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Abstract: Purpose: This study aimed to investigate the effect of the overexpression of miR-148a in mesenchymal 
stem cell exosomes on hepatic ischemia-reperfusion (I/R). Methods: Fat MSCs were extracted from the fat tissue 
around the kidneys of rats. Lentivirus-infected MSC cells loaded with an miR-148a overexpression sequence or an 
unrelated sequence vector were used to extract the over-expressed sequence, the unrelated sequence, and the nor-
mal MSC exosome cells. The perihepatic ligament was broken in the sham operation group, and no other treatment 
was performed. The model group was not injected with the exosome solution. The experiment group was injected via 
the tail vein with transfected exosomes with miR-148a overexpression. The expressions of miR-148a, TLR4 mRNA, 
and CaMKII mRNA in the liver tissues were determined using RT-qPCR. All the rats’ liver tissues were observed after 
the HE staining, and the apoptosis of the liver cells was tested using TUNEL. The expressions of the TLR4, CaMKII, 
Bcl-2, and Bax proteins in the liver tissues were determined using Western blot. ELISA was used to determine the 
expressions of IL-1β and TNF-α in the serum. The TargetScan prediction and dual-luciferase reporter system were 
used to identify the relationship between miR-148a and CaMKII. Results: The MSC and the exosomes were success-
fully extracted and identified. The miR-148a in the overexpression group was significantly higher than it was in the 
other groups (P<0.05). The TLR4, CaMKII mRNA, and protein in the overexpression group were significantly lower 
than they were in the model and experimental groups (P<0.05). The TargetScan and dual-luciferase reporter system 
confirmed the targeted regulation relationship between miR-148a and CaMKII. Conclusion: The overexpression of 
miR-148a in mesenchymal stem cell exosomes can inhibit the expressions of CaMKII and TLR4 in I/R tissues and 
reduce the occurrence of the inflammatory response and apoptosis.

Keywords: miR-148a, mesenchymal stem cells, exosomes, hepatic ischemia-reperfusion injury

Introduction

In clinical liver surgery, in order to control blood 
loss, the porta hepatis should be blocked. Then 
ischemia/reperfusion (I/R) injury becomes in- 
evitable when the liver blood supply is restored, 
which is common in traumatic shock and liver 
transplantation [1, 2]. One study has shown 
that [3] early liver I/R injury can cause the 
inflammatory response and an oxidative stress 
reaction, accelerate hepatocyte apoptosis and 
necrosis, and then induce liver function dam-
age or insufficiency. In addition, after hepato-
cyte injury, a large number of pro-inflammatory 
factors will then be released, which will promo- 
te the activation of the inflammatory response 

to cause a vicious circle and liver function dam-
age [4]. Therefore, how to reduce and prevent 
the occurrence of I/R is an urgent problem for 
clinicians.

A research hotspot in recent years, mesenchy-
mal stem cells (MSC) are adult hepatocytes 
which can be multi-directionally differentiated 
into cells such as osteogenesis and fat. Studies 
have shown that MSCs have therapeutic effects 
in various diseases such as immune diseases, 
cardiovascular diseases, and tissue damage 
diseases [5-7]. The mechanism of MSC treat-
ment mainly includes homing and repairing da- 
maged tissues, secreting vascular growth fac-
tors, activating in vivo stem cells, and secreting 
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exosomes [8]. Wang et al. showed that spheri-
cal cultured human umbilical cord mesenchy-
mal stem cells can alleviate liver ischemia-re- 
perfusion injury in rats [9].

Some studies [10, 11] have shown that the 
therapeutic effects of MSCs are closely related 
to exosomes. Exosomes are vesicular bodies 
released by cells, which have a lipid bilayer 
membrane with a diameter of 40~100 nm [12]. 
A study found hepatocyte-derived exosomes 
could aid cell proliferation and liver regenera-
tion after ischemia/reperfusion injury [13].

A certain amount of miR (microRNA) and other 
regulating materials are also present. miR is a 
non-coding, short interfering RNA with a length 
of about 22 nt. It plays a major role by combing 
the untranslated regions (UTR) of its down-
stream target gene mRNA. Thereby, the transla-
tion and transcription of target genes are inhib-
ited and the expressions of the target genes 
are altered [14, 15]. miR-148a is an important 
member of the miR family. Related studies 
have shown [16, 17] that it is differentially 
expressed in various tumors, and miR-148a 
may mitigate hepatic I/R injury by ameliorat- 
ing TLR4-mediated inflammation by targeting 
CaMKIIα in vitro and in vivo [18].

CaMKIIα (Ca2+/calmodulin-dependent protein 
kinase IIα), also known as CaMKII, is an impor-
tant factor for regulating the Ca2+/CaMKII and 
TLR4 signaling pathways. A study by Vila et al. 
[19] showed that the inhibition of CaMKII can 
protect irreversible ischemia-reperfusion injury. 
We found that there is a targeted binding site 
between miR-148a and CaMKII using Target- 
Scan database. We speculate that they are 
closely related.

Therefore, this study investigated the effects of 
the overexpression of miR-148a in MSC exo-
somes on hepatic ischemia-reperfusion (I/R).

Materials and methods

Animal and cell sources

293T human embryonic kidney cells were pur-
chased from the ATCC Company (ATCC® ACS-
4500). 43 SPF male SD rats, 6 weeks old and 
weighing 175±25 g were purchased from the 
Beijing Charles River Experimental Animal Te- 
chnology Co., Ltd. The animal certificate num-

ber is SCXK (Jing) 2015-0001. After purchasing 
the rats, they were kept in the standard breed-
ing room of the animal research center of the 
hospital for 1 week. The room temperature was 
22~26°C, and the relative humidity was 50%~ 
65%, with a 12-hour light-dark cycle.

Instrument reagent sources

Chloral hydrate (American Sigma, 47335-U), a 
dual-luciferase reporter gene detection kit 
(Solarbio, Beijing, China D0010), fetal bovine 
serum (FBS), trypsin, PBS, TRIzolTM Reagent, an 
ECL luminescence detection Kit, a Lipofect- 
AMINE 2000 kit, RIPA, a BCA protein kit, type I 
collagenase, (American Thermo Scientific, 10- 
437028, A40007, 10010049, 15596018, 35- 
050, 11668019, 23225, 15224041, 12320- 
032, 17018029), DMEM low sugar medium, 
α-MEM medium, penicillin streptomycin double 
antibody (Hyclone, USA, 12320032, 12561049, 
15070063), TransScript Green miRNA Two-
Step qRT-PCR SuperMix, TransScript II Green 
Two-Step qRT-PCR SuperMix (Beijing, China, 
TransGen Biotech, AQ202-01, AQ301-01), NL- 
R4 (Toll-like Receptor 4) Antibody, CaMKII An- 
tibody, Bcl-2 Antibody, Bax Antibody, β-Actin, 
HRP-labeled goat anti-mouse IgG secondary 
antibody (AF5015, MAB7280, AF810, AF820, 
MAB8929, HAF007, R&D, USA), IL-1β, TNF-α 
Elisa kit (Beyotime Biotechnology, Shanghai, 
China), Chemistry, PI301, PT512), a PCR instru-
ment (ABI, USA 7500), flow cytometry (FACS 
Canto II, BD, USA), a microplate reader (Perkin- 
Elmer, USA BioTek), an miR-148a lentiviral vec-
tor, and an unrelated sequence vector and 
related primers designed and synthesized by 
Shanghai Jemma Biotechnology Co., Ltd.

Cell collection and culture

About 1 mg of adipose tissue around the rat 
kidney was collected, and the tissue was cut 
into pieces using surgical scissors, and the 
pieces were immersed in type I collagenase (5 
mL) at 37°C for 60 min. The tissue was shaken 
and centrifuged at 1300 rpm for 5 min. The col-
lected cells were transferred to a DMEM low 
glucose medium containing penicillin strepto-
mycin diabody, 10% FBS, cultured at 37°C, 5% 
CO2, observed every 12 h. We cultivated the 
next generation when the cells covered the bot-
tom of the bottle, and the liquid was changed 
every 3 days.
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Cell identification

The P3 generation cells were collected by flow 
cytometry, and the cell surface markers CD29, 
CD44, CD73, CD90, and CD105 were identi-
fied. The cells were cultured with osteoblasts 
and adipocytes, and the fat cells were identi-
fied using red oil staining. The bone cells were 
determined with Alizarin staining.

Cell transfection

The over-expressed miR-148a-mimic vector 
and the unrelated sequence lentiviral vector 
were transfected into the corresponding fat 
MSC cells, Lentiviral transfection was per-
formed using the LipofectAMINE 3000 kit. The 
medium was replaced after 24 hours. After 72 
hours, the number of fluorecyte cells was ob- 
served. 1 mg/L of puromycin was used to sc- 
reen the positive cells, so the stable over-ex- 
pressed miR-148a-mimic and unrelated se- 
quence fat MSC cells were obtained.

Extraction and identification of exosomes 

The collected transfected and untransfected 
fat MSC cells were cultured for 48 h, and the 
supernatant was collected after 48 h. The cells 
were centrifuged at 2000 rpm, at 4°C for 10 
min. The bottom cells were transferred to a 
centrifuge tube, and then centrifuged at 4000 
rpm for 10 min at 4°C. Then the bottom cells 
were collected and resuspended in PBS, centri-
fuged at 10,000 rpm, 4°C for 30 min at 4°C. 
The bottom layer cells were again collected, 
centrifuged at 30,000 rpm 4°C for 1.2 h, and 
then the collected cells (the exosomes) were 
resuspended in 200 μL of PBS, and the mor-
phology of the cells was observed using an 
electron microscope.

Establishment of the animal models

Rats were fasted 12 hours before surgery and 
intraperitoneally injected with 10% chloral 
hydrate at 2.5 mL/kg. Sevoflurane was deliv-
ered to the chamber at a rate of 2-3 L/min in a 
humidified 30% oxygen carrier gas. During the 
laparotomy, the rats were placed on a heating 
pad and the light was maintained at 37°C to 
ensure an aseptic operation. Heparin (125 IU/
kg) was injected intravenously to prevent the 
formation of a portal vein pool. The vascular 
microclamps were placed in the medial and left 

hepatic hila for 45 min to induce hepatic isch-
emia in the rats. The color of the left hepatic lo- 
be became shallow, indicating that the experi-
ment was successful. The animals in the sham 
operation group only received anesthesia, and 
no vascular microclamps were used in the la- 
parotomy. After 45 minutes, the blood vessel 
clamp was removed, and saline was injected 
intraperitoneally, and the rats were sutured. 
The exosome solution (500 μg of exosomes dis-
solved in 1 mL of PBS solution) was injected 
into the tail vein 24 hours before the surgery. 
No animal model was established in the normal 
group. The perihepatic ligament was broken in 
the sham operation group and no other treat-
ment was performed. The model group was not 
injected with the exosome solution. The experi-
ment group was injected with PBS. The blank 
group was treated with an exosome solution 
transfected using a blank vector, and the over-
expression group was injected with an exosome 
solution transfected with an overexpression 
vector. 12 hours after the establishment of the 
model, the rats were sacrificed using either 
anesthesia or the air embolization method, and 
then the rat liver tissues and vena cava blood 
were collected for the post-study test. 

Determination of the miR-148a, NLR4, and 
CaMKII expressions in the rat liver tissue

HE staining: Liver tissues fixed in 4% formalin 
at 4°C for 48 h were embedded in paraffin 
blocks and sliced at a thickness of 4 µm. The 
slices were subject to gradient dehydration with 
ethanol (100% for 10 min, 95% for 10 min and 
80% for 10 min), and dewaxed in dimethylben-
zene. After the HE staining was done according 
to standard procedures (21), the tissues were 
observed under an optical microscope for pa- 
thological changes and magnified 200X to 
observe the cellular morphology. 

The total RNA of the collected liver tissue was 
extracted with a TRIzol kit. The purity, concen-
tration, and integrity of the total extracted RNA 
were determined using an ultraviolet spectro-
photometer and agarose gel electrophoresis. 
The miR-148a determination method was as 
follows: Reverse transcription of the total RNA 
was performed using TransScript® miRNA RT 
Enzyme Mix and 2× TS miRNA Reaction Mix. 
The procedure was carried out in strict accor-
dance with the manufacturer’s instructions. 
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Then the PCR amplification experiments were 
performed. The PCR reaction system included: 
1 μL of cDNA, 0.4 μL of upstream and down-
stream primers, 2× TransTaq® Tip Green qPCR 
SuperMix, and 10 μL and 0.4 μL of Passive 
Reference Dye (50×) were added to ddH2O until 
20 μL. The PCR reaction conditions: pre-dena-
turation at 94°C for 30 s, denaturation at 94°C 
for 5 s and annealing at 60°C for 30 s. It was 
40 cycles in total. 3 replicate wells were set for 
each sample, and the experiment was per-
formed 3 times. In this study, U6 was used as 
an internal reference for miR-148a, and 2-ΔΔct 
was used to analyze the data. The detection 
program of NLR4 and CaMKII was as follows 
with GAPDH as the internal control: the rever- 
se transcription was performed using the 5× 
TransScript® II All-in-One SpuperMix for qPCR 
and gDNA Remover kits. The procedure was 
carried out in strict accordance with the manu-
facturer’s instructions. Table 1 lists the primer 
sequences.

Apoptosis testing by TUNEL: The liver tissues 
were fixed with 10% paraformaldehyde, embed-
ded in paraffin, and sliced at a thickness of 4 
µm to test the apoptosis using the TUNEL kits 
(terminal deoxynucleotidyl transferase (TdT)-
mediated dUTP Nick End Labeling) (Roche, 
Switzerland) according to the instructions. The 
cellular nuclei with a positive TUNEL result we- 
re yellowish-brown, and chromatin aggregation  
or chromatorhexis can be seen under a high 
power lens. 

Determination of the NLR4, CaMKII, Bcl-2, and 
Bax protein expressions in the rat liver tissue

The total protein of the collected liver tissue 
was extracted using the RIPA pyrolysis method. 
The protein concentration was calculated using 
the BCA method. The protein concentration 
was adjusted to 4 μg/μL and separated using 
12% SDS-PAGE electrophoresis. After ioniza-
tion, the membrane was transferred to a PVDF 

solution was kept overnight. The primary anti-
body was removed by washing the membrane. 
Horseradish peroxidase-labeled goat anti-mo- 
use secondary antibody (1:5000) was added. 
Then it was incubated at 37°C for 1 h and 
rinsed 3 times with PBS for 5 min in each time. 
It was developed in a dark room. Filter paper 
was used to absorb the excess liquid on the 
membrane. The ECL was illuminated and devel-
oped. The protein bands were scanned, and the 
gray values were analyzed using Quantity One 
software. The relative expression level of the 
protein = the gray value of the target protein 
band/the gray value of the β-Actin protein 
band.

The expressions of the IL-1β and TNF-α inflam-
matory factors in rat serum

The serum was collected by centrifuging the  
rat vena cava blood at 3000 rpm and 25°C for 
10 min. The kit was used for quantification. The 
specific program was as follows: 50 μl of differ-
ent concentrations of the standard solution 
were added to the blank micro-wells; 50 μl of 
distilled water and 50 μL of antibody were 
added into the blank control wells; 40 μl of the 
sample and then 10 μl of the biotin-labeled 
antibody were added to the remaining micro-
wells, then they were incubated at 37°C for  
30 min. The washing solution in each well was 
ensured to be full without overflowing for 30 
seconds. Then it was patted dry 5 times. 50 ul 
of the enzyme-labeled solution was added to 
each well, then incubated at 37°C for 60 min. 
The plate was washed again 5 times. The 
absorbent paper was used to dry it thoroughly. 
Horseradish peroxidase was added to mark the 
100 μl/well. It was incubated at 37°C for 15 
min in the dark. Chromogenic substrate TMB in 
a 100 μl/well was added and incubated at 
room temperature for 20 min in the dark. 
Finally, 50 μl/well of the stop solution was 
added. The microplate reader was used to de- 
termine the maximum absorption wavelength 

Table 1. Primer sequence
Gene Upstream primer Downstream primer
miR-148a 5’-GTAAGTGCCTGCATGTATATG-3’ 5’-TACGTGTCGTGGAGT-3’
TLR4 5’-GGGTCAAGGAACAGAAGCA-3’ 5’-TGAAGGCAGAGGTGAAAGC-3’
CaMKII 5’-TTTGGATTTGCGGGAACAC-3’ 5’-TGACTCCGTCTGCTTTCTT-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’
GAPDH 5’-AAGAAGGTGGTGAAGCAGGC-3’ 5’-TCCACCACCCTGTTGCTGTA-3’

membrane. It was stained 
with a ponceau working 
solution and immersed in 
PBST for 5 min. 5% skim 
milk powder was used to 
block it for 2 h. NLR4, 
CaMKII, Bcl-2, and Bax pri-
mary antibodies (1:1000) 
were added at 4°C and the 
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at 450 nm within 15 min. 3 sets of duplicate 
wells were set, and the experiment was repeat-
ed 3 times.

TargetScan target gene prediction and dual-
luciferase reporter system 

The TargetScan database was applied to pre-
dict the target gene of miR-148a. The CaMKII 
gene was constructed using the miR-148a-mim-
ic and a blank sequence. The recombinant psi-
CHECK-2-CaMKII-WT plasmid and mutant psi-
CHECK-2-CaMKII-MUT plasmid were transfect-
ed into 293T cells, which were adopted after 
48 hours. The dual-luciferase reporter gene de- 
tection kit was used for the operation. Finally, 
the collected cells were quantified using a che-
miluminescence microplate reader. 3 sets of 
duplicate wells were set and the experiment 
was repeated 3 times.

Statistical analysis

In this study, SPSS 20.0 software was used to 
analyze the collected data, and the relevant 
pictures were drawn with GraphPad Prism 7 
software. KS was used to analyze the data dis-
tributions. Comparisons among groups were 
performed using a one-way analysis of variance 
and indicated by F. An LSD-t test was adopted 
for pairwise comparisons. P<0.05 meant there 
was a significant statistical difference.

Results

Identification of the fat MSC cells

By observing the fat MSCs of the primary rats 
under the microscope, it was found that the 
cells were spindle-shaped and slender, and 
they grew in a spiral shape. By detecting the 
cell surface CD markers, the MSC cell markers 
CD29 and CD90 were found to be positive, but 
the MSC hematopoietic markers CD31 and 
CD45 were found to be negative. The Alizarin 
Red staining and red oil staining demonstrated 
the osteogenic and fat differentiation capaci-
ties of the hepatocytes (Figure 1).

Exosome identification

The extracted exosomes were observed using 
electron microscopy. It revealed that the exo-
somes were about 50-100 nm under the elec-
tron microscope. The cells had a circular and 
elliptical cell vesicle structure (Figure 2).

Rat modeling

By hematoxylin-eosin staining (HE Staining), 
the normal group and the pseudo-operation 
group were found to have normally structured 

Figure 1. CD29, CD31, CD45, CD90 identification of MSC cells.

Figure 2. Exosomes under an electron microscope. 
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liver tissues and normally shaped liver cells, 
intact acini hepatis, and neatly arranged hepat-
ic sinusoids, without any significant necrosis  
of the liver cells, inflammatory cell infiltration, 
bleeding, or swelling. The model group showed 
hydropic pathologies of degeneration and ne- 
crosis in many liver cells, a damaged acini he- 
patis structure accompanied by inflammatory 
cell infiltration, congested and swollen hepatic 
sinusoids in disorder; the blank group and the 
experiment group demonstrated a reduction in 
the hydropic pathologies of degeneration and 
necrosis in the liver cells, alleviated inflamma-
tory cell infiltration, and swelling of the hepatic 
sinusoids, and such improvements were more 
dominant in the overexpression group (Figure 
3).

Testing of I/R-related hepatic apoptosis by 
TUNEL 

TUNEL was adopted to test the apoptosis in 
each group. In the model group, prominent he- 
patic apoptosis and karyopyknosis were ob- 
served when compared with the normal group 
and the pseudo-operation group, but in the 
blank group and the experiment group when 
compared with the model group, and in the 
overexpression group when compared with the 
blank group and the experiment group, the 
hepatic apoptosis and karyopyknosis were less 
significant (Figure 4).

Expressions of the inflammatory factors in the 
rat serum

The serum IL-1β and TNF-α expressions were 
significantly different among the groups (P< 
0.05). There was no significant difference in 
serum IL-1β and TNF-α expressions between 
the sham operation group and the normal 
group (P>0.05). There was no statistical differ-
ence in serum IL-1β and TNF-α expressions 
between the experimental group and the blank 
group (P>0.05). The expressions of IL-1β and 
TNF-α in the model group, the experimental 
group, the blank group, and the overexpression 
group were significantly higher than those of 
the normal group and the sham operation 
group (P<0.05). The expressions of IL-1β and 
TNF-α in the overexpression group serum were 
significantly lower than they were in the model 
group, the experimental group and the blank 
group (P<0.05). The expressions of IL-1β and 
TNF-α in the experimental group and the blank 
group were lower than they were in the model 
group (P<0.05) (Table 2). 

The expressions of miR-148a, TLR4 mRNA, 
and CaMKII mRNA in liver tissue

The expressions of miR-148a, TLR4 mRNA, and 
CaMKII mRNA in the rats’ liver tissues were sig-
nificantly different among the groups (P<0.05). 
There was no difference in the expressions of 

Figure 3. HE staining. A. HE stained liver tissue in the normal group. B. HE stained liver tissue in the sham opera-
tion group. C. HE stained liver tissue in the model group. D. HE stained liver tissue in the experimental group. E. HE 
stained liver tissue in the blank group. F. HE stained liver tissue in the overexpression group. 
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miR-148a, TLR4 mRNA, and CaMKII mRNA be- 
tween the sham operation group and the nor-
mal group (P<0.05). There was no difference in 
the expressions of miR-148a, TLR4 mRNA, and 
CaMKII mRNA between the experimental gr- 
oup and the blank group (P<0.05). The miR-
148a expression in the liver tissue of the model 
group was significantly lower than of its expres-
sion in the normal group, the sham operation 
group, the experimental group, and the blank 
group. The CaMKII mRNA and TLR4 mRNA 
expressions in the liver tissue of the model 

the experimental group and the blank group 
was higher than it was in the model group. The 
TLR4 mRNA and CaMKII mRNA expressions in 
the experimental group and the blank group 
were lower than they were in the model group 
(P<0.05) (Table 3).

The expressions of TLR4, CaMKII, Bcl-2 and 
Bax proteins in the liver tissue

The expressions of the TLR4, CaMKII, Bcl-2, 
and Bax proteins in the rats’ liver tissues we- 

Figure 4. Apoptosis by TUNEL A. Apoptosis of liver tissue in the normal group. B. Apoptosis of liver tissue in the sham 
operation group. C. Apoptosis of liver tissue in the model group. D. Apoptosis of liver tissue in the experimental 
group. E. Apoptosis of liver tissue in the blank group. F. Apoptosis of liver tissue in the overexpression group.

Table 2. The expressions of IL-1 β and TNF-α in the serum of 
rats
Group IL-1β (ng/L) TNF-α (ng/L)
Normal group (n=7) 16.45±4.84 18.44±3.11
Sham operation group (n=7) 18.39±5.24 20.15±4.73
Model group (n=7) 89.42±9.11*,# 189.18±15.70*,#

Experimental group (n=7) 62.17±6.77*,#,Δ 157.84±10.19*,#,Δ

Blank group (n=7) 58.29±5.39*.#,Δ 154.11±8.74*,#,Δ

Overexpression group (n=7) 39.72±4.89*,#,Δ,▽,▲ 112.33±8.99*,#,Δ,▽,▲

F value 142.997 419.627
P value <0.001 <0.001
Note: *indicates there is a difference compared with the normal group (P<0.05), 
# indicates there is a difference compared with the sham operation group 
(P<0.05), Δindicates there is a difference compared with the model group 
(P<0.05), ▽indicates there is a difference compared with the experimental 
group (P<0.05), and ▲indicates there a difference compared with the blank 
group (P<0.05).

group were significantly higher 
than they were in the normal 
group, the sham operation gr- 
oup, the experimental group, and 
the blank group (P<0.05). The 
miR-148a expression in the liver 
tissue of the overexpression gr- 
oup was significantly higher than 
it was in the other groups. The 
expressions of TLR4 mRNA and 
CaMKII mRNA in the overexpres-
sion group were lower than they 
were in the model group, the 
experimental group, and the bl- 
ank group, but they were higher 
than they were in the normal 
group and the sham operation 
group (P<0.05). The miR-148a 
expression in the liver tissue of 
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re significantly different among the groups 
(P<0.05). There was no difference in the expres-
sion of the TLR4, CaMKII, Bcl-2, and Bax pro-
teins between the normal group and the sham 
operation group (P>0.05). There was no differ-
ence in the expressions of the TLR4, CaMKII, 
Bcl-2 and Bax proteins between the experimen-
tal group and the blank group (P>0.05). The 
expressions of the TLR4, CaMKII and Bax pro-
teins of the normal group and the sham opera-
tion group were significantly lower than they 
were in the model group, the experimental 
group, the blank group, and the overexpression 
group, but the Bcl-2 protein expression was just 
the opposite (P<0.05). The expressions of the 
TLR4, CaMKII, and Bax proteins in the experi-
mental group and the blank group were signifi-
cantly lower than they were in the model group, 
but the Bcl-2 protein expression was just the 
opposite (P<0.05). The expressions of the 
TLR4, CaMKII, and Bax proteins of the overex-
pression group were significantly lower than 
they were in the model group, the experimental 
group and the blank group, but the Bcl-2 pro-
tein expression was just the opposite (P<0.05) 
(Table 4 and Figure 5).

The TargetScan target gene prediction and the 
dual luciferase reporter system 

There is a binding site between miR-148a and 
CaMKII according to the TargetScan database. 
Through the dual-luciferase reporter system, 
the luciferase activity of the miR-148a-mimic in 
the psiCHECK-2-CaMKII-WT group was signifi-
cantly lower than it was in the unrelated se- 
quence group. There was no significant differ-
ence in the luciferase activity of the miR-
148a-mimic between the psiCHECK-2-CaMKII-
MUT group and the unrelated sequence group 
(P>0.05) (Figure 6).

Discussion

As a very common clinical I/R, liver I/R can be 
divided into thermal liver I/R and cold I/R 
according to the type of injury [20]. Among 
them, thermal I/R is more common in surgical 
transplantation, shock, and injury. It can induce 
multiple organ failures in some serious cases. 
Cold liver I/R is mainly caused by sinusoidal 
endothelium injury and microcirculatory disor-
ders, which are more common in the preserva-

Table 3. The expressions of miR-148a, TLR4 mRNA, and CaMKII mRNA in liver tissue
Group miR-148a TLR4 mRNA CaMKII mRNA
Normal group (n=7) 1.012±0.045 1.025±0.064 1.033±0.069
Sham operation group (n=7) 1.032±0.061 1.039±0.071 1.038±0.077
Model group (n=7) 0.344±0.124* 1.844±0.388* 1.721±0.182*

Experimental group (n=7) 0.698±0.168*,# 1.612±0.225*,# 1.557±0.150*,#

Blank group (n=7) 0.725±0.184*,# 1.598±0.189*,# 1.530±0.180*,#

Overexpression group (n=7) 1.422±0.247*,#,Δ,▽,▲ 1.272±0.122*,#,Δ,▽,▲ 1.258±0.113*,#,Δ,▽,▲

F value 39.514 18.306 31.568
P value <0.001 <0.001 <0.001
Note: *indicates there is a difference compared with the normal group (P<0.05), #indicates there is a difference compared with 
the sham operation group (P<0.05), Δindicates there is a difference compared with the model group (P<0.05), ▽indicates there 
is a difference compared with the experimental group (P<0.05), and ▲indicates there a difference compared with the blank 
group (P<0.05).

Table 4. The expressions of the TLR4, CaMKII, Bcl-2, and Bax proteins in liver tissue
Group TLR4 CaMKII Bcl-2 Bax caspase-3
Normal group (n=7) 0.310±0.085 0.302±0.069 1.225±0.184 0.511±0.084 1.147±0.165

Sham operation group (n=7) 0.321±0.080 0.320±0.074 1.208±0.195 0.525±0.095 1.184±0.174

Model group (n=7) 0.841±0.187* 0.811±0.199* 0.508±0.125* 1.148±0.188* 0.635±0.105*

Experimental group (n=7) 0.635±0.159*,# 0.645±0.148*,# 0.699±0.133*,# 0.825±0.122*,# 0.794±0.104*,#

Blank group (n=7) 0.626±0.148*,#,Δ 0.632±0.158*,#,Δ 0.705±0.168*,#,Δ 0.861±0.135*,#,Δ 0.805±0.118*,#,Δ

Overexpression group (n=7) 0.468±0.101*,#,Δ,▽,▲ 0.468±0.108*,#,Δ,▽,▲ 0.925±0.175*,#,Δ,▽,▲ 0.669±0.108*,#,Δ,▽,▲ 0.938±0.104*,#,Δ,▽,▲

F value 16.878 15.698 22.038 25.358 18.710

P value <0.001 <0.001 <0.001 <0.001 0.001
Note: *indicates there is a difference compared with the normal group (P<0.05), # indicates there is a difference compared with the sham operation group (P<0.05), 
Δindicates there is a difference compared with the model group (P<0.05), ▽indicates there is a difference compared with the experimental group (P<0.05), and ▲indi-
cates there a difference compared with the blank group (P<0.05).
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tion stage of the liver in vitro. Although the two 
I/Rs are caused by different types of damage, 
they have the same pathological mechanism. 
How to reduce the occurrence of I/R and hepa-
tocyte apoptosis is one of the urgent problems 
to be solved.

In recent years, studies have shown that [21] 
MSC has a significant effect on the treatment 
of I/R. It is an important cell with multiple dif-
ferentiation capabilities. Studies of He et al. 
[22] show that in a cerebral ischemia reperfu-
sion rat model, the transplantation of bone 
marrow mesenchymal stem cells can inhibit the 
occurrence of autophagy through the PI3K/Akt 
pathway. Therefore, the brain can be protected 
after I/R. In addition, other studies have shown 
that [23], after the intravenous injection of 
MSC, certain injured tissue can be repaired. 
However, after the intravenous injection, a lar- 
ge number of the cells will stagnate in the mi- 
crocirculation of the lungs. The MSCs that have 
migrated to the targeted organ are less than 
1% of the weight. The survival rate in the host 
after MSC injection is low, so its effect is limit-
ed. Exosomes have maternal cell characteris-
tics. Exosomes are cells that can transmit miR, 
protein, and regulatory receptor cells [24]. 

Many studies have shown that [25, 26] exo-
somes are a new way to communicate among 
cells, and that exosomes can also protect a 
variety of cells after they are released from 
MSCs. In this study, we first observed the pro-
tective effect of mesenchymal stem cell exo-
somes on liver I/R.

As a multifunctional serine/threonine protein 
kinase, CaMKII plays a major role in regulating 
the main kinase of Ca2+ homeostasis [27]. As 
an important signal transduction model recep-
tor, the TLR family can promote the occurrence 
of inflammatory responses, the mature differ-
entiation of immune cells, and the regulation of 
immune responses [28]. As an important mem-
ber of the TLR family, studies have shown [29] 
that TLR4 is involved in the inflammatory 
response of I/R. In this study, an exosomal 
solution was injected to the tail vein of the liver 
I/R rats. It was found that the expressions of 
TLR4, CaMKII mRNA, and protein in the liver tis-
sue of the model group without the injection  
of exosomes was significantly increased. The 
expressions of TLR4, CaMKII mRNA, and pro-
teins of the experimental group with exosomal 
injection were significantly lower than the ex- 
pressions in the model group, but higher than 
of the expressions in the normal group and the 
sham operation group. We further detected the 
inflammatory factors IL-1β and TNF-α in the 
rats’ serum. The concentrations of IL-1β and 
TNF-α in the model group were increased sig-
nificantly, which was higher than they were in 
the experimental group. This indicates that the 
expressions of TLR4, CaMKII, IL-1β, and TNF-α 
in rat tissues can be effectively reduced by an 
injection of the exosomal solution. Studies 
have shown that [30] CaMKII can directly bind 
to TAK1 and IRF3, and can promote TLR4-
mediated inflammatory factors to be released. 
In addition, there is an inflammatory cascade 
between them. We speculate that the injection 
of MSC exosomes may reduce the CaMKII 
expression in tissues and inhibit the TLR4 sig-
naling pathway. Therefore, the occurrence of 
the inflammatory response is reduced. Apo- 
ptosis is the main mechanism for cell death in 
I/R. In this experiment, we tested the expres-
sion of the Bcl-2 and Bax proteins in rat tissues. 
Bcl-2 inhibits apoptotic proteins, but Bax pro-
motes apoptotic proteins [27]. By detection, 
the expression of Bcl-2 proteins in the liver tis-
sue of the model group was significantly de- 

Figure 5. The expressions of the TLR4, CaMKII, Bcl-2, 
and Bax proteins in liver tissue.
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creased and the expression of the Bax protein 
was significantly increased. In contrast, the 
expressions of the two proteins in the experi-
mental group were significantly just the oppo-
site. It has been further proved that MSC exo-
somes can promote the Bcl-2 protein by inhibit-
ing the Bax protein, thereby reducing apoptosis. 
This study initially demonstrated that the injec-
tion of MSC exosomes can reduce CaMKII. 
TLR4 expression was downregulated. The in- 
flammation response and apoptosis were re- 
duced. But the way to reduce CaMKII is still 
unclear. 

miR has become a popular research topic in 
recent years. It is a non-coding short interfering 
RNA with a length of about 19-22 nt, which is 
highly conserved. It can be bound to target 
gene 3’-UTRs for regulation of the target gene 
by complete or incomplete complementary pai- 
ring [31]. Studies [18] have shown that there 
may be a relationship between miR-148a and 
CaMKII. For this purpose, the miR bound to the 
CaMKII gene was reversely searched using the 
TargetScan database. The results showed that 
there was a targeted binding site between miR-
148a and CaMKII. A targeted regulatory func-
tion between them was verified through the du- 
al-luciferase reporter system. We further tested 
the expression of miR-148a in the liver tissues 
of the experimental group and the model group. 
The expression of miR-148a in the model group 

group, the model group, the experimental gr- 
oup, and the blank group. Moreover, the expr- 
essions of TLR4, CaMKII mRNA, and protein in 
the liver tissue of the overexpressing group 
were significantly lower than they were in the 
model group and the experimental group. This 
suggested that the CaMKII expression can be 
inhibited by over-expressed miR-148a. Fur- 
thermore, the expression of TLR4 was decrea- 
sed, and the expressions of IL-1β and TNF-α in 
the serum were also significantly lower than 
they were in the model group and the experi-
mental group. The expression of Bax in the liver 
tissue of the overexpression group was signifi-
cantly higher than it was in the model group 
and the experimental group, but the expression 
of Bcl-2 was just the opposite. Studies of Wang 
et al. [32] have shown that oxidized low-density 
lipoproteins can induce myocardial cell apopto-
sis in neonatal rats by regulating the TLR4 sig-
naling pathway. In this study, we speculate that 
inhibition of TLR4 expression can inhibit ap- 
optosis.

In this study, we initially demonstrated that, by 
intravenously injecting an miR-148a exosomal 
solution into the liver I/R rat tail, the expres-
sions of CaMKII and TLR4 in liver tissues, the 
occurrence of the inflammatory response, and 
the apoptotic process were inhibited. However, 
there are still some limitations to this study. 
First, we only tested the rats at one time point. 

Figure 6. Dual luciferase reporter system. indicates that there is a differ-
ence between two groups (P<0.05).

was significantly increased, 
but the expression of miR-
148a in the experimental gr- 
oup was significantly decreas- 
ed. Both were higher than they 
were in the normal group and 
the sham operation group. We 
speculate that miR-148a may 
be involved in exosomes, which 
have increased the expression 
of miR-148a in tissues and re- 
gulates the expression of CaM- 
KII. Therefore, we constructed 
the miR-148a lentiviral vector 
miR-148a-mimic and co-trans-
fected it with the exosomes. In 
the rat liver I/R model with tail 
vein injection, the miR-148a 
expression of the overexpres-
sion group was significantly 
higher than it was in the nor-
mal group, the sham operation 
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The expressions of various factors in the liver 
tissue and serum of the rats at other time 
points are still unclear. Second, after the inhibi-
tion of TLR4 expression, the specific mecha-
nism causing apoptosis is still unclear. Finally, 
the test is only an animal experiment, and it has 
not been studied in the clinic. Whether it can be 
done in the clinic requires further study. The- 
refore, in future research, we hope to improve 
the experiment and carry out clinical research 
to verify the results of our study.

In conclusion, over-expressed miR-148a MSC 
exosomes can inhibit the expressions of CaMKII 
and TLR4 in liver I/R tissues and reduce the 
occurrence of the inflammatory response and 
apoptosis.
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