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The study of immune response and liver regeneration after

partial hepatectomy in rats
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ABSTRACT
The regenerative ability of liver cell

after liver injury was recongnized by almost
all medical centers. How to stimulate liver

cell regeneration after liver injury should be -

also one of the most important aspects.
Partial hepatectomy may raise the possibility
of changes in local or systemic immune
response. Several phenomena such as
alterations of extrathymic T cells in the liver,
lymphokine-activated  killer cells were
observed in animal experiments after partial
hepatectomy. Sato et al proved that
extrathymic T cells in the liver are activated,
yet the intrathymic pathway is suppressed.
Hirano et al reported that intrahepatic
lymphocytes differ from peripheral blood
lymphocytes in response to partial
hepatectomy. Acute phase response after




partial hepatectomy was proved to be an
indicator of cytokine release. Qur previous
studies also found that all T-lymphocyte
subpopulations in peripheral blood, serum ¢
-IFN, peripheral blood NK cells and the
absolute number of NK cells in the remnant
liver of hepatectomized rats increased
markedly on the fifth and seventh
posthepatectomized day. Serum and urinary
neopterin concentrations can be used as
markers of activated cell-mediated immunity
in rats after partial hepatectomy. Tanaka et al
proved that lymphokine-activated killer cells
can inhibit liver regeneration. Ohnishi et al
proved that there was a marked rise of the
production of gamma-interferon ( 7 -IFN),
which is known to activate the natural killer
(NK) cells. However, there is still a lot of
controversy in the relationship between
immune response and liver regeneration.
Male Wistar rats around 200g were used as
subject in this study. Partial hepatectomy
(about seventy percent hepatectomy) was
performed on experimental group rats.
They were sacrificed at 1,2,3,5,7 and 10 days
after hepatectomy. We will measure (1)
serum  concentrations of inflamatory
interleukins (IL) including IL-1a, IL-1B, 11-2,
IL-4, IL-6 and IL-8; (2) other serum
lymphokines, including TGF-$1, TNF-a,
TNF-RI, TNF-RII and Insulin-like GF; (3)
histological changes of the remnant liver
(including mitosis and regeneration condition);
(4) serum liver function tests. The results
showed that : (1) Serum levels of IL-1 a, IL-2,
IL-6 increased markedly on 5% to 7%
posthepatectomized day ; (2)Serum TNF-
level increased to 8 tol10 times 5 to 7 days
after operation ; (3) Many mitosis pictures
could be seen in histopathological liver
section ; (4) Liver function became deterious
at 6 to 48h, then recovered gradually 72h
after hepatectomy. @ We concluded that
immune response is marked during the period

of liver regeneration. However, the
response is different between different
lymphokines. Further study for the

mechanisni is needed.
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INTRODUCTION

Liver is a core organ in our body.
Although it contains good regeneration ability,
hepatic failure still can occur after massive
hepatic injury or hepatectomy. The capacity
of the mammalian liver to regenerate in
response to numerous stimuli has been well
documented. Many studies have focused on
factors which can promote or regulate liver
regeneration. Several factors, such as
hormones, growth factors, nutritional
components, and pharmacological agents, have
been demonstrated to directly or indirectly
affect liver regeneration. Much controversy
continues on the initiation, regulation,
metabolic changes, and termination of liver
regeneration after partial hepatectomy that
may well initiate proliferation of the remaining
hepatocytes.

Partial hepatectomy may raise the
possibility of changes in local or systemic
immunological response. Several phenomena
such as alterations of extrathymic T cells in the
liver, lymphokine activated killer cells were
observed in animal experiments after partial
hepatectomy. Sato et al proved that
extrathymic T cells in the liver are activated,
yet the intrathymic pathway is suppressed.
Hirano et al reported that intrahepatic
lymphocytes differ from peripheral blood
lymphocytes in  response to partial
hepatectomy. Acute phase response after
partial hepatectomy was proved to be an
indicator of cytokine release. Koga et al also
reported that interleukin 1 and 6 can induce
hepatocyte mitosis. However, Tanaka et al
proved that lymphokine-activated Kkiller cells
can inhibit liver regeneration following
extended hepatectomy. Some other studies
also came to the conclusion that immunologic
response can regulate or inhibit liver
regeneration after partial hepatectomy. Ohnishi
et al proved that there was a marked rise of the
production of gamma-interferon ( ¢ -IFN),




which is known to activate the natural killer
(NK) cells, by the splenic mononuclear cells in
mice after 70% partial hepatectomy. They also
suggested that the NK cells which activated by
v -IFN may be involved in killing the
regenarating liver cells. Vujanovic et al studied
the phenotype and function of liver-resident
NK cells after 70% partial hepatectomy, and
suggested that liver-resident NK cells may be
involved in the regulation of the extent of liver
regeneration.  Tumor  necrosis  factor,
transforming growth factor and other growth
factors were also mentioned. The relationship
between immune response and liver
regeneration has become an important focus
for study. However, there is still a lot of
controversy.

MATERIALS AND METHODS

Experimental Protocol

Male Wistar rats (purchased from
Charles River, Osaka, Japan) weighing
approximately 200 g were used as subjects.
All the rats were randomly assigned to four
different groups.Group 1(N=60), Partial
hepatectomy (H). Group 2(N=60),
right-side  nephrectomy (N). Group
3(N=60), sham operation with laparotomy
only (S). Group 4(N=60), control group
with no operation (C). Each groups are
divided into six subgroups (N=10 in each):
sacrificed on 1+~2 -3 +5~7~and 10 days after
operation.
Surgical Procedures

All rats are anesthetized
intraperitoneal  pentobarbital (40mg/Kg)
injection. A midline laparotomy was
performed. Partial hepatectomy was then
carried out by means of aseptic extirpation of
the median and left lateral lobes, according to
the procedure of Higgins and Anderson .
The removed liver sample was immediately
weighed. Ligation of right-side renal artery
and vein, followed by nephrectomy was
performed on N group rats. Laparotomies
with manipulation of liver were done in the
sham operated rats. All of the surgeries
were performed only between 8 am and 11

by

am to reduce the influence of diurnal variation.
Ten rats from each group were sacrificed at 1,
2, 3, 5, 7 and 10 days after the operations,
and the livers were removed immediately. A
small piece of liver was cut and put into
formalin solution for histological observation.
Blood sample was also aspirated at the same
time for biochemical and immunological
studies. All the procedures were performed
by the same surgeon to reduce the influence
of surgical technical variation.

Sampling and Measurements

Immunological  assesements  were
performed insluding serum interleukins (IL)
IL-1o, IL-1PB, IL-2, IL-4, IL-6 and IL-8 by
enzyme immune assay (EIA) kits. (#ER-IL1A,
Endogen Inc; #KRC0012, #DRC0022,
#KRC0042, #KRC0062, #KRC0080-SB,
Biosource Inc.). Serum concentration of
transforming growth factor beta-1 (TGF-B1)
(#DB100, R & D system) ~ tumor necrosis
factor (TNF)(#KRC3012, Biosource) * tumor
necrosis factor receptor (including TNF-RI
and TNF-RII ) (#KAC-1762, #DAC-1772,
Biosource Inc) were measured by EIA kits.
Histological examination of remnant liver and
serum biochemical indicators of liver function
tests were also performed during the early
experimental period.

RESULTS

The changes of serum lymphokines were
different.  The serum level of IL-1 a
increased to about two times (18.9 4.0 to
40.2 16.0 and 37.9 +5.8 pg/ml) at 5th and
7th posthepatectonized days. Then it
returned to preoperative level (Fig, 1). The
serum IL-2 level increased somewhat later.
It increased from 11.2 *1.8 pg/ml on day 0 to
22.6 3.8 pg/mlonday 5. Then it increased
more marbed to 41.1 +6.4 and 32.6 5.8
pg/ml on day 7 and 10 after surgery (Fig2) .
The increase of serum IL-6 levels were shown
in Fig 3. The level increased from 52.6 18.8
pg/ml on day 0 to 200 136, 186 31 pg/ml
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on day 5 and 7. Then the level increased
more to 385 162 pg/ml on day 10. The
changes of serum TNF-a were shown on
Fig 4. It increased from 0.89 *0.18 pg/ml
on day O to 6.82 +0.88 pg/ml on day 5. It
increased more up to 8.10 *1.03 pg/ml on
day 7. Then it suddenly returned to
preoperative level. As for the serum levels
of other lymphokines (including IL-1 8, TL-4,
IL-8, TGF-A81, TNF-R 1, TNF-RII and
Insulin-like GF) , there were no significant
changes could be found in this study.
Observation of the paraffin sections of
the liver tissue under a microscope
demonstrated that : there were almost no
mitoses in the sham operated rat group, and
only a few mitoses of liver parenchymal cells
could be observed at the 24 hour stage.
They increased to around 100 in 50 different
fields under 400x high power field at 48
hours postoperatively. We could find no
significant  difference among all the

experimental groups and the control rat group.

The number decreased to around one-fourth
at the 72-hour stage in all rat groups. The
serum parameters of the liver function test
revealed a somewhat elevated level of GOT,
GPT, and alkaline phosphate within the first
48 hours after partial hepatectomy in all rat
groups. No significant changes could be
found in the bilirubin, albumin, and globulin
levels. There was a more marked elevation
of GOT and GPT at 24 hours postoperatively
and a greater elevation of alkaline phosphate
at 48 hours postoperatively in the LG rat
group, than in the control and HG rat groups
(p<0.05) .

DISCUSSION

The phenomenon of liver regeneration is
one of the most rapid forms of tissue growth
occurring in mammals. It happened in the
very early phase and slowed down gradually
after partial hepatectomy, as was proven by
previous studies here and in many other
centers. In recent studies, hepatectomy has
been shown to be able to induce not only

proliferation of hepatocytes, but also
lymphoid tissues. Ono et al reported that
lymphokine-activated killer cells induced from
spleen of hepatectomized mice were
cytotoxic against regenerating liver cells.
Tanaka et al made another conclusion that
liver regeneration can be regulated by
interleukin 2 and its inhibitors: cyclosporine A
and FK506. Prostaglandin E2 production
during hepatic regeneration downregulates
Kupffer cell, as Goss et al also proved. Other
studies Kupffer cells and sinusoidal
endothelial cells, can induce simultaneously

the activation of extrathymic T-cell
differentiation and the inactivation of
intrathymic T-cell differentiation.

Michalopoulos and DeFrances reviewed many
studies and suggested that many interleukins
and TNF, TGF, Insulin like growth factor
may be important in the process of liver
regeneration. However, whether these are
two independent phenomenon or one follows
the other is still unclear.

In this study, we found that the
lymphokines have shown different changes in
serum levels after partial hepatectomy. The
significant changes could only be identified in
serum [L-1 a, IL-2, IL-6, and TNF-a levels.
The changes of serum levels were different in
these four lymphokines. The highest serum
level was identified on days 5 and 7 in IL-1
on days 7 and 10 in IL-2, on day 10 in IL-6,
and on day 7 in TNF-a. Furthermore , the
increased discrepancy of serum levels in each
lymphokines were also not the same. It
increased to around double in IL-1 a , around
3 to 4 times in [L-2, 7 time in IL-6, and more
than 8 times in TNF-a. The mechanism
was nor clear. It demonstrated that each
lymphokines has its own change in the
pathway of immune response after partial
hepatectomy.

The speed of liver regeneration were
different in different animal and different
cause of liver injury. In this animal model of
70 % partial hepatectomy in rats. The
regeneration rate is very high in the early
stage and reach to complete around 10 to 14




