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Abstract: Objective: Gestational diabetes mellitus (GDM) is one of the common complications of pregnant women,
with serious threatening to pregnant women and newborns. The pathogenesis of GDM remains unclear now. This
study aims to explore the effects of miR-22-3p targeted regulation of suppressors of cytokine signaling 3 (Socs3)
on the hepatic insulin resistance (HIR) in mice with GDM. Methods: Healthy SPF C57BL/6J mice were selected to
establish GDM model and divided into 7 groups: Normal group, Model group, NC-(negative control) mimic group,
miR-22-3p mimic group, NC-pcDNA3.0 group, pcDNA3.0-Socs3 group, and miR-22-3p mimic + pcDNA3.0-Socs3
group. The islet morphology, and the expressions of miR-22-3p, Socs3 mRNA and Socs3 protein in the islet tis-
sues were detected by HE staining, gRT-PCR and Western blot. Fasting blood glucose (FBG), triglyceride (TG), total
cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C) were measured. Oral glucose tolerance test (OGTT)
was performed to detect FBG and fasting insulin (FINS) contents, and insulin resistance (HOMA-IR) was calculated.
Results: Compared with the Normal group, the model group had decreased levels of miR-22-3p and HDL-C, while
increased levels of Socs3 mMRNA and protein expressions, OGTT, FBG, FINS, and HOMA-IR, TG and TC (all P < 0.05).
Compared with the Model group, the above indicators (OGTT, FBG, FINS, HOMA-IR, TG, TC and HDL-C) were improved
in the miR-22-3p mimic group, but worsened in the pcDNA3.0-Socs3 group (all P < 0.05). Conclusion: miR-22-3p
can down-regulate the expression of Socs3, thereby inhibiting HIR in GDM mice.

Keywords: miR-22-3p, suppressors of cytokine signaling 3, gestational diabetes mellitus, hepatic insulin resis-
tance, effect

Introduction fetal macrosomia, gestational hypertension
(GH) and excessive quantities of amniotic fluid,

Gestational diabetes mellitus (GDM) is one of as well as neonatal asphyxia and Congenita|

the common complications of pregnant women,
and it refers to the abnormal glucose tolerance
that occurs or is first discovered during preg-
nancy [1]. GDM is a polygenic disease charac-
terized by insufficient insulin secretion and
insulin resistance (IR), and it usually occurs dur-
ing the middle and late pregnancy [2]. The main
clinical manifestations of this disease include
overweight of pregnant women, and recurrent
episodes of vulvovaginal and vaginal candidia-
sis infection [3]. This disease seriously endan-
gers the health of newborns and pregnant
women, and can cause spontaneous abortion,

infection [4]. The prevalence of GDM is rising,
increased by more than 30% in the last two
decades [5]. Therefore, it is of great significance
to explore the pathogenesis of GDM for the
early intervention and active prevention and
treatment.

The pathogenesis of GDM is still not clear now,
which may be resulted from the combined
effects of genetic and environmental factors
[5]. Studies have pointed out that the pathogen-
esis of GDM is related to the decrease of insulin
secretion and IR [6]. IR is the main pathological
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feature of GDM and plays a key role in GDM'’s
occurrence and development, leading to the
decline of the body’s ability to process glucose
[7]. Insufficient insulin in pregnant women can’t
resist the IR, causing the increase of blood
glucose and eventually leading to GDM [8].
Therefore, this study explored the treatment for
GDM from IR, the potential pathogenesis of
GDM.

Suppressors of cytokine signaling 3 (Socs3)
has been widely studied in recent years, espe-
cially in the aspects of glucose metabolism and
IR, and Socs3 may be a therapeutic target for
these diseases. Socs3, a novel type of cytokine
signal transduction inhibitory molecules in the
families of Socs, is located at 17g25.3 and has
a length of 3,303 bp [9]. Researchers have
found that, in general, the intracellular expres-
sion level of Socs3 is rather low, but with the
stimulation of cytokines and hormones, the
expression level of Socs3 usually rises rapidly
within 15-20 min [10]. The expression level of
Socs3 mRNA was significantly increased in the
visceral adipose tissues of GDM patients [11].

microRNA (miRNA) is a class of endogenous
non-coding small RNA molecule and it plays an
important role in the pathogenetic process of
GDM [12]. Studies have found that the abnor-
mal expression of miRNAs is closely related to
the occurrence and development of pregnancy-
related diseases such as placental dysplasia
[13, 14]. We used TargetScan online prediction
website to screen the upstream miRNA of Socs
and we found a possible binding site between
Socs and miR-22-3p. The effects of miR-22-3p
on the hepatic insulin resistance (HIR) of mice
with GDM were studied in this experiment.
There are few studies on miR-22-3p, mainly
found in severe acute pancreatitis, non-small
cell lung cancer, and liver cancer [15-17]; it is
the first time to investigate the effects of miR-
22-3p on GDM in this study.

In this paper, the effects of miR-22-3p targeted
regulate Socs3 on the HIR of mice with GDM
were investigated.

Materials and methods

Dual-luciferase reporter gene assay

TargetScan online prediction website (http://
www.targetscan.org/vert_71/) was used to
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analyze the target genes of miR-22-3p, and
dual-luciferase reporter gene assay was con-
ducted to verify whether Socs3 is the direct tar-
get gene of miR-22-3p. The 3'UTR fragments of
Socs3 were cloned and amplified, and the PCR
products were cloned to the multiple cloning
sites in the downstream of pmirGLO (E1330;
Promega Corporation, USA) Luciferase gene
and named Wt-Socs3. The specific binding
sites in miR-22-3p and Socs3 predicted by bio-
informatics website (TargetScan (http://www.
targetscan.org/vert_72/)) were mutated and
named Mut-Socs3. pRL-TK vector (Ranilla lucif-
erase; E2241; Promega, USA) was used as the
internal reference. miR-22-3p mimic and
NC-mimic were co-transfected with the lucifer-
ase reporter vectors into 293T cells, and the
luciferase activity in each group was detected.

Experimental animals

Healthy SPF C57BL/6J mice (Experimental
Animal Center of Guangzhou University of
Chinese Medicine, China), weighing 20-25 g,
were included in this study. All animals were
bred under specific pathogen-free conditions
(IVC system, UK) with a normal diet. All mice
were raised in a controlled environment (25 +
1°C, humidity of 40-70%), under alternating 12
h of light and darkness, and were given free
diet and water. This study was approved by the
Animal Ethics Committee of the Fourth Hospital
of Shijiazhuang.

Establishment of GDM model

Female mice aged 8 weeks (n = 90) and male
mice of the same age (n = 45) were mated in a
cage with a ratio of 2:1. The occurrence of vagi-
nal tamponade in the next morning was consid-
ered to be day 0.5 of pregnancy. After confirma-
tion of pregnancy, the pregnant mice were ran-
domly divided into two groups: control group
(Normal group, n = 10) and GDM group (n = 80).
After 12 h of fasting, the GDM group received
an intraperitoneal injection of newly prepared
streptozotocin (150 mg/kg; Sigma, St. Louis,
MO, USA) within 30 min to induce GDM model
[18]; the Normal group received an injection of
excipient (50 mM sodium citrate, pH 4.5). Three
days after injection, blood glucose levels were
measured from caudal venous blood using
Accu-Chek Performa blood glucose meter
(Roche Diagnostics, Germany). The success of
GDM model was defined as stable of glucose
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level > 16.7 mM or 300 mg/dL for three days
[18].

A total of 60 mice selected from the successful
GDM model were divided into 6 groups, 10 in
each group: Model group (model mice), NC-
(negative control) mimic group (model mice
with tail vein injection of negative control vec-
tor), miR-22-3p mimic group (model mice with
tail vein injection of miR-22-3p mimic), NC-pc-
DNA3.0 group (model mice with tail vein injec-
tion of pcDNA3.0 empty vector), pcDNA3.0-
Socs3 group (model mice with tail vein injection
of pcDNA3.0-Socs3), and miR-22-3p mimic +
pcDNA3.0-Socs3 group (model mice with tail
vein injection of miR-22-3p mimic and pc-
DNA3.0-Socs3). miR-22-3p mimic (5-TCATTT-
CTCGCTCGATTCT-3’), pcDNA3.0-Socs3 (5-TG-
CGCGAATCCATCGTATCC-3’), NC-pcDNA3.0 and
NC-mimic (5-GACTCAGATTCTG GAAC-3’) were
packaged by lentivirus with a virus injection of
2*107 IU (all purchased from Shanghai Gene-
Pharma Co., Ltd., China). All pregnant mice
were given free water and normal diet.

HE staining

After the mice were anesthetized with 3% pen-
tobarbital sodium (P3761, Sigma, USA), blood
samples were obtained via eyeball blood collec-
tion for other experiments. After blood collec-
tion, the mice died due to excessive blood loss
under anesthesia. Then the pancreas was
quickly removed, and the pancreatic tissues
were fixed with 10% formaldehyde solution. The
pancreatic tissues were taken to prepare paraf-
fin sections with a thickness of 5 um. Then the
paraffin sections were spread out at 45°C,
picked up, baked for 1 h at 60°C, dewaxed with
xylene and stained with hematoxylin (Beijing
Solarbio Science & Technology Co., Ltd., China).
Details are as follows. The sections were
dewaxed with xylene, hydrated in gradient alco-
hol, and stained with hematoxylin for 2 min.
Then, the sections were washed for 10 s, dif-
ferentiated with 1% hydrochloric acid alcohol
for 30 s, washed for 2 s, and stained with eosin
(Beijing Solarbio Science & Technology Co.,
Ltd., China) for 2 min. After washed again, the
sections were dehydrated with gradient alco-
hol, cleared with xylene, and mounted with per-
mount mounting medium for the observation of
morphological changes of islet cells under ordi-
nary optics microscope (XP-330, Shanghai
Bingyu Optical Instrument Co., Ltd., China).

7289

Oral glucose tolerance test (OGTT)

The mice were fasted for 12 h overnight before
OGTT. Glucose (2 g/kg body weight) was given
by oral gavage. The tail vein blood samples
were obtained to measure glucose levels at O,
30, 60, and 120 min after glucose gavage, and
then the oral glucose tolerance curve was plot-
ted. The area under the curve was calculated
and the differences between the groups were
compared. Glucose area under the curve = 1/4
* fasting blood glucose (FBG) value + 1/2 * 0.5
h blood glucose value + 4/3 * 1 h blood glu-
cose value + 2 h blood glucose value [19].

Detection of FBG

Blood samples of all female mice were collect-
ed on gestational day 18. After 12 h of fasting,
the mice were anesthetized with 3% pentobar-
bital sodium (P3761; Sigma, USA), and the
blood was sampled from eyeball extirpating.
The blood samples were placed at room tem-
perature for 2 h, centrifuged at 10,000x g for
20 min, and the serum was stored ina 1 mL EP
tube at -80°C. FBG was determined by gluco-
se oxidase assay (Biosino Bio-technology and
Science Inc., China). Glucose is oxidized into
H,0, and gluconic acid with the action of glu-
cose oxidase. H,0, reacts with 4-Aminoan-
tipyrine and phenol to produce quinone-imine
under the catalysis of peroxidase. The optical
density (OD) was measured at a wavelength of
505 nm by Biochemical Analyzer (7171A; Hi-
tachi, Japan), and the OD was directly propor-
tional to the glucose content.

Detection of fasting insulin (FINS)

Blood samples of all female mice were collect-
ed on gestational day 18. The concentration of
FINS was determined by double antibody sand-
wich Elisa (BC1710; Beijing Solarbio Science &
Technology Co., Ltd., China). All procedures
were conducted according to the instructions
of the kit. Standard substance, sample and
HRP-labeled insulin antibody were successively
added into the microporous plate to form the
complex, and then the TMB substrate was
added for color development. The OD value was
detected at 450 nm wavelength by the enzyme
marker. The concentration of FINS in the sam-
ple was calculated from the standard curve.
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Table 1. Primer sequence

Sequence

miR-22-3p  F: 5-GGAGGTGCGCTGGTCTC-3’
R: 5-GGGACGGAAGGGCAGA-3’

Socs3 F: 5-TGCAACCAACGCATCGGATC-3’
R: 5-GTTCGATGCAGGAGCGTAGG-3’
ue F: 5-CGCTTCTGCCACACAGG-3’
R: 5-ACACTCGAGATTACGTG-3’
GAPDH F: 5-AGGTCGGTGTGAACGGATTTG-3’

R: 5-GGGGTCGTTGATGGCAACA-3’
Note: Socs3, suppressors of cytokine signaling 3.

Detection of insulin resistance

Homeostasis model assessment (HOMA) was
used to calculate insulin resistance (HOMA-IR).
HOMA-IR = FBG * FINS/22.5 [20]. The higher
HOMA-IR value represents lower sensitivity of
peripheral tissues to insulin and stronger IR.

Detection of blood lipid indexes

Blood samples of all female mice were collect-
ed on gestational day 18. Mouse triglyceride
(TG) ELISA kit, mouse total cholesterol (TC)
ELISA kit, and mouse high-density lipoprotein
cholesterol (HDL-C) ELISA kit (all purchased
from Shanghai Guang Rui Biological Technology
Co., Ltd., China) were used to measure the
serum concentrations of TG, TC and HDL-C,
respectively. The procedures were performed
in accordance with the instructions of the Kkit.
Standard substance, sample and HRP-labeled
antibodies (TG, TC and HDL-C antibodies) were
successively added into the microporous plate
to form the complexes, and then the TMB sub-
strate was added for color development. The
OD value was detected at 450 nm wavelength
by the enzyme marker. The concentrations of
TG, TC and HDL-C in the sample were calculat-
ed from the standard curves, respectively.

gRT-PCR

The total RNA of pancreatic tissues was extract-
ed from each group using a Trizol kit (Invitrogen
Company, USA), and its purity and concentra-
tion were determined. RNA was reversely tran-
scribed into cDNA using RT reverse transcrip-
tion kit (11939823001; Merck, USA). The reac-
tion mixture (10 uL) consisted of 0.5 yL each of
the forward and reverse primers, 1 uL cDNA, 3
uL ddH,0, and 5 pL (2x) SYBR® Premix Ex Tag™
Il. The reaction conditions were: pre-denatur-
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ation at 95°C for 4 min, denaturation at 94°C
for 30 s, annealing at 60°C for 30 s, and after
35 cycles elongation at 72°C for 5 min. U6 and
GAPDH were selected as reference genes for
quantitating miR-22-3p and Socs3, respective-
ly. The relative expression of each gene was
calculated by the 222t method. The primer
sequences of detected genes are listed in Table
1, and the primers were synthesized by Sangon
Biotech (Shanghai) Co., Ltd., China. AACt =
ACt - ACt , ACt = Ct -

other group control group target gene

reference gene”

Western blot

The islet tissue of each group was collected,
and the total protein was extracted with the kit
(BB-3121; Shanghai BestBio Co., Ltd., China).
The protein concentration was determined
using the BCA kit (20201ES76; Yesen Bio-
technology (Shanghai) Co., Ltd., China). The
protein samples (20 pg/well) were fractionated
by 8% SDS-PAGE for 1 h and the protein bands
were transferred onto a PVDF membrane. The
membrane was blocked with 5% skim milk and
then incubated with primary antibodies over-
night at 4°C. The primary antibodies were So-
cs3 (ab14939; 1:2,000, Abcam, UK) and
GAPDH (ab181602; 1:5,000, Abcam, USA).
After thrice washes with PBST, the membrane
was incubated with horseradish peroxidase-
labeled goat anti-mouse secondary antibody
IgG (ab6789; 1:1,000, Abcam, Cambridge, MA,
UK) for 1 h at room temperature. Following
three PBST washes, the membrane was react-
ed with ECL (ECL808-25; Biomiga, USA) and
exposed in a dark room. GAPDH were regarded
as the internal reference. The relative expres-
sion of each protein was calculated as ratio of
protein band gray-scale value to internal refer-
ence band gray-scale value.

Statistical analysis

Data were processed using SPSS20.0 (IBM SP-
SS Statistics, Chicago, IL, USA). Measurement
data were expressed as the mean * standard
deviation (X * sd). Unpaired data with normal
distribution and homogeneity in two groups
were compared by unpaired t-test. Comparison
of data among multiple groups was done using
one-way analysis of variance (ANOVA) and pair-
wise comparison was performed using Tukey’s
post-hoc test. Difference was statistically sig-
nificant when P < 0.05.
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Figure 1. The expressions of miR-22-3p, Socs3 mMRNA and Socs3 protein detected by gRT-PCR and Western blot.
A. The histograms of qRT-PCR results; B. Western blot bands; C. The histograms of Western blot results. Compared
with the Normal group, “P < 0.05; compared with the Model group, P < 0.05; compared with the NC-mimic group,
&P < 0.05; compared with the miR-22-3p mimic group, ®P < 0.05; compared with the NC-pcDNA3.0 group, *P < 0.05;
compared with the pcDNA3.0-Socs3 group, "P < 0.05. Socs3: suppressors of cytokine signaling 3.

Results

The changes of miR-22-3p and Socs3 expres-
sion levels in model mice

To verify the over-expressions of miR-22-3p and
socs3 after injection of miR-22-3p mimic or
pcDNA3.0-Socs3, the expressions of miR-22-
3p, Socs3 mRNA, and Socs3 protein were
detected by qRT-PCR and Western blot (Figure
1). Compared with the Normal group, the miR-
22-3p expressions were significantly reduced,
and the mRNA and protein expressions of
Socs3 were increased significantly in the other
groups (all P < 0.05). Compared with the Model
group, the miR-22-3p expressions of miR-22-3p
mimic and miR-22-3p mimic + pcDNA3.0-Soc-
s3 groups were increased significantly, the
MRNA and protein expressions of Socs3 in the
miR-22-3p mimic group were significantly de-
creased, while the mRNA and protein expres-
sions of Socs3 in the pcDNA3.0-Socs3 group
were increased significantly (all P < 0.05). There
was no difference between the Model and
NC-mimic group in terms of the above indica-
tors (all P > 0.05). These results indicated that
model mice had low level of miR-22-3p expres-
sion, but high level of Socs3 expressions, and
miR-22-3p upregulation treatment could inhibit
Socs3 expression.

miR-22-3p upregulation and Socs3 inhibition
alleviated the tissue damages of model mice

To investigate the effects of miR-22-3p and
Socs3 expression upregulations on the histo-
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morphology of islets, islet morphology of each
group was observed by HE staining (Figure 2).
The Normal group had regular islet morphology,
orderly cell arrangement, uniform size, clear
chromatin and mostly round nuclei. As for the
Model, NC-mimic, NC-pcDNA3.0, and miR-22-
3p mimic + pcDNA3.0-Socs3 group, the mor-
phology of the islet tissue was irregular with
different degrees of atrophy, the cells were dis-
ordered arrangement with vacuolar degenera-
tion, and the number of cells was reduced, with
nuclear pyknosis and lysis, mainly infiltrated by
infammatory cells such as lymphocytes and
monocytes. miR-22-3p mimic group had rela-
tive regular islet morphology, reduced number
of cells, and less vacuolar degeneration; while
compared with the Model group, pcDNA3.0-
Socs3 had more irregular islet morphology,
larger degree of atrophy and damage, and se-
verer infiltration of inflammatory cells. There-
fore, miR-22-3p upregulation could alleviate
the tissue damages of model mice, while Socs3
up-regulation would deteriorate the damages.

miR-22-3p targets and down-regulates the ex-
pression of Socs3

To further explore the relationship between
miR-22-3p and Socs3, the specific binding sites
of miR-22-3p and Socs3 were predicted by
TargetScan online prediction website (Figure
3A) and the dual-luciferase reporter gene assay
was performed to verify the results of bioinfor-
matic prediction (Figure 3B). Compared with
the NC mimic group, the luciferase activity was

Am J Transl Res 2020;12(11):7287-7296
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A 3 Figure 2. Detection of
pancreatic tissue using
HE staining (200x%). The
islet (endocrine part)
is in light color and the
exocrine part is in dark
color.
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significantly decreased in the miR-22-3p mimic
group with co-transfection of Wt-Socs3 (P <
0.05), while the luciferase activity remained
unchanged in the miR-22-3p mimic group with
co-transfection of Mut-Socs3 plasmid (P >
0.05). The results delineated that miR-22-3p
can targetedly down-regulate the expression of
Socs3.

miR-22-3p upregulation could decrease the
level of blood glucose and severe insulin resis-
tance in model mice by inhibiting Socs3

To investigate the effects of miR-22-3p and
Socs3 expression upregulations on the level of
blood glucose and severe insulin resistance, on
gestational day 18, the changes of FBG and
FINS were detected, and HOMA-IR was calcu-
lated (Figure 4). Compared with the Normal
group, the FBG, FINS and HOMA-IR in the other
groups were significantly increased (all P <
0.05). Compared with the Model group, the
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Figure 3. miR-22-3p targets and down-regulates the
expression of Socs3. A. The sequence of 3’-UTR for
the pairing of miR-22-3p and Socs3; B. Luciferase
activity detected by dual-luciferase reporter gene
assay. Compared with the NC mimic group, P <
0.05. Socs3: suppressors of cytokine signaling 3.

three indicators were significantly reduced
and increased in the miR-22-3p mimic and
pcDNA3.0-Socs3 groups respectively (all P <
0.05). There was no intergroup difference in the
three indications among the Model, NC-mimic,
NC-pcDNA3.0, and miR-22-3p mimic + pcDNA-
3.0-Socs3 groups (all P > 0.05). Compared with
the miR-22-3p mimic group, the three indica-
tors were significantly increased in the miR-22-
3p mimic + pcDNA3.0-Socs3 group (all P <
0.05). These results indicated that miR-22-3p
upregulation could alleviate the high level of
blood glucose and severe insulin resistance in
model mice, while Socs3 up-regulation would
deteriorate these symptoms.

miR-22-3p upregulation could improve the
blood glucose regulating ability of model mice
OGTT inhibiting Socs3

To investigate the effects of miR-22-3p and
Socs3 expression upregulations on the blood

Am J Transl Res 2020;12(11):7287-7296
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Figure 5. The changes of blood glucose level. Com-
pared with the Normal group, P < 0.05; compared
with the Model group, *P < 0.05; compared with the
NC-mimic group, 4P < 0.05; compared with the miR-
22-3p mimic group, ®P < 0.05; compared with the
NC-pcDNA3.0 group, *P < 0.05; compared with the
pcDNA3.0-Socs3 group, "P < 0.05. GAUC: glucose
area under the curve; Socs3: suppressors of cyto-
kine signaling 3.
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glucose regulating ability of model mice, the
OGTT were detected (Figure 5). Compared with
the Normal group, the blood glucose level of
the Model group was increased significantly
and reached the highest level at 0.5 h after oral
glucose load, and then decreased at 1 h and 2
h after oral glucose load (all P < 0.05).
Compared with the Model group, the blood glu-
cose level of the miR-22-3p mimic group was
decreased significantly at 0.5 h, 1 h, and 2 h
after oral glucose load, while that of the
pcDNA3.0-Socs3 group was increased signifi-
cantly at the same time points (all P < 0.05). No
intergroup difference was seen in the NC-mi-
mic, NC-pcDNA3.0, and miR-22-3p mimic + pc-
DNA-3.0-Socs3 groups in terms of the above
indicator (all P > 0.05). These results indicated
that miR-22-3p upregulation could improve the
blood glucose regulating ability of model mice,
while Socs3 up-regulation would deteriorate it.

miR-22-3p upregulation could improve the
blood lipid metabolism of model mice by inhib-
iting Socs3

To investigate the effects of miR-22-3p and
Socs3 expression upregulations on the blood
lipid metabolism, on gestational day 18, the
blood lipid indexes including TG, TC, HDL-C

Am J Transl Res 2020;12(11):7287-7296
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Figure 6. The content of blood lipid indexes. A. TG content; B. TC content; C. HDL-C content. Compared with the
Normal group, “P < 0.05; compared with the Model group, *P < 0.05; compared with the NC-mimic group, P < 0.05;
compared with the miR-22-3p mimic group, ®P < 0.05; compared with the NC-pcDNA3.0 group, *P < 0.05; compared
with the pcDNA3.0-Socs3 group, "P < 0.05. Socs3: suppressors of cytokine signaling 3; TG: triglyceride; TC: total

cholesterol; HDL-C: high-density lipoprotein cholesterol.

were measured and the results were shown in
Figure 6. Compared with Normal group, there
were significantly increased TG and TC, and sig-
nificantly reduced HDL-C in the other groups (all
P < 0.05). Compared with the Model group, TG
and TC were significantly decreased, and HDL-C
was significantly increased in the miR-22-3p
mimic group (all P < 0.05); while the three indi-
cators showed opposite trend in the pcDNA3.0-
Socs3 group (all P < 0.05). There was no differ-
ence among the Model, NC-mimic, NC-pcDNA-
3.0, and miR-22-3p mimic + pcDNA3.0-Socs3
groups in terms of the above indicators (all P >
0.05). Compared with the miR-22-3p mimic
group, there were increased TG and TC, and sig-
nificantly decreased HDL-C in the miR-22-3p
mimic + pcDNA3.0-Socs3 group (all P < 0.05).
These results indicated that miR-22-3p upregu-
lation could improve the blood lipid metabolism
of model mice, while Socs3 up-regulation would
deteriorate it.

Discussion

GDM is becoming a common disease all around
the world. The screen of GDM in pregnant
patients is often performed in the middle and
late pregnancy, thus it is urgent to find efficient
and feasible clinical treatment methods.
Currently, the oral hypoglycemic agents are the
main treatment for GDM, but its effectiveness
and safety need to be further confirmed. The
treatment of GDM has its own uniqueness lies
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on the condition of pregnant women and the
health of the fetus.

The correlation between pregnancy-related dis-
eases and miRNA expression has become a
clinical hotspot. Studies have found that miR-
26b was associated with the occurrence and
development of GH and high expression level of
miR-26b was presented in serum of GH pa-
tients; therefore, miR-26b may be an important
molecular mechanism in the formation of GH
[21]. Researches on GDM found that the ex-
pressions of miR-41, miR-200a, and miR-375
were closely related to the blood glucose relat-
ed indicators, and their abnormal expressions
indicated the susceptibility of GDM, providing a
certain reference for the early diagnosis of
GDM [22, 23]. This study found that miR-22-3p
regulated GDM through its targeted down-regu-
lation of Socs3. The specific binding sites of
miR-22-3p and Socs3 were predicted by
TargetScan online prediction website. The lucif-
erase activity of the miR-22-3p mimic group
with co-transfection of Wt-Socs3 was signifi-
cantly decreased, while the luciferase activity
remained unchanged in the miR-22-3p mimic
group with co-transfection of Mut-Socs3 plas-
mid, indicating that miR-22-3p can targetedly
down-regulate the Socs3.

In this study, compared with the Model group,

OGTT, FBG, FINS, HOMA-IR, TG and TC were sig-
nificantly decreased, and HDL-C was signifi-
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cantly increased in the miR-22-3p mimic group;
the above indicators showed opposite trend in
the pcDNA3.0-Socs3 group. The higher HOMA-
IR value represents lower sensitivity of periph-
eral tissues to insulin and stronger IR. Though
the model mice had islet damages which may
lead to insulin secretion insufficiency, the
severe IR significantly slowed down the insulin
mentalism, thus the model mice still had high
FINS level. It is predicted that miR-22-3p target-
edly down-regulate the Socs3 to improve GDM
through affecting HIR of mice. IR is the core
pathogenesis of GDM, and overexpression of
Socs-3 may interfere with the effect of insulin
and lead to IR [24]. Previous studies have con-
firmed that the reduced expression level of
Socs-3 can regulate blood glucose [25]. The
study of the expression and significance of
Socs3 in placental tissue of GDM patients has
found that the overexpression of Socs3 inhibits
insulin signal transduction and promotes IR
[26]. The mechanism of Socs3-mediated IR
involves: 1) inhibition of insulin receptor sub-
strate -1 (IRS-1) phosphorylation; 2) competi-
tive inhibition of STAT5b; 3) mediated IRS-1
ubiquitination and increased degradation of
IRS-1 protein; 4) negative feedback regulation
of JAK2/SATA3 signal transduction pathway; 5)
affecting leptin signal transduction [27].

However, this study lacks sufficient evidence
owing to few studies on the relationship
between miR-22-3p and diabetes. Moreover,
we are not sure if our findings applied to only
GDM or can it be found also in T2DM with preg-
nancy as the mice model we established are
Type | diabetes mellitus, it remains to be further
confirmed.

The pathogenesis of GDM is closely related to
Socs3; Socs3 is overexpressed in GDM pa-
tients and miR-22-3p can down-regulate the
expression of Socs3, thereby inhibiting HIR of
GDM mice.
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