W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748/wjg.v16.i22.2771

World | Gastroenterol 2010 June 14; 16(22): 2771-2779
ISSN 1007-9327 (print)
© 2010 Baishideng. All rights reserved.

ORIGINAL ARTICLE

Protective effect of recombinant human IL-1Ra on
CCls-induced acute liver injury in mice

Run-zhi Zhu, Di Xiang, Chao Xie, Jing-Jing Li, Jian-Jun Hu, Hong-Lin He, Yun-Sheng Yuan, Jin Gao, Wei Han,

Yan Yu

Run-Zhi Zhu, Chao Xie, Jing-Jing Li, Hong-Lin He, Yun-
Sheng Yuan, Yan Yu, Shanghai Municipality Key Laboratory
of Veterinary Biotechnology, School of Agriculture and Biol-
ogy, Shanghai Jiao Tong University, Shanghai 200240, China
Di Xiang, Jin Gao, Wei Han, Laboratory of Regeneration,
School of Pharmacy, Shanghai Jiao Tong University, Shanghai
200240, China

Chao Xie, Department of Food Science, Stocking Hall, Cornell
University, [thaca, NY 14853-7201, United States

Jian-Jun Hu, Department of Infectious Disease, Shanghai No.
6 People’s Hospital, College of Medicine, Shanghai Jiao Tong
University, Shanghai 200233, China

Author contributions: Zhu RZ, Xiang D, Xie C, Li JJ, Hu JJ,
He HL, Yuan YS and Gao J performed the majority of experi-
ments and data analysis; Han W and Yu Y designed the study
and wrote the manuscript.

Supported by The Chinese Human Liver Proteome Proj-
ect, No. 2004BA711A19-08 and National 863 Project, No.
2007AA02Z100

Correspondence to: Yan Yu, PhD, Shanghai Municipality
Key Laboratory of Veterinary Biotechnology, School of Agri-
culture and Biology, Shanghai Jiao Tong University, Shanghai
200240, China. yanyu@sjtu.edu.cn

Telephone: +86-21-34205769 Fax: +86-21-34205833
Received: March 14, 2010 Revised: April 15,2010
Accepted: April 22,2010

Published online: June 14, 2010

Abstract

AIM: To evaluate the effects of positive regulation of
recombinant human interleukin 1 receptor antagonist
(rhIL-1Ra) on hepatic tissue recovery in acute liver in-
jury in mice induced by carbon tetrachloride (CCl4).

METHODS: Acute liver damage was induced by inject-
ing 8-wk-old mice with CCls 1 mL/kg (1:3 dilution in
corn oil) intraperitoneally (ip). Survival after liver failure
was assessed by injecting 8-wk-old mice with a lethal
dose of CCls 2.6 mL/kg (1:1 dilution in corn oil) ip. Mice
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were subcutaneously injected with 1 mg/kg recombi-
nant human IL-1Ra twice a day after CCl+ treatment for
5 d. Serum alanine amino transferase (ALT) and aspar-
tate aminotransferase (AST) levels were determined
with a commercial assay kit. Serum IL-18, IL-1Ra lev-
els were measured by enzyme-linked immunosorbent
assay kit. Quantitative real-time polymerase chain
reaction was used to determine liver IL-1B, IL-1Ra and
IL-6 expression during CCls-induced acute liver injury.
Liver sections were stained with hematoxylin-eosin. A
histology-injury grading system was used to evaluate
the degree of necrosis after acute liver injury. Prolifer-
ating cell nuclear antigen (PCNA) staining was used to
evaluate the role of rhIL-1Ra in promoting hepatocyte
proliferation.

RESULTS: Quantitative analysis showed a higher level
of IL-6 mRNA expression and reduced serum AST and
ALT levels in the livers of the rhIL-1Ra-treated group at
the early phase of CCl+-induced acute liver injury. His-
tological examination indicated a decrease in centrilob-
ular necrotic areas in mice treated with rhiL-1Ra, and
a novel role of rhIL-1Ra in promoting hepatocyte pro-
liferation was also supported by an increase of PCNA
staining. All these results, accompanied by a strong
survival benefit in rhIL-1Ra-treated vs PBS-treated
groups, demonstrated that rhIL-1Ra administration
ameliorated the histological damage and accelerated
the regeneration and recovery process of the liver.

CONCLUSION: rhIL-1Ra could be further developed
as a novel therapeutic agent for the treatment of acute
liver injury because of its ability to reduce hepatocel-
lular damage and facilitate liver regeneration.

© 2010 Baishideng. All rights reserved.
Key words: Recombinant human interleukin 1 receptor

antagonist; Carbon tetrachloride; Liver injury; Hepato-
cyte proliferation
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INTRODUCTION

The interleukin (IL)-1 family includes the structurally
related proteins IL-1q, IL-1f, and interleukin 1 receptor
antagonist (IL-1Ra) that bind to the same cell surface
receptor. However, IL-1Ra functions as a competitive
inhibitor of IL-1o and IL-1p". 1L.-1a and I1-1B play a
key role in inflammation’; in response to stimuli such as
inflammatory agents, infections, or microbial endotoxins,
a dramatic increase of IL-1 mediated by macrophages
and various other cell types is seen™. TL-1Ra is a natu-
rally occurring anti-inflammatory protein; it competitive-
ly blocks the binding of IL-1q, and IL-1f to type I 11.-1
receptor, but exerts no agonist activity™”. TL-1Ra has
been shown to inhibit the effects of IL-1 both 7 vitro
and 7n vivo, and as an acute-phase protein, it can reduce
the severity of several animal models of inflammatory
disease”. Serum levels of IL-1Ra can rise dramatically
during different inflammatory and noninflammatory
conditions"”. Human II.-1Ra is synthesized as a 177 ami-

no acid precursor that contains a 25 amino acid signal
9,10]

sequence plus a 152 amino acid mature region

Acute administration of carbon tetrachloride (CCls)
is used to establish an experimental model of severe
hepatocellular damage involving generation of oxidative
stress and recruitment of inflammatory cells"'™ which
is reported to induce liver architectural and functional
damage'*"". Liver regeneration involves a complex regu-
lated response to CCls-induced acute liver injurym’lgj.

In this study, we aimed to examine the effects of IL-
1Ra as an acute phase protein in reducing hepatic injury
and accelerating hepatocyte proliferation following CCl4
administration. Although the anti-inflammatory effect
of IL.-1Ra has been described, the contribution of this
cytokine to protect from the liver injury remains unclear.
The present findings indicate that IT.-1Ra is a critical fac-
tor that shows a potent antihepatotoxic activity in recov-
ery of hepatocellular necrosis and in acceleration of liver
regeneration during injury. IL-1Ra could provide a novel
therapeutic approach by stimulating liver regeneration.

MATERIALS AND METHODS

Animals
Procedures were performed in male C57BL/6 mice (put-
chased from SLC Shanghai, China) 8 wk after birth, main-
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tained in a conventional clean facility and in accordance
with the National Animal Care and Use Committee.

Cytokine and reagents

Recombinant human IL.-1Ra (thIL-1Ra) was obtained
from Dr Wei Han’s Laboratory at the School of Pharma-
cy, Shanghai Jiao Tong University. Endotoxin level of the
thIL-1Ra was under 0.1 EU/pg. CCls was purchased from
Sigma, USA.

Acute liver injury and lethal dose performance

Acute liver injury was induced by injecting 8-wk-old mice
with CCls 1 mL/kg (1:3 dilution in corn oil) intraperitone-
ally (ip). A lethal dose was administered by injecting 8-wk-
old mice with CCls 2.6 mL/kg (1:1 dilution in corn oil) ip.

rhiL-1Ra and PBS injection

Mice were subcutaneously injected with 1 mg/kg rhIL-
1Ra (diluted to 0.5 mg/mL with PBS) twice a day after
CCls administration for 5 d because human and murine
IL-1Ra show an overall homology of 77% with no ap-
parent species speciﬁcityle. The first rhIl.-1Ra injection
was performed at 1 h after CCls treatment. The control
group of mice was subcutaneously injected with the
same volume of PBS.

Serum aspartate aminotransferase and alanine amino
transferase

Serum aspartate aminotransferase (AST) and alanine amino
transferase (ALT) levels were determined with a commer-
cial assay kit (Nanjing Jiancheng Biological Technology,
Inc., China). Enzyme activities were expressed as an inter-
national unit per liter TU/L).

Enzyme-linked immunosorbent assay

Serum IL-1B and IL-1Ra level were measured by en-
zyme-linked immunosorbent assay (ELISA) kit (R&D
system, Minneapolis, MN, USA) according to the manu-
facturer’s instructions.

Histology-injury grading

Formalin-fixed, paraffin-embedded liver sections were
stained with hematoxylin-eosin for the histological inves-
tigations. To evaluate the degree of necrosis after acute
liver injury we created an injury grading score (Grade I -
IV) based on severity of necrotic lesions in the liver pa-
renchyma (Table 1).

Proliferating cell nuclear antigen staining

For proliferating cell nuclear antigen (PCNA) immuno-
histochemical staining, de-paraffinized sections of liver
blocks were used. Liver tissues were fixed for 24 h in neu-
tral buffered formalin, processed routinely and embedded
in wax. Immunohistochemical staining was performed
as previously described"”. The sectioned liver tissues
were stained using a mouse monoclonal antibody against
PCNA and the SABC Staining Kit (Wuhan Boster Bio-
logical Technology, Wuhan, China) according to manufac-
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No. of mice Day + 2' Day + 3' Day + 5' Day + 7'

Group A (rhIL-1Ra)
1 m i I 0
2 m-v I I 0
3 it I 0 0
4 m i I 0
5 m-v 1 0 1
6 v I 0 0

Group B (PBS)
1 m-v 1I-11 -1 0

v m i 1

3 m-v il I 0
4 I\ - I 0
5 v m I 1
6 m-1v ii| 1 1

'Day of sacrifice after CCls 1 mL/kg (1:3 dilution in corn oil) ip treatment.
Injury grading with respect to severity of necrosis in liver parenchyma:
Grade 0: Normal histology; Grade I: Presence of degenerated hepatocytes
with only rare foci of necrosis; Grade II: Mild centrilobular necrosis
around the central vein, occupying only a part of Rappaport’s zone II;
Grade II: Established necrosis limited to zone II; Grade IV: Extensive,
confluent centrilobular necrosis involving Rappaport’s zone Il and II.
rhIL-1Ra: Recombinant human interleukin 1 receptor antagonist.

turer’s protocol, then subjected to photomicroscopic ob-
servation (NIS-Elements Basic Research, Nikon Eclipse
50i, Kanagawa, Japan).

Quantitative real-time polymerase chain reaction

Total RNA was obtained from the liver of mice and was
prepared using TRIZOL reagent (Invitrogen, Carlsbad,
CA, USA). The quantification and qualification of RINA
were determined by UV absorbance and electrophoresis
in 1.2% agarose. RNA quality was satisfied when the 28s
rRNA banding was twice the intensity of the 18s tfRNA
without significant smearing of the rRNA bands. Quan-
titative real-time polymerase chain reaction (RT-PCR)
reactions were performed with the MJ chromo 4 RT-
PCR detection system (Bio-Rad Laboratories, Hercules,
CA, USA). Specific primers were designed using Primer
Premier 5.0 software (Premier Biosoft International, Palo
Alto, CA, USA) and their sequences are listed as follows:
IL-1B (sense) 5STGAGCACCTTCTTTTCCTTC3', IL-1B
(anti-sense) 5’GTTCATCTCGGAGCCTGTAG3'; IL-1Ra
(sense) 5’AGACCTTGTGTCCTGTTTAGCS', IL-1Ra
(anti-sense) 5’GGTCAATAGGCACCATGTCT3'; 1L-6
(sense) 5’'CCACTCCCAACAGACCTGTCTATACS', IL-6
(anti-sense) 5'CACAACTCTTTTCTCATTTCCACGA3Z'
B-actin (sense) 5'AGCCTTCCTTCTTGGGTATG3',
B-actin (anti-sense) 5'GTGTTGGCATAGAGGTCTT-
TAC3'. For the RT-PCR reaction, the following procedure
was followed. Total RNA (5 ug) was used as a template
for synthesizing the first-strand of cDNA with M-MuL.V
reverse transcriptase (MBI Fermentas, Vilnius, Lithuania)
in a 20 mL reaction volume. PCR reactions were carried
out by adding 100 X diluted cDNAs, 100 nmol/L of each
primer, and SYB Premix Ex Tag (TaKKaRa, Dalian, China)
in 20 pl. reactions. PCR conditions were optimized using
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Opticon monitor 3 software (Bio-Rad Laboratories) and
involved the following steps: 95°C for 5 min, 1 cycle; 95°C
for 5 s and 60°C for 30 s, 40 cycles. Final data were ana-
lyzed with Opticon monitor 3 software (Bio-Rad Labora-
tories), presented as ratios to f3-actin for each time point.

Statistical analysis

Results are expressed as mean * SD. Statistically signifi-
cant differences over time in the same treatment group,
or among different treatment groups at a single time
point, were determined by Student’s # test. P < 0.05 was
considered to be statistically significant. Results from
survival experiments were analyzed using the log-rank
test and expressed as Kaplan-Meier survival curves.

RESULTS

IL-18, IL-1Ra and IL-6 expression during CCls-induced
acute liver injury

Expression of IL-1 mRNA decreased in the first 12 h,
and reached its lowest point at day 1.5 (Figure 1A). In con-
trast, expression of IL-1Ra mRNA was rapidly induced and
reached a peak within 12 h following 1 mIL/kg CCls ad-
ministration (Figure 1B). Serum level of 111§ did not in-
crease so rapidly (Figure 1C). We found that serum IL-1Ra
enhanced markedly after CCls administration (Figure 1D),
induced by generation of oxidative stress and recruitment
of inflammatory cells. We confirmed that an adequate ratio
of serum IL-1Ra to IL-1 was crucial to the recovery of liv-
er injury (Figure 1E), and we found that the ratio reached a
peak at day 1.5 after CCls administration. Furthermore, the
expression of IL-6 mRNA was also stimulated by exces-
sive treatment with rhIl.-1Ra (Figure 1F).

rhiL-1Ra protects mice from acute hepatocellular damage
CCl+-induced acute liver injury that results in a quantifi-
able liver damage recovers naturally within 7 d, as mice
sacrificed 7 d after CCl4 injection appear with normal liv-
er histology. To confirm the role of rhll.-1Ra in protect-
ing from hepatic damage, we investigated the effect of
rhll.-1Ra on CCls-induced acute liver injury. Mice were
subcutaneous injected with rhll.-1Ra and PBS after CCls
administration. Animals were sacrificed 1, 3, 5 and 7 d
after CCls administration for AST and ALT determina-
tion. The serum level of ALT or AST rapidly elevated to
reach a peak at day 1 then decreased thereafter in PBS-
treated control mice, while thII.-1Ra treatment signifi-
cantly inhibited the elevation of ALT and AST from day
1 to day 5 (Figure 2A and B). The reduction of serum
AST and ALT indicated that thII.-1Ra has a direct pro-
tective effect on hepatocytes. To evaluate the effect of
rhll.-1Ra on hepatocellular necrosis and inflammation,
histological changes in the liver after CCls administration
with or without rhll.-1Ra treatment were examined by
histology-injury grading (Table 1). Liver sections from
PBS-treated animals showed hepatocellular necrosis
and inflammation at day 3 after CCls administration; in
contrast, liver sections from the rhll-1Ra-treated group
demonstrated only mild hepatocellular necrosis and in-

June 14, 2010 | Volume 16 | Issue 22 |



>

IL-1B/p-actin mRNA

(@]

Serum IL-1pB (pg/mL)

Ratio of IL-1Ra/IL-1B

Zhu RZ et al. Protective effect of recombinant human IL-1Ra

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

500
450
400
350
300
250
200
150
100

50

250

200

150

100

50

0.5 1.5
t/d

t/d

4.5

b

m

n

IL-1Ra/B-actin mRNA

IL-6/B-actin mRNA

120

=
o
o

[0
o

(2]
o

N
S

N
o

60

0 0.5 1.5

t/d

4.5 7

0 0.5 1.5 4.5 7
t/d
r b
b
j I |
0 0.5 1.5 4.5 7
t/d
M rhil-1Ra
J PBS

E

a
.|
1 E | -
3 5 7
t/d

Figure 1 Interleukin (IL)-1p, interleukin 1 receptor antagonist (IL-1Ra) and IL-6 expression after carbon tetrachloride (CCls) (1 mL/kg) administration. A:
Quantification of IL-13 mRNA levels; B: IL-1Ra mRNA levels; C: Serum IL-1p; D: Serum IL-1Ra; E: Ratio of serum level of IL-1Ra to IL-1B; F: Quantification of IL-6 mRNA
levels of the livers treated with recombinant human IL-1Ra (thiL-1Ra) or PBS. °P < 0.05, °P < 0.01.

flammation was dramatically decreased. We found the
necrotic areas were significantly diminished around the
central vein (Figure 2D and E) and centrilobular regions
(Figure 2C) in rhIL-1Ra-treated mice at day 3. However,
thlL-1Ra did not cause any liver injury to healthy mice
(Figure 2F). These findings indicate that rhII.-1Ra has a
potent anti-hepatotoxic activity in reducing hepatocellu-
lar necrosis around the central vein.

rhiL-1Ra promotes hepatocyte proliferation from an
early phase

We also investigated the proliferation of hepatocytes by
immunostaining of PCNA in sections of liver tissue at
days 2 and 3. Our PCNA staining confirmed that the num-
ber of positive cells increased sharply at day 2 (Figure 3C).
Great numbers of hepatocytes (Figure 3E) could be de-
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tected in the liver sections of rhIL.-1Ra-treated mice at
day 3, which demonstrated that rhIL-1Ra significantly
increased the number of PCNA™ cells. In contrast, PBS-
treated mice showed a much fewer number of PCNA”
cells (Figure 3D and F). In our study, we also confirmed
rhlL-1Ra was unable to induce hepatocyte proliferation
(Figure 3A and B) in normal mice. Numbers of PCNA"
cells (Figure 3G) in at least 12 mm” tissue sections wete
counted for each mouse, which showed that mice receiv-
ing rhll.-1Ra after CCls injection gained the potent ad-
vantage of accelerating hepatocyte proliferation from an
early phase.

rhiL-1Ra increases probability of survival after a lethal

dose performance
In dose-tesponse expetriments, we found that 2.6 mL/kg

June 14, 2010 | Volume 16 | Issue 22 |
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Figure 2 Acute liver injury (1 mL/kg CCls administration) * rhiL-1Ra. A: Serum aspartate aminotransferase (AST); B: Serum alanine amino transferase (ALT),
with rhiL-1Ra or PBS; C: Necrotic areas. Representative findings from at least 12 mm’ tissue sections were counted for each mouse; D-F: Hematoxylin and eosin
(HE) stained liver sections; D: Group received PBS at day 3 after CCl: administration, shows necrosis with clusters of inflammatory cells around central vein (original
magpnification, x 100); E: Group received rhiL-1Ra at day 3 after CCls administration, demonstrates mostly histological recovery with only inconspicuous necrosis still
remaining around central vein and very few inflammatory cells are present (original magnification, x 100); F: Normal liver histology with rhIL-1Ra treatment, which

shows no difference from normal liver tissue histology. °P < 0.05, °P < 0.01.

CCls is a median lethal dose (mortality 50%, data not
shown) within 24 h. rhIL.-1Ra treatment in the CCls-
induced acute liver failure model offers a survival benefit
in treated mice, increasing the probability of survival
significantly from 10.0% to 55.0% at day 3 after CCls in-
jection (P = 0.000, Figure 4).

DISCUSSION

The model of acute intoxication with CCls has been
used for decades to investigate the response of acute
and chronic liver injury, because the elementary le-
sions caused by this hepatotoxin replicate those seen in
most cases of human liver diseases. Pro-inflammatory

(49
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cytokines such as I1.-6 and 11.-1f are believed to play a
key role in the pathogenesis of CCls-induced liver in-
jury®**?! which make it 2 good model for us to study
signal transduction and cell cycle events in a synchro-
nized manner 7 vivo. The CCls-induced acute liver injury
model is generated with 1 mL/kg dose for a typical
hepatic injury, which would function as a strong regen-
erative stimulus. Regarding liver damage, IL-1Ra plays a
critical role in the prevention of fatty liver and hypercho-
lesterolemia under inflammatory conditions™". In this
study, we investigated the severity of CCls-induced acute
liver injury in mice after rhIl.-1Ra treatment; the results
demonstrate that rhII.-1Ra hypodermal injection affords
protection from liver injury.

June 14, 2010 | Volume 16 | Issue 22 |
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Figure 3 Immunostaining of proliferating cell nuclear antigen (PCNA) shows rhiL-1Ra promotes hepatocyte proliferation. A: Normal liver (original
magnification, x 100); B: Normal liver in rhiL-1Ra treated mice (original magnification, x 100); C: Group received rhiL-1Ra at day 2 after CCls administration, numerous
PCNA" hepatocytes in centrilobular areas and scattered PCNA" hepatocytes at the edge of hepatocellular necrosis (original magnification, x 200); D: Group received
PBS at day 2 after CCl« administration, few PCNA" hepatocytes in centrilobular areas at day 2 (original magnification, x 200); E: Group received rhiL-1Ra at day 3
after CCls administration, numerous positive cells in centrilobular areas around central vein (original magnification, x 100); F: Group received PBS at day 3 after CCl
administration shows fewer numbers of positive cells (original magnification, x 100); G: Numbers of PCNA" cells after CCls administration with rhiL-1Ra or PBS, at
least 12 mm’ tissue sections were counted for each mouse. Arrows point to PCNA+ hepatocytes. °P < 0.01.

The balance between IL-1f and IL-1Ra has been models of disease; either local overproduction of 1L-1f3
extensively studied in a variety of experimental animal or underproduction of IL-1Ra predisposes to the devel-
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Figure 4 rhiL-IRa treatment increased probability of survival after a lethal
dose administration of CCls (2.6 mL/kg). Mice were administered with either
PBS as a control (n = 20) or rhiL-1Ra (n = 20) twice a day for 5 d. Survivals
were scored twice a day for 5 d, and the results were analyzed using the log-
rank test and expressed as the Kaplan-Meier survival curves. P = 0.006.

opment of disease and the therapeutic administration
of IL-1Ra is efficacious in preventing tissue damage[zsl.
Serum I1.-1f and IL.-1Ra are mediators of inflammation.
Down-regulation in the release of the pro-inflammatory
cytokine IL-1B and the up-regulation of its antagonist
(IL-1Ra) may be a part of the inflammatory response to
infection™. It is necessaty to functionally inhibit the bio-
logic effects of IL-1f on hepatocytes. We confirmed that
liver IL-13 mRNA originally decreased in the first 12 h
after CCls treatment, and reached its lowest level at day
1.5. On the other hand, liver IL.-1Ra mRNA increased
to its highest level at day 1.5. These results show that the
liver has a strong power to triggetr compensatory growth
mechanisms, which suppress the liver IL-1 expression.
Several observations have emphasized that an adequate
ratio of IL-1Ra to IL-1f is protective in inflamma-
tory or immune liver disease™ ™. Both serum IL-B and
serum ILL-1Ra were elevated after CCl4 treatment, but
serum II.-1Ra increased 100-fold greater than IL-1f at
day 1.5. Serum IL-1Ra to IL-1f ratio was much higher
in contrast to normal mice, which suggests a beneficial
effect of IL-1Ra on CCls-induced acute liver injury.
By analyzing the ELISA data of IL-1Ra and IL-1pB, we
found that serum IL-1f increased after CCl4 treatment,
which simultaneously stimulated the production of IL-
1Ra as a compensatory reflection. The effects of IL-1Ra
on blocking receptor binding of 11.-1f during the acute-
phase response may serve to suppress the inflammatory
consequences of early IL-1f release after CCls-induced
acute liver injury; with subsequent recovery, serum IL-
1Ra decreased.

The level of serum aminotransferases is a very im-
portant marker to judge the severity of acute hepatic
injury. After CCls treatment the level of serum AST and
ALT was significantly elevated, and attenuated by rhlL-
1Ra in our experiment. The histological studies also
showed that thIL.-1Ra inhibited inflammation and necro-
sis, which are the most common charactetistics of CCls-
induced liver damage. These findings suggest that rhll-
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1Ra protects hepatocytes from the oxidative damage
caused by CCls, which is likely due to inhibition of the
pro-inflammatory mediators.

Serum IL-1Ra can rise dramatically during different
inflammatory and non-inflammatory conditions such
as sepsis”” and chronic rheumatic diseases™ . In ad-
dition, it plays a crucial role in regulating II.-1 signaling
in various inflammatory states. IL-1Ra deficiency has
been associated with major metabolic dysfunctions™ ",
Serum levels of IL-1Ra were found to correlate with
serum 11.-6 concentrations”, and administration of
cither IL-1 or IL-6 to patients increased the circulating
levels of IL-1Ra""". Liver is a recognized target organ
for pro-inflammatory cytokines such as TNFq, IL-1 and
IL.-6"), Regarding liver regeneration, I1-6 is thought to
result in enhanced transcription, triggering hepatocytes
to leave their quiescent state (G0) and enter a prereplica-
tive phase (G1). Expression of 1L-6 appears to be essen-
tial for the priming of hepatocytesm’m. Previous studies
showed that I1.-1Ra production was enhanced by IL-1,
and increasing IL-1f and IL-6 exhibits a strong stimula-
tory effect on the acceleration of IL-1Ra expression[gl.
IL-6 is a marked signal to trigger liver regeneration, as
demonstrated in a previous study™, and in this current
study, we found that the production of 1L-6 could also
be enhanced by excessive rhlL-1Ra treatment. I vitro,
IL-1f inhibits hepatocyte proliferation™. Tsoda ez />
found that mRNA levels of IL-1f were significantly
elevated in livers of IL-1Ra-/- mice, and liver growth is
also inhibited by hepatocyte proliferation inhibitor and
IL—lB[44’45]. It is of particular interest that excessive rhll.-
1Ra inhibits the activity of IL-1f, which rapidly and sig-
nificantly increased the number of PCNA" hepatocytes.

IL-1Ra is well tolerated clinically and has a short half-
life, making it an ideal protective agent for acute hepato-
cellular damage and for accelerating liver regeneration.
Healthy humans are the most sensitive indicators of
IL-1 agonist activity: 1 ng/kg of intravenous IL-1B pro-
duces symptomsm. In contrast, the intravenous infusion
of 10 mg/kg of IL-IRa in healthy humans, a 10 million-
fold molar excess, gives no effect™. Histopathological
studies showed that thll.-1Ra-treated healthy mice show
no changes in contrast with normal liver, and excessive
thlIL-1Ra treatment could not induce hepatocellular pro-
liferation in healthy mice. We used very classical methods
to judge whether rhIl.-1Ra has an effect on repairing
the damage of mice CCls-induced acute liver injury and
accelerating liver regeneration. The work indicates that
rhll-1Ra administration accelerates recovery from acute
CCls-induced liver injury. To confirm that rhIL.-1Ra
dramatically prevented CCls-induced liver injury, a lethal
dose of CCls was used, and rhIl.-1Ra treatment resulted
in survival benefits in mice with acute hepatic failure.
This work indicates that rhIl.-1Ra accelerates recovery
from acute CCls-induced liver injury and offers a strong
survival advantage in injured mice.

Although additional studies are necessary to confirm
this effect in humans, our findings provide a rationale
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to develop new pharmacological strategies in the clini-
cal management of patients with acute liver injury. This
approach might also provide a novel therapeutic tool for
regenerative liver cell therapy.

COMMENTS

Background

Interleukin 1 receptor antagonist (IL-1Ra) is a member of the interleukin 1
cytokine family and is a major anti-inflammatory cytokine. It acts as a natural
inhibitor of the pro-inflammatory cytokines IL-1o and IL-1B through its action
of blocking the binding of interleukin-1 to cell-surface receptors, and modulates
a variety of IL-1-related immune and inflammatory responses. Although the
anti-inflammatory effect of IL-1Ra has been described, the contribution of this
cytokine in protecting from liver injury remains unclear.

Research frontiers

IL-1Ra is well tolerated clinically and has a short half-life, making it an ideal
protective agent for acute hepatocellular damage and for accelerating liver
regeneration. The authors used very classical methods to judge whether
recombinant human IL-1Ra has effects on repairing the damage of carbon
tetrachloride (CCls)-induced acute liver injury in mice and on accelerating liver
regeneration.

Innovations and breakthroughs

The authors aimed to examine the effects of IL-1Ra as an acute phase protein
in accelerating hepatocyte proliferation following CCls-induced liver injury. The
results indicate that IL-1Ra is a critical factor that shows a potent antihepatotoxic
activity in recovery of hepatocellular necrosis and accelerates liver regeneration
during injury. IL-1Ra could provide a novel therapeutic approach by stimulating
liver regeneration.

Applications

Although additional studies are necessary to confirm this effect in humans, the
authors’ findings provide a rationale to develop new pharmacological strategies
in the clinical management of patients with acute liver injury. This approach might
also provide a novel therapeutic tool for regenerative liver cell therapy.

Peer review

It is interesting and well-written. | suggest the authors perform electron
microscopic examination in order to investigate the ultrastructural features of
the hepatocytes of normal compared to recombinant human IL-1Ra-treated
mice, and CCLs-compared to recombinant human interleukin 1 receptor
antagonist-treated mice.
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