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Abstract: Background: The RAS system is involved in the regulation of islet function, but its regulation
remains unclear.

Objective: This study investigates the role of an islet-specific miR-375 in the effect of RAS system on
islet B-cells.

Methods: miR-375 mimics and inhibitors were transfected into insulin-secreting MING6 cells in the pres-
ence or absence of RAS component.

Results: Compared to control, in Ang Il-treated MING6 cells, miR-375 mimic transfection results in a
decrement in cell viability and Akt-Ser levels (0.739+0.05 vs. 0.883+0.06 and 0.40+0.04 vs. 0.79+0.04,
respectively), while the opposite occurred in miR-375 inhibitor-transfected cells (1.032+0.11 vs.
0.883+0.06 and 0.98+0.05 vs. 0.79+0.04, respectively, P<0.05). Mechanistically, transfection of miR-
375 mimics into Ang II-treated MING6 cells significantly reduced the expression of Mapkapl protein
(0.97i0.15 vs. 0.63+0.06, P<0.05); while miR-375 inhibitor-transfected cells elevated Mapkap1 expres-
sion level (0.35+£0.11 vs. 0.90+0.05, P<0.05), without changes in mRNA expression. Transfection of
miR-375 specific inhibitors TSB-Mapkap1 could elevate Mapkap1 (1.62+0.02 vs. 0.68+0.01, P<0.05),
while inhibition of Mapkapl could significantly reduce the level of Akt-Ser473 phosphorylation
(0.60+0.14 vs. 1.80+0.27, P<0.05).
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Conclusion: The effects of Ang Il on mouse islet § cells were mediated by miR-375 through miR-
375/Mapkap 1 axis. This targeted regulation may occur by affecting Akt phosphorylation of  cells.
These results may provide new ideas and a scientific basis for further development of miRNA-targeted
islet protection measures.

1. INTRODUCTION

According to the Global Diabetes Map (10" edition) re-
leased by the International Diabetes Federation (IDF) in De-
cember 2021 [1], about 537 million adults (20-79 years old)
in the world suffering from diabetes in 2021 (10.5%), and this
number is expected to rise to 643 million (11.3%) and 783

understood, and there is a lack of effective measures to protect
and reverse islet damage clinically [3]. Recent studies have
shown that the insulin signaling pathway plays an important
role in maintaining both the number and function of islet §
cells [4]. Insulin receptor (IR), insulin receptor substrate (IRS-
1, IRS-2), and various protein kinases (PI-3K, PKB, PKC,

million (12.2%) by 2030 and 2045, respectively.

In diabetes patients, islet damage is a key factor influenc-
ing the occurrence and development of diabetes [2]. However,
the detailed mechanisms of islet damage and repair are not yet
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MAPK, and MAK) can be expressed in pancreatic f§ cells in
both rodents and humans, suggesting the existence of insulin
autocrine in  cells [5]. Islet B cells are also the target cells of
insulin, and dysfunction of insulin signal transduction in 3
cells can lead to an impaired number and function of f cells,
which is one of the important pathophysiological changes in
diabetes [6].

The renin-angiotensin system (RAS) has been widely
studied in blood vessels [7], and recently it has been found to
play an important role in islet injury and repair [8]. Angioten-
sin II (Ang II) is the main active substance of RAS, which
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affects islet function either directly or indirectly by affecting
microcirculation blood flow, thus causing islet fibrosis, reduc-
ing the proliferation and apoptosis of B cells, and inhibiting
insulin biosynthesis and secretion [9, 10]. The angiotensin-
converting enzyme (ACE)-Ang II-Angiotensin II type 1 re-
ceptor (AT1R) pathway and the ACE2-Ang-(1-7)-Mas recep-
tor (MasR) pathway are antagonistic, and the balance between
these two axes determines the ultimate effect of RAS [11-13].
Activation of the ACE-Ang II-AT1R pathway is one of the
important pathological mechanisms of diabetes [14, 15], and
as such, blocking this pathway can reduce the risk of diabetes
[16-17]. However, in-depth mechanistic study on how RAS
regulates insulin in islet  cells remains unknown.

MicroRNAs (miRNAs) are a class of endogenous non-
coding single-stranded small RNA molecules composed of
21-25 nucleotides that target the mRNA and participate in
the regulation of gene expression after transcription [18].
Studies have reported that miRNA is a key regulator of the
number and function of B cells [19-23] and is also involved
in the expression of the pathogenic effect of RAS [24-27]; it
is, thus, a potential therapeutic target for some diseases. Poy
et al. first discovered and confirmed miR-375 [28] to be an
islet-specific miRNA that is necessary for normal pancreatic
development, and is involved in the regulation of insulin se-
cretion,  cell development, proliferation, and apoptosis [29-
31]. miR-375 can act on phosphoinositide-dependent protein
kinase-1 (PDK1) [32-35], a key component in the insulin
signaling pathway, to reduce the protein level of PDKI,
thereby inhibiting insulin biosynthesis [30, 36]. In addition,
miR-375 was also observed to be involved in fatty apoptosis
of islet B cells; that is, high expression of miR-375 could
make mouse islet secreting cells more sensitive to fatty
apoptosis induced by palmitic acid, while inhibition of miR-
375 expression resulted in reduced fatty apoptosis induced
by palmitic acid [37]. Our preliminary data also suggest that
miR-375 was significantly differentially expressed when
Ang II acted on pancreatic B cells (Fig. S1), indicating that
miR-375 may be an important regulator of RAS that affects
islet B cells.

Therefore, in this study, we aim to depict the importance
of miR-375 in affecting the RAS pathway. By uncovering
their mechanistic pathway, we hope to identify the molecular
mechanisms of miR-375 in controlling the effect of RAS on
the insulin signal of islet B cells.

2. MATERIALS AND METHODS
2.1. Cell Culture

All reagents (unless noted otherwise) were purchased from
Gibco and Corning, USA. MING6 cells, mouse insulin-secret-
ing cells were derived from transgenic mouse islet-tumor-ex-
pressing SV40T antigens [38], and were purchased from the
cell bank of Central South University (Changsha, China).
MING6 cells were cultured in DMEM high-glucose medium
(25 mmol/L glucose containing 10% fetal bovine serum and 5
pl /L B mercaptoethanol) in an incubator at 37°C, 5% CO,,
and saturated humidity, under the same conditions as de-
scribed in a previous study [39] When the cells grew to about
80% confluence, the cells were sub-cultured at a ratio of 1:3
and were passaged once every 3-4 days (Fig. S2).
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2.2. Real-time PCR (RT-PCR)

Real time PCR (RT-PCR) reagent was purchased from
TaKaRa, Japan, PCR reaction plate and instrument were pur-
chased from Bio-Rad, USA, primer sequence was purchased
from Guangzhou RiboBio Technology Co., LTD. RT-PCR
was used for semi-quantitative analysis. Primer sequences for
PCR are shown in Table S1.

RT-PCR was used to detect miRNA expression levels af-
ter Ang II and Ang (1-7) stimulation in MING6 cells. After the
mice insulin-producing MIN6 cells were stimulated using
Ang I1/ Ang (1-7) (both 10~ mol/L, 48 h), the cells were col-
lected, RNA was extracted. RT-PCR was conducted to con-
firm that miR-375 is regulated by RAS in the insulin signaling
pathway of pancreatic islets.

2.3. Sanger microRNA Registry Database

To obtain sequence of miR-375 and miR-375 mimics/in-
hibitors, the mature sequence information of miR-375
(UUUGU UCGUUCGGCUCGCGUGA) was obtained
through the Sanger microRNA Registry database, primers,
and corresponding mimics/inhibitors (2'-O-methylated anti-
sense oligonucleotides) of miR-375 were designed accord-

ingly.

2.4. Transfection of Mimics and Inhibitors for miR-375

To transfect MING6 cells with mimics and inhibitors of
miR-375 by liposome to enhance or inhibit miR-375 levels,
LipofectamineTM 2000 (Invitrogen, USA) was used accord-
ing to manufacturer’s protocol. To obtain miR-375 overex-
pressed/inhibited MING6 cells, the cells were inoculated one
day before transfection, and a medium without antibiotics was
added to each well such that the cell density at the time of
transfection could reach 30-50% for transfection. Analogues
and inhibitors of miR-375 were diluted with serum-free opti-
mized medium and mixed gently. Transfection reagent was
diluted with serum-free optimized medium and incubated at
room temperature for 5 min, then gently mixed with the di-
luted miRNA and cultured at room temperature for 20 min.
The resulting mixture was added to the wells containing the
cells and culture medium. For the experiment, the mixture was
divided into the transfection group, negative control group,
and blank control group. The culture plate was placed in an
incubator for culturing, and 6-8 h later, the culture plate was
replaced with a complete medium containing serum for fur-
ther induced differentiation.

2.5. Annexin V/PI Double Staining Flow Cytometry

To quantify the apoptosis level in MIN6, Annexin V-FITC
Apoptosis Kit (with PI, BD, USA) was purchased; while
Hoechst 33342 staining was performed for morphological ob-
servation and quantitative analysis. The cells were observed
and photographed under an inverted fluorescence microscope;
excitation light of 200-380 nm and emission light of 420 nm
was used. The nuclei of apoptotic cells showed varying de-
grees of solid shrinkage and hyperchromatic staining. Five ho-
rizons were randomly selected from each sample to calculate
the rate of apoptosis.
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Cultured cells were collected, and 100 pl of Binding Buffer
and 10 pl of FITC-labeled Annexin V (20 ug/ml) were added.
The solution sat at room temperature in darkness for 30 min,
and then 5 pl of PI (50 pg/ml) was added. After 5 min of light
avoidance reaction, 400 pl of Binding Buffer was added,
which was used for flow cytometry quantitative detection. A
tube without Annex V-FITC and PI was used as a negative
control. Apoptosis was analyzed according to the calculated
apoptosis rate.

2.6. Cell Counting Kit-8 (CCK-8)

To determine cell proliferation activity of MING6 cells,
CCK-8 assay (Dojindo Laboratories, Japan) was used. Culture
medium containing 10% CCK-8 reagent was then added to
each well. The cells were incubated at 37°C and 5% CO, for
3 h, followed by detection on a microplate reader (450 nm
wavelength). The optical density (OD) value was proportional
to the number of cells, and cell proliferation was indicated by
(A450 nm = absorbance value of experimental group - absorb-
ance value of blank group). Cell growth and the proliferation
curve were calculated according to the OD value.

2.7. Radioimmunoassay

To detect the amount of insulin secreted by MING6 cells, a
1251 insulin radioimmunoassay kit (Beijing North Institute of
Biotechnology, China) was used. Insulin standard concentra-
tions were 0, 5, 15, 45, 135, 405 ¢ IU/ml, respectively. Insulin
quality control serum range were as follows: QL: 22.4 (15.7-
29.1); QH: 77.9 (54.5-101.3). With the automatic y counter to
determine the precipitation of each tube radioactive count
(cpm), the radioactivity measured by each standard tube as a
standard curve, the use of ELISAMATE software (Product
Code: 1514353, Version 1.1) to fit the four-parameter equa-
tion, the concentration of the sample to be measured can be
obtained from the standard curve according to the radioactiv-
ity count. The insulin content in the sample was corrected by
the protein amount for graph analysis.

2.8. Bioinformatics Software and Dual Luciferase Report-
ing Assay

To predict and validate the target genes that might be regu-
lated by miR-375, bioinformatics software and dual luciferase
reporting assay were utilized. Based on the structure and ther-
modynamics of the binding between the miRNA seed sequence
and the 3’UTR end of the target gene, it was used to predict the
target genes that miRNA might regulate. The main bioinformat-
ics software and databases used included the following: NCBI
nucleic acid sequence database (http://www. ncbi.nlm.nih.gov);
MiRTarbase database (http:// mirtarbase. mbc.nctu.edu.tw);
MicroRNA database miRBase (http://ww w.mirbase.org); Tar-
getscan (http:/www.targetscan.org/mm u_61); and MiRanda
(http:// www.microrna.org).

A Dual-Luciferase Reporter Assay Kit was used to assay the
luciferase activity and observe whether miR-375 inhibited the
transcriptional activity of the Mapkap1 gene, so as to determine
whether miR-375 targeted regulating Mapkap1. Dual-Glo® Lu-
ciferase Assay System was purchased from Promega, enzy-
matic reagents from Fermentas, USA. TIANprep Mini Plasmid
Kit, Universal DNA Purification Kit and DH5a receptive cell
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were purchased from Tiangen Biochemical Technology Co.,
LTD, China.

For the construction of a Mapkap| reporter gene vector, pri-
mers of the Mapkap1 gene 3’'UTR were designed using the Pri-
mer 5 software. Restriction site sequences (Xhol and EcoRI)
were introduced at both ends, respectively, genomic DNA was
extracted, PCR amplification was conducted, and the promoter
region of the Mapkap1 gene was cloned. After sequencing was
confirmed, the cloned promoter fragments were inserted into
the MCS region of the luciferase reporter vector 3.1-Luc
(Promega), and the Mapkapl luciferase reporter gene carrier
3.1-luc- Mapkap1-wt was constructed. Meanwhile, the mutant
vector 3.1-luc- Mapkapl-mut was constructed using a similar
method, and only the predicted binding site of miR-375AA-
GCCAU was mutated into GAUGUGC. The second fluores-
cent report empty carrier, pGL4.10 [Luc2], was purchased from
Promega.

For dual-reporter assay, the following was carried out.

(1)  WT + Negative Control (NC): Wild-Type Mapkapl
3’UTR, a double luciferase reporter vector of the Mapkapl
gene, was co-transfected with miR-375 mimic NC;

(il) WT + mimic: The Wild-Type Mapkap1 3’UTR of the
Mapkapl gene was co-transfected with miR-375 mimic;

(iii) Mut + NC: Mutant luciferase reporter vector, Mutant
Mapkap1 3’UTR, was co-transfected with miR-375 mimic NC;
and

(iv) Mut + mimic: Mutant luciferase reporter vector, Mu-
tant Mapkap1 3°’UTR, was co-transfected with miR-375 mimic.

2.9. Western Blot Analysis

The reagents and instruments were purchased from Shang-
hai Sheneng Biotechnology Co., Ltd. (China), Roche (Swit-
zerland), TaKaRa (Japan), Bio-Rad, Amresco and Sigma
(USA), etc.

2.10. Detection of Mapkap1 Protein Level Changes after
miR-375 Overexpression or Inhibition

To verify whether Mapkapl is involved in miR-375-regu-
lated mechanism.

miR-375 overexpression/ expression-inhibition system
groups are divided as follows: (i)Con group: control group;
(i))mimic/ inhibitor NC group: transfected with miR-375
mimic/ inhibitor NC; (iii)mimic/ inhibitor group: transfected
with miR-375 mimic/ inhibitor. Total RNA was extracted 24
hours after transfection and total protein was extracted 36
hours after transfection. RT-PCR was used to detect the ex-
pression of miR-375 and Western blot was used to detect the
level of Mapkapl protein (anti-Mapkapl, Millipore (#05-
1044), USA).

2.11. Detect changes in Mapkap1 After Ang II Treatment
of MING Cells

(i) Mapkapl protein levels when treated with different
concentrations of Ang II: MING6 cells were treated with differ-
ent concentrations of Ang II (0, 10, 107, 10, 10, and 10*
mol/L) for 36 h.
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(i) Mapkapl protein levels when treated with different
lengths of time: MING cells were treated with 10~ mol/L Ang
I for 12 h, 24 h, 36 h, and 48 h.

(iii) Expression of Mapkapl mRNA when treated with
Ang II: Based on the above findings that Ang II affected Map-
kap1 protein levels at different concentrations and lengths of
time, MING cells were treated with 10 mol/L Ang II for 24
h, 36 h, and 48 h, and RT-PCR was used to detect Mapkap1
mRNA expression.

2.12. Detect Mapkap1 Protein level in MING6 Cells Trans-
fected with TSB-Mapkap1 and Treated with 10-5 mol/L
Ang 11

To investigate whether Ang II affect islet B cells by target-
ing Mapkap] regulation through miR-375.

TSB-Mapkap! (microRNA target site Blocker), a specific
inhibitor of miR-375, was designed for the corresponding
binding site sequence of miR-375 and the Mapkap1 3’UTR.
The phenotypic changes obtained by commonly used mi-
croRNA inhibitors were the result of the up-regulation of mul-
tiple targets. To further test this, the following three test
groups were designated in MIN6 cells: (i) control group
(Con); (ii) NC group (NC): transfected TSB-Mapkapl NC;
and (iii)) TSB-Mapkapl group: transfected with TSB-Map-
kapl. 36 h later, Mapkap1 protein levels in the cells were de-
tected by Western blot, apoptosis rate was detected by An-
nexin V/PI staining, and insulin secretion was detected by ra-
dioimmunoassay.

2.13. Assessing Cellular Pathway of Mapkapl

We first silenced the Mapkapl mRNA through siRNA
interference. Three specific siRNAs (Mapkapl-Si-1, Map-
kap1-Si-2, and Mapkap1-Si-3) were designed for the Map-
kapl sequence (Guangzhou RiboBio Technology Co., Ltd.,
China). After 36 h of transfection in MING6 cells, Mapkapl
protein levels were detected to obtain the best siRNA se-
quence for silencing. At the same time, levels of protein as-
sociated with insulin signaling pathway like Akt (Cell Sig-
naling #4691, USA), Akt-Serd473 (Cell signaling #4058,
USA), Caspase-3 (Cell Signaling #9662, USA), cleaved
caspase-3 (Cell signaling #9664, USA) and IRB-Tyr (Santa
cruz #Tyr1163/1164, UK) were also detected by Western
blot. The UVidoc gel image analysis system (Biometra, Ger-
many) used photographs and band density scans to calculate
the ratio of the targeted phosphorylated protein band to the
corresponding total protein as the relative level of protein
phosphorylation.

Two test groups were designated: (i) NC group: Map-
KAP1-SiRNA NC was transfected; and (ii) MapKAPI1-Si
group: MAPKAPI1-Si-3 was transfected (the best sequence
according to the above experiment).

2.14. Statistical Analysis

The statistical software package SPSS 19.0 was used for
data analysis. The experimental results are measurement data
expressed as mean + standard deviation (x £ s). All data were
tested for normality and homogeneity of variance. Two inde-
pendent sample t-tests were used for comparing two groups,
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one-way ANOVA was used for comparing multiple groups,
and the least significant difference LSD-T test was used for
pairwise comparison between multiple groups. P < 0.05 was
regarded as statistically significant. Statistical graphs were
created using GraphPad Prism 6.0 and were annotated and in-
tegrated using Adobe Photoshop CS 6.0 and Adobe Illustrator
CS 6.0.

3. RESULTS

3.1. Changes of miR-375 Expression When RAS Acts on
Islets

To detect cellular miR-375 expression changes in mouse
insulin-secreting cell MING cells under RAS, we used RT-
PCR. After Ang II treatment, expression levels of miR-375
significantly increased in comparison with the control group
(3.75+0.008 vs. 1, P <0.05) (Fig S1). Contrastingly, after Ang
(1-7) treatment on MING cells, the expression of miR-375 ap-
peared to be up-regulated, but the difference was not consid-
ered statistically significant (1.92+0.023 vs. 1, P> 0.05) (Fig.
S1).

3.2. Expression of miR-375 in MIN6 Cells

To establish the overexpression/ inhibition model of miR-
375 in mouse insulin-secreting cells, miR-375 mimic and in-
hibitor were transfected to MING cells with LipofectamineTM
2000. After 24 h, cells were collected to extract total RNA and
detect the changes in the expression of miR-375. The results
showed that miR-375 expression was significantly increased
after transfection with miR-375 mimic (1616.33 + 191.17 vs.
1, P < 0.05) (Fig. 1A), while it was significantly decreased
after transfection with miR-375 inhibitor (0.61 = 0.24 vs. 1, P
<0.05) (Fig. 1B), indicating that the modeling was successful.

3.3. Changes of Mouse Islet § Cells under Ang II after the
Expression of miR-375 was Changed

To observe the role of miR-375 in the regulation of Ang II
on the apoptosis of islet B cells, we used Annexin V/PI stain-
ing and the results showed that apoptosis of cells transfected
with miR-375 mimic under the effect of Ang II was signifi-
cantly increased compared with the control group, while cell
viability after transfection with miR-375 inhibitor was not sta-
tistically different compared with the control group. Ang (1-
7) did not significantly reduce cell apoptosis compared with
the control group, but transfection with an miR-375 mimic
significantly increased cell apoptosis compared with the con-
trol group (Table 1, Fig. 2A-K, Fig. 3A).

To understand the role of miR-375 in the regulation of Ang
I on the proliferation of islet B cells, CCK-8 results showed
that cell viability was significantly decreased after transfec-
tion with miR-375 mimic, but increased after transfection with
miR-375 inhibitor, compared with the control group under the
effect of Ang II. However, Ang-(1-7) did not significantly in-
crease cell viability compared with the control group, while
cell viability was significantly increased after transfection
with miR-375 inhibitor compared with the control group (Ta-
ble 1, Fig. 3B).

To explore the role of miR-375 in the regulation of Ang II
on insulin signaling of islet B cells, western blot was used to
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detect the expressions of IRB-Tyr and Akt-ser in the insulin sig-
naling pathway of MING6 cells. Akt-Ser levels were found to be
further decreased after transfection with miR-375 mimic in Ang
II-treated MING6 cells (0.40 + 0.04 vs. 0.79 = 0.04, P < 0.05).
While after transfection with miR-375 inhibitor, tyrosine phos-
phorylated IR-f (IR-B-Tyr) and Akt-Ser levels were increased
(1.354£0.12 vs. 0.69 + 0.05 and 0.98 £ 0.05 vs. 0.79 £ 0.04, both
P <0.05) (Table 2, Fig. 4).

3.4. Bioinformatics Predictions of Molecular Mechanisms
of miR-375

3.4.1. Prediction of Target Genes Directly Regulated by miR-
375

More than 100 miR-375 target genes were predicted by bi-
oinformatics software, and Mapkapl gene was one of them.
There is a binding site of miR-375 on Mapkapl 3'UTR
[GAACAAA (2355-2361), Position 313-319 of Mapkapl 3'
UTR)]. The predicted results of Targetscan online software and
miRanda online software are consistent (Fig. S3). Mapkapl is
an important component of mMTORC?2 [40], and mTORC2-Akt
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plays a certain role in regulating the quantity and function of
pancreatic [ cells [41]. Combined with the reported effects of
miR-375, the physiological effects of these target genes, and the
possible molecular mechanisms involved, this study selected
Mapkapl as the target gene that miR-375 may directly regulate
for further study.

In order to verify whether miR-375 directly binds to the 3’
UTR of Mapkapl, the double luciferase reporter gene experi-
ment was conducted, and the interaction between miRNA and
target genes was confirmed by down-regulating the relative
fluorescence value of reporter genes. The results showed that
miR-375 mimic significantly down-regulated the reported flu-
orescence of the Mapkap1 wild-type vector (0.55 £ 0.15 vs. 1
+ 0.02, P < 0.05), which recovered after corresponding bind-
ing site mutation (0.80 £ 0.01 vs. 0.55 = 0.15, P < 0.05) (Fig.
5A). These results suggested that by binding to the 3’'UTR
binding site of Mapkap1, miR-375 inhibits the transcription of
Mapkapl and negatively regulates the expression of Map-
kapl, and Mapkap1 is the target gene directly regulated by
miR-375.

ve)

1.5

1.0- .

0.5-

Relative expression
of miR-375/U6

0.0-

inhibitor NC

Con inhibitor

Fig. (1). Expression changes of miR-375 after transfection of mimic and inhibitor in MING6 cells: miR-375 expression was significantly in-
creased after transfection with miR-375 mimic (A), while significantly decreased after transfection with miR-375 inhibitor (B). Real-time PCR
confirmed that miR-375 mRNA was overexpressed or inhibited, indicating that the modeling was successful. Abbreviations: con: control;
NC: normal control; *P < 0.05 vs. blank control, *P<0.05 vs. NC. (4 higher resolution/colour version of this figure is available in the electronic

copy of the article).

Table 1. The regulatory role of miR-375 in RAS affecting MING cells (x < s).

Group Apoptosis Rate A450 (nm)
Ang II mimic 10.20 +3.544 0.862 +0.03*
mimic NC 8.80 +1.60 0.934+0.15
inhibitor 746 £1.72% 1.032+0.112
inhibitor NC 9.00 £ 2.08 1.073 £0.05%

And-(1-7) mimic 8.72£2.23% 0.971 +£0.04
mimic NC 6.60 = 1.95 1.033 +0.12%

inhibitor 8.00 £ 0.98 1.062 +0.1*
inhibitor NC 8.53+0.91 1.095 £0.07*
Blank Control Angll 8.92+1.16" 0.883 +0.06"
Ang-(1-7) 7.12 £ 1.64 0.915+0.03

blank 8.06 +0.91 0.956 + 0.03

Abbreviations: RAS: renin-angiotensin system, Ang II: angiotensin II, Ang-(1-7): angiotensin-(1-7), NC: normal control."P < 0.05 vs. blank, “P < 0.05 vs. Ang
11 blank control, “P < 0.05 vs. Ang-(1-7) blank control.
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Fig. (2). Cell apoptosis detected by Flow cytometry (A-K). Results showed that compared to control, in Ang II-treated MING6 cells, miR-375
mimic transfection increased cell apoptosis (10.20+£3.54 vs. 8.92+1.16, P < 0.05), while the opposite occurred in miR-375 inhibitor-transfected
cells (7.46+1.72 vs. 8.92+1.16, P < 0.05). Ang-(1-7) did not significantly reduce cell apoptosis compared with the control group (7.12+1.64 vs.
8.06+0.91, P > 0.05), but transfected with miR-375 mimic significantly increased cell apoptosis compared with the control group (8.72+2.23
vs. 7.12+1.64, P < 0.05). Ang II: angiotensin II, Ang-(1-7): angiotensin-(1-7), NC: normal control. (4 higher resolution/colour version of this
figure is available in the electronic copy of the article).
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Fig. (3). Histogram of cell apoptosis (A): data are the same as in legend of Fig. 2. Histogram of cell proliferation as measured by CCK8 (B).
Cell viability was significantly decreased after transfection with miR-375 mimic (0.739 +0.05 vs. 0.883 £ 0.06, P < 0.05), while increased after
transfection with miR-375 inhibitor (1.032 + 0.11 vs. 0.883 + 0.06, P < 0.05) compared with the control group under the effect of Ang II. Ang-
(1-7) did not significantly increase the cell viability compared with the control group (0.915 + 0.03 vs. 0.956 £+ 0.03, P > 0.05), but the cell
viability was significantly increased after transfection with miR-375 inhibitor compared with the control group (1.062 £ 0.10 vs. 0.915 + 0.03,
P < 0.05). Ang II: angiotensin II, Ang-(1-7): angiotensin-(1-7), NC: normal control. *P<0.05 vs. control group; AP< 0.05 vs. Ang II blank
control group; *P< 0.05 vs. Ang-(1-7) blank control group. (A higher resolution/colour version of this figure is available in the electronic copy
of the article).

Table 2. Western blot detected phosphorylation levels of IR-f and Akt in MING6 cells (x £ s).

Relative Protein Expression Level
Group
IR-B-Tyr/GAPDH Akt-Ser/GAPDH

Con 0.69 +0.05 0.79 £ 0.04
miR-375 mimic 0.82+0.05 0.40 +0.04°4

miR-375 mimic NC 0.62+0.10 0.79 £ 0.05
miR-375 inhibitor 1.35+0.12% 0.98 +0.05™

miR-375 inhibitor NC 0.61 +0.09 0.73 +£0.03

Abbreviations: Con: control; NC: normal control; IR-B-Tyr: tyrosine phosphorylated insulin receptor B subunit, Akt-Ser: Serine phosphorylation of protein
kinase. *P< 0.05 vs. control group; *P< 0.05 vs. miR-375 inhibitor NC; 4P< 0.05 vs. miR-375 mimic NC.
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Fig. (4). Western blot for detecting phosphorylation levels of IR-p (A) and Akt (B). Akt-Ser levels were further decreased after transfection
with miR-375 mimic (0.40 + 0.04 vs. 0.79 + 0.04, P < 0.05). After transfection with miR-375 inhibitor, IR-B-Tyr and Akt-ser levels were both
increased (1.35 +0.12 vs. 0.69 £ 0.05 and 0.98 + 0.05 vs. 0.79 + 0.04, both P < 0.05).

Abbreviations: Con: control; NC: normal control. Note: *P< 0.05 vs. control group, *P< 0.05 vs. miR-375 inhibitor NC; AP< 0.05 vs. miR-
375 mimic NC. *P < 0.05 vs. Mut+NC. (BCDE) *P < (.05 vs. Con; (BC) *P < 0.05 vs. NC; (D) *P<0.05 vs. 10°° Angll; (E) "P<0.05 vs. 24h AnglI, AP<0.05
vs. 36h Angll. (A higher resolution/colour version of this figure is available in the electronic copy of the article).
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Fig. 5. (A) Experiment of dual-luciferase reporter gene. miR-375 mimic significantly down-regulated the reported fluorescence of Mapkapl
wild-type vector, which recovered after corresponding binding site mutation. These results suggest that Mapkap1 may be the target gene directly
regulated by miR-375. Effect of miR-375 on Mapkap! protein expression in MING6 cells with Western blot: (B) Mapkap1 protein level signif-
icantly decreased 36 h after transfection of miR-375 mimic, (C) while increased after transfection with miR-375 inhibitor. Effects of Ang II on
target genes of miR-375 in MING cells: changes of Mapkap! protein levels in islet § cells (D) treated with different concentrations of Ang II
and (E) after Ang II treatment for different times. (F) Changes of Mapkapl mRNA levels in MING6 cells treated with Ang II at different time:
The results showed that there was no significant difference in the expression level of Mapkapl mRNA among all groups (P >0.05). (4 higher
resolution/colour version of this figure is available in the electronic copy of the article).

Abbreviations: WT: wild type; Mut: Mutant; NC: normal control; RFU: Relative Fluorescence Unit; Con: control; Ang II: angiotensin II.
(A)*P < 0.05 vs. WT+NC; *P < 0.05 vs. Mut+NC. (BCDE) *P < 0.05 vs. Con; (B-C) *P < 0.05 vs. NC; (D) *P<0.05 vs. 10°% Angll; (E) *P<0.05
vs. 24h Angll ; AP<0.05 vs. 36h Angll.

3.4.2. Changes of Mapkap1 Protein Level after Overexpres- were significantly lower than those of the blank group, 10-
sion or Inhibition of miR-375 in MING Cells 8, and 107Ang II groups (1.29 + 0.09, 0.55 + 0.15, 0.40 +
0.08 vs. 1.56 £0.11, 1.44 +£ 0.12, 1.39 £ 0.06, respectively,
P <0.05). Expression of the Mapkap!1 protein in the 10- and
10“*Ang II groups was further decreased than that in the 10
®Ang II groups (0.55 £ 0.15, 0.40 = 0.08 vs. 1.29 £ 0.09, P <
0.05). No statistical difference was found between the 10
and 10*Ang II groups (0.55 £ 0.15 vs. 0.40 £ 0.08, P > 0.05)

To detect the effect of miR-375 on Mapkapl protein ex-
pression in MING cells, we used western blot and the results
showed that the Mapkapl protein level decreased signifi-
cantly after transfection with miR-375 mimic (0.97 + 0.15 vs.
0.63 = 0.06, P < 0.05) (Fig. 5SB), but increased after transfec-
tion with miR-375 inhibitor (0.35 £ 0.11 vs. 0.90 £ 0.05, P <

0.05) (Fie. 5C (Fig. 5D). These results suggested that, to some extent, Ang
-05) (Fig. 5C). IT could down-regulate the Mapkap1 protein level in MIN6
3.4.3. Changes of Mapkapl Protein Level after Ang II Treat- cells in a concentration-dependent manner.

ment of Islet £ Cells In order to investigate whether the effect of Ang Il on

To study the effect of Ang Il on miR-375 target gene Mapkapl is time-dependent, MING6 cells were treated with 10
Mapkap1, MING cells were treated with different concentra- > mol/L Ang II for 12 h, 24 h, 36 h, and 48 h. Western blot
tions of Ang 1I (0, 108, 107, 10, 10-3, 10** mol/L) for 36 h. results showed no statistical difference between the 12-h Ang
Western blot results showed that the Mapkap|1 protein level IT group and the blank group (1.48 = 0.08 vs. 1.42 +0.09, P>
of MING cells treated with 10, 10, and 10 mol/L Ang II 0.05). However, the level of Mapkapl protein in the Ang II
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group was significantly lower than that in the blank group at
24 h,36 h, and 48 h (0.86 = 0.04, 0.58 £ 0.08, 0.31 + 0.12 vs.
1.42 £0.09, P <0.05). The expression of Mapkap! protein in
the 36-h and 48-h Ang II groups was further decreased than
that in the 24-h Ang II group (0.58 £ 0.08, 0.31 £0.12 vs. 0.86
+ 0.04, P < 0.05); likewise, expression in the 48-h Ang II
group was further decreased than that in the 36-h Ang II group
(0.31£0.12 vs. 0.58 £ 0.08, P < 0.05) (Fig. SE). These results
suggest that Ang Il down-regulated Mapkapl in MING6 cells
in a dose - and time-dependent manner.

In order to further investigate the molecular level of Ang
II inhibition of Mapkap1, based on the findings that Ang II
treatment could affect Mapkapl protein levels at different
concentrations and lengths of time, the expression of Map-
kapl mRNA was detected by real-time PCR in MING6 cells
treated with 10 mol/L Ang II for 24 h, 36 h, and 48 h. The
results showed no significant difference in the expression
level of Mapkapl mRNA among all the groups (1.03 + 0.06,
1.01 £0.13, and 0.98 + 0.07, respectively, P > 0.05) (Fig. 5F),
which showed no change trend compared with the non-inter-
vention group.

3.4.4. Functional Changes of MING Cells After Ang II Tar-
get-Regulating Mapkapl through miR-375

In order to investigate the effect of Ang II on islet B cells
through the targeted regulation of Mapkapl by miR-375, we

A N
Con
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transfected TSB-Mapkapl to MING6 cells, which specifically
inhibited the negative regulation of miR-375 on the target
gene Mapkapl. MING cells were simultaneously transfected
with TSB-Mapkapl and processed with 10 mol/L Ang II.
Thirty-six hours later, the /evel of Mapkapl protein in the
TSB-Mapkap1 group was significantly higher than that in the
control group (1.62£0.02 vs. 0.68 £0.01, P <0.05) (Fig. 6A),
which indicated that transfection of TSB-Mapkap! inhibited
the negative regulation of miR-375 on the target gene Map-
kapl caused by Ang II.

To investigate the effect of TSB-Mapkap1 treatment on
apoptosis induced by Ang II, MING6 cells were transfected
with TSB-Mapkapl and treated with 10 mol/L Ang II.
Thirty-six hours later, the apoptosis rate was detected by An-
nexin V/PI staining. The results showed that compared with
the Con group, the apoptosis level in the Ang II group was
significantly increased, and the difference was statistically
significant (P < 0.05). Transfection of TSB-Mapkap1 reduced
the apoptosis induced by Ang II, and the difference was sta-
tistically significant (P< 0.05) (Fig. 6B, C).

In addition, to investigate the effect of TSB-Mapkapl
treatment on Ang II induced insulin secretion in MING6 cells,
an insulin radioimmunoassay was used and showed that the
quality control serum was within the target value range,
QL:21.04 (15.7-29.1) and QH:72.26 (54.5-101.3), the stand-
ard curve fits well (Fig. 6D) and the following two equations
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inhibited the negative regulation of miR-375 on target gene Mapkap1; (B, C) on the change of cell apoptosis: compared with Con group, the
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Fig. (7). Mapkap1 plays a role through Akt in MING6 cells: (A) SiRNA that can effectively interfere with Mapkap1 protein expression was screened
in MING cells: the protein level of Mapkap1 in Si-3 group was lower than that in Con group, Si-1 group and Si-2 group (all P <0.05). (B, C) After
Mapkap1 expression was inhibited, Akt-Ser473 phosphorylation was significantly reduced and the target molecular activation type of apoptotic
molecules cleaved caspase-3 levels were upregulated in MING cells (P < 0.05). (D, E) Apoptosis rate of MING cells after siRNA interference with
Mapkap1 expression was significantly increased (P <0.05). (F) Insulin secretion of MING cells was significantly decreased after siRNA interference
with Mapkap!1 expression (P < 0.05). Abbreviations: Con: control; NC: normal control; *P<0.05 vs. Con (4)/NC (BCDEF) *P<0.05 vs. Si-
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were derived: the four-parameter logarithm equation, Y =
96.5985 + (4788.33-96.5985) / (1 + (0.020708*X)"1.17389;
the four-parameter logarithm regression coefficient: R =
0.999474. MING6 cells were transfected with TSB-Mapkap1
and treated with 10~ mol/L Ang II. Insulin secretion was then
detected by radioimmunoassay 36 hours later. The results
showed that TSB-Mapkap]1 increased insulin secretion of Ang
[I-treated cells compared with the NC group (242.11 £+ 52.33
plU/ml-ug/pl protein vs. 326.12 £ 69.53 plU/ml-ug/pl protein,
P <0.05) (Fig. 6E).

3.4.5. Functional Changes in Mice Islet § Cells Induced by
Mapkapl Through miR-375 Regulation in Akt Pathway-De-
pendent Manner

To investigate whether Mapkapl plays a role in B cells
through Akt, three specific siRNAs (Si-1, Si-2, and Si-3) were
designed for Mapkapl sequence to transfect MING cells.
Western blot showed that the Mapkap1 protein level in Si-3
group was lower than that in Con, Si-1 and Si-2 group (P all
<0.05) (Fig. 7A), indicating that Si-3 can effectively interfere
with Mapkapl expression, and the interference effect is the
best.

To observe the phosphorylation levels of Akt-ser473 and
cleaved caspase-3 levels after inhibition of Mapkap1 expres-
sion, MING cells were transfected with siRNA fragment Si-3,
which could effectively interfere with Mapkap1 protein levels
(0.41£0.07 vs.0.93£0.07, P<0.05). The western blot results
showed that compared with the NC group, inhibition of Map-
kap1l expression significantly reduced Akt-Ser473 phosphor-
ylation levels (0.60 £+ 0.14 vs. 1.80 £ 0.27, P < 0.05) and up-
regulated apoptotic target caspase-3 (1.59 + 0.12 vs. 0.99 +
0.42, P <0.05) (Fig. 7B, C).

To study the effect of siRNA interfering expression of
Mapkap! protein on apoptosis, MIN6 cells were transfected
with siRNA fragment Si-3, and Annexin V/PI staining results
showed that the rate of apoptosis in Mapkap l-inhibited cells
was significantly increased compared with the NC group (P <
0.05) (Fig. 7D, E).

To explore the effect of siRNA interfering expression of
Mapkap! protein on insulin secretion, MING6 cells were trans-
fected with siRNA fragment Si-3, and radioimmunoassay re-
sults showed that compared with the NC group, insulin secre-
tion of Mapkapl inhibited cells was significantly decreased
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(316.89 + 61.28 uIU/ml vs. 412.92 + 22.09 pIU/ml, P < 0.05)
(Fig. 7F).

4. DISCUSSION

Islet injury is the core mechanism of diabetes, in which
Ang II plays an important role with unclear mechanisms. Our
research shows that: (1) Ang II can inhibit the proliferation of
pancreatic B cells, increase apoptosis and block insulin signal-
ing by up-regulating the expression of miR-375; (2) Mapkap1
is a target gene of miR-375; as well as (3) Ang II regulates the
apoptosis and insulin secretion of insulin-secreting cells prob-
ably through the mTORC2-Akt pathway by targeting Map-
kap1 expression through miR-375.

In the current study, Ang II increased the level of miR-375
in mouse pancreatic  cell MING cells. It has been reported that
miRNA induces the pathogenic effect of RAS and mediates the
pathophysiological role of Ang II [26, 42-44]. In vascular
smooth muscle cells (VSMC), Ang II has been found to up-reg-
ulate the expression of miR-130a and decrease the level of
GAX, the target gene of miR-130a, in a concentration- and
time-dependent manner, thus promoting cell proliferation [45].
In human umbilical vein endothelial cells (HUVEC), Ang II re-
portedly down-regulated miR-590-5p, which induced up-regu-
lation of lectin-like oxidized low-density lipoprotein receptor 1
(LOX-1), which increased reactive oxygen species and induced
apoptosis [46]. In cardiomyocytes, miR-375 inhibitors inhibited
Ang Il-induced myocardial hypertrophy by promoting lactate
dehydrogenase B (LDHB) expression [47]. It has also been re-
ported that miR-375 mediates the inhibition of § cell prolifera-
tion [48], promotes apoptosis [49], and affects the insulin sig-
naling pathway [50]. However, while RAS is significantly acti-
vated in T2DM, whether miR-375 is involved as an intermedi-
ate substance in Ang II-induced B cell damage and insulin sig-
naling pathway abnormalities has not been reported. Therefore,
this study provides evidence that Ang Il-induced decrease in
proliferation and increase in apoptosis of islet 3 cells were par-
tially mediated by miR-375, and overexpression of miR-375
could further reduce Akt Serine phosphorylation in islet 3 cells,
while inhibiting expression of miR-375 could reverse the re-
sistance effect on insulin signaling by Ang II. These results sug-
gested that the effect of Ang II on the function in islet B cells
was mediated by miR-375, which has not been reported in pre-
vious studies.

The mechanism of Ang II mediated by miR-375 in the
function of islet B cells was further investigated. And the pre-
diction with bioinformatics software, verification with double
luciferase reporter assay and cell transfection confirmed that
Mapkap1 was the target gene of miR-375, which has not been
found before. MiR-375 has a variety of target genes, and the
related target genes in the study of biological function of islet
B cells are mainly divided into three categories [30]: Genes
related to pancreatic development (such as Sox17, Sox9., etc.)
[51], cell proliferation (such as Cavl, Id3., efc.) [52] and in-
sulin secretion (including MTPN [28] and PDK1 [36]). Mito-
gen-activated protein kinase associated protein 1 (Mapkapl),
also known as stress activated protein kinase interaction pro-
tein 1 (Sinl), was widely expressed among multiple tissues
and organs. Mapkap1 is an important subunit of mMTORC2 and
very important to the functionality of mTORC2 [40, 53]. Mul-
tiple studies have confirmed that Mapkapl is involved in
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mTORC?2 regulation of Akt-Ser473 [54-57], PKC [58] and the
activity of SGK1 by maintaining the stability of mTORC2
[59]. mTORC?2 is a key kinase in the phosphorylation of Akt-
Ser473, which is essential for the complete activation of Akt
[60]. Akt plays a role in inhibiting apoptosis, promoting pro-
liferation and regulating metabolism in cells [61, 62] and is
one of the key molecules that regulate islet  cell volume and
insulin secretion through a variety of pathways [63, 64]. Acti-
vation of Akt kinase can phosphorylate many substrates,
which is closely related to the occurrence and development of
diabetes [65-67].

As previously shown, the effect of Ang II on the function
of islet B cells is mediated by miR-375, and Mapkapl is the
target gene directly regulated by miR-375, does Mapkap1 me-
diate the involvement of miR-375 in the effect of Ang Il on 3
cells, and via the Akt pathway? To solve these two problems,
in our study, MING6 cells were treated with Ang II at different
concentrations and different times. The results showed that
miR-375 increased, while Mapkap1 protein decreased without
change in Mapkapl mRNA, suggesting that miR-375 may be
involved in the negative regulation of Mapkapl by Ang II
through post-transcriptional inhibition. Further transfection of
MING cells with TSB-Mapkap1, a specific inhibitor of miR-
375, showed that Ang II could affect apoptosis and insulin se-
cretion of MING cells by targeting miR-375 to regulate Map-
kapl. In addition, siRNA of Mapkapl was transfected into
MING cells. The results showed that inhibition of Mapkap1
could simulate the effect of Ang II on apoptosis and insulin
secretion of MING6 cells, and the phosphorylation of Akt-
Serd73 was decreased, suggesting that Mapkap1 could affect
MING cells through Akt. In the study of miR-7a, Liu et al. also
made similar findings on the regulation of signal pathway of
insulin secreting cells by Mapkapl [68]. In view of the fact
that Mapkapl is an important component of mTORC2 and
mTORC?2 is involved in regulating the biological function of
islet B cells by affecting the phosphorylation of Akt [41, 69,
70], we speculate that miR-375 targets Mapkapl-mediated
Ang Il to affect islet B cells, and the mechanism may be related
to mTORC2-Akt. The specific mechanism still needs further
study.

CONCLUSION

In conclusion, results of this study showed that miR-375
mediates the adverse effects of Ang II on islet f§ cells, and
miR-375 influences Ang II to down-regulate the phosphory-
lation of Akt-Ser473 in MING cells, therefore regulating the
Akt pathway. These findings help to reveal the mechanism of
RAS damage to islet  cells, establish some experimental ba-
sis for the pathogenesis of diabetes, and provide new ideas for
its prevention and treatment.
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