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Abstract

AIM: To study the effects of obstructive jaundice on liver
regeneration after partial hepatectomy.

METHODS: Hepatocyte growth factor (HGF), its recep-
tor, c-Met, vascular endothelial growth factor (VEGF)
and transforming growth factor-g1 (TGF-B1) mRNA ex-
pression in both liver tissue and isolated liver cells were
investigated after biliary obstruction (BO) by quantita-
tive reverse-transcription polymerase chain reaction (RT-
PCR) using a LightCycler. Immunohistochemical staining
for desmin and a-smooth muscle actin (a-SMA) was also
studied. Regenerating liver weight and proliferating cell
nuclear antigen (PCNA) labeling index, and growth factor
expression were then evaluated after 70% hepatectomy
with concomitant internal biliary drainage in BO rats or
sham-operated rats.

RESULTS: Hepatic TGF-B1 mRNA levels increased
significantly 14 days after BO, and further increased
with duration of cholestasis. Meanwhile, HGF and VEGF
tended to increase, but was not significant. In cell iso-
lates, TGF-B1 mRNA was found mainly in the hepatic
stellate cell (HSC) fraction. Immunohistochemical studies
revealed an increased number of HSCs (desmin-positive
cells) and activated HSCs (a-SMA-positive cells) in portal
areas after BO. In a hepatectomy model, liver regenera-
tion was delayed in BO rats, as compared to sham-oper-
ated rats. TGF-B1 mRNA was significantly up-regulated
up to 48 h after hepatectomy, and the earlier HGF mRNA
peak was lost in BO rats.

CONCLUSION: BO induces HSCs proliferation and ac-
tivation, leading to up-regulation of TGF-1 mRNA and

suppression of HGF mRNA in livers. These altered ex-
pression patterns may be strongly involved in delayed
liver regeneration after hepatectomy with obstructive
jaundice.
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INTRODUCTION

Recently, major hepatectomy has been performed for
treatment of advanced hepatic and biliary carcinomas .
However, major hepatectomy associated with obstructive
jaundice is often complicated by hepatic failure 7, sug-
gesting that biliary obstruction (BO) may influence liver
regeneration and cause hepatic failure after major hepa-
tectomy. Although several previous studies regarding liver
regeneration after hepatectomy with obstructive jaundice
have been reported 9 it is not clear how BO affects liver
regeneration. Aronson e al ¥ reported that extrahepatic
cholestasis inhibits liver regeneration after hepatectomy,
whereas Mizuno et a/ ', demonstrated that it has no ef-
fects on liver regeneration. Thus, the effect of BO on liver
regeneration after hepatectomy is still open to discussion
even in an experimental model. In clinical cases, whether
preoperative biliary drainage before surgery is beneficial or
not is also a matter of debate.

In the liver regeneration process, several growth fac-
tors are reported to play a crucial role in regulation of
regeneration by providing either stimulatory or inhibitory
signals for hepatocytes . Epidermal growth factor (EGF),
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transforming growth factor-a (TGF-a), and hepatocyte
growth factor (HGF) stimulate DNA synthesis in hepa-
tocytes 7z vivo and in culture, but HGF is known to be the
most powerful mitogen of hepatocytes 7. In liver, HGF
is produced by nonparenchymal cells, mainly hepatic stel-
late cells (HSCs), and acts on hepatocytes in a paracrine
manner via its receptor, c-Met " %, Vascular endothelial
growth factor (VEGFE) is also reported to be the only an-
giogenic factor that stimulates proliferation of sinusoidal
endothelial cells (SECs) "> ™. On the other hand, trans-
forming growth factor-g1 (TGF-81) is a potent growth
inhibitor of hepatocytes '* . TGF-1 mRNA levels are
very low or undetectable in normal liver, but increase sig-
nificantly after partial hepatectomy " *?. In cell isolates
from regenerating normal liver, the TGF-81 mRNA was
relatively abundant in SECs, Kupffer cells, and HSCs =
Meanwhile, in a liver injury model, induced by carbon
tetrachloride or D-galactosamine administration, TGF-$1
mRNA expression was up-regulated mainly in HSCs >,

HSCs are known to be located in the space of Disse,
below the SECs lining, in close contact to and partially
intercalated between hepatocytes, with their long proc-
esses extending along sinusoids *). HSCs express desmin,
a cytokeletal intermediate filament characteristic of muscle
cells 7, but once HSCs are activated, they transform into
myofibroblast-like cells, and express a-smooth muscle ac-
tin (@-SMA). Furthermore, myofibroblast-like cells derived
from HSCs produce large amounts of TGF-$1, which
stimulates activated HSCs to produce more TGF-31 in an
autocrine manner ", On the other hand, activated HSCs
lose HGF productivity, although HGF is primarily pro-
duced from non-activated HSCs """\

At present, the influence of BO on HSCs phenotype,
especially their TGF-f1 expression during cholestasis and
their influence after hepatectomy, is not yet determined. In
this study, HGF, c-Met, VEGF and TGF-1 mRNA ex-
pression were investigated after BO in both liver tissue and
isolated liver cells, by means of 7 situ collagenase perfusion
and counterflow elutriation, to determine potential cellular
sources of these growth/inhibitory factors. Immunohis-
tochemical staining with desmin and «-SMA antibody was
also studied to evaluate the number of HSCs and their acti-
vation status. To determine the effect of BO on liver regen-
eration, we also investigated changes in hepatic HGFE, c-Met,
VEGF and TGF-81 mRNA expression after 70% hepatec-
tomy with concomitant internal biliary drainage in BO rats,
and compared them to those in sham-operated rats. Re-
generating liver weight and PCNA labeling index were also
studied to evaluate the relationship between growth factor
expression and liver regeneration after hepatectomy.

MATERIALS AND METHODS

Animals

Male Wister rats (SLC, Inc. Shizuoka, Japan), weighing 200
to 300 g were used in this study. All animals were housed
in a temperature- and humidity-controlled environment
with a 12-h light dark cycle, and allowed to drink water and
eat ad libitum. All surgical procedures were performed un-
der light diethyl ether anesthesia. The operative procedure
was carried out using clean, but not sterile technique. Ex-
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periments with the animals followed our institution’s crite-
ria for the care and use of laboratory animals in research,
which conform to National Institutes of Health guidelines.

Experiment 1

The rats were subjected to BO or sham surgery (sham-
operated control). In the BO rats, the extrahepatic bile
duct was isolated and a polyethylene tube with an outer
diameter of 0.8 mm (Natsume, Tokyo, Japan) was inserted
into the extrahepatic bile duct, according to the cut-down
technique. The other end of the tube was then ligated to
induce BO. In the sham-operated rats, the extrahepatic bile
duct was isolated but was not occluded. The liver was care-
fully excised before surgery, and 14 and 21 d (#=10 at each
time point) after surgery. HGE, c-Met, VEGF and TGF-81
mRNA levels in liver tissue were investigated by quantita-
tive reverse-transcription polymerase chain reaction (RT-
PCR), using a LightCycler (Roche Diagnostics, Mannheim,
Germany). Furthermore, to determine potential cellular
sources of these growth factors, liver cells (hepatocytes,
SECs, Kupffer cells and HSCs) were isolated from liver
tissue 14 d after BO, by means of 7 situ collagenase perfu-
sion and counterflow elutriation. The levels of HGF, c-Met,
VEGF and TGF-1 mRNA in each cell fraction wete then
investigated by quantitative RT-PCR. Immunohistochemi-
cal staining with anti-desmin and anti-a-SMA antibody was
also performed, to evaluate the number and activation sta-
tus of HSCs.

Experiment 2

Fourteen days after BO, rats were subjected to 70% hepa-
tectomy with concurrent internal biliary drainage. The tied
end of the polyethylene tube was released and embedded
in the duodenum. 70% of the liver was then resected ac-
cording to the method of Higgins and Anderson P Tn
the sham-operated group, rats underwent internal biliary
drainage with concurrent 70% hepatectomy 14 d after
sham operation. For the assessment of the HGE, c-Met,
VEGEF and TGF-81 expressions, the right inferior lobe of
the liver was carefully excised before and 6, 12, 24, 48, 72,
120, 168, and 240 h (#=10 at each time point) after hepa-
tectomy. The levels of HGF, c-Met, VEGF and TGF-§1
mRNA in liver tissue were investigated by quantitative RT-
PCR. In addition, remnant liver weight ratio and PCNA
labeling index were also evaluated and compared between
BO and sham-operated rats.

Quantitative RT-PCR analysis of HGF, c-Met, VEGF, and
TGF-1 mRNA expression

Total RNA was extracted from liver tissues or freshly iso-
lated liver cells by the acid guanidium-thiocyanate/phenol
/chloroform method, and 1 mg of extracted total RNA was
subjected to a reverse transcription reaction, using Ready
To Go™ T-primed 1st strand cDNA synthesis kit (Amer-
sham Pharmacia Biotech, Buckinghamshire, England). The
cDNA from 33 ng of total RNA was used as a template.
HGFE, c-Met, VEGF, and TGF-$1 mRNA levels were
quantified by means of a LightCycler (Roche Diagnostics,
Mannheim, Germany), using the double-strand-specific dye
SYBE Green I. Details of the primers used in this study
are summarized in Table 1. The PCR condition was as fol-
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Gene Primer Sequence T (C)

HGF Sense 5-TTATGGGGAATGAGAAATGC 60
Antisense 5-TCGAACAAAAATACCAGGAC

c-Met Sense 5-CAGACGCCTTGTATGAAGT 60
Antisense  5'-CATAAGTAGCGTTCACATGG

TGF-p1 Sense 5-ATGACATGAACCGACCCTTC 60

Antisense  5-TGTGTTGGTTGTAGAGGGCA
VEGF Sense 5-AATTGAGACCCTGGTGGACA 56
Antisense  5-TAGTGACGTTGCTCTCCGAC

GAPDH  Sense 5-TGAACGGGAAGCTCACTGG 60

Antisense  5-TCCACCACCCTGTTGCTGTA
B-actin Sense 5-CCTGTATGCCTCTGGTCGTA 60
Antisense  5-CCATCTCTTGCTCGAAGTCT

T : annealing temperature .

lows: initial denaturation at 95 ‘C for 10 min, followed by 45
cycles of denaturation at 95°C for 15 s, annealing for 10 s,
and extension at 72 °C for 20 s. The expression level of each
angiogenic factor was adjusted using the level of glyceralde-
hydes-3-phosphate dehydrogenase (GAPDH) mRNA, and
expressed as ratio to GAPDH mRNA.

Isolated liver cells from liver tissue

Liver cells 14 d after BO were isolated, to determine po-
tential cellular sources of TGF-81 and HGF mRNA. Rat
hepatocytes were isolated according to the methods of
Gumucio ¢ al ™. The SECs, Kupffer cells and HSCs were
also isolated by means of in situ collagenase perfusion and
counterflow elutriation, as described by Knook et a/ P with
minor modification. A JE-5.0 elutriator rotor (Beckman
Instruments, Palo Alto, CA) was used in a J6-MI Beckman
centrifuge. The separation process was started by adding
the nonparenchymal cell suspension to a sample-mixing
chamber. The HSCs were eluted at flow rates of 16 to 18
mL/min, and at a speed of 3 200 r/min. The SECs were
then eluted at flow rates of 23 to 26 mL/min, and Kupffer
cells at flow rates of 36 to 39 ml./min, at a speed of 2500
t/min. The purity of HSCs was > 90%, as assessed by
their positive staining for desmin P The purity of SECs
and Kupffer cells was > 90% and > 92%, respectively, as
assessed by typical cobblestone morphology and positive
staining for ED-1 Ba respectively. To evaluate expression of
HGF and TGF-31 mRNA in each cell fraction, freshly iso-
lated cells were used for total RNA extraction.

Immunohistochemical staining

Resected liver tissue specimens from rats were fixed in 4%
paraformaldehyde (Wako Chemical Co. Osaka, Japan) in
phosphate-buffered saline, washed with phosphate-buff-
ered saline, dehydrated with 30%, 70%, 95%, and 100%
ethanol and xylene, and then embedded in paraffin. Four-
micrometer sections were cut and mounted onto supet-
frosted slide glass (Matsunami Glass Ind., Ltd., Osaka, Ja-
pan). Sections were incubated with methanol-1% hydrogen

peroxide to destroy endogenous peroxidase, and blocked
with nonspecific staining blocking reagent (Dako, Glos-
trup, Denmark). After overnight incubation at 4 C with
mouse monoclonal anti-desmin antibody (diluted 1 © 100;
Dako), or mouse monoclonal anti-a-SMA antibody (diluted
1 7 100; DAKO) sections were processed according to the
standard immunoperoxidase method, using a streptavidin
biotin peroxidase complex kit (Dako LSAB + Kit/HRP;
Dako). The peroxidase reaction was then developed with
diaminobenzidine (Dako).

PCNA labeling index

Immunohistochemical staining for PCNA was performed
on formalin-fixed and paraffin-embedded liver tissue with
anti-PCNA antibody as previously described ">, A three-
step immunoperoxidase method using strept-avidin biotin
complex (Dako, Copenhagen, Denmark) was performed,
according to the procedure described by Hall ez a/ .
PC-10 monoclonal antibody (Dako, Copenhagen, Den-
mark) was used at a dilution of 1 I 100, with overnight in-
cubation at 4 “C. Evaluation of PC-10 immunostaining was
petrformed based on the percentage of positive nuclei of
500 hepatocytes at high power (400 X), and was expressed
as a PCNA labeling index.

Statistical analysis

The results were expressed as mean = SD. The Mann Whit-
ney test was used for statistical analysis of unpaired data,
and differences were considered significant at P < 0.05.

RESULTS

HGF, c-Met, VEGF and TGF-$1 mRNA expression after bili-
ary obstruction

The expression of TGF-81 mRNA (Figure 1D) was at
low levels before BO, but increased significantly at 14 d (P
< 0.05 »s sham) and further increased at 21 d (P < 0.03 »s
sham) after BO. Meanwhile, the expression of HGF (Figure
1A) and VEGF (Figure 1C) mRNA tended to increase at
14 and 21 d after BO, but no significant differences were
found, as compared to the sham-operated control. The ex-
pression of c-Met mRNA (Figure1B) was lower at 14 and
21 d after BO, but was not significantly different from the
sham-operated control.

HGF and TGF-B1 mRNA expression in isolated specific
cell populations

To determine cellular sources of TGF-31 mRNA during
extrahepatic cholestasis, liver cells were isolated at 14 d
after BO, because the expression of TGF-81 mRNA was
strongly induced by that time. In cell isolates, the mRNA
for TGF-B1 was found mainly in the HSC fraction (Figure
2). On the other hand, the HGF mRNA expression was
found in the nonparenchymal cell fraction, especially in the
SEC fraction.

Immunohistochemical staining for desmin and a-smooth
muscle actin
In the sham-operated control, several desmin-positive cells,

presumed to be HSCs, were seen around the portal area
(Figure 3A). But 14 d after BO (Figure 3B), the number
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Figure 1 A: Hepatocyte growth factor (HGF); B: c-Met; C: vascular endothelial
growth factor (VEGF); D: transforming growth factor-g1 (TGF-1) mRNA
expression in rat liver at 14 and 21 d after biliary obstruction (BO) and sham-
operation (sham). (3P < 0.05 vs sham-operated control, °P < 0.03 vs sham-
operated control). Results are expressed as mean + SD of n = 10 for each period
in each group.

H SECs KC HSCS
TGF-p1 288 bsp
HGF 218 bsp
B-actin 260 bsp

Figure 2 Hepatocyte growth factor (HGF) and transforming growth factor-31
(TGF-B1) mRNA expression in isolated rat liver cells (H: hepatocytes; SECs:
sinusoidal endothelial sells; KC: Kupffer cells; HSCs: Hepatic stellate cells) 14 d
after biliary obstruction (BO).

of positive cells increased, and further increased at 21 d
(Figure 3C). On the other hand, a-SMA-positive cells were
hardly seen in the sham-operated controls (Figure 3D),
whereas a-SMA-positive cells, presumed to be activated
HSCs, were prominent in the surrounding portal areas 14
d after BO (Figure 3E).

Remnant liver weight and PCNA labeling index

The ratio of remnant liver to whole liver weight after 70%
partial hepatectomy (PH) was approximately 30%. In the
sham + PH group, the remnant liver weight ratio started
to increase 24 h after hepatectomy (Figure 4A). A signifi-
cant increase was found from 48 h to 120 h after surgery,
as compared with the BO+ PH group. Thereafter, no sig-
nificant differences were found between the two groups.
The remnant liver weight in the BO+ PH group reached
the same levels as that m attained by the sham + PH group
240 h after hepatectomy, but required a longer period.

www.wjgnet.com

Figure 3 Immunohistochemical staining for desmin A: 14 d after sham
operation; B: 14 d after biliary obstruction (BO); C: 21 d after biliary obstruction.
Immunohistochemical staining for a-smooth muscle actin (a-SMA); D: 14 d after
sham operation; E: 14 d after biliary obstruction.

Figure 4B shows changes in PCNA labeling index after
hepatectomy. In the sham+ PH group, the PCNA labeling
index was less than 5% in hepatocytes before hepatectomy.
However, a dramatic increase in the PCNA labeling in-
dex of hepatocytes was observed 12 h after hepatectomy,
reaching a peak 24-48 h after surgery (P < 0.03 »s BO+ PH
group). In the BO + PH group, the PCNA labeling index
was higher than in the sham+ PH before hepatectomy, and
was then increased gradually, with a peak 120 h after hepa-
tectomy. Thereafter, the PCNA labeling index decreased to
the baseline value 240 h after surgery.

HGF, TGF-B1, VEGF, and c-Met mRNA expression after
70% hepatectomy

The expression of HGF mRNA in the sham+PH group
started to increase 6 h after hepatectomy, with a peak at 12
h and 24 h (Figure 5A). Meanwhile, in the BO+ PH group,
a small increase of HGF mRNA was observed up to 72
h after surgery, but no earlier peak was observed. The ex-
pression of c-Met mRNA in the BO+ PH group was low-
er, when compared with the sham+ PH control between
0 and 72 h after hepatectomy, but there was no significant
difference between the groups (Figure 5B). The expression
of VEGF mRNA in the BO+ PH group was somewhat
higher up to 24 h after surgery, as compared to the sham+
PH (Figure 5C), but no significant differences were found
at any point in this experiment. Meanwhile, the expression
of TGF-81 mRNA (Figure 5D) in the BO+ PH group was
significantly up-regulated up to 48 h after hepatectomy, as
compared to the sham+ PH group (P < 0.05). Thereafter,
TGF-$1 mRNA expression was not significantly different
between the groups.
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Figure 4 A: Changes in regenerating liver weight ratio after 70% partial patectomy (PH) in the sham-operated (sham) rats and the biliary obstructed (BO) rats (2P <0.05
between the BO + PH group and the sham + PH group). Results are expressed as mean + SD of n = 10 for each period in each group. B: Changes in the hepatocyte PCNA
labeling index after 70% hepatectomy (PH) in the sham-operated (sham) rats and the biliary obstructed (BO) rats ('P < 0.03 between the BO + PH group and the sham +
PH group). Results are expressed as mean + SD of n = 10 for each period in each group.

DISCUSSION

In the present study, we have clearly shown that hepatic
TGF-81 mRNA levels increased with length of cholestasis.
Morteover, in cell isolates from BO liver tissue, TGF-$1
mRNA expression was found mainly in the HSC fraction.
Immunohistochemical study also revealed an increased
number of HSCs (desmin-positive cells) and activated
HSCs («-SMA-positive cells) in portal areas in proportion
to the length of cholestasis. In the hepatectomy model,
liver regeneration rate in the BO rats was delayed, as com-
pared to sham-operated rats. TGF-$1 mRNA was also sig-
nificantly up-regulated up to 48 h after hepatectomy in the
BO rats, and no earlier peak of HGF mRNA expression
was observed, despite a small increase in HGF mRNA
during extrahepatic cholestasis. These findings suggest
that increased TGF-$1 secreted from activated HSCs, and
earlier suppression of HGF production, may greatly con-
tribute to delayed liver regeneration in a paracrine manner.
Earlier suppression of HGF after hepatectomy may be
also related to HSCs activation, because activated HSCs
reportedly lose their ability to express HGF mRNA 7,
Although several previous studies regarding liver
regeneration after hepatectomy with obstructive jaundice
have been reported, it is not clear how BO affects liver
regeneration. Aronson ef al ¥ reported that extrahepatic
cholestasis inhibits liver regeneration after hepatectomy,
but they studied liver regeneration in the presence of post-
operative BO. In this study, restoration of bile flow was
performed simultaneously with hepatectomy, as in clinical
cases. According to our results, the PCNA labeling index
of hepatocytes, HGF and VEGF mRNA were somewhat
higher in BO livers than in sham-operated livers. These
results are consistent with previous studies ™ *** ' indicat-
ing that BO induces DNA replication of hepatocytes. Fur-
thermore, we clearly demonstrated that TGF-81 mRNA
was significantly up-regulated after BO. This phenomenon
might be related to the hepatic repair process that com-

pensates for hepatocyte injury caused by BO. This is also
suggested by the fact that serum AST levels increased
shortly after BO (data not shown). In cell isolates from
BO liver, TGF-B1 producing cells were found to be mainly
HSCs. Furthermore, an increased number of desmin-pos-
itive cells (HSCs) were found in portal areas, and o-SMA-
positive cells, presumably activated HSCs, were progres-
sively extended around portal areas in proportion to the
length of BO. Activated HSCs reportedly lose their ability
to express HGF mRNA, but produce a large amount of
TGEF-B1. These findings suggest that HSCs in portal areas
were gradually activated into myofibroblast-like cells dur-
ing BO. Activated HSCs produce TGF-81, and TGF-31
stimulates activated HSCs to produce more TGF-81 in an
autocrine manner, whereas activated HSCs hardly produce
any HGF in the BO liver. HGF mRNA increased, to some
extent, after BO, but HGF producing cells were mainly
SECs, rather than HSCs. This may be related to the prolif-
erative response of hepatocytes and bile duct cells duting
cholestatic liver injuries.

We clearly demonstrated that liver regeneration was
significantly delayed after hepatectomy in the BO rats, as
compared to the sham-operated rats. Moreover, TGF-31
mRNA was significantly up-regulated up to 48 h after
hepatectomy in the BO rats, and high levels of HGF
mRNA were not induced in the earlier phase of hepatec-
tomy. Meanwhile, c-Met expression in the BO liver was
not significantly different from the sham-operated rats.
These results suggest that delayed regeneration may be as-
sociated with the initial high expression of TGF-31, and
the suppression of HGF induction after hepatectomy. It
is obvious that initial up-regulation of TGF-81 has a non-
beneficial effect on liver regeneration, because TGF-{31
is the most important cytokine controlling the inhibition
of hepatocyte proliferation. Furthermore, although HGF
mRNA increased to some extent in BO rats after hepatec-
tomy, the amount may be insufficient to induce the initial
stimulus for DNA synthesis of in hepatocytes for adequate
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Figure 5 Changes in A: hepatocyte growth factor (HGF);

Hours after hepatectomy

B: c-Met; C: vascular endothelial growth factor (VEGF); D: transforming growth factor-31 (TGF-B1) mRNA

expression after partial hepatectomy (PH) in the sham-operated (sham) rats and the biliary obstructed (BO) rats (3P <0.05 between the BO + PH group and the sham + PH

group). Results are expressed as mean £ SD of n = 10 for each period in each group.

liver regeneration.

In conclusion, BO induces proliferation and activa-
tion of HSCs, resulting in up-regulation of TGF-1 and
negative regulation of HGF expression. The altered ex-
pression patterns may be involved to a considerable degree
in delayed liver regeneration after hepatectomy in rats with
obstructive jaundice. These findings may provide clues for
the treatment of impaired hepatic regeneration after major
hepatectomy with obstructive jaundice. That is, regulation
of HSCs activation or restoration of an altered growth/in-
hibitory expression pattern might have beneficial effects
on liver regeneration following major hepatectomy with
obstructive jaundice.
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