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miR-223-3p reduces high glucose and high
fat-induced endothelial cell injury in diabetic mice
by regulating NLRP3 expression
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Abstract. Expression levels of miR-223-3p and NLRP3 in
high glucose and high fat (HGHF)-induced diabetic mice, and
the mechanism on the injury of mouse cardiac microvascular
endothelial cells (MCMECs) were investigated. Four-week
C57BL/6]J laboratory mice were selected and randomized into
a control group and a model group (n=10 each). Mice in the
model group were fed with HGHF diet to establish a mouse
model of diabetes. Further MCMECs were purchased to
construct carriers through transient transfection, and were
separated into a normal group (cultured in the normal envi-
ronment), a model group (not transfected), a blank carrier
group (transfected with miR-NC), a miR-223-3p-mimics
group, and a miR-223-3p-inhibitor group. RT-qPCR was used
to detect the expression levels of miR-223-3p and NLRP3,
and western blot analysis to detect the expression levels of
NLRP3, apoptosis-related proteins Bax and caspase-3, and
anti-apoptotic protein Bcl-2. Flow cytometry was used to
observe apoptosis and TargetScan to predict the target rela-
tionship between miR-223-3p and NLRP3. Dual-luciferase
reporter gene assay was used to detect the relationship
between miR-223-3p and NLRP3. Compared with those in
the control group, the mice in the model group had signifi-
cantly lower expression of miR-223-3p. However, significantly
higher mRNA and protein expression levels of NLRP3 were
observed (P<0.05). After modeling, miR-223-3p overexpres-
sion downregulated the expression levels of NLRP3 mRNA,
Bax and NLRP3 protein, as well as inhibited endothelial cell
apoptosis (P<0.05), while the inhibition of miR-223-3p
expression upregulated the expression levels and promoted
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apoptosis. In conclusion, miR-223-3p expression is low,
however, NLRP3 is highly expressed in the heart tissue of
HGHF-induced diabetic mice. miR-223-3p reduces the injury
of MCMECs and inhibits endothelial cell apoptosis in mice
by regulating the expression of NLRP3.

Introduction

As social environment and living habits change, the incidence
of diabetes has increased (1). Heart disease is a major compli-
cation of this condition. Diabetic patients have reduced cardiac
function with disease progression, and eventually experience
heart failure. Thus, cardiovascular functional disorder is also a
major cause of death (2,3). Cardiovascular diseases in diabetic
patients begin with vascular endothelium, and hyperglycemia
and hyperlipidemia in the body fluids are the leading causes of
endothelial cell injury (4). Vascular endothelial cell injury has
already occurred in patients with early diabetes, so interven-
tion in the injury is significant for the patients (5).

MicroRNA, a research hotspot, is a non-coding single
stranded small molecule RNA and a marker for cell damage.
miR-223-3p is also a recent hotspot in cardiovascular
diseases (6,7). A study on a mouse model of sepsis revealed
that the deletion of miR-223-3p promotes myocardial dysfunc-
tion in septic mice and protects vascular endothelial cells
from injury (8). Nod-like receptor protein 3 (NLRP3), which
is a macromolecular complex protein and an inflammasome
that can be activated by the hyperglycemia of islet cells and
the deposition of amyloid polypeptides, plays an important
role during the progression of diabetes (9,10). Another study
showed that NLRP3 in cardiac microvascular endothelial
cells (CMECs) is activated when the body is in a state of
myocardial ischemia reperfusion, which leads to myocardial
cell injury (11).

According to the targeted prediction by TargetScan,
miR-223-3p and NLRP3 have target binding sites. However,
the role of miR-223-3p in the endothelial cell injury of diabetic
patients has rarely been studied. Therefore, in order to confirm
the conjecture that miR-223-3p can inhibit the injury of
CMEC:s in diabetic patients by regulating the expression of
NLRP3, a mouse model of diabetes was studied.
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Materials and methods

Materials and reagents. Twenty C57BL/6J female mice
(purchased from the Experimental Animal Center of Sun
Yat-sen University, Guangzhou, China), 4 weeks of age,
with a body mass of ~30 g, were selected and random-
ized into the control and model groups (n=10 each). The
mice were fed at 20-25°C with free access to food and
water, with relative humidity of 40-75% and normal circa-
dian rhythm. Mouse cardiac microvascular endothelial
cells (MCMEC:s; cat. no. CP-M129) were purchased from
Procell Life Science & Technology Co., Ltd. and were frozen
in liquid nitrogen. DMEM (high glucose) was purchased
from Gibco (Thermo Fisher Scientific, Inc.). Fetal bovine
serum (FBS) and trypsin were purchased from HyClone (GE
Healthcare Life Sciences). TRIzol and reverse transcription
kits were purchased from Takara Bio, Inc. RT-qPCR kit was
purchased from Beijing Transgen Biotech Co., Ltd. qPCR fluo-
rophore SYBR-Green (SY1020) was purchased from Beijing
Solarbio Science & Technology Co., Ltd. NLRP3 primary
antibody (ab214185) was purchased from Abcam. Primary
antibodies (f-actin, Bax, caspase-3 and Bcl-2) and secondary
antibody (goat anti-rabbit) were purchased from Shanghai
Universal Biotech Co., Ltd. (cat. nos. 497085, 2772S, 96628,
3498S and A25012, respectively). Radioimmunoprecipitation
assay buffer (SS0892) was purchased from Beijing Xinhua
Lvyuan Technology Co., Ltd. ECL developing solution (GOY-
C3194) was purchased from Shanghai Guyan Industry Co., Ltd.
Annexin V-FITC/PI apoptosis detection kit was purchased
from Jiangsu KeyGEN Biotech Co., Ltd. Lipofectamine™
2000 was purchased from Invitrogen (Thermo Fisher Scientific,
Inc.). A dual luciferase reporter gene assay kit (D0010) was
purchased from Beijing Solarbio Science & Technology Co.,
Ltd. RT-qPCR primers were designed and synthesized by
Shanghai GenePharma Co., Ltd. The study was approved by
the Ethics Committee of The Third Affiliated Hospital of
Nanchang University (Nanchang, China).

Modeling. Diabetic mice were modeled through high
glucose and high fat (HGHF) diet. Sucrose, cream, premix,
and water were mixed at 2:4:1:3 and heated to prepare a
suspended HGHF emulsion. Streptozotocin powder injec-
tion (purchased from Sigma-Aldrich; Merck KGaA) was
dissolved with 1% citrate buffer solution and degermed by
a bacteria-proof filter, so as to prepare a streptozotocin solu-
tion. Before modeling, the mice in the three groups fasted
overnight. Then, mice in the model and miR-223-3p groups
were injected with streptozotocin solution (35 mg/kg) each
time for 5 consecutive days, and fed with HGHF emulsion
(3 ml) each time for 6 consecutive weeks at the same time. At
48 h after the injection, the blood was drawn from the mouse
tail vein for detecting blood glucose. The modeling was
successful if the blood glucose was >16.5 mmol/l. After the
blood glucose was elevated, the mice were injected through
the tail vein with the drug delivery system (I mg/kg) that was
synthetized by neutral fat emulsion and miR-223-3p-mimics
every 3 days, until the experiment was concluded. Mice in
the control group were injected with normal saline (the same
dose as that of streptozotocin solution) for 5 consecutive
days. Six weeks later, the mice in both groups were sacrificed
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by cervical dislocation, to obtain the left ventricular tissues
for detecting miR-223-3p and NLRP3 mRNA.

Cell modeling. MCMEC:s stored in liquid nitrogen were taken
out and resuscitated in an incubator at 37°C, then placed in a
medium containing 10% FBS and cultured in an incubator at
37°C with 5% CO,. After the adherent growth reached 80%, the
cells were washed with PBS, digested with 25% trypsin, and
then cultured in the environment containing 10% culture fluid
at 37°C with 5% CO, for passage. After the passage, cells in
logarithmic growth phase were selected for grouping and trans-
fection. They were divided into normal, model, blank carrier,
miR-223-3p-mimics, and miR-223-3p-inhibitor groups. Cells in
the normal and model groups were not transfected. However, the
cells in the blank carrier group were transfected with miR-NC,
the cells in the miR-223-3p-mimics group were transfected with
miR-223-3p-mimics, and the cells in the miR-223-3p-inhibitor
group were transfected with miR-223-3p-inhibitor. The specific
steps were as follows: The cells were inoculated in a 6-well
plate at 3x10° cells/well, and then Lipofectamine™ 2000
was diluted and mixed with DNA according to the manufac-
turer's instructions of Lipofectamine 2000 transfection kit.
The mixture was allowed to stand at room temperature for
5 min, evenly mixed with cells, and then transfected for 48 h at
37°C with 5% CO,. After transfection, the expression levels of
miR-223-3p and NLRP3 in each group were detected, and cell
models were established. Cells in the normal group continued
to be cultured in the environment containing 10% culture
fluid at 37°C with 5% CO,. Cells in each group were placed
in a high-glucose medium containing 10% FBS and glucose at
25 mmol/l, added with palmitic acid at 300 zmol/l to simulate a
high-fat environment, and then cultured in an incubator at 37°C
with 5% CO,. All the cells were continuously cultured for 24 h,
and subsequent experiments were carried out.

RT-qPCR detection of miR-223-3p and NLRP3 mRNA in
tissues and cells. The left ventricular tissues of the mice in
the two groups were ground and prepared into a suspen-
sion. TRIzol reagent was used to extract total RNA from
miR-223-3p and NLRP3 mRNA in the suspension and cells.
An ultraviolet spectrophotometer was used to detect its purity
and concentration. Next, 5 ug of total RNA were reversely
transcribed into cDNA according to the manufacturer's
instructions of the reverse transcription kit, and the param-
eters were 37°C for 15 min, 42°C for 42 min, and 70°C for
5 min. The transcribed cDNA was used for PCR amplifica-
tion, with f-actin as an internal reference for NLRP3 mRNA
and U6 as an internal reference for miR-223-3p. qPCR was
performed using the SYBR-Green fluorophore (Beijing
Solarbio Science & Technology Co., Ltd.). Primer sequences
are shown in Table I. PCR conditions for miR-223-3p were as
follows: Pre-denaturation at 95°C for 15 min, then at 94°C for
15 sec and at 55°C for 40 sec for 40 cycles, finally extension at
70°C for 30 sec. PCR conditions for NLRP3 mRNA were as
follows: Pre-denaturation at 95°C for 2 min, then at 95°C for
10 sec and at 60°C for 40 sec for 40 cycles, final extension at
72°C for 90 sec. The 2°2“4 method (12) was used to express the
relative expression levels of genes, and a PCR instrument was
used for fluorescence quantitative PCR. The experiment was
carried out 3 times.
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Table I. Primer sequences.
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Genes Upstream primers

Downstream primers

miR-223-3p

NLRP3 mRNA
[-actin

5-GTGCAGGGTCCGAGGT-3'

[8[ 5-CTCGCTTCGGCAGCACA-3'
5'-GCAGCAAACTGGAAAGGAAG-3'
5'-AGGGGCCGGACTCGTCATACT-3'

5'-CGGGCTGTCAGTTTGTCA-3'
5'-AACGCTTCACGAATTTGCGT-3'
5-CTTCTCTGATGAGGCCCAAG-3'
5'-GGCGGCACCACCATGTACCCT-3'

Western blot analysis of expression levels of NLRP3 and
apoptosis-related proteins. The cells and tissues were homo-
genized in a radioimmunoprecipitation assay buffer. BCA
protein assay kit was used to determine the concentration of
proteins. Approximately 100 ug of protein were loaded per
lane, and 5% concentrated SDS-PAGE gel and 15% separating
gel were used for electrophoresis. Then, the gels were trans-
ferred to a 0.45-ym PVDF membrane that was sealed with
5% skimmed milk powder at room temperature for 2 h. The
cells were added with mouse monoclonal primary antibodies
NLRP3 (1:500), Bax (1:500), caspase-3 (1:500), Bcl-2 (1:500),
and B-actin (1:1,000), and then incubated overnight at 4°C.
Next, the cells were added with HRP-labeled goat anti-rabbit
antibody (1:1,000), incubated at 37°C for 1 h, and rinsed with
PBS solution. Finally, the cells were developed with ECL
developing solution. The protein bands were scanned and
their gray values were analyzed using Quantity One software
(Bio-Rad Laboratories, Inc.). The relative expression level of
the protein = (the gray value of the target protein band)/(the
gray value of [3-actin protein band).

Flow cytometry detection of apoptosis of MCMECs. Annexin
V-FITC/PI double staining combined with flow cytometry was
used to detect apoptosis. After cell modeling, MCMECs in
each group were inoculated in a 6-well plate at 3x10° cells/well
and then incubated for 24 h. Then, they were rinsed twice with
PBS and added with Annexin V-FITC (5 ul). After 10-min
reaction at room temperature, the cells were added with PI
(10 ul) and incubated at room temperature in the dark for
20 min. Finally, the flow cytometer was used to detect apop-
tosis. The experiment was carried out 3 times. FlowJo v.10
software (FlowJo LLC) was used for analysis.

Dual-luciferase reporter gene assay. The downstream target
genes of miR-223-3p were predicted using TargetScan 7.1
(http://www.targetscan.org/vert_71/). Oligonucleotides
containing NLRP3 target sequence were amplified and cloned
into wild type (WT) pmirGLO plasmids (Biovector Co.,
Ltd; Biovectorl05805). pmirGLO-NLRP3 3' UTR-WT and
pmirGLO-NLRP3 3' UTR-mutant (Mut) were constructed
and then transferred to the downstream of the luciferase
reporter genes, so as to sequence and identify the constructed
plasmids. NLRP3 3" UTR-WT, NLRP3 3' UTR-Mut,
miR-223-3p-mimics, miR-223-3p-inhibitor, and miR-NC were
transferred into the MCMECs using Lipofectamine 2000 kit.
At 48 h after the transfection, a dual-luciferase reporter gene
assay kit (Promega Corp.) was used to determine luciferase
activity, with Renilla luciferase activity considered as the
standard.

Statistical analysis. SPSS 18.0 [Bizinsight (Beijing) Informa-
tion Technology Co., Ltd.] was used to statistically analyze the
data. GraphPad Prism 6 (GraphPad Software, Inc.) was used
to plot the figures. Measurement data were expressed as the
mean =+ standard deviation, and independent samples t-test was
used for comparisons between two groups, whereas analysis
of variance with LSD post hoc test were used for comparisons
between multiple groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

Target relationship between miR-223-3p and NLRP3.
According to the prediction by TargetScan, bases 406-412
of NLRP3 3' UTR were binding sites of miR-223-3p.
Dual-luciferase reporter gene assay was conducted to
confirm the direct interaction between miR-223-3p and
NLRP3. Co-transfection with miR-223-3p reduced the
luciferase activity of plasmids containing fragments of
NLRP3 3' UTR-WT (Fig. 1A). These results indicated that
miR-223-3p directly interacted with NLRP3 3' UTR. The
results of RT-qPCR after transfection revealed that the expres-
sion of miR-223-3p in the miR-223-3p-mimics group was
significantly higher than that in the miR-NC group, while the
expression in the miR-223-3p-inhibitor group was significantly
lower than that in the miR-NC group (Fig. 1B). The results of
western blot analysis revealed that the expression of NLRP3
significantly decreased in the MCMECs transfected with
miR-223-3p-mimics, while NLRP3 expression significantly
increased in the MCMECs transfected with miR-223-3p-in-
hibitor (P<0.05) (Fig. 1C).

Expressionlevels ofmiR-223-3p, NLRP3,and apoptosis-related
proteins in heart tissue. The mice in the miR-223-3p-mimics
group were injected through the tail vein with the drug
delivery system that was synthetized by neutral fat emulsion
and miR-223-3p-mimics. The results revealed that compared
with those in the model group, the mice in the control and
miR-223-3p-mimics groups had significantly higher expression
of miR-223-3p. However, significantly lower mRNA and protein
expression levels of NLRP3 were observed. Additionally, they
had significantly lower protein expression levels of Bax and
caspase-3; however,a significantly higher protein expression of
Bcl-2 was observed (P<0.05) (Fig. 2).

Effects of miR-233-3p on NLRP3 expression and endothelial
cell apoptosis. After cell modeling and culture in the HGHF
environment, the cells in the model and blank carrier groups
had significantly lower expression of miR-223-3p, compared
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Figure 1. Target relationship between miR-223-3p and NLRP3. (A) There were binding sites between miR-223-3p and NLRP3. (B) Expression of miR-223-3p

in MCMEC:s after transfection. (C) Effects of miR-223-3p on the protein expression of NLRP3.
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Figure 2. Expression levels of miR-223-3p, NLRP3, and apoptosis-related proteins in heart tissue. (A) Expression levels of miR-223-3p and NLRP3 mRNA in
heart tissue. (B) Expression levels of NLRP3 and apoptosis-related proteins in heart tissue. (C) Western blots. ‘P<0.05. NLRP3, Nod-like receptor protein 3.

with those in the normal group; however, significantly
higher mRNA and protein expression levels of NLRP3
(P<0.05) were observed. Additionally, compared with
those in the model and blank carrier groups, the cells in the

miR-223-3p-mimics group had significantly higher expression
of miR-223-3p, but significantly lower mRNA and protein
expression levels of NLRP3 (P<0.05). Also, the cells in the
miR-223-3p-inhibitor group had significantly higher mRNA
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Figure 3. Effects of miR-233-3p on NLRP3 expression and endothelial cell apoptosis. (A) Expression levels of miR-223-3p and NLRP3 mRNA. (B) Apoptotic
rates. (C) Expression levels of apoptosis-related proteins. “P<0.05, “P<0.05, compared with the model and blank carrier groups. “P<0.05, compared with the
model and blank carrier groups for the same protein. NLRP3, Nod-like receptor protein 3.

and protein expression levels of NLRP3 (P<0.05), compared
with those in the model and blank carrier groups. Compared
with those in the normal group, the cells in the model and
blank carrier groups had a significantly higher apoptotic
rate, significantly higher protein expression levels of Bax
and caspase-3, but significantly lower protein expression of
Bcl-2 (P<0.05). Compared with those in the model and blank
carrier groups, the cells in miR-223-3p-mimics group had
a significantly lower apoptotic rate, and significantly lower
protein expression levels of Bax and caspase-3. However, a
significantly higher protein expression of Bcl-2 was observed
(P<0.05). In addition, compared with those in the model and
blank carrier groups, the cells in the miR-223-3p-inhibitor
group had a significantly higher apoptotic rate, significantly

higher protein expression levels of Bax and caspase-3;
whereas a significantly lower protein expression of Bcl-2 was
observed (P<0.05) (Fig. 3).

Discussion

Diabetes is a metabolic disease caused by multiple factors
which is clinicopathologically characterized by hypergly-
cemia (13). Diabetes leads to metabolic disorders and a series
of complications, which not only seriously affect the patients'
quality of life, but also bring heavy burdens to the family of
the patients and society (14,15). Diabetic cardiomyopathy is a
common complication of diabetes and is mainly caused by the
dysfunction of CMECs (16).
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NLRP3 is currently the most widely studied inflamma-
some. According to previous studies, during the pathogenesis
of diabetes, the increase of inflammatory responses over-acti-
vates NLRP3 and the over-activation induces the production
of a large amount of IL-1f, which further causes damage to
islet cells and results in insulin resistance. This shows that
NLRP3 is closely related to diabetes (17,18). A previous study
has shown that diabetic cardiovascular diseases have the char-
acteristics of inflammatory diseases, and the over-activation
of NLRP3 may also lead to vascular dysfunction in diabetic
patients (19). The results of the targeted prediction by
TargetScan revealed that miR-223-3p and NLRP3 have target
binding sites. Another study has reported that miR-223-3p
is a new biomarker and plays a protective role in cardiovas-
cular and related fields (20). Therefore, it is speculated that
miR-223-3p can reduce the diabetes-induced injury of CMECs
through regulating NLRP3 in a targeted manner.

In the present study, mice were modeled for diabetes
through HGHF diet, and miR-223-3p and NLRP3 expression
levels in the heart tissue of diabetic and normal mice were
detected. The results revealed that compared with those in
the model group, the mice in the control group had signifi-
cantly higher expression of miR-223-3p, and significantly
lower mRNA and protein expression levels of NLRP3,
suggesting that NLRP3 may cause diabetic vascular injury.
Mice in the miR-223-3p-mimics group were injected through
the tail vein with the drug delivery system that was synthe-
tized by neutral fat emulsion and miR-223-3p-mimics. The
results revealed that compared with those in the model group,
mice in the miR-223-3p-mimics group had significantly
higher expression of miR-223-3p; however, significantly
lower mRNA and protein expression levels of NLRP3 were
observed. Additionally, they had significantly lower protein
expression levels of Bax and caspase-3; whereas a signifi-
cantly higher protein expression of Bcl-2 was observed.
These findings reveal that miR-223-3p may regulate NLRP3
and apoptosis-related proteins. A previous study found a
significant increase in the serum NLRP3 of patients with
diabetic cardiomyopathy (21), which is consistent with our
conclusions.

In a study of miR-223-3p on patients with rheumatic heart
disease, it was shown that miR-223-3p inhibits the activation
of T cells and reduces myocardial damage and myocardial
cell apoptosis by regulating inflammatory cytokines that
are secreted by inflammatory cells (22). This indicates that
miR-223-3p can regulate inflammatory cytokines and thereby
protect angiocarpy. As known, glycolipid metabolic abnor-
malities are of great significance for the development and
progression of diabetes (23,24), but whether NLRP3 could be
regulated by miR-223-3p has rarely been explored. Moreover,
in vivo experiments alone cannot prove that miR-223-3p can
reduce the injury of CMECs and regulate NLRP3. Therefore,
an endothelial cell injury model was established in vitro
through HGHF diet. The results revealed that after cell
modeling and culture in the HGHF environment, the cells in
the miR-223-3p overexpression group had significantly higher
expression of miR-223-3p, compared with those in the model
group, while cells in the low miR-223-3p expression group
had significantly lower expression of miR-223-3p. Compared
with those in the model and blank carrier groups, the cells
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in the miR-223-3p overexpression group had significantly
lower mRNA expression of NLRP3, while cells in the low
miR-223-3p expression group had significantly higher mRNA
expression of NLRP3. Apoptosis in each group was detected
and compared. The results revealed that after modeling, the
protein expression levels of Bax and NLRP3 in the normal
group were significantly lower than those in the model, blank
carrier, and miR-223-3p overexpression groups, while the
protein expression levels of Bax, caspase-3, and NLRP3 in
the miR-223-3p overexpression group were significantly lower
than those in the model and blank carrier groups. The protein
expression of Bcl-2 in the normal group was significantly
higher than that in the model, blank carrier, and miR-223-3p
overexpression groups, while the protein expression in the
miR-223-3p overexpression group was significantly higher
than that in the model and blank carrier groups. These find-
ings suggest that the overexpression of miR-223-3p in injured
endothelial cells can inhibit the expression of NLRP3, thus
protecting endothelial cells and reducing apoptosis of CMECs.
In addition, NLRP3 may inhibit endothelial cell apoptosis
by affecting apoptosis-related proteins Bax and caspase-3,
as well as anti-apoptotic protein Bcl-2. A previous study
has shown that long-term hyperglycemia leads to massive
generation of oxygen-free radicals, which causes damage to
DNA in cells and results in cell damage with apoptosis as the
main manifestation (25). Although NLRP3 is a target gene
of miR-223-3p, the regulatory mechanism of miR-223-3p on
NLRP3 remains unclear, which is also a deficiency of this
study.

In conclusion, miR-223-3p can inhibit the diabetes-induced
apoptosis of CMECs by regulating the expression of NLRP3,
and protect CMECs from injury. However, the regulatory
mechanism of miR-223-3p on NLRP3 and the regulatory
mechanism of NLRP3 on apoptosis-related proteins were not
explored. These aspects need further study to provide more
theoretical data for the treatment and prevention of diabetic
patients with cardiovascular injury.
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