS‑Agarose beads (Invitrogen; Thermo Fisher Scientific, 
Inc.) was added, and incubated for a further 2  h at room 
temperature. Beads were then washed three times with the lysis 
buffer and collected by centrifugation at 12,000 x g for 2 min 
at 4˚C. Following the final wash, the supernatant was aspirated 
and discarded, then the precipitated proteins were eluted from 
the beads by resuspending in 2X SDS‑PAGE loading buffer and 
boiling for 5 min. The resulting materials from immunopre‑
cipitation or cell lysates were analyzed using western blotting.

Detection of NO levels. The cell culture medium was collected 
to estimate the production of NO. Following mixing of cell 

culture medium with Griess Reagent I and Griess Reagent II 
from the Nitrate/Nitrite assay kit (Beyotime Institute of 
Biotechnology), the absorbance values were determined at 
a wavelength of 540 nm using a microplate reader (BioTek 
Instruments, Inc.).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 6.0 (GraphPad Software, Inc.). All 
experiments were performed in triplicate. Data are presented 
as the mean ± standard deviation. Differences between multiple 
groups were analyzed using a one‑way ANOVA followed by 
a post hoc Tukey's test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Protective effects of IRF2BP2 on ox‑LDL‑induced inflam‑
mation and EMT. First, IRF2BP2 plasmids were transfected 
into HUVECs to overexpress IRF2BP2. As shown in 
Fig. 1A and B, transfection of HUVECs with IRF2BP2 over‑
expression plasmids increased the expression of IRF2BP2 at 
both the transcriptional (mRNA) and translational (protein) 
levels. Subsequently, HUVECs were treated with 100 µg/ml 
ox‑LDL for 24 h, and the results demonstrated that ox‑LDL 
significantly impaired cell viability, whereas IRF2BP2 over‑
expression effectively relieved ox‑LDL‑induced cell injury 

Figure 1. Protective effects of IRF2BP2 against ox‑LDL‑induced inflammation and EMT. (A) HUVECs were transfected with empty vector or pcDNA3.1‑IRF2BP2. 
The mRNA expression levels of IRF2BP2 were measured using reverse transcription‑quantitative PCR analysis. ***P<0.001 vs. the vector group. (B) The protein 
expression levels of IRF2BP2 were determined by western blot analysis. **P<0.01 vs. the vector group. (C) Following transfection, HUVECs were treated with 
ox‑LDL for 24 h. The cell viability in different groups was determined using a Cell Counting Kit‑8 assay. (D) The levels of TNF‑α, IL‑1β and IL‑6 in the culture 
medium were assessed using ELISA kits. (E) The protein expression levels of VE‑cadherin and vimentin were evaluated using western blot analysis. **P<0.01, 
***P<0.001 vs. the control group; #P<0.01, ##P<0.05 and ###P<0.001 vs. the ox‑LDL + vector group. IRF2BP2, interferon regulatory factor binding protein 2; 
ox‑LDL, oxidized low‑density lipoprotein; HUVECs, human umbilical vein endothelial cells; TNF‑α, tumor necrosis factor α; IL‑1β, interleukin 1β.
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(Fig. 1C). In addition, treatment with ox‑LDL induced inflam‑
matory responses in HUVECs, as determined by the significant 
increase in pro‑inflammatory cytokines, including TNF‑α, 
IL‑1β and IL‑6 (Fig. 1D). HUVECs transfected with IRF2BP2 
overexpression plasmid exhibited mild inflammation. As a 
crucial risk factor of atherosclerosis, ox‑LDL promotes the 
secretion of inflammatory cytokines by endothelial cells, thus 
inducing EMT (21,22). Therefore, the decreased expression of 
the endothelial marker VE‑cadherin, along with the upregu‑
lation of the mesenchymal marker vimentin, indicated that 
HUVECs underwent EMT following stimulation with ox‑LDL 
(Fig. 1E). By contrast, IRF2BP2 overexpression inhibited EMT.

IRF2BP2 upregulates KLF2 and improves endothelial 
NO production. VCAM‑1 and ICAM‑1 are members of 

the endothelial adhesion molecules, which are involved 
in atherogenesis and may be key mediators of athero‑
sclerosis  (23,24). The cellular mRNA expression levels 
of VCAM‑1 and ICAM‑1 were upregulated by ox‑LDL 
(Fig. 2A), whereas IRF2BP2 overexpression significantly 
reduced the ox‑LDL‑induced upregulation of both VCAM‑1 
and ICAM‑1. Additionally, the expression of the anti‑inflam‑
matory transcription factor KLF2 was reduced in HUVECs 
exposed to ox‑LDL. This effect was reversed following 
IRF2BP2 overexpression (Fig. 2B). It has been reported that 
the activity of eNOS maintains endothelial function (25). 
NO, produced by eNOS, has a profound effect on angio‑
genesis, vascular remodeling and endothelial permeability. 
Therefore, a decrease in NO release is a hallmark of endo‑
thelial cell dysfunction  (24,26). In the present study, the 

Figure 2. IRF2BP2 increases the expression of KLF2 and improves endothelial function. (A) The expression levels of ICAM‑1 and VCAM‑1 were determined 
using reverse transcription‑quantitative PCR analysis. (B) The protein expression levels of KLF2, p‑eNOS, total eNOS and GAPDH were measured using 
western blot analysis. (C) A Nitrate/Nitrite assay kit was utilized to estimate the release of NO. (D) The expression of KLF2 was evaluated by immunofluo‑
rescence analysis (magnification, x200). Scale bar, 50 µm. **P<0.01, ***P<0.001 vs. the control group; ##P<0.05, ###P<0.001 vs. the ox‑LDL + vector group. 
IRF2BP2, interferon regulatory factor binding protein 2; KLF2, Krüppel‑like factor 2; ICAM‑1, intercellular adhesion molecule 1; VCAM‑1, vascular cell 
adhesion molecule 1; p‑eNOS, phosphorylated endothelial nitric oxide synthase; NO, nitric oxide; ox‑LDL, oxidized low‑density lipoprotein.
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phosphorylation of eNOS at Ser1177 was reduced after stim‑
ulation of HUVECs with ox‑LDL. IRF2BP2‑overexpressing 
cells exhibited higher eNOS phosphorylation levels 
compared with the empty vector group in the presence of 
ox‑LDL (Fig. 2B). Furthermore, NO release in the ox‑LDL 
treated group was significantly reduced, whereas IRF2BP2 
overexpression partly restored its production (Fig. 2C). The 
expression of KLF2 was determined using immunofluores‑
cence analysis (Fig. 2D), and the results were consistent with 
those of the western blot analysis.

IRF2BP2 attenuates inflammation and EMT via KLF2 
expression. The interaction between IRF2BP2 and KLF2 

was verified using Co‑IP (Fig. 3A). Subsequently, two pairs 
of siRNAs targeting KLF2 were transfected into HUVECs, 
and the transfection efficiency is shown in Fig. 3B and C. 
The siKLF2#1 clone exhibited better knockdown of KLF2 
expression compared with siKLF2#2. Cell viability assays 
revealed that siKLF2#1 could reduce the viability of 
IRF2BP2‑overexpressing HUVECs following treatment with 
ox‑LDL (Fig. 3D). Furthermore, the IRF2BP2 overexpres‑
sion‑mediated reduction in secretion of TNF‑α, IL‑1β and 
IL‑6 were reversed following transfection with siKLF2#1 in 
the presence of ox‑LDL (Fig. 3E). Additionally, siKLF2#1 
abrogated the inhibitory effect of IRF2BP2 overexpression on 
EMT (Fig. 3F).

Figure 3. IRF2BP2 attenuates inflammation and EMT via KLF2. (A) The interaction between IRF2BP2 and KLF2 was confirmed using a Co‑IP assay. 
(B) HUVECs were transfected with scrambled siRNA, siKLF2#1 or siKLF2#2. The mRNA expression levels of KLF2 were measured using reverse tran‑
scription‑quantitative PCR analysis. ***P<0.001 vs. the scramble group. (C) The protein expression levels of KLF2 were evaluated using western blot analysis. 
**P<0.01, ***P<0.001 vs. the scrambled group. (D) The cell viability in different groups was determined using a CCK‑8 assay. (E) The levels of TNF‑α, IL‑1β and 
IL‑6 in the culture medium were assessed using ELISA kits. (F) The protein expression levels of VE‑cadherin and vimentin were evaluated using western blot 
analysis. ***P<0.001 vs. the control group; ##P<0.05, ###P<0.001 vs. the ox‑LDL group; ΔP<0.05, ΔΔP<0.01, ΔΔΔP<0.001 vs. the ox‑LDL + IRF2BP2 + scramble 
group. IRF2BP2, interferon regulatory factor binding protein 2; KLF2, Krüppel‑like factor 2; EMT, endothelial‑to‑mesenchymal transition; HUVECs, human 
umbilical vein endothelial cells; siRNA, small interfering RNA; TNF‑α, tumor necrosis factor α; IL‑1β, interleukin 1β; ox‑LDL, oxidized low‑density lipo‑
protein; Co‑IP, co‑immunoprecipitation.
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KLF2 is required for the effects of IRF2BP2 on endothelial cells. 
Subsequently, the role of KLF2 in ox‑LDL‑regulated endothe‑
lial dysfunction were determined. The mRNA expression levels 
of ICAM‑1 and VCAM‑1 were increased in ox‑LDL‑induced 
HUVECs. IRF2BP2 overexpression repressed the expression 
of both ICAM‑1 and VCAM‑1, which was restored following 
KLF2 knockdown (Fig. 4A). Additionally, the phosphorylation 
levels of eNOS and the production of NO were also evalu‑
ated. As shown in Fig. 4B and C, ox‑LDL reduced the levels 
of p‑eNOS and NO. IRF2BP2 overexpression significantly 
increased the levels of p‑eNOS and NO, whereas transfection 
with siKLF2#1 counteracted the effects of IRF2BP2.

Discussion

Atherosclerosis is the most common disease of the cardio‑
vascular system  (27). Coronary heart disease, stroke and 
other cardiovascular diseases caused by atherosclerosis are 
significant causes of death worldwide (28). During the patho‑
genesis of atherosclerosis, endothelial cells undergo a series 
of pathological changes, from early dysfunction to advanced 
plaque transition (29). Ox‑LDL triggers inflammation and 
EMT of endothelial cells, and facilitates the formation of 
atherosclerotic plaques (30,31). In the present study, treatment 
with ox‑LDL reduced the viability of HUVECs, and IRF2BP2 
overexpression ameliorated ox‑LDL‑induced cell injury. 
Furthermore, ox‑LDL‑induced inflammation and EMT were 
also impeded following IRF2BP2 overexpression.

EMT of endothelial cells promotes the expression 
of VCAM‑1 and ICAM‑1, which are key mediators of 

atherosclerosis, thereby recruiting monocytes to the arterial 
intima (32). Endothelial dysfunction usually refers to endo‑
thelium‑dependent vasodilation and constriction impairment. 
Emerging evidence has suggested that NO, produced by eNOS, 
regulates vasomotor tone (29). In the present study, treatment 
of HUVECs with ox‑LDL inhibited the activity of eNOS and 
reduced the synthesis of NO, and these effects were reversed 
following IRF2BP2 overexpression. Of note, IRF2BP2 over‑
expression also increased the protein expression levels of 
KLF2. The direct interaction between IRF2BP2 and KLF2 
was also verified by Co‑IP. Chen et al (14) demonstrated that 
IRF2BP2 could bind to the promoter of KLF2, resulting in 
the upregulation of KLF2 expression. Kim et al  (33) also 
reported that IRF2BP2 overexpression increased KLF2 
expression, suggesting that IRF2BP2 acts upstream of KLF2 
in bone cells. As an anti‑atherogenic factor in the vascular 
endothelium, KLF2 improves the endothelial functions and 
suppresses the development of atherosclerosis via regulating 
multiple pathways, including the NF‑κB, MAPK/ERK, JNK 
and p38 signaling pathways (34‑36). Therefore, it is hypoth‑
esized that IRF2BP2 may exert its effect through binding to 
KLF2 and positively regulating KLF2 expression, thereby 
affecting the downstream signaling transduction of KLF2; 
however, this requires further study. In accordance with 
this hypothesis, KLF2 knockdown exacerbated cell injury, 
inflammation and EMT. A recent report demonstrated that 
KLF2 orchestrates its effects on endothelial function via the 
eNOS/NO signaling pathway (17). In the present study, KLF2 
knockdown attenuated the phosphorylation of eNOS and the 
generation of NO.

Figure 4. KLF2 is required for IRF2BP2‑regulated endothelial function. (A) The mRNA expression levels of ICAM‑1 and VCAM‑1 were measured by reverse 
transcription‑quantitative PCR analysis. (B) The protein expression levels of total eNOS, p‑eNOS and GAPDH were evaluated using western blot analysis. 
(C) A Nitrate/Nitrite assay kit was used to estimate the release of NO. ***P<0.001 vs. the control group; ##P<0.05, ###P<0.001 vs. the ox‑LDL group; ΔP<0.05 
vs. the ox‑LDL + IRF2BP2 + scrambled group. KLF2, Krüppel‑like factor 2; IRF2BP2, interferon regulatory factor binding protein 2; ICAM‑1, intercellular 
adhesion molecule 1; VCAM‑1, vascular cell adhesion molecule 1; p‑eNOS, phosphorylated endothelial nitric oxide synthase; NO, nitric oxide; ox‑LDL, 
oxidized low‑density lipoprotein.
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In summary, the present study showed that IRF2BP2 
overexpression could protect HUVECs from ox‑LDL‑induced 
inflammation and EMT, whilst also increasing NO produc‑
tion in endothelial cells by enhancing the expression of 
KLF2. These findings reflect the role of IRF2BP2/KLF2 in 
endothelial cells and may improve our understanding of the 
pathogenesis of atherosclerosis, and may also highlight poten‑
tially novel targets for management of this disease. However, 
further in‑depth studies are required to elucidate the mecha‑
nisms underlying endothelium‑dependent vasodilation and 
vasoconstriction, and the vulnerability of arterial plaques.
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