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Interleukin-10 mediates the protective effect of Linomide
by reducing CXC chemokine production in endotoxin-induced

liver injury

Xiang Li, '"Daniel Klintman, *Tohru Sato, *Gunnar Hedlund, “René Schramm, 'Bengt Jeppsson

& *'Henrik Thorlacius

"Department of Surgery, Malmé University Hospital, Lund University, Sweden; *Department of Gastroenterology, Stanford
University, CA, U.S.A.; *Active Biotech Research, 220 07 Lund, Sweden and *Department of Thoracic and Cardiovascular

Surgery, University of Saarland, Homburg/Saar, Germany

1 The immunomodulator Linomide has been shown to protect against septic liver injury by reducing
hepatic accumulation of leukocytes although the detailed anti-inflammatory mechanisms remain
elusive. This study examined the effect of Linomide on the production of CXC chemokines, including
macrophage inflammatory protein-2 (MIP-2) and cytokine-induced neutrophil chemoattractant (KC)
and interleukin-10 (IL-10) in lipopolysaccharide (LPS)/D-galactosamine (Gal)-induced liver injury in
mice.

2 1t was found that pretreatment with 300mgkg™" of Linomide markedly suppressed leukocyte
recruitment, perfusion failure, and hepatocellular damage and apoptosis in the liver of endotoxemic
mice.

3 Administration of Linomide inhibited endotoxin-induced gene expression of MIP-2 and KC and
significantly reduced the hepatic production of MIP-2 and KC by 63 and 80%, respectively.
Moreover, it was found that Linomide increased the liver content of IL-10 by more than three-fold in
endotoxemic mice.

4 The protective effect of Linomide against endotoxin-induced inflammation and liver injury was
abolished in IL-10-deficient mice, suggesting that the beneficial effect of Linomide is dependent on the
function of IL-10.

5 Taken together, these novel findings suggest that the protective effect of Linomide is mediated via
local upregulation of IL-10, which in turn decreases the generation of CXC chemokines and

pathological recruitment of leukocytes in the liver of endotoxemic mice.
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Introduction

The immunomodulator Linomide has been shown to protect
against septic liver injury (Klintman et al., 2002). It is widely
held that leukocyte recruitment is a rate-limiting step in
endotoxin-induced liver damage (Hewett ez al., 1993; Klint-
man et al., 2004). Indeed, it has previously been demonstrated
that the protective effect of Linomide is related to its inhibitory
impact on hepatic accumulation of leukocytes (Klintman et al.,
2002) although the detailed anti-inflammatory mechanisms of
Linomide remain elusive. Tissue recruitment of leukocytes is
coordinated by secreted chemokines, a family of small peptides
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subdivided into two main groups (CC and CXC) based on
structural properties (Bacon & Oppenheim, 1998; Zlotnik &
Yoshie, 2000). The CXC chemokines are considered to
predominately attract neutrophils (Bacon & Oppenheim
1998; Zlotnik & Yoshie, 2000). A recent study showed that
endotoxin-induced extravascular infiltration of leukocytes into
the liver is critically dependent on the generation and action of
CXC chemokines (MIP-2 and KC) (Li et al., 2004). Thus, it
may be possible that Linomide can interfere with the
production of MIP-2 and/or KC in endotoxemia.

Tissue homeostasis is dependent on a fine-tuned balance
between pro- and anti-inflammatory cytokines, including
transforming growth factor-f and IL-10. For example, it has
been reported that endotoxin-induced organ damage and
lethality are increased in IL-10-deficient mice (Standiford et al.,



866 X. Lietal

Linomide inhibits endotoxemic liver damage

1995) and administration of exogenous IL-10 has been shown
to ameliorate liver injury in endotoxemic mice (Santucci et al.,
1996; Louis et al., 1997). Numerous studies have shown that
IL-10 has the capacity to inhibit the inflammatory process at
multiple levels, such as cytokine and chemokine secretion, and
adhesion molecule expression (Fiorentino ef al., 1991; Kasama
et al., 1994; Hickey et al., 1998; Kopydlowski et al., 1999).
Interestingly, in models of encephalomyelitis (Diab et al., 1998;
Zhu et al., 1998) and diabetes (Gross et al., 1994), Linomide
has been reported to upregulate IL-10 production locally and
in peripheral leukocytes. However, it is not known whether
Linomide may modulate the expression of IL-10 in septic liver
injury and whether such a mechanism may help explain the
protective effect exerted by Linomide in endotoxin-induced
liver injury.

Based on the considerations above, the hypothesis of this
study was that Linomide induces the local generation of IL-10
in the liver, which in turn is related to downstream modula-
tion of CXC chemokine production and inflammatory cell
recruitment.

Methods

Animals

Adult male C57/Bl6 and IL-10-deficient (B6.129P2-
1110tm1Cgn/J, The Jackson Laboratory, Bar Harbor, MA,
U.S.A.) mice weighing 21-26 g were kept on a 12-12h light—
dark cycle with free access to food and tap water. Animals
were anesthetized by intraperitoneal (i.p.) administration of
7.5 mg ketamine hydrochloride and 2.5 mg xylazine per 100 mg
body weight. The right jugular vein was cannulated with a
polyethylene catheter for intravenous (i.v.) administration of
test substances, fluorescent dyes and additional anesthesia.
The local ethics committee approved all the experiments of this
study.

Experimental protocol

Linomide was administered subcutaneously (s.c.) at 30 and
300 mgkgday~! dissolved in 0.2ml phosphate-buffered saline
(PBS) for 3 days prior to experimentation. The protective
effect of 4h pretreatment of Linomide was also evaluated in
separate experiments. Mice were challenged i.p. with 0.25ml
PBS (control animals) or a combination of LPS (10 ug per
mouse) and D-galactosamine (18 mgmouse™") dissolved in PBS
to a total volume of 0.25ml. A transverse subcostal incision
was performed in anesthetized mice and the ligamentous
attachments from the liver to the diaphragm and the
abdominal wall were gently released. The animals were
positioned on their left side and the left liver lobe was carefully
exteriorized onto an adjustable stage for analysis of hepatic
microcirculation by intravital fluorescence microscopy. The
liver surface was covered with a circular glass to avoid tissue
drying and exposure to ambient oxygen. An equilibration
period of 10min was allowed before starting microscopical
observation. Animals were killed by exsanguination, and
blood drawn from the heart was immediately centrifuged
and used for analysis of plasma enzyme markers of hepato-
cellular injury (aspartate aminotransferase (AST) and alanine

aminotransferase (ALT)) using standard spectrophotometric
procedures. Briefly, 30 ul of blood was applied onto reagent
strips (Reflotron® Test Strip, Roche Diagnostics Scandinavia
AB, Bromma, Sweden) designed for the specific quantitative
determination of ALT and AST. These strips incorporate a
plasma-separating system, which makes it possible to use
whole blood. Systemic leukocyte counts, including polymor-
phonuclear leukocytes (PMNL) and mononuclear leukocytes
(MNL) were determined using a hematocytometer.

Intravital microscopy

For observations of the liver microcirculation, we used a
modified Olympus microscope (BX50WI, Olympus Optical
Co. GmbH, Hamburg, Germany) equipped with different
water immersion lenses (x40 NA 0.75/ x 63 NA 0.9). The
image was televised (Sony Trinitron) using a charge-coupled
device video camera (FK 6990 Cohu, Pieper GmbH, Schwerte,
Germany) and recorded on videotape (Panasonic SVT-S3000
S-VHS recorder) for subsequent off-line evaluation. Blood
perfusion within individual microvessels was studied after
contrast enhancement by FITC-dextran (0.1ml, 0.1 mgml~',
molecular weight 150,000). /n vivo labeling of leukocytes with
rhodamine-6G (0.1ml, 0.05mgml™") enabled quantitative
analysis of leukocyte flow behavior in both sinusoids and
postsinusoidal venules. Quantification of microcirculatory
parameters was performed off-line by frame-to-frame analysis
of the videotaped images. Five postsinusoidal venules with
connecting sinusoids were evaluated in each animal. Micro-
circulatory analysis included determination of the number of
perfused sinusoids given as a percentage of the total number of
sinusoids observed (i.e. sinusoidal perfusion). Leukocyte
sequestration in the sinusoids was evaluated off-line by
counting the number of trapped leukocytes in 15-30 high-
power fields (HPF, 300 x 220 um) per animal, and is given as
leukocytes per 10 HPF. Within postsinusoidal venules,
leukocyte rolling was measured by counting the number of
cells rolling in each venule during 30 s, and is expressed as cells/
min. Leukocyte adhesion was measured by counting the
number of cells that adhered along the venular endothelium
and remained stationary during the observation period of
30s, and is expressed as cells/mm venule length. The diameter
of the venules was not different between the experi-
mental groups. Blood flow velocities were measured using
Caplmage software (Zeintl, Heidelberg, Germany). Hepato-
cyte apoptosis was measured in the same microscopic setup as
above. For this purpose, the fluorochrome Hoechst 33342
(Hoechst, 0.02ml, 0.2 ugml™") was topically applied onto the
liver surface for staining of hepatocyte DNA. Hoechst is a
fluorescent dye that has been widely used for analysis of
nuclear morphology (Kroemer et al, 1995), for example,
nuclear condensation and fragmentation in cultured hepato-
cytes and endothelial cells (Rauen et al., 1999). After
exsanguination and 10min of incubation, six microscopical
fields (using a x 63 lens) were recorded for off-line quantifica-
tion of hepatocyte nuclei showing signs of apoptosis (chroma-
tin condensation and fragmentation). Hepatocyte apoptosis is
given as the percentage of the number of hepatocyte nuclei
showing apoptotic features from the total number of
hepatocyte nuclei observed. The results of this method
correlate well with measurements of caspase-3 protease activity
(Klintman et al., 2004).
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RT-PCR

Total RNA was extracted from mouse livers using an acid
guanidinium—phenol-chloroform method (Trizol Reagent;
GIBCO-BRL Life Technologies, Grand Island, NY, U.S.A.)
and treated with RNase-free DNase (DNase 1; Amersham
Pharmacia Biotech Sollentuna, Sweden) in order to remove
potential genomic DNA contaminants according to the
manufacturer’s protocol. RNA concentrations were deter-
mined by measuring the absorbance at 260nm spectro-
photometrically. RT-PCR was performed with SuperScrip
One-Step RT-PCR system (GIBCO-BRL Life Technologies).
Each reaction contained 500 ng of liver total RNA as template
and 0.2 uM of each primer in a final volume of 50 ul. Mouse
p-actin served as an internal control gene. The RT-PCR
profile was 1 cycle of cDNA synthesis at 50°C for 30 min,
followed by 40 cycles of denaturation at 94°C for 30s,
annealing at 55°C and extension at 72°C for 1 min, 1 cycle of
final extension at 72°C for 10 min. After RT-PCR, aliquots of
the RT-PCR products were separated on 2% agarose gel
containing ethidium bromide and photographed. The primer
sequences of MIP-2, KC and f-actin were as follows: MIP-2 (f)
5-GCT TCC TCG GGC ACT CCA GAC-3', MIP-2(r) 5'-
TTA GCC TTG CCT TTG TTC AGT AT-3; KC (f) 5-GCC
AAT GAG CTG CGC TGT CAA TGC-3, KC(r) 5-CTT
GGG GAC ACC TTT TAG CAT CTT-3; p-actin (f) 5-ATG
TTT GAG ACC TTC AAC ACC-3', f-actin (r) 5-TCT CCA
GGG AGG AAG AGG AT-3.

ELISA

The right liver lobe was weighed and washed in PBS
containing penicillin, streptomycin and fungizon (100 Uml™")
and then kept cool in cold serum-free Dulbecco’s minimal
essential medium. The liver was then incubated in 1ml of
Dulbecco’s minimal essential medium solution containing 10%
fetal calf serum and 1% penicillin and streptomycin at 37°C in
a 12-well plate for 24 h as described previously (Riaz et al.,
2003). The cultured medium was harvested and stored in
—20°C until analysis of MIP-2, KC and IL-10 by use of double
antibody Quantikine ELISA kit using recombinant murine
MIP-2, KC and IL-10 as standards. The minimal detectable
protein concentrations are less than 0.5pgml~'.

Materials

FITC-dextran, D-galactosamine, lipopolysaccharide from
Escherichia coli, and rhodamine-6G were purchased from
Sigma Chemical Co., St Louis, MO, U.S.A. Ketamine
hydrochloride was from Hoffman-La Roche, Basel, Switzer-
land. Xylazine was from Janssen Pharmaceutica, Beerse,
Belgium. Hoechst 33342 was purchased from Molecular
Probes, Leiden, the Netherlands. Linomide was generously
provided by Active Biotech Research, Lund, Sweden.

Statistical analyses

Data are presented as mean values +s.e.m. Statistical evalua-
tions were performed using Kruskal-Wallis one-way analysis
of variance on ranks followed by multiple comparisons versus
control group (Dunn’s method). P<0.05 was considered
significant and » represents the number of animals.

Results

Challenge with LPS provoked massive damage to the liver
parenchyma, as indicated by elevated liver enzymes: AST
increased from 0.8+0.1 to 37.0+6.4uKatl™' and ALT
increased from 1.1+0.1 to 32.24+4.9 uKatl™' (Figure la and
b, P<0.05 vs PBS, n=4-5). It was found that pretreatment
with 300 mg kg day~' of Linomide, but not 30 mgkgday™', for
3 days prior to LPS challenge reduced AST and ALT by more
than 65% (Figure la and b, P<0.05 vs LPS alone, n=5-12).
In separate experiments, we found that pretreatment with
Linomide for only 4h prior to LPS exerted no protective
effect, that is, ALT was 41.6+4.8 uKatl™' and AST was
62.5+9.2 uKatl™" (P>0.05 vs LPS alone, n=135). Based on
these experiments, we evaluated the anti-inflammatory me-
chanisms of Linomide administered at 300 mgkg'day~! for
3 days. Hepatocyte apoptosis constitutes an integral part of
the pathogenesis in septic liver injury (Klintman et al., 2004).
Apoptosis was quantified by applying the DNA-binding
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Figure 1 Effect of Linomide on levels of (a) AST and (b) ALT
6h after treatment with PBS alone (Control) or with lipopolysac-
charide (LPS 10 ug)/D-galactosamine (1.1gkg™") in wild-type and
IL-10-deficient (—/—) mice. Linomide pretreatment (30 and
300 mgkgday ') was started 3 days prior to LPS challenge. Liver
enzymes were measured spectrophotometrically. Data represent
mean+s.e.m. and n=4-12. *P<0.05 vs control and *P<0.05 vs
PBS + LPS (wild-type mice). @ P<0.05 vs Lin 300 (wild-type mice).
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fluorochrome Hoechst 33342, which stains the nuclei of
hepatocytes and allows quantification of the percentage of
cells with nuclear condensation and fragmentation (Rauen
et al., 1999). This approach correlates very well to quantitative
measurements of caspase-3 in this model (Klintman et al.,
2004). In PBS-treated controls, the baseline level of apoptosis
was 2.54+0.5%, which increased to 31.0+2.9% in endotoxe-
mic mice (Figure 2, P<0.05 vs PBS, n=4-5). Linomide
decreased the percentage of apoptotic hepatocytes down to
16.7+1.4%, corresponding to a 46% reduction in LPS-treated
animals (Figure 2, P<0.05 vs LPS alone, n=5-12). Indeed,
hepatic injury is not only regulated by proinflammatory
cytokines but is also under inhibitory influence exerted by
counter-regulatory cytokines, such as IL-10 (Hickey et al.,
1998). It was found that Linomide exerted no beneficial effect
on endotoxin-induced liver injury in IL-10 gene-targeted mice,
that is, AST (Figure la), ALT (Figure 1b) and apoptosis
(Figure 2) increased significantly in response to LPS in IL-10-
deficient mice pretreated with Linomide as compared to wild-
type mice (P<0.05 vs wild type, n=4-5).

Next, we used intravital microscopy to determine the
microvascular effects of Linomide in endotoxemic mice. We
observed that the number of rolling and firmly adherent
leukocytes was 3.34+0.5 cells mm™"' and 1.8+0.5cellsmm™
venule length, respectively, in PBS-treated control animals
(Figure 3a and b, n=4). LPS treatment increased leukocyte
rolling to 39.0+4.2cellsmin™' and firm adhesion to
57.0+7.3cellsmm~' (Figure 3a and b, P<0.05 vs PBS,
n=4-5). Pretreatment with Linomide had no effect on
endotoxin-induced leukocyte rolling (Figure 3a, n=5-12). As
expected, LPS challenge caused a marked increase in leukocyte
adhesion (Figure 3b, P<0.05 vs wild type, n =4-5). Interest-
ingly, Linomide pretreatment significantly reduced LPS-
induced leukocyte adhesion in wild-type (87% reduction) but
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Figure 2 Effect of Linomide on apoptosis of hepatocytes 6 h after
treatment with PBS alone (control) or with lipopolysaccharide (LPS
10 ug)/D-galactosamine (1.1g kg™') wild-type and IL-10-deficient
(—/—) mice. Linomide pretreatment (300 mg kg day~") was started 3
days prior to LPS challenge. Hepatocyte apoptosis is given as the
percentage of observed hepatocyte nuclei with morphological signs
of apoptosis, that is, chromatin condensation and fragmentation,
after administration of the fluorochrome Hoechst 33342. Data
represent mean+s.em. and n=4-12. #P<0.05 vs control and
*P<0.05 vs PBS + LPS (wild-type mice). @ P<0.05 vs Lin 300 (wild-
type mice).
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Figure 3 Effect of Linomide on leukocyte (a) rolling and (b)
adhesion 6h after treatment with PBS alone (control) or with
lipopolysaccharide (LPS 10 ug)/D-galactosamine (1.1gkg™") wild-
type and IL-10-deficient (—/—) mice. Linomide pretreatment
(300 mgkgday™") was started 3 days prior to LPS challenge. Data
represent mean+s.em. and n=4-12. #P<0.05 vs control and
*P<0.05 vs PBS + LPS (wild-type mice). ® P<0.05 vs Lin 300 (wild-
type mice).

not in IL-10-deficient animals (Figure 3b, n=>5-12). In fact,
LPS-induced leukocyte adhesion was significantly higher in
IL-10-deficient mice compared to wild types (Figure 3b,
P<0.05 vs wild type, n=4-5).

The hepatic injury associated endotoxemia is also character-
ized by decreased perfusion and increased sequestration of
leukocytes in the sinusoids (Klintman etz al., 2004). Indeed, we
found that LPS challenge decreased sinusoidal perfusion by
21% and increased sinusoidal trapping of leukocytes by more
than five-fold (Figure 4a and b, P<0.05 vs PBS, n=4-5). It was
found that Linomide significantly improved microvascular
perfusion and reduced sinusoidal sequestration of leukocytes
(Figure 4a, b, P<0.05 vs LPS alone, n=5-12). In contrast,
Linomide had no effect on the number of sequestered leukocytes
in sinusoids provoked by LPS in IL-10-deficient mice (Figure 4b,
n=>5-12). Importantly, pretreatment with Linomide did not
change systemic leukocyte counts (data not shown).

Recent findings have shown that CXC chemokines are
important regulators of leukocyte recruitment in endotoxin-
induced liver damage (Li et al., 2004). Herein, we first

British Journal of Pharmacology vol 143 (7)
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Figure 4 Effect of Linomide on sinusoidal (a) perfusion and (b)
leukocyte sequestration 6 h after treatment with PBS alone (control)
or with lipopolysaccharide (LPS 10 ug)/D-galactosamine (1.1 gkg™")
wild-type and IL-10-deficient (—/—) mice. Linomide pretreatment
(300mgkgday™") was started 3 days prior to LPS challenge.
Perfusion rates are given as perfused sinusoids as percentage of all
sinusoids observed. Sinusoidal sequestration of leukocytes was
determined in 10 HPF. Data represent mean+s.e.m. and n=4-12.
#P <0.05 vs control and *P<0.05 vs PBS + LPS (wild-type mice).
a P<0.05 vs Lin 300 (wild-type mice).

examined the mRNA expression of MIP-2 and KC. Total
RNA was isolated from the liver, reverse transcribed into
c¢DNA and PCR amplificated with specific primer for MIP-2
and KC. The results showed no gene expression of MIP-2 and
KC in PBS-treated controls (Figure 5a). Notably, after LPS
challenge the mRNA expression of both MIP-2 and KC was
markedly increased (Figure 5a), suggesting that both MIP-2
and KC are expressed in the liver of endotoxemic mice.
Interestingly, it was found that pretreatment with Linomide
decreased endotoxin-induced expression of CXC chemokine
mRNA, especially KC (Figure 5a). Next, the protein levels of
MIP-2 and KC were examined. Indeed, we observed that the
hepatic levels of MIP-2 and KC increased by more than 10-
and 32-fold, respectively, in response to LPS exposure (Figure
5b and ¢, P<0.05 vs PBS, n=4-5). Pretreatment with
Linomide decreased LPS-induced expression of MIP-2 by

63% (from 84.2+5.7 down to 31.34+9.2pgmg™") and KC by
80% (from 66.4410.6 down to 13.6+5.2pgmg~") (Figure 5b
and ¢, P<0.05 vs LPS alone, n=4-5). However, Linomide
pretreatment did not reduce CXC chemokine levels in IL-10-
deficient mice (Figure 5b and c). In fact, administration of
endotoxin significantly increased the hepatic levels of MIP-2
and KC in IL-10-deficient mice pretreated with Linomide
(Figure 5b and ¢, P<0.05 vs wild type, n=4-5) as compared
to wild-type animals. Interestingly, we found that Linomide
increased the production of IL-10 by more than three-fold in
the liver (from 2.2+0.2 to 6.5+ 1.6 pgmg ') (Figure 5c and d,
P<0.05 vs LPS alone, n=4-5).

Discussion

Linomide has been shown to exert protective effects against
septic liver injury. This study not only confirms the protective
effect of Linomide in the liver but also demonstrates that
Linomide inhibits endotoxin-induced expression of CXC
chemokines via local upregulation of IL-10. Considering the
important role of CXC chemokines in the pathological
recruitment of leukocytes, this Linomide-mediated down-
regulation of CXC chemokines may help explain the anti-
inflammatory mechanisms of this immunomodulator in
endotoxin-induced liver damage.

The immunomodulator Linomide is known to protect
against a broad spectrum of conditions, including inflamma-
tory and autoimmune diseases (Bjorck & Kleinau, 1989;
Gonzalo et al., 1993; Gross et al., 1994; Hortelano et al., 1997,
Diab er al., 1998; Zhu et al., 1998; Liu et al., 2003). We have
previously shown that Linomide protects against tumor
necrosis factor-a (TNF-o)-induced leukocyte recruitment and
liver damage (Zhang et al., 2000; Klintman ez al., 2002). We
now extend these observations by showing that Linomide also
protects against LPS-induced liver injury. This is compatible
with the known downstream role of TNF-¢ in mediating the
harmful effects of endotoxemia in the liver (Hishinuma et al.,
1990). Recent studies have shown that CXC chemokines are
key mediators in endotoxin-induced liver injury (Li et al., 2004)
by promoting the extravasation of leukocytes into the liver. In
fact, there is evidence in the literature supporting the concept
that intravascular adhesion of leukocytes is not sufficient to
cause liver injury but that actual extravasation of leukocytes is
required to significantly damage the liver (Chosay ez al., 1997).
We observed in the present investigation that Linomide
significantly reduced local production of MIP-2 and KC by
more than 63% in livers of endotoxemic mice. This Linomide-
induced suppression of MIP-2 and KC correlated very well
with the attenuation of liver damage as evidenced by decreased
liver enzymes, leukocyte adhesion, hepatocyte apoptosis and
increased sinusoidal perfusion as observed herein. In light of
the critical role played by the CXC chemokines in leukocyte
extravasation in this model (Li et al., 2004), these findings
suggest that inhibition of MIP-2 and KC is an important anti-
inflammatory mechanism exerted by Linomide. This is the first
study showing that Linomide can negatively regulate the
expression of chemokines, although considering the potent
effect of Linomide against leukocyte activation and recruit-
ment reported in numerous and diverse models of pathological
inflammation, downregulation of chemokine production may
not be limited to models of endotoxemia.

British Journal of Pharmacology vol 143 (7)
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Figure 5 Effect of Linomide on the (a) gene expression of MIP-2 and KC and on the protein levels of (b) MIP-2 (c) KC and (d) IL-10 in the
liver 6h after treatment with PBS alone (control) or with lipopolysaccharide (LPS 10 ug)/D-galactosamine (1.1 gkg™") wild-type and IL-10-
deficient (—/—) mice. Linomide pretreatment (300 mgkg day~') was started 3 days prior to LPS challenge. Levels of MIP-2, KC and IL-10
were determined by use of ELISA. Data represent mean+s.e.m. and n=4-5. #P<0.05 vs control and *P<0.05 vs PBS + LPS (wild-type

mice). @ P<0.05 vs Lin 300 (wild-type mice).

An accumulating body of evidence indicates the importance
of a delicate balance between pro- and anti-inflammatory
mediators in tissue homeostasis (Netea et al., 2003). We have
shown that Linomide inhibits the expression and function
of proinflammatory mediators, such as TNF-¢ and CXC
chemokines (this study, Klintman et al., 2002). Interestingly,
we found that Linomide increased the liver content of IL-10 by
more than three-fold in endotoxemic mice in the present study.
Thus, our novel data demonstrate that Linomide favors
an anti-inflammatory profile by simultaneously antagonizing
proinflammatory substances, including MIP-2 and KC,
and inducing counter-regulatory cytokines (i.e. IL-10).
This notion is also supported by our finding that IL-10-
deficient mice pretreated with Linomide are not protected
against liver inflammation and hepatocellular damage and
apoptosis after challenge with endotoxin. In this context,

knowing that Hogaboam et al. (1998) have shown that
nitric oxide inhibits IL-10 production in an experimental
model of sepsis, it is interesting to note that Linomide
attenuates LPS-mediated induction of nitric oxide synthase
(Hortelano et al., 1997). Thus, it may be speculated that
Linomide may inhibit nitric oxide synthesis, which in turn
leads to increased levels of IL-10. However, the establishment
of such an anti-inflammatory mechanism of Linomide requires
further studies.

In conclusion, our novel findings demonstrate that Lino-
mide protects against septic liver injury by locally upregulating
IL-10, which in turn inhibits CXC chemokine production. Our
findings help explain the anti-inflammatory mechanisms of
Linomide in endotoxin-provoked liver damage and lends
further support to the concept that Linomide may be a
candidate drug to protect the liver in sepsis.
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