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Modulation of inflammatory response in sepsis by proteasome
inhibition
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Introduction

Sepsis has become increasingly important over the past

decades, septic shock has a very high and increasing mor-

tality (Riedermann et al. 2003). Experimental data support

the theory that an early intense proinflammatory response

of the immune system after infection can cause harm or

set the stage for subsequent organ damage. Therefore,

interventions designed to attenuate inflammatory response

might be clinically useful (Glauser 2000). Unspecific block-

ing of the physiological reaction [e.g. blocking of CD14,

tumour necrosis factor (TNF)-a, TNF-aR or interleukin

(IL)-1R] has been shown to decrease severity of symptoms

in sepsis and mortality in lipopolysaccharide-induced septic

shock. However, it does not influence or even increase

mortality when subjects, both animals and humans, are

exposed to alive microorganisms (Glauser 2000;

Riedermann et al. 2003). This shows that our understand-

ing of the inflammatory process and its regulation is still

insufficient, and effective ways of how to beneficially
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Summary

The Ubiquitin-proteasome system has recently been shown to be involved in the

regulation of cytokine expression. We tested the hypothesis of whether the in vivo

administration of proteasome inhibitor MG-132 can modulate cytokine response and

mortality in sepsis. Sepsis was induced in mice by caecal ligation and puncture

(CLP). Animals were divided into four groups: control, CLP, CLP and 1 lg MG-

132/g of b.w. intraperitoneally, and CLP and 10 lg MG-132/g of b.w. Plasma levels

of interleukin (IL)-1, tumour necrosis factor-a (TNF-a, IL-6 and IL-10 were deter-

mined by ELISA 6 h after the induction of sepsis. CLP induced significant increase in

plasma levels of all measured cytokines. MG-132 treatment resulted in lower

increase in IL-1, TNF-a and IL-10 levels. IL-6 was not significantly affected. A mor-

tality study revealed prolonged survival in MG-132 treated mice. We conclude that

MG-132 treatment decreases inflammatory response and prolongs survival in the

CLP model of sepsis.
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modulate inflammatory response are still being intensively

researched.

Proteasome inhibitors inhibit one of the major pathways

of intracellular proteolysis – adenosine triphosphate (ATP)

dependent ubiquitin-proteasome proteolytic pathway, which

is highly activated in sepsis (Hobler et al. 1999). Proteasome

inhibitors are perspective drugs, one of them is already used

for treatment of haematological malignancies (Richardson

et al. 2004), another is undergoing clinical trials for treat-

ment of stroke and myocardial infarction (Di Napoli &

Papa 2003) and their possible use in inflammatory diseases

remains to be evaluated. From the use of these drugs in can-

cers and other disease states with high incidence of sepsis

and from anti-inflammatory effects of proteasome inhibitors

arises a need for knowledge of how the proteasome inhibitor

treated organism reacts to pathogens. This study was

designed to show whether in vivo administration of protea-

some inhibitor MG-132 (Z-Leu-Leu-Leu-al) has any effect

on cytokine response and mortality in sepsis induced by cae-

cal ligation and puncture (CLP).

Methods

Female C57Bl/6 specified pathogen-free mice at the age of

6–8 weeks and body weight of 20–25 g were used in this

study. The experiments were performed in adherence to the

Guidelines on the Use of Laboratory Animals of the Kurume

University.

As a proteasome inhibitor we used MG-132 (Sigma

chemicals, St. Louis, MO, USA) that has been shown to inhi-

bit proteasome in a dose-dependent manner in living mice

(Lucker et al. 2003) and to decrease muscle proteolysis

in muscles from normal and septic rats (Kadlčiková et al.

2004). MG-132 was dissolved in dimethyl sulphoxide

(DMSO), diluted with physiologic saline to 1 ml and admin-

istered intraperitoneally. Sepsis was induced in ether anaes-

thesia by CLP. In brief, 80% of the cecum was ligated

through a 1.5 cm abdominal midline incision (Singleton &

Wischmeyer 2003). One through-and-through puncture was

made using an 18 gauge needle, and a small amount of stool

was expelled from the puncture to ensure leakage of the

intestinal content. After reposition of the bowel, the abdo-

men was closed in two layers. Sham-operated animals

underwent the same procedure without ligation and punc-

ture of the cecum. Two separate studies were performed to

assess the effect of proteasome inhibitor administration on

cytokine response and survival in CLP model.

In the first study, we evaluated cytokine response in CLP

after MG-132 administration. Animals were randomly

divided into four groups – control (sham surgery and diluent

administration) (n ¼ 7), CLP and diluent administration

(n ¼ 11), CLP and 1 lg MG-132/g of body weight (n ¼ 9),

and CLP and 10 lg MG-132/g of b.w. (n ¼ 10). MG-132

was administered 3 h before the surgery. Six hours after the

induction of sepsis or sham surgery animals were anaesthet-

ized with ether and blood samples were obtained by cardiac

puncture. Plasma was obtained from these blood samples

and levels of IL-1b, TNF-a, IL-6 and IL-10 were determined

by ELISA kits purchased from Biosource International

(Camarillo, CA, USA) according to manufacturers’ protocol.

Absorbance was determined at 450 nm and values were cal-

culated with Versamax Microplate Reader and SoftmaxPro

(Molecular Device, Sunnyvale, CA, USA).

In the second study, we assessed the impact of proteasome

inhibitor on survival in CLP model. MG-132 in a dose 10 lg/

g of b.w. was administered 3 h before or 3 h after the induc-

tion of CLP or sham operation; there were 12 animals in each

group. During the experiment, animals received standard

chow and water ad libitum and were observed for survival.

One-way anova followed by Tukey–Kramer test was used

for statistical analysis of inflammatory response. Kaplan–

Meier survival curves and Logrank test was used to analyse

mortality study. Significance was accepted at *P < 0.05.

Data are expressed as mean ± SEM.

Results

Plasma levels of all measured cytokines (IL-1b, TNF-a, IL-6

and IL-10) were not detectable in control animals. CLP

induced increase in plasma levels of IL-1b to 128 ± 16 pg/

Figure 1 Survival curves. Groups: caecal ligation and puncture

(CLP) only, MG-132 administration 3 h before CLP, and MG-

132 administration 3 h after CLP. In MG-132 treated groups,

survival was significantly longer compared with CLP group.

Logrank test, P ¼ 0.011, 12 animals in each group.
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ml, TNF-a to 109 ± 25 pg/ml, IL-6 to 19696 ± 3310 pg/ml

and IL-10 to 3258 ± 673 pg/ml, respectively. As shown on

Table 1, MG-132 treatment caused, in a dose dependent

manner, significantly lower increase in plasma levels of

IL-1b, TNF-a and IL-10. However, the effect on plasma

IL-6 levels was insignificant.

Figure 1 shows the effect of MG-132 administration on

survival after CLP. Survival was significantly longer in both

groups that received proteasome inhibitor and longest in a

group that received MG-132 3 h after induction of CLP.

Median times of survival for the three groups (CLP only,

MG-132 3 h before CLP, MG-132 3 h after CLP) were 24,

36 and 36 h, respectively.

Discussion

We have shown that in vivo administration of proteasome

inhibitor MG-132 significantly decreased production of

TNF-a, IL-1b and IL-10; production of IL-6 decreased insig-

nificantly. This finding suggests that proteasome is involved

in signal trasnsduction in CLP model of sepsis.

The reason why we observed a lower decrease in IL-6 pro-

duction after proteasome inhibition might by explained by

different pathways of interleukine activation. IL-6 produc-

tion is, at least partially, proteasome and NF-jB independ-

ent (Haddad & Fahlman 2002), and its expression is not

very sensitive to proteasome inhibition. This is consistent

with recent finding that proteasome inhibition attenuates

lipopolysaccharide-induced IjB degradation resulting in

impaired NF-jB activation with subsequent decrease in

TNF-a levels and no change in IL-6 levels in cultured macr-

ophage (Cuschieri et al. 2004).

It should be noted that MG-132 is not a specific protea-

some inhibitor. To a lesser extent it also inhibits other pro-

teases and its selectivity is shown by the fact that inhibition

of calpains and cathepsins requires at least 10-fold higher

concentration than inhibition of preteasomes (Tsubuki et al.

1996). However, we cannot exclude that part of the effects

of MG-132 is mediated by other proteases.

Prolonged survival after administration of proteasome in

our study shows that MG-132 inhibited the development

of inflammatory response, but preserved the response to

pathogens that is essential to combat the infection. The

longest survival in a group that received MG-132 3 h

after the induction of CLP, compared with MG-132 pre-

treatment, shows that it is not necessary to block pretea-

some before the onset of sepsis and that proteasome

inhibitor might be used as a treatment. Prolonged survival

was associated with a decrease in pro-inflammatory cytok-

ines in our experiment; this is in agreement with Manley

et al. (2005) and others who have shown that the expres-

sion of proinflammatory cytokines in the early phase of

sepsis is related to outcome. It is interesting to note that

Manley et al. (2005) also showed that higher levels of

IL-10 in later phases of sepsis have some positive effects.

In our experiment, prolonged survival was associated with

lower expression of IL-10.

In conclusion, our data strongly suggests that proteasome

regulates signal transduction after CLP and that regulation

of proteasome activity by proteasome inhibitor could be an

effective way to modulate the inflammatory response in the

CLP model in mice.

Acknowledgements

We would like to thank Takeshita Kumi and Yamaguchi

Emiko for their technical assistance and James Dykman for

his English assistance. Roman Šafránek was partially suppor-
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372 R. Šafránek et al.

� 2006 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 87, 369–372


