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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 CCl4 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 CCl4 2.6 mL/kg (1:1 dilution in corn oil) ip. Mice 

were subcutaneously injected with 1 mg/kg recombi-
nant human IL-1Ra twice a day after CCl4 treatment for 
5 d. Serum alanine amino transferase (ALT) and aspar-
tate aminotransferase (AST) levels were determined 
with a commercial assay kit. Serum IL-1β, IL-1Ra lev-
els were measured by enzyme-linked immunosorbent 
assay kit. Quantitative real-time polymerase chain 
reaction was used to determine liver IL-1β, IL-1Ra and 
IL-6 expression during CCl4-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 CCl4-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. 
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INTRODUCTION
The interleukin (IL)-1 family includes the structurally 
related proteins IL-1α, IL-1β, 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-1α and IL-1β[1]. IL-1α and IL-1β play a 
key role in inflammation[2]; 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[3,4]. IL-1Ra is a natu-
rally occurring anti-inflammatory protein; it competitive-
ly blocks the binding of  IL-1α and IL-1β to type Ⅰ IL-1 
receptor, but exerts no agonist activity[5,6]. IL-1Ra has 
been shown to inhibit the effects of  IL-1 both in vitro 
and in vivo, and as an acute-phase protein, it can reduce 
the severity of  several animal models of  inflammatory 
disease[7]. Serum levels of  IL-1Ra can rise dramatically 
during different inflammatory and noninflammatory 
conditions[8]. Human IL-1Ra is synthesized as a 177 ami-
no acid precursor that contains a 25 amino acid signal 
sequence plus a 152 amino acid mature region[9,10]. 

Acute administration of  carbon tetrachloride (CCl4) 
is used to establish an experimental model of  severe 
hepatocellular damage involving generation of  oxidative 
stress and recruitment of  inflammatory cells[11-13], which 
is reported to induce liver architectural and functional 
damage[14-16]. Liver regeneration involves a complex regu-
lated response to CCl4-induced acute liver injury[17,18]. 

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 IL-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 (pur-
chased from SLC Shanghai, China) 8 wk after birth, main-

tained in a conventional clean facility and in accordance 
with the National Animal Care and Use Committee.

Cytokine and reagents
Recombinant human IL-1Ra (rhIL-1Ra) was obtained 
from Dr Wei Han’s Laboratory at the School of  Pharma-
cy, Shanghai Jiao Tong University. Endotoxin level of  the 
rhIL-1Ra was under 0.1 EU/μg. CCl4 was purchased from 
Sigma, USA.

Acute liver injury and lethal dose performance
Acute liver injury was induced by injecting 8-wk-old mice 
with CCl4 1 mL/kg (1:3 dilution in corn oil) intraperitone-
ally (ip). A lethal dose was administered by injecting 8-wk-
old mice with CCl4 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 
CCl4 administration for 5 d because human and murine 
IL-1Ra show an overall homology of  77% with no ap-
parent species specificity[19]. The first rhIL-1Ra injection 
was performed at 1 h after CCl4 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 (IU/L).

Enzyme-linked immunosorbent assay
Serum IL-1β 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[16]. 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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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  RNA 
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 rRNA 
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-1β (sense) 5'TGAGCACCTTCTTTTCCTTC3', IL-1β 
(anti-sense) 5'GTTCATCTCGGAGCCTGTAG3'; IL-1Ra 
(sense) 5'AGACCTTGTGTCCTGTTTAGC3', IL-1Ra 
(anti-sense) 5'GGTCAATAGGCACCATGTCT3'; IL-6 
(sense) 5'CCACTCCCAACAGACCTGTCTATAC3', IL-6 
(anti-sense) 5'CACAACTCTTTTCTCATTTCCACGA3'; 
β-actin (sense) 5'AGCCTTCCTTCTTGGGTATG3', 
β-actin (anti-sense) 5'GTGTTGGCATAGAGGTCTT-
TAC3'. For the RT-PCR reaction, the following procedure 
was followed. Total RNA (5 μg) was used as a template 
for synthesizing the first-strand of  cDNA with M-MuLV 
reverse transcriptase (MBI Fermentas, Vilnius, Lithuania) 
in a 20 mL reaction volume. PCR reactions were carried 
out by adding 100 × diluted cDNAs, 100 nmol/L of  each 
primer, and SYB Premix Ex Taq (TaKaRa, Dalian, China) 
in 20 μL reactions. PCR conditions were optimized using 

Opticon monitor 3 software (Bio-Rad Laboratories) and 
involved the following steps: 95℃ for 5 min, 1 cycle; 95℃ 
for 5 s and 60℃ for 30 s, 40 cycles. Final data were ana-
lyzed with Opticon monitor 3 software (Bio-Rad Labora-
tories), presented as ratios to β-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 t 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-1β, IL-1Ra and IL-6 expression during CCl4-induced 
acute liver injury
Expression of  IL-1β 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 mL/kg CCl4 ad-
ministration (Figure 1B). Serum level of  IL-1β did not in-
crease so rapidly (Figure 1C). We found that serum IL-1Ra 
enhanced markedly after CCl4 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 CCl4 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
CCl4-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  rhIL-1Ra in protect-
ing from hepatic damage, we investigated the effect of  
rhIL-1Ra on CCl4-induced acute liver injury. Mice were 
subcutaneous injected with rhIL-1Ra and PBS after CCl4 
administration. Animals were sacrificed 1, 3, 5 and 7 d 
after CCl4 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 rhIL-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 rhIL-1Ra has a direct pro-
tective effect on hepatocytes. To evaluate the effect of  
rhIL-1Ra on hepatocellular necrosis and inflammation, 
histological changes in the liver after CCl4 administration 
with or without rhIL-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 CCl4 administration; in 
contrast, liver sections from the rhIL-1Ra-treated group 
demonstrated only mild hepatocellular necrosis and in-
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Table 1  Injury grade

No. of mice Day + 21 Day + 31 Day + 51 Day + 71

Group A (rhIL-1Ra)
   1 Ⅲ Ⅱ Ⅰ 0
   2 Ⅲ-Ⅳ Ⅰ Ⅰ 0
   3 Ⅲ Ⅰ 0 0
   4 Ⅲ Ⅱ Ⅰ 0
   5 Ⅲ-Ⅳ Ⅰ 0 Ⅰ

   6 Ⅳ Ⅰ 0 0
Group B (PBS)
   1 Ⅲ-Ⅳ Ⅱ-Ⅲ Ⅰ-Ⅱ 0
   2 Ⅳ Ⅲ Ⅱ Ⅰ

   3 Ⅲ-Ⅳ Ⅲ Ⅱ 0
   4 Ⅳ Ⅱ-Ⅲ Ⅱ 0
   5 Ⅳ Ⅲ Ⅱ Ⅰ

   6 Ⅲ-Ⅳ Ⅲ Ⅰ Ⅰ

1Day of sacrifice after CCl4 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 Ⅲ; 
Grade Ⅲ: Established necrosis limited to zone Ⅲ; Grade Ⅳ: Extensive, 
confluent centrilobular necrosis involving Rappaport’s zone Ⅲ and Ⅱ. 
rhIL-1Ra: Recombinant human interleukin 1 receptor antagonist.
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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, 
rhIL-1Ra did not cause any liver injury to healthy mice 
(Figure 2F). These findings indicate that rhIL-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-

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 
rhIL-1Ra was unable to induce hepatocyte proliferation 
(Figure 3A and B) in normal mice. Numbers of  PCNA+ 
cells (Figure 3G) in at least 12 mm2 tissue sections were 
counted for each mouse, which showed that mice receiv-
ing rhIL-1Ra after CCl4 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-response experiments, we found that 2.6 mL/kg 
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CCl4 is a median lethal dose (mortality 50%, data not 
shown) within 24 h. rhIL-1Ra treatment in the CCl4-
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 CCl4 in-
jection (P = 0.006, Figure 4).

DISCUSSION
The model of  acute intoxication with CCl4 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 

cytokines such as IL-6 and IL-1β are believed to play a 
key role in the pathogenesis of  CCl4-induced liver in-
jury[8,18,20,21], which make it a good model for us to study 
signal transduction and cell cycle events in a synchro-
nized manner in vivo. The CCl4-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[22-24]. In this 
study, we investigated the severity of  CCl4-induced acute 
liver injury in mice after rhIL-1Ra treatment; the results 
demonstrate that rhIL-1Ra hypodermal injection affords 
protection from liver injury.
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The balance between IL-1β and IL-1Ra has been 
extensively studied in a variety of  experimental animal 

models of  disease; either local overproduction of  IL-1β 
or underproduction of  IL-1Ra predisposes to the devel-
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opment of  disease and the therapeutic administration 
of  IL-1Ra is efficacious in preventing tissue damage[25]. 
Serum IL-1β and IL-1Ra are mediators of  inflammation. 
Down-regulation in the release of  the pro-inflammatory 
cytokine IL-1β and the up-regulation of  its antagonist 
(IL-1Ra) may be a part of  the inflammatory response to 
infection[8]. It is necessary to functionally inhibit the bio-
logic effects of  IL-1β on hepatocytes. We confirmed that 
liver IL-1β mRNA originally decreased in the first 12 h 
after CCl4 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 trigger compensatory growth 
mechanisms, which suppress the liver IL-1β expression. 
Several observations have emphasized that an adequate 
ratio of  IL-1Ra to IL-1β is protective in inflamma-
tory or immune liver disease[26-28]. Both serum IL-β and 
serum IL-1Ra were elevated after CCl4 treatment, but 
serum IL-1Ra increased 100-fold greater than IL-1β at 
day 1.5. Serum IL-1Ra to IL-1β ratio was much higher 
in contrast to normal mice, which suggests a beneficial 
effect of  IL-1Ra on CCl4-induced acute liver injury. 
By analyzing the ELISA data of  IL-1Ra and IL-1β, we 
found that serum IL-1β 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  IL-1β during the acute-
phase response may serve to suppress the inflammatory 
consequences of  early IL-1β release after CCl4-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 CCl4 treatment the level of  serum AST and 
ALT was significantly elevated, and attenuated by rhIL-
1Ra in our experiment. The histological studies also 
showed that rhIL-1Ra inhibited inflammation and necro-
sis, which are the most common characteristics of  CCl4-
induced liver damage. These findings suggest that rhIL-

1Ra protects hepatocytes from the oxidative damage 
caused by CCl4, 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[29] and chronic rheumatic diseases[30-32]. In ad-
dition, it plays a crucial role in regulating IL-1 signaling 
in various inflammatory states. IL-1Ra deficiency has 
been associated with major metabolic dysfunctions[33,34]. 
Serum levels of  IL-1Ra were found to correlate with 
serum IL-6 concentrations[35], and administration of  
either IL-1 or IL-6 to patients increased the circulating 
levels of  IL-1Ra[36,37]. Liver is a recognized target organ 
for pro-inflammatory cytokines such as TNFα, IL-1 and 
IL-6[38,39]. Regarding liver regeneration, IL-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  IL-6 appears to be essen-
tial for the priming of  hepatocytes[40,41]. Previous studies 
showed that IL-1Ra production was enhanced by IL-1β, 
and increasing IL-1β and IL-6 exhibits a strong stimula-
tory effect on the acceleration of  IL-1Ra expression[8]. 
IL-6 is a marked signal to trigger liver regeneration, as 
demonstrated in a previous study[42], and in this current 
study, we found that the production of  IL-6 could also 
be enhanced by excessive rhIL-1Ra treatment. In vitro, 
IL-1β inhibits hepatocyte proliferation[43]. Isoda et al[33] 

found that mRNA levels of  IL-1β were significantly 
elevated in livers of  IL-1Ra-/- mice, and liver growth is 
also inhibited by hepatocyte proliferation inhibitor and 
IL-1β[44,45]. It is of  particular interest that excessive rhIL-
1Ra inhibits the activity of  IL-1β, 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-1β pro-
duces symptoms[46]. In contrast, the intravenous infusion 
of  10 mg/kg of  IL-IRa in healthy humans, a 10 million-
fold molar excess, gives no effect[47]. Histopathological 
studies showed that rhIL-1Ra-treated healthy mice show 
no changes in contrast with normal liver, and excessive 
rhIL-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 CCl4-induced acute liver injury and 
accelerating liver regeneration. The work indicates that 
rhIL-1Ra administration accelerates recovery from acute 
CCl4-induced liver injury. To confirm that rhIL-1Ra 
dramatically prevented CCl4-induced liver injury, a lethal 
dose of  CCl4 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 CCl4-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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Figure 4  rhIL-lRa treatment increased probability of survival after a lethal 
dose administration of CCl4 (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.
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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-1α and IL-1β 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 (CCl4)-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 CCl4-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. I 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 CCL4-compared to recombinant human interleukin 1 receptor 
antagonist-treated mice. 
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