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Abstract. Atherosclerosis (AS) is a cardiovascular disease
with a relatively high incidence rate. Kriippel-like factor
15 (KLF15) has a role in numerous pathological processes,
including nephropathy, abnormal glucose metabolism and
myocardial injury. The aim of the present study was to
investigate the function of KLF15 in vascular endothelial
dysfunction. MTT analyses, nitric oxide (NO) detection
and cell adhesion detection kits were used to investigate the
viability and adhesion of, and quantity of NO released by
Eahy926 cells induced by tumor necrosis factor (TNF)-a,
respectively. Reverse transcription-quantitative polymerase
chain reaction and western blot analyses were performed to
determine the expression levels of KLF15, endothelial nitric
oxide synthase, monocyte chemoattractant protein-1 (MCP-1),
intercellular adhesion molecule-1 (ICAM-1), transforming
growth factor-p1 (TGF-B1), phosphorylated (p-)transcription
factor p65 (p65) and nuclear factor erythroid 2-related factor
2 (Nrf2). The results of the present study demonstrated that
TNF-a was able to induce vascular endothelial dysfunction
in Eahy926 cells at an optimum concentration of 10 ng/ml.
Overexpression of KLF15 markedly enhanced cell viability
in addition to the quantity of released NO of TNF-a-induced
Eahy926 cells, and increased the expression levels of eNOS
and Nrf2. Furthermore, overexpression of KLF15 markedly
suppressed the rate of cellular adhesion, and downregulated
levels of MCP-1, ICAM-1, TGF-B1 and p-p65 in TNF-a
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induced Eahy926 cells. In conclusion, the results of the present
study suggested that overexpression of KLF15 in Eahy926
cells exhibited a protective effect against TNF-a induced
dysfunction via activation of Nrf2 signaling and inhibition of
nuclear factor kB signaling.

Introduction

In recent years, obesity has been revealed to be closely asso-
ciated with metabolic abnormalities, which represents a risk
factor for the development of atherosclerosis (AS), cardiovas-
cular disease, cancer and other diseases (1). Metabolically
healthy but obese (MHO) is an obesity subgroup, which is
characterized by obesity and high insulin sensitivity, and
accounts for 20-30% of patients with obesity worldwide (2,3).
Similarly, MHO may cause various vascular diseases, including
AS, cerebral infarction and large artery embolism, which are
induced by dysfunction of the vascular endothelium (4,5).

AS is a cardiovascular disease, which exhibits a relatively
high incidence rate and may subsequently induce arte-
rial thrombosis in acute coronary syndromes, strokes and
various other diseases, which may pose a threat to human
mortality (6). According to a previous study, the pathogenesis
of AS is highly complex (7). It has been widely established
that endothelial dysfunction is an important factor in the early
stage of AS (8). Endothelial dysfunction results in functional
cell alterations, and may be characterized by the suppressed
release of nitric oxide (NO) and NO bioavailability, in addition
to the enhanced expression of adhesion molecules and chemo-
kines (9). Interaction between of these alterations and smooth
muscle cells located in blood vessels in turn alters vascular
function and structure, which ultimately leads to AS (8.9).
Therefore, attenuation of endothelial dysfunction may reduce
the risk of the development of AS.

Kriippel-like factors (KLFs) are a class of zinc finger
DNA-binding transcription proteins, which are involved
in numerous pathophysiological processes, including cell
differentiation, apoptosis and tumor formation (10-12). KLFs
are closely associated with cardiovascular diseases, including
hypertension, AS and coronary heart disease (10-12). KLF15
is a member of the zinc finger protein family (13). It has been
previously demonstrated that KLLF15 is expressed in the heart,
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liver, kidney and numerous other organs (14,15). Furthermore,
KLF15isinvolved in the pathological processes of nephropathy,
abnormal glucose metabolism and myocardial injury (16,17).
However, the function of KLF15 in vascular endothelial
dysfunction remains unclear. Nuclear factor (NF)-kB is a
transcription factor that is highly expressed in mammals and
highly conserved among mammalian species (18). Initially,
NF-kB was considered to be a homologous/heterogeneous
dimer composed of Katanin p60 ATPase-containing subunit
Al and transcription factor p65 (p65) subunits (18); however,
subsequent studies have revealed that there is an NF-xB
protein family, which consists of several polypeptides with
a high degree of homology (18,19). Abnormal activation of
NF-kB may cause rheumatoid arthritis, AS, inflammation
and tumor formation (20). Furthermore, previous studies have
demonstrated that nuclear factor erythroid 2-related factor 2
(Nrf2) signaling may inhibit the activation of NF-kB during
inflammation (21,22). In addition, NF-kB and Nrf2 always
interact during oxidative stress and numerous inflammatory
responses (23).

In the present study, the function of KLFI15 in
TNF-a-induced vascular endothelial dysfunction was
investigated, in addition to whether its underlying molecular
mechanisms are involved in the regulation of the NF-kB and
Nrf2 signaling pathways.

Materials and methods

Cell culture and treatment. The human umbilical vein fusion
cell line (Eahy926) was obtained from Shanghai Fuhengbio
Biotechnology Co., Ltd. (Shanghai, China). Cells were main-
tained in RPMI-1640 (Beijing Hua Yueyang Biotechnology
Co., Ltd., Beijing, China) supplemented with 10% fetal bovine
serum (Jiangsu Enmoasai Biological Technology Co., Ltd.,
Changzhou, China) and 1% penicillin-streptomycin (Shanghai
Yuanmu Biotechnology Co., Ltd., Shanghai, China), in a 37°C
humidified incubator (MG80; Shanghai LNB Instruments
Co., Ltd, Shanghai China) with 5% CO, Following culture,
Eahy926 cells were treated with PBS (Control) or different
concentrations of TNF-a (1, 5, 10 and 20 ng/ml) in 37°C incu-
bator for 48 h.

Cell transfection. Human pTA2-KLF15 (targeting sequence:
5-ACAGAGACGTTGTGCTGCTTT-3') and negative control
pT'A2 vectors were synthesized by Genewiz Biotechnology Co.,
Ltd. (Suzhou, China). Eahy926 cells were incubated in 6-well
plates (2.5x10* cell/well) for 12 h at 37°C and, once 40-60%
confluence had been reached, the cells were transfected with
the aforementioned vectors (30 nM) using Lipofectamine™
2000 transfection reagent (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). After 48 h of transfection, cells were
retained for subsequent experiments. Transfection efficiency
was evaluated by RT-qPCR and western blot analysis.

MTT analysis. The viability of Eahy926 cells was investi-
gated using an MTT kit (Gefan, Shanghai, China), according
to the manufacturer's protocol. Firstly, Eahy926 cells were
incubated in 96-well plates (2x10° cell/well) for 24 h and
subsequently treated with 0.1% PBS (control group), pTA2
vector (NC group), pTA2-KLF15 vector (KLF15 group),
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10 ng/ml TNF-a (TNF-a group), pTA2 vector and 10 ng/ml
TNF-a (TNF-a + NC group), and pTA2-KLF15 vector and
10 ng/ml TNF-a (TNF-a + KLF15 group). Following this,
15 1 MTT solution was added to each well and the plates were
subsequently incubated at 37°C for 6 h. Following this, 0.2%
dimethyl sulfoxide was added to the cells and subsequently
agitated using an for 15 sec at room temperature. Finally,
the optical density (OD) values were determined at 450 nm
using a microplate reader (cat. no. HBS-1096A; Nanjing Detie
Experimental Equipment Co., Ltd., Nanjing, China).

NO analysis. The quantity of NO released by Eahy926 cells
was determined using a NO detection kit (Beyotime Institute
of Biotechnology, Shanghai, China), according to the manu-
facturer's protocol. Firstly, cells were digested using trypsin
(Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China), resuspended in RPMI-1640 medium, and the superna-
tant was subsequently added to 96-well plates. Following this,
5 ul NADPH, 10 ul flavine adenine dinucleotide (FAD) and
5 pl nitrate reductase was added to each well and subsequently
incubated at room temperature for 40 min. Following this,
LDH was added to the plates in a dropwise manner at 37°C
for 18 min. Subsequently, cells were fixed using Griess reagent
I/1T at room temperature for 10 min. Finally, OD values were
determined at 540 nm using a microplate reader.

Cell adhesion analysis. The adhesive ability of Eahy926 cells
was investigated using a cell adhesion detection kit (BestBio
Company, Shanghai, China), according to the manufacturer's
protocol. Firstly, coating liquid (BestBio Company) was
added into 96-well plates in a drop-wise manner. Following
this, plates were transferred to a 4°C refrigerator (cat.
no. BCD-216SDN; Qingdao Haier, Co., Ltd., Qingdao, China)
for 24 h. Cells were then digested using trypsin, resuspended
in RPMI-1640 medium and subsequently incubated in 96-well
plates (2x10° cells/well) in a 37°C incubator for 30 min.
Following this, 20 pl staining solution B (BestBio Company)
was added to cells for 2 h. Finally, OD values were determined
at 450 nm using a microplate reader, and cells were photo-
graphed under an inverted fluorescent microscope (x200; cat.
no. GMSP-5; Guangmi, Shanghai, China). The adhesion rate
was calculated using the following formula: Adhesion rate
(%)=[(OD t~ODy 14 )/ (OD 151~ ODy 1 )1 100.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was isolated and lysed using an
RNA extraction kit (BioTeke Corporation, Beijing, China).
cDNA was subsequently synthesized using a RevertAid™
cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). The
temperature protocol used for RT was as follows: 42°C
for 60 min and 70°C for 5 min. Following this, qPCR was
performed using a DreamTaq Green PCR master Mix kit
(Thermo Fisher Scientific, Inc.), which included the following
reagents: 25 ul Dream Taq Green PCR master Mix, 1 ul forward
primer, 1 ul reverse primer, 19 ul nuclease-free distilled water,
4 ul cDNA, total volume 50 pl. The thermocycling conditions
used for PCR were as follows: Initial degeneration at 94°C for
5 min; followed by 30 cycles of denaturation at 94°C for 30 sec
and annealing at 65°C for 30 sec; and a final extension at 72°C
for 30 sec. Primer sequences used for qPCR are presented in
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Table 1. B-actin was used as an internal control. The 2444
method was used to determine gene expression (24).

Western blot analysis. Total proteins were isolated
and lysed with radioimmunoprecipitation assay buffer
(cat.no. 20101ES60; Shanghai Shengsheng Biotechnology Co.,
Ltd., Beijing, China), and the total protein concentration was
determined using a Bradford protein detection kit (Yeasen,
Beijing, China). Firstly, proteins (30 pug/lane) were separated
via 12% SDS-PAGE analysis and then transferred to a polyvi-
nylidene difluoride membrane. Subsequently, membranes were
blocked with 5% non-fat milk at 37°C for 1 h. The membrane
was then incubated with anti-KLF15 (cat. no. ab2647; 1:1,000;
Abcam, Cambridge, UK), anti-endothelial nitric oxide
synthase (eNOS; cat. no. AF950; 1:700; R&D Systems, Inc.,
Minneapolis, MN, USA), anti-monocyte chemoattractant
protein-1 (MCP-1; cat. no. MAB679, 1:1,000; R&D Systems,
Inc.), anti-intercellular adhesion molecule-1 (ICAM-1; cat.
no. BBA3; 1:800; R&D Systems, Inc.), anti-transforming
growth factor-f1 (TGF-f1; cat. no. MABI1835; 1:1,200;
R&D Systems, Inc.), anti-phosphorylated (p)-p65 (cat.
no. MAB7226; 1:1,000; R&D Systems, Inc.), anti-Nrf2 (cat.
no. MAB3925; 1:1,000; R&D Systems, Inc.) and anti-f3-actin
(cat. no. MAB8969; 1:2,000; R&D Systems, Inc.) at 4°C over-
night. Following hybridization, the primary antibodies were
reclaimed and stored in a 4°C refrigerator, and membranes
were subsequently washed with TBS containing 0.1%
Tween-20. Following washing, membranes were incubated
with the following corresponding secondary antibodies at
37°C for 60 min: Horseradish peroxidase (HRP)-tagged goat
anti-mouse IgG H&L (cat. no. ab6789; 1:7,000; Abcam),
HRP-tagged rabbit anti-mouse IgG H&L (cat. no. ab6728;
1:8,000; Abcam) and HRP-tagged rabbit anti-goat IgG H&L
(cat. no. ab97100; 1:8,000; Abcam). Finally, the blots were
visualized by enhanced chemiluminescent reagent (EMD
Millipore, Billerica, MA, USA). Images were captured with
a Fuji LAS-3000 imaging system (Fuji Photo Film Co., Ltd.,
Tokyo, Japan) and analyzed with ImageJ 1.48u software
(National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All data were expressed as the
mean * standard deviation using Microsoft Excel 2007
software (Microsoft Corporation, Redmond, WA, USA). A
Student's t-test was used to compare the differences between
two groups. Differences between multiple groups were deter-
mined using one-way analysis of variance followed by Tukey's
post-hoc test. GraphPad Prism 7 (GraphPad Software, Inc., La
Jolla, CA, USA) was used to draw the graphs. Experiments
were performed in triplicate. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

TNF-a induces dysfunction in Eahy926 cells. To determine
the optimal concentration of TNF-a required to induce
dysfunction in Eahy926 cells, cells were treated with various
concentrations of TNF-a and the mRNA expression levels
of eNOS were subsequently determined using RT-qPCR.
Following treatment of cells with 1, 5, 10 and 20 ng/ml TNF-a,,
mRNA expression levels of eNOS were decreased by ~20, 35,
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50 and 30% compared with the control group, respectively
(Fig. 1A). Furthermore, the expression of eNOS was most
significantly suppressed in cells treated with 10 ng/ml TNF-a
(Fig. 1A; P<0.05).

To investigate the transfection efficiency of the pTA2-KLF15
vector, RT-qPCR and western blot analyses were performed
to detect the mRNA and protein expression levels of KLF15,
respectively. Following the transfection of pTA2-KLF15 vector
into cells, the expression levels of KLF15 were revealed to
be significantly enhanced in the KLF15 group compared
with the NC and control groups (Fig. 1B and C; P<0.01).
Furthermore, the expression levels of KLF15 in NC and control
groups were revealed to be similar (Fig. 1B and C).

Overexpression of KLFI15 attenuates the viability of TNF-a.
induced Eahy926 cells. MTT assays were performed to
investigate the viability of Eahy926 cells. The results demon-
strated that treatment with TNF-a significantly suppressed the
viability of cells compared with non-treated cells. (Fig. 2A;
P<0.05 and P<0.01). Furthermore, when KLF15 was overex-
pressed in Eahy926 cells, the viability of Eahy926 cells did not
exhibit a significant difference compared with the NC group;
however, cell viability was significantly enhanced following
overexpression of KLF15 in TNF-a-induced Eahy926 cells
compared with the TNF-a + NC group. Cells overexpressing
KLFI15 at the 48 h time interval exhibited significantly
suppressed cell viability, compared with the 12 h time interval
(Fig. 2A; P<0.05).

To investigate the quantity of NO released by Eahy926
cells, an NO detection kit was used. The results demonstrated
that treatment with TNF-a significantly decreased the quan-
tity of NO released by Eahy926 cells compared with the NC
group (Fig. 2B; P<0.001). Furthermore, the results revealed
that Eahy926 cells overexpressing KLF15 did not exhibit a
significant difference regarding the quantity of released NO
compared with the NC group (Fig. 2B). However, the quantity
of released NO was significantly enhanced following overex-
pression of KLF15 in TNF-a-induced Eahy926 cells compared
with the TNF-a + NC group (Fig. 2B; P<0.01).

Overexpression of KLF15 suppresses adhesion of TNF-a.
induced Eahy926 cells. The rate of adhesion in Eahy926 cells
was investigated using a cell adhesion detection kit. The results
revealed that the rate of adhesion in Eahy926 cells overex-
pressing KLF15 did not exhibit a marked difference compared
with the NC group, whereas TNF-a-induced Eahy926 cells
exhibited a significantly increased adhesion rate compared
with the NC group (Fig. 3; P<0.01). Furthermore, overexpres-
sion of KLF15 in TNF-o-induced Eahy926 cells was revealed
to significantly suppress the rate of adhesion compared with
the TNF-a + NC group (Fig. 3; P<0.05).

Overexpression of KLF15 regulates the expression of factors
associated with endothelial cells in Eahy926 cells. In order to
determine the mRNA and protein expression levels of factors
associated with endothelial cells in Eahy926 cells, RT-qPCR
and western blot analyses were performed, respectively. The
results demonstrated that treatment with TNF-a signifi-
cantly upregulated them RNA and protein expression levels
of MCP-1, ICAM-1 and TGF-f1 in Eahy926 cells; whereas,
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Table I. Sequences of primers used for reverse transcription-quantitative polymerase chain reaction.

Primer name Sequence, 5'—3' Product size, bp
eNOS forward GCTAGCCAAAGTCACCATCG 230
eNOS reverse TGGAAAACAGGAGTGAGGCT

KLF15 forward TAGTCAACATCCAGGGGCAG 212
KLF15 reverse GGAAACTTCTGGCCCACAAG

MCP-1 forward AGCCACCTTCATTCCCCAAG 192
MCP-1 reverse GGGTCAGCACAGATCTCCTT

ICAM-1 forward CAGTCACCTATGGCAACGAC 238
ICAM-1 reverse GCAGCTTACAGTGACAGAGC

TGF-p1 forward TACAGCAACAATTCCTGGCG 200
TGF-p1 reverse GTGAACCCGTTGATGTCCA

p65 forward GAGGAGCACAGATACCACCA 220
po5 reverse AGCCTCATAGAAGCCATCCC

Nrf2 forward TGAGCCCAGTATCAGCAACA 171
Nrf2 reverse AGTGAAATGCCGGAGTCAGA

[-actin forward CACCATGTACCCAGGCATTG 180
[-actin reverse TCGTACTCCTGCTTGCTGAT

eNOS, endothelial nitric oxide synthase; KLF15, Kriippel-like factor 15; MCP-1, monocyte chemoattractant protein-1; ICAM-1, intercellular
adhesion molecule-1; TGF-$1, transforming growth factor-f1; p65, transcription factor p65; Nrf2, nuclear factor erythroid 2-related factor 2.
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Figure 1. TNF-a induces endothelial dysfunction in Eahy926 cells. (A) Eahy926 cells were treated with 0.1% PBS (control) and TNF-a (1, 5, 10 and 20 ng/ml).
mRNA expression levels of eNOS were investigated using RT-qPCR. "P<0.05 and “P<0.01 vs. control. KLF15 mRNA and protein levels in Eahy926 cells
transfected with human pTA2-KLF15 and negative control pTA2 were investigated using (B) RT-qPCR and (C) western blot analyses, respectively. 3-actin was
used as an internal control. "P<0.05 and “"P<0.01 vs. NC. NC, negative control pTA2 vector; KLF15, Kriippel-like factor 15; TNF-a, tumor necrosis factor-a;
eNOS, endothelial nitric oxide synthase; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

treatment with TNF-a significantly downregulated the mRNA  that overexpression of KLF15 in Eahy926 cells significantly
and protein expression levels of eNOS in Eahy926 cells decreased the levels of MCP-1 mRNA and protein; however,
(Fig. 4; P<0.05 and P<0.01). Furthermore, the results revealed  the mRNA and protein expression levels of eNOS, ICAM-1 and
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Figure 2. Overexpression of KLF15 attenuates the viability of Eahy926 cells treated with TNF-a. (A) Eahy926 cells were either treated with0.1% PBS (control),
transfected with pTA2 vector, transfected with pTA2-KLF15 vector, treated with 10 ng/ml TNF-a, transfected with pTA2 vector and treated with 10 ng/ml
TNF-o or transfected with pTA2-KLF15 vector and treated with 10 ng/ml TNF-a. The viability of Eahy926 cells was investigated using an MTT kit. (B) An
NO detection kit was used to investigate the quantity of NO released by Eahy926 cells. “P<0.05, “P<0.01 and “"P<0.001 vs. respective NC. "P<0.05, ""P<0.01
and vs. respective TNF-a + NC. NC, negative control pTA2 vector; KLF15, Kriippel-like factor 15; TNF-a, tumor necrosis factor-a; NO, nitric oxide.

TNF-a+KLF15

Figure 3. Overexpression of KLF15 suppresses the adhesion of Eahy926 cells induced by TNF-a. (A) A cell adhesion detection kit was used to investigate the
adhesion of Eahy926 cells. (B) The rate of cell adhesion was quantified using GraphPad Prism 7. Magnification, x200. "P<0.05 and “P<0.01 vs. NC; "P<0.05
vs. TNF-a + NC. NC, negative control pTA2 vector; KLF15, Kriippel-like factor 15; TNF-a, tumor necrosis factor-o.

TGF-P1 in cells overexpressing KLF15 did not exhibit signifi-
cant differences compared with the NC group. Furthermore,
the mRNA and protein expression levels of MCP-1, ICAM-1
and TGF-p1 were significantly downregulated, and eNOS
mRNA and protein expression levels were significantly upreg-
ulated, following overexpression of KLF15 in TNF-a-induced
Eahy926 cells compared with the TNF-a + NC group (Fig. 4;
P<0.05, P<0.01 and P<0.001).

Overexpression of KLF15 regulates the NF-xkB and Nrf2
signaling pathways in Eahy926 cells. The mRNA and protein
expression levels of p65/phosphorylated (p)-p65 and Nrf2
were investigated using RT-qPCR and western blot analyses,
respectively. The results of the RT-qPCR analyses demon-
strated that treatment with TNF-a significantly suppressed
Nrf2 mRNA expression and significantly enhanced p65
mRNA expression compared with the NC group (Fig. 5;
P<0.01). Eahy926 cells overexpressing KLF15 did not exhibit
any significant differences regarding the mRNA expression
levels of p65 and Nrf2 compared with the NC group in the

absence of TNF-a (Fig. 5). However, when Eahy926 cells
overexpressed KLF15 were treated with TNF-a, the mRNA
expression levels of Nrf2 were significantly increased, and
p65 mRNA expression levels were significantly decreased,
compared with the TNF-a + NC group (Fig. 5; P<0.05 and
P<0.001). Furthermore, the results of the western blot analyses
revealed that the expression trends of p-p65 and Nrf2 protein
were similar to the expression trends of p65 and Nrf2 mRNA
(Fig. 5; P<0.05, P<0.01 and P<0.001). These results suggested
that overexpression of KLF15 regulated NF-kB and Nrf2
signaling pathways in Eahy926 cells.

Discussion

NO is the predominant factor released by endothelial cells,
and it functions as a vasodilator that is able to attenuate
endothelial dysfunction (25). Furthermore, NO functions as
a intercellular signal and its synthesis is regulated by three
factors: eNOS gene expression levels, eNOS activity and NO
bioavailability (26). Thus, the function of endothelial cells
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Figure 4. Overexpression of KLF15 regulates endothelial cell associated factors in Eahy926 cells. (A) mRNA expression levels of eNOS, MCP-1, ICAM-1 and
TGF-p1 were determined via reverse transcription-quantitative polymerase chain reaction. (B) The protein expression levels of eNOS, MCP-1, ICAM-1 and

TGF-B1 were investigated via western blotting. 3-actin was used as an internal control. ‘P<0.05, “P<0.01 and ““P<0.001 vs. respective NC. "P<0.05, ""P<0.01
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thelial nitric oxide synthase; MCP-1, monocyte chemoattractant protein-1; ICAM-1, intercellular adhesion molecule-1; TGF-f1, transforming growth factor-f31.
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Figure 5. Overexpression of KLF15 regulates NF-xB and Nrf2 signaling pathways in Eahy926 cells. (A) Reverse transcription-quantitative polymerase chain
reaction analysis was performed to investigate the mRNA expression of Nrf2 and p65. (B) Western blotting was performed to investigate the protein expression
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2-related factor 2; p65, transcription factor p65; p-, phosphorylated.

may be investigated via determination of the quantity of
released NO and the expression levels of eNOS. Furthermore,
TNF-a is frequently utilized to induce various injuries in
scientific research (27,28), and induces endothelial dysfunc-
tion in diabetic mouse hearts (29). The results of the present
study demonstrated that eNOS mRNA expression levels in
Eahy926 cells treated with 1, 5 and 10 ng/ml TNF-a decreased
in a dose-dependent manner. However, when Eahy926 cells
were treated with 20 ng/ml TNF-a, eNOS mRNA expression
levels were upregulated compared with cells treated with
10 ng/ml TNF-a. It was hypothesized that self-repair mecha-
nisms performed by injured endothelial cells may be associated

with increased expression levels of eNOS. Therefore, treatment
with 10 ng/ml TNF-a was chosen to induce Eahy926 cells for
the construction of the vascular endothelial dysfunction model
for subsequent experiments in the present study.

KLFs are involved in numerous pathological processes
associated with cardiovascular disease and are associated with
the regulation of various signal transduction pathways (30).
KLF2 has been demonstrated to induce the expression of
numerous bioactive factors that have a protective role in the
cardiovascular system (31). In addition, it has been revealed that
overexpression of KLF11 attenuates TNF-a-induced damage
to human umbilical vein endothelial cells (HUVECSs) (32).



Therefore, it was hypothesized that KLF15 may have a role in
the TNF-a-induced dysfunction of vascular endothelial cells.
The results demonstrated that overexpression of KLF15 atten-
uated the viability of Eahy926 cells otherwise inhibited by
TNF-a, enhanced the quantity of released NO and enhanced
eNOS expression. These results suggested that overexpression
of KLF15 attenuated TNF-a-induced dysfunction in Eahy926
cells.

Vascular endothelial injury may increase the adhesion rate
of endothelial cells or platelets, and induce the formation of
vasoactive molecules, including ICAM-1; chemotactic factors,
including MCP-1; and growth factors, including TGF-f (33,34).
Previous studies have revealed that KLF2 is able to regulate
the secretion and release of inflammatory factors and adhesion
factors, including ICAM-1, thereby inhibiting the adhesion
of leukocytes, platelets and vascular endothelial cells (33,35).
Furthermore, HUVECs overexpressing KLF11 have been
demonstrated to exhibit suppressed expression levels of MCP-1
and ICAM-1 (32). Considering the results of the aforementioned
studies, the present study aimed to investigate whether overex-
pression of KLF15 affected adhesive ability and the expression
levels of MCP-1, ICAM-1 and TGF-f1 in Eahy926 cells. The
results revealed that overexpression of KLF15 decreased the
rate of adhesion and attenuated the expression levels of MCP-1,
ICAM-1 and TGF-f1 in Eahy926 cells induced by TNF-.

An increasing number of studies have suggested that acti-
vation of the NF-«xB signaling pathway has an important role
in endothelial dysfunction (36,37). The activation of NF-kB is
closely associated with the upregulation of MCP-1 and ICAM-1
expression levels, which represent biomarkers of endothelial
dysfunction (38,39). KLF11 is able to regulate the expression
of downstream inflammatory and adhesion factors by binding
top65 (32). Furthermore, previous studies have demonstrated
that KLF2 is able to activate the expression of Nrf2, which
subsequently stimulates the production of antioxidants in
endothelial cells (40). Thus, we hypothesized that overexpres-
sion of KLF15 may have a protective effect on TNF-a-induced
dysfunction in Eahy926 cells, which may regulate NF-«B and
Nrf2 signaling pathways. The results of the present study
revealed that Eahy926 cells overexpressed KLF15 exhibited
activated Nrf2 signaling and inhibited NF-«xB signaling, which
attenuated TNF-a-induced dysfunction in endothelial cells.

In conclusion, the results of the present study revealed that
TNF-a was able to induce vascular endothelial dysfunction
in Eahy926 cells at an optimum concentration of 10 ng/ml.
Furthermore, overexpression of KLF15 in Eahy926 cells was
demonstrated to have a protective effect on the TNF-a-induced
dysfunction of endothelial cells via activation of Nrf2 signaling
and inhibition of NF-«kB signaling. Therefore, KLF15 may
represent a novel therapeutic target for the treatment of patients
with atherosclerosis.
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