
Effect evaluation of interleukin-1 receptor antagonist 
nanoparticles for mesenchymal stem cell transplantation

Xiao-Lei Shi, Wei Zhu, Jia-Jun Tan, Jiang-Qiang Xiao, Lin Zhang, Qian Xu, Zheng-Liang Ma, Yi-Tao Ding

Xiao-Lei Shi, Jia-Jun Tan, Jiang-Qiang Xiao, Yi-Tao Ding, 
Department of Hepatobiliary Surgery, the Affiliated Drum Tower 
Hospital of Nanjing University Medical School, Nanjing 210008, 
Jiangsu Province, China
Xiao-Lei Shi, Yi-Tao Ding, Key Medical Center of Jiangsu Prov-
ince for Hepatobiliary Diseases, Nanjing 210008, Jiangsu Prov-
ince, China
Wei Zhu, Gulou Clinical Medical College of Combined TCM 
and Western Medicine, Nanjing University of Chinese Medicine, 
Nanjing 210008, Jiangsu Province, China
Wei Zhu, Zheng-Liang Ma, Department of Anesthesiology, the 
Affiliated Drum Tower Hospital of Nanjing University Medical 
School, Nanjing 210008, Jiangsu Province, China
Lin Zhang, Qian Xu, School of Public Health, Southeast Uni-
versity, Nanjing 210009, Jiangsu Province, China
Author contributions: Shi XL and Zhu W contributed equally to 
this work; Shi XL, Zhu W, Ma ZL and Ding YT designed the re-
search; Zhu W and Tan JJ wrote the paper; Xiao JQ, Zhang L and 
Xu Q performed the research; Tan JJ and Xu Q did data analysis.
Supported by National Natural Science Foundation of China, 
No. 30901431
Correspondence to: Yi-tao Ding, Professor, Department of 
Hepatobiliary Surgery, the Affiliated Drum Tower Hospital of 
Nanjing University Medical School, No. 321 Zhongshan Road, 
Nanjing 210008, China. yitaoding@hotmail.com
Telephone: +86-25-83105502   Fax: +86-25-83107080
Received: September 21, 2012  Revised: January 20, 2013
Accepted: February 5, 2013
Published online: March 28, 2013

Abstract
AIM: To study the efficacy of marrow mesenchymal 
stem cells (MSCs) transplantation combined with in-
terleukin-1 receptor antagonist (IL-1Ra) for acute liver 
failure (ALF). 

METHODS: Chinese experimental miniature swine 
were randomly divided into four groups (n  = 7), and 
all animals were given D-galactosamine (D-gal) to in-
duce ALF. Group A animals were then injected with 40 
mL saline via  the portal vein 24 h after D-gal induction; 

Group B animals were injected with 2 mg/kg IL-1Ra 
via  the ear vein 18 h, 2 d and 4 d after D-gal induc-
tion; Group C received approximately 1 × 108 green 
fluorescence protein (GFP)-labeled MSCs (GFP-MSCs) 
suspended in 40 mL normal saline via  the portal vein 
24 h after D-gal induction; Group D animals were in-
jected with 2 mg/kg IL-1Ra via  the ear vein 18 h after 
D-gal induction, MSCs transplantation was then carried 
out at 24 h after D-gal induction, and finally 2 mg/kg 
IL-1Ra was injected via  the ear vein 1 d and 3 d after 
surgery as before. Liver function, serum inflammatory 
parameters and pathological changes were measured 
and the fate of MSCs was determined.

RESULTS: The optimal efficiency of transfection (97%) 
was achieved at an multiplicity of infection of 80, as 
observed by fluorescence microscopy and flow cytom-
etry (FCM). Over 90% of GFP-MSCs were identified as 
CD44+ CD90+ CD45- MSCs by FCM, which indicated 
that most GFP-MSCs retained MSCs characteristics. 
Biochemical assays, the levels of serum inflamma-
tory parameters and histological results in Group D all 
showed a significant improvement in liver injury com-
pared with the other groups (P  < 0.05). The number 
of GFP-MSCs in Group D was also greater than that in 
Group B, and the long-term cell proliferation rate was 
also better in Group D than in the other groups. 

CONCLUSION: MSCs transplantation is useful in ALF, IL-
1Ra plays an important role in alleviating the inflamma-
tory condition, and combination therapy with MSCs trans-
plantation and IL-1Ra is a promising treatment for ALF.
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INTRODUCTION
Acute liver failure (ALF) is defined by the development 
of  coagulopathy and encephalopathy within a short 
period of  time in patients with no previous history of  
liver disease[1]. The essence of  ALF is severe inflamma-
tion leading to cell necrosis in a large number of  liver 
cells caused by paracetamol, idiosyncratic drug reactions, 
hepatitis B, or seronegative hepatitis[2,3]. The key to the 
treatment of  ALF is the reduction of  liver cell necrosis 
and the stimulation of  liver cell regeneration.

Liver transplantation is the only efficient treatment 
for ALF; however, difficulties including severe donor 
shortage, numerous complications, immunological rejec-
tion and high medical costs limit its use[1,4]. Mesenchymal 
stem cells (MSCs) due to their sufficient source, low im-
munogenicity and the potential ability for differentiation 
into hepatocyte-like cells make MSCs transplantation a 
promising treatment for ALF[5-7]. In order to achieve bet-
ter results, we transplanted MSCs into a pig model of  
acute liver failure in addition to interleukin-1 receptor 
antagonist (IL-1Ra) injection which is used to improve 
liver inflammation[8,9]. IL-1 is primarily a proinflammatory 
cytokine due to its ability to stimulate the expression of  
a number of  inflammation-associated genes through the 
IL-1 signaling cascade[10-12]. IL-1Ra can bind to the IL-1 
receptor and blocks IL-1 action through competitive inhi-
bition, but will not initiate the IL-1 signaling cascade due 
to its IL-1-like structure which will not induce a signal at 
all[8]. In this study, we evaluated the efficiency of  combi-
nation therapy with IL-1Ra and MSCs transplantation for 
the treatment of  ALF in swine.

MATERIALS AND METHODS
Animals
Chinese experimental miniature swine (10 ± 3 kg, aged 
approximately 5 to 8 mo) were obtained from the Labo-
ratory Animal Centre of  the Affiliated Drum Tower Hos-
pital of  Nanjing University Medical School. All experi-
ments were approved by the Institutional Animal Care 
and Use Committee.

In vitro experiment 
MSCs were isolated by density gradient centrifugation 
from pig bone marrow and cultured in L-Dulbecco’s 
modified Eagle’s medium supplemented with 10% foetal 
bovine serum, 100 U/mL penicillin, and 100 μg/mL 
streptomycin (all from Gibco BRL, Grand Island, NY, 
United States). The cells were then transfected with a 
lentiviral vector carrying the gene encoding green fluo-
rescence protein (GFP), and the multiplicity of  infection 

(MOI) of  transfection was determined by fluorescent 
inverted phase contrast microscopy and flow cytometry 
(FCM). The surface markers (CD44, CD45, and CD90) 
of  GFP-labeled MSCs (GFP-MSCs) were identified by 
FCM for their MSCs characteristics.

ALF model
The animals received a single intravenous injection of  
D-galactosamine (D-gal) 0.3 g/kg to induce experimental 
hepatic injury.

Experimental groups and treatments
Twenty-eight pigs were randomly divided into four groups, 
Group A (control, n = 7), Group B (IL-1Ra, n = 7), Group 
C (MSCs transplantation, n = 7), Group D (combined 
therapy, n = 7). Group A received 40 mL normal saline 
via the portal vein 24 h after D-gal induction; Group B 
received 2 mg/kg IL-1Ra (Institute of  Process Engineer-
ing, Chinese Academy of  Sciences, China) via the ear vein 
18 h, 2 d and 4 d after D-gal induction; Group C received 
approximately 1 × 108 GFP-MSCs suspended in 40 mL 
normal saline via the portal vein 24 h after D-gal induction; 
Group D received 2 mg/kg IL-1Ra via the ear vein 18 h 
after D-gal induction, MSCs transplantation was carried 
out 24 h after D-gal induction, and finally 2 mg/kg IL-1Ra 
was injected via the ear vein 1 d and 3 d after surgery as 
before. Liver function, and inflammatory cytokines IL-1β, 
IL-2 and tumor necrosis factor α (TNF-α) were measured 
using enzyme-linked immuno sorbent assay Kits (Corbett 
Life Science, Australia) pre-operatively, intra-operatively, 1-6 
d and 1-4 wk after surgery.

Histological analysis
Swine were humanely killed for histological examination 
at 3 d and every week after surgery. Liver tissues were 
immersion fixed, embedded in paraffin and sectioned 
at 5 μm, and the slices were submitted for hematoxy-
lin and eosin (HE) and anti-Ki67 (Abcam Ltd., United 
Kingdom) staining. To determine liver cell proliferation, 
six high-powered fields of  vision were obtained for each 
slice, and the average number of  Ki67+ cells was used 
for statistical analysis. To trace transplanted MSCs, cells 
expressing GFP were analyzed by fluorescent microscopy 
and conventional immunohistochemistry using anti-GFP 
(Abcam Ltd., United Kingdom). 

Statistical analysis
All statistical analysis were performed using SPSS 16.0. 
The data are reported as mean ± SD. The statistical sig-
nificance was analyzed by two-way analysis of  variance. P 
< 0.05 was considered to denote statistical significance.

RESULTS
In vitro experiment 
The optimal efficiency of  transfection (97%) was achieved 
at an MOI of  80, as observed by fluorescence microscopy 
(Figure 1A and B) and FCM (Figure 1C). Over 90% of  
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GFP-MSCs were identified as CD44+ CD90+ CD45- 
MSCs (Figure 1D) by FCM, which indicated that most 
GFP-MSCs retained MSCs characteristics. 

Liver function
Dramatic changes in alanine aminotransferase (ALT), 
aspertate aminotransferase (AST), total bilirubin (TB), 
ammonia and prothrombin time (PT) demonstrated that 
acute liver injury was successfully achieved by D-gal in-
duction in all four groups. Highly significant increases in 
ALT, AST, TB, ammonia and PT were found in all groups 
within 48 h after D-gal injection, and then gradually de-
clined. The most significant improvements were found in 
Group D following combination therapy compared with 
the other groups; ALT and ammonia in Group D were 
significantly lower than those in Group A (P < 0.05) with-
in 1 to 4 d after combination therapy, and the low level of  
TB in Group D lasted longer than that in Group A (P < 
0.05) and Group B (P < 0.05) from the first day to 1 wk, 
the improvement in ALB in Group D appeared the sec-
ond day after treatment; Group B showed a significant re-
duction in ALT level within 1 to 3 d after IL-1Ra injection 
compared with Group A (P < 0.05); MSCs transplantation 
showed a slight effect on reducing TB and ammonia level 
in Group C (Table 1). 

Serum inflammatory cytokines
Following D-gal induction, the levels of  inflammatory 
cytokines, IL-1, IL-2 and TNF-α, in all groups increased 
significantly and reached a peak within 3 d, which lasted 
for several days before gradually declining. Group B and 
Group D had a faster improvement in IL-1 and TNF-α 
than the other groups, Group D had the lowest inflam-
matory level of  all, with IL-1 and TNF-α levels signifi-

cantly lower than Group A (P < 0.05) from the first in-
jection of  2 mg/kg IL-1Ra; serum inflammatory cytokine 
levels were better in Group C than in Group A, however, 
no statistically significant difference between the groups 
was observed (Figure 2).

Histological analysis
D-gal-induced liver damage was observed by HE staining 
in all groups, however, less inflammatory cell infiltration 
and relatively complete lobular architecture were found 
in Group D, and liver damage was worst in Group A 
(Figure 3). The number of  Ki-67+ cells increased quickly 
after D-gal induction and reached a peak within 1 wk 
in all groups, and then a sharp decline was observed in 
Group A to a normal proliferation level at the end of  3 
wk after operation, however, the Ki-67 positive cell index 
in Group D was maintained at a high level (P < 0.05); 
the performance of  Group B and Group C were better 
than Group A, but there were no significant differences 
between the groups (Figure 4). Fluorescent microscopy 
revealed that there were more GFP-MSCs in Group D 
than in Group B at 1 wk after treatment, and most of  
these were distributed in the hepatic lobule along the 
central vein. Similar results were obtained by immunohis-
tochemistry using anti-GFP (Figure 5). 

DISCUSSION
ALF is a severe liver disease with large quantities of  liver 
cell necrosis; liver transplantation is the only effective 
treatment, but has a number of  difficulties. MSCs can be 
easily obtained from bone marrow and have multilineage 
potential. Petersen et al[13] and Schwartz et al[5] showed that 
MSCs possess the potential ability for hepatocyte differ-
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Figure 1  Mesenchymal stem cells 
transfected with a lentiviral vector 
carrying the gene encoding green 
fluorescence protein in vitro. A: GFP-
MSCs cultivated for 3 d and observed 
by light microscopy (×400); B: GFP-
MSCs with green fluorescence (×400); 
C: Over 97% of GFP-MSCs success-
fully expressed GFP after propagation; 
D: Most GFP-MSCs were identified as 
CD44+ CD90+. GFP: Green fluores-
cence protein; MSCs: Mesenchymal 
stem cells; GFP-MSCs: GFP-labeled 
MSCs.
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tion. In their research, MSCs transplantation was used 
to reduce CCl4-induced liver fibrosis in mice, and their 

entiation in vitro and in vivo. Sakaida et al[14] confirmed that 
MSCs were involved in both liver repair and reconstruc-

Group Pre-
operation

Intra-
operation

Time after operation

D1 D2 D3 D4 D5 W1 W2 W4

  ALT 
  (U/L)

A   54.7 ± 22.7   111.4 ± 44.1 167.25 ± 25.8 108.8 ± 25.2   89.3 ± 32.8   63.7 ± 24.6   54.1 ± 13.7 48.3 ± 17.1 38.7 ± 16.3 32.4 ± 4.2
B   48.9 ± 17.3   127.5 ± 20.8   108.5 ± 21.8a   77.6 ± 18.9a   78.5 ± 16.6a   68.7 ± 10.8   55.6 ± 12.9 51.6 ± 10.7 42.8 ± 11.6 45.6 ± 6.9
C   52.7 ± 14.7   113.1 ± 23.5   157.8 ± 31.3 118.6 ± 16.7   83.6 ± 19.3   70.5 ± 11.2   58.8 ± 14.9 50.6 ± 7.3 51.7 ± 9.1 44.5 ± 6.9
D   45.2 ± 7.7   112.6 ± 22.9     75.4 ± 10.1a,e   66.1 ± 16.7a,e   48.2 ± 11.9a,e   55.7 ± 9.3   51.9 ± 10.8 44.7 ± 6.1 35.9 ± 2.6 33.6 ± 4.2

  TB 
  (μmol/L)

A     2.9 ± 1.3     24.0 ± 8.5     32.3 ± 7.4   26.2 ± 8.8   17.5 ± 5.1   12.9 ± 3.8     7.9 ± 1.9   5.8 ± 1.9   3.1 ± 1.2   1.9 ± 0.5
B     2.3 ± 1.5     20.8 ± 7.6     28.3 ± 7.2   19.4 ± 5.7     9.7 ± 2.8     9.2 ± 1.8     8.6 ± 2.2   6.5 ± 0.8   3.6 ± 0.9   2.1 ± 0.5
C     1.3 ± 0.9     18.9 ± 5.7     27.5 ± 5.3   15.8 ± 4.1a   10.7 ± 2.6     7.3 ± 0.8     5.1 ± 0.8   1.9 ± 0.3a   1.7 ± 0.6 0.98 ± 0.1
D   1.52 ± 0.73     24.2 ± 4.4     17.1 ± 2.7a,c,e     8.9 ± 3.51a,c   5.11 ± 3.3a   2.68 ± 2.03a,c   1.96 ± 1.51a,c 1.47 ± 0.75a,c 1.25 ± 0.7a 0.43 ± 0.05

  NH3 
  (μmol/L)

A      33 ± 5.2   344.5 ± 102.1   267.5 ± 134.6    179 ± 33.6 159.2 ± 41.3 111.7 ± 32.6   88.5 ± 30.7 64.8 ± 7.3 99.3 ± 16.4    69 ± 24.2
B      39 ± 10.4      318 ± 67.8   206.5 ± 22.1 160.6 ± 18.2 128.8 ± 18.5   92.5 ± 11.3 114.2 ± 25.6 88.5 ± 19.7    73 ± 16 55.6 ± 11.8
C      59 ± 12.4   335.8 ± 81.5   210.1 ± 21.7 163.5 ± 18.2   92.8 ± 23.3a 121.4 ± 24.5 110.8 ± 53.2 97.2 ± 26.8 48.9 ± 10.4a 57.2 ± 10.5
D      38 ± 13.5   369.3 ± 104.2   148.7 ± 39.4a,c,e 106.1 ± 23.8a,c   81.3 ± 24.2a,c   84.6 ± 17.5a   87.7 ± 23.9    62 ± 17.8 42.7 ± 13.3a,c 41.7 ± 11.3

  ALB 
  (g/L)

A   30.5 ± 4.3     27.7 ± 2.4     26.2 ± 3.0   25.1 ± 2.1   24.4 ± 1.6   25.2 ± 1.9   25.6 ± 1.4 26.3 ± 1.2 26.7 ± 1.7 28.5 ± 2.5
B   31.4 ± 3.3     28.7 ± 2.6     27.1 ± 1.8   25.7 ± 2.4   25.9 ± 2.7   25.6 ± 1.5   26.9 ± 0.9 26.5 ± 3.2 26.8 ± 3.7 28.8 ± 2.3
C   28.8 ± 2.8     27.2 ± 2.2     26.6 ± 3.3   24.9 ± 1.8   25.1 ± 1.1   25.8 ± 1.6   26.3 ± 0.8 27.1 ± 4.2 27.9 ± 1.5 30.5 ± 2.1
D   30.6 ± 3.5     26.7 ± 1.2     25.1 ± 2.2   26.2 ± 2.1   27.7 ± 1.5   30.1 ± 0.9a,c,e   30.7 ± 1.4a,c,e 31.7 ± 2.6 32.2 ± 2.1a,c,e 33.5 ± 2.5

Table 1  Biochemical parameters of Group A (control), Group B (interleukin-1 receptor antagonist), Group C (mesenchymal stem 
cells transplantation) and Group D (combination therapy) (mean ± SD)

aP < 0.05 vs Group A; cP < 0.05 vs Group B; eP < 0.05 vs Group C. ALT and ammonia in Group D were significantly lower than those in Group A (P < 0.05) 
within 1 to 4 d after combination therapy, and the low level of TB in Group D lasted longer than that in Group A (P < 0.05) and Group B (P < 0.05) from the 
1 d to 1 wk. The improvement in ALB in Group D was seen on the second d after treatment; Group B showed a significant reduction in ALT level within 
1 to 3 d after interleukin-1 receptor antagonist injection compared with Group A (P < 0.05); MSCs transplantation displayed a slight effect on reducing TB 
and ammonia level in Group C. MSCs: Mesenchymal stem cells; ALT: Alanine aminotransferase; ALB: Albumin; TB: Total bilirubin.
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Figure 2  Changes in inflammatory cytokines (interleukin-1 and tumor necrosis factor α) levels. Interleukin-1 (IL-1) and tumor necrosis factor α (TNFα) levels 
in all groups increased after D-galactosamine (D-gal) injection, and then declined slowly. Group D showed a faster reduction in these cytokines following IL-1 receptor 
antagonist (IL-1Ra) injection than the other groups. aP < 0.05, bP < 0.01 vs control group. MSCs: Mesenchymal stem cells.

A B C

Figure 3  Hematoxylin and eosin staining of liver tissues 3 d after surgery. A: Extensive neutrophil infiltration and lobular architecture collapse was seen in Group 
A (control group); B: Lobular architecture can be seen in Group B (interleukin-1 receptor antagonist injection group), however, hepatic lobules were filled with cell 
necrosis and inflammatory cells; C: The lobular architecture in Group C (mesenchymal stem cells transplantation group) was destroyed but can still be recognized; D: 
Group D had clear hepatic lobular architecture and slight inflammatory cell infiltration. Magnification, ×200.
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findings showed that MSCs transplantation was an ideal 
candidate treatment for liver disease. What will happen if  
MSCs transplantation is used for the treatment of  ALF? 
di Bonzo et al[15] xenografted human MSCs into acute liver 
injured NOD/SCID mice and CCl4-induced liver injury 
in mice and demonstrated that the number of  original 
human MSCs in acute liver injured mice was less than in 
chronically injured livers, and the number of  hepatocytes 
undergoing differentiation was even less. In our study, 
there was no obvious improvement in liver function in 
the MSCs transplantation group (Group C), few GFP-

MSCs were observed on fluorescent microscopy, and 
little differentiation was seen. Therefore, we concluded 
that MSCs transplantation for the treatment of  ALF is 
largely limited by its low implantation and differentiation 
rate in acute liver injured patients.

In recent years, experimental studies have demon-
strated that microcirculatory dysfunction and an inflam-
matory environment are determinants of  ALF, and pro-
inflammatory mediators such as IL-1, IL-2 and TNF-α 
are the key players[9,12,16-18]. Vodovotz also proved that the 
levels of  these cytokines in ALF patients were significant-
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Figure 4  Changes in liver cell proliferation in all four groups. A, B and C showed the anti-Ki67 stain of Group A at the time point of D3, W1 and W4, respectively (×200); D, 
E, F and G, H, I showed anti-Ki67 stain of Group B and Group C, respectively, just as Group A did (×200); J: Changes in the number of Ki67+ cells demonstrated that Group 
D had better long-term proliferation. aP < 0.05 vs control group. IL-1Ra: Interleukin-1 receptor antagonist; MSCs: Mesenchymal stem cells; D-gal: D-galactosamine.
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ly higher than in normal and chronic hepatitis patients; 
IL-1 may be a main driver of  late inflammation which 
leads to further injury[3,9,19]. Given this, we presume that 
the inflammatory environment in ALF patients may be 
largely related to the low efficiency of  MSCs transplan-
tation, that is the inflammatory environment caused by 
proinflammatory mediators leads to the low survival and 
differentiation rate of  transplanted MSCs. Our pre-exper-
iment results proved this assumption: animals with lower 
levels of  inflammatory cytokines had a higher MSCs 
implantation rate and differentiation rate. Therefore, 
we realized that reducing the inflammation level in the 
acutely injured liver may be a way of  improving the effi-
cacy of  MSCs transplantation in ALF patients. IL-1Ra is 
a natural IL-1 antagonist, and can block the inflammatory 
process by competitively binding to the IL-1 receptor 
with an avidity equal to that of  IL-1, but fails to stimulate 
downstream signals, thereby reducing the inflammation 
level[8,20]. An imbalance between IL-1 and IL-1Ra can be 
observed in a variety of  inflammatory diseases including 
ALF[3,8,12,20]. IL-1Ra is significantly associated with the 
level of  liver inflammation and is an independent marker 
unaffected by obesity, alcohol consumption, and insulin 
resistance[21], and can inhibit the process of  hepatocel-
lular apoptosis in mice with acetaminophen-induced ALF 
significantly improving their survival rate[22]. Therefore, 
will MSCs transplantation become an efficient treatment 
for ALF when it is combined with IL-1Ra used to relieve 
liver inflammation?

In this research, the combined therapy of  IL-1Ra 
with MSCs transplantation was administered for acute 
liver injury, and the results obtained were very promising. 
Increased levels of  proinflammatory cytokines such as 

IL-1, IL-2 and TNF-α were seen in all animals injected 
with D-gal, a slight improvement was observed when 
MSCs were transplanted in Group B animals, and better 
results were achieved in Group C and Group D animals 
following IL-1Ra injection. Thus, exogenous IL-1Ra had 
an enormous effect in reducing some proinflammatory 
mediators, and improving the inflammatory environment. 
This effect may last for at least a month as the animals in 
Group C and Group D showed a continuous reduction 
in these proinflammatory mediators compared with the 
other two groups in later experiments, which was thought 
to be mainly related to the damaged inflammatory cycle 
caused by IL-1Ra in the very early phase. Improved liver 
inflammation was then observed following MSCs trans-
plantation. As shown in the results section, Group D 
treated with combination therapy had the highest GFP-
MSCs implantation rate and the best liver function. In ad-
dition, the trend in proliferation level in the four groups 
was different, although the level in all groups peaked at 
a similar time point after surgery, Group D had a higher 
proliferation level than the other groups at the end of  
2 wk of  combination therapy and this difference was 
maintained for at least 2 wk; which was thought to be 
caused by both IL-1Ra and MSCs transplantation. IL-1Ra 
improved the liver inflammatory environment then in-
creased liver cell proliferation rate and MSCs transplanta-
tion efficiency, and high MSCs transplantation efficiency 
may directly lead to a higher hepatocyte differentiation 
rate, proliferation level and better liver function. 

Thus, IL-1Ra can improve liver inflammation and 
then enhance the effect of  MSCs transplantation. Com-
bination therapy with IL-1Ra and MSCs transplantation 
can promote the restoration and reconstruction of  acute 

A B C

D E F

Figure 5  Fluorescence and anti-green fluorescence protein stained images of liver tissue 2 wk after surgery. A, B and C are fluorescence images of Group 
B, Group C and Group D, respectively; D, E and F are anti-green fluorescence protein immunohistochemical images of Group B, Group C and Group D, respectively. 
More cells expressing green fluorescence protein were seen in Group D (arrow). Magnification, ×400.
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liver injury in swine, and is a promising future treatment 
for patients with ALF.

COMMENTS
Background
Cell transplantation is an effective therapy for acute liver failure; however, the 
activity and function of transplanted cells are largely limited by the inflammatory 
environment of acute liver failure (ALF) liver. Interleukin-1 (IL-1) is primarily 
a proinflammatory cytokine and IL-1 receptor antagonist (IL-1Ra) is the most 
effective antagonist. The combination therapy with IL-1Ra and mesenchymal 
stem cell (MSC) transplantation for the treatment of ALF is an interesting way 
and responded well.
Research frontiers
The essence of ALF is severe inflammation leading to cell necrosis in a large 
number of liver cells. Microcirculatory dysfunction and an inflammatory environ-
ment are determinants of ALF, and proinflammatory mediators such as IL-1, 
IL-2 and tumor necrosis factor α are the primary players. The key to the treat-
ment of ALF is the reduction of liver cell necrosis and the stimulation of liver cell 
regeneration.
Innovations and breakthroughs
Recent reports have highlighted the effect of IL-1Ra injection on ALF models. In 
this study, the authors investigated the effect of bone marrow MSCs transplan-
tation combined with IL-1Ra injection on ALF swine. Based on the results of the 
study, the authors concluded that MSCs transplantation is somewhat useful for 
ALF swine and that the combined therapy of IL-1Ra with MSCs transplantation 
is a promising treatment for ALF.
Applications
According to this article, it may represent a future strategy for therapeutic inter-
vention in the treatment of patients with ALF.
Terminology
IL-1Ra is the interleukin-1 receptor antagonist, which can bind to the IL-1 re-
ceptor and blocks IL-1 action through competitive inhibition, but will not initiate 
the IL-1 signaling cascade due to its IL-1-like structure which will not induce a 
signal at all.
Peer review
The authors evaluated the effect of bone marrow mesenchymal stem cell 
transplantationcombined with IL-1Ra injection on ALF swine. Group D (combine 
therapy of MSC transplantation + IL-1Ra) showed significantly improvement of 
biochemical assay, serum inflammation level and histological results compared 
with other groups (P < 0.05), labeled MSCs of Group D were more than Group 
B, and the long-term cell proliferation rate was the best in all groups too. They 
concluded that MSC transplantation is somewhat useful for ALF swine, IL-1Ra 
plays an important role in alleviating inflammatory condition, and the combined 
therapy is a promising treatment for ALF. These results are interesting and im-
portant in the therapy for ALF.
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