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Bidirectional modulation of insulin action by
reactive oxygen species in 3T3-L1 adipocytes
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Abstract. Reactive oxygen species (ROS) serve an important
role in glucose-lipid metabolic regulation. In the present study,
the results demonstrated that there was bidirectional regula-
tion of insulin action in 3T3-L1 adipocytes treated with ROS.
Transient and acute ROS exposure improved insulin-induced
metabolic effects in 3T3-L1 adipocytes. Hydrogen peroxide
(H,0,), as a stable and diffusible ROS, diffused into adipocytes
and altered intracellular redox homeostasis, resulting in oxida-
tion and inactivation of phosphatase and tensin homologue
deleted on chromosome 10 (PTEN). Inactivation of PTEN
enhanced the activation of insulin-induced protein kinase B
(AKT), leading to increased glucose transporter 4 (GLUT4)
redistribution and glucose uptake in 3T3-L1 adipocytes.
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However, chronic ROS treatment induced insulin resistance in
3T3-L1 adipocytes. It was also revealed that insulin-induced
AKT activation, GLUT4 translocation to cell membrane
and glucose uptake were significantly inhibited in chronic
ROS-treated 3T3-L1 adipocytes. Taken together, the present
study provided further demonstration that transient ROS
treatment improved insulin sensitivity; however, chronic ROS
exposure induced insulin resistance in 3T3-L1 adipocytes.

Introduction

Reactive oxygen species (ROS) have traditionally been viewed
as an undesirable metabolic byproduct, which are principally
generated by the mitochondrial respiratory chain and plasma
membrane enzyme system (1). In obesity and type 2 diabetes
mellitus, a high caloric diet causes a surplus of reducing
equivalents, increasing electron transport in the mitochondrial
respiratory chain and ROS generation (2-4). Other studies show
that the endoplasmic reticulum (ER) is a potentially important
source of ROS (2,5,6). The ER is an important site of protein
folding and disulfide bond formation in eukaryotic organisms (7).
The oxidation of cysteine residues and the release of electrons
are involved in the formation of disulfide bonds, which results in
the production of superoxide anions (O,”) and other ROS (2,5).
However, nutrient excess might overload the protein-folding
ability of the ER and cause chronic ROS generation, resulting
in insulin resistance, obesity and type 2 diabetes mellitus (2).
Therefore, chronic ROS generation and oxidative stress can
suppress the insulin response and contribute to the development
of insulin resistance.

Although intercellular chronic oxidative stress induces
insulin resistance in obesity and type 2 diabetes mellitus, ROS
have an important role in insulin-regulated glucose and lipid
metabolism (1,8,9). Previous studies reported that insulin activates
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase
in the plasma membrane, leading to hydrogen peroxide (H,0,)
generation (10,11). The protein tyrosine phosphatase (PTP) family
is oxidized and inactivated by ROS, which are dephosphorylases
and catalyze the dephosphorylation of tyrosyl-phosphorylated
proteins (12). Phosphatase and tensin homologue deleted on
chromosome 10 (PTEN), one member of the PTP family,
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can dephosphorylate phosphatidylinositol-3-phosphate (PIP),
phosphatidylinositol-3,4-bisphosphate (PIP,) and phosphati-
dylinositol-3.4,5-triphosphate (PIP;) in vitro, while it is likely that
PIP; is the most important substrate in vivo (13,14). Activation
of insulin-induced phosphoinositide-3 kinase (PI3-K) catalyzes
PIP; generation to induce the phosphorylation and activation of
protein kinase B (AKT) (15,16). Thus, PTEN and PI3-K have
opposing effects on PIP; content (17), and inactivation of PTEN
enhances insulin-stimulated metabolic effects (18).

In insulin-signaling processes, insulin-induced insulin
receptor (IR) phosphorylates insulin receptor substrate (IRS)
proteins, which further phosphorylate the PI3-K regulatory
subunit and activate the PI3-K catalytic subunit. PI3-K acti-
vation converts PIP, to PIP;, which results in the activation
of AKT (19). Subsequently, PI3-K/AKT signaling regulates
glucose uptake, glycogen synthesis and lipid synthesis (15).
In adipose cells and tissues, insulin-activated AKT signaling
pathways promotes glucose transporter 4 (GLUT4) transloca-
tion to the cell membrane, increasing extracellular glucose
uptake (20). However, GLUT4 defects or reduced expression
in adipose cells and tissues can cause insulin resistance and
metabolic syndrome in mouse models and patients (21,22).
Thus, regulation of glucose uptake in fatty tissues has an
important role in the development of whole-body insulin
resistance and type 2 diabetes mellitus. In the present study,
we find that transient H,O, stimulation increases insulin
sensitivity in 3T3-L1 adipocytes. H,O, treatment oxidizes and
inhibits PTEN, enhancing insulin-induced AKT phosphory-
lation, GLUT4 translocation and glucose uptake in 3T3-L1
adipocytes. However, chronic ROS exposure attenuates the
insulin-stimulated AKT signaling pathway and causes insulin
resistance in 3T3-L1 adipocytes. Our data indicate different
effects of ROS on insulin-regulated signaling pathways in
3T3-L1 adipocytes.

Materials and methods

Materials.Dulbecco's modified Eagle's medium/Ham's nutrient
mixture F12 (DMEM/F12) were purchased from Gibco Co.Ltd,
Grand Island, NY, USA. Methylisobutylxanthine, dexametha-
soneandinsulinwere purchased from Tocris Bioscience (Bristol,
UK). Oil Red O, [2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)
amino)-2-deoxyglucose] (2-NBDG), N-acetylcysteine
(NAC), N-ethylmaleimide (NEM) and glucose oxidase
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
H,O, was purchased from Guangzhou Chemical Reagent
Factory, (Guangzhou, China). H,DCFDA and MitoTracker
Red were purchased from Thermo Fisher Scientific,
Inc. (Pittsburgh, PA, USA). Anti-PTEN (cat. no. 5384),
anti-phospho-Thr308/309-AKT [AKT (T308/309P); cat.
no. 13038)], anti-phospho-Serd73/474-AKT [AKT (S473/474P);
cat. no. 9271)], anti-total-AKT (cat. no. 9272) and anti-GLUT4
(cat. no. 2213) were procured from Cell Signaling Technology,
Inc. (Danvers, MA, USA). Anti-f-actin (sc-47778) was
purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Goat Anti-Mouse IgG H&L (Alexa Fluor 680; ab175775),
Goat Anti-Rabbit IgG H&L (Alexa Fluor 790; ab175781), Goat
Anti-Mouse IgG H&L (Alexa Fluor 555; ab150114) and Goat
Anti-Rabbit IgG H&L (Alexa Fluor 488; ab150077) were
purchased from Abcam (Cambridge, MA, USA).
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Cell culture and differentiation. The 3T3-L1 preadipocytes
were obtained from the Chinese Academy of Science Cell
Library (Shanghai, China). 3T3-L1 preadipocytes were
cultured and differentiated into 3T3-L1 adipocytes as
described previously (23). The preadipocytes were grown and
maintained in DMEM/F12 containing 10% fetal bovine serum
(FBS), 100 Us/ml penicillin and 100 pl/ml streptomycin in
a 5% CO,, 37°C constant temperature/humidity incubator.
When the cells had reached confluence, the cells were
transferred to differential medium, DMEM/F12 containing
10% FBS, 0.5 mM methylisobutylxanthine, 0.25 uM
dexamethasone and 1 pyg/ml insulin, for 2 days, and then were
incubated in DMEM/F12 containing 10% FBS and insulin
(1 ug/ml) for 2 days. Subsequently, the cells were cultured in
10% FBS-DMEM/F12 medium. The 3T3-L1 adipocytes were
experimented upon 8 days after differentiation.

Oil Red O staining. Oil Red O staining was performed as
described previously (24). Briefly, the cells were washed with
phosphate-buffered saline (PBS), and then fixed in 4% parafor-
maldehyde for 30 min. Subsequently, the cells were incubated
with Oil Red O working solution for 10 min at room temperature,
and rinsed under running tap water for 20 min. Finally, cells were
sealed with nail polish and checked using a light microscope.

ROS treatment.For transient ROS treatment, 3T3-L1 adipocytes
were incubated with serum-free medium supplemented with
100 uM H,0, for 15 min. Then, the cells were used for further
experiments. For chronic ROS treatment, the cells were exposed
to fresh medium with 100 mU/ml glucose oxidase. Glucose
oxidase catalyzed the conversion of glucose to glucuronic acid
and H,0,, which generated about 40 xM H,0, for 24 h (25).
Then, the cells were used for further experiments.

Detection of intercellular ROS. 3T3-L1 adipocytes were treated
with 100 xuM H,0, or 10 nM insulin for 15 min and washed with
PBS. Pretreatment with 200 M NAC was performed for 30 min
before H,O, or insulin. Subsequently, the cells were incubated
with 20 xM H,DCFDA for 15 min. Then, the cells were detected
using the LSM510 confocal microscope (Zeiss, Jena, Germany),
or were harvested and detected using flow cytometry sorting
(FACS; BD Biosciences, Franklin Lakes, NJ, USA).

Glucose uptake and consumption assay. Glucose uptake
was performed as described previously (26). In brief, 3T3-L1
adipocytes were starved in free-serum medium for 12 h,
then treated with or without H,O, or/and insulin for 30 min.
Glucose uptake was measured using 2-NBDG. The cells
were incubated with 10 mM 2-NBDG in PBS for 15 min
at 37°C and extracted using a lysis buffer. 2-NBDG content
was detected using a microplate fluorimeter (Infinite M200;
Tecan, Hillsborough, NC, USA). Glucose consumption in the
medium was performed using the Glucose Oxidase Method
(GOM; Applygen Technologies Inc., Beijing, China). The cells
were cultured in fresh serum-free medium for 3 h after the
different treatments. The glucose content in the medium was
determined using GOM.

Immunofluorescence. 3T3L-L1 adipocytes were subjected to
different stimulations, then fixed with 4% paraformaldehyde
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Figure 1. H,O, disrupts intracellular redox balance in the same manner as insulin stimulation. (A) Representative Oil Red O staining of 3T3-L1 cells was
examined using a light microscope on the indicated differentiation days (scale bar, 50 ym). (B) Flow cytometric analysis for ROS level in 3T3-L1 adipocytes
in the different treatments. (C) Quantitative analysis of DCF MFI as described for panel A. Data are presented as the mean + standard error mean from
three independent experiments. “P<0.01 vs. the control group. (D) Representative fluorescence images of intracellular ROS were obtained using confocal
microscopy. ROS were stained with DCF (green), and mitochondrion were stained with MitoTraker Deeper Red (100 nM for 30 min; red). Scale bars, 20 ym.
H,0,, hydrogen peroxide; ROS, reactive oxygen species; MFI, mean fluorescence intensity; DCF, 2'7'-dichlorodihydrofluorescein; NAC, N-acetylcysteine.

for 30 min, permeabilized with methanol for 15 min, and
incubated with anti-AKT (S473/4P) (1:300) and anti-B-actin
(1:300) at 4°C overnight. Then, the cells were incubated with
Goat Anti-Mouse IgG H&L (Alexa Fluor 555; 1:300) for
B-actin and Goat Anti-Rabbit IgG H&L (Alexa Fluor 488;
1:300) for AKT (S473/4P) for 3 h at room temperature. The
cells were detected using confocal microscopy.

Immunoblot analysis. Immunoblot analysis was performed as
described previously (27). In brief, 3T3-L1 adipocytes were
lysed using RIPA buffer (50 mM Tris-HCI (pH 8.0), 150 mM
NaCl, 0.1% SDS, 1% NP-40, 5 mM EDTA, and 0.5% sodium
deoxycholate) containing 1 mM PMSF. For the PTEN exami-
nation, cells were lysed with RIPA buffer containing 40 mM
NEM and 1 mM PMSF. The total cell lysates were loaded
onto SDS-PAGE gels and transferred to a PVDF membrane
(Millipore, Billerica, MA, USA), which was incubated in the
primary antibodies and the secondary antibodies. The results
were detected with an ODYSSEY Infrared Imaging System
(LI-COR Biosciences, Lincoln, NE, USA).

Cytoplasm and membrane fractions.Cytoplasm and membrane
fractions were obtained as described previously (28). Briefly,

3T3-L1 adipocytes were homogenized in buffer 1 (10 mM
Tris-HCI, 2 mM MgCl,, 0.2 M sucrose, 0.5 mM EDTA,
pH 7.5) and centrifuged at 1,000 g for 10 min. The supernatant
was centrifuged at 100,000 g for 40 min to obtain the cyto-
plasm fraction. The pellet was homogenized in buffer 2 (6 mM
Tris-HCI, 1 mM EDTA, pH 8.0), centrifuged at 100,000 g
40 min, and then resuspended in buffer 3 (20 mM Tris-HCI,
1 mM EDTA, pH 7.5) and centrifuged at 100,000 g for 40 min
to obtain the membrane fraction.

Statistical analysis. All experiments were performed three
times independently. Results were presented as means + stan-
dard error mean. Statistical analysis was performed using SPSS
13.0 software (SPSS, Inc., Chicago IL, USA) and significant
differences were determined by Student's t-test or one-way
analysis of variance with Tukey's post hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

H,0, disrupts the intracellular redox balance in a manner
similar to insulin stimulation. 3T3-L1 preadipocytes are
derived from mouse embryos and are a fibroblast cell type. The
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Figure 2. H,0, treatment enhances insulin sensitivity in 3T3-L1 adipocytes. (A) Immunoblot analysis of PTEN oxidation in 3T3-L1 adipocytes stimulated with
H,0, for 5 min. (B) Immunoblot analysis of AKT phosphorylation in 3T3-L1 adipocytes under insulin and/or H,O, treatments for 30 min. (C) Quantitative
analysis of AKT phosphorylation protein level as presented in panel B. Data are presented as the mean + standard error mean from three independent experi-
ments. 'P<0.05 and “P<0.01 vs. the control group; “P<0.05, as indicated. (D) Representative immunofluorescence images of AKT phosphorylation in 3T3-L1
adipocytes under the different treatments. Phosphorylation of AKT was stained with Anti-Rabbit IgG (green) and f3-actin was stained with Anti-Mouse
IgG (red). Scale bars, 20 pm. H,0O,, hydrogen peroxide; PTEN, phosphatase and tensin homologue deleted on chromosome 10; AKT, protein kinase B; IgG,

immunoglobulin G.

cells are differentiated into 3T3-L1 adipocytes, which exhibit
characteristics of adipose cells, including the expression of
lipid metabolic genes and the production of lipid droplets (29).
Thus, this cell line is often used in lipid metabolic studies
on adipose tissue. As shown in Fig. 1A, 3T3-L1 preadipo-
cytes appeared to have a fusiform and flattened fibroblastic
morphology, and converted into a ‘rounded-up’ morphology
after differentiation. The number and size of the lipid droplets
visualized by Oil Red O staining were gradually increased
in a differentiating time-dependent manner (Fig. 1A). The
3T3-L1 adipocytes of 8-day differentiation were used in the
subsequent experiments.

The oxidation sensitive probe H,DCFDA is often used to
examine intracellular ROS levels, and is cleaved by nonspe-
cific esterases to transform into the dichlorodihydrofluorescein

derivative H,DCF. H,DCF is oxidized and converts to fluores-
cent adduct DCF, and is trapped inside the cell (30,31). The
results of the FACS analysis showed that insulin stimulation
increased ROS generation in 3T3-L1 adipocytes, and H,0O,
could disrupt the intracellular redox balance and increase intra-
cellular ROS level (Fig. 1B and C). However, the ROS scavenger
NAC inhibited H,0,-induced intracellular ROS accumula-
tion in 3T3-L1 adipocytes (Fig. 1B and C). Furthermore, we
detected DCF fluorescence using confocal microscope. The
results showed that fluorescence intensity was significantly
increased after either insulin stimulation or H,O, treatment
in 3T3-L1 adipocytes (Fig. 1D). These results demonstrated
that H,O,, similar to insulin treatment, could increase intracel-
lular ROS generation and change the redox balance in 3T3-L1
adipocytes.



MOLECULAR MEDICINE REPORTS 18: 807-814, 2018 811

A
Membrane
GLUT4 — —
Total GLUT4
B-actin | e —— — —
HO, — = + +
Insulin = 4+ — +
C 4
[G]
a_ 3
o ¢
Zo
N g 2
2s
=2
® ~
o
0
HO, - = + +
Insulin — + — 4

B 8
. #
= 6 f 1
80 *k
Es
= ok
05
2
T O
> 2
[v4
4]
HO, - - + +
Insulin — 4+ — 4+
D

Relative glucose
consumption level
]

]
H?.Oz - -

+ +
Insulin — 4+ — 4+

Figure 3. H,0, increases insulin-induced GLUT4 translocation and glucose uptake in 3T3-L1 adipocytes. (A) Immunoblot analysis of GLUT4 protein level in
the cell membrane of 3T3-L1 adipocytes treated with insulin and/or H,0,. (B) Quantitative analysis of GLUT4 protein levels in the cell membrane as presented
in panel A. (C) 2-NBDG uptake in 3T3-L1 adipocytes under the indicated treatments. (D) Glucose consumption by 3T3-L1 adipocytes in culture medium
under the indicated treatments. Data are presented as the mean + standard error mean from three independent experiments. "P<0.05 and "P<0.01 vs. the
control group; “P<0.05, as indicated. H,0,, hydrogen peroxide; GLUT4, glucose transporter 4; 2-NBDG, 2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)

amino)-2-deoxyglucose.

Insulin sensitivity is improved in 3T3-L1 adipocytes
after transient H,O, treatment. PTEN can catalyze the
dephosphorylation of PIP;, preventing insulin-induced PI3-K
signaling to AKT and downstream of AKT (12,23). However,
PTEN, as one of the important targets of ROS, is oxidized at
cysteine residues and inactivated (27). Thus, we analyzed PTEN
oxidation in 3T3-L1 adipocytes after transient H,0O, treatment.
The cells were lysed in a buffer containing NEM to block
free sulfhydryl groups, leading to increasing electrophoretic
mobility in the oxidized form of PTEN. As shown in Fig. 2A,
transient H,O, treatment significantly increased PTEN
oxidation in 3T3-L1 adipocytes. The PI3-K/AKT signaling axis
regulates insulin-induced metabolic action, including glucose
uptake, glycogen synthesis and lipid synthesis (32). Thus, AKT
phosphorylation is often used to evaluate the activity of insulin
signaling in insulin-response tissues or cells (33). AKT1/2 are
activated via phosphorylation of Thr308/309 residues in the
catalytic domain and Ser473/474 residues in the hydrophobic
motif (34). We further detected AKT phosphorylation
levels at Thr308/309 and Ser473/474 residues in 3T3-Ll1
adipocytes after transient H,O, or/and insulin treatment. The
result showed that the phosphorylation levels of AKT were
significantly enhanced in insulin or/and transient H,O,-treated
3T3-L1 adipocytes, and that co-treatment with insulin and
H,0, promoted increased AKT phosphorylation compared
with insulin stimulation (Fig. 2B). The statistical analysis
was consistent with this result (Fig. 2C). Immunofluorescence
analysis also revealed that transient H,O, treatment
enhanced the activation of insulin-induced AKT in 3T3-L1
adipocytes (Fig. 2D). These data suggested that transient

H,O, could enhance AKT activation through the oxidation
and inactivation of PTEN, and improve insulin sensitivity in
3T3-L1 adipocytes.

Transient H,0, increases insulin-induced GLUT4 translocation
and glucose uptake in 3T3-L1 adipocytes. We further analyzed
the activation level of AKT-downstream signaling after different
treatments in 3T3-L1 adipocytes. GLUT4, which is glucose
transport protein that is highly expressed in adipose tissues,
shifts from its intracellular location to the cell membrane via
insulin-stimulated AKT signaling (35). The cytoplasm and
membrane fractions assay showed that insulin increased GLUT4
translocation to the cell membrane, and co-treatment with both
insulin and transient H,O, also significantly enhanced GLUT4
redistribution in 3T3-L1 adipocytes (Fig. 3A). Consistent with
this result, quantitative analysis revealed that the GLUT4
protein level at the cell surface was increased after insulin
or/and transient H,O, treatment, and the translocation effect
with insulin and H,0, co-treatment was more marked than with
single insulin treatment (Fig. 3B). These results demonstrated
that transient ROS increases the effect of insulin on the regula-
tion of GLUT4 protein expression in 3T3-L1 adipocytes.

We next examined changes in glucose uptake ability in
3T3-L1 adipocytes treated with insulin or/and transient H,O,.
The level of intracellular 2-NBDG, a fluorescent glucose, was
measured, and the results indicated that the 2-NBDG uptake
level was significantly raised in 3T3-L1 adipocytes treated
with insulin or/and transient H,O, (Fig. 3C). The effect was
best after co-stimulation with both insulin and H,0, (Fig. 3C).
Likewise, we examined the glucose consumption level in the
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Figure 4. Chronic H,0, causes insulin resistance in 3T3-L1 adipocytes. (A) Immunoblot analysis of AKT phosphorylation in glucose oxidase treated
or untreated 3T3-L1 adipocytes under the indicated treatment. (B) Quantitative analysis of AKT phosphorylation protein level as presented in panel A.
(C) Immunoblot analysis of GLUT4 protein level in the cell membrane of chronic ROS-treated or untreated 3T3-L1 adipocytes with the indicated treatments.
(D) Quantitative analysis of GLUT4 protein level in cell membrane as presented in panel C. (E) 2-NBDG uptake in 3T3-L1 adipocytes under the indicated
treatments. (F) Glucose consumption in culture medium by 3T3-L1 adipocytes of the different treatments. Data are presented as the mean + standard
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species.

culture medium. The results showed that the three different
treatments led to increases in glucose utilization, and transient
H,0O, markedly enhanced insulin-induced glucose consumption
in the culture medium (Fig. 3D). These results demonstrated
that transient ROS increased the insulin-stimulated glucose
uptake level, suggesting that the insulin sensitivity of adipo-
cytes is elevated by transient ROS.

Chronic H,0, caused insulin resistance in 3T3-L1 adipocytes.
The above data suggested that transient ROS treatment could
enhance insulin-regulated metabolic effects (Figs. 2 and 3),
thus we further explored metabolic alterations in adipose cells
after chronic ROS exposure. As shown in Fig. 4A, incubation
with glucose oxidase, which catalyzed the conversion of
glucose to glucuronic acid and H,0,, did not change basic
AKT phosphorylation levels; however, the phosphorylation
levels of insulin-induced AKT in chronic ROS-treated
adipocytes were significantly decreased. Densitometry

analysis of phosphorylated AKT also produced the similar
results (Fig. 4B). These data suggested that chronic ROS
stimulation damaged 3T3-L1 adipocytes in response to insulin.
The cytoplasm and membrane fractions assay showed the
insulin-stimulated GLUT4 translocation to the cell surface was
lower in chronic glucose oxidase-incubated adipocytes than
in non-incubated cells (Fig. 4C and D). We further examined
the changes in glucose absorption in 3T3-L1 adipocytes under
chronic ROS treatment. Insulin promoted 2-NBDG uptake in
3T3-L1 adipocytes incubated with or without glucose oxidase;
however, the capability of insulin-stimulated 2-NBDG
absorption in chronic ROS-treated adipocytes was strikingly
decreased (Fig. 4E). Consistent with this result, glucose
consumption was also reduced in insulin-stimulated 3T3-L1
adipocytes incubated with glucose oxidase, compared with
enzyme-free incubation (Fig. 4F). These results demonstrated
that chronic ROS exposure impaired the insulin sensitivity of
3T3-L1 adipocytes.
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Discussion

About 40 years ago, many studies reported that insulin can
elicit ROS generation in skeletal muscles, adipose tissues, the
liver and other target tissues and cells (36). Insulin activates
NADPH oxidase, which is a plasma membrane enzyme,
leading to H,O, production (10,11,36). Our data also showed
that insulin increased the intracellular ROS content in 3T3-L1
adipocytes. ROS oxidize and inactivate PTPs, such as PTEN
and protein-tyrosine phosphatase-1b (PTP1b), which dephos-
phorylate insulin-induced phosphorylation to block insulin
signaling (12,18,23). However, catalytic activation of PTPs
depends on cysteine residues, which are highly susceptible to
reversible oxidation and inactivation by ROS (37). A previous
study further revealed that an increase in intracellular ROS
content enhances insulin regulatory functions, but ROS
scavengers attenuate these effects (18). Co-treatment with
both H,0, and insulin led to stronger metabolic regulation,
including AKT activation, GLUT4 translocation and glucose
uptake, compared with the single-insulin stimulation. Thus,
transient and acute ROS treatment improves insulin sensitivity
in adipose cells.

Although ROS have important roles in insulin-regulated
metabolic pathways, chronic ROS or oxidative stress could
cause activation of intracellular stress-sensitive pathways,
resulting in insulin resistance and glucose-lipid metabolic
diseases (38,39). ROS activate mitogen-activated protein
kinases (MAPKSs), such as c-Jun N-terminal kinase (JNK),
through oxidation and inactivation of MAPK phosphatases (2).
Many studies have also revealed that ROS activate apoptosis
signal-regulating kinase 1 (ASK1) by oxidizing thioredoxin
(TRX), which binds and inhibits ASK1 activation, leading to
activation of the JNK signaling pathway (40,41). In addition,
ROS also activate inhibitor of nuclear factor k-B kinase subunit
p (IKKP) through Src and Abl tyrosine kinase signaling
pathway (42). ROS-activated JNK and IKKf phosphorylate
IRS1 at Ser 302, 307 and 612 sites to block IRSI binding to the
IR and promote IRS1 degradation, resulting in attenuation of
the delivery of insulin signaling (43). Therefore, chronic ROS
treatment can induce and contribute to insulin resistance.

In conclusion, here we clarified that transient H,O,
enhances insulin sensitivity in 3T3-L1 adipocytes.
Mechanistically, H,O, treatment may enhance insulin-stimu-
lated AKT activation through the oxidation and inactivation
of PTEN compared with single insulin treatment, resulting
in increased GLUT4 translocation and glucose uptake.
Overall this study provides evidence to better under-
stand the function of ROS in insulin signaling pathways in
adipose cells.
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