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Mechanism of heat shock response in regulating NF-KB activation
in experimental septic rats
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Abstract

The present study was designed to investigate the
role of NFKB in influencing the outcome of sepsis
modulated by previous heat shock treatment. Rats
were induced experimental sepsis by CLP method and
heated by whole-bodily hyperthermia. They were
sacrificed at 9 hr and 18 hr after CLP as early and late
sepsis, respectively, and then the cytosol and nuclear
of liver was collected. The expression of Hsp72,
NF-kB (p65) and I-kB in cyotosol of liver was
evaluated by Western blot analysis and NF-kB activity
was detected by commercial ActivELISA™ kits. The
interaction between Hsp72, p65 and I-KB was assessed
by co-immunoprecipitation. The mRNA accumulation
of iNOS and TNF-a were detected by RT-PCR. The
results showed that the expression of I-kB and NF- kB
in cytosol of liver is declined during sepsis. NF-kB
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activity in nucleus of liver is significant enhancement
during sepsis, and then the target gene of NF-kB, such
TNF-a and iNOS, is activated. Heat shock treatment,
inducing heat shock protein synthesis, can prevent
[-kB expression from decline in cytosol of liver and
preserve the NF-kB in cytosol. Concomitantly, the
increase of NF-kB activity induced by sepsis is
inhibited, and then the expressions of TNF-¢gtand iNOS
mRNA were also down-regulation by heat shock
treatment. The interaction of Hsp72 with NF-kB and
I-kB was verified by co-immunoprecipitation with
anti-NF-kB p65 and anti-I-kB antibodies. We suggest
that the mechanisms of Hsp 72 in preventing NF-kB
activation during sepsis may involve in stabilizing the
complexes of NF-kB and I-kB and preserving the
complex in cytoplasm.

Keywords: sepsis, heat shock protein, cecal ligation
and puncture, NF-kappa B, I-kappa B

Introduction

In spite of advances in medical equipment and new
drugs administration, the mortality rate of sepsis
remains high. For decades, the pathogenesis of sepsis
has been extensively investigated by animal model
studies, leading to the clinical trial of anti-toxin or
anti-cytokine therapy. However, the effectiveness is
still limited. In the last decade, a novel self-protective
phenomenon called heat shock response has been
introduced to reduce the subsequent injury. In
response to various stresses, series of high conversed
protein named heat shock proteins (Hsps) can be
induced in almost all living cells. These proteins
protect cells or organisms through a mechanism called
thermotolerance or cross-tolerance. Amazingly, no
Hsps is induced by cecal ligation and puncture
(CLP)-induced sepsis or endotoxin-induced shock,
even during the dying late stage. On the other hand,
we previously showed that heat shock pretreatment
decreased significantly the mortality rate of
CLP-induced sepsis in rats. Similar results were also
obtained from studies that involved administration of
sodium arsenite, a chemical capable of inducing the
synthesis of Hsps. It is clear that over-expression of
Hsps is beneficial in the outcome of sepsis, even
though the molecular mechanism remain a
mystery. Nuclear factor-kB (NF-kB) is an inducible
eukaryotic transcription factor of the rel family and
normally exists as an inactive cytoplasmic complex. Its
predominant form is a heterodimer composed of p50



and p65 (Rel A) subunit. In the majority of cells,
NF-kB exists in an inactive from in the cytoplasm,
bound to the inhibitory I-kB protein and is activated in
response to primary (viruses, bacteria, UV) or
secondary (inflammatory cytokines) pathogenic
stimuli. Following stimulation, IkB protein was found
to be phosphorylated on two conserved serine residues,
leading to protein degradation via the proteasome
pathway. The released NF-kB/Rel dimers are then free
to migrate into the nucleus to activate the target gene
expression, such TNF a, IL- 8 or iNOS. During
infection and its associated situations, sepsis or
multiple organ dysfunction syndromes,
lipopolysaccharide and endotoxin initiate the host
response. Following the cascade of the disease, many
inflammatory mediators, such as pro-inflammatory
substances or cytokine, are released and induce NF-kB
activity. Not only does NF-kB response to
inflammatory mediators, it also participates in the
regulation of cytoplasmic / nuclear signaling of
immune and inflammatory response, and then activates
a great variety of genes expression. The present study
was designed to investigate the role of NF-kB activity
in influencing the outcome of sepsis and the
mechanisms of heat shock treatment in regulating the
NF-kB activity during sepsis.

Result

Figure 1. Changes of NF-kB (p65) expression in
cytosol of liver during various stages of sepsis and
influenced by previous heat shock treatment.
Expression of NF-kB (p65) was detected by Western
blot and immunochemical analysis (upper panel). The
results of statistical analysis of relative content of
NF-kB (p65) (ratio of OD p65 / actin) was showed in
lower panel. Equal amount of cytosolic extract from
liver of rats were applied. The expressions of
NF-kB(p65) were down-regulation in early and late
stage of sepsis. Heat shock treatment contributed in
preserving the NF-kB(p65) expression in cytosol of
liver during sepsis.

S: sham operation, E: early stage of sepsis, L: late
stage of sepsis, HE: early stage of sepsis with previous
heat shock treatment. HL: late stage of sepsis with
previous heat shock treatment.
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Figure 2. Changes of I-kB expression in cytosol of
liver during various stages of sepsis and influenced
by previous heat shock treatment.

Expression of [-kB was detected by Western blot
and immunochemical analysis (upper panel). The
results of statistical analysis of relative content of I-kB

(ratio of OD I-kB / actin) was showed in lower panel.
Equal amount of cytosolic extract from liver of rats
were applied. The expressions of [-kB were
down-regulation in early and late stage of sepsis. Heat
shock treatment contributed in preserving the I-kB
expression in cytosol of liver during sepsis.

S: sham operation, E: early stage of CLP-induced
sepsis without previous heat, L: late stage of
CLP-induced sepsis without previous heat, HE: early
stage of CLP-induced sepsis with previous heat shock
treatment. HL: late stage of CLP-induced sepsis with
previous heat shock treatment.
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Figure 3. Regulation of NF-kB activity in nuclear
of liver by heat shock pretreatment during sepsis.
NF-kB activity was detected by commercial
TransAM™ NF-kB kits, one of the ELISA based kit.
The NF-kB activity can be detected by
spectrophotometer at 45nm. Equal amount of nuclear
extract from liver of non-heated or heated group was
applied. The activity of NF-kB significantly increase
in early (E) and late (L) stage of sepsis compared with
sham operation (S)(P <0.05). Heat shock treatment
prevent the up-regulation of NF-kB activity induced
by sepsis (P <0.05).
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Figure 4. Heat shock treatment influences the
mRNA expression of tumor necrosis factor- a and
inducible  nitric oxide  synthase  during
sepsisMessenger RNA expression of tumor necrosis
factor- a (TNF- a) (upper panel) and inducible nitric
oxide synthase (iNOS)(lower panel) were evaluated by
reverse transcription-polymerase chain reaction
(RT-PCR). Total RNA from livers was subjected to
RT-PCR using TNF- a (541 bp) and iNOS (264 bp)
specific primers. while b-actin mRNA was amplified
simultaneously as a reference marker (420 bp). The
mRNA expression of TNF- a and iNOS were
promoted by sepsis, while it were prevented by heat
shock treatment.



S: sham operation, E: early stage of CLP-induced
sepsis without previous heat, L: late stage of
CLP-induced sepsis without previous heat, HE: early
stage of CLP-induced sepsis with previous heat shock
treatment. HL: late stage of CLP-induced sepsis with
previous heat shock treatment.
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Figure 5. The changes of I-kB/ NF-kB relative
content in the I-kB/ NF-kB complex in cytosol of
liver during sepsis.

The changes of I-kB/ NF-kB relative content were
investigated by co-immunoprecipitation with
anti-NF-kB (p65), and then the immuno-precipitates
were immunoblotted with anti-I-kB antibodies. Equal
amount of cytosolic extract from liver of rats were
applied. The results showed that I-kB/ NF-kB relative
content is without significant changes during sepsis.

S: sham operation, E: early stage of CLP-induced
sepsis without previous heat, L: late stage of
CLP-induced sepsis without previous heat, HE: early
stage of CLP-induced sepsis with previous heat shock
treatment. HL: late stage of CLP-induced sepsis with
previous heat shock treatment.
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Figure 6. The interaction of Hsp72 with NF-kB and
I-kB in cytosol of liver during sepsis

The interaction of Hsp72 with NF-kB and I-kB was
verified by co-immunoprecipitation with anti-NF-kB
p65 and anti-I-kB antibodies respectively , and then
the immuno-precipitates were immunoblotted with
anti-Hsp72 antibody. The results showed that Hsp72
can be co-immunoprecipitated with anti-NF-kB p65
and anti-I-kB antibodies.

Lane p65: immunoprecipitation with anti-NF-kB p65.
Lane I-kB: immunoprecipitation with anti-I-kB. PC:
positive control.
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Figure 7. Hsp72 expression in cytosol of liver
during sepsisExpression of Hsp72 was detected by
Western blot and immunochemical analysis. Beta-actin
was co-reacted as the internal standard. Equal amount
of cellular extract from livers of rats were applied. The
Hsp72 was undetectable in  liver of sham control and
can not be induced by sepsis. Heat shock treatment
induced the Hsp72 over-expression.S: sham operation,
E: early stage of CLP-induced sepsis without previous
heat, L: late stage of CLP-induced sepsis without
previous heat, HE: early stage of CLP-induced sepsis
with previous heat shock treatment. HL: late stage of

CLP-induced sepsis with previous heat shock
treatment.
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Summary

1. The expression of I-kB and NF- kB in cytosol of
liver is declined during sepsis. According the result,
we consider that the sepsis can lead to the I-kB
degradation in cytosol . Following I-kB dissociation
from NF- kB and degradation, the NF-kB was
turn-activation and translocation from cytoplasm to
nucleus.

2. During sepsis, NF-kB activity in nucleus of liver
is signifincnt enhancement, and then the target gene of
NF-kB, such TNF-a and iNOS, is activated.

3. Heat shock treatment can prevent [-kB expression
from decline in cytosol of liver and preserve the
NF-kB in cytosol. Concomitantly, the increase of
NF-kB activity induced by sepsis is inhibited by heat
shock treatment. We suggest that heat shock protein,
induced by heat shock treatment, may contribute in
regulation of NF-kB activity during sepsis.

4. The interaction of Hsp72 with NF-kB and I-kB was
verified by co-immunoprecipitation with anti-NF-kB
p65 and anti-I-kB antibodies.

5. In conclusion, We suggest that the mechanisms of
Hsp 72 in preventing NF-kB activation during sepsis
may involve in stabilizing the complexes of NF-kB
and I-kB and preserving the complex in cytoplasm.



