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Genistein alleviates chronic vascular inflammatory response via
the miR‑21/NF‑κB p65 axis in lipopolysaccharide‑treated mice
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Abstract. Chronic vascular inflammatory response is an
important pathological basis of cardiovascular disease.
Genistein (GEN), a natural compound, exhibits anti‑inflam‑
matory effects. The aim of the present study was to investigate
the effects of GEN on lipopolysaccharide (LPS)‑induced
chronic vascular inflammatory response in mice and explore
the underlying anti‑inflammatory mechanisms. C57BL/6 mice
were fed with a high‑fat diet combined with intraperitoneal
injection of LPS to induce chronic vascular inflammation. The
expression levels of TNF‑α, IL‑6 and microRNA (miR)‑21 in
the vasculature were detected via reverse transcription‑quanti‑
tative (RT‑q)PCR. The protein levels of inducible nitric oxide
synthase (iNOS) and NF‑κ B p65 were detected via western
blotting. NF‑κ B p65 was also analyzed via immunohisto‑
chemistry and immunofluorescence (IF). In addition, after
transfection with miR‑21 mimic or inhibitor for 24 h, vascular
endothelial cells (VECs) were treated with GEN and LPS.
RT‑qPCR and western blot analyses were performed to detect
the expression of TNF‑ α, IL‑6, miR‑21 and iNOS, and the
protein levels of iNOS and NF‑κ B p65, respectively. IF was
used to measure NF‑κ B p65 nuclear translocation. The results
revealed that GEN significantly decreased the expression of
inflammation‑associated vascular factors in LPS‑treated
C57BL/6 mice, including TNF‑ α, IL‑6, iNOS, NF‑κ B p65
and miR‑21. Furthermore, miR‑21 antagomir enhanced the
anti‑inflammatory effects of GEN. In LPS‑induced VECs,
miR‑21 mimic increased inflammation‑associated factor
expression and attenuated the anti‑inflammatory effects of
GEN, whereas miR‑21 inhibitor induced opposing effects.
Therefore, the results of the present study suggested that GEN
inhibited chronic vascular inflammatory response in mice,
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which may be associated with the inhibition of VEC inflam‑
matory injury via the miR‑21/NF‑κ B p65 pathway.
Introduction
Chronic vascular inflammation is an important pathophysio‑
logical basis of a number of cardiovascular diseases, including
atherosclerosis, polyarteritis nodosa and aneurysms (1).
Chemical, physical and other harmful factors damage vascular
endothelial cells (VECs), resulting in functional and structural
changes (2). Injured VECs release a variety of inflammatory
factors and chemokines, which induce the local accumulation
of lipids and inflammatory cells, ultimately triggering innate
and adaptive inflammatory immune responses in the vascular
intima (3). Therefore, protecting endothelial cells (ECs) is
beneficial to reducing vascular inflammation, and preventing
the occurrence and development of cardiovascular diseases.
Nonsteroidal anti‑inflammatory drugs (NSAIDs) are a
range of chemically unrelated compounds sharing certain
common therapeutic actions (4). At present, NSAIDs that
are commonly used clinically include aspirin, paracetamol
and ibuprofen, and mainly act by inhibiting prostaglandin
synthesis (5). However, there are serious side effects associ‑
ated with these medications, such as gastrointestinal bleeding
or perforation, liver injury, and actions on the urinary and
nervous systems (6). Therefore, anti‑inflammatory compo‑
nents from natural compounds have attracted increasing
attention, offering a promising avenue for developing novel
anti‑inflammatory drugs.
Genistein (GEN), a natural isoflavone, is distributed
widely in soybean and dentate plants, and exhibits simi‑
larities with human estrogen in terms of its chemical
structure (7). Additionally, GEN not only inhibits the prolif‑
eration, and promotes the differentiation and apoptosis of
various cancer cells, but it also exhibits anti‑inflammatory,
antioxidant, anti‑angiogenic and lipid‑regulating prop‑
erties (8,9). Liu et al (10) reported that GEN reduced
focal adhesion kinase (FAK) expression and inhibited
estradiol‑induced VEC injury by downregulating the FAK
pathway. Han et al (11) suggested that GEN protected
homocysteine‑induced EC inflammatory injury by reducing
the release of reactive oxygen species (ROS) and cytokines
regulating autophagy. Meanwhile, Deretic et al (12,13) further
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proposed that autophagy deficiency is a predisposing factor
for inflammatory disease. Additionally, GEN protects against
oxidized low‑density lipoprotein (ox‑LDL)‑induced senes‑
cence by enhancing sirtuin 1 (SIRT1)/liver kinase B1/AMP
kinase‑mediated autophagy flux (14), and reverses ox‑LDL‑
or lipopolysaccharide (LPS)‑induced inflammatory responses
via miR‑34a/SIRT1/FOXO3a (15) and MyD88/NF‑κ B/BCL‑2
signaling pathways in VECs (16). These findings suggest that
GEN regulates microRNAs (miRNAs/miRs), autophagy and
apoptosis, thus alleviating VEC injury triggered by various
inducers; however, the underlying mechanisms are yet to be
clearly defined.
miRNAs are highly conserved small non‑coding RNAs
that serve crucial roles in diverse physiological and patho‑
logical processes (17,18). Increasing evidence has suggested
that changes in miRNA expression profiles may be associated
with chronic vascular inflammation, consisting of dysfunc‑
tions in ECs, macrophages and vascular smooth muscle
cells (VSMCs) (19,20). For example, miR‑126 and miR‑125
directly target PI3K regulatory subunit 2 and vascular endo‑
thelial cadherin to regulate angiogenesis (21,22). Additionally,
miR‑150 targets c‑Myd and enhances the migration of
ECs (23). A clinical study revealed that miR‑21 expression
in the serum of patients with cardiovascular disease was
significantly increased, rendering it a potential novel inde‑
pendent biomarker of vascular inflammatory injury (24).
Canfran‑Duque et al (25) reported that miR‑21 may be a poten‑
tial therapeutic target for inflammatory diseases. However,
the mechanisms via which miR‑21 is associated with chronic
inflammation require further exploration.
In vivo, miR‑21 knockout alters the homeostasis of
Ly‑6Clo cells and reduces the formation of early atheroscle‑
rotic lesions in apolipoprotein E knockout mice (26), while
in low‑density lipoprotein receptor knockout mice, miR‑21
knockout leads to inflammatory cell accumulation, defects
in efferocytosis and accelerated development of advanced
atherosclerosis (25). Furthermore, miR‑21 knockout exacer‑
bates angiotensin II‑induced thoracic aortic aneurysm and
dissection formation in mice, which may be associated with the
TGF‑β/SMAD3 signaling pathway (27). However, Li et al (28)
reported that miR‑21 suppresses PTEN, and activates MMP‑2
and MMP‑9 to promote the proliferation and migration of cells
located within an aortic aneurysm in rats. Collectively, these
results suggest that miR‑21 exerts an intricate role in chronic
vascular inflammatory response, which may be a key mediator
of GEN in inhibiting VEC damage.
Our previous studies reported that GEN and its derivative
can protect against lysophosphatidylcholine‑induced VEC
injury, inhibit macrophage foaming, reduce VSMC prolif‑
eration and migration, and inhibit the angiogenesis of HL‑60
cells via the Toll‑like receptor 4 signaling pathway (29‑31).
The present study was designed to investigate the effects and
molecular mechanisms of GEN on chronic vascular inflam‑
matory response by stimulating C57BL/6 mice and human
umbilical vein (HUV) ECs with LPS.
Materials and methods
Reagents and antibodies. GEN (purity, ≥99%) was purchased
from Sigma‑Aldrich (Merck KGaA). LPS (purity, ≥99%) was

purchased from Beijing Solarbio Science & Technology Co.,
Ltd. miR‑21 antagomir, miR‑21 mimic, miR‑21 inhibitor and
riboFECT CP were purchased from Guangzhou RiboBio
Co., Ltd. FBS, RPMI‑1640, PBS and penicillin/streptomycin
were purchased from Biological Industries. HiScript® II RT
SuperMix for qPCR (+ gDNA wiper), miRNA 1st Strand
cDNA Synthesis kit (by stem‑loop) and AceQ® qPCR SYBR
Green Master Mix were obtained from Vazyme Biotech Co.,
Ltd. Antibodies against iNOS (cat. no. AF0199), NF‑κ B p65
(cat. no. AF0874) and β‑actin (cat. no. T0022) were purchased
from Affinity Biosciences. Goat anti‑mouse HRP‑conjugated
IgG (cat. no. cW0102S) and goat anti‑rabbit HRP‑conjugated
IgG (cat. no. cW0156S) were acquired from CoWin Biosciences.
Rabbit two‑step detection kits (cat. nos. PV9001 and PV9002),
goat serum and DAB staining solution were all purchased from
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.
Animals and treatments. A total of 50 C57BL/6 mice
(male; age, 6‑8 weeks; weight, 20±2.0 g) were purchased
from Hunan SJA Laboratory Animal Co., Ltd. (certificate
no. 43004700059037). All mice were housed in a specific
pathogen‑free laboratory environment under a controlled
temperature (20‑24˚C) and humidity (50‑60%) with a 12:12‑h
light/dark cycle and ad libitum access to food and water.
During the study, parameters indicating the general condition
of mice were observed daily, including fur brightness, food
and water intake, defecation and behavior. Furthermore, body
weight was measured each week. The experimental protocol
was approved by the Ethics Committee of Hunan Normal
University.
A high‑fat diet (10% lard, 10% egg yolk powder,
2% cholesterol and 0.2% cholic acid) combined with LPS
(intraperitoneal injection) was used to establish a model
of chronic vascular inflammation in mice (32‑34). After
1 week of acclimatization, mice were randomly divided
into 5 groups (n=10/group): Control group; LPS group;
LPS + GEN group; LPS + GEN + miR‑21 negative control
(NC) group; and LPS + GEN + miR‑21 Antagomir group
(Fig. 1). LPS and 0.9% NaCl (2 mg/kg/2 days, IP injection)
and GEN and 0.9% NaCl (10 mg/kg/day, intragastric infusion)
were administered to mice from the first week to the end of
experiment. miR‑21 NC, miR‑21 antagomir and 0.9% NaCl
(25 mg/kg/3 days) were injected into the tail vein beginning
in the week 17 until the end of week 20. After 20 weeks,
mice were anesthetized with an intraperitoneal injection
of pentobarbital sodium (40 mg/kg) and then sacrificed via
cervical dislocation; their aortas were dissected and fixed in
4% paraformaldehyde (PFA) for 2 h at room temperature for
immunohistochemistry (IHC) or frozen at ‑80˚C for reverse
transcription‑quantitative (RT‑q)PCR and western blot
analyses.
Cells and transfection. The HUVEC cell line HUVE‑12
was supplied by China Center for Type Culture Collection
and routinely cultured in RPMI‑1640 with 10% fetal bovine
serum (FBS), 1,000 U/ml penicillin and 100 U/ml strepto‑
mycin at 5% CO2 and 37˚C.
HUVE‑12 cells (5x104/ml) were seeded on 6‑well plates
and cultured for 24 h at 37˚C with 5% CO2. Cell density at the
time of transfection was 30‑50%. Subsequently, miR‑21 mimic
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Figure 1. Flowchart of the animal study. LPS, 0.9% NaCl and GEN were administered to mice throughout the duration of the experiment. miR‑21 NC and
miR‑21 antagomir were injected into the tail vein, beginning in week 17 until the end of week 20. Ctrl, control; GEN, genistein; IG, intragastric; IP, intraperi‑
toneal; LPS, lipopolysaccharide; miR, microRNA; NC, negative control.

(50 nM), mimic NC (50 nM), miR‑21 inhibitor (100 nM) and
inhibitor NC (100 nM) were transfected into cells using ribo‑
FECT™ CP according to the manufacturer's protocol. At 24 h
after transfection, RT‑qPCR was used to detect the transfec‑
tion efficiency. After 48 h, cells were pretreated with GEN
(10 µmol/l) for 2 h, and then incubated with LPS (1 µg/ml) for
a further 24 h.
RT‑qPCR. Total RNA were isolated from aorta and HUVE‑12
cells using TRIzol® (Vazyme Biotech Co., Ltd.) reagent
according to the manufacturer's protocol. Tissue (100 mg)
in 1 ml TRIzol® was placed in a grinder, and cells (10 cm 2
area) were lysed with 1 ml TRIzol®. The purity and concen‑
tration of RNA were measured using a microplate reader
with a multi‑wavelength measurement system. Next, RNA
was reverse transcribed into cDNA using a HiScript Q RT
SuperMix for qPCR Kit (+ gDNA wiper) or miRNA 1st
Strand cDNA Synthesis Kit (by stem‑loop) according to the
manufacturer's protocol. qPCR was conducted using AceQ
qPCR SYBR Green Master Mix. The following thermocycling
conditions were used for qPCR: Initial denaturation at 95˚C
for 10 min; formal denaturation at 95˚C for 10 sec; 40 cycles
of 30 sec at 60˚C and 15 sec at 95˚C; and final extension
for 60 sec at 60˚C and 15 sec at 95˚C. RNA expression was
analyzed using the 2‑ΔΔCq method (35). The mRNA expression
levels of TNF‑α and IL‑6 in mice were normalized to 18S,
TNF‑α, IL‑6 and iNOS in HUVE‑12 cells were normalized to
GAPDH, and miR‑21 gene expression was normalized to U6.
Primer sequences are listed in Table I.
Western blotting. Total protein was extracted from aorta and
HUVE‑12 cells using RIPA buffer (Beijing ComWin Biotech
Co.); the protein concentration was determined using a BCA
protein assay kit (Beyotime Institute of Biotechnology). Protein
lysates (20 µg) were separated via 10% SDS‑PAGE and trans‑
ferred onto PVDF membranes, which were then blocked in

5% non‑fat milk for 1 h at room temperature. Next, membranes
were incubated at 4˚C overnight with primary antibodies
against NF‑κ B p65 (1:2,000), iNOS (1:3,000) and β ‑actin
(1:5,000). After being washed with PBST (0.05% Tween‑20),
blots were incubated at room temperature for 2 h with goat
anti‑rabbit HRP‑conjugated antibody (1:10,000) or goat
anti‑mouse HRP‑conjugated antibody (1:10,000), followed
by visualization using ECL Western Blotting Substrate
(NCM Biotech Co., Ltd) detection. The protein levels were
quantified using Image‑Pro Plus software (version 6.0; Media
Cybernetics, Inc.).
IHC. Paraffin‑embedded sections (4‑6 µm) were incubated
in an oven at 60˚C for 1 h, then immersed in xylene for
10 min, anhydrous ethanol for 5 min, 95% alcohol for 3 min,
85% alcohol for 3 min and 75% alcohol for 3 min prior to
rinsing with water for 3 min, all performed at room tempera‑
ture. Later, EDTA (pH 9.0) was used to retrieve antigens and
20% H2O2 was used to block endogenous peroxidase activity
at room temperature for 20 min. After blocking with 5% goat
serum (Beijing Solarbio Science & Technology Co., Ltd.)
for 1 h at room temperature, sections were incubated with
anti‑NF‑κ B p65 antibody (1:200) overnight at 4˚C. Polymer
Helper (cat. no. PV‑9001) and Poly Peroxidase‑anti‑rabbit IgG
(cat. no. PV‑9002) were applied for 30 min at room tempera‑
ture in sequence. Finally, counterstaining was performed
using hematoxylin for 5 min at room temperature and DAB
were used to develop protein expression, respectively. Stained
samples were visualized in three fields of view using a light
microscope (Olympus Corporation; magnification, x400) and
analyzed by Image‑Pro Plus software.
Immunofluorescence (IF). Sections were blocked with 5% goat
serum at room temperature for 1 h, then incubated with
anti‑NF‑κ B p65 antibody (1:100) at 4˚C overnight, followed by
DyLight™ 594 goat anti‑rabbit IgG (1:1,000; cat. no. A23430;
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Figure 2. Effects of GEN on chronic inflammation in the aortae of LPS‑treated C57BL/6 mice. (A) Reverse transcription‑quantitative PCR analysis of TNF‑α
and IL‑6 mRNA expression. (B) Western blot analysis of the protein levels of iNOS and NF‑κ B p65. (C) Immunohistochemistry and (D) immunofluorescence
staining for NF‑κ B p65 (magnification, x400). Data are presented as the mean ± SD (n=10/group). *P<0.05, ***P<0.001. Ctrl, control; GEN, genistein; iNOS,
inducible nitric oxide synthase; LPS, lipopolysaccharide.

Abbkine Scientific Co., Ltd.) for 2 h at room temperature in
the dark. Finally, DAPI was used to stain the nuclei for 10 min
at room temperature. Stained sections were visualized in
three fields of view using a fluorescence microscope (magni‑
fication, x400).
In vitro, HUVE‑12 cells (3x105/ml) were seeded onto
coverslips. After 24 h, the cells were pretreated with GEN

(10 µM) for 2 h prior to co‑incubation with LPS (1 µg/ml)
for 24 h at 37˚C, then fixed with 4% PFA for 10 min at room
temperature. Subsequently, cells were permeabilized by
0.2% Triton‑100 for 5 min and blocked with 5% goat serum for
1 h at room temperature. All subsequent steps were performed
as described for tissue sections; images were observed via
fluorescence microscopy (magnification, x400).
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Table I. Primer sequences.
Gene

Primer sequence (5'‑3')

18S

F: AGTCCCTGCCCTTTGTACACA
R: CGATCCGAGGGCCTCACTA
mmu‑TNF‑α F: CAAGGGACAAGGCTGCCCCG
R: GCAGGGGCTCTTGACGGCAG
mmu‑IL‑6
F: AACGATGATGCACTTGCAGA
R: CTCTGAAGGACTCTGGCTTTG
GAPDH
F: CAGGAGGCATTGCTGATGAT
R: GAAGGCTGGGGCTCATTT
hsa‑TNF‑α F: CGTGGAGCTGGCCGAGGAG
R: AGGAAGGAGAAGAGGCTGAGGAAC
hsa‑IL‑6
F: ATTCAATGAGGAGACTTGCCTGGTG
R: ATCTGCACAGCTCTGGCTTGTTC
hsa‑iNOS
F: GGGACCCGCACCACTACA
R: CTGGATGTCGGACTTTGTAGATT
miR‑21
RT: GTCGTATCCAGTGCAGGGTCCGAG
		GTATTCGCACTGGATACGACTCAACA
F: GTGCAGGGTCCGAGGT
R: GCCGCTAGCTTATAAGACTGATGT
U6
RT: AAAATATGGAACGCTTCACGAATTT
F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT
F, forward; R, reverse; RT, reverse transcription; mmu, Mus musculus;
hsa, Homo sapiens; iNOS, inducible nitric oxide synthase.

Figure 3. Effects of GEN on miR‑21 expression in the aortae of LPS‑treated
mice. Reverse transcription‑quantitative PCR detected the expression
of miR‑21. Data are presented as the mean ± SD (n=10/group). **P<0.01,
***
P<0.001. GEN, genistein; LPS, lipopolysaccharide; miR, microRNA.

Furthermore, it was revealed that intragastric administra‑
tion of GEN significantly reduced the mRNA expression of
TNF‑ α and IL‑6 in LPS‑treated animals, as well as iNOS
and NF‑κ B p65 protein levels (P<0.05; Fig. 2A and B).
After administration of GEN, NF‑ κ B p65 staining was
significantly reduced by ~50% in LPS‑treated mice (P<0.001;
Fig. 2C and D). Collectively, these data indicated that GEN
inhibited chronic inflammation in blood vessels.

Results

GEN suppresses miR‑21 expression in the aortae of
LPS‑treated mice. In atherosclerosis, aberrantly upregulated
expression miR‑21 in the aorta has been independently
associated with the pathogenesis of chronic vascular inflam‑
mation (38). RT‑qPCR is currently the most convenient and
popular method for detecting miRNA expression (39) and
was used to measure miR‑21 expression in aortic tissue in the
present study. It was revealed that intraperitoneal injection of
LPS significantly stimulated miR‑21 expression by ~2.1‑fold
in C57BL/6 mice (P<0.001; Fig. 3). Additionally, co‑treatment
with GEN significantly suppressed miR‑21 expression, which
was reduced by ~30% (P<0.01; Fig. 3).

GEN attenuates the expression of inflammation‑associated
factors in the aortae of LPS‑treated mice. LPS is a main
component of the cell wall in Gram‑negative bacteria (36)
and has been demonstrated to be one of the pathogenic
factors in chronic vascular inflammation (37). In the present
study, it was demonstrated that intraperitoneal injection
of LPS significantly increased the mRNA expression of
TNF‑ α and IL‑6 and the protein levels of iNOS and NF‑κ B
p65 in the vasculature of mice (P<0.05; Fig. 2A and B).
In addition, the relative protein expression of NF‑κ B p65
increased ~6‑fold in aorta from LPS‑treated mice (P<0.001;
Fig. 2C and D). These results indicated that a mouse model
of chronic vascular inflammatory response was success‑
fully established.

miR‑21 antagomir promotes the inhibitory effects of GEN
on inf lammation‑associated factor expression in the
aortae of LPS‑treated mice. In vivo, miRNA antagomirs
pass through the cell membrane, and inhibit the activity of
their target miRNAs (40); thus, they are frequently used for
miRNA silencing. To evaluate the effects of miR‑21 on GEN,
LPS‑treated mice were injected with miR‑21 antagomir
through the tail vein. Compared with miR‑21 NC, miR‑21
antagomir significantly decreased the levels of miR‑21,
TNF‑ α and IL‑6 (P<0.01; Fig. 4A), and the protein levels
of iNOS and NF‑κ B p65 (P<0.05; Fig. 4B) in mice treated
with LPS + GEN. Furthermore, IHC and IF results indi‑
cated that NF‑ κ B p65 protein changes were consistent
with the western blot analysis (P<0.001; Fig. 4C and D).

Statistical analysis. Data are presented as the mean ± SD.
SPSS 20.0 (IBM Cor p.) and GraphPad Prism 7.0
(GraphPad Software, Inc.) were used for data analysis. Student's
t‑test was used for statistical comparisons between two groups.
One‑way ANOVA was used for comparisons among multiple
groups, followed by LSD or Bonferroni post hoc tests with
equal variance and Dunnett's T3 with unequal variance.
P<0.05 (or P<0.003 with Bonferroni correction) was consid‑
ered to indicate a statistically significant difference.
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Figure 4. Effects of miR‑21 antagomir on GEN‑mediated inhibition of inflammation‑associated factors in the aortae of LPS‑treated mice. (A) Reverse tran‑
scription‑quantitative PCR analysis of miR‑21, TNF‑α and IL‑6 mRNA expression. (B) Western blot analysis of the protein levels of iNOS and NF‑κ B p65.
(C) Immunohistochemistry and (D) immunofluorescence staining for NF‑κ B p65 (magnification, x400). Data are presented as the mean ± SD (n=10/group).
*
P<0.05, **P<0.01, ***P<0.001. GEN, genistein; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; miR, microRNA; NC, negative control.

These results suggested that miR‑21 served an important
role in the GEN‑mediated attenuation of inflammation.
Based on these findings, it was hypothesized that GEN
inhibited chronic vascular inflammation by regulating
miR‑21.
miR‑21 mimic attenuates GEN‑mediated inhibition of
inflammation in LPS‑treated VECs. ECs in arteries serve an
important role in anti‑atherosclerotic processes due to uniden‑
tified pathways (41). EC damage is a major initial trigger for

chronic vascular inflammation (42). Therefore, an inflamma‑
tory response model was constructed in HUVE‑12 cells using
LPS (1 µg/ml; 24 h) in vitro in combination with miR‑21 mimic
transfection. RT‑qPCR revealed that miR‑21 mimic signifi‑
cantly upregulated miR‑21 expression ~2‑fold in HUVE‑12
cells (P<0.001; Fig. 5A). LPS increased TNF‑ α, IL‑6 and
iNOS mRNA expression, and iNOS and NF‑κ B p65 protein
expression in cells transfected with mimic NC (Fig. 5B‑D),
which indicated that the inflammation model was successfully
established in vitro. Furthermore, it was demonstrated that
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Figure 5. Effects of miR‑21 mimic on GEN‑mediated inhibition of the expression of inflammation‑associated factors in LPS‑treated HUVE‑12 cells. After
transfection with miR‑21 mimic, HUVE‑12 cells were pretreated with GEN (10 µmol/l) for 2 h and then stimulated with LPS (1 µg/ml) for another 24 h.
(A) RT‑qPCR analysis of miR‑21 expression. (B) RT‑qPCR analysis of TNF‑α, IL‑6 and iNOS mRNA expression. (C) Western blot analysis of the protein
levels of iNOS and NF‑κ B p65. (D) Immunofluorescence analysis of NF‑κ B p65 in the nucleus (magnification, x400). Data are presented as the mean ± SD
of three independent experiments. **P<0.003, ***P<0.001. GEN, genistein; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; miR, microRNA;
RT‑qPCR, reverse transcription‑quantitative PCR; Ctrl, control.

GEN decreased TNF‑α, IL‑6 and iNOS mRNA expression,
and iNOS and NF‑κ B p65 protein levels in LPS‑treated VECs;
however, miR‑21 mimic significantly promoted the expression
of these factors, attenuating the inhibitory effects of GEN on
inflammation (Fig. 5B‑D).
miR‑21 inhibitor promotes the GEN‑mediated inhibition of
inflammation in LPS‑treated VECs. Additionally, miRNA
inhibitors, which are chemically modified complementary

single strands to mature miRNA, were used to silence
miR‑21. The results revealed that miR‑21 was downregu‑
lated by ~60% in HUVE‑12 cells after transfection with
miR‑21 inhibitor (P<0.001; Fig. 6A). Both GEN and miR‑21
inhibitor decreased the mRNA expression of TNF‑ α, IL‑6
and iNOS, and the protein levels of iNOS and NF‑κ B p65
in LPS‑treated VECs, and miR‑21 inhibitor enhanced the
effects of GEN on inflammation‑associated factor expres‑
sion (Fig. 6B‑D).
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Figure 6. Effects of miR‑21 inhibitor on GEN‑mediated inhibition of the expression of inflammation‑associated factors in LPS‑treated HUVE‑12 cells. After
transfection with miR‑21 inhibitor, HUVE‑12 cells were pretreated with GEN (10 µmol/l) for 2 h and then stimulated with LPS (1 µg/ml) for another 24 h.
(A) RT‑qPCR analysis of miR‑21 expression. (B) RT‑qPCR analysis of TNF‑α, IL‑6 and iNOS mRNA expression. (C) Western blot analysis of the protein
levels of iNOS and NF‑κ B p65. (D) Immunofluorescence analysis of NF‑κ B p65 in the nucleus (magnification, x400). Data are presented as the mean ± SD of
three independent experiments. **P<0.003, ***P<0.001. miR, microRNA; GEN, genistein; LPS, lipopolysacchride; RT‑qPCR, reverse transcription‑quantitative
PCR; Ctrl, control.

Discussion
Cardiovascular disease is a serious disease affecting human
health, and cases of mortality are projected to increase from
16.7 million in 2002 to 23.3 million in 2030 worldwide (43).
Chronic vascular inflammation is an important pathological
basis of cardiovascular disease; further research into its
etiology, pathogenesis and prevention will help to delay or

reverse its progression, and reduce the morbidity and mortality
of cardiovascular disease.
Inflammation is a natural and adaptive process to noxious
stimuli that the body is constantly exposed to (44,45), and the
vascular response is considered to be the central component
of inflammation. Acute inflammation is beneficial to the body,
but chronic inflammation can lead to a pathological state (46).
LPS, an endotoxin found in the outer layer of the cell wall of
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Figure 7. Schematic of the proposed signaling pathway via which GEN alleviates chronic vascular inflammatory response in LPS‑treated mice. GEN, genis‑
tein; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; miR, microRNA.

Gram‑negative bacteria, induces inflammatory responses by
activating the NF‑κ B pathway, which is important for human
immune responses (47). Wu et al (48) reported that vascular
inflammation stimulated by LPS resulted in atheromatous
lesions in vivo. Therefore, chronic inflammation was induced
in the aortae of mice via a high‑fat diet combined with intra‑
peritoneal injection of LPS. Using this method, a number of
inflammatory cytokines and enzymes were upregulated in
vascular tissue, including TNF‑α, IL‑6, iNOS and NF‑κ B p65.
GEN is the major natural isoflavone in soy and soy‑based
foods (49) and can inhibit inflammation (50), delay aging (51)
and prevent senile dementia (52); however, the underlying
mechanisms are yet to be fully elucidated. As a potent
pro‑inflammatory cytokine, TNF‑ α participates in early
vascular inflammation by upregulating aortic chemokines and
adhesion molecules (53). IL‑6 is produced by macrophages and
T cells, and is involved in the pathogenesis of several chronic
inflammatory diseases (54). Nitric oxide (NO), an important
endogenous regulator, is of great relevance for the maintenance
of VEC homeostasis (55). iNOS is only expressed under patho‑
logical conditions and catalyzes L‑arginine to NO, and iNOS
is closely associated with vascular inflammation (56). The
NF‑κ B family is composed of p65, p50, p52, RelB and c‑Rel,
which combine to form transcriptionally active dimers (57).
After activation, p65 is transported from the cytoplasm to the
nucleus. Where it facilitates the transcription of inflamma‑
tory cytokines (58). The present findings indicated that GEN

downregulated the expression of TNF‑α, IL‑6, iNOS and p65
in LPS‑injured aortae and VECs, resulting in the inhibition
of chronic inflammation in mouse vascular, meanwhile, GEN
also reduced the expression of miR‑21 in LPS‑injured aortae.
Based on these findings, it is hypothesized that GEN inhibits
chronic vascular inflammation by downregulating miR‑21.
Epigenetics is one of the most popular research fields
in the post‑genomic era, mainly focusing on non‑coding
RNA, histone modifications, RNA methylation and DNA
methylation (59). miRNAs are non‑coding small molecule
RNAs (60). It is considered to be of major clinical importance
to discover miRNAs and their target genes in the context of
inflammation (61). miR‑21 is highly expressed in functional
cells related to the pathology of cardiovascular disease and
regulates inflammation (62). Xue et al (63) found that miR‑21
deficiency inhibited the secretion of NF‑κ B‑dependent cyto‑
kines in macrophages, such as IL‑6 and TNF‑α. Therefore, the
mechanism via which GEN inhibits chronic vascular inflam‑
mation was investigated in the present study by injecting
miR‑21 antagomir into the tail veins of in mice, and trans‑
fecting miR‑21 mimic or inhibitor into HUVE‑12 cells. The
present findings revealed that miR‑21 antagomir enhanced
GEN‑mediated inhibition of chronic inflammatory response
in aortae. Furthermore, miR‑21 mimic promoted the expres‑
sion of inflammation‑related factors in LPS‑treated VECs
and attenuated the effects of GEN, whereas miR‑21 inhibitor
induced opposing effects.
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Although the present study had certain limitations, such
as a lack of monitoring liver injury and inflammation, it was
still possible to obtain some conclusions. The study provided
evidence that GEN inhibited the inflammatory injury of VECs,
reduced chronic inflammatory response in the vasculature and
effectively improved inflammation, potentially by downregu‑
lating miR‑21. The mechanism may be closely associated with
NF‑κ B p65 (Fig. 7). In subsequent experiments, the interac‑
tion between NF‑κ B p65 and miR‑21 will be studied further,
and the pharmacological mechanism via which GEN inhibits
chronic vascular inflammation will be elucidated.
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