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Decreased Neutrophil Apoptosis in Patients with
Sepsis is Related to the Activation of NF-xB

Sung Youn Kwon, M.D., Choon-Taek Lee, M.D., Young Whan Kim, M.D.,
Sung Koo Han, M.D., Young-Soo Shim, M.D., Chul-Gyu Yoo, M.D.

Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Seoul National University,
College of Medicine, Clinical Research Institute, Seoul National University Hospital,

Lung Institute, Medical Research Center, Seoul National University

Background : Neutrophil-mediated inflammation is usually self-limiting, because neutrophils have a
remarkably short life span. Prolonged neutrophil survival, which is caused by decreased spontaneous
apoptosis, leads to persistent inflammation in sepsis. Because many inflammatory cytokines, which
generate signals that delay apoptosis, are regulated by nuclear factor-xB transcription factor, we
hypothesized that nuclear factor-xB might be related to the reduced neutrophil apoptosis observed in
Sepsis.

Methods : Neutrophils of healthy volunteers and sepsis patients were freshly isolated from venous
blood. Neutrophil apoptosis was assayed with two approaches : by counting apoptotic cells under a
microscope and by flow cytometry using Annexin V. The activity of nuclear factor-xB was assessed
by immunofluorescent staining or electrophoretic mobility shift assay. Expression of X-linked inhibitor
of apoptosis was measured by western blot assay.

Results : We confirmed reduced spontaneous neutrophil apoptosis in patients with sepsis. The number

of apoptotic neutrophils in patients with sepsis increased to the level of that in healthy controls after
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cycloheximide treatment, suggesting that decreased spontaneous neutrophil apoptosis is dependent on de

novo protein synthesis. In patients with sepsis, basal neutrophil nuclear factor-xB was activated

compared to the level in healthy controls. Moreover, a blockade of nuclear factor-xB activity reversed

the decreased spontaneous neutrophil apoptosis in sepsis patients. Meanwhile, X-linked inhibition of

apoptosis expression, which is regulated by nuclear factor-xB, decreased 24 hours after incubation in

healthy persons, but persisted for 24 hours in patients with sepsis.

Conclusion : These observations suggest that the reduced spontaneous neutrophil apoptosis observed in

patients with sepsis may be related to the induction of survival protein by nuclear factor-x

B.(Tuberculosis and Respiratory Diseases 2003, 54:495-508)

Key words : Sepsis, Neutrophil, apoptosis, Nuclear factor-xB.
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Fig. 1. Spontaneous neutrophil apoptosis decreased in patients with sepsis.

Human neutrophils(2x10°/ml) isolated from the peripheral blood of patients with sepsis and
from healthy persons were incubated for the indicated times. (A) Cyto-centrifuged neutrophils
were fixed in methanol and Wright-Giemsa stained. (B) Cells with distinctive apoptotic
features were counted under a light microscope(atx400). At least 300 cells were counted per
slide. The percentages of apoptotic neutrophils are shown as meanststandard error of
mean(SEM). #p<0.05 compared to healthy persons. (C) Neutrophils were incubated with
Annexin V-FITC to determine phosphatidylserine exposure, a marker of apoptosis. Propidium
iodide dual labeling was used to differentiate apoptosis from necrosis. Cells were fixed and
analyzed using a FACStar™ flowcytometer, and five thousand events were counted for each
sample. (D) The percentages of apoptotic neutrophils are shown as meanstSEM. #*:p<0.05

compared to healthy persons.
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Fig. 2. Cycloheximide treatment reversed the

reduced spontaneous neutrophil apoptosis
in patients with sepsis.
Neutrophils from healthy persons and
patients with sepsis were purified and
incubated for 24 hours, either in the prese
nce or absence of cycloheximide(10 pg/ml).
Apoptotic neutrophils were quantitated by
FACS using Annexin V. The percentages of
apoptotic neutrophils are shown as means+
SEM. #p<0.05 compared to the media
controls.
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control
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Fig. 3. NF-xB was activated in the basal state neutrophils of sepsis patients.
Freshly isolated neutrophils from sepsis patients and healthy persons were cyto-centrifuged,
fixed with 3% formaldehyde, and permeabilized with 0.5% Triton X-100. Immunofluorescent
staining for the NF-xB subunit p65 was performed using p65 antibody, followed by incubation
with rhodamine(TRITC)-conjugated secondary antibody. Slides were analyzed under a

fluorescent light microscope. Experiments were performed in triplicate.
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Fig. 4. The blockade of NF-xB NF-kB activation increased the apoptosis of neutrophils from sepsis

patients.

(A) The proteasome inhibitor MG132 effectively blocked TNF-a-induced NF-kB activation in
neutrophils. Neutrophils isolated from healthy persons were incubated with medium alone or
with 25, 5, or 10 (M of MGI132 for 2 hours, and then stimulated with TNF-a (20 ng/ml) for
30 minutes. Nuclear extracts were prepared and subjected to EMSA using a kB site DNA
probe, as described in ‘Materials and Methods’. (B) MGI132 treatment reversed the decreased
spontaneous apoptosis observed in patients with sepsis. Human peripheral blood neutrophils (2
x10%ml) from sepsis patients and normal controls were incubated for 24 hours, either in the
presence or absence of MGI132(10 uM). Apoptotic neutrophils were quantitated by FACS
using Annexin V. The percentages of apoptotic neutrophils are shown as means+SEM.
*p<0.05 compared to the media controls. (C) DHMEQ (40 pg/ml) treatment had the same

effect as MG132 on neutrophil apoptosis.
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Fig. 5. XIAP expression in neutrophils lasted
longer in patients with sepsis.
Neutrophils from healthy persons and from
patients with sepsis were purified and
incubated for 24 hours. Equal amounts of
whole cell lysates were separated by 10%
SDS-PAGE and analyzed for XIAP by
western blot analysis using rabbit poly-
clonal anti-XIAP antibody(upper panel). To
confirm equal protein loadings, the
membrane was stripped and reprobed with
B-actin antibody (lower panel). Results
are representative of three separate
experiments.
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