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Objective ; To investigate the changes of scavenger re-
ceptor (SR} and CD,, in Kupffer cells in endotox-
emia in order to uncover the mechanism of the liver
to turn a defense organ into effector one in sepsis.
Methods . Mouse models of endotoxemia of different
severity were reproduced by injection of different do-
ses of lipopolysaccharide { LPS) via the tail vein.
The expression of SR and CD,, in the liver was as-
sayed by immunohistochemistry and was subsequent-
ly analyzed with an image analysis system. The levels
of TNF-« and I1.-6 in liver tissue were determined
with ELISA.
Results . The expression of SR in the liver in the high-
dose group was markedly decreased one hour after
injection of LPS, and also in the low-dose group at 3
hours. The expression of SR in the liver in the two
groups was shown to be progressively decreased with
the time prolonged. There was significant difference
in average optical density { OD) values of SR be-
tween the two groups. The expression of CD,, in the
two groups was shown to be significantly increased
one hour after injection of LPS, and more signifi-
cantly with the time prolonged. But there was no sig-
nificant difference in OD values of CD,, between the
two groups. The contents of intrahepatic proinflam-
matory mediators TNF-o¢, IL-6, ALT and TBIL
were significantly increased after injection of LPS.
Correlation analysis revealed that the changes of
TNF-a, IL-6, ALT, and TBIL were negatively cor-
related with the expression of SR, and positively with
the expression of CD,.
Conclusion: The up-regulation of CD,, expression
and down-regulation of SR expression on Kupffer
cells might be one of the important mechanisms for
the conversion of Kupffer cells from immune defen-
sive to inflammatory response cells in acute hepatic
injury.
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Introduction

L iver is the largest defense and effector organ

in sepsis.”’! Kupffer cells (KC) play a central
role in the clearance of bacteria and their tox-

ins from the body. Moreover, they also play a
pivotal role in the pathogenesis of hepatic injury in
sepsis.”) It has been reporied that scavenger re-
ceptor {SR) and CD,, are the receptors responsi-
ble for regulation of clearance and inactivation of
endotoxin by macrophages and activation of mac-
rophages respectively.l**! The aims of this study
were Lo investigate the expression of SR and CD,,
and their relations to TNF-a, IL-6, ALT and
TBIL in endotoxemia in order to detect the mecha-
nism for the decreased defense and the enhanced
effector function of the liver in sepsis, which may
provide evidence for the establishment of new
therapeutic regimen for sepsis.
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Seventy-two Kunming mice of both sexes weighing
20 2 g were used. The animals were divided in-
to control (rn=8), low-dose (1 mg/kg, n=32),
and high-dose (10 mg/kg, n=32) lipopolysac-
charide (LPS) groups. They were sacrificed 1,
3, 5 and 8 hours after injection of LPS, 8 animals
per each timepoint. One or 10 mg/kg LPS in
0.9% saline was injected into the mice via the
tail vein. The animals were sacrified immediately
at 1, 3, 5 and 8 hours, respectively. Blood and
liver tissue were taken and stored at - 70 C for
later use.

Expression of SR and CD,,

For standard immunohistochemistry examina-
tion, tssue samples were cut into 4 pm paraffin
sections, deparaffinized and dehydrated. Endoge-
nous peroxidase activity was quenched with 0. 3%
H,0,-methanol. After being blocked with 10%
normal goat serum, the secklions were incubated
for 1 hour at 37 C and overnight at 4 “C with pri-
mary rat anti-mouse SR ( ZF8, Semotec Ltd., UK)
or rat anti-mouse CD,, ( Pharmingen, San Digeo,
CA, USA) mAb diluted in PBS at a final concen-
tration of 1: 600. Biotinylated rabbit ant-rat IgG
diluted in 1% bovine serum albumin-PBS at a fi-
nal concentration of 1: 200 was then added and in-
cubated for 30 min at 37 °C, followed by incuba-
tion with streptavidin/peroxidase complex diluted
in PBS {1:200) for 30 min at 37 “C. The pres-
ence of SR and CD,, was revealed by incubation
with 3, 3’-diaminobenzidine (DAB). The sec-
tions were counter-stained with hematoxylin. The
expression of SR and CD,, was quantitively deter-
mined with a PECBIAS image analysis system.
The expression intensity of SR and CD,, was ex-
pressed as mean OD values.

TNF-e and IL-6 levels in liver tissue

Liver specimens were homogenated at 4 C.
The final supernatant was determined with the
method described by Bradford et al.l”!  The lev-
els of TNF-a and IL-6 in hepatic homogenates
were measured with ELISA kits designed for the
determination of mouse cytokines { Endogen Inc,
Wobum, MA, USA) according to the manufac-

turer’ s instructions. The assay was run in dupli-
cate. The presence of the cylokines was detected
at 450 nm (reference 550 nm) using a microplate
reader. The eytokine concentrations were automa-
tically computed according to the standard curve.

ALT and TBIL level in serum
The levels of serum ALT and TBIL were test-
ed with auto-bhiochemical analyzer.

Histopathological study

The liver specimens were fixed in formalin,
paraffin-embedded, sectioned, and stained with
HE.

Statistical analysis

The data were expressed as ¥ +s. The diffe-
rence between each group was analyzed by ¢ test
and the correlative significance was defined as P

<0.05.

Results

Expression of SR

Massive expression of SR was observed in the liver
in sham animals, being mainly distributed on the
surface of Kupfler cells. The intra-hepatic expres-
sion of SR was shown to be significantly decreased
in the two groups 3 hours after injection of LPS,
and less with prolonged experimental time. Ima-
ging analysis indicated that the mean OD values of
SR in the 10 mg/kg group were significantly de-
creased 1 hour after injection of LPS compared
with those in the sham group (P <0.01). The
mean OD values in the 1 mg/kg group were also
markedly decreased at 3 hours (P <0.01). The
intra-hepatic expression of SR was inhibited by
LPS in a time and dose-dependent manner. As
shown by imaging analysis, the mean OD values
of SR expression in the 10 mg/kg group were ob-
viously lower than those in the 1 mg/kg group 1
hour after injection of LPS. The inter-group differ-
ence was more obvious with prolonged experimen-
tal time { Table 1).

Expression of CD,,
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Table 1. Changes of average OD values of SR, CD,, and dose-dependent response to LPS in hepatitis
induced by endoxin

Groups Controls After injection of LPS (h)

(mg) 1 3 5 8

SR 1943 +76

1 187 +76 1600 86" * 1480 +52** 1260 +60*
10 1820 + 102* ** 1300 +82*** 1030 82 ** 794 £69***
CD, 970 +85

1 100+ 116° 1590 + 106™* 1590 106" * 2121 £ 165"
10 1151 +152° 1633 +91°" 1633 +91** 2252 £ 145"

Compared with controls, * P<0.05, ** P <0.01; compared with 1 mg/kg LPS group, *P <0.01.

Table 2. Changes in TNF-«, IL-6 levels and dose-dependent response to LPS

Groups After injection of LPS (h)

Controls
(mg) 1 3 5 B
TNF-o 47 +5.7
1 92:11*" 77 £7%* 51 +8 51 9
10 1139 %4 91 +10**4 57 +6” 53 +7
IL-6 53.9:+7.4
1 61.7+5.9° 90.6+5.3"" 75.2+£7.3" 67.8£7.6°
10 67+6.22"" 116.1+127*44 100.6 £6.8”*4% 04,3 +6,8° 744

Compared with controls, * P <0.05, ** P <0.01; compared with 1 mg/kg LPS group, * P <0.05, ** P <0.01.

The positive products of CD,, expression were
mainly located on the surface of Kupffer cells.
Little intrahepatic expression of CD,, was observed
in the sham group. The intra-hepatic expression of
CD,, was markedly increased in the two groups 3
hours after injection of LPS, and diffusely distrib-
uted in the liver at 8 hours. The results of imaging
analysis indicated that the mean 0D values of
CD,, expression in the two groups were significant-
ly higher than those in the sham group 1 hour after
injection of LPS (P <0.05), and were much in-
creased with prolonged experimental time. There
were no significant differences between the two
groups { Table 1) (Fig. 1).

TNF-o

The levels of TNF-a in the liver tissue in
both | and 10 mg/kg groups reached a peak at 1
hour after injection of LPS (P <0.01) and pro-
gressively decreased afterwards. At5 hours, TNF-
a level, though returning to control level in the 1
mg/kg group, was still markedly higher in the 10
mg/kg group (P <0.05). Intra-hepatic TNF-o
levels in the 10 mg/kg group were significantly

higher than those in the 1 mg/kg group 1 and 3
hours after injection of LPS { Table 2).

IL-6

The levels of IL-6 in the liver in both 1 and
10 mg/kg groups were significantly higher than
those in the sham group 1 hour after injection of
LPS (P<0.05 and P<0.01) and peaked at 3
hours, and progressively decreased afterwards.
The IL-6 levels in both groups were still markedly
higher than those in the sham group at 8 hours.
Intrahepatic IL-6 levels in the 10 mg/kg group
were significantly higher than those in the 1 mg/
kg group at 3, 5, and 8 hours after injection of
LPS (P <0.01) (Table 2) (Figs. 2-6).

ALT and TBIL

The levels of ALT, TBIL in serum in the 10
mg/kg group were significantly increased 1 hour
after injection of LPS compared with those in the
sham group (P <0.05 and P <0.01). The levels
of ALT, TBIL in the 1 mg/kg group were also
markedly increased at 3 hours (P <0.05 and P <
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Fig. 1. Intrahepatic expression of SR in the sham group, showing diffuse distribution of brown grannles ( origi-
nal magnification x200).

Fig. 2. 1 mg/kg group. Intrahepatic expression of SR is shown to be markedly decreased 8 hours after LPS in-
jection (original magnification x200).

Fig. 3. Intrahepatic expression of SR in the 10 mg/kg group 8 hours after LPS injection, showing sporadic
stained granules ( original magnification x200).

Fig. 4. Intrahepatic expression of CD,, in the sham group, showing few brown granules on the cell surface (o-
riginal magnification x200).

Fig. 5. Intrahepatic expression of CD,, in the 1 mg/kg group 8 hours after injection of LPS, showing diffuse
distribution of brown granules on cell surface (original magnification x200}.

Fig. 6. Intrahepatic expression of CD,, in the 10 mg/kg group 8 hours after LPS injection, showing diffuse dis-
tribution of stained granules on cell surface ( original magnification x200}.
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Table 3. Changes in plasma ALT, TBIL levels and dose-dependent response

Groupsa Contoals After injection of LPS (h)

{ mg) 1 3 5 8

ALT 14.4 1.1

1 15.19+1.30 15.69 +0.98" 18.85 £1.6"" 22.8+1.45""
10 19.28 +1.65"* 26.7+1.87""* 35.7+3.9""* 38.5+£3.197"*
TBIL 1.57 +0.12

1 1.71 +0. 13 1.96+0.15*" 2.4+0.15""° 2.83+0.15""
10 2.55+0.35""" 3.1+0.28""" 3.87+0.3""" 4.21+0.47""*

Compared with controls, *P <0.05, ** P <0.0l; compared with 1 mg/ kg LPS group, * P <0.01.

Table 4. Correlation between TNF-o and IL-6 in liver tissue; ALT and TBIL in plasma; and average

OD values of SR and CD,, (7 values}

TNFo IL 6 ALT TBIL

Heom lmg 10 mg lmg  10mg lmg 10 mg lmg 10 mg
CD,, 0.659  0.810 0.924  0.868 0.839  0.930 0.897  0.876
SR -0.573  -0.718 ~0.871 -0.893 -0.84  -0.949 -0.917 -0.746

Compared with CD,, OD values, * P <0.05; 1 mg: 1 pug/kg LPS dose; 10 mg: 10 pup/kg LPS dose.

2 i 1
Fig. 7. Mostly cellular denaturation, necrosis and
lobular disorder in liver tissme following injection of
high-dose LPS (10 mg/kg) at 8 hours, HE, original
magnification x 200.

0.01), and much increased with prolonged ex-
perimental time. There were significant diffe-
rences between the 1 and 10 mg/kg groups ( Ta-
ble 3).

Histopathological study

Results of liver histopathological study
showed inflammatory cells infiltration in the 1 mg/
kg group and hepatocyte spotty necrosis in the 10
mg/kg group 3 hours after injection of LIPS, re-
spectively. In the 1 mg/kg group, hepatocyte de-

generation and local necrosis were the major fea-
tures, whereas in the 10 mg/kg group, cellular
necrosis and lobular disorder in the liver tissue
were the main characteristics 8 hours after injec-
tion of LPS (Fig. 7).

Correlation analysis

Correlation analysis indicated that changes of
TNF-a, IL-6, ALT and TBIL levels were correla-
ted positively with the OD values of CDy, and ne-
gatively with the OD values of SR in the liver, re-
spectively (Table 4).

Discussion

In our study, SR expression in the liver in the two
groups was decreased gradually with prolonged ex-
perimental time. The intrahepatic expression of
SR was down-regulated in endotoxemia or endo-
toxic shock in a dose-dependent manner and the
expression of CD,, in the liver was up-regulated in
the development of endotoxemia or endotoxic
shock. These results are consistent with those re-
ported by Li et al.'™™ We conclude that the defense
function of the liver is progressively decreased
with the gradual down-regulation of SR in the liver
in the development of sepsis or septic shock , and
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that the activation of macrophages by LPS is pro-
gressively enhanced with the gradual up-regulation
of CD,, in the liver in sepsis or septic shock. In
our study, however, LPS-induced CD,, expression
in the liver was not increased in a dose-dependent
manner, showing no significant differences be-
tween the two groups, possibly because of the
effect of CD,, as a LPS-sensitive receptor.'”) So
low doses of LP'S could induce a profound expres-
sion of CD,,.

Sepsis or septic shock remains one of the ma-
jor causes of death in surgical intensive care u-
nits. " Binding of LPS to macrophages could in-
duce the release of cytokine and inflammatory me-
diators, leading to organ damage!™ In this study,
the intrahepatic levels of inflammatory cytokines
TNF-a and IL-6 in both 1 and 10 mg/kg groups
were significantly increased 1 hour after LPS ad-
ministration. The levels of IL-6 peaked at 3 hours
and remained to be higher than those in the sham
group at B hours. The intrahepatic levels of TNF-
o and IL-6 were significantly higher in the 10
mg/kg group than in the 1 mg/kg group. These
findings indicated that inflammatory response is
progressively enhanced in the liver in sepsis or
septic shock in a dose-dependent manner.

Correlation analysis showed that changes in
the levels of TNF-a, IL-6 in the liver are correla-
ted positively with the OD values of CDy,; and ne-
gatively with the OD values of SR, respectively.
Antibody to CDy, could markedly inhibit the pro-
duction of eytokines such as TNF-a, IL-1 and IL-
6 in endotoxemia ['>™ and blocking expres-
sion of SR on Kupffer cells could promote cytokine
production.™* These suggest that there might
be an intrinsic relationship between enhanced in-
trahepatic inflaimmatory responses and expression
of SR and CD,, in the liver in the development of
sepsis or septic shock.

In our study, the levels of ALT and TBIL in
serum was shown to increase with prolonged ex-
perimental time. The liver tissue showed different
injuries characterized by infiltration of inflammato-
ry cells, hepatocyte denaturation, and necrosis.
The degrees of inflammatory response and hepatic
injury were dose-effect related to endotoxins. Cor-
relation analysis revealed that changes of ALT and

TBIL in serum were correlated negatively with the
OD values of SR and positively with the OD values
of CD,,. However, LPS-induced CD,, expression
in the liver was not increased in a dose-dependent
manner, showing no significant differences be-
tween the two groups. It is possibly because CD,,
is a LPS-sensitive receptor™*® and a low dose of
LPS could induce profound expression of CDy,.
Therefore, large doses of LPS could activate other
low affinity LPS receptor on Kupffer cells besides
CD,, [ resulting in more severe LPS-induced
hepatic damage. In conclusion, the down-regual-
tion of SR and up-regulation of CD,, might be an
important mechanism for the liver to turn a de-
fense organ into effector one in sepsis.
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