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Abstract

AIM: To investigate the effects of eukaryotic expression of
plasmid on augmentation of liver regeneration (ALR) in
rat hepatic fibrosis and to explore their mechanisms.

METHODS: Ten rats were randomly selected from 50
Wistar rats as normal control group. The rest were
administered intraperitoneally with porcine serum twice
weekly. After 8 wk, they were randomly divided into:
model control group, colchicine group (Col), first ALR
group (ALR1), second ALR group (ALR2). Then colchicine
ALR recombinant plasmid were used to treat them
respectively. At the end of the 4th wk, rats were killed.
Serum indicators were detected and histopathological
changes were graded. Expression of type I, III, collagen
and TIMP-1 were detected by immunohisto-chemistry and
expression of TIMP-1 mRNA was detected by semi-
quantified RT-PCR.

RESULTS: The histologic examination showed that the
degree of the rat hepatic fibrosis in two ALR groups was lower
than those in model control group. Compared with model
group, ALR significantly reduced the serum levels of ALT,
AST, HA, LN, PCIII and IV (P<0.05). Immunohistochemical
staining showed that expression of type I, III, collagen
and TIMP-1 in two ALR groups was ameliorated dramatically
compared with model group (I collagen: 6.94±1.42, 5.80±1.66
and 10.83±3.58 in ALR1, ALR2 and model groups, respectively;
III collagen: 7.18±1.95, 4.50±1.67 and 10.25±2.61,
respectively; TIMP-1: 0.39±0.05, 0.20±0.06 and 0.53±0.12,
respectively, P<0.05 or P<0.01). The expression level of
TIMP-1 mRNA in the liver tissues was markedly decreased
in two ALR groups compared with model group (TIMP-1
mRNA/-actin: 0.89±0.08, 0.65±0.11 and 1.36±0.11 in
ALR1, ALR2 and model groups respectively, P<0.01).

CONCLUSION: ALR recombinant plasmid has beneficial
effects on rat hepatic fibrosis by enhancing regeneration
of injured liver cells and inhibiting TIMP-1 expressions.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatic fibrosis is a common pathological process of chronic
hepatic disease, which can lead to cirrhosis and increase the
risk for hepatocellular carcinoma[1,2]. Advanced fibrosis and
cirrhosis were generally considered to be irreversible
conditions even after removal of the injurious agent[3]. Over
the past 15 years, substantial progress has been made in
understanding the cellular and molecular regulation of
hepatic fibrosis. It is now clear that the accumulation of
extracellular matrix (ECM) in fibrotic diseases of the liver
is not a static or unidirectional event but a dynamic and regulated
process that is amenable to interv-ention[4]. At present, the
common sense is that cirrhosis could be prevented[5] and
hepatic fibrosis could be reversed effectively when the right
therapeutic strategy is applied[6]. With the development of
the technology of  gene therapy and deep study of  the
mechanism of hepatic fibrosis, the experimental gene
therapy of  hepatic fibrosis is becoming the main strategy
on treating hepatic fibrosis[7-11].

Augmentation of liver regeneration (ALR) was originally
cloned from liver tissue of neonatal rats by Hagiya[12] in 1994.
Many studies have revealed that ALR appears to be an
important regulator of liver regeneration and has trophic effects
on regenerating liver and potent antihepatitis effects[13-16].

The present research is to observe the effects of ALR recom-
binant plasmid on rat hepatic fibrosis. We first established
a rat model of immune hepatic fibrosis cirrhosis and then
tested the therapeutic effects of ALR recombinant plasmid.

Colchicine has been used in liver diseases as an anti-fibrotic
drug[17,18]. We use colchcine here as a positive control treatment.

MATERIALS AND METHODS

Construction of ALR recombinant plasmid
Restrictive enzymes EcoRI and HindIII were purchased



from Promega Corporation (USA); pcDNA3 vector was
purchased from Invitrogen Company (USA). The E. coli DH5a
was kindly provided by Dr. Yu-Huai Jin (Department of
Microbiology of  Hebei Medical University). pBV200-ALR
plasmid was cloned and constructed by Zhang et al[16]. The
primers were synthesized according to Hagiya’s report[12] by
Sangon Biological Technology Company (Shanghai, China).
The forward: 5’-GCG AAG CTT ATG CGG ACC CAG
AAG C-3’, the reverse: 5’-GCT GAA TTC TTA GTC ACA
GGA GCC CTT-3’. The full-length ALR cDNA was PCR
amplified using the primers with pBV220-ALR as the DNA
template. The amplified product and pcDNA3 vector
DNA were digested respectively with HindIII and EcoRI
and then incubated at 75 ℃ for 10 min. The ALR-pcDNA
recombinant plasmid was constructed according to refere-
nce[19]. The ALR and pcDNA3 fragment with compatible
cohesive terminal were connected in bacteriophage T4 DNA
ligation system at 14 ℃ overnight. The reaction contained
T4 DNA ligase 1 L (3 u), 2´Ligation Buffer 5 L, 120 g
ALR fragment and 100 g pcDNA3 fragment, 5 L ligation
mixtures was added to 200 L E. coli DH5a. Appropriate
volume of  transformed competent cell onto LB plate
containing ampicillin (100 mg/L) was transferred at 37 ℃
overnight. Bacterial colonies containing ALR plasmid were
identified with restriction enzymes (EcoRI, HindIII) and
agarose gel electrophoresis.

Establishment of animal model
Fifty Wistar rats, male, weighing 180-200 g, were obtained
from Experimental Animal Center of Hebei Medical
University, China. The rats were housed (five per cage) in
individual cages and subjected to 12 h-day/12 h-night cycle
with free access to basic food and water. All animals were
treated humanely according to the national guideline for
the care of animals in the country.

Taking randomly 10 from 50 Wistar rats as normal
control group (N, 10), which were treated with physiological
saline. The rest were given an intraperitoneal injection of
0.5 mL of porcine serum according to reference[20], twice a
wk for 8 wks. At the 8th wk, the liver pathology proved that
the hepatic fibrosis had been established by randomly
euthanizing two rats. Then administration of porcine serum
was stopped. Those model rats were randomly divided into:
model control group (M, 9), colchicine group (Col, 10),
first ALR group (ALR1, 9), which were given with porcine
serum continuously until the end of experiment), second
ALR group (ALR2, 10) and the treatments were administered.
The colchicine group was administered with colchicine orally
at a dose of 0.14 mg/kg per d; two ALR groups were
administered with pcDNA3-ALR recombinant plasmid
through caudal vein at a dose of  0.2 mg/kg per wk; normal
control group and model control group were administered
with physiological saline of 0.5 mL through caudal vein per
week. All the administrations lasted for 4 wk.

Collection of specimens
The rats were euthanized under ether anesthesia by
exsanguinations via the abdominal aorta 7 d after the last
administration for each group. Serum samples were collected
from all rats and livers and spleen were excised.

Histologic grading
Liver tissues were fixed in formalin and embedded in
paraffin. Hematoxylin and eosin (HE) staining and Masson
staining were performed according to the standard procedure.
Histologic grade of  chronic hepatic fibrosis was determined
by a semi-quantitative method based on the criteria described
below: grade 0: normal liver, grade 1: few collagen fibrils
extended from the central vein and portal tract, grade 2: collagen
fibrils extension was apparent but had not yet encompassed
the whole lobule, grade 3: collagen fibrils extended into and
encompassed the whole lobule, grade 4: diffuse extension
of  collagen fibrils and pseudo-lobule was formed.

Two pathologists who had no knowledge of  their sources
and each other’s assessment examined the stained slide
independently.

Serum activities of  AST and ALT were determined by
the Laboratory Department of 4th Affiliated Hospital, Hebei
Medical University, China. Serum hyaluronic acid (HA),
laminin (LN), types III procollagen (PCIII) and IV collagen
concentrations were measured radioimmunologically using
a commercial kit (Shanghai Navy Medical Institute, Shanghai,
China) according to the manufacturer’s instructions.

Immunohistochemistry
Immunohischemistry kit and anti-mouse monoclonal antibodies
of Tissue Inhibitors of Metalloproteinase-1 (TIMP-1) were
purchased from Boster Biological Technology Ltd (Wuhan,
China). Immunohistochemistry was performed according
to the method previously described[21].

Semi-quantitative PCR
RNA isolation kits were purchased from Boster Biological
Technology Ltd. (Wuhan, China). TIMP-1 mRNA primers
were purchased from Sangon Biological Technology Company
(Shanghai, China). Total RNA was extracted using an RNA
isolation kit, and quantity and quality was detected on a
spectrophotometer. Purified RNA 2 mg and primer Oligo
(dT) were used for reverse transcription. The primers were:
TIMP-1, 482 bp, forward: 5’-TTC GTG GGG ACA CCA
GAA GTC-3’, reverse: 5’-TAT CTG GGA CCG CAG
GGA CTG-3’. -actin, 234 bp, forward: 5’-GGA GAA GAT
GAC CCA GAT CA-3’, reverse: 5’-GAT CTT CAT GAG
GTA GTC AG-3’. Amplification conditions included initial
denaturation for 5 min at 94 ℃, 30 cycles of amplification
with denaturation at 94 ℃ for 45 s, annealing at 61 ℃ for
45 s, and extension at 72 ℃ for 1 min. PCR products were
analyzed by agarose gel electrophoresis (15 g/L) and
visualized by ethidium bromide staining and ultraviolet
illumination. Expression of TIMP-1 was scanned by Champ
Gel Image Analysis System (Beijing Page Creation Science
Company, Beijing, China). The obtained values were related
to housekeeping gene -actin, and the resulting relative ratios
were analyzed statistically.

Statistical analysis
Data were analyzed with SPSS 11.5 software. Quantitative
data were presented as mean±SD and compared using one
way ANOVA procedure. Frequency data were compared
using Ridit procedure.
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RESULTS
Histopathologic alterations
Control livers showed normal lobular architecture with
central veins and radiating hepatic cords with irregular
sinusoids, and a normal distribution of  collagen with a
variable amount in portal tracts and a thin rim around central
veins (Figure 1A). Livers in model group showed disorderly
hepatocyte cords, severe fatty degeneration, spotty or focal
necrosis and infiltration of inflammatory cells and collagen
deposition extending from central veins or portal tracts,
with thick or thin fibrotic septa and even pseudolobuli
formation (Figure 1B). Treatment with ALR resulted in
apparent amelioration of hepatocyte degeneration, necrosis
and infiltration of inflammatory cells and marked reduction
in collagen deposition with no obvious pseudolobuli formation
in ALR1 group (Figure 1C) and ALR2 group (Figure 1D).
Statistical analysis presented significant differences between
two ALR groups and model control group in histologic
grading, indicating that fibrogenesis in two ALR groups was
much less severe than that of  model control group (Table 1).

Liver functions and serum fibrosis markers changes
Serum content of  ALT, AST, in Col group and two ALR

groups was slightly higher than that of  normal control group,
but significantly lower than that in model control group
(P<0.05, Table 2).

Serum content of HA, LN, PCIII (P<0.05) and IV
(P<0.01) in Col group and two ALR groups was significantly
lower than that in model control group. Serum content of
PCIII in ALR2 group was also lower than that in Col group
and in ALR1 group (P<0.05, Table 3).

These data confirmed the histologic findings that ALR
can inhibit hepatic fibrogenesis and improve liver function.

Figure 1  Histologic section of experimental groups (HE´200). A: Normal rat
liver tissue, hepatic cords were well arranged; the structure of hepatic lobule
was intact. B: Model rat liver tissue, collagen deposition extending from central

veins, fibrotic septa and even pseudolobuli formation. C: ALR1 group rat liver tissue,
apparent amelioration of hepatocyte degeneration. D: ALR2 group rat liver tissue,
marked reduction in collagen deposition with no obvious pseudolobuli formation.

Table 1 Histological grading of hepatic fibrosis

Group        n        Grade 0        Grade 1        Grade 2         Grade 3        Grade 4

   N       10     10      0              0    0         0

   Mc                  9      0      0              0    4         5

  Cola       10      0      3              3    2         2

ALR1
a        9      0      2              4    1         2

ALR2
a       10      1      3              3    2         1

aP<0.05 vs model control group; cP<0.05 vs normal control group.

Table 2 Serum content of ALT, AST (mean±SD)

               Group         n               ALT(u/L) AST(u/L)

N          10            69.88±10.16              134.25±21.63

               M          9          108.67±16.69c              201.22±22.85c

                 Col          10            73.20±12.25a              182.10±48.11a

               ALR1          9            88.56±11.18a              165.33±22.21a

               ALR2          10            78.40±14.60a              160.90±23.99a

aP<0.05 vs model group; cP<0.05 vs normal control group.
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Table 3 Serum content of HA, LN, PCIII and IV (mean±SD)

Group   n            HA (µg/L)           LN (µg/L)          PCIII (µg/L)         IV (µg/L)

N 10        338.67±48.24        33.71±14.53    10.17±2.78         36.80±15.04

M   9         435.91±40.31c        62.50±9.72c    18.13±7.11c     125.00±45.06d

Col 10        357.90±90.99a       40.98±13.74a       11.29±4.42a       37.78±8.89b

ALR1   9        327.43±111.26a     36.56±10.01a    12.60±8.80a       41.29±23.86b

ALR2 10        319.29±73.91a       36.04±8.89a         5.74±2.14aeg      38.38±16.36b

aP<0.05 vs model control group; bP<0.01 vs model control group; cP<0.05 vs

normal control group; dP<0.01 vs normal control group; eP<0.05 vs Col group;
gP<0.05 vs ALR1 group.



Expression of I, III collagen and TIMP-1 by immunohistochemistry
ALR and colchicine can reduce the expression of I, III
collagen and TIMP-1 in liver tissue.

Image analysis showed that positive staining index of I
and III collagen in model group was the highest (P<0.01) and
was evidently decreased in every treated groups (P<0.01).

Positive staining of  TIMP-1 was found at central vein
and Disse’s areas but not at hepatocytes on sections of
normal control group, whereas on sections of  model
control group, the positive staining was seen at interstitial
cells, inflammatory cells, impaired hepatocytes as well as
normal hepatocytes (Figure 2A). Fibrotic septa were only
slightly stained.

Compared with model control group, the staining index
of TIMP-1 in colchicine group, ALR1 group (Figure 2B)
and ALR2 group (Figure 2C) was markedly decreased
(P<0.01). The staining index of III collagen in ALR2

group was lower than in ALR1 group (P<0.05) and the
staining index of TIMP-1 in ALR2 group was also
markedly lower than in colchicine group and in ALR1

group (P<0.01, Table 4).
TIMP-1 mRNA was detected in normal rat liver, but

the expression level was increased significantly in model
control group. Compared with model group, the ratio of
TIMP-1 mRNA to -actin in two ALR groups and colchicine
group was markedly decreased (P<0.01) and the ratio in
ALR2 group was markedly lower than in ALR1 group (P<0.01,
Table 4). Thus, the data suggested that ALR and colchicine
could reduce the pathologic expression of TIMP-1 in hepatic
fibrosis.

DISCUSSION
Ukei et al[10], found that hepatocyte growth factor (HGF)
could promote the proliferation of hepatocytes as a potent
mitogen and observably reverse the progression of  hepatic
fibrosis in rats, indicating that maybe ALR has an effect on
hepatic fibrosis.

ALR is a novel cytokine which specifically stimulates
hepatic cell proliferation and is able to rescue acute liver
failure by inhibition of hepatic natural killer cell activity in
acute liver injury[13]. Its complex mechanism might be involved
in the synthesis or stability of the nuclear and mitochondrial
transcripts that are present in actively regenerating cells.
Many data have demonstrated that the administration of
exogenous ALR protein can stimulate hepatocyte proliferation
and reverse experimental hepatic fibrosis[13-15,21,22].

The present study demonstrated that ALR recombinant
plasmid has potent effects for rat hepatic fibrosis based on
both histologic examination and functional analysis. Its
effects are even greater than the effects of colchicine in
detecting the expression of TIMP-1. HA, LN, PCIII and
IV have been found to be ideal serum markers of hepatic
fibrosis. We detected that the serum content of  HA, LN,
PCIII and IV in two ALR group is decreased markedly
compared with model group. In addition, ALR recombinant
plasmid can reduce heightened ALT and AST, indicating
that they can promote the repair of injured liver cell.

An ideal anim model should be very similar to the
characteristics of human disease. Here the rats in ALR1

group were stimulated continuously by pathogenic factor
(administered intraperitoneally with porcine serum) until the
end of  the experiment. We think that the pathogenic stimulating
would cease even if patients were administered with drugs in
lots of cases. In the present study, model control group,
two ALR groups represent respectively spontaneous resolution
of hepatic fibrosis, therapy plus removing pathogeny (ALR2

group) and therapy but not removing pathogeny (ALR1

group). The therapeutic effects of ALR in ALR2 group are
more ideal than in ALR1 group through detecting the
expression of III collagen, TIMP-1 and TIMP-1 mRNA,
which suggests that removing pathogeny can achieve more
ideal effects for treating hepatic fibrosis.

Hepatic fibrosis is the process of excessive deposition
of collagen and other ECM component. Some ECM deposi-
tion is necessary for wound healing to provide strength and

Figure 2  Immunohistochemistry section of TIMP-1 expressed (×200). A: Model
rat liver tissue, positive staining was seen at interstitial cells, inflammatory cells,
impaired hepatocytes as well as normal hepatocytes. B: ALR1 group rat liver

tissue, staining of TIMP-1 was decreased. C: ALR2 group rat liver tissue,
staining of TIMP-1 was markedly decreased.

A CB
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Table 4 Expression of I, III and IV collagen and TIMP-1 and level of
TIMP-1 mRNA in relation to -actin (mean±SD)

  Group   n        I collagen              III collagen      TIMP-1    TIMP-1 mRNA/-actin

N               10          3.23±1.02          2.92±1.13      0.16±0.06               0.49±0.09

M    9       10.83±3.58d       10.25±2.61d     0.53±0.12d             1.36±0.11d

Col            10         7.10±1.76b          5.81±1.86b     0.30±0.05b             0.77±0.16b

ALR1    9         6.94±1.42b          7.18±1.95a    0.39±0.05b              0.89±0.08b

ALR2        10         5.80±1.66b         4.50±1.67bg   0.20±0.06bfh           0.65±0.11bh

aP<0.05 vs model control group; bP<0.01 vs model control group; dP<0.01 vs
normal control group; fP<0.01 vs Col group; gP<0.05 vs ALR1 group; hP<0.01 vs
ALR1 group.



temporary structure to damaged tissue; however, if not
limited, it can be pathologic[23]. The increase of ECM synthesis
and decrease of ECM degradation will result in excess
deposition of ECM in liver. The decrease of ECM degradation
was the primary reason for the excess deposition of ECM
in the late stage. The metalloproteinases (MMPs) played a
leading role during the degradation of ECM[24-26]. MMPs
were a group of zinc-ion dependent enzymes, which created
conditions for further degradation of other proteinases through
reducing the stability of helical structure of collagen and
changing the secondary structure of substrates. TIMPs were
a group of polypeptides with the ability of inhibiting the
function of MMPs. Research work showed that TIMP can
be divided into four classes: TIMP-1, TIMP-2, TIMP-3,
and TIMP-4. However, only TIMP-1 and TIMP-2 could
be detected in liver[27-29]. The expression of TIMP-1 was
more obvious than that of TIMP-2. All these indicated that
TIMP-1 did play an important role in the development of
liver fibrosis and cirrhosis. At present, it was found that
TIMP-1 in the injured liver increased early and obviously,
and many researchers thought that TIMP-1 was a very important
promoting factor in the process of hepatic fibrosis[30-32]. This
has important implications for the future development of
therapeutic antifibrotic strategies in the liver[31,32]. It may be
the basic mechanism of reversing hepatic fibrosis and a
leading strategy of  treating hepatic fibrosis to suppress the
expression of TIMP-1 mRNA.

In normal liver, the collagen types I, III account for
about 80% of the total collagen of liver, while it rises up to
more than 95% in fibrotic liver. The collagen type I covers
about 60-70% of the total collagen of fibrotic liver, and
type III is 20-30%[33,34]. Therefore, collagen I, III are regarded
as the important parameters to reflect the metabolism of
collagen, and thus we can judge the therapeutic effect of
anti-fibrosis strategies[35,36]. The content of collagen I, III
was lower in the ALR group than that in model group. At
the same time, we found that TIMP-1 and TIMP-1 mRNA
were expressed obviously in model group and TIMP-1 level
in ALR groups were markedly decreased.

These data showed that ALR recombinant plasmid can
increase the degradating capacity of collagen I, III, decrease
the deposition of ECM and the expression of TIMP-1 in
pathologic liver tissue and thus reverse the hepatic fibrosis
induced by porcine serum administration. This may be the
molecular mechanism of ALR. ALR gene therapy may be
potentially useful for the treatment of patients with liver
cirrhosis.
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