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Abstract. - OBJECTIVE: Islet beta cells are
involved in insulin secretion. SRY-related high
mobility group 9 (SX-S9) is involved in the pro-
gression of various diseases, but the role of
SOX9 in islet B cells remains unclear.

PATIENTS AND METHODS: The islet B cell
MING6 cells were cultured in vitro and randomly
divided into control group, high glucose group,
and SOX9 siRNA group followed by analysis
of SOX9 mRNA and protein expression by re-
al-time PCR and Western blot, respectively, cell
proliferation by MTT assay, cell apoptosis by
flow cytometry, secretion of inflammatory fac-
tors TNF-a and IL-2 by ELISA, insulin secretion
levels by spectrophotometer, myeloperoxidase
(MPO), and superoxide dismutase (SOD) activ-
ities, as well as ERK/P38 signaling protein ex-
pression by Western blot.

RESULTS: Under high glucose environment,
SOX9 mRNA and protein expression were sig-
nificantly increased, MIN6 cell proliferation was
inhibited, apoptosis rate and secretion of TNF-a
and IL-2 were increased, along with decreased
insulin secretion, increased MPO content, de-
creased SOD activity and phosphorylation of
ERK/P38, compared with control group (p <
0.05). However, transfection of SOX9 siRNA re-
duced SOX9 expression, promoted proliferation
of MING cells, decreased apoptotic rate and se-
cretion of TNF-a and IL-2, increased insulin se-
cretion, decreased MPO content, increased SOD
and ERK/P38 protein phosphorylation. Com-
pared with high glucose group, the differences
were statistically significant (p < 0.05).

CONCLUSIONS: The expression of SOX9 is
increased under high glucose environment.
Down-regulation of SOX9 expression can inhibit
islet cell apoptosis, oxidative stress and inflam-
mation, and promote islet cell proliferation and
insulin secretion by regulating ERK/P38 signal-
ing pathway.
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Introduction

Diabetes mellitus (DM) is an endocrine and
metabolic disease. There are nearly 300 million
people with diabetes in the world with more than
100 million diabetic patients in China'?. Diabetes
is characterized by hyperglycemia that is caused
by defects in insulin secretion or/and its biologi-
cal effects. Hyperglycemia can cause damages to
various tissues and multiple organs. Therefore,
diabetes is a serious threat to human health®*.
Diabetes can lead to a variety of complications,
such as diabetic nephropathy, diabetic neuropa-
thy, etc., and has become one of the medical treat-
ment problems’. The pathogenesis of diabetes is
complicated. Due to diabetes and other factors in
the body, the blood vessels are damaged, which
leads to the proliferation of extracellular matrix,
thickening of the basement membrane, glomeru-
lar sclerosis, leading to multiple organ dysfunc-
tion and disease progression®’. Glucose and lipid
metabolism disorders, inflammation, oxidative
stress and apoptosis are all contributing factors
to the occurrence and development of diabetes®.
Abnormal insulin secretion is a key factor in the
development of diabetes’. With the deepening of
research, it is confirmed that islet cell damage
plays a key role in the occurrence of diabetes'.
Islet beta cells are involved in insulin-secreting
islet cells, and islet beta cell apoptosis is a key
link in the pathogenesis of diabetes'"'2.

SRY-related S-type 9 (SOX9) is a member
of the sex-determining region Y family, also
known as the sex-determining region Y-boxin 9
gene". SOX9 participates in multiple signaling
pathways including ERK/P38 signaling path-
way, which is involved in the development and
cell differentiation of multiple cell lines and
plays a key role in embryogenesis, neurogenesis,
neural crest development, and tumorigenesis
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and invasion, as well as stem cell self-renewal in
mammalian development'*'>. SOX9 is involved
in the occurrence and development of various
diseases'®. However, the role of SOX9 in islet
beta cells under high glucose environments has
not been elucidated.

Materials and Methods

Main Materials and Instruments

The MING6 cell line was constructed by our
laboratory and stored frozen in liquid nitrogen.
Fetal bovine serum (FBS), 1% double antibody
Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium, and trypsin were purchased
from Sigma-Aldrich (St. Louis, MO, USA).
Polyvinylidene difluoride (PVDF) membrane
was purchased from Pall Life Sciences (Port
Washington, NY, USA), Western blot related
chemical reagent was purchased from Shanghai
Biyuntian Biotechnology Co., Ltd. (Shanghai,
China), enhanced chemiluminescence (ECL) re-
agent was purchased from Amersham Biosci-
ences (Little Chalfont, Buckinghamshire, UK),
rabbit anti-mouse SOX9 monoclonal antibody,
ERK/P38 monoclonal antibody and phosphor-
ylated monoclonal antibody. Horseradish per-
oxidase (HRP)-labeled IgG secondary antibody
was purchased from Cell Signal Technology
(Danvers, MA, USA). TNF-a and IL-2 ELISA
kits were purchased from R&D (Minneapo-
lis, MN, USA). SOX9 siRNA was designed
and synthesized by Shanghai Jima Gene Co.,
Ltd (Shanghai, China). The Myeloperoxidase
(MPO) activity detection kit and the superoxide
dismutase (SOD) activity detection kit were
purchased from Wuhan Boster Co., Ltd (Wuhan,
China). The Annexin V-PI kit was purchased
from BD Corporation (San Jose, CA, USA). The
Labsystem Version 1.3.1 microplate reader was
purchased from Bio-Rad Corporation (Hercules,
CA, USA). The clean workbench was purchased
from Suzhou Purification Equipment Factory in
Jiangsu Province (Suzhou, China). The RNA ex-
traction kit and the reverse transcription kit were
purchased from ABI ((Waltham, MA, USA). The
Amp PCR System 2400 DNA Amplifier was
purchased from PE Applied Biosystems (Foster
City, CA, USA). The Melody C6 flow cytometer
was purchased from BD Corporation (San Jose,
CA, USA). Other commonly used reagents were
purchased from Shanghai Shenggong Biological
Co., Ltd (Shanghai, China).

MING Islet Cell Grouping and Processing

Liquid nitrogen was used to store human MIN6
cell line, which was thawed in 37°C water bath
until the cells were completely thawed, followed
by being centrifuged at 1000 rpm for 3 min, re-
suspended in 1 ml of fresh medium, transferred
to a 50 ml cell culture flask containing 4 ml fresh
medium and cultured at 37°C with 5% CO, for
24-48 h. MING cells were cultured in RPMI-1640
medium containing 10% heat-inactivated fetal
bovine serum, 10 U/mL penicillin and 10 pg/
mL streptomycin at 37°C in a 5% CO, incuba-
tor to maintain a cell number of 1 x 10%/ bottle.
The subcultured MING6 cells were diluted to 1 x
10%/ml, inoculated in a 35 mm culture dish, and
cultured in serum-free RPMI-1640 medium con-
taining 100 ng/ml PMA and 0.3% bovine serum
albumin (BSA) for 24 h. In the experiment, 3-8
generation logarithmic growth phase cells MIN6
were randomly divided into 3 groups, control
group; high glucose group in which 30 mmol/L
glucose was added to the culture medium to pre-
pare high glucose environment to stimulate cul-
tured cells; SOX9 siRNA group in which SOX9
siRNA was transfected into MING6 cells under a
high glucose environment.

SOX9 siRNA Transfection of MING Islet
Cells in High Glucose Environment

SOX9 siRNA was transfected into MING6 cells
in a high glucose environment. The SOX9 siRNA
sequence was: the upstream sequence 5-GCT-
GGGGAGGAATCTTCA-3; the downstream
sequence 5’-GCAGGTGACGGTGGTCA-3. The
cell density was fused to 70-80% in a 6-well
plate; SOX9 siRNA liposomes were separately
added to 200 ul of serum-free medium, mixed
well, and incubated at room temperature for 15
min. The mixed lipo2000 was separately mixed
with the corresponding dilution and incubated for
30 min at room temperature. The serum of cells
was removed, PBS was gently rinsed, 1.6 ml of
serum-free medium was added, and each system
was added to each system, and cultured in a 5%
CO, incubator at 37°C for 48 h.

Real Time PCR Detection of
SOX9 Expression

RNA of each group of MING islet cells was
extracted on ice using TRIzol reagent, and DNA
reverse transcription synthesis was performed ac-
cording to the kit instructions. The primers were
designed according to each gene sequence by
Primer6.0 and synthesized by Shanghai Yingjun
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Biotechnology Co., Ltd. (Table I). Real-time PCR
detection of the gene of interest: Reaction condi-
tions: 55°C 1 min, 92°C 30 s, 58-60°C 45 s, 72°C
35 s, a total of 35 cycles. Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was selected as
a reference. According to the fluorescence quan-
tification, the starting cycle number (CT) of all
samples and standards was calculated. Based
on the standard CT value, a standard curve was
drawn and then the semi-quantitative analysis
was carried out by the 2-ACt method.

Western Blot Detection of SOX9,
ERK/P38 Protein Expression

The MING islet cell protein was extracted: the
lysate was added, and the protein was quantified
and stored at —20°C for Western blot. The pro-
tein was separated on 10% sodium dodecyl sul-
phate (SDS-PAGE) electrophoresis, transferred
to PVDF membrane, blocked with 5% milk, and
incubated with the diluted primary antibody of
primary anti-SOX9, pERK1/2, ERK1/2, pP3§,
P38 antibody (1:2000, 1:1000; 1:1000; 1:1500;
1:2000 dilution respectively) at 4°C overnight.
After washing with phosphate-buffered saline
with Tween® detergent (PBST), the membrane
was incubated with 1:2000 diluted goat anti-rab-
bit secondary antibody for 30 min, followed by
being washed with PBST, developed and exposed
after addition of enhanced chemiluminescence
for 1 min. X-film and strip density measurements
were separately scanned using protein image pro-
cessing system software and Quantity one soft-
ware. The experiment was repeated four times
(n=4).

MTT Assay Analysis of Cell Proliferation
The logarithmic growth phase MING6 cell line
was digested, counted, and transferred to the
second-generation inoculation in a 96-well plate,
and treated as above. The seeding density was
5x10%well, and the culture plate was transferred
to a CO, incubator for cultivation. Five replicate
wells were designed for each group. After adding
relevant factors according to each group design,
cells were cultured for 24 h followed by addition

Table I. Primer sequences.

of 20 ul 5 g/L MTT solution to each group of cells
in each well, and culture for 4 h. The supernatant
was removed, 150 pl/well of dimethyl sulfoxide
(DMSO) was added, and shaken for 10 min. After
the purple crystals were fully dissolved, the ab-
sorbance (A) value was measured at a wavelength
of 492 nm by a microplate reader, and the cell
proliferation rate was calculated. The experiment
was repeated 3 times (n=3).

Apoptosis Analysis

Each group of cells was treated, and cells were
collected by trypsin digestion without ethylene-
diaminetetraacetic acid (EDTA). The cells were
washed twice with PBS (centrifuged at 2000 rpm
for 5 min) to collect 5x10° cells and 500 pL of
Binding Buffer and 5 pL of Annexin V-EGFP
was added and mixed followed by addition of 5
uL propidium iodide (PI) for 5 to 15 min at room
temperature. After 1 h incubation, cell apoptosis
was measured by flow cytometry.

Analysis of TNF-a. and IL-Z Level
by ELISA

The supernatants of each group were collected
to detect changes in the expression of inflamma-
tory factors TNF-a and IL-2 according to the
enzyme-linked immunosorbent assay (ELISA)
kit instructions. The measurement should be car-
ried out within 15 min after the addition of the
stop solution. The linear regression equation of
the standard curve is calculated according to the
concentration of the standard product and the
corresponding OD value, and the corresponding
sample concentration is calculated on the regres-
sion equation according to the OD value of the
sample.

Detection of MPO Activity and
SOD Activity

The changes in SOD activity in lung tissues of
each group were examined according to the kit
instructions. The tissue protein was extracted and
washed in a 95°C water bath. After 40 min, it was
taken out and rinsed with cold water. After cool-
ing, it was centrifuged at 4000 rpm for 10 min.

Gene Forward 5°-3° Reverse 5°-3°
GAPDH AGTAGTCACCTGTTGCTGG TAATACGGAGACCTGTCTGGT
SOX9 TCGCTCGATGCCATTCC ACACGAGTTACTGATT
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The ethanol phase in the tissue homogenate was
extracted using an ethanol-chloroform mixture
(5:3, v/v volume ratio 5:3) for detection of total
SOD activity. MPO activity was mainly carried
out according to the kit instructions. The tissue
was mixed by a vortex mixer and loaded into
an Eppendorf (EP) tube. After 95 min of water
bathing, after 40 min, it was taken out and rinsed
with cold water. After cooling, it was centrifuged
at 4000 rpm for 10 min. The sample was mixed
in a buffer containing 30 mM H202 phosphate,
pH 7.0, and the complex was bathed in water for
10 min. The enzyme activity was determined by
detecting the reduced absorption optical density
of H,0, at a wavelength of 240 nm.

Analysis of Insulin Secretion Levels

The MING6 cells in each logarithmic growth
phase were counted, digested and counted, and
the cell density was adjusted. The cells were
seeded in a 48-well plate at 500 pL/well for 24 h
to remove the cell culture medium. The superna-
tant was discarded, washed with PBS, and added
to 300 uL/well of HBSS buffer for 30 min at
37°C; washed twice with pre-cooled PBS. After
incubation overnight at 4°C, the supernatant was
centrifuged at 800 r/min at 4°C for 5 min, and
the supernatant was stored at —20 °C. The protein
content was measured by the bicinchoninic acid
(BCA) assay. The unit mass insulin concentration
= insulin content / corresponding protein content
/ well, The unit was 103 TU.L-1.-g-1.Pro.

Statistical Analysis

All data was analyzed using Statistical Pack-
age for the Social Sciences (SPSS) 22.0 software
(IBM, Armonk, NY, USA). Measurement data
were described by mean + standard deviation
(SD). One-way ANOVA was used for comparison
of multiple groups of samples with Bonferroni as
post-hoc analysis. The #-test was used for com-
parison between the two groups. The test level
was 0=0.05. p < 0.05 was considered statistically
significant.

Results

Expression of Islet MING Cells in SOX9
Under High Glucose Environment

Real time PCR and Western blot were used to
detect the expression of SOX9 mRNA and pro-
tein in islet cells under normal and high glucose
environment. The results showed that compared

with control group, SOX9 mRNA and protein ex-
pression were increased significantly (p < 0.05).
While transfection of SOX9 siRNA into islet
cells MING cells under high glucose environment
significantly down-regulate SOX9 mRNA and
protein expression (p < 0.05) compared with high
glucose group (Figure 1).

Effect of SOX9 on Proliferation of Islet
MING6 Cells in High Glucose Environment

In high glucose environment, the proliferation
of pancreatic islet MING6 cells was decreased.
Compared with control group, the difference
was statistically significant (p < 0.05). Transfec-
tion of SOX9 siRNA in high glucose environ-
ment significantly promoted cell proliferation
compared with high glucose group (p < 0.05)
(Figure 2).
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Figure 1. Expression of MING in islet cells of SOX9 in
high glucose environment. A, Real time PCR detected the
expression of SOX9 mRNA, compared with the control
group, *p <0.05, compared with the high glucose group, *p <
0.05; B, Western blot detection of SOX9 protein expression.
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Figure 2. Effect of SOX9 on proliferation of islet MIN6
cells in high glucose environment. Compared with the
control group, *p < 0.05, compared with the high glucose
group, “p < 0.05.

Effect of SOX9 on Apoptosis of MING6
Cells in High Glucose Environment

Flow cytometry analysis of the effect of SOX9
on apoptosis of islet MING cells in high glucose
environment showed that the apoptosis of islet
MING cells was significantly increased compared
with control group (p < 0.05). Transfection of
SOX9 siRNA significantly inhibited apoptosis
of islet MING cells compared with high glucose
group (p < 0.05) (Figure 3).

Effect of SOX9 on the Secretion of
Inflammatory Factors in MING Cells

The effect of SOX9 on the secretion of inflam-
matory factors in pancreatic MING6 cells in high
glucose environment was analyzed by ELISA.
In high glucose environment, the secretion of
inflammatory factors TNF-a and IL-2 was sig-
nificantly increased in islet MING6 cells compared
with control group (p < 0.05). Transfection of
SOX9 siRNA significantly inhibited the secretion
of inflammatory factors TNF-a and IL-2 (p <
0.05) (Figure 4).

Effect of SOX9 on Insulin Secretion of
MING6 Cells

In high glucose environment, the insulin secre-
tion of islet MING6 cells was decreased. Compared
with control group, the difference was statistical-
ly significant (p < 0.05). However, transfection
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Figure 3. Effect of SOX9 on apoptosis of islet MING cells
in high glucose environment. A, Flow cytometry analysis of
the effect of SOX9 on apoptosis of islet MING cells in high
glucose environment; statistical analysis of B, cell apoptosis
rate compared with control group, *p < 0.05, compared with
high glucose group, “p < 0.05.
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Figure 4. Effect of SOX9 on the secretion of inflammatory
factors in islet MING cells in high glucose environment.
Compared with control group, *p < 0.05, compared with
high glucose group, “p < 0.05.



SOX9’s effect on

of SOX9 siRNA significantly promoted insulin
secretion in MING cells compared with high glu-
cose group (p < 0.05) (Figure 5).

Effect of SOX9 on Redox of MING Cells
in High Glucose Environment

Under high glucose environment, MPO con-
tent in pancreatic islet MING cells was increased
and SOD activity was decreased, compared with
control group, the difference was statistically
significant (p < 0.05). After transfection of SOX9
siRNA in high glucose environment, the MPO
content was decreased and SOD activity was
increased, and the difference was statistically
significant compared with high glucose group (p
< 0.05) (Figure 6).

Effect of SOX9 on ERK/P38 Signaling
Pathway in Islet MING6 Cells

Western blot analysis of the effect of SOX9 on
ERK/P38 signaling pathway in pancreatic islet
MING cells in high glucose environment showed
that in high glucose environment, the phosphor-
ylation of ERK/P38 protein in pancreatic MIN6
cells was decreased. After transfection of SOX9
siRNA in islet MING cells in high glucose envi-
ronment, ERK/P38 protein phosphorylation level
was increased (Figure 7).
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Figure 5. Effect of SOX9 on insulin secretion of islet MIN6
cells in high glucose environment. Compared with control
group, *p <0.05, compared with high glucose group, “p < 0.05.

Discussion

The pathogenesis of diabetes has not yet been
fully elucidated, and insulin resistance and the
number and dysfunction of islet B-cells are the
two main links in the development of diabetes'”.
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Figure 6. Effect of SOX9 on redox of MING6 cells in high glucose environment. A, MPO content changes; B, SOD activity
analysis, compared with control group, *p < 0.05, compared with high sugar group, “p < 0.05.
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Figure 7. Effect of SOX9 on ERK/P38 signaling pathway
in islet MING cells in high glucose environment.

Islet B-cells are a kind of islet cells, which are
endocrine cells, accounting for about 70% of
the total number of islet cells. They are mainly
located in the central part of the islets, and can
secrete insulin and regulate blood sugar lev-
els’®. One of the main functions of islet B cells
is to synthesize and secrete insulin, which is
a regulator that maintains normal functional
metabolism and regulates insulin secretion by
blood glucose”. High glucose, inflammation,
and other pathogenic factors can cause the dam-
age of islet B cell*. During fetal development,
SOXO9 can play a vital role in the development of
stem and progenitor cells in the liver, pancreas
and hair follicles®!. Abnormal SOX9 expression
can cause skeletal malformations, central ner-
vous system dysfunction and multiple defects
in other organs, and even the occurrence of
tumors®. In this study, it was found that under
high glucose environment, the expression of
SOX9 in MING6 cells was increased in pancre-
atic islet B cells, the proliferation of MING6 cells
was inhibited, and the apoptosis was increased.
However, transfection of SOX9 siRNA reversed
these changes in high glucose environment, sug-
gesting that increased SOX9 expression in the
environment can participate in the regulation
of the activity and proliferation of MING6 cells.
In this study, we further analyzed the effects
of SOX9 on islet B-cell MING6 cells and relat-
ed mechanisms in high glucose environment.
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The occurrence of diabetes is closely related to
oxidative stress, which leads to excessive pro-
duction of free radicals such as reactive oxygen
species, dynamic imbalance of oxidation and
antioxidant systems, and thus tissue inflamma-
tion and damage. MPO is greatly increased,
and SOD activity, which is one of the important
antioxidant enzymes for scavenging oxygen free
radicals, was decreased. MPO can be released
through the cell membrane, thereby aggravating
inflammation, leading to apoptosis and dam-
age of MING6 cells?*?*. The results showed that
SOX9 expression was significantly increased
in high glucose environment, SOD activity was
decreased, MPO was increased, TNF-a and IL-
2 expression was increased, while SOX9 siRNA
transfection down-regulated SOX9 expression,
promoted SOD activity and decreased MPO and
the expression of TNF-a and IL-2, suggesting
that SOX9 can participate in the regulation of
islet B-cell in high glucose environment by reg-
ulating oxidative stress and inflammation. The
ERK/P38 signaling pathway can participate in
the regulation of redox balance. After activation,
it can inhibit external oxidation and chemical
substances, thereby inhibiting oxidative stress
and exerting a defense effect. It is one of the
most important endogenous antioxidant signal-
ing pathways currently considered®’. This study
indicated that ERK/P38 protein phosphorylation
was decreased in pancreatic MING6 cells under
high glucose environment; ERK/P38 protein
phosphorylation was increased after transfec-
tion of SOX9 siRNA in islet MING6 cells in high
glucose environment, suggesting that ERK/P38
signaling pathway plays a key role in islet B-cell
MING cells under a high glucose environment.
SOX9 can affect the activity of MIN6 by regu-
lating the ERK/P38 signaling pathway.

Conclusions

SOX9 expression is increased under high glu-
cose environment. Down-regulation of SOX9 ex-
pression inhibited islet cell apoptosis, oxidative
stress and inflammation, and promoted islet cell
proliferation and insulin secretion by regulation
of ERK/P38 signaling pathway.
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