
Abstract. Responses of the liver to chronic injury include
inflammation, regeneration and fibrosis, which finally lead to
cirrhosis. The cause of liver cirrhosis appears to be impaired
proliferative capability of hepatocytes caused by continuous
hepatic damage, and subsequent accumulation of extracellular
matrix produced by hepatic stellate cells (HSCs). Epidermal
growth factor (EGF) and transforming growth factor-ß1
(TGF-ß1) play a crucial role in hepatocyte proliferation and
hepatofibrogenesis, respectively. However, sequential analyses
of the intrahepatic expression of EGF and TGF-ß1 in the
course of cirrhosis development have not been examined fully.
In the present study, liver cirrhosis was produced in rats by
intraperitoneal administration of dimethylnitrosamine (DMN),
and intrahepatic mRNA expression levels of proliferating cell
nuclear antigen (PCNA), EGF and TGF-ß1 were quantitatively
estimated by a real-time reverse transcription-polymerase
chain reaction method. Histological and semiquantitative
densitometric examination of liver sections revealed that the
accumulation of extracellular matrix components was increased
according to the period of DMN treatment. Histological
examination of liver sections of rats treated with DMN for 4
and 6 weeks revealed pre-cirrhosis and cirrhosis, respectively.
Intrahepatic mRNA expression levels of PCNA and EGF
correlated well. Expression levels of both molecules were
increased significantly during the course of cirrhosis
development, but decreased significantly at the time of

complete cirrhosis manifestation. In contrast, intrahepatic
TGF-ß1 expression was increased significantly according to
the period of DMN treatment, and reached a peak at the
time of cirrhosis manifestation. These results suggest that
proliferative capability of hepatocytes was impaired by
continuous liver damage due, in part, to the decrease of a
hepatocyte mitogen EGF, and that increased intrahepatic
TGF-ß1 activated HSCs to retrieve space lost by hepatocyte
destruction, resulting in complete cirrhosis manifestation.

Introduction

Many different types of injury, such as chronic hepatitis,
ethanol, biliary tract disease, iron overload and copper over-
load, lead to hepatocyte destruction and ultimately to hepatic
fibrosis and cirrhosis. The end stage of liver fibrosis, cirrhosis,
is a major public health problem worldwide owing to life-
threatening complications of portal hypertension and liver
failure and to the risk of incident hepatocellular carcinoma
(HCC).

Liver cirrhosis is a pathologically defined entity which is
associated with a spectrum of characteristic clinical manifest-
ations. The cardinal pathological features reflect irreversible
chronic injury of the hepatic parenchyma and include extensive
fibrosis in association with the formation of regenerative
nodules. These features result from hepatocyte necrosis,
collapse of the supporting reticulin network with subsequent
connective tissue deposition, distortion of the vascular bed,
and nodular regeneration of remaining liver parenchyma.
Among them, important causes of cirrhosis appear to be
impaired proliferative capability of hepatocytes caused by
continuous or recurrent hepatic damage, and subsequent
collagen fiber deposition caused by activated hepatic stellate
cells (HSCs). Therefore, it is an important issue to examine
the mechanisms of impaired proliferative capability of hepato-
cytes and HSC activation.

We previously showed that G1 phase-related cell cycle
molecules, the adaptor molecule Shc and the myristoylated
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alanine-rich C kinase substrate play important roles in prolifer-
ation of both hepatocytes and HCC cells (1-8). Furthermore,
we demonstrated that the intrahepatic expression of hepatocyte
growth factor and its specific receptor c-Met was decreased
in hepatofibrogenesis of a rat cirrhosis model (9). In the present
study, to learn more about the mechanism of hepatofibro-
genesis, we sequentially examined the intrahepatic expression
of epidermal growth factor (EGF) and transforming growth
factor-ß1 (TGF-ß1) in the course of cirrhosis development,
using a rat cirrhosis model.

EGF is a low-molecular-weight polypeptide of approxi-
mately 6 kDa that binds to the same receptor as TGF-·, the
EGF-receptor (10-12). It has been shown that EGF was able
to bind with 4-8 times higher affinity to the receptor than
TGF-· (13). EGF is known as a potent mitogen for several
cell types including hepatocytes (14-16). Synthesis of EGF
occurs primarily in the salivary and Brunner's glands. EGF is
stored in granules and secreted into the gut, and to a lesser
extent into the blood stream. It has been shown that periportal
hepatocytes took up more than 90% of the EGF in the first
pass (17). It has been shown that EGF expression was increased
immediately after partial hepatectomy in normal rats (18).
However, changes of intrahepatic EGF expression in hepato-
fibrogenesis remain to be studied.

Cytokines regulating the inflammatory response to injury
modulate hepatic fibrogenesis both in vitro and in vivo (19).
Among a variety of growth factors, TGF-ß1 appears to be a
key mediator in human fibrogenesis (20). TGF-ß1 is produced
in a paracrine manner by Kupffer cells, sinusoidal endothelial
cells, bile duct epithelial cells, hepatocytes, or HSCs them-
selves (21,22). TGF-ß1 production by HSCs is important, and
thus points to this cytokine as a classic autocrine factor (21,22).
Although TGF-ß1 is believed to play a critical role in hepato-
fibrogenesis, sequential changes of intrahepatic TGF-ß1
expression have not been examined fully.

Repeated intraperitoneal administration of dimethyl-
nitrosamine (DMN) to rats has been shown to cause liver
cirrhosis, characterized by hepatocellular necrosis, increased
connective tissue and formation of regenerative nodules
(23-25). Therefore, in the present study, we produced a rat
cirrhosis model by administering DMN intraperitoneally and
sequentially assessed intrahepatic mRNA expression levels
of EGF and TGF-ß1 in the rat cirrhosis model.

Materials and methods

Animals and chemical treatment. Six-week-old male Sprague-
Dawley rats were purchased from Japan SLC (Hamamatsu,
Japan). Animals were kept under a specific pathogen-free
condition at 24±2˚C and in a 12-h day/night light cycle with
food and water available ad libitum throughout the experi-
mental period. Animal experiments were performed with the
approved protocols and in accordance with the institutional
recommendations for the proper care and use of laboratory
animals.

Chemicals were purchased from Sigma Chemical Co.
(St. Louis, MO, USA) or Wako Pure Chemical Co. (Osaka,
Japan), unless otherwise mentioned. To develop cirrhosis in
rat liver, 1% DMN dissolved in phosphate-buffered saline
(PBS) was given intraperitoneally at 1 ml per kg body weight

for 3 consecutive days per week. Two, 4 and 6 weeks after the
initiation of DMN treatment, livers were isolated and perfused,
as described previously (26). Briefly, rats were anesthetized
with ether and the abdomen was opened. The portal vein was
cannulated and approximately 5 ml of a blood sample was
collected from each animal. The liver was then cleared of
blood with perfusion of 50 ml of PBS from the portal vein
and removed for histological and mRNA expression analyses.
Untreated 8-week-old rats were also sacrificed as normal
controls. Sera were obtained from the whole blood samples
by centrifugation to examine biochemical parameters of
DMN-treated and untreated animals. Each group consisted of
5 animals.

Histological analysis. For histological analysis, approximately
half the volume of the left-lateral hepatic lobe from each
animal was fixed in 10% neutral-buffered formalin, embedded
in paraffin and sliced into 4-μm-thick sections. For examining
liver damage, sections were stained with hematoxylin-eosin,
and for evaluating the degree of liver fibrosis, sections were
subjected to Azan-Mallory staining. Semiquantitative analysis
of fibrosis development was carried out, using a computer-
assisted Olympus microscope system (BX51 and DP70;
Olympus, Tokyo, Japan) and the public domain software
Image J. Six ocular fields (x100 magnification) per specimen
were selected randomly for evaluating the ratios of fibrosis
areas in liver sections.

RNA extraction and reverse transcription (RT). Total RNA
was extracted from approximately 30 mg of liver tissues, using
the RNeasy Protect Mini Kit (Qiagen; Hilden, Germany)
according to the manufacturer's instructions. Complementary
DNA (cDNA) was synthesized in a 30-μl reaction volume. A
sample of total RNA (2 μg) was incubated at 65˚C for 10 min,
and then cooled for 2 min on ice. A sample was transferred to
the tube of the Ready-To-Go You-Prime First-Strand Beads
(Amersham Biosciences; Piscataway, NJ, USA) and incubated
for 1 min at room temperature with the oligo-dT primers
(Invitrogen; Carlsbad, CA, USA). The reaction was then
incubated at 37˚C for 60 min. The obtained cDNA was used
for quantitative real-time polymerase chain reaction (PCR).

Quantitative real-time PCR. Quantitative PCR was performed
by the real-time PCR system, LightCycler (Roche Diagnostics;
Mannheim, Germany), using the SYBR Green I double strand
DNA binding dye (Roche Diagnostics). The amplification of
a target with the primers listed in Table I was carried out in a
total volume of 20 μl containing 0.3 μM of each primer, 3 mM
MgCl2, 2 μl of the master mixture (LightCycler FastStrand
DNA Master SYBR Green I) and 1 μl of template cDNA. The
reaction mixture was preheated at 95˚C for 10 min, followed
by 40 cycles at 95˚C for 10 sec, 62˚C for 10 sec and 72˚C for
7 sec. Fluorescence data were collected after each extension
step. Melting curve analysis was performed by heating the
PCR product at 95˚C, then cooling to 65˚C and finally raising
to 95˚C with a 0.1˚C/sec temperature transition rate while
continuously monitoring the fluorescence. Fluorescence was
analyzed by using the LightCycler Software version 3.5
(Roche Diagnostics). The crossing point for each reaction
was determined and manual baseline adjustment. To quantify
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and prove the integrity of isolated RNA, real-time RT-PCR
analysis for glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was also carried out. Each run consisted of GAPDH
as an internal standard and a negative control without samples.

Statistical analysis. All values are expressed as means ± SD.
All analyses were performed using the computer-assisted
StatView program (SAS Institute, Gary, NC, USA). Standard
descriptive statistics, Student's t-test and Welch t-test, were
used according to the distribution of experimental values. A
p-value of <0.05 was considered to indicate a significant
difference between groups.

Results

Development of liver cirrhosis in rats treated with DMN.
Intraperitoneal administration of DMN to rats is known to
cause liver cirrhosis, characterized by hepatocellular necrosis,
increased connective tissue and formation of regenerative
nodules. To evaluate the amount of collagen fibers in the
liver, liver sections collected from DMN-treated and untreated
rats were stained with Azan-Mallory dyes. There were almost
no fibers in the liver of untreated normal controls (Fig. 1A).
Fine collagen fibers were observed only at periportal regions,
known as Rappaport's zone 1, in the liver of rats treated with
DMN for 2 weeks (Fig. 1B). Azan-Mallory staining of liver
sections of rats treated with DMN for 4 weeks revealed that
the fibrotic septa became apparent although they were still
relatively thin and predominantly restricted to zone 1 (Fig. 1C).
This state was considered to be pre-cirrhotic. Azan-Mallory
staining of liver sections of rats treated with DMN for 6 weeks
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Table I. Primers used for real-time PCR.
–––––––––––––––––––––––––––––––––––––––––––––––––
Gene Primers
–––––––––––––––––––––––––––––––––––––––––––––––––
GAPDH For: 5'-TGAACGGGAAGCTCACTGG-3'

Rev: 5'-TCCACCACCCTGTTGCTGTA-3'

PCNA For: 5'-AAAGAAGAGGAAGCTGTGTC-3'

Rev: 5'-CTTTAAGTGTCCCATGTCAG-3'

EGF For: 5'-CTTAGGGATGTGGGGGACTT-3'

Rev: 5'-TTGGGCTGTTGGTGTTCCTC-3'

TGF-ß1 For: 5'-ATGACATGAACCGACCCTTC-3'

Rev: 5'-TGTGTTGGTTGTAGAGGGCA-3'
–––––––––––––––––––––––––––––––––––––––––––––––––
For, forward; Rev, reverse.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Azan-Mallory staining of liver sections of rats treated with DMN. There were almost no fibers in the liver of untreated normal controls (A). Fine collagen
fibers were observed only at periportal regions in the liver of rats treated with DMN for 2 weeks (B). Azan-Mallory staining of the liver of rats treated with DMN
for 4 weeks revealed that the fibrotic septa were relatively thin and predominantly restricted to periportal regions (C). Azan-Mallory staining of sections from the
liver after 6-week DMN treatment revealed that cirrhosis was completely manifested by increase and thickening of the fibrotic septa, traversing the lobular
parenchyma by porto-venous or porto-portal bridging, thus promoting the formation of pseudolobuli (D). Representative pictures are shown in the figure. Original
magnification x100.
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revealed that cirrhosis was completely manifested by increase
and thickening of the fibrotic septa, traversing the lobular
parenchyma by porto-venous or porto-portal bridging, thus
promoting the formation of pseudolobuli (Fig. 1D).

Semiquantitative evaluation of collagen fibers accumulated in
the liver of rats treated with DMN. We then semiquantitatively
evaluated the amounts of collagen fibers accumulated in the
liver of rats treated with DMN. As shown Fig. 2, fibrosis areas
in the liver were enlarged significantly according to the period
of DMN treatment. Fibrosis areas in the liver of rats treated
with DMN for 2 weeks were significantly larger than those
of normal controls. Hepatic fibrosis areas of rats treated with
DMN for 4 weeks were significantly larger than those of rats
treated with DMN for 2 weeks. Fibrosis areas in the liver of
rats treated with DMN for 6 weeks were further enlarged and
significantly larger than those of 4-week-treated animals.

Serum levels of liver-related biochemical parameters in rats
treated with DMN. To evaluate the degree of hepatocyte
destruction and changes of hepatic reserve during the course
of cirrhosis development, blood samples were collected from
the portal vein of rats when they were sacrificed. Serum values
of liver-related biochemical parameters, asparate aminotrans-
ferase (AST) and alanine aminotransferase (ALT), which
reflect the degree of hepatocyte destruction, and albumin and
total bilirubin, which reflect hepatic reserve, were determined.
Serum values of AST (Fig. 3A) and ALT (Fig. 3B) were
elevated gradually according to the period of DMN treatment.
Serum AST values of animals treated with DMN for 6 weeks
were significantly higher than those of both normal, and 2-
and 4-week-treated ones. Serum ALT values of animals treated
with DMN for 6 weeks were significantly higher than those
of normal and 2-week-treated ones. These results indicate
that hepatocyte destruction was not only continuous but also
enhanced during the course of cirrhosis development.

Serum values of albumin were decreased gradually
according to the period of DMN treatment. The values of

animals treated with DMN for 4 weeks were significantly
lower than those of normal controls. Serum values of albumin
were markedly decreased thereafter, and the values of animals
treated with DMN for 6 weeks were significantly lower than
those of both normal, and 2- and 4-week-treated ones (Fig. 4A).
Serum values of total bilirubin were increased gradually
according to the period of DMN treatment, and the values of
animals treated with DMN for 6 weeks were significantly
higher than those of both normal, and 2- and 4-week-treated
ones (Fig. 4B). Furthermore, although no animals died before
4-week DMN treatment, more than half of the animals died
between 4- and 6-week DMN treatment. Taken collectively,
these results indicate that hepatic reverse was significantly
decreased according to the period of DMN treatment and
severely impaired at the time of complete cirrhosis mani-
festation.

Intrahepatic expression of PCNA during the course of cirrhosis
development. To examine the proliferating capability of
hepatocytes during the development of liver cirrhosis, total
RNA was extracted from the liver of rats treated with DMN
and intrahepatic mRNA levels of PCNA were quantitatively
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Figure 2. Semiquantitative evaluation of extracellular matrix amounts in the
liver. Liver sections of rats treated intraperitoneally with DMN for 2, 4 and
6 weeks were stained with Azan-Mallory dyes. Liver sections of DMN-
untreated rat were also examined as normal controls. Accumulated amounts
of extracellular matrix were assessed semiquantitatively by a densitometric
analysis. Extracellular matrix in the liver was significantly increased according
to the period of DMN treatment. Each bar represents the mean ± SD of
5 animals. *0.01<p<0.05; **0.001<p<0.01.

Figure 3. Serum levels of biochemical parameters reflecting hepatocyte
destruction in rats treated with DMN. To examine the degree of hepatocyte
destruction during the course of cirrhosis development in DMN-treated rats,
blood samples were collected from the portal vein when animals were
sacrificed. Serum values of AST (A) and ALT (B), which are released from
destructed hepatocytes, were elevated gradually according to the period of
DMN treatment. Serum AST values of animals treated with DMN for 6 weeks
were significantly higher than those of both normal, and 2- and 4-week-
treated ones. Serum ALT values of animals treated with DMN for 6 weeks
were significantly higher than those of normal and 2-week-treated ones. Each
bar represents the mean ± SD of 5 animals. *0.01<p<0.05; **0.001<p<0.01;
***p<0.001.
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evaluated by a real-time RT-PCR method. PCNA expression
in the liver was increased according to the period of DMN
treatment (Fig. 5). Intrahepatic mRNA levels of PCNA of
rats treated with DMN for 2 weeks were significantly higher
than those of normal controls. Intrahepatic PCNA expression
was further increased in rats treated with DMN for 4 weeks,
with a significant difference compared with 2-week-treated
rats. However, intrahepatic PCNA expression in rats treated
with DMN for 6 weeks was decreased significantly compared
with that in rats treated with DMN for 4 weeks. Intrahepatic
mRNA levels of PCNA were not significantly different
between normal and 6-week DMN-treated animals.

Intrahepatic expression of EGF during the course of cirrhosis
development. To examine intrahepatic expression levels of
EGF during the course of cirrhosis development, total RNA
was extracted from the liver of rats treated with DMN and
mRNA levels were quantitatively evaluated by a real-time
RT-PCR method. EGF expression in the liver was increased
according to the period of DMN treatment (Fig. 6). Intrahepatic
mRNA levels of EGF of rats treated with DMN for 4 weeks

were significantly higher than those of normal controls.
However, intrahepatic mRNA levels of EGF were decreased
markedly in rats treated with DMN for 6 weeks. Levels of
EGF expression in the liver were significantly lower in rats
treated with DMN for 6 weeks than in both normal, and 2-
and 4-week-treated ones.

Intrahepatic expression of TGF-ß1 during the course of
cirrhosis development. We then examined the intrahepatic
expression of TGF-ß1 in rats treated with DMN. TGF-ß1
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Figure 4. Serum levels of biochemical parameters reflecting hepatic reserve
in rats treated with DMN. To examine the changes of hepatic reserve during
the course of cirrhosis development in DMN-treated rats, blood samples were
collected from the portal vein when animals were sacrificed, and serum values
of albumin (A) and total bilirubin (B), which reflect hepatic reserve, were
determined. Serum values of albumin were decreased gradually according to
the period of DMN treatment, and the values of animals treated with DMN
for 6 weeks were significantly lower than those of both normal, and 2- and
4-week-treated ones. Serum values of total bilirubin were increased gradually
according to the period of DMN treatment, and the values of animals treated
with DMN for 6 weeks were significantly higher than those of both normal, and
2- and 4-week-treated ones. Each bar represents the mean ± SD of 5 animals.
*0.01<p<0.05; **0.001<p<0.01; ***p<0.001.

Figure 5. Intrahepatic mRNA levels of PCNA in the course of cirrhosis
development. To quantitatively estimate PCNA mRNA expression in the liver
during the course of cirrhosis development, a real-time RT-PCR method was
employed. The value of each amplified message was standardized by the
amount of GAPDH quantified from the same sample. Intrahepatic mRNA
levels of PCNA were increased significantly until 4-week DMN treatment.
However, they were then decreased significantly in rat treated with DMN
for 6 weeks, compared with animals treated with DMN for 4 weeks. Each
bar represents the mean ± SD of 5 animals. *0.01<p<0.05.

Figure 6. Intrahepatic mRNA levels of EGF in the course of cirrhosis
development. To quantitatively estimate EGF mRNA expression in the liver
during the course of cirrhosis development, mRNA levels of EGF were
quantitatively evaluated by a real-time RT-PCR method. Intrahepatic mRNA
levels of EGF were increased gradually and significantly higher in rats
treated with DMN for 4 weeks than in normal controls. However, intra-
hepatic mRNA levels of EGF were then decreased markedly and significantly
lower in rats treated with DMN for 6 weeks than both in normal controls, and
in 2- and 4-week-treated ones. Each bar represents the mean ± SD of 5 animals.
*0.01<p<0.05.
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expression in the liver was increased gradually according to
the period of DMN treatment (Fig. 7). Intrahepatic mRNA
levels of TGF-ß1 of rats treated with DMN for 4 weeks were
significantly higher than those of normal and 2-week-treated
ones. Intrahepatic mRNA levels of TGF-ß1 were further
increased in rats treated with DMN for 6 weeks. Levels of
TGF-ß1 expression in the liver were significantly higher in rats
treated with DMN for 6 weeks than in normal and 2-week-
treated ones. Intrahepatic TGF-ß1 expression reached a peak
at the time of cirrhosis manifestation, although the values were
not significantly different between 4- and 6-week-treated ones.

Discussion

The response to recurrent or continuous injury, in the liver
and in other organs, is one of wound healing. The wounding
process is characterized by a typical constellation of features
such as increased production of extracellular matrix, secretion
of various cytokines and growth factors, and proliferation of
a unique population of cells known as myofibroblasts. In the
liver, chronic injury causes continuous hepatocyte destruction
and TGF-ß1 stimulates quiescent HSCs into activated myo-
fibroblast-like cells, which produce extracellular matrix to
retrieve lost space made by destruction of hepatic parenchymal
tissue. Hepatocytes have an enormous proliferative potential
that can be unleashed under certain conditions (27-30). Never-
theless, there is evidence that the proliferative activity of
hepatocytes diminishes in advanced liver cirrhosis in humans
and in chronic injury in mice, reaching a state of replicative
senescence (31,32).

PCNA is a stable cell cycle-related nuclear protein, 36 kDa
in molecular weight, which is increasingly expressed in late
G1 and throughout S phase of the cell cycle. Its rate of
synthesis is correlated with the proliferative rate of cells
(33,34). Several studies comparing PCNA immunohisto-

chemistry with established proliferation markers indicate that
immunostaining of PCNA can be used to define and map
proliferating cells in animal and human tissues and that this
method represents a reliable marker for the determination of
proliferative activity (35,36). By using a PCNA immuno-
staining method, we previously showed that in a DMN-induced
rat cirrhosis model, hepatocytes exhibited marked proliferation
in response to chronic hepatic damage. However, at the time
of cirrhosis manifestation, the proliferative capability of
hepatocytes were severely impaired and returned to the
normal levels before DMN treatment, in which hepatocytes
are in a non-proliferative quiescent stage (5,9). In the present
study we employed a real-time RT-PCR method to evaluate
intrahepatic mRNA expression levels of PCNA during the
course of cirrhosis development. Consistent with our
previous report with PCNA immunostaining (5,9), intra-
hepatic PCNA expression was increased according to the
period of DMN treatment, but it was reduced significantly at
the time of cirrhosis manifestation and comparable to that in
normal liver. These results indicate that although hepatocytes
can proliferate in response to hepatic damage for certain time
periods, the proliferative capability of hepatocytes is
exhausted during continuously lasting hepatic damage. This
exhaustion of the proliferative capability of hepatocytes is
considered to be a main cause of the development of liver
cirrhosis. Accordingly, the next important issue to be
examined is why hepatocytes lose the proliferative capability
during the development of liver cirrhosis.

EGF is believed to be one of the most important mitogens
for hepatocytes. Therefore, it is considered that disruption
of the regulation of the EGF system is contributed to the
development of liver cirrhosis. However, little is known about
disproportion of EGF during the development of liver cirrhosis.
It had previously been reported that standard Northern blot
analyses were not sensitive enough to detect an EGF signal
with mRNA isolated from cirrhotic rat livers (18,37). Therefore,
in the present study, we employed a much more sensitive
analysis by means of quantitative real-time RT-PCR method.
We sequentially assessed intrahepatic expression levels of
EGF during the course of cirrhosis development. Intrahepatic
mRNA levels of EGF were increased in response to chronic
liver injury induced by DMN. There was a tendency that
EGF expression was elevated as an increase of collagen fiber
accumulation in the liver. However, EGF expression in the
liver was then markedly decreased at the time of cirrhosis
manifestation and significantly lower compared with normal
liver. Bissig et al (38) have also reported similar experi-
mental results. They produced liver cirrhosis in rats by using
a bile duct-ligated model. In their experiments, all bile duct-
ligated animals had cirrhosis 25 days after surgery as assessed
by macroscopic and microscopic inspection. The investigators
examined the levels of intrahepatic EGF mRNA expression
by a competitive RT-PCR method, and demonstrated that
the liver homogenate of bile duct-ligated rats contained
approximately 30% of EGF mRNA compared with that of
unligated control animals.

EGF exerts the ability of hepatocyte proliferation through
its receptor, and EGF/EGF receptor signaling activates a
specific group of signal transducers and activators of trans-
cription (39,40). Kömüves et al (41) evaluated EGF and
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Figure 7. Intrahepatic mRNA expression of TGF-ß1 in the course of cirrhosis
development. To assess expression levels of TGF-ß1 in the liver during the
course of cirrhosis development, mRNA levels of TGF-ß1 were quantitatively
evaluated by a real-time RT-PCR method. Intrahepatic mRNA levels of
TGF-ß1 were increased gradually according to the period of DMN treatment.
Intrahepatic expression levels of TGF-ß1 were significantly higher in rats
treated with DMN for 6 weeks than in normal and 2-week-treated ones.
Intrahepatic TGF-ß1 expression was also higher in 6-week-treated rats than in
4-week-treated ones, although the differences were not statistically significant.
Each bar represents the mean ± SD of 5 animals. *0.001<p<0.01.
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EGF receptor expression in surgically resected human liver
specimens, by employing biotinylated antisense oligonucleotide
probes to localize hepatic mRNA transcripts in situ. They
have shown that EGF transcription was extremely low in
control normal livers, but was highly elevated and localized
to regenerative hepatic nodules in cirrhotic livers. In contrast,
EGF receptor mRNA transcripts were expressed constitutively.
Therefore, it was suggested that expression levels of EGF
but not EGF receptor was responsible for the proliferative
capability of hepatocytes. We have shown in the present
study that the intrahepatic expression of EGF was increased
significantly in response to chronic liver injury. However,
intrahepatic EGF production ability is probably exhausted
because of overloaded production. This could contribute to
the loss of parenchymal liver tissue observed in cirrhosis.

TGF-ß1 is believed to be a key molecule that activates
HSCs, resulting in production of collagen fibers (42-44).
Abundant evidence points mechanistically to a critical role
for HSCs in the pathogenesis of hepatic fibrosis. A central
feature of the fibrogenic response is the transformation of
HSCs from quiescent to an activated state (21). TGF-ß1
appears to be the most profibrogenic cytokine present in the
liver (45,46). When TGF-ß1 was overexpressed in the liver,
it led to fibrosis (47), and when inhibited during experimental
liver injury, fibrosis was decreased (48). TGF-ß1 appears to
act via direct stimulation of extracellular matrix production
in HSCs. A number of other cytokines and peptides appear to
exhibit profibrogenic properties toward HSCs; however,
none is as potent as TGF-ß1. In the present study, we have
shown that the intrahepatic expression of TGF-ß1 was
increased gradually according to an increase of intrahepatic
extracellular matrix, and levels of intrahepatic mRNA trans-
cripts reached a peak at the time of cirrhosis manifestation.

In conclusion, during the course of cirrhosis development,
hepatocytes revealed high proliferative capability in response
to hepatocyte damage. However, according to the period of
continuous hepatic damage, hepatocytes gradually lost their
proliferative capability due, in part, to significant reduction
of EGF expression. Furthermore, the intrahepatic expression
of TGF-ß1 was increased gradually according to the period
of chronic liver injury, which was considered to induce the
activation of HSCs and production of extracellular matrix.
Therefore, strategies to maintain sufficient levels of
intrahepatic EGF expression and reduce enhanced intra-
hepatic TGF-ß1 expression may be effective in inhibiting the
development of liver cirrhosis.
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