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Abstract: Cardiovascular death is increasing year by year, and effective treatment is a challenging clinical problem 
at present. The application of nano materials has pointed to a new therapeutic direction for the clinical treatment 
of cardiovascular diseases, and preparation of nanoparticles (NPs) with PBCA as carrier material has become a 
trending spot in clinical research. In this study, we observed the influence of 17-estradiol nanoparticles (17-E2-NPs) 
on the inflammatory response of myocardial infarction (MI) and its regulatory effect on miR-302b. First of all, we en-
rolled MI patients and healthy controls, and preliminarily determined that miR-302b was highly expressed in MI and 
positively correlated with inflammation response. Then, we prepared 17-E2-NPs and purchased rats for modeling 
to analyze the underlying mechanism of action. The results showed that in rats treated with 17-E2-NPs, the expres-
sion of miR-302b and inflammatory cytokines decreased, the proliferation of cardiac fibroblasts reduced and the 
apoptosis rate increased. According to the above results, we conclude that 17-E2-NPs can inhibit the proliferation of 
cardiac fibroblasts, promote the apoptosis rate and reduce the inflammatory reaction of MI, via the downregulation 
of miR-302b, which may be one of the effective treatment schemes for MI in the future.
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Introduction

Myocardial infarction (MI), which accounts for 
half of cardiovascular deaths [1], is defined as 
sudden ischemic death of myocardial tissue 
and is usually caused by coronary artery throm-
bus occlusion induced by fragile plaque rupture 
[2, 3]. In addition, ischemia causes significant 
metabolic and ionic disturbances in the affect-
ed myocardium, leading to rapid decline of sys-
tolic function [4]. It is shown that smoking, dia-
betes, dyslipidemia, obesity, unhealthy diet, 
emotional excitement, and weather changes 
may all be the predisposing factors of MI [5]. 
The disease has a sudden and acute attack, 
which seriously threatens the life of patients 
[6]. At the present stage, the primary purpose 
of clinical treatment for MI is to timely dredge 
the obstructed coronary artery and alleviate 
ischemia and hypoxia to restore myocardial 
function [7]. With the increasing accuracy of 
diagnosis and treatment, the clinical treatment 
effect has been improved to some extent [8]; 

nevertheless, challenges for the treatment of 
MI remain in the face of the numerous factors 
and complications associated with disease 
progression.

Increasing evidence suggests that microRNAs 
(miRNAs) may play an important role in cardio-
vascular diseases [9]. In particular, miR-302b is 
one of the most abundant miRNAs in the heart 
[10]. It is shown that miR-302b is involved in the 
early pathology of MI and subsequent cardiac 
remodeling [11]. For example, the research by 
Xiao et al. shows that miR-302b has a signifi-
cant effect in modulating myocardial function 
[12]. Melman proposes that miR-302b plays a 
key role in gene modulation and is a potential 
important biomarker for diagnosing MI [13]. In 
addition, accumulating evidence from epidemi-
ological and cohort studies indicates that 
endogenous human estrogen (estradiol, E2) 
and E2 replacement therapy protect women 
against the progression of cardiovascular dis-
ease [14]. And multiple animal studies have 
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also supported the cardioprotective action of 
E2 [15]. Furthermore, previous studies have 
demonstrated that 17-estradiol (E2) protects 
the liver against I/R injury by reducing micro-
vascular dysfunction and inflammatory res- 
ponses [16]. Apart from that, the application of 
nano in clinical medicine is becoming more  
and more extensive. Nanoparticles (NPs), as a 
medium between chemical and biological 
agents, have the advantages of small size, 
large surface area, simple operation, and rich 
biological characteristics, which can tailor to 
various needs [17] to exert positive influence 
on disease treatment. 17-estradiol nanoparti-
cles (17-E2-NPs) are prepared from polylactic 
acid-glycolic acid copolymer (PLGA) NPs [18]. 
Referring to previous data, it is found that PLGA 
exists in drugs such as irbesartan and has a 
protective effect on the heart [19]; whereas, no 
research has demonstrated the effect of 
17-E2-NPs on MI. In view of the great clinical 
challenge of MI, this study investigated the 
influence of 17-E2-NPs on the inflammatory 
response of MI. The purpose of this study is to 
explore the mechanism of the effect of 
17-E2-NPs on MI through miR-302b, so as to 
provide reliable ideas and methods for future 
clinical diagnosis and treatment of MI.

Materials and methods

Collection of clinical data

Patients with MI treated in the Beijing Tiantan 
Hospital from December 2019 to December 
2020 were selected to the observation group 
and those who concurrently underwent physi-
cal examination were assigned to the control 
group. Fasting venous blood was extracted 
from the two cohorts and stored in a refrigera-
tor at -80°C after centrifugation for testing. The 
experiment was approved by the ethics com-
mittee of our hospital, and all the patients 
signed the informed consent form.

Inclusion and exclusion criteria

All the included patients met the diagnostic cri-
teria for MI [20] and were treated in our hospi-
tal for the first time with complete clinical data 
and high degree of cooperation. Patients with 
organ dysfunction, hospital transfer, drug aller-
gy, and recent treatment history such as medi-
cation were excluded, as well as those with 
mental illness. After screening, 63 cases were 

finally included in observation group. All 
patients in control group underwent physical 
examination, with normal examination results. 
After screening, the number of patients in con-
trol group was finally determined to be 75.

Animal data

Forty SD rats, weighing 200-250 g, were pur-
chased from Shanghai Slac Laboratory Animal 
Co. Ltd. and raised in a light environment of 
25-27°C, 60-70% humidity, with food and water 
available. Twenty rats were randomly selected 
for modeling, ten for control group, and the 
other ten were substitution. All animal experi-
ments were carried out with the approval of the 
relevant ethics committee. The treatment of 
animals during the experiment was carried out 
in strict accordance with the relevant regula-
tions on the ca use of experimental animals in 
the international code of ethics and national 
health guidelines.

Modeling method

The rats were anesthetized by intraperitoneal 
injection of 1.2% pentobarbital sodium (50 
mg/kg) and placed in the supine position. Then, 
the chest was bluntly dissected to expose the 
heart through an incision made between the 
3rd and 4th rib of the left chest. The pericardi-
um was cut, and the coronary artery was ligat-
ed 2 mm below the left atrial appendage. 
Modeling was deemed successful if the color of 
left ventricular anterior wall was gray and pur-
ple, with ST segment elevated or t-waves hori-
zontal in ECG. After success in modelling, the 
incision was sutured layer by layer, and 200,000 
IU/kg penicillin was injected locally.

24 h after modeling, rats were anesthetized by 
intraperitoneal injection of pentobarbital sodi-
um (40 mg/kg) and fixed on the operating 
table. 2 mL of heart blood was extracted by 
injection syringe, and serum was obtained after 
centrifugation for testing. In the process of 
modeling, there were 4 rats died, and we ran-
domly selected 4 rats from the substitutions to 
replace the dead ones. The success rate of 
modeling was about 80%.

PCR detection

Total RNA of the sample to be tested was 
extracted using Trizol (Thermo Fisher Scientific) 
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according to the manufacturer’s instructions 
and the cDNA was synthesized using 1 µg of 
total RNA and TaqMan Reverse Transcription 
Reagents (Applied Biosystems, Foster City, CA, 
USA). The PCR cycling began with template 
denaturation at 95°C for 10 min, followed by 
45 cycles of 95°C for 15 sec, 60°C for 60 sec, 
and 38°C for 5 sec. The primers were: miR-
302b: forward: 5’-ATCCAGTGCGTGTCGTG-3’; 
reverse: 5’-TGCTTAAGTGCTTCCATGTT-3’. U6: 
forward: 5’-TGCGGGTGCTCGCTTCGGCAGC-3’; 
reverse: 5’-CCAGTGCAGGGTCCGAGGT-3’. The 
expression levels relative to U6 were calculated 
using the formula 2-ΔΔCT method.

Detection of inflammatory cytokines

Interleukin-6 (IL-6), IL-8 and tumor necrosis fac-
tor (TNF-α) were detected using enzyme-linked 
immunosorbent assay (ELISA) kits purchased 
from Transgen Biotech Co., Ltd., China.

17-E2-NP provision

17-E2 and PLGA (ratio 1:10) were added with 
dichloromethane-methanol (Fisher Scientific) 
and dissolved and mixed evenly to prepare a 
solution containing 3 g/L of PLGA. Then, polyvi-
nyl alcohol (PVA, Sigma) and didodecyldimethyl-
ammonium bromide (ratio 3:100, Fisher 
Scientific) were dissolved in double distilled 
water to prepare a solution containing 1% poly-
vinyl alcohol. Thereafter, the above solutions 
were mixed according to the ratio of 1:3, which 
were then magnetically stirred, ultrasonically 
dispersed into nanoemulsions, rotary evapo-
rated, and centrifuged to obtain 17-E2-NPs.

17-E2-NP preparation results

17-E2-NPs (300 mg) were dissolved in dichloro-
methane-absolute ethanol, and the superna-
tant was obtained after centrifugation. The con-
tent of 17-E2 in the samples was determined by 
high performance liquid chromatography HPLC. 
HPLC detection information: Acetonitrile-water 
mixtures (55:45) used as mobile phases; The 
chromatographic column: TC-C18 (250 mm × 50 
mm, 5 μm); Measure wavelength: 282 nm; Flow 
velocity: 1.0 mL/min; Sample size: 10 μL.

The content of 17-E2 in the samples was calcu-
lated by comparing the main peak area with 
that in the standard samples. Drug load = drug 
content in NPs/NP mass × 100%.

Determination of in vitro release rate

17-E2-NPs were dispersed with water for injec-
tion, which were then put into a dialysis bag 
(with a molecular weight of 1200 DA) with both 
ends clamped. Subsequently, the bag was 
placed in 5 mL water for injection bath at 37°C 
and 75 r/m, under constant temperature and 
oscillation. The samples were taken at 1 h, 2 h, 
6 h, 12 h, and 24 h on the first day of release, 
and then every 24 h. Then all released media 
were poured out, and equal amounts of fresh 
media were added. The medium at different 
time points was determined. The in vitro release 
rate of 17-E2-NPs was drawn by fitting the 
equation of cumulative release and time.

17-E2-NP intervention in rats

Ten modeled rats were randomly selected for 
17-E2-NP intervention 72 h after operation and 
were set as the intervention group; the other 
ten untreated rats were in the model group. 
Rats in the intervention group were injected 
with 17-E2-NPs (4 mg/100 g) at the edge of 
heart infarction area, while those in the model 
group were injected with the same amount of 
normal saline.

MI area detection

Four weeks after injection, the rats were killed 
by dislocation of cervical vertebra under anes-
thesia by intraperitoneal injection of pentobar-
bital sodium (40 mg/kg), and the infarcted tis-
sues were obtained, dehydrated, embedded in 
paraffin, and the slices were cut at 4 µm thick-
ness. HE staining was performed to observe 
the inflammatory cell infiltration after myocar-
dial infarction.

TTC staining was used to detect myocardial 
infarction area: ventricles were cut horizontally 
along the longitudinal axis of the heart with a 
thickness of about 2 mm, immersed in phos-
phoric acid buffer containing 1% TTC, incubat-
ed at 37°C for 20 min away from light, and fixed 
in 4% paraformaldehyde for 40 min. The myo-
cardial tissue sections were dried to observe 
the staining condition and photographed. 
Image J software was used to process the 
images and calculate the infarct area of myo-
cardial tissue. The non-infarct area was dark 
red, and the infarct area was white.
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Cultivation of rat cardiac fibroblasts

Rat heart tissue (100 mg) was cut into pieces, 
digested with 1 g/L pancreatin (Sigma-Aldrich) 
and 0.8 g/L collagenase IV (Sigma-Aldrich), and 
cultured in 10% fetal bovine serum medium. 
They were then digested on a shaking table at 
37°C and 200 r/min. After digestion, the cells 
were gently pipetted with sterile straws and 
mixed, and added with equal volume of 10% 
FBS HG/DMEM (Gibco) to terminate. The above 

with specific primary antibodies against vimen-
tin (Cell signaling technology, 1:100) for over-
night at 4°C. After 30 min at room temperature 
the next day, they were washed with 0.01 
mmol/L PBS for 3 times (2 min each time), and 
then added with 200 μL TRITC labeled second-
ary antibody (Santa Cruz Biotechnology, 1:100), 
incubated at room temperature in the dark for 
1.5 h, washed with 0.01 mmol/L PBS for 3 
times (2 min each time), and sealed with glyc-
erol after DAPI staining. The number of positive 

Figure 1. Expression and clinical significance of miR-302b. A. miR-302b ex-
pression. B. ROC curve of miR-302b in predicting MI. *P<0.05.

Figure 2. Expression levels of 
inflammatory cytokines in MI pa-
tients and healthy controls. A. hs-
CRP expression. B. TNF-α expres-
sion. C. IL-6 expression. *P<0.05.

procedures were repeated, 
and the cells were pipetted 
and mixed repeatedly in the 
diameter of 10 cm cell dishes 
containing 0.1% gelatin. Then 
the cell dishes were placed in 
an incubator at 37°C and 5% 
CO2 for differential adherence 
for 60-90 min [21]. The adher-
ent cells are cardiac fibro-
blasts. The non-adherent car-
diomyocytes, blood cells and 
endothelial cells were discard-
ed. Thereafter, 10 mL Hg/
DMEM containing 10% FBS 
was added again, and the 
solution was changed every  
1 day. Immunofluorescence 
staining determined that the 
purity of cardiac fibroblasts 
was above 93%. The cells 
were immediately used for fol-
low-up tests.

The identification of myocardi-
al fibroblasts was done by 
vimentin immunofluorescence 
staining: Myocardial primary 
fibroblasts were inoculated 
into 6-well plates with sterile 
cover glass, then fixed with 4% 
paraformaldehyde for 30 min 
and washed with 0.01 mmol/L 
PBS for 3 times (2 min each 
time). Cells were then treated 
at room temperature for 30 
min with 0.2% Triton X-100, 
and Washed with 0.01 mmol/L 
PBS for 3 times (2 min each 
time). They were then blocked 
with 200 μL non-immune ani-
mal serum at room tempera-
ture for 30 min, and incubated 
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cells was observed and counted under fluores-
cence microscope.

Cell proliferation detection

After subculture, rat cardiac fibroblasts  
were inoculated in 96-well plate for 12, 24,  
48 and 72 h of cultivation, and then  
CCK-8 reagent (Dojindo Laboratories, Ku- 
mamoto, Japan) was added to incubate  
cells for 1 hour. Then, absorbance value at  
450 nm was determined using a microplate 
reader.

cance of miR-302b

The expression of miR-302b was significantly 
increased in MI patients than in controls 
(P<0.05, Figure 1A). ROC curve analysis deter-
mined that when miR-302b <2.19, the sensitiv-
ity and specificity of predicting MI were 73.33% 
and 85.71% respectively (Figure 1B).

Expression of inflammatory cytokines

Measurements of inflammatory cytokines re- 
vealed that the levels of hs-CRP, TNF-α and IL-6 

Figure 3. Correlation of miR-
302b with inflammatory cyto-
kines in MI patients. A. Correla-
tion of miR-302b with hs-CRP. 
B. Correlation of miR-302b with 
TNF-α. C. Correlation of miR-
302b with IL-6. *P<0.05.

Figure 4. Expression of miR-302b in 
rats before and after 17-E2-NP inter-
vention. A. Characterization diagram 
of 17-E2-NPs. B. In vitro release curve 
of 17-E2-NPs. C. miR-302b levels in 
rats. *P<0.05.

Apoptosis detection

The cells were digested with 
enzyme-free digestive solution 
and adjusted to 1 × 106 cells/
mL. AnnexinV-FITC and PI were 
added at 1 μL each. After incu-
bation for 30 min, the cells 
were resuspended in PBS, and 
the apoptosis rate was detect-
ed by Flow cytometry. AnnexinV/
PI apoptosis kit was purchased 
from Shanghai Majorbio Bio- 
tech Co. Ltd., China.

Statistical processing

Statistical Product and Service 
Solutions (SPSS 23.0) software 
was used for statistical analy-
sis. Experimental data were 
expressed as mean ± SD. The 
unpaired t-test or a two-tailed 
Mann-Whitney test was used  
to compare the differential ex- 
pression of serum miRNAs and 
inflammatory cytokine levels 
between MI patients and con-
trol patients. The difference 
among groups of rats was 
assessed by one-way AVONA 
followed with Bonferroni post-
hoc test. Area under curve 
(AUC) was used as the evalua-
tion criteria and Pearson’s cor-
relation was used for correla-
tion analysis. P<0.05 was con-
sidered as significant differen- 
ce.

Results and discussion

Expression and clinical signifi-



The role of estradiol nanoparticles in myocardial infarction

12426 Am J Transl Res 2021;13(11):12421-12430

were significantly higher in the observation 
group compared with those of the control group 
(P<0.05, Figure 2).

Correlation of miR-302b expression with in-
flammatory cytokines in the observation group

Pearson correlation coefficient was used to 
analyze the correlation of miR-302b with inflam-
matory cytokines in the observation group. It 
showed that the expression level of miR-302b 
was positively associated with the level of hs-
CRP, TNF-α and IL-6 (r=0.566, r=0.542, 
r=0.456, Figure 3).

Expression of miR-302b in rats before and af-
ter 17-E2-NP intervention

Under TEM, 17-E2-NPs had a diameter of about 
200 nm with a circular spherical distribution 
and relatively uniform dispersion (Figure 4A). 
The zeta potential values greater than u30 mV 
indicate a high stability of the nanoparticle sys-
tems due to effective electrostatic particle 
repulsion (Table 1). The encapsulation efficien-
cy and drug load of 17-E2 were 85.16 load and 
3.936 load % (Table 2). In vitro release curve of 
17-E2-NPs showed that the higher release rate 
in the first 10 days may be related to the partial 
melting of 17-E2 on the surface of NPs. From 
Day 10 to Day 30, the increase of release rate 
decreased slightly. The cumulative release  
rate was close to 100% at Day 30, and the 
release of 17-E2 (free-drug) was rapid - 90.34% 
was released within 16 days. The results 
showed that the 17-E2-NPs has good sustained 
release properties (Figure 4B). miR-302b 

Measurements of inflammatory cytokine levels 
identified reduced hs-CRP, TNF-α and IL-6 lev-
els in rats following 17-E2-NP intervention 
(Figure 5).

MI area in rats

HE staining was used to determine myocardial 
pathology (Figure 6A). Myocardial cells in the 
model group were loosely connected and par-
tially disordered, and interstitial inflammatory 
exudation significantly increased. Myocardial 
cells in the intervention group were organized 
more orderly and interstitial inflammatory exu-
dation decreased. TTC staining was used to cal-
culate the MI area. After comparison, it was 
found that the MI area in 17-E2-NPs intervened 
rats was statistically smaller than that in non-
intervened rats (P<0.05, Figure 6B).

Effect of 17-E2-NPs on cardiac fibroblasts

According to the characteristics of proteins 
contained in cardiac fibroblasts, Vimentin was 
used as an indicator of cardiac fibroblast detec-
tion and identification. The immunofluores-
cence staining determined that most of the 
cells showed positive reaction and positive cell 
rate for more than 93% (Figure 7A). The expres-
sion of miR-302b in cardiac fibroblasts in the 
intervention group decreased evidently as com-
pared to the model group (P<0.05, Figure 7B). 
In vitro experiments showed that compared 
with the model group, the proliferation of car-
diac fibroblasts in the intervention group was 
lower (P<0.05, Figure 7C), while the apoptosis 
rate was higher (P<0.05, Figure 7D).

Discussion

MI is a leading cause of morbidity and mortality 
worldwide [22]. Infarcted hearts exhibit a typi-
cal cascade reaction of cell death character-
ized by cardiomyocyte loss and fibrotic scarring 
[23]. Cardiac hypertrophy and fibrosis are prone 
to cause ventricular wall thickening and stiff-
ness, which together result in unfavorable car-

Table 1. Particle diameter, PDI, and zeta potential
Particle diameter 

(nm) PDI Zeta potential 
(mV)

17-E2-NPs 192±7 0.164±0.011 -37.4±1.7

Table 2. Drug loading measurement results

Lot number Encapsulation  
efficiency (%)

Drug loading 
(%)

20190712-1 86.34 4.03
20190712-2 85.87 3.91
20190712-3 83.28 3.84

85.16±1.65 3.93±0.93

declined dramatically in rats after 17-E2-
NP intervention (Figure 4C).

Levels of inflammatory cytokines in rats 
before and after 17-E2-NP intervention
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diac remodeling, ultimately leading to impaired 
cardiac function and subsequent heart failure 
[24]. Therefore, strategies that facilitate smooth 
treatment rather than hindering heart remodel-
ing may be effective treatments for MI. NPs are 
drug-carrying particles made of natural poly-
mers or synthetic chemicals [25], which have 
targeting properties and many advantages 
such as slow release, drug protection, and 
capability of improving therapeutic efficacy 
[26]. In view of the limitations in the current 
treatment of MI and the promising application 
prospect of NPs, we conducted an in-depth 
study on the influence of 17-E2-NPs on the 
inflammatory response of MI through miR- 
302b.

In this study, MI patients and healthy subjects 
were included to preliminarily understand the 
expression and clinical significance of miR-
302b in patients. The results revealed that the 
expression of miR-302b was increased in cases 
and had good clinical diagnostic value for MI, 
suggesting its involvement in the occurrence 
and development of MI. Previously, the study of 
Jia et al. confirmed that miR-302b showed high 
expression in patients with MI [27], which can 
support our experimental results. At present, 
the clinical diagnosis of MI is mainly based on 
imaging technology, which is time-consuming 

trend of inflammatory cytokines. From the 
above, we preliminarily confirmed that miR-
302b participates in the occurrence and devel-
opment of MI; however, the specific influencing 
mechanism of 17-E2-NPs on the inflammatory 
response of MI through miR-302b is still 
unclear. Therefore, we prepared 17-E2-NPs and 
purchased SD rats for modeling and biological 
analysis. First, we detected the properties of 
17-E2-NPs. Under TEM, 17-E2-NPs had a parti-
cle size of approximately 200 nm with uniform 
distribution. Subsequently, we injected 17- 
E2-NPs into the edge of the infarct area of rats 
in the intervention group for analyses. The 
measurement of miR-302b before and after 
intervention revealed profoundly decreased 
miR-302b after 17-E2-NP intervention. Also, 
the levels of inflammatory cytokines hs-CRP, 
TNF-α and IL-6 were found to be significantly 
reduced in rats intervened by 17-E2-NPs com-
pared with those without intervention. It further 
indicates that 17-E2-NP intervention can effec-
tively inhibit inflammatory cytokines and 
improve vascular endothelial function in rats, 
demonstrating that 17-E2-NP intervention may 
play a certain role in the clinical treatment of MI 
[31]. We also observed the MI area of rats in 
the intervention group and the model group. 
The results showed that the MI area of rats 
treated with 17-E2-NPs was significantly small-

Figure 5. Inflammatory cytokine 
levels in rats before and after 
17-E2-NP intervention. A. hs-CRP 
levels. B. TNF-α levels. C. IL-6 lev-
els. *P<0.05.

and has the risk of misdiagnosis 
[28]. On the contrary, the detec-
tion of serum markers is more 
convenient, fast, and easy to pre-
serve compared to imaging tech-
nology, which will bring more con-
venient diagnostic methods to 
clinical diagnosis and treatment. 
Evidently higher levels of hs-CRP, 
TNF-α and IL-6 were determined 
in cases than in controls in our 
research. Inflammatory cytoki- 
nes can directly damage endo-
thelial function and lead to ath-
erosclerosis [29], which is closely 
related to vascular endothelial 
damage and functional changes 
[30]. It also suggests that effec-
tive control of inflammatory re- 
sponse has a positive effect on 
the treatment of patients with 
MI. Through correlation analysis, 
we observed that the expression 
of miR-302b in MI patients is 
consistent with the expression 
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er than that of rats without intervention, which 
finding confirmed our initial hypothesis that 
17-E2-NP injection into the infarct area of rat 
heart has an effective therapeutic effect. 
Finally, we analyzed the effect of 17-E2-NPs on 

rat cardiac fibroblasts. The detection of miR-
302b expression revealed that the expression 
of miR-302b in the intervention group was sig-
nificantly lower than that in the model group, 
indicating that 17-E2-NPs can affect miR-302b 

Figure 6. Myocardial infarction area of the two groups of rats. A. HE staining (the arrows point to the interstitial 
inflammatory exudate). B. TTC staining (the arrows point to infarct site). *P<0.05.

Figure 7. Effect of 17-E2-NPs on cardiac fibroblasts. A. Immunofluorescence staining. B. miR-302b levels in rat car-
diac fibroblasts. C. Cell proliferation. D. Apoptosis. *P<0.05.
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expression in MI. In vitro experiments showed 
that compared with the model group, the prolif-
eration of cardiac fibroblasts was lower, and 
the apoptosis rate was higher in the interven-
tion group. The ability of cardiac fibroblasts to 
colonize, differentiate, migrate and produce 
collagen plays a key role in the process of car-
diac fibrosis. Excessive proliferation of cardiac 
fibroblasts can also lead to myocardial fibrosis. 
In the process of cardiac extracellular matrix 
remolding, cardiac fibroblasts are differentiat-
ed into myogenic fibroblasts to increase their 
colloid synthesis power, and the colonization 
and migration power of cardiac fibroblasts are 
enhanced to increase the number of cells in 
myocardial stem or remolding area. Previous 
researches have pointed out that miR-302b 
has a significant promoting effect on MI, which 
was consistent with our above experimental 
results that the expression of miR-302b elevat-
ed as the levels of inflammatory cytokines 
increased, suggesting that 17-E2-NPs could 
influence the inflammatory response of MI, 
which might be through modulating miR-302b 
expression.

This investigation initially confirmed the clinical 
implications of miR-302b in MI. However, there 
are still some shortcomings in this study. 
Generally speaking, the analysis of ROC needs 
to include as much patient data as possible for 
statistical analysis. Whereas, the number of 
cases included in this study is relatively small, 
which may lead to the inability to obtain the 
most accurate results. Besides, we are unable 
to analyze the long-term prognosis of miR-302b 
in patients with MI due to the short timeframe. 
Moreover, as indicated by the literature [32], 
the occurrence of MI is a complex process influ-
enced by multiple genes and pathways, so fur-
ther exploration and discussion regarding the 
mechanism of miR-302b involvement in MI are 
warranted. We will launch more comprehensive 
experiments and analysis to address the above 
deficiencies.

Conclusion

17-E2-NPs can inhibit the proliferation, pro-
mote the apoptosis rate of cardiac fibroblasts 
and reduce the inflammatory response of MI, 
which might be mediated by the regulation of 
the expression level of miR-302b. This may be 
one of the effective schemes for future treat-
ment of MI.
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