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Abstract
AIM: To investigated the effects of urotensin Ⅱ (UII) 
on hepatic insulin resistance in HepG2 cells and the 
potential mechanisms involved.

METHODS: Human hepatoma HepG2 cells were 
cultured with or without exogenous UII for 24 h, in the 
presence or absence of 100 nmol/L insulin for the last 
30 min. Glucose levels were detected by the glucose-
oxidase method and glycogen synthesis was analyzed 
by glycogen colorimetric/fluorometric assay. Reactive 
oxygen species (ROS) levels were detected with a 
multimode reader using a 2′,7′-dichlorofluorescein 
diacetate probe. The protein expression and pho
sphorylation levels of c-Jun N-terminal kinase (JNK), 
insulin signal essential molecules such as insulin 
receptor substrate -1 (IRS-1), protein kinase B (Akt), 
glycogen synthase kinase-3β (GSK-3β), and glucose 
transporter-2 (Glut 2), and NADPH oxidase subunits 
such as gp91phox, p67phox, p47phox, p40phox, and p22phox 
were evaluated by Western blot. 

RESULTS: Exposure to 100 nmol/L UII reduced 
the insulin-induced glucose consumption (P  < 0.05) 
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Urotensin Ⅱ-induced insulin resistance is mediated by 
NADPH oxidase-derived reactive oxygen species in HepG2 
cells



expression has been detected in various tissues and 
organs, including cardiac and vascular tissues, the 
central nervous system, spinal cord, kidney, liver, 
and pancreas[4]. In addition to its significant role in 
the cardiovascular system[5], UII is also involved in 
metabolic syndrome (MetS) and plays an important 
role in type Ⅱ diabetes mellitus (T2DM)[6]. Perfusion of 
rat pancreas with UII in vitro reduced glucose-induced 
insulin secretion[7]. The UII/UII receptor system was up-
regulated, inhibiting insulin-stimulated 2-deoxyglucose 
uptake, in the skeletal muscle of diabetic mice[8], and 
impaired skeletal muscle glucose transport via the 
NADPH oxidase pathway[9]. In addition, UII expression 
was elevated in diethylnitrosamine-mediated pre
cancerous rat liver lesions[10], and UII knockout mice 
had significantly decreased low-density lipoprotein 
cholesterol profiles and hepatic steatosis, consistent 
with dyslipidemia[11], with lower plasma insulin and 
glucose levels and increased tolerance[12].

Insulin resistance is a common pathophysiological 
condition in which higher concentrations of insulin are 
required to maintain normal insulin actions in target 
tissues such as liver, muscle, and adipose tissues[13]. 
Recent studies have shown that insulin resistance is 
induced by multiple factors, such as high glucose, 
free fatty acids, tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6), and resistin[14-18]. Elevated plasma 
UII levels, which often accompany MetS and T2DM, 
may play a role in insulin resistance. However, the 
precise molecular mechanisms with regard to insulin 
resistance remain poorly understood.

Accumulating evidence suggests that oxidative 
stress associated with increased production of ROS, 
is an important trigger in the process of insulin 
resistance[19]. Much attention has been focused on 
NADPH oxidase as a primary source of ROS generation 
in insulin resistance[20]. Wei et al[21,22] found that NADPH 
oxidase activation played a crucial role in angiotensin 
Ⅱ-induced insulin resistance in skeletal muscle, and 
our preliminary studies[9] showed a similar effect. 
UII expression was increased in precancerous liver 
lesions in rats and in human liver tumor tissue[10,23] 
and associated with a high risk of insulin resistance. 
However, the role of UII in hepatic insulin resistance 
has not been explored. The present study investigated 
the role of UII in mediating insulin resistance in HepG2 
cells, a frequently used in vitro system for studying 
insulin resistance in hepatic cells, and determined its 
involvement in the insulin signaling pathway. 

MATERIALS AND METHODS
Cell culture and treatment
Human hepatoma HepG2 cells (China Infrastructure 
of Cell Line Resources) were cultured in Dulbeccos’ 
modified Eagle’s medium (DMEM)/high glucose 
(Hyclone, Beijing, China) containing 200 mL/L fetal 
bovine serum (Gibco, New York, United States) and 
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and glycogen content (P  < 0.01) in HepG2 cells 
compared with cells without UII. UII also abolished 
insulin-stimulated protein expression (P  < 0.01) and 
phosphorylation of IRS-1 (P  < 0.05), associated with 
down-regulation of Akt (P  < 0.05) and GSK-3β (P  < 
0.05) phosphorylation levels, and the expression of 
Glut 2 (P  < 0.001), indicating an insulin-resistance 
state in HepG2 cells. Furthermore, UII enhanced the 
phosphorylation of JNK (P  < 0.05), while the activity 
of JNK, insulin signaling, such as total protein of IRS-1 
(P  < 0.001), phosphorylation of IRS-1 (P  < 0.001) 
and GSK-3β (P  < 0.05), and glycogen synthesis (P  < 
0.001) could be reversed by pretreatment with the JNK 
inhibitor SP600125. Besides, UII markedly improved 
ROS generation (P  < 0.05) and NADPH oxidase subunit 
expression (P  < 0.05). However, the antioxidant/NADPH 
oxidase inhibitor apocynin could decrease UII-induced 
ROS production (P  < 0.05), JNK phosphorylation (P  < 
0.05), and insulin resistance (P  < 0.05) in HepG2 cells. 

CONCLUSION: UII induces insulin resistance, and 
this can be reversed by JNK inhibitor SP600125 and 
antioxidant/NADPH oxidase inhibitor apocynin targeting 
the insulin signaling pathway in HepG2 cells. 

Key words: Urotensin Ⅱ; Insulin resistance; NADPH 
oxidase; Reactive oxygen species; HepG2 cells

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We report our results on urotensin Ⅱ (UII) 
in a newly developed insulin resistance model and 
the possible mechanisms involved. Exposure to UII 
may contribute to oxidative damage via  the NADPH 
oxidase pathway and enhance the phosphorylation 
of c-Jun N-terminal kinase, which is associated with 
insulin signal transduction pathways. These may be 
the underlying mechanisms of UII-mediated insulin 
resistance in HepG2 cells. These findings confirm the 
important role of UII in hepatic insulin resistance, which 
shed light on new insight into hepatic insulin resistance. 
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INTRODUCTION
Urotensin Ⅱ (UII) is a vasoactive peptide first disco
vered in teleost fishes in 1985[1], and subsequently 
found in mammals and humans[2]. Ames identified a 
G protein-coupled UII receptor (GPR14) in 1999[3]. 
UII acts by binding to the UII receptor, and its 



10 mL/L penicillin-streptomycin (Gibco). Cells were 
incubated at 37 ℃ in a humidified atmosphere of 50 
mL/L CO2. Cells were incubated with recombinant 
human UII (Sigma-Aldrich, Missouri, United States), 
and in some experiments, cultured HepG2 cells were 
pretreated with apocynin (200 μmol/L, Sigma) or 
SP600125 (Selleck Chemicals, United States) to inhibit 
ROS and JNK, respectively.

Analysis of glucose consumption
HepG2 cells were cultured in serum- and phenol red-
free DMEM (Gibco) with various concentrations (0, 
1, 10, 100 nmol/L) of exogenous UII for 24 h, with 
the addition of 100 nmol/L insulin (Novolin30R, Novo 
Nordisk, North Carolina, United States) for the last 
30 min. The supernatant was then removed and the 
glucose concentration was detected using the glucose-
oxidase method (Applygen Technologies, Beijing, 
China). Glucose consumption was calculated as the 
glucose concentrations in the test wells subtracted 
from the concentration in the blank control wells, and 
normalized with cellular protein concentration[14,24].

Analysis of glycogen content
HepG2 cells were treated with or without 100 nmol/L 
UII for 24 h, followed by serum-free DMEM (Gibco) for 
4 h in the presence or absence of 100 nmol/L insulin 
for the last 30 min[18]. Glycogen levels were measured 
using a glycogen colorimetric/fluorometric assay kit 
(Biovision, California, United States).

Determination of ROS
The dye 2′,7′-dichlorofluorescein diacetate (DCF-DA) 
(Nanjing Jiancheng Biotechnology, Jiangsu, China) was 
used to measure changes in ROS levels. Briefly, HepG2 
cells were incubated with 5 μmol/L DCF-DA for 30 min 
at 37 ℃ in 96-well clear-bottom, black assay plates 
(Corning Incorporated, NY, United States), and washed 
three times with phosphate-buffered saline. ROS levels 
were determined by analyzing the fluorescence using 
a multimode reader (Molecular Devices SpectraMax 
M2/M2e, Highcreation, China), and expressed as the 
ratio of fluorescence intensity to cell proliferation.

Western blot analysis
Cell lysates (40-60 μg protein) were separated by 
10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis, transferred to polyvinylidene difluoride 
membranes (Millipore, Massachusetts, United States), 
and then incubated with primary antibodies at 4 ℃ 
overnight, after blocking with 50 g/L nonfat dry 
milk for 1 h. The blots were subsequently incubated 
with horseradish peroxidase-conjugated secondary 
antibodies, followed by detection with enhanced 
chemiluminescence (Applygen). Antibodies against 
SAPK/JNK, phospho (p)-SAPK/JNK (Thr183/Tyr185), 
insulin receptor substrate-1 (IRS-1), pIRS-1 (Tyr895), 
Akt, pAkt (Thr308), glycogen synthase kinase 3β (GSK-

3β), pGSK-3β (Ser9) and β-actin were all obtained 
from Cell Signaling. Antibodies against p22phox, p67phox, 
and p40phox were from Santa Cruz Biotechnology, 
and antibodies against glucose transporter-2 (Glut2), 
gp91phox, and p47phox were purchased from Bioworld 
Technology. Detailed information of all antibodies can 
be found in Supplementary Table 1.

Statistical analysis
Data from at least three independent experiments are 
presented as the mean ± SD. Statistical analyses were 
carried out by one-way analysis of variance followed 
by Bonferroni’s adjustment. The reference condition 
was set to 1. A P value < 0.05 was considered sig
nificant. Statistical analyses were performed using 
SPSS version 15.0 software (SPSS Inc., Chicago).

RESULTS
UII decreases glucose consumption and glycogen 
synthesis in HepG2 hepatocytes
We examined the effect of UII on glucose consumption 
in human hepatoma HepG2 cells by incubating them 
with different concentrations of exogenous UII (0, 1, 
10, or 100 nmol/L) for 24 h, with the addition of 100 
nmol/L insulin for the last 30 min. UII decreased insulin-
mediated glucose consumption in HepG2 cells in a 
dose-dependent manner (Figure 1A), in accord with the 
effect of UII on glucose transport in skeletal muscle[8]. 
Interestingly, glucose consumption was unaffected 
when HepG2 cells were treated with UII alone for 24 
h (Supplementary Figure 1). To eliminate the possible 
influence of UII on apoptosis, we quantified cell viability 
by MTT assay and demonstrated no cytotoxic effect 
after exposure of HepG2 cells to UII for 24 h (Figure 
1B). Previous studies demonstrated that 100 nmol/L UII 
inhibited glucose transport in C2C12 mouse myotube 
cells[9], and we therefore evaluated the effect of 100 
nmol/L UII on glycogen synthesis, a metabolic endpoint 
of insulin action, in HepG2 cells. The insulin-induced 
glycogen content was significantly reduced in HepG2 
cells after incubation with 100 nmol/L UII for 24 h, as 
analyzed using a glycogen-detection kit(Figure 1C). 

UII inhibits insulin receptor-mediated signal transduction 
in HepG2 cells
To determine if UII impairs the insulin signaling path
way in HepG2 cells, we subjected cell lysates to 
Western blot analysis. Expression levels of insulin-
stimulated IRS-1 and tyrosine phosphorylation of 
IRS-1 were inhibited by UII treatment in HepG2 cells, 
while UII alone had no effect (Figure 2A). Downstream 
of IRS-1, insulin-mediated phosphorylation of Akt and 
GSK-3β was also impaired by 100 nmol/L UII, while 
total Akt and GSK-3β protein levels were unaffected 
(Figure 2B). Glut 2 is closely associated with glucose 
transport in liver cells. We observed that Glut 2 protein 
could be reduced by UII (Figure 2C), which potentially 
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sidues of IRS-1/-2[25,26], thus impairing IRS tyrosine 
phosphorylation and reducing insulin receptor-induced 
signaling. Furthermore, UII has been shown to increase 
JNK activity in human pulmonary artery smooth 
muscle cells (PASMCs)[27]. We therefore determined 
the role of UII in JNK activation and its correlation 
with insulin resistance in HepG2 cells. UII increased 
JNK phosphorylation (Figure 3A), and this effect was 
abrogated by the JNK inhibitor SP600125 in a dose-
dependent manner, indicating that UII activated 
JNK (Figure 3B). To determine if UII-mediated JNK 
activation induced insulin resistance, cells were 
pretreated with SP600125. In parallel with decreased 
JNK phosphorylation, SP600125 (20 μmol/L) increased 
insulin-induced phosphorylation of IRS-1 and IRS 
proteins, followed by rescue of GSK-3β phosphorylation 
in HepG2 cells exposed to UII (Figure 3C). Moreover, 
SP600125 reversed the UII-induced decrease in cellular 
glycogen levels (Figure 3D). These results suggest that 
JNK activation by UII contributes to UII-induced insulin 
resistance in HepG2 cells.

UII elevates ROS production and NADPH oxidase 
subunit expression
ROS generation is an important component of insulin 
resistance[28]. We thus further elucidated the molecular 
mechanisms responsible for UII-induced insulin 
resistance in HepG2 cells by assessing the effects 
of UII on ROS levels. HepG2 cells were exposed to 
different concentrations UII for 12 or 24 h, stained 
with DCF, and detected using a multimode reader. 
ROS levels were both dose- and time-dependently 
increased by UII in HepG2 cells (Figure 4A and B).

We also evaluated the relationship between ROS 
generation and NADPH oxidase by investigating NADPH 
oxidase subunit expression in response to UII and 
apocynin. NADPH oxidase subunits gp91phox, p67phox, 
p47phox, and p40phox protein levels were up-regulated 
in HepG2 cells treated with 100 nmol/L UII for 24 h 
(Figure 4C). Pretreatment with the NADPH synthase 
inhibitor apocynin for 30 min significantly inhibited 
the UII-induced generation of ROS (Figure 4D). Taken 
together, these results suggest that UII enhanced 
ROS production, at least in part, by increasing NADPH 
oxidase in HepG2 cells, consistent with its effects in 
PASMCs[27].

UII interferes with the insulin signaling pathway, and this 
effect is reversed by apocynin
We investigated if JNK activation and ROS over
production plays causal roles in UII-induced insulin 
resistance in HepG2 cells. ROS are known to facilitate 
the activation of JNK, and deletion or inhibition of JNK 
improved insulin sensitivity in mice[29]. In addition, 
the JNK pathway has been reported to mediate ROS 
generation in PASMCs induced by UII[27]. It is therefore 
possible that JNK may mediate ROS-induced insulin 
resistance. Our results showed that UII elevated the 

resulted in abnormal glucose metabolism. Overall, 
these results indicate that UII induces an insulin-
resistant state in HepG2 cells.

JNK activation by UII contributes to UII-induced insulin 
resistance
JNK has been reported to phosphorylate serine re
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Figure 1  Urotensin Ⅱ decreases glucose consumption and glycogen 
synthesis in HepG2 hepatocytes. HepG2 cells were cultured in the presence 
of 0, 1, 10, or 100 nmol/L urotensin Ⅱ (UII) for 24 h prior to stimulation with 
insulin (100 nmol/L, 30 min). Glucose consumption decreased in a dose-
dependent manner (A). There was no cytotoxic effect of UII after incubation 
for 24 h (B). Exposure of HepG2 cells to UII (100 nmol/L, 24 h) reduced 
the intracellular glycogen content (C). Data from at least three independent 
experiments are presented as mean ± SD. aP < 0.05, bP < 0.01 vs control 
group; cP < 0.05 vs insulin (Ins) treatment alone.
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phosphorylation of JNK, and that this effect could be 
attenuated by apocynin (Figure 5A).

To determine if ROS and JNK are signaling in
termediates in hepatic insulin resistance targeted by 
UII, HepG2 cells were pretreated with apocynin for 
30 min. Inhibition of ROS by apocynin prevented UII-
induced inhibition of insulin-stimulated total IRS-1 
expression and IRS-1 tyrosine phosphorylation (Figure 
5B). Similarly, pretreatment with apocynin abrogated 
UII-inhibited Akt and GSK-3β phosphorylation (Figure 
5C) and Glut 2 expression (Figure 5D) in HepG2 cells. 
Overall, these results suggest that UII-induced insulin 
resistance is mediated by NADPH oxidase-derived ROS 
via JNK pathways in HepG2 cells, in accordance with 
previous studies of palmitate and TNF-α[24,30].

DISCUSSION
Insulin resistance is an essential factor in the patho
genesis of T2DM. Plasma UII levels were shown to 
be raised in diabetic mice and inhibit skeletal muscle 
glucose transport, suggesting a vital role for UII in the 
initiation and development of insulin resistance[8,9]. 
Insulin resistance involves decreased uptake and 
utilization of glucose promoted by insulin, and leads 
to impaired glucose consumption and glycogen 
synthesis in the liver, which is one of the main target 
organs of insulin resistance. Disruption of the liver 
microenvironment as a result of elevated UII levels 
may induce hepatic insulin resistance. However, animal 
models of insulin resistance are complex, and it is 
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Figure 2  Urotensin Ⅱ inhibits insulin receptor-mediated signal transduction in HepG2 cells. HepG2 cells were exposed to 100 nmol/L urotensin Ⅱ (UII) for 24 
h prior to stimulation with insulin (100 nmol/L, 30 min), and total cell lysates were then subjected to Western blot analysis. UII impaired IRS-1 and Glut 2 protein levels 
and reduced phosphorylation of IRS-1, Akt, and GSK-3β (A-C). Data from at least three independent experiments are presented as the mean ± SD. bP < 0.01, dP < 0.001 
vs control group; aP < 0.05, fP < 0.01, hP < 0.001 vs insulin treatment alone.
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difficult to restrict the contribution of UII to the liver. 
We therefore assessed the effects of UII in HepG2 
cells in vitro, and provided the first evidence for the 
induction of insulin resistance in HepG2 cells by UII.

However, the molecular link between UII and insulin 
resistance remains unclear. Intracellular JNK signaling 
pathways are known to be closely associated with 
insulin resistance[31]. We accordingly demonstrated 
that JNK played a vital role in the development of UII-
induced insulin resistance in HepG2 cells, while the 
JNK inhibitor SP600125 rescued cells from UII-induced 
impairment of insulin signaling and glycogen synthesis. 
However, SP600125 failed to reverse Glut 2 protein 
expression (Supplementary Figure 2), suggesting that 

other pathways may also be involved in UII-induced 
insulin resistance in HepG2 cells. 

Oxidative stress plays an important role in blunting 
insulin responsiveness. Our results also demonstrated 
that UII significantly increased ROS production, 
suggesting a link between UII and insulin resistance in 
HepG2 cells. Furthermore, NADPH oxidases are known 
to be a potential source of ROS, and we showed that 
UII up-regulated gp91phox, p67phox, p47phox, and p40phox 
protein levels in HepG2 cells, indicating that UII may 
increase ROS production through NADPH oxidases.

Apocynin rescued JNK by reducing ROS pro
duction, and also reversed the effects of UII on the 
insulin signaling pathway, suggesting that JNK is a 
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Figure 3  Activation of JNK by urotensin Ⅱ contributes to urotensin Ⅱ-induced insulin resistance. HepG2 cells were incubated with 100 nmol/L urotensin 
Ⅱ (UII) for 24 h and were pretreated with the JNK inhibitor SP600125 for 30 min. Total cell lysates were analyzed by Western blot analysis. UII increased JNK 
phosphorylation (A), and this effect was dose-dependently abolished by SP600125 (B). The effects of UII on IRS-1 protein and glycogen content and phosphorylation 
of IRS-1 and GSK-3β were all rescued by SP600125 (C, D). Data from at least three independent experiments are presented as the mean ± SD. aP < 0.05 vs control 
group; hP < 0.05, iP < 0.001 vs insulin + UII group.
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Figure 4  Urotensin Ⅱ elevates reactive oxygen species production and NADPH oxidase subunit expression. HepG2 cells were cultured with 0, 1, 10, or 100 
nmol/L urotensin Ⅱ (UII) for 24 h, with or without prior stimulation with apocynin (200 μmol/L, 30 min). Intracellular reactive oxygen species (ROS) production was 
elevated in a dose- and time-dependent manner (A, B). NADPH oxidase subunits gp91phox, p67phox, p47phox, and p40phox were significantly increased in response to UII 
(100 nmol/L, 24 h) (C). Apocynin pretreatment inhibited ROS generation (D). Data from at least three independent experiments are presented as the mean ± SD. aP < 
0.05, bP < 0.01 vs control group; gP < 0.05 vs UII treatment alone.
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downstream effector of ROS in UII-induced insulin 
resistance in HepG2 cells. In addition, the oxidative 
stress-induced decrease in insulin signaling contributes 
to inhibition of GSK-3β phosphorylation, the key 
enzyme in glycogen metabolism, and the facultative 
glucose transporter Glut2, which is located in/on the 
liver cell surface and transports molecules such as 
glucose and fructose in and out of the cells. These 
results are in accord with the findings in the liver of 
rats with high-fat diet-induced insulin resistance[32]. 
Our results demonstrated that UII alone did not alter 
GSK-3β phosphorylation and Glut 2 protein expression, 
but suppressed both of these in the presence of 
insulin, while pretreatment with either SP600125 or 
apocynin could reverse these effects. The changes 
in GSK-3β phosphorylation and/or Glut 2 expression 
suggest that the ability of insulin-stimulated HepG2 
cells to take up glucose is partly blocked by exposure 
to UII, leading to decreased glucose consumption and 
hepatic glycogen synthesis. Collectively, these results 
demonstrate that UII impairs glucose consumption and 
glycogen synthesis in HepG2 cells, at least partly via a 
mechanism involving ROS production and the eventual 
occurrence of insulin resistance.

However, the effect of the ROS pathway may not 
be specific to UII, and chronic inflammation induced 
by adipokines and cytokines, associated with obesity 
or MetS, such as TNF-α and IL-6, is also known to 

induce insulin resistance in the liver[33,34]. Indeed, UII 
has a strong proinflammatory effect[6], and the role of 
inflammatory cytokines accompanied by ROS in the 
development of insulin resistance should be further 
explored. Furthermore, ROS have been reported 
to affect various signaling pathways involving not 
only JNK, but also Foxo, JAK/signal transducer and 
activator of transcription, mitogen-activated protein 
kinase, p53, and phosphoinositide 3-kinase, depending 
on various factors including the types of ROS and 
cells, and the duration of exposure[35]. In addition to 
impairing glucose consumption and glycogen synthesis, 
hepatic insulin resistance could also suppress protein 
synthesis, lipogenesis, and increase hepatic gluconeo
genesis. However, further studies are needed to clarify 
the mechanisms responsible for UII-induced insulin 
resistance. 

In summary, the results of the present study 
provide the first evidence demonstrating that UII 
enhances ROS levels by up-regulating NADPH oxidase 
subunits and promoting the phosphorylation of JNK, 
leading to reduced insulin sensitivity, glucose con
sumption, and glycogen synthesis in HepG2 cells. 
These results show that the effects of UII on insulin 
resistance are mediated by NADPH oxidase-derived 
ROS through the JNK pathway in HepG2 cells, and 
may be involved in the development of diabetes and 
MetS.
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Figure 5  Urotensin Ⅱ interferes with insulin signaling, and this effect is reversed by apocynin. HepG2 cells were exposed to 100 nmol/L urotensin Ⅱ (UII) for 
24 h prior to stimulation with insulin (100 nmol/L, 30 min), and pretreatment with 200 μmol/L apocynin for 30 min. Total cell lysates were analyzed by Western blot. UII 
increased JNK phosphorylation, and this effect was abolished by apocynin (A); Protein levels of IRS-1 and Glut 2 and phosphorylation of IRS-1, Akt and GSK-3β were 
all reversed by apocynin (B-D). Data from at least three independent experiments are presented as the mean ± SD. gP < 0.05 vs UII treatment alone; hP < 0.05 vs 
insulin + UII group.
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COMMENTS
Background
Insulin resistance is associated with many diseases, such as obesity, metabolic 
syndrome (MetS) and type Ⅱ diabetes mellitus (T2DM). Urotensin Ⅱ (UII) 
is also involved in MetS in addition to its significant role in the cardiovascular 
system, and plays an important role in the pathogenesis of insulin resistance 
and development of T2DM, but the exact mechanism remains unclear.

Research frontiers
UII, a vasoactive peptide expressed in various tissues and organs, promotes 
endothelial cell proliferation, regulates blood pressure and is involved in glucose 
homeostasis. Recent studies show that UII gene polymorphism is positively 
correlated with insulin resistance. UII knockout mice had significantly decreased 
plasma insulin and glucose levels and increased tolerance. Moreover, elevated 
UII impairs insulin signaling in the muscle of diabetic model mice. The research 
hotspot is the mechanism of UII to induce insulin resistance. 

Innovations and breakthroughs
In this article, the authors investigated the effects and mechanisms of UII in 
inducing insulin resistance in HepG2 cells. They provide the first evidence 
demonstrating that UII enhances ROS levels by up-regulating NADPH oxidase 
subunits and promotes the phosphorylation of JNK, which together lead to 
hepatic insulin resistance.

Applications
The study results suggest that UII induces insulin resistance, and may be a new 
target for preventing the development of MetS and diabetes in future.

Terminology
UII, a vasoactive cyclic peptide, plays a variety of biological effects after binding 
to UII receptor. Studies have shown that UII participates in the pathological 
processes of many diseases, such as coronary heart disease, high blood 
pressure, diabetes and renal failure. In addition to its significant role in the 
cardiovascular system, the up-regulation of UII directly affects the pancreas, 
which results in impaired pancreatic beta cells, reduced glucose-induced insulin 
secretion, and damaged glucose tolerance.

Peer-review
In this study, Li and collaborators address, quite convincingly, that UII is an 
inducer of hepatic insulin resistance by studying the impact of a 24-h UII pre-
treatment of hepatic cells HepG2 on subsequent insulin action. Authors show 
that pre-treatment of HepG2 cells with UII decreased hepatic glucose uptake, 
glycogen synthesis and diminished the activation of the key insulin-signaling 
molecules IRS1, PKB and GSK3 as assessed by the use of phospho-specific 
antibodies. Putative mechanisms are presented, including the upregulation of 
JNK activation and the NADPH oxidase compounds and consequent oxidative 
stress. This is a very well performed study, and the results are quite convincing. 
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