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Abstract: Insulin resistance is associated with obesity and type 2 diabetes. The aim of this study was to explore
the mechanism of how Astragalus Polysaccharides (APS) improves insulin resistance in 3T3-L1 adipocytes. A cell
culture model of insulin resistance was established in mature 3T3-L1 adipocytes by treating them with TNF-a, high
glucose and insulin. Glucose uptake levels were detected in each group. To determine the mechanism by which
APS improves insulin resistance in 3T3-L1 adipocytes, qRT-PCR was used to detect the expression of miR-721, and
Western blots were used to detect the expression or activity of PPAR-y, PAKT, PI3K, AKT, and GLUT4. Immunostaining
was used to detect the expression of GLUT4. We successfully madea model of insulin resistance in mature 3T3-L1
adipocytes. APS increased glucose uptake levels in insulin-resistant adipocytes in a dose- and time-dependent man-
ner, and also increased insulin sensitivity. APS suppressed miR-721 with its target gene PPAR-y in a dose-dependent
manner. miR-721 or PPAR inhibitor TOO70907 inhibited the expressions of PPAR-y, pAKT, and GLUT4 and also re-
duced glucose accumulation. APS attenuated these miR-721- and PPAR-y-induced changes. APS increased insulin
sensitivity by attenuating the effects of miR-721. The PI3K inhibitor wortmannin reduced the APS-increased pAKT,
glucose uptake, and GLUT4 levels, and also reduced those levels in the presence of insulin with or without APS.
Taken together, our findings suggest that APS promotes glucose uptake and increases insulin sensitivity in 3T3-L1
adipocytes and may involve the miR-721-PPAR-y-PI3K/AKT-GLUT4 signaling pathway. These might be new therapeu-
tic targets for treating insulin resistance in obesity and diabetes.
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Introduction

Insulin resistance is an important contributor
to the pathogenesis of obesity and type 2 dia-
betes, which is in part induced by tumor necro-
sis factor-a (TNF-a) [1]. TNF- is overexpressed
in adipose tissues of obese animals and hu-
mans, and lacks either TNF-a or its receptor-
induced protection against the development of
insulin resistance [2]. Insulin resistance results
in changes in the function of the glucose trans-
porter, leading to high blood glucose levels due
to a failure to suppress the release of glucose
into blood. Insulin resistance is usually accom-

panied with high cholesterol and triglyceride
levels, or high blood pressure [3]. Insulin resis-
tance is also associated with various chronic
diseases, including obesity, liver failure, athero-
sclerosis, hypertension, and certain cancers.
Thus, an important strategy for the treatment of
these glucose metabolism-related diseases is
to maintain a normal bold glucose level by regu-
lating glucose transport.

In traditional Chinese medicine, Astragulus has
been used in the development of alternative
therapeutics for type 2 diabetes [4, 5]. Astra-
galus Polysaccharides (APS) are active compo-
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nents of the polysaccharide extract of Astr-
agulus and are obtained by thin-layer chroma-
tography (TLC) and Sephadex G-100 chro-
matography. Astragalus polysaccharides have
an o-(1—4)-d-glucan with a-(1—6)-linked bran-
ches attached to the 0-6 branch points [6].
APSh as a strong antioxidant, anti-hyperten-
sive, and immunomodulatory effect and has
been shown to activate, insulin-sensitizing and
hypoglycemic activity in rats with type 2 diabe-
tes [7-9]. APS has been shown to improve the
systemic metabolic disorder and cardiac dys-
function in diabetic models [10]. In rats with
type 2 diabetes, APS exerts insulin-sensitizing
and hypoglycemic activities [11]. In diet-induced
insulin-resistant C57BL/6J mice, APS alleviates
insulin resistance [7]. However, the molecular
mechanisms by which APS attenuates insulin
resistance remain unknown.

APS has a strong anti-inflammatory effect, and
enhances the gene expression of an inflamma-
tory marker peroxisome proliferator-activated
receptor gamma (PPAR-y) in a time- and dose-
dependent manner [12]. Besides its anti-
inflammatory role, PPAR-y promotes fatty acid
catabolism and reduces circulating lipids [13].
Activated PPAR-y increases peripheral insulin
sensitivity and alleviates hepatic glucose pro-
duction, reducing hyperglycemia [14]. PPAR-y
plays an important role in the differentiation
and maturation of fat cells, such as 3T3-L1 pre-
adipocytes [13, 15]. APS dramaticallyimproves
myocyte triglyceride accumulation and cardiac
dysfunction in diet-induced insulin-resistant
mice, and also has benefical effects on insulin
resistance and hyperglycemia [7]. APS reversed
the PPAR-mediated suppression of genesin-
volved in glucose utilization [7]. PPAR-y activity
induced by APS alleviates high blood glucose
levels, suggesting an important role of PPAR-y
in APS-attenuated insulin resistance. A recent
study showed that APS suppressed insulin
resistance and was accompanied by improved
hepatic PPAR-y coactivator intracellular signal-
ing and reduced chronic inflammation [16]. The
role of PPAR-y in APS-attenuated insulin resis-
tance needs to be further investigated.

The polysaccharide fraction has been shown to
have the potential of reducing hyperglycemia by
inducing glucose translocation enzymes and
proteins [17]. APS promoted the expression
and translocation of the glucose transporter
protein-4 (GLUT4) in adipose tissues [18].
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Insulin-mediated glucose uptake is dependent
on the insulin-sensitive glucose transporter,
GLUT4 in adipocytes [19]. Activation of the insu-
lin-AKT signaling pathways have been shown to
mediate insulin utilization [20].

MicroRNA (miRNA) is an endogenous noncod-
ing RNA that serves as a post-transcriptional
regulator of gene expression by binding to the
3’-untranslated region (UTR) of target mRNAs,
and induces the degradation of those target
MRNAs, thus, playing important roles in the
regulation of development, and diabetes [21].

Here, we report that in the presence of APS,
miR-721 regulates insulin resistance. Further-
more, we identify PPAR-y as a target of miR-
721 in 3T3-L1 adipocytes, and investigate the
involvement of PIBK/AKT and GLUT4 in APS-
attenuated insulin resistance.

Materials and methods
3T3-L1 cell culture

Mouse 3T3-L1 cell line was obtained from the
American Type Culture Collection (ATCC, USA).
The 3T3-L1 preadipocytes were cultured in
Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% FBS, 2 mmol/L gluta-
mine and 20 mmol/L HEPES (pH 7.4) in a
humidified atmosphere of 5% CO, at 37°C.
These cells were induced to differentiate into
adipocytes, as previously described [22]. After
reaching 100% confluence, 3T3-L1 preadipo-
cytes were stimulated to differentiate using
a differentiation mixture containing 0.5 mM
3-isobutyl-1-methylxanthine, 1 yM dexametha-
sone and 10 yg/ml insulin in DMEM with 10%
FBS. After 48 h, the cells were cultured in
DMEM supplemented with 10% FBS and 10
pg/mlinsulin for 10-12 days. The mature adipo-
cytes were confirmed by light microscopy and
oil red O staining, and then used for further
analysis. For Oil Red O staining, 3T3-L1 cells
were fixed with ice-cold acetone for 30 min and
then stained with 0.3% Oil Red O/60% isopro-
panol solution for 2 h. Lipid droplets were visu-
alized by phase contrast microscopy.

Establishment of insulin resistance adipocyte
model

Well-differentiated 3T3-L1 adipocytes were

pretreated with DMEM (high glucose) and sup-
plemented with 0.5% (w/v) FBS for 3 h, and the
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cells were then exposed to 10 ng/ml TNF-a
in DMEM (high glucose) containing 10% (w/V)
FBS for 24 h. Cell medium was replaced to
DMEM (high glucose) containing 100 nM insu-
lin and 10% FBS for 30 min incubation. Well-
differentiated 3T3-L1 adipocytes without TNF-
and/or insulin treatment were used as controls.
Glucose uptake tests using calorimetric assay
Kits (sigma, USA) were performed to confirm
the establishment of a cell model that was
insulin resistant.

2-Deoxy-D-[3H] glucose (*H-2-DG) uptake mea-
surement

The glucose uptake tests were performed using
a modified protocol, as previously described
[22]. In brief, after treatment, cells were washed
three times with Krebs-Ringer phosphate buf-
fer (1.32 mM NaCl, 4.7 mM KCl, 47 mM CaCl,,
1.24 mM MgS0,, 2.48 mM Na_PO,, and 10 mM
HEPES (pH 7.4)). Then, cells were incubated
with a fiHEP concentration of 1 uCi/ml *H-2-DG
(GE healthcare, USA) for 10 min, and then the
reaction was terminated by washing with Krebs-
Ringer phosphate buffer. After cells lysed with
0.1 N NaOH, the radioactivity (DPM) was deter-
mined using a scintillation counter (LS 6500,
Beckman, USA). Finally, the DPM was corrected
for protein content measured using the BCA
protein assay in each well.

Transfection of miR-721 mimics

The insulin-resistant 3T3-L1 cells were seeded
on 96-well plates. When the cells were 50%
confluent, Lipofectamine™ 2000 was trans-
fected with miR-721 mimics and miR-721 NC
(GenePharma company, China) respectively.
Cultures were incubated for 24 h and used for
subsequent detection.

Treatment of APS

APS (20000-60000 mol/L) were purchased
from the Gracia Chemical Technology Co,
Chengdu, China. APS is composed of «o-1,4
(1,6) glucan, arabinose-galactose polysaccha-
rides, rhamnose-galacturonic acid polysaccha-
rides, and arabinose-galactose protein poly-
saccharide. After inducing insulin resistance to
3T3-L1 cell, we examined the effect of APS on
glucose uptake. Glucose uptake tests of the
insulin resistance resistant 3T3-L1 cells were
performed after treatment with APS (0.01,
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0.05,0.1, 0.5, 1, 5, and 10 yg/ml) for 60 min to
obtain an optimum concentration of APS. And
then, the glucose uptake tests of the insulin-
resistant 3T3-L1 cells were performed after
treatment with the optimum concentration of
APS for O, 15, 30, 60, 120, 240, and 480 min
to further obtain the optimal incubation time.
To investigate the effect of APS on insulin sen-
sitivity, the insulin-resistant 3T3-L1 cells were
treated with 0.1 or 1 yg/ml APS in the presence
of 100 nM insulin for 60 min, and then followed
by glucose uptake tests.

The expressions of miR-721 and PPAR-y were
detected in insulin-resistant 3T3-L1 cells treat-
ed with 0.1, 0.5, and 1 ug/ml APS for 60 min.
To further determine the role of miR-721,
PPAR-y, and PI3K, the miR-721 mimics were
transfected-, or pretreated with PPAR inhibitor
TO070907 or PI3K inhibitor wortmannin- in
insulin-resistant 3T3-L1 cells that were treated
with 1 yg/ml APS with or without insulin for 60
min.

qRT-PCR

The miRNeasy Mini Kit (Qiagen, USA) was used
to isolate total RNA including miRNAs. RNA
purity was determined with a NanoDrop ND-
1000 spectrophotometer (Thermo Scientific,
USA). TagMan MicroRNA Reverse Transcription
Kit (Applied Biosystems, USA) was employed to
reversely transcribe RNA into cDNA by using
miRNA-specific primers. Real-time PCR was
performed on an ABI PRISM 7300 instrument
(ABI, USA). The PCR reaction mixture of 20 uL
contained: 9 yL miRNA-specific cDNA, 10 pL
TagMan 2x Universal PCR Master Mix (No
AmpErase UNG), 1 uL gene-specific primer. The
PCR conditions were set as follows: initial acti-
vation of Tag polymerase at 95°C for 10 min,
40 cycles of PCR amplification at 95°C for 15
sec, annealing/elongation at 60°C for 1 min.
The expression level of miR-721 in an individual
sample was normalized to the U6 snRNA to
compensate for sample variations. The rela-
tive expression of miR-721 was calculated by
the 2-22¢t formula. Samples were determined in
duplicate. The miRNA sequences, specific stem-
loop primers and TagMan probe were: for miR-
721, CAGTGCAATTAAAAGGGGGAA (miR-721),
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTT-
GAGTTCCCCC (RT); and ACACTCCAGCTGGGC-
AGTGCAATTAAAAG (probe). For U6, CTCGCTT-
CGGCAGCACA (UB), AACGCTTCACGAATTTGCGT
(RT), and CTCAACTGGTGTCGTGGA (probe).
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Figure 1. Establishment of a model of insulin resis-
tance in adipocytes. Mature adipocytes were con-
firmed by light microscopy (A) and oil red O staining
(B). (C) Glucose uptake tests were performed to con-
firm the establishment of insulin resistance adipo-
cyte model. **P<0.01.

Western blot

Cells were harvested in protein extraction solu-
tion (Intron Biotechnology) and incubated for
30 min at 4°C. After cell debris was removed,
supernatant containing proteins were collected
and the concentrations determined using Bio-
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Rad protein assay reagent, according to the
manufacturer’s instructions. Then, 30 pg pro-
teins were separated by 10% SDS-PAGE, and
transferred to PVDF membranes. Blots were
incubated with 4% BSA blocking solution at
4°C, overnight with a primary antibody against
PPAR-y, PAKT, PI3K, AKT, GLUT4 and GAPDH,
washed three times with TBST, and incubated
with horseradish peroxidase-conjugated sec-
ondary antibody (1:1000) for 1 h at room tem-
perature. After three washes with TBST, blots
were developed using an enhanced chemilumi-
nescence kit (Amersham Life Science, UK).

Luciferase reporter assay

The Psi-Check2-wild-type 3’-untranslated se-
quences (Wt-3'UTR) of PPAR-y, containing the
miR-721 binding site ligated to pluc-Reporter
luciferase vector were synthesized by Kangbio
Company (TransGen Biotech, China). The corre-
sponding Psi-Check2 mutated vectors (mut-
3'UTR) were achieved by Fast Mutagenesis
System (TransGen Biotech, China). All con-
structs were verified by DNA sequencing. HEK-
293T cells were seeded in 24-well plates,
co-transfected with 10-nmol pre-miR-721 or
pre-miR-NC and 100-ng pluc-3’-UTR, and har-
vested 24 hours after transfection. Luciferase
activities were measured using the Dual-
Luciferase Reporter Assay System (Promega,
USA) on a Glomax Luminometer (Promega,
USA). Renilla luciferase activity was normalized
to firefly luciferase.

Immunofluorescence staining and confocal
microscopy examination

We performed immunofluorescence staining
for GLUT4 to precisely evaluate GLUT4 expres-
sion in the insulin-resistant 3T3-L1 cells. Briefly,
the cells were treated and washed with ice-cold
PBS and then fixed in cold acetone for 15 min.
After washing and blocking in 10% normal goat
serum at 37°C for 1 h, the cells were washed
and incubated at 37°C with a rabbit anti-GLUT4
antibody (1:200; Life Technologies, USA) for 1
h. After three washes, the FITC-conjugated goat
anti-rabbit secondary antibodies were incubat-
ed for 1 h. The slides were mounted with DAPI
(4’,6-diamidino-2-phenylindole) mounting medi-
um [23, 24]. Confocal images were collected
under a confocal microscope (Olympus, Japan)
using the excitation and emission wavelengths
of 495/517 for FITC, and 358/463 for DAPI
nuclear staining.

Am J Transl Res 2017;9(5):2195-2206



APS reduces TNF-a-induced insulin resistance

A E 154
=
=
2
=]
= =
= o
g
=
$3
=)
I
°
£
0 0.01 005 01 0.5 1 5 10
APS (ug/ml)
B £ 154
E
z %
z 2107
o x
s =
2 T
5
é g 0.5
A
S
E 0.0-
0 15 30 60 120 240 480
Time (min)
C #
* %
1.5+
F
1.0

0.5+

Radioactivity
nmol 2-DOG/mg protein/min

0.0-
APS (ug/ml) 0 0 0.1 0.1 1 1
Insulin (nM) 0 100 0 100 0 100

Figure 2. The glucose uptake tests were performed
in insulin-resistant 3T3-L1 cells (A) treated with APS
(0.04, 0.05,0.1, 0.5, 1, 5, and 10 pg/ml) for 60 min;
(B) Treated with 1 yg/ml APS for O, 15, 30, 60, 120,
240, and 480 min; and (C) treated with 0.1 or 1 ug/
ml APS in the presence of 100 nM insulin. For (A)
and (B), *P<0.05, **P<0.01 vs O pg/ml; for (C),
* #P<0.05, **P<0.01.

Statistical analysis

Results were expressed as means + SD. The
analysis was done using GraphPad Prism 6. For
comparisons, Dunnett t test or Twoway ANOVA
was used. The main factors of dosage and time
are significant. P<0.05 was considered statisti-
cally significant.

Results
Confirmation of mature adipocytes
The 3T3-L1 preadipocytes were stimulated to

differentiate, and these were then detected by
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light microscopy and Oil Red O staining (Figure
1A, 1B). The 3T3-L1 preadipocytes appeared
as fibroblast-like spindle cells and there were
no lipid droplets in the cytoplasm. After differ-
entiation and maturation, the cells appeared
rounder and larger, showing a typical ring shape
with clear lipid droplets around the nucleus.

Establishment of insulin resistance adipocyte-
model

Insulin increased the glucose uptake levels in
well-differentiated 3T3-L1 adipocytes (Figure
1C). After pretreating with TNF-«, the gluco-
se uptake levels in 3T3-L1 adipocytes did
not change, suggesting the successful estab-
lishment of an insulin resistancemodel in
adipocytes.

APS improved insulin sensitivity

The level of glucose uptake showed the great-
est increase in the presence of 1 pg/ml of APS
compared tono APS, in the insulin-resistant
3T3-L1 adipocytes (Figure 2A). After incuba-
tion with 1 yg/ml APS for 60 min, the level of
glucose uptake showed the greatest increa-
se in the insulin-resistant 3T3-L1 adipocytes
(Figure 2B). Thus, the optimum concentration
and incubation time were 1 pg/ml and 60 min,
respectively.

The effect of APS on insulin sensitivity was fur-
ther investigated (Figure 2C). APS with insulin
increased the glucose uptake level, compared
with insulin or APS alone. These results sug-
gest that APS increases insulin sensitivity.

APS repressed expression of miR-721, and
increased expression of PPAR-y

The expression of miR-721 was suppressed by
APS in a dose-dependent manner (Figure 3A).
Also, the expression of PPAR-y was increased in
a dose-dependent manner (Figure 3B).

PPAR-y is a direct target of miR-721

The pluc-Reporter luciferase vector, wt-3'UTR
of PPAR-y containing the miR-721 binding site
and the corresponding mutated vectors (mut-
3'UTR) were obtained (Figure 3C) and trans-
fected into cells. The expression of PPAR-y was
significantly reduced by miR-721 mimics, fur-
ther confirming the interaction between miR-
721 and PPAR-y (Figure 3D). Furthermore, the
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miR-721 reduced the luciferase activity in wt-
3'UTR of PPAR-y, but did not change the lucifer-
ase activity in mut-3’UTR of PPAR-y, suggesting
that PPAR-y is a direct target of miR-721 (Figure
3E).

APS increased increased the insulin sensitiv-
ity by attenuating the miR-721-downregulated
PPAR-y and -suppressing PI3/AKT activation in
insulin-resistant 3T3-L1 adipocytes

After transfection with miR-721 mimics, miR-
721 was overexpressed in insulin resistance
3T3-L1 adipocytes (Figure 4A). After miR-721
mimics were transfected, treatment with APS
attenuated the expression of miR-721 in either
the presence or absence of insulin (Figure 4A).

The miR-721 mimics inhibited the expressions
of PPAR-y, pAKT, and GLUT4, compared with
their respective controls (Figure 4B). Treat-
ment with APS attenuated the miR-721-inhibit-
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ed expressions of PPAR-y, pAKT, and GLUT4. In
the presence of insulin, APS upregulated the
expression of PPAR-y, pAKT, PI3K, and GLUT4 in
the miR-721 mimics. The expression levels
of PPAR-y, pAKT, PI3K, and GLUT4 in miR-721 +
APS + insulin group were lower than that in the
APS + insulin group.

Consistent with the above observations, the
glucose uptake levels were reduced in miR-721
mimics (Figure 4C). APS increased the glucose
uptake levels in miR-721 mimics. In the pres-
ence of insulin, APS increased the glucose
uptake levels in miR-721 mimics, and the levels
were lower than in insulin-resistant adipocytes
without mimics (APS + insulin group), suggest-
ing that there are other signaling pathways
that are involved in the APS-increased insulin
sensitivity, besides miR-721. The expression of
GLUT4 was further confirmed by immunostain-
ing (Figure 4D).
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Thus, APS increased the miR-721-inhibited
expressions of PPAR-y, pAKT, and GLUT4 and
also increased glucose accumulation. In addi-
tion, APS increased insulin sensitivity by atten-
uating the effects of miR-721 on the expres-
sions of PPAR-y, pAKT, PI3K and GLUT4, and
glucose accumulation.

APS increased the insulin sensitivity via activa-
tion of PPAR-y

The PPAR inhibitor TOO70907 inhibited the
expressions of PPAR-y, pAKT, and PI3K (Figure
5A), and also reduced glucose uptake levels
(Figure 5B), and GLUT4 levels (Figure 5A,
5C). APS abolished the inhibitory effect of
TO070907.

In the presence of insulin, TOO70907 also
inhibited the expressions of PPAR-y, pAKT, and
PI3K (Figure 5A), glucose uptake levels (Figure
5B), and GLUT4 levels (Figure 5A, 5C). These
effects were almost abolished by APS.

Thus, PPAR-y plays a central role in APS-
increased insulin sensitivity.

APS increased the insulin sensitivity via activa-
tion of PI3K

The PI3K inhibitor wortmannin reduced the
APS-increased pAKT (Figure 6A), glucose up-
take (Figure 6B), and GLUT4 levels (Figure 6A,
6C), and also reduced those levels in the pres-
ence of insulin with or without APS. These data
suggest that APS increased the insulin sensitiv-
ity via the activation of PI3K.

Discussion

Astragalus Polysaccharides (APS) are active
components of the polysaccharides extract of
Astragulus, which has important antioxidant,
anti-hypertensive, and immunomodulatory rol-
es [7-9]. In rats with type 2 diabetes, APS
exerts insulin-sensitizing and hypoglycemic
activities [11]. In diet-induced insulin-resistant
C57BL/6J mice, APS alleviates insulin resis-
tance [7]. The present study showed that APS
attenuates TNF-a-induced insulin resistance by
suppressing miR-721 and activating PPAR-y
and PI3BK/AKT in 3T3-L1 adipocytes.

TNF-a is overexpressed in adipose tissues of
obese animals and humans [2]. TNF-a-induced
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insulin resistance is an important contributor to
the pathogenesis of obesity and type 2 diabe-
tes [1]. High levels of TNF-a are associated with
insulin resistance in many kinds of cells, such
as human hepatocellular liver carcinoma cell
line [25], endothelial cells [26], and adipocytes
[27, 28]. The white 3T3-L1 preadipocytes were
well-differentiated to brown adipocytes and
became rounder and, larger, showing a typical
ring shape with clear lipid droplets around
the nucleus. Treatment with TNF-a increased
MCP-1 and decreased adiponectin secretion in
a dose-dependent manner, in the 3T3-LA L1
adipocytes [29]. Here, we successfully created
a model of insulin resistance in TNF-a-mediated
mature 3T3-L1 cells mediated by TNF-a. After
treatment with insulin, the glucose uptake lev-
els increased significantly in mature 3T3-L1
adipocytes compared with insulin-resistant adi-
pocytes (TNF-«).

APS increased the glucose uptake levels in
insulin-resistant adipocytes in a dose- and
time-dependent manner. Data from our study
suggested that the optimum concentration and
incubation time were 1 pug/ml and 60 min,
respectively. APS also increased the insulin
sensitivity. In Caenorhabditis elegans, miR-124
with its target gene atf-6 is involved in the lifes-
pan-extending effects of APS [30]. miRNAs also
plays important roles in the regulation of devel-
opment, and diabetes [21]. We found that APS
suppressed miR-721 and PPAR-y in a dose-
dependent manner. miRNA often induces the
degradation of those target mRNAs via by bind-
ing to the 3’-untranslated region (UTR) of target
mRNAs. After transfection with the binding site,
mutated vectors for PPAR-y, did not change
luciferase activity, while however activity was
reduced in WT vectors. Also, miR-721 mimics
significantly reduced the expression of PPAR-y.
Therefore, we conclude that miR-721 induced
the degradation of the target genes of PPAR-y
by binding to the 3’-UTR.

APS promotes expression and translocation of
GLUT4 in adipose tissues [18]. Insulin-mediated
glucose uptake is dependent on GLUT4 in adi-
pocytes [19]. miR-721 inhibited expressions
of PPAR-y, pAKT, and GLUT4 and reduced glu-
cose accumulation. APS attenuated these miR-
721-induced changes. APS increased the insu-
lin sensitivity by attenuating the effects of
miR-721.

Am J Transl Res 2017;9(5):2195-2206



APS reduces TNF-a-induced insulin resistance

PPAR-y is a member of the nuclear receptor
superfamily of ligand-activated transcription
factors that control energy homeostasis th-
rough the regulation of carbohydrate and lipid
metabolism [31, 32]. PPARy is a master regula-
tor of adipocyte differentiation [15]. PPAR-y
plays an important role in the differentiation
and maturity of fatty cells, such as 3T3-L1 pre-
adipocytes [13, 15]. PPARy also plays impor-
tant roles in glucose accumulation and lipid
homeostasis [31, 32]. Activated PPAR-y in-
creased peripheral insulin sensitivity and al-
leviated hepatic glucose production, reducing
hyperglycemia [14]. APS reversed the PPAR-
mediated suppression of genes that might be
involved in glucose utilization [7]. The activity of
PPAR-y induced by APS alleviates high blood
glucose levels, suggesting an important role for
PPAR-y in APS-attenuated insulin resistance. A
recent study showed that APS suppressed insu-
lin resistance accompanied by improved hepat-
ic PPAR-y coactivator intracellular signaling and
reduced chronic inflammation [16]. We showed
that APSsuppressed insulin resistance via acti-
vation of PPAR-y. Activation of the insulin-AKT
signaling pathways mediate insulin utilization
[20]. The PI3K inhibitor wortmannin reduced
the APS-increased mediated pAKT, glucose
uptake, and GLUT4 levels, and also reduced
those levels in the presence of insulin with or
without APS. Our data suggest that APS
increased the insulin sensitivity via activation
of PI3K.

Other PPAR receptors might also be involved in
APS-mediated insulin sensitivity. In both db/db
mice and myosin heavy chain (MHC)-peroxi-
some proliferator-activated receptor (PPAR) «
mice, APS strikingly improved the myocyte tria-
cyglyceride accumulation and cardiac dysfunc-
tion. APS repressed the activation of PPARx
target genes involved in myocardial fatty acid
uptake in db/db diabetic and MHC-PPAR«
hearts, and also reversed the PPARa-mediated
suppression of genes involved in glucose utili-
zation [7]. The activity of PPARa induced by APS
alleviates high blood glucose levels, suggesting
an important role for PPARa in APS-attenuated
insulin resistance. A recent study has showed
that APS suppressed insulin resistance and
also improved hepatic PPAR« intracellular sig-
naling and reduced chronic inflammation [16].

In conclusion, our findings suggest that APS
could promote glucose uptake and increase
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insulin sensitivity via the miR-721-PPAR-y-PI3K/
AKT-GLUT4 signaling pathway in adipocytes.
These could potentially be new therapeutic tar-
gets for the treatment of insulin resistance in
obesity and diabetes.
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