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Proinflammatory Cytokine Inhibitors, TNF-a
and Oxidative Burst of Polymorphonuclear Leukocytes
In the Pathogenesis of Sepsisin Newborns
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Abstract. This study wasto evaluate the levels of the proinflammatory cytokine tumor necrosis factor o (TNF-a)
and the cytokine inhibitors soluble TNF-a receptor (STNFR) and interleukin (IL-1) receptor antagonist (IL-1ra),
as well as the intensity of oxidative metabolism of peripheral blood polymorphonuclear leukocytes in the course
of sepsis in newborns. An increase of TNF-a, STNFR and IL-1ra concentrations was found in the blood serum
of the patients at the time of diagnosis. Thiswas further accompanied by polymorphonuclear leukocyte stimulation
and, as a consequence of prolonged bacterial antigen stimulation, functional exhaustion of these cells and their
diminished oxidative metabolism was observed. Within the same time period, an enhanced expression of p55 and
p75 TNF-a receptors on polymorphonuclear leukocyte cell surfaces was found. It was indicated that the applied
pharmacotherapy caused a decrease of the initialy elevated concentrations of TNF-a and proinflammatory cyto-
kineinhibitors (STNFR, IL-1ra). The intensive therapy of sepsis was associated with the increased oxidative burst
of polymorphonuclear leukocytes along with the decrease of p55 and p75 expression on their cell surfaces.
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Introduction and cellular defense mechanisms: it activates coagula-

tion and the fibrinolysis system, macrophages, neutro-

Sepsisis defined as an organism’ s systemic reaction
to an infectious factor. Currently, the risk of sepsis and
its complications isincreasing due to the growing num-
ber of immune-compromised child patients. Sepsis pa-
thogenesisis complex and is still being elucidated. The
endotoxin of Gram-negative bacteria elicits humoral

phils and the release of endogenous inflammatory
mediators. The numerous pathogenic pathways in sep-
sis involve the remarkable role of the recently recog-
nized proinflammatory cytokines (TNF-a, IL-1, IL-6,
IL-8) released by activated macrophages, as well asthe
reactive oxygen species (ROS) generated in the course
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of the so-called oxidative burst of polymorphonuclear
leukocytes” 3 16 20 These cytokines may accelerate
septic states and bring about a fatal outcome under con-
ditions of uncontrolled immune response to infectious
factors.

Among the proinflammatory cytokines, TNF-a is
thefirst oneto appear in response to an infectious factor
and it isincluded among the most important sepsis and
endotoxic shock mediators® * 1 13, Many factors (e.g.
lipopolysaccharides of Gram-negative bacteria, staphy-
lococcus enterotoxin A, streptococcus egzotoxin A and
streptolysine O, antigens of fungi, parasites, viruses)
may stimulate monocyte-macrophage TNF-a release.
This cytokine, as a major proinflammatory mediator,
can induce oxidative burst in polymorphonuclear leu-
kocytes and activate ROS production in patients with
systemic infection® ** 6, The enzyme responsible for
this reaction in polymorphonuclear leukocytes and
other phagocyte cells is an oxidase system of
NADPH+H*, which catalyses one-electron oxygen re-
duction to the superoxide anion (O~)**. ROS, released
by phagocyte cells and active, aso within these cells,
display pronounced bactericidal properties. However,
their enhanced extracellular production by activated
phagocytes is responsible for tissue damage and multi-
organ failure: multiple organ dysfunction syndrome
(MODS) in the course of sepsis> °,

Some mechanisms evoked in the inflammatory sys-
temic response to infection appear efficient in maintain-
ing system homeostasis. The increased serum level of
the soluble type Il receptor of IL-1 (sIL-1R type Il) in
patients with sepsis binds free IL-1, eiminating its
proinflammatory action. IL-1, dong with TNF-a, is an
important sepsis mediator responsible for numerous in-
jurious effects'” %. However, other authors observed
increased concentrations of soluble TNF-a receptor
(STNFR) and IL-1 receptor antagonist (IL-1ra) in an
experimental model of meningitis'2. Some recent re-
ports in the literature indicate that polymorphonuclear
leukocytes can express antagonists of IL-1 (IL-1ra) that
are capable of IL-1 activity inhibition; therefore, it is
assumed that they might decrease inflammatory re-
sponse in this way. Some authors report an in-
creased concentration of IL-1ra in the blood serum of
children with sepsis® 8 15, These observation suggest
that IL-1ra may be a potent regulator of immune re-
sponse in vivo.

This study is aimed at evaluating TNF-a and
the proinflammatory cytokine inhibitors (STNFR and
IL-1ra) as well as the oxidative burst of polymorpho-
nuclear leukocytes in the progression of sepsis in
children.

J. P. Skoraet a.: Sepsis Pathogenesis in Newborns

Materials and Methods

The study included 17 patients with sepsis hospi-
talized at the Department of Intensive Care and Anes-
thesiology of the Pediatrics Institute and Clinical De-
partment of Pediatrics, Institute of Medical University
in £6dz. These children were born after 24 to 40 weeks
of a gestation, with birth masses of 580 to 4300 g and
Apgar scores of 1 to 10 points. The children’s ages at
diagnosis were between 8 and 88 days, mean 24 days.
Sepsis developed after the first week of life. Sepsis was
diagnosed based on clinical symptoms and laboratory
test results: blood morphology, bacteriological blood,
urine, stool, intubation catheter discharge tests, and the
indices of acute phase: C-reactive protein (CRP) and
procalcitonin (PCT). Symptoms of respiratory and cir-
culatory failure, lack of oral nutrition tolerance, ab-
domina distension, hypothermia, apathy, hepatos-
plenomegaly and hyperbilirubinemia should be
included among the sepsis symptoms that were noted
in our patients. Endotoxic shock was diagnosed in cases
of apnea, paleness, anuria, metabolic acidosis and
values of mean blood pressure below the age-normal
range. In 4 children with MODS, the disease outcome
was fatal.

At the beginning of therapy, a wide spectrum anti-
biotic therapy (aminoglycosides, synthetic penicillin),
modified with glikopeptides and cephal osporinesin ac-
cordance with the results of the bacteriological blood
tests and antibiotic resistance of bacterial species, was
applied. Moreover, cytokine inhibitors (pentoxifylline
— PTXF — a a dose of 5 mg/kg/h for 24 h) were ap-
plied in the therapy of all patients for three consecutive
days. In endotoxic shock-complicated cases, 1 g of
Pentaglobin (Biotest) from the first day of therapy for
three consecutive days, the catecholamines dopamine
and dobutamine at doses over 5 pg/lkg/min, as well as
norepinephrine, epinephrine at normotension-sustain-
ing doses, were administered.

The concentrations of TNF-a and the inhibitors of
proinflammatory cytokines: STNFRI 55 kDa and IL-
-1ra, were assayed in the blood sera of all patients.
Further, an evaluation of peripheral blood polymorpho-
nuclear leukocyte oxidative burst and TNF-a receptors
p55 and p75 on polymorphonuclear leukocyte cell sur-
faces was performed in al patients. The levels of TNF-a,
STNFR and IL-1rawere assayed twice in 13 out of the
17 patients. The first assay was performed at diagnosis
establishment, prior to antibiotic and pentoxifylline
therapy introduction, the second after antibiotic therapy
termination and positive outcome, that is, 12—24 h after
the last dose. In the 4 children with multiorgan failure
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and death in the course of disease, TNF-a and proin-
flammatory cytokine inhibitor assays were performed
only once. A similar schedule of assays (twice in the
13 children who survived and once in the 4 children
that died) was performed to evaluate the oxidative burst
of polymorphonuclear leukocytes, the expressions of
p55 and p75 receptors, as well as the indices of acute
phase (leukocytosis, CRP, PCT).

TNF-a, STNFR, IL-1ra assay. The levels of TNF-q,
STNFR and IL-1ra in blood sera of the patients were
assayed with an immunoenzymatic method (ELISA)
with assay sets for cytokines (Quantikine human TNF-a,
Quantikine human sTNFRI, Quantikine human IL-1ra,
R&D Minneapolis, MN, USA). The entire procedure
was performed according to the manufacturer’ sinstruc-
tions. The concentrations were calcul ated based on the
obtained standard curves.

The assay of polymorphonuclear leukocyte oxida-
tive burst. The oxidative burst of human polymorpho-
nuclear leukocytes was evaluated with the Bursttest re-
agent kit (Orpegen Pharma, Heidelberg, Germany)
using flow cytometry. For this purpose, a FACSCalibur
cytometer with argon laser 488 nm (Becton Dickinson)
was applied. The results were analyzed with the CEL L -
Quest program (Becton Dickinson). The results were
expressed as the mean fluorescence intensity (MFI) of
polymorphonuclear leukocytes activated with E. coli.
The assay of oxidative burst was performed indirectly
with dihydrorhodamine 123 (DHR 123). This reagent
is oxidized with an enzyme system involving
NADPH+H* to rhodamine 123, which can be measured
with flow cytometry.

TNF-a receptors p55 and p75 expressions on the
cell surfaces of neutrophils. The expressions of p55 and
p75 receptors for TNF-a on the surfaces of polymor-
phonuclear leukocytes were determined with monoclo-
nal antibodies conjugated with fluorescein (Fluoroch-
rome-anti-human TNFRI monoclona antibody, R&D,
Minneapolis, USA) and phycoerythrin (Fluorochrome-
-anti-human TNFRII monoclonal antibody, R&D, Min-
neapolis, USA) using flow cytometer FACSCalibur
(Becton-Dickinson). The results were analyzed with
the CELLQuest program and expressed as MFI in re-
lation to cell population with expressed p55 and p75
receptors.

The results were expressed as arithmetical meansin
the case of the cytokine and the inhibitors' concentra-
tions, and MFI of E. coli-stimulated polymorphonu-
clear leukocytes as well as in the case of the mean for
MFI of cells with p55 and p75 receptor expression.
Because the data distribution was not normal (which
had been determined with the Shapiro-Wilk test), fur-
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ther analysis was based on nonparametric tests. The
dependent data were analyzed with Wilcoxon's test.
The relations between the measured data were deter-
mined with Spearman’ s correlation coefficient (p). The
differences were considered significant at p <0.05.

Results

Statistical analysis with Wilcoxon’'s test revealed
that the initially eevated serum concentrations of TNF-a,
STNFR and IL-1ra (at the moment of sepsis diagnosis)
decreased with applied therapy and the values observed
after successful outcome were significantly decreased
(p=0.0037, p=0.0019 and p=0.0018, respectively) com-
pared with the onset of the disease (mean concentration
of TNF-a beforetreatment (1.) —19.35 pg/ml compared
with concentration after treatment (2.) — 4.7 pg/ml,
mean concentration 1. of STNFR — 440.7 pg/ml com-
pared with concentration 2. — 162.0 pg/ml, mean con-
centration 1. of IL-1ra — 5734.2 pg/ml compared with
concentration 2. — 965.9 pg/ml) (Fig. 1).

The assay results of polymorphonuclear leukocyte
oxidative burst intensity indicated a significant
(p=0.028) increase of these values after the termination
of antibiotic therapy (mean MFI after E. coli stimula-
tion value 1. — 30.06 compared with value 2. — 54.69)
(Fig. 2). Anindividua analysis showed that the oxygen
metabolism of polymorphonuclear leukocyteswas criti-
caly low in the 4 patients who died of sepsis: mean
MFI of neutrophils stimulated with E. coli in these pa-
tient was 11.4 at sepsis diagnosis.

The comparison of the p55 and p75 TNF-a receptor
expressions on the surface of polymorphonuclear leu-
kocyte cells reveded significant decreases of p55
(p=0.002) and p75 (p=0.016) expression after therapy
termination compared with the initial values (mean
MFI of cells with expressed p55 receptors: value 1. —
15.46 compared with value 2. — 5.02, mean MFI of
cells with expressed p75 receptor: value 1. — 52.99,
compared with value 2. — 17.47) (Fig. 3).

The indices of acute inflammatory reaction (CRP,
PCT) were significantly decreased after therapy termi-
nation (p=0.002 and p=0.0015, respectively) compared
with the initial values (mean CRP prior to the therapy
was 5.45 mg/dl in comparison with the value after the
therapy 0.28 mg/dl; mean PCT concentration prior to
the therapy 14.64 ng/ml in comparison with the con-
centration after therapy of 0.17 ng/ml).

The value of the Spearman coefficient indicated
a moderate but insgnificant correlation between the
TNF-a serum concentration in patients at sepsis diag-



158

before after
treatment treatment
sTNFR
(pg/mi) 440.7 p=0.0019
600+
400+
200
0,
before after
treatment treatment

after
treatment

before
treatment

Fig. 1. The level of TNF-a, STNFR, IL-1ra in blood serum of
children with sepsis

nosis and the intensity of the oxidative metabolism of
polymorphonuclear leukocytes (p=0.2585, p=0.3936).
Similarly, an insignificant negative correlation was
found between the oxidative metabolism of polymor-
phonuclear leukocytes and TNF-a receptor p75 ex-
pression on the surfaces of these cells (p=—0.3516,
p=0.2387) and STNFR serum concentration before ther-
apy commencement (p=—0.4780, p=0.0984).

However, a significant negative correlation was
found between IL-1ra serum concentration at the time
of diagnosis and the activity of polymorphonuclear leu-
kocyte oxidative metabolism (p= —0.6749, p=0.0113)
(Fig. 4). Moreover, there was a significant negative
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Fig. 3. Values of arithmeticadl mean MFI of polymorphonuclear
leukocytes with p55 and p75 receptor expression in children with
sepsis

correlation between CRP serum concentration after
sepsis therapy termination and the oxidative metabo-
lism of polymorphonuclear leukocytes (p=-0.7180,
p=0.0057).

Discussion

The proinflammatory cytokines and reactive oxygen
species are thought to be crucial mediatorsin the course
of sepsis. These cytokines display pleiotropic activities
in their cooperation with immune cells in response to
systemic infection. Reactive oxygen species, generated
due to cytokine preexposition, may damage tissues and
organsin the course of so-called oxidative stress, which
may be observed in cases of sepsis accompanied by an
altered equilibrium state between their production and
deactivation® 1°,

The aim of this study was to evaluate blood serum
concentrations of TNF-a, STNFR and IL-1rain child-
ren with serious sepsis and accompanying changes in
polymorphonuclear leukocyte oxidative metabolism.
The literature data considering these issues are some-
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Spearman's correlation coefficient = — 0.6749, p=0.0113
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Fig. 4. Thelevel of IL-1ra(pg/ml) in blood serum in relation to respiratory burst of polymorphonuclear leukocytesin children

with sepsis

times contradictory® & 9 1 131618 This study was
focused on the pattern of changes of these immune
parameters prior to and after sepsis therapy in our pa-
tients. The significant decrease of blood serum TNF-q,
STNFR and IL-1rain the course of sepsis therapy (Fig.
1) is supported by other investigators' reportst 4 8 12,
We could also identify a corrdation between the
presence of TNF-a in blood serum at the moment of
diagnosis and the intensity of the oxidative metabolism
of polymorphonuclear leukocytes: the lack of statistical
significance of the described correlation might be ex-
plained by both the small number of investigated child-
ren (13 patients) and the short half-life of this cytokine,
which may make short-lasting high levels difficult to
detect in serum. On the other hand, it is also known that
not only TNF-a, but also other proinflammatory cyto-
kines such as IL-1, IL-6 and IL-8, may contribute to
activation of neutrophil oxidative burst” 3. The evalu-
ated TNF-a receptor p55 and p75 expression on the
surfaces of polymorphonuclear leukocytes significantly
decreased in the course of sepsistherapy (Fig. 3), which
may further confirm TNF-a involvement in sepsis pa-
thogenesis.

The evaluation of polymorphonuclear leukocyte ox-
idative burst during sepsis was a subject of controver-
sy; these cells display enhanced oxidative metabolism
if isolated from patient with bacterial infection® 3 2,
LLovD et a.° were the first to demonstrate an increased
hydroxyl radical generation in vivo in sepsis patients.
Considering this fact, it was recognized that polymor-
phonuclear leukocytes may be primed in vitro (and
probably in vivo) for enhanced reactivity following

their preexposition to chemotactic factors and some
(proinflammatory) cytokines, and increase their pro-
duction of large amounts of reactive oxygen species.
However, the studies performed by VEespasiano et .18
implied that a decrease of neutrophil oxidative burst
and decreased ROS generation is observed in particu-
larly serious courses of sepsis, often complicated with
endotoxemic shock. Further, DriscoLL et al.> and Dros
sou et a.® aso observed decreased oxidative metabo-
lism in polymorphonuclear leukocytes in children with
serious infection. Based on own material, the evalu-
ation of neutrophil oxidative burst indicated decreased
ROS generation in the study patients at sepsis diagnosis
aswell asincreased ROS production by these cells after
successful termination of the applied therapy (Fig. 2).
The individual case studies revealed that the 4 children
who died due to sepsis complicated by endotoxemic
shock (excluded from the statistical analysis) presented
especially low MFI values after stimulation with
E. coli. The decreased oxidative burst of neutrophils
prior to the sepsis therapy, observed in our study corre-
lated with increased serum concentration of STNFR be-
fore the treatment and with the increased expression of
the p75 TNF-a receptor, should be explained by the
prolonged stimulation with bacterial antigens and the
functional exhaustion of polymorphonuclear leukocytes
in the course of serious systemic infection.

The negative correl ation between |L-1ra serum con-
centration before sepsis therapy and the activity of ox-
idative metabolism (Fig. 4) in neutrophils may confirm
the thesis of IL-1ra as a potent regulator of immune
response in vivo in children with a serious course of
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sepsis with a decrease of oxidative metabolism in neu-
trophils. Our results stay in agreement with other re-
ports on the effects of natural cytokine inhibitors, such
as IL-1ra, STNFR, sIL-1R type Il, in sepsis pathogen-
esis® 8 1 17 According to some reports, IL-1ra may be
applied in early laboratory diagnostics in sepsis, as it
appears in serum two days prior to clinica symptom
onset®. Moreover, the initially high serum concentra-
tions of proinflammatory cytokines (STNFR, IL-1ra)
revealed in this study may be explained by system
defense mechanism mobilizing against the injurious ef-
fects of these cytokines. The assays of CRP activity,
simultaneous with neutrophil oxidative metabolism
studies, indicated that the increase of neutrophil ability
toinitialize oxidative burst in patients with sepsis corre-
lated significantly with the decrease of CRP concentra-
tion after therapy termination.

In summary, it should be emphasized that a de-
crease of serum levels of TNF-a aswell asthe cytokine
inhibitors (STNFR, IL-1ra) was observed in the course
of sepsis therapy. It was accompanied by a decrease of
p55 and p75 TNF-a receptor expression on human
polymorphonuclear leukocytes and an enhanced oxida-
tive metabolism in these cells. The intensive sepsis
pharmacotherapy (wide-spectrum antibiotics therapy,
catechol amines, immunoglobulines, TNF-a inhibitors
— pentoxifylling) obviously caused the observed
changes in the immune indices presented above. These
observations indicate the substantial role of TNF-a,
STNFR, IL-1ra and ROS in sepsis pathogenesis. Sim-
ultaneous evaluation of the acute phase indices of in-
flammation state, concentration of proinflammatory cy-
tokines and their normally occurring inhibitors as well
as the oxidative metabolism of neutrophils may be use-
ful in patients with serious generalized infection for the
evaluation of the inflammatory process progression,
with further determination of the value of new methods
of therapy supporting the standard mode of therapeuti-
cal approach. Moreover, the evaluation of peripheral
blood polymorphonuclear leukocyte oxidative burst in
patients with sepsis (Bursttest) may be relevant in prog-
nosis.
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