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Background and aim: Type 2 diabetes mellitus (T2DM) is a common disease of harming

to people’s health. MicroRNAs have recently been considered as key regulators of many

biological processes, such as cell proliferation, migration and apoptosis. However, the effect

of miR-22 expression by targeting IL6 receptor (IL6R) in T2DM and potential molecular

mechanism involved remains to be elucidated. The present study aimed to explore the

regulatory mechanism of miR-22 by targeting IL6R in pancreatic beta-cells viability and

apoptosis of T2DM.

Methods: The expressions of miR-22, IL6R and apolipoprotein (apoA1, apoB and apoE) were

examined by reverse transcription-quantitative PCR (qRT-PCR). Pancreatic beta-cells were

transiently transfected with a miR-22 mimic or si-IL6R plasmid which validated with

qRT-PCR to analyze the expression of miR-22 or IL6R. Cell viability, apoptosis and protein

expression levels were determined by CCK-8, flow cytometry andWestern blotting, respectively.

Results: The proportion of INS-1E cell apoptosis was increased in islets of diabetic rats.

Furthermore, miR-22 was downregulated and IL6R was upregulated in both diabetic serum

and glucose-induced INS-1E cells. miR-22 overexpression or IL6R inhibition significantly

strengthened cell viability and reduced the expression of apoptosis-related proteins to sup-

press cell apoptosis. IL6R was demonstrated as a target gene of miR-22 which could

negatively regulate IL6R expression. Moreover, phosphorylation of JAK/STAT signaling

pathway was activated by miR-22 overexpression or IL6R inhibition to strengthen the

viability and suppress apoptosis of INS-1E cells.

Conclusion: This study indicated that miR-22 strengthened the viability and suppressed

apoptosis of INS-1E cells, partly by down-regulation of IL6R through the activation of

JAK/STAT signaling pathway.

Keywords: IL6R, pancreatic beta-cells, type 2 diabetes mellitus, JAK/STAT signaling

pathway, miR-22

Introduction
Diabetes is a common chronic disease caused by endocrine hormone and glucose

metabolism dysfunction, which can result in systemic metabolic disorders. According

to the WHO, approximately 422 million people worldwide had developed diabetes in

2016, of which over 90% were type 2 diabetes mellitus (T2DM) cases.1 T2DM is

characterized by hyperglycemia and was formerly termed non-insulin dependent

diabetes mellitus due to insulin insensitivity.2–4 Pancreatic beta-cells are the main

cells capable of secreting insulin. This hormone along with glucagon which is

secreted by the pancreatic alpha-cells regulate blood glucose levels. Pancreatic
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beta-cells failure, insufficient insulin secretion and insulin

resistance can cause increased blood glucose levels, which

can trigger the onset of T2DM.5–7 Apoptosis is a key factor

for the pancreatic beta-cell dysfunction which is the main

cause of insulin secretion deficiency. Pancreatic beta-cells

failure is considered as a necessary condition for the devel-

opment of T2DM.8 Therefore, one of the main targeting

strategies to treat T2DM is the inhibition of the pancreatic

beta-cells apoptosis.

IL6 is a pleiotropic cytokine secreted by various cells,

including lymphocyte, endothelial cell, fibroblast, skeletal

muscle cell and adipocyte. By combining with the IL6

receptor (IL6R) on the surface of target cells, IL6 induces

a series of biological reactions in different target cells to

participate in glucose and lipid metabolism.9,10 In Hubei

Han Population, D358A gene polymorphism of IL6R was

related to T2DM. Furthermore, D358A gene reduced the

occurrence of T2DM by reducing IL6R signal transduction

and signal transduction of other cytokines regulated by

IL6R.11 IL6 is also involved in the development and

immune changes of T2DM.12,13 Study indicated that

IL6/IL6R complex levels in serum were significantly

increased in T2DM patients.14 Animal experiment has

shown that IL6 can induce an increase in the release of

glucagon in mice, thereby stimulating the release of liver

glycogen and leading to an increase in blood glucose.15

Low IL6 concentration promotes insulin secretion, while

high IL6 concentration inhibits insulin secretion. With the

increase of IL6, function of pancreatic islet may be

impaired leading to the inhibition of insulin secretion,

which accelerates the process of diabetes.16 IL6R is partly

homologous with the signal transduction of leptin receptor.

Leptin is a fat-regulating hormone synthesized and

secreted by adipocytes. Under physiological conditions, it

can specifically and powerfully weaken the effect of insu-

lin. IL6 can compete with leptin for the binding site of

leptin receptor, making leptin unable to play its role in

inhibiting insulin, which results in hyperinsulinemia and

insulin resistance syndrome.17 Hence, IL6 is closely

related to the occurrence and development of diabetes

and IL6 activity is regulated by the IL6R complex system.

IL6 can only induce signal transduction by binding to its

receptor to form IL6R/IL6 complex.18 However, the effect

of IL6R on T2DM and specific mechanism involved is still

unknown.

MicroRNAs (miRNAs) are small non-coding RNAs

of approximately 19–25 nucleotides.19 miR-22 was

down-regulated in several cancers, such as breast cancer,

liver cancer, colorectal cancer and tongue squamous cell

carcinoma.20–23 miR-22 was decreased in clear cell renal

cell carcinoma and miR-22 overexpression could sup-

press cell growth, migration and invasion targeting

PTEN gene.24 However, the role of miR-22 in regulating

the INS-1E cells in T2DM, as well as its underlying

mechanism is still unknown.

In the present study, the aim was to investigate the

effect of IL6R on the viability and apoptosis of INS-1E

cells regulated by miR-22 in T2DM and the underlying

mechanism involved.

Materials and methods
Study population
A total of 60 subjects were recruited including 30 patients

with T2DM and 30 age- and sex-matched control indivi-

duals. The T2DM subjects were recruited from the out-

patient and inpatient groups of the Endocrinology

department of the Huai’an Hospital (Jiangsu, China)

between June 2017 and May 2018. The study protocol

was approved by the Ethics committee of the Huai’an

Hospital. The informed consents to participate in this

experiment were written by participants. This study was

conducted in accordance with the Declaration of Helsinki.

Blood sample collection
Following overnight fasting of the participants, 2 mL of

intravenous blood were collected from each participant

into a vacuum blood collection tube. The whole blood

specimens were centrifuged at 3000 r/min at 4°C for

5 mins and serum was stored separately in an −80°C
refrigerator for subsequent experiment.

Cell culture and glucose induction
The rat INS-1E cells (AddexBio, San Diego, CA, USA)

were cultured in RPMI 1640 medium supplemented with

11 mM glucose, 5% FBS, 10 mM HEPES, 50 μM
β-mercaptoethanol and 2 mM glutamine in a humidified

atmosphere at 37°C with 5% CO2. INS-1E cells in control

group were cultured with 11 mM glucose while INS-1E

cells in model group were cultured with 25 mM glucose.

Diabetic rat model
Animal experiments were conducted following the “Principles

of Laboratory Animal Care” (NIH publication 86-23, revised

1986) and the local regulations. Furthermore, all experiments

were approved by theAnimalCare andUseCommittee and the
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Animal Ethics Committee at Huai’an Hospital. Twelve male

Sprague-Dawley rats (SPF grade, 6 weeks, weighing 180–220

g) were obtained from Shanghai Jiesijie Experimental Animal

Co. Ltd (Shanghai, China). All 12 rats were raised in ventilated

plastic cages with free access to water and standard food in an

environmentally controlled room (22°C±2°C, 12 hrs light–12

hrs dark cycle) for 3 days to acclimatize to their new environ-

ment. A total of 12 rats were divided into 2 groups (n=6,model

group and control group). Then, six rats in the treatment group

were fedwith high-fat. Fasted for 12 hrs before the experiment,

six rats were treated with 55 mg/kg streptozocin (STZ) by the

intraperitoneal injection for 5 days. The blood was collected

from the rat tail tip three times randomly for the determination

of the blood glucose levels. The diabetic rat model was suc-

cessfully established based on the measurement that blood

glucose levels were higher than 16.7 mmol/L. The control

group was raised under normal conditions.

si-IL6R transfection
At 24 hrs prior to transfection, INS-1E cells (106 cells per

well) were reseeded into 12-well plates and grown at 37°C

in a humidified atmosphere with 5% CO2. Lipofectamine®

2000 was applied to transfect the two types of plasmids (si-

IL6R and blank plasmid) into the INS-1E cells. A total of

1 μg of plasmid and 2 μL of Lipofectamine® 2000 reagent

were added into each well containing INS-1E cells. The

experimental groups were divided into 4 groups as follows:

si-IL6R-1 group, si-IL6R-2 group, blank plasmid (negative

control, NC) group and control group. The transfection

efficiency was evaluated by reverse transcription-quantita-

tive PCR (RT-qPCR) by assessing the levels of IL-6R.

miR-22 mimic transfection
INS-1E cells (106 cells per well) were reseeded into 12-well

plates and continuously cultured in serum-free DMEM culture

medium at 37°C with 5% CO2. Next, miR-22 mimic and

mimic control (NC) (Suzhou Gemma Co. Ltd., Suzhou,

China) were transfected into the INS-1E cells using

Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher

Scientific, Inc., Waltham, MA, USA) according to the manu-

facturer’s protocol. No treatment was applied to INS-1E cells

in the control group.

Hematoxylin-eosin (H&E) staining
The pancreatic tissues were immersed in 10% paraformal-

dehyde for 4 hrs, followed by transfer to 70% ethanol. The

pancreatic tissues were dehydrated through a serial alcohol

gradient, vitrified by xylene and embedded by paraffin.

Prior to immunostaining, embedded paraffin wax blocks

were cut into 5-μm-thick pancreatic tissue sections con-

secutively, which were then dewaxed in xylene, rehydrated

in alcohol and washed in PBS. Subsequently, the pancrea-

tic tissue sections were stained with H&E and dehydrated

with progressive treatment of alcohol and xylene. Finally,

the stained pancreatic tissue sections were observed with a

microscope and photographed with a digital camera.

TUNEL staining
The paraffin sections were dewaxed with xylene for

10 mins and treated for a further 10 mins with fresh

xylene. The sections were finally dehydrated by a serial

alcohol gradient. DNase-free protease K (20 µg/mL) was

added into the tissue slides and incubated at 20–37°C for

15–30 mins, followed by PBS washing for 3 times.

Subsequently, 50 µL of TUNEL solution was added into

the tissue slides and incubated at 37°C for 60 mins in the

dark. Following washing with PBS for 3 times, the tissue

slides were treated with an anti-fluorescence quenching

agent and observed by fluorescence microscopy.

Immunohistochemistry
The paraffin sections were dewaxed, hydrated, and incu-

bated with 3% H2O2 for 10 mins to inactivate the endogen-

ous peroxidase activity. Subsequently, the tissue slides were

washed with water and PBS for 3 times. Goat serum (10%)

was used to block the nonspecific binding of the primary

antibody to the tissue slides, which were subsequently incu-

bated for 10 mins at room temperature, followed by an

additional incubation with antibodies against IL6R (item

no. 373708; Santa Cruz Biotech, Inc., TX, USA) at 37°C

for 2 hrs. The tissue slides were washed with PBS for

3 times, followed by incubation with the secondary

HRP-conjugated antibody (Santa Cruz Biotech, Inc., TX,

USA) at 37°C for 30 mins. The tissue slides were stained

with DAB substrate chromogen solution (Histolab Products

AB, Goteborg, Sweden), washed with water, counterstained

with hematoxylin, dehydrated, vitrified and laminated. A

microscope (Carl Zeiss, Jena, Germany) was applied for

the observation of the tissue slides and the images were

acquired using a digital camera (Carl Zeiss, Jena,

Germany).

RT-qPCR analysis
Total RNA was extracted from the serum of diabetic

patients serum and from INS-1E cells with the TRIzol
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reagent (Invitrogen, Carlsbad, CA, USA), followed by

treatment of the samples with DNaseI (Promega

Corporation, Madison, WI, USA). Total RNA (0.5 μg)
was reversely transcribed with Taqman MicroRNA

Reverse Transcription Kit (Applied Biosystems, Foster

City, CA, USA) and real-time PCR was conducted for

the assessment of miR-22 expression levels using the

Taqman Universal Master Mix II (Applied Biosystems).

In order to measure the expression levels of IL6R and of

specific apolipoprotein (apoA1, apoB and apoE), RNA

PCR Kit (AMV) Ver.3.0 (TaKaRa, Dalian, China) was

used for reverse transcription and SYBR®Premix Ex

TaqTM II (TaKaRa) was used for quantitative PCR. The

amplification conditions were as follows: 95°C for 10

mins, followed by 38 cycles of 95°C for 10 s and 58°C

for 60 s. miR-22 expression was normalized to U6 and

mRNA expression of IL6R and apolipoprotein (apoA1,

apoB and apoE) were normalized to GAPDH. The primer

sequences for qPCR were as follows: U6 forward, 5ʹ-CTC

GCTTCGGCAGCACA-3ʹ, and reverse, 5ʹ-AACGCTTCA

CGAATTTGCGT-3ʹ; miR-22 forward, 5ʹ-GGGGGATCCC

TGGGGCAGGACCCT-3ʹ, and reverse, 5ʹ-GGGGAATTC

AACGTATCATCCACCC-3ʹ; GAPDH forward, 5ʹ-GAAG

GTGAAGGTCGGAGTC-3ʹ, and reverse, 5ʹ-GAAGATGG

TGATGGGATTTC-3ʹ; apoA1 forward, 5ʹ-GAACAAGGA

CCTGGAGAATG-3ʹ, and reverse, 5ʹ-CTGGCCTTGGTA

TGATACTCʹ; apoB forward, 5ʹ-CACTTTGAGTTGCCC

ACCAT-3ʹ, and reverse, 5ʹ-TATTGAGGTGCGCTTTTC

CT-3ʹ; apoE forward, 5ʹ-GAGCAGGCCCTGAACCGC

TT-3ʹ, and reverse, 5ʹ-AGCCTGGCCCGTGTCTCCTC-

3ʹ; IL6R forward, 5ʹ-CCCCTCAGCAATGTTGTTTGT-3ʹ
and reverse, 5ʹ-CTCCGGGACTGCTAACTGG-3ʹ. The

results were presented as fold changes relative to U6 or

GAPDH and calculated using the 2−ΔΔCq method.

CCK-8 assay
Following transfection, transfected cells were seeded into

96-well plates (5000 cells per well) and cultured at 37°C in

a humidified atmosphere containing 5% CO2. Following

cell culture for 48 hrs, the cells were treated with CCK-8

solution. Finally, the absorbance value was read on a

microplate spectrophotometer (Model 680; Bio-Rad,

Hercules, CA, USA) at 490nm. All experiments were

repeated in triplicate.

Western blot analysis
Total cell protein from INS-1E cells was extracted using

RIPA buffer (Thermo Scientific, Rockford, IL, USA).

Protein concentration was quantified by the BCA Protein

Assay Kit (Pierce, Rockford, IL, USA). A total of 30 μg of

protein was loaded and separated by PAGE using gradient

10% gels (Invitrogen; Thermo Fisher Scientific, Inc.,

Waltham, MA, USA) that were transferred to polyvinyli-

dene difluoride membranes (Millipore, Billerica, MA,

USA). Following blocking with 5% dry nonfat milk in

PBST for 1 hrs, the membranes were incubated with

primary antibodies against Bcl-2 (cat no. 4223; Cell

Signaling Technology, Inc., Waltham, MA, USA; dilution,

1:1000), Bax (cat no. 5023; Cell Signaling Technology,

Inc.; dilution, 1:1000), caspase-3 (cat no. 9662; Cell

Signaling Technology, Inc.; dilution, 1:1000), JAK (cat

no. 3332; Cell Signaling Technology, Inc.; dilution,

1:1000), p-JAK (cat no. 66245; Cell Signaling

Technology, Inc.; dilution, 1:1000), STAT (cat no. 9172;

Cell Signaling Technology, Inc.; dilution, 1:1000), p-STAT

(cat no. 7649; Cell Signaling Technology, Inc.; dilution,

1:1000) and GAPDH (cat no. 5174; Cell Signaling

Technology, Inc.; dilution, 1:1000) overnight at 4°C. The

membranes were subsequently incubated with horseradish

peroxidase-conjugated goat anti-rabbit secondary antibody

(Santa Cruz Biotechnology, Santa Cruz, CA, USA) for

1 hr at 37°C. Finally, the membranes were washed with

PBST and the protein bands were detected using ECL

reagents (Amersham Biosciences, Shanghai, China).

Flow cytometry analysis
Briefly, INS-1E cells were digested with trypsin, washed

once with PBS, resuspended in 500 µL of buffer solution

and subsequently stained with 5 µL of FITC-Annexin-V

(BD Biosciences, San Jose, CA, USA) for 15 mins and

5 µL of propidium iodide (BD Biosciences) for 5 mins in

the dark at room temperature. Finally, the process was

terminated by the addition of ending buffer and the sam-

ples were analyzed by a FACS Calibur flow cytometer

(BD Biosciences) within 1 hrs.

Dual-luciferase reporter assay
Using the TargetScan software, IL6R was predicted as a

potential target of miR-22. The dual-luciferase reporter assay

system (Promega Corporation) was used to verify this predic-

tion. Briefly, the 3ʹ-untranslated region (3ʹ-UTR) mutant type

(MT) of IL6R lacking the binding sites for the miR-22

sequence was constructed using a QuickChange Site-

Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA).

The 3ʹ-UTR wild type (WT) or MT of IL6R was cloned in a

pMIR-GLOTM vector (Promega Corporation) containing the
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firefly luciferase coding region. INS-1E cells were co-trans-

fected with the pGL3-IL6R 3ʹ-UTR luciferase plasmid (con-

taining MT IL6R 3ʹ-UTR or WT IL6R 3ʹ-UTR) and miR-22

mimic or mimic control (NC) vector using Lipofectamine®

2000 reagent according to the manufacturer’s protocol.

Statistical analysis
SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was used to

perform statistical analyses. All data were presented as the

mean ± standard error. Indepedent sample t-test or one-

way ANOVA was applied to analyze the differences

between groups. Pearson correlation analysis was used

for the correlation analysis between the two variables.

P<0.05 was considered statistically significant.

Results
Expression of IL6R, apoA1, apoB and

apoE in the serum of diabetic patients
The RT-qPCR was applied to the determination of expres-

sion levels of IL6R, apoA1, apoB and apoE in the serum.

ApoA1 is the main component of high-density lipoprotein.

ApoB is the main apolipoprotein of low-density lipopro-

tein. ApoE is an important component of plasma lipopro-

tein. There is a close relationship between apolipoprotein

and T2DM.25 RT-qPCR was applied for the determination

of the expression levels of IL6R, apoA1, apoB and apoE in

the serum. The results demonstrated that IL6R expression

levels were significantly higher in the serum of the dia-

betic subjects, while the expression levels of apoA1, apoB

and apoE were apparently lower compared with those of

the normal patients (Figure 1). The results of the correla-

tion analysis of the IL-6R expression with the clinical

characteristics of the diabetic patients are shown in

Tables 1 and 2. The expression levels of IL-6R were

negatively associated with the levels of ApoA1, ApoB

and ApoE, which indicated significant differences com-

pared with those of the control samples. The levels of

IL-6R were positively associated with the levels of the

glycosylated hemoglobin and with the incidence of micro-

albuminuria, which indicated significant differences

(P<0.05). However, the differences among the levels of

IL-6R with age or gender were non-significant (P>0.05).

Changes in the body weight and glucose

of rat after STZ induction
Following STZ treatment to diabetic rats, their body weight

was gradually decreased compared with the control rats

exhibiting gradually increased body weight. The latter was

apparently lower in diabetic rats on the 4th and 5th day

compared with that of the control rats (Figure S1A and B).

The blood glucose levels of the diabetic rats exhibited a

sharp rise on the first day, which was subsequently main-

tained over the next 4 days (Figure S1C and D).

Pancreatic beta-cell count and IL6R

expression levels in the diabetic rat

pancreas tissues
H&E and TUNEL staining were applied to the analysis of the

pancreatic beta-cell count and of the pancreatic beta-cell apop-

tosis, respectively. The number of pancreatic beta cells was

decreased and the percentage of pancreatic beta-cell apoptosis

was increased in the diabetic rat pancreatic tissues compared

with those of the control animals (Figure 2A and B).

Figure 1 Expression of IL6R, apoA1, apoB and apoE in the serum of diabetic

patients. **P<0.01 and ***P<0.001 vs normal group.

Abbreviations: apoA1, apolipoprotein A1; apoB, apolipoprotein B; apoE, apolipo-

protein E; IL6R, IL6 receptor.

Table 1 Correlation analysis of IL-6R and clinical characteristics

of diabetic patients

Variable Correlation coefficient P

ApoA1 −0.205 0.017

ApoB −0.305 0.018

ApoE −0.429 <0.001

Age 0.111 0.397

Glycosylated hemoglobin (%) 0.453 <0.001

Microalbuminuria (mg/L) 0.527 <0.001

Abbreviations: IL6R, IL6 receptor; apoA1, apolipoprotein A1; apoB, apolipopro-

tein B; apoE, apolipoprotein E.

Table 2 IL-6R difference in different genders

Variable Gender M (Quartile) χ2 P

Male (n=30) Female (n=30)

IL-6R 1.47 (0.90, 2.44) 1.32 (0.91, 2.11) 0.386 0.535

Abbreviation: IL6R, IL6 receptor.
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Immunohistochemistry was used for the determination of

IL6R expression levels. The expression levels of IL6R were

increased in the diabetic rat pancreatic tissues compared with

those of the control samples (Figure 2C). These results indi-

cated that pancreatic beta cells and IL6R may be involved in

diabetes progression.

Expression levels of IL6R in the glucose-

induced INS-1E cells
To determine the expression levels of IL6R in glucose-

treated INS-1E cells, RT-qPCR was performed. The results

indicated that the IL6R expression levels were apparently

higher in glucose-treated INS-1E cells compared with those

of the control cells (Figure 3A). Subsequently, the effects of

IL6R on glucose-induced INS-1E cells were examined in

the presence of the si-IL6R-1 and in the presence of the NC

inhibitor, respectively. The efficiency of transfection was

verified by RT-qPCR. As expected, IL6R expression was

downregulated in glucose-treated INS-1E cells following

transfection with the compared with that noted in the con-

trol and the NC groups (Figure 3B).

Effect of IL6R on the viability and

apoptosis of glucose-treated INS-1E cells
The viability of glucose-treated INS-1E cells was increased

over time and IL6R inhibition was shown to promote this

process compared with the viability of the control and the

NC groups (Figure 3C). Flow cytometry analysis indicated

that the percentage of cell apoptosis was notably lower in

the group compared with that of the control and the NC

groups (Figure 3D). These results demonstrated that IL6R

inhibition promoted the viability and inhibited the apoptosis

of glucose-treated INS-1E cells.

miR-22 directly targets IL6R
Bioinformatic analysis was conducted with miRcode tool to

predict the potential targets of miR-22, and the findings

revealed that IL6R was one of the target genes of this

miRNA. In addition, the TargetScan tool was used to pre-

dict the binding sites of miR-22 and IL6R (Figure 4A). To

confirm whether IL6R was directly targeted and regulated

by miR-22 in glucose-treated INS-1E cells, luciferase repor-

ter genes with 3′-UTR IL6R and the mutant counterpart for

the miR-22 binding regions were co-transfected with miR-

22 mimic or NC mimic into these cells. Luciferase reporter

assay indicated that miR-22 overexpression significantly

inhibited the luciferase activity of IL6R with the WT 3′-

UTR, whereas this was not noted in the presence of the

mutant 3′-UTR gene (Figure 4B). And, miR-22 overexpres-

sion could obviously down-regulate the expression of IL6R

compared with the control group and NC group

(Figure 4C). As a result, miR-22 directly targets IL6R.

miR-22 expression levels in the serum of

diabetic patients and glucose-treated

INS-1E cells
To determine the expression levels of miR-22 in the serum

of diabetic patients and glucose-treated INS-1E cells,

RT-qPCR was used. The results indicated that miR-22

expression levels were significantly higher in the model

group compared with those of the control group

(Figure 4D and E). These effects were noted both in

patients and in the cell line model used in the present

study (Figure 4D and E). The results demonstrated that

miR-22 may be involved in the progress of diabetes.

Figure 2 Pancreatic beta-cell count and IL6R expression in the diabetic rat

pancreas tissues. (A) The number of pancreatic beta-cell observed by hematox-

ylin-eosin staining. (B) The apoptosis of pancreatic beta-cell observed by TUNEL

staining. (C) IL6R expression observed by immunohistochemistry.

Abbreviation: IL6R, IL6 receptor.
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Effect of miR-22 on the viability and

apoptosis of glucose-treated INS-1E

cells
To investigate the role of miR-22 in glucose-treated INS-

1E cells, the cells were transfected with miR-22 mimic and

NC mimic, respectively. The efficiency of transfection was

verified by RT-qPCR. As shown in Figure 4F, miR-22 was

upregulated in glucose-treated INS-1E cells by transfec-

tion with miR-22 mimic compared with the corresponding

expression of miR-22 in the control and the NC groups.

To investigate the effects of miR-22 on the viability

and apoptosis of glucose-treated INS-1E cells, CCK-8

assay and flow cytometry analysis were performed. The

viability of glucose-induced INS-1E cells was increased

over time and miR-22 overexpression further increased

their viability compared with that of the control and the

NC groups (Figure 4G). The rate of cell apoptosis was

significantly decreased in the miR-22 mimic group com-

pared with the control group. However, no significant

differences were observed between the control and the

NC groups (Figure 4H and I).

Figure 3 Effect of IL6R on the viability and apoptosis of glucose-induced INS-1E cells. (A) IL6R expression in the glucose-induced INS-1E cells. (B) IL6R expression in

different groups, as detected by reverse transcription-quantitative PCR. (C) Cell viability represented as OD values in different groups. (D) Apoptosis of INS-1E cells in

different groups and proportion of apoptotic cells. **P<0.01 and ***P<0.001 vs control group. #P<0.05 and ##P<0.01 and P<0.001 vs NC group.

Abbreviations: NC, negative control inhibitor; IL6R, IL6 receptor.
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miR-22/IL-6R inhibits INS-1E cell

apoptosis by downregulating the

expression of the apoptotic proteins
To determine the expression levels of the apoptosis-related

proteins (Bcl-2, Bax and caspase-3), Western blot analysis

was used. MiR-22 overexpression or IL-6R inhibition

inhibited the expression levels of Bax and caspase-3

while it increased the expression levels of Bcl-2

(Figures 5 and 6). These results indicated that miR-22

inhibited the expression levels of Bax and caspase-3 and

induced the expression of Bcl-2, while IL-6R exhibited the

Figure 4 miR-22-3p directly targeting IL-6R and effect of miR-22 on the viability and apoptosis of glucose-induced INS-1E cells. (A) Interaction between miR-22-3p and 3ʹ-UTR
of IL-6R was predicted by TargetScan. (B) Luciferase activity of a reporter containing IL-6R 3ʹ-UTR-WTor 3ʹ-UTR-MUT (with a mutation in the miR-22-3p binding site). (C) IL-

6R expression affected by the changes of miR-22 expression. (D) miR-22 expression in people of different groups. (E) miR-22 expression in INS-1E cells of different groups. (F)
miR-22 expression in different groups, as detected by reverse transcription-quantitative PCR. (G) Cell viability represented as OD values in different groups. (H and I)
Apoptosis of INS-1E cells in different groups and proportion of apoptotic cells. **P<0.01 and ***P<0.001 vs control group. #P<0.05 and ##P<0.01 vs NC group.

Abbreviations: NC, negative control mimic; UTR, untranslated region; WT, wild type; MUT, mutated; IL6R, IL6 receptor.
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opposite effects and inhibited the apoptotic rate of glu-

cose-treated INS-1E cells.

miR-22/IL-6R promotes viability and

inhibits apoptosis of INS-1E cells via the

JAK/STAT signaling pathway
To determine the expression levels of JAK, p-JAK, STAT

and p-STAT, Western blot analysis was performed.

Overexpression of miR-22 or IL-6R inhibition promoted

the expression of p-JAK and p-STAT, while no significant

differences were noted in the presence of NC mimics or NC

inhibitor compared with those noted in the control group

(Figures 7 and 8). These results suggested that miR-22

promoted the activation of the JAK/STAT signaling path-

way, while IL-6R suppressed the viability and inhibited the

apoptotic rate of glucose-treated INS-1E cells.

Discussion
In the present study, we investigated the effects of miR-22/

IL6R on the regulation of the viability and apoptosis of

INS-1E cells. In addition, the data indicated that these

processes were mediated via the JAK/STAT signaling

pathway. The expression levels of IL6R were increased

in the serum of patients, in diabetic rat pancreatic tissues

and in glucose-treated INS-1E cells, while the expression

levels of miR-22 were decreased in the serum of patients

and in glucose-treated INS-1E cells. CCK-8 assays and

flow cytometry analysis were performed to evaluate the

viability and the induction of apoptosis of glucose-treated

INS-1E cells, respectively. The results indicated that

downregulation of IL6R promoted the viability and inhib-

ited apoptosis of glucose-treated INS-1E cells, suggesting

that miR-22 may regulate cell viability and apoptosis at

least partly via the regulation of IL6R. To our knowledge,

this is the first study demonstrating that miR-22 regulated

viability and apoptosis of glucose-treated INS-1E cells via

the downregulation of IL6R and the regulation of the JAK/

STAT signaling pathway.

It was reported that IL6R was associated with the

STAT3 signaling pathway in hepatocellular carcinoma

and that it played significant roles in the regulation of

Figure 5 miR-22 overexpression inhibits INS-1E cells apoptosis through downregulation of protein expression. *P<0.05 and ***P<0.001 vs control group. #P<0.05 and
##P<0.01 vs NC group.

Abbreviation: NC, negative control mimic.
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cell growth and invasion.26 The protein levels of IL6R

were decreased by miR-22 overexpression in order to

induce cell proliferation and to inhibit cell apoptosis in

osteosarcoma cells.27 However, the role of IL6R in glu-

cose-treated INS-1E cells remained unknown. Therefore,

the expression levels of IL6R were we suppressed in

glucose-treated INS-1E cells using specific siRNAs in

order to identify the potential role of IL6R in this cell

line model. The data further demonstrated that IL6R inhi-

bition increased the expression levels of Bcl-2, while the

levels of Bax and caspase-3 were decreased leading to a

suppression of apoptosis in glucose-treated INS-1E cells.

Moreover, it was shown that IL6R inhibition increased the

expression levels of p-JAK and p-STAT leading to an

increase in cell viability and to the inhibition of apoptosis

of glucose-treated INS-1E cells. Taken collectively, the

data suggested that IL6R inhibition promoted the viability

and suppressed apoptosis of glucose-treated INS-1E cells.

miRNAs have been demonstrated to mediate post-tran-

scriptional regulation of gene expression by binding the

specific site of 3′-UTR of genes from plants to mammals.28

MiR-122 overexpression significantly upregulated the

expression of Bcl-x and downregulated the expression of

caspase-3 to increase the viability and inhibit the apoptosis

of cardiomyocyte.29 Xia et al demonstrated that the expres-

sion levels of miR-125b-1 were decreased in human glioma

cells and that its overexpression significantly promoted

human glioma cell viability by inhibiting the early and

late stages of apoptosis after transfection with

miR-125b-1.30 Similarly, the expression of miR-374b in

human gastrointestinal stromal tumor (GIST) cells was

decreased and highly expressed miR-374b promoted prolif-

eration and inhibited apoptosis of human GIST cells.31 The

expression level of miR-22 was increased in type 1 diabetes

mellitus compared to the controls.32 The miR-22 overex-

pression could inhibit neuronal apoptosis and play a protec-

tive role for neurons.33 These results indicated that miR-22

was related to the viability and apoptosis of cells. In the

present study, we observed that the expression levels of

miR-22 were significantly decreased in the serum of

patients and in glucose-treated INS-1E cells. Subsequently,

a miR-22 overexpression cell line model was established in

order to unravel the underlying mechanism of apoptosis

regulation in glucose-treated INS-1E cells. The data demon-

strated that IL6R was a direct target of miR-22 and that

miR-22 overexpression increased the expression levels of

Figure 6 IL-6R inhibition inhibits INS-1E cells apoptosis through downregulation of protein expression. *P<0.05 and **P<0.01 and ***P<0.001 vs control group. #P<0.05 and
##P<0.01 and P<0.001 vs NC group.

Abbreviations: NC, negative control inhibitor; IL6R, IL6 receptor.
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Figure 7 MiR-22 overexpression promotes the viability and inhibits apoptosis of INS-1E cells through JAK/STAT signaling pathway. **P<0.01 vs control group. ##P<0.01 vs

NC group.

Abbreviation: NC, negative control mimic.

Figure 8 IL-6R inhibition promotes the viability and inhibits apoptosis of INS-1E cells through JAK/STAT signaling pathway. **P<0.01 vs control group. ##P<0.01 vs NC group.

Abbreviations: NC, negative control inhibitor; IL6R, IL6 receptor.
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Bcl-2 and decreased the expression levels of Bax and cas-

pase-3, leading to the inhibition of glucose-treated INS-1E

cell apoptosis. In addition, miR-22 overexpression

increased the expression levels of p-JAK, p-STAT,

enhanced cell viability and suppressed apoptosis of glu-

cose-treated INS-1E cells. These results were all reversed

when IL6R was expressed. Therefore, the present study

demonstrated that miR-22 may promote the viability and

suppress apoptosis of glucose-treated INS-1E cells by

downregulation of the expression of IL6R.

Conclusion
In conclusion, the data of the current study demonstrated

that the low expression of miR-22 and high expression of

IL6R in the serum of patients and glucose-induced INS-1E

cells. In addition, miR-22 overexpression promoted the

viability and inhibited apoptosis of glucose-induced

INS-1E cells partially through its down-regulation of

IL6R. Furthermore, miR-22 overexpression or IL6R inhi-

bition promoted the activation of JAK/STAT signaling

pathway to regulate the viability and apoptosis of glu-

cose-induced INS-1E cells. With the identification of

IL6R as a target for miR-22 in glucose-induced INS-1E

cells, molecular mechanisms of miR-22 regulated the via-

bility and apoptosis of glucose-induced INS-1E cells were

understood, which may be used for the future clinical

applications. However, there are still existing some limita-

tions in this study. How the free IL-6/bound IL6 in this

study reflect concentrations found during active inflamma-

tory events in an actual inflammatory response-mediated

pathophysiology is not studied. The current animal model

is more suitable for a hyperglycemic model, that is not the

sole criteria in the pathophysiology of T2DM and the role

of CD8+ T-cell response would have been more accurate

and appropriate. We will consider those limitations in

further study.
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