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RESULTS: After lipopolysaccharide/D-galactosamine
challenge, UⅡ rose very rapidly and reached a maximal
level 0.5 h, and the level remained significantly
elevated after 2 h (P < 0.05). Six hours after challenge,
UⅡ began to degrade, but remained higher than at 0
h (P < 0.05). Pretreatment with urantide, an inhibitor
of the UⅡ receptor, suppressed the degree of UⅡ
increase in liver and blood at 6 h after challenge (P <
0.05 vs paired controls). In addition, liver and blood
TNF-α increased from 1 to 6 h, and reached a peak at
1 and 2 h, respectively; however, IL-1β did not rise until
6 h after challenge. Urantide pretreatment inhibited
the degree of TNF-α and IL-1β increase following
downregulation of UⅡ post-challenge (all P < 0.05).
CONCLUSION: UⅡ plays a role in the pathogenesis
and priming of ALF by triggering an inflammatory
cascade and driving the early release of cytokines in
mice.
Key words: Acute hepatic failure; interleukin-1β; Mouse;
tumor necrosis factor α; Urantide; Urotensin-Ⅱ
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we found that urotensin-Ⅱ (U
Ⅱ) increased before tumor necrosis factor (TNF)-α
and interleukin (IL)-1β following lipopolysaccharide/
D-galactosamine challenge. Furthermore, pretreatment
with urantide, an inhibitor of the UⅡ receptor, blocked
TNF-α and IL-1β increases following downregulation
of UⅡ in liver and blood at different time points after
challenge. Therefore, UⅡ may play a pivotal role in
the pathogenesis and priming of acute liver failure by
triggering the inflammatory cascade, and initiating
and driving the early release of TNF-α and IL-1β in
lipopolysaccharide/D-galactosamine-challenged mice.

Abstract
AIM: To investigate urotensin-Ⅱ (UⅡ) and its effects
on tumor necrosis factor (TNF)-α and interleukin (IL)-1β
in early acute liver failure (ALF).
METHODS: We investigated the time-dependent
alteration in UⅡ levels and its effects on TNF-α
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Table 1 Polymerase chain reaction primer sequences and
product lengths
Gene
UⅡ

Sense: 5’-GAGCATTCCCTTCATCGTAG-3’
Antisense: 5’-CATAGCGTTCACTGCTCATT-3’
TNF-α
Sense: 5’-GGCGGTGCCTATGTCTACG-3’
Antisense: 5’-GACAAGCCTGTAGCCCACC-3’
IL-1β
Sense: 5’-CCAGTGAAATGATGGCTTATTACAG-3’
Antisense: 5’-GTAGTGGTGGTCGTAGATTCGTA-3’
Sense: 5’-CCTGGCACCCAGCACAAT-3’
β-actin
Antisense: 5’-GGGCCGGACTCGTCATAC-3’
Sense: 5’-ATATCGCTGCGCTGGTCGTC-3’
Antisense: 5’-AGGATGGCGTGAGGGAGAGC-3’

INTRODUCTION
Urotensin- Ⅱ (U Ⅱ ), a somatostatin-like cyclic
vasoactive polypeptide, is released from numerous
[1,2]
tissues , and exerts a wide range of actions in the
progression of many diseases, including cardiovascular,
[3]
endocrine, immune system, and kidney diseases .
A recent study found that U Ⅱ level in plasma
and liver was upregulated in patients with acute
[4]
liver failure (ALF) . UⅡ and its G-protein coupled
receptor, GPR14, are mainly expressed in Kupffer
[4]
and endothelial cells in liver tissues during ALF .
Kupffer and endothelial cells are important immune
inflammatory cells in organisms; thus, there seems
to be an interrelationship between the high level
of UⅡ polypeptide and immune-mediated hepatic
inflammatory injury in ALF.
ALF is an inflammatory process caused by a variety
of proinflammatory cytokines, including interleukin
(IL)-1β and IL-6, and particularly tumor necrosis
[5,6]
factor (TNF)-α . The cascades of these cytokines
induced by the early burst of TNF-α result in acute
[7]
inflammation in liver tissues, and lead to ALF . Our
recent study showed that high UⅡ-mediated ALF was
associated with the upregulation of proinflammatory
[8]
cytokines . However, the impact of UⅡ on these
cytokines in patients with ALF remains unclear.
Therefore, we investigated the time-dependent
alteration in UⅡ level and its effects on TNF-α and IL1β levels in the early stage of ALF.

Product
size (bp)
385
354
151
156
517

IL: Interleukin; TNF: Tumor necrosis factor; UⅡ: Urotensin-Ⅱ.

sodium pentobarbital anesthesia, and all efforts were
made to minimize suffering.

Experimental design

Mice were injected intraperitoneally with 800 mg/
kg D-GalN and 50 µg/kg LPS dissolved in 200 µL of
[9]
pyrogen-free normal saline . The mice were randomly
divided into two groups: non-urantide, which received an
intravenous injection of 100 µL normal saline, or urantide
pretreatment, with 0.6 mg/kg urantide dissolved in
100 µL normal saline 30 min before the LPS/D-GalN
[8]
injection, as previously described . The mice were then
anesthetized and killed at 0.0, 0.5, 1.0, 2.0 and 6.0 h
after the LPS/D-GalN injection (n = 6 at each time point
per group), and blood and liver were collected for testing.

Reverse transcription-polymerase chain reaction

Total RNA was extracted from liver tissues with
TRIzol reagent (Invitrogen of Thermo Fisher Scien
tific, Waltham, MA, United States) following the
manufacturer’s instructions. Two micrograms of total
RNA were used for the synthesis of first-strand cDNA
with an M-MLV reverse transcription (RT) kit (Fermentas
of Thermo Fisher Scientific). The polymerase chain
reaction (PCR) primers were designed by Primer
Premier 6.0 software (PremierBiosoft, Palo Alto, CA,
United States) from the reported sequences (GenBank
accession number X66539 for TNF-α, NM031512 for IL1β, NM011910 for UⅡ, and NM031144 for β-actin) (Table
1). PCR was performed with the following thermal
cycling conditions: denaturation at 94 ℃ for 5 min
followed by 32 cycles of denaturation at 94 ℃ for 1 min,
primer annealing at 58 ℃ (for UⅡ) or 55 ℃ (for TNF-α
and IL-1β) for 45 s, and primer extension at 72 ℃ for
45 s, with a final extension at 72 ℃ for 10 min.

MATERIALS AND METHODS
Materials

Lipopolysaccharide (LPS) (Escherichia coli strain O55:
B5) and D-galactosamine (D-GalN) were obtained from
Sigma-Aldrich (St. Louis, MO, United States). Urantide
was purchased from Peptides (Louisville, KY, United
States). Male BALB/c mice (6 wk of age) weighing
20-22 g were obtained from the Animal Center of the
First People’s Hospital Affiliated to Shanghai Jiaotong
University, and maintained in specific pathogen-free
air at a temperature of 22 ± 2 ℃ with a 12 h light/
dark cycle and relative humidity of 50%. Animal care
and treatment were humane and in compliance with
the recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institutes of
Health. The protocol was approved by the Committee
on the Ethics of Medical Scientific Research of the
First People’s Hospital, Shanghai Jiaotong University
(No: 2013KY041). All surgeries were performed under
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Primer sequences

Enzyme-linked immunosorbent assay

Serum cytokine levels, including TNF-α and IL-1β, were
quantified using an enzyme-linked immunosorbent
assay (ELISA) kit (R&D Systems Inc., Minneapolis,
MN, United States) according to the manufacturer’s
protocol; and serum UⅡ levels were determined using
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Figure 1 Time-dependent expression of urotensin-Ⅱ in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or without urantide
treatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products from liver (M: DNA marker; Lines 1, 2, 3, 4, and 5: 0.0, 0.5, 1.0,
2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of UⅡ mRNA in the liver (normalized to β-actin); C: Levels of UⅡ secretion in
blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without urantide pretreatment. UⅡ:
Urotensin-Ⅱ; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.

Time-dependent expression of TNF-α in the early stage
of the LPS/D-GalN challenge in mouse liver and blood

an enzyme immunoassay kit (Phoenix Biotech, Beijing,
China), based on the principle of a “competitive” enzyme
[10]
immunoassay , according to the manufacturer’s
guidelines.

TNF-α levels were measured in the early stage of the
LPS/D-GalN challenge in liver and blood in mice with
or without urantide pretreatment. As shown in Figure
2, TNF-α increased and peaked at 1 and 2 h, and
remained elevated at 6 h after drug administration in
liver and blood (both P < 0.05). TNF-α levels in liver
and blood were not significantly different between 0
and 0.5 h. However, TNF-α levels in liver and blood in
urantide-pretreated mice were significantly lower than
in paired control mice from 1 to 6 h after challenge (all
P < 0.05).

Statistical analysis

SPSS 13.0 statistical software (SPSS Inc., Chicago, IL,
United States) was used in the study. The results are
expressed as means ± standard deviation. A P < 0.05
was considered statistically signiﬁcant.

RESULTS
Time course of UⅡ in the early stage of the LPS/D-GalN
challenge in mouse liver and blood

Time-dependent alteration in IL-1β in the early stage of
the LPS/D-GalN challenge in mouse liver and blood

A rapid increase in UⅡ level was observed in the very
early stage of the LPS/D-GalN challenge in mice with
or without urantide pretreatment. As shown in Figure
1, LPS/D-GalN induced a significant increase in UⅡ,
which reached a peak from 0.5 to 2.0 h and remained
elevated in liver and blood at 6 h (both P < 0.05).
However, in urantide-pretreated mice, UⅡ levels were
statistically lower from 0.5 to 6.0 h after challenge
compared with the paired control (all P < 0.05).

WJG|www.wjgnet.com

The time-dependent alteration in IL-1β following
urantide pretreatment was also determined in the
early stage of the LPS/D-GalN challenge. As shown in
Figure 3, IL-1β did not increase in liver and blood until
6 h after the LPS/D-GalN challenge (P < 0.05). IL-1β
levels were not significantly different at 0.0, 0.5, 1.0,
and 2 h. However, urantide pretreatment lowered IL-1β
levels in liver and blood compared with paired control
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Figure 2 Time-dependent expression of tumor necrosis factor-α in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or
without urantide pretreatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products from liver (M: DNA marker; Lines 1, 2, 3, 4,
and 5: 0.0, 0.5, 1.0, 2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of TNF-α mRNA in the liver (normalized to β-actin); C:
Levels of TNF-α secretion in blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without
urantide pretreatment. TNF: Tumor necrosis factor; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.

inflammatory diseases. To validate the role of UⅡ
signals in the pathogenesis of ALF, we serially tested
the levels of UⅡ in liver and blood to investigate the
sequence of events preceding acute liver damage,
which was not fully apparent until 6 h after co[5]
administration of LPS/D-GalN . An early event prior
to obvious injury may reveal the pathophysiologic
mechanisms of ALF. We found that UⅡ is significantly
induced in liver and plasma 6 h after LPS/D-GalN
challenge, increasing and reaching a maximal level
very rapidly. At 6 h after the challenge, UⅡ levels
began to degrade, but remained high. In addition, we
also observed that urantide pre-treatment suppresses
the degree of this increase, suggesting an autocrine
loop in the in vivo production of UⅡ. With positive
feedback, early enhancement of UⅡ expression may
be induced, finally leading to hepatic inflammatory
injury after the LPS/D-GalN challenge. Therefore, UⅡ
has cytokine-like activity.
To gain further mechanistic insights, we determined
whether U Ⅱ has an effect on proinflammatory
cytokines, including TNF-α and IL-1β, the pacing
factors in the inflammatory response to hepatic
injury. TNF-α in liver and blood increases following U
Ⅱ upregulation, but not until 1 h after the LPS/D-GalN

mice at 6 h after challenge (P < 0.05).

DISCUSSION
[11]

LPS induces lethal ALF in mice sensitized by D-GalN .
For more than 20 years, LPS/D-GalN-induced hepatitis
in mice has been regarded as a well-established model
[12,13]
for gaining insight into the mechanism of ALF
.
Our previous reports showed that the simultaneous
administration of LPS and D-GalN led to high mortality
due to a severe hepatic inflammatory response
followed by massive cell apoptosis and necrosis in
[5,8,14]
mice
. Elevated levels of UⅡ were also observed in
the liver and blood in this animal model, and blockade
of the signal with urantide markedly suppressed liver
[8]
apoptosis and acute inflammation .
UⅡ is a cyclic polypeptide that exerts a wide
[15,16]
range of actions in health and disease
, and has
an important effect on inflammation-related diseases,
[17]
[18]
such as hypertension , coronary atherosclerosis ,
[19]
[20]
chronic glomerulonephritis , and hepatic cirrhosis .
Patients with ALF also exhibit enhanced expression
[4]
[21]
of UⅡ in the liver . Watanabe et al
and Ban et
[22]
al
showed that UⅡ is associated with endothelial
dysfunction-related diseases and immune-driven
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Figure 3 Time-dependent expression of interleukin-1β in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or without urantide
pretreatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products in liver (M: DNA marker; Lines 1, 2, 3, 4, and 5: 0.0, 0.5, 1.0,
2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of IL-1β mRNA in the liver (normalized to β-actin); C: Levels of IL-1β secretion
in blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without urantide pretreatment. IL:
Interleukin; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.

In conclusion, UⅡ can cause acute liver injury by
triggering the inflammatory response, and by initiating
and driving the early release of proinflammatory
cytokines in LPS/D-GalN-challenged mice.

challenge. This is subsequently followed by elevations
of liver and blood IL-1β levels, the secretion of which
did not rise until 6 h after the LPS/D-GalN challenge.
This time-dependent alteration suggests a causal
relationship between UⅡ and both TNF-α and IL-1β in
early ALF.
To confirm this deduction, the potency of the UⅡ
receptor antagonist, urantide, was evaluated by the
expression of TNF-α and IL-1β. We found that urantide
pretreatment suppresses the increase in UⅡ, and
reduces the degree of increase of TNF-α and IL-1β
at different time points in the early stage of the LPS/
D-GalN challenge. These results extend our previous
finding on the inhibitory effect of urantide on the
production of proinflammatory cytokines in mice with
[8]
ALF . From these results, we suggest that the sharp
and rapid upregulation of UⅡ induces early expression
and secretion of TNF-α and IL-1β.
TNF-α is known to play a central role in the
[23]
pathogenesis of LPS/D-GalN-induced liver failure
by
inducing the release of a variety of proinflammatory
[7]
cytokines, including IL-1β . Previous reports showed
[24]
that UⅡ induced the expression of IL-6 , and was
[25]
upregulated by IFN-γ . Therefore, UⅡ is involved in
the vicious cycle of inflammatory cytokine release in
immune-related tissue injury.
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COMMENTS
Background

Urotensin- Ⅱ (U Ⅱ ) plays a role in inflammation-related diseases and is
upregulated in acute liver failure (ALF), an inflammatory process caused
by proinflammatory cytokines including tumor necrosis factor (TNF)-α and
interleukin (IL)-1β. However, the impact of UⅡ on these cytokines remains
elusive.

Research frontiers

This study examines the mechanisms of immune-mediated inflammatory injury
in acute liver failure, and the role of the urotensin system in tissue damage and
inflammation.

Innovations and breakthroughs

This study demonstrated that UⅡ may cause acute liver injury by triggering
the inflammatory response, and by initiating and driving the early release of
proinflammatory cytokines in lipopolysaccharide/D-galactosamine-challenged
mice.

Applications

The urotensin system may be a new research hotspot in mechanistic studies,
and may provide a new drug target for the future treatment of ALF.

Terminology

ALF is a life-threatening clinical syndrome with a sudden loss of hepatic
function in patients with no preexisting history of liver disease. The pathologic
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feature of ALF is the death of a large number of parenchymal hepatocytes
resulting from cell apoptosis and necrosis. Massive cell loss leads to functional
impairment of the liver, and ultimately, multi-organ failure and death. Mortality
is high in patients with ALF (approximately 90%). UⅡ, initially isolated from the
teleost urophysis, is a somatostatin-like cyclic neuropeptide widely distributed
in many tissues in many classes of vertebrates, including humans, and exerts
biologic actions in both physiologic and pathologic conditions.
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The paper investigated the role of UⅡ in modifying the levels of TNF-α and IL1β in a well-established model of ALF. The major finding is the demonstration of
the role of UⅡ in initiating the proinflammatory cascade in ALF.
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