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Sepsis and its sequelae are among the most com-
mon problems in critically ill patients. Despite
advances in antimicrobial agents and improved
supportive management, an estimated 40% to
50% of patients with septic shock die of refractory
shock or multiple organ failure.1–3 Because of
morbidity and the cost of critical care, early diag-
nosis and prevention of infectious episodes are
major economic imperatives.4

Interleukin-8 (IL-8) is an important mediator
of host response to injury and infection.5 IL-8 is
produced by phorbol 12–myristate 13–acetate
(PMA) and lipopolysaccharide (LPS).6,7 In clinical
settings, IL-8 has been studied in association with
various acute and chronic infectious conditions
including sepsis.8–10

We studied activation of mediators, including
neutrophils, C-reactive protein (CRP), and IL-6,
in patients with septic syndrome to further delin-
eate the role of IL-8 in sepsis generally and in
patients with leukemia undergoing chemotherapy.
Finally, we determined whether bacterial antigens
including PMA, LPS, and lipoteichoic acid (LTA)
could induce IL-8 production in vitro.

MMaatteerriiaallss  aanndd  MMeetthhooddss
Patients
The study included 152 patients with septic syn-
drome, as defined with the criteria described by
Bone et al.3 In addition, blood samples were col-
lected from 6 patients receiving treatment for
acute myelogenous leukemia (AML) at the Third
Department of Internal Medicine at Gunma Uni-
versity Medical Center, Japan. Healthy controls 
(n = 25) were selected randomly from volunteers
from our departmental staff.

The cytokine network is activated in the
pathogenetic mechanisms of septic diseases. We measured
serum concentrations of interleukin-8 (IL-8) in 152 patients
with septic syndrome and 25 control subjects. IL-8
concentration in patients with septic syndrome was
significantly (P<.05) higher than in controls. Serum IL-8
concentration was assayed prospectively in 6 patients
undergoing chemotherapy for leukemia. Increased IL-8
concentration preceded onset of fever and elevation of C-
reactive protein by 1 day. Human peripheral whole blood
cells were stimulated with phorbol 12–myristate 13–acetate
(PMA), lipopolysaccharide (LPS), or lipoteichoic acid. IL-8
mRNA expression was detected 10 minutes after PMA or
LPS exposure, and IL-8 was secreted into culture media 3
hours after exposure. These data suggest that IL-8 is a useful
early indicator of bacterial infection.
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Fig 1. Circulating interleukin-8 (IL-8) concentrations in
healthy volunteers and in patients with septic
syndrome with and without culture-proved bacteremia.
*P<.05 vs healthy controls. Data represent mean plus
standard error.
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Serum Sampling
Serum was collected in sterile tubes at study entry
and on days 1 and 10 after initial sampling in sur-
viving patients. Aliquots of serum samples were
prepared, coded by number, and stored in plastic
tubes at –70°C until blind assay. No serum sample
underwent more than 2 freeze-thaw cycles before
being assayed.

Reagents
PMA, LPS (from Escherichia coli O26:B6), and
LTA (from Staphylococcus aureus and Streptococcus
pyogenes) were purchased from Sigma (St Louis).

IL-6 and IL-8 Assays
Cytokine concentrations were measured with an
enzyme-linked immunosorbent assay (ELISA;
Fujirebio, Tokyo, Japan) according to a two-step
sandwich method.11 This kit includes all ELISA
components. The 96 wells of a microtiter plate
were coated with affinity-purified polyclonal
antibody to human IL-8, and serum samples were
added to the wells. Then horseradish peroxidase
(HRP)–labeled anti-human IL-8 monoclonal
antibody was allowed to form an antibody-
antigen complex, with IL-8 sandwiched between
the primary antibody immobilized on the well
and the enzyme-labeled secondary antibody.
Finally, the complex-bound HRP was allowed to
react with a color development system, enabling
spectrophotometric measurement of bound IL-8.
The limit of detection of the assay was <1 pg of
human recombinant IL-8 per milliliter. The
ELISA kit also was used to measure antibodies
against IL-6, as described for IL-8.11 The assay
was specific for IL-6 and was not affected by the
presence of other interleukins. The limit of detec-
tion of the assay was <1 pg of recombinant IL-6
per milliliter.

Stimulation of Human Whole Blood Culture
Human whole blood was obtained from healthy
volunteers and cultured using routine methods in
RPMI 1640 medium (Gibco, Grand Island, NY)
supplemented with 10% fetal calf serum
(Gibco).7 Cultures at an appropriate density of
about 23105 cells/mL were treated with 10
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Fig 2. Correlation between interleukin-8 (IL-8) and A, WBC count; B, C-reactive
protein (CRP); and C, IL-6. A significant correlation was found between IL-8 and
CRP as well as IL-8 and IL-6.
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nmol/L PMA, 1 mmol/L LPS, or 1 mmol/L LTA.
Whole blood contains RBCs, platelets, neu-
trophils, and lymphocytes, in addition to mono-
cytes. After 10, 30, and 60 minutes of incubation,
the whole blood cells were processed as described
below. Cell suspensions were filtered through
glass fiber membranes. The resultant membrane
was denatured with solution (4 mol/L guanidine
thiocyanate, 25 mmol/L sodium citrate, 0.5%
Sarkosyl, 0.2 mol/L 2-mercaptoethanol). RNA was
then isolated by phenol-chloroform extraction.12

Transcript Amplification and Detection
Total RNA was reverse transcribed in a 25-mL
reaction volume containing 50 mmol/L TRIS (pH
8.3), 75 mmol/L potassium chloride, 3 mmol/L
magnesium chloride, 20 mmol/L DTT, 2.5 µmol/L
oligo (dT) 20, and 200 units of Superscript II
reverse transcriptase at 37°C for 1.5 hours. One
microliter of the first strand cDNA was synthesized
and mixed with 200 µmol/L each of deoxyadeno-
sine triphosphate (dATP), 2-deoxyguanosine-5´-
triphosphate (dGTP), deoxycytidine triphosphate
(dCTP), and deoxythymidine triphosphate
(dTTP), and 0.5 µmol/L each of sense and anti-
sense primer, 1.5 mmol/L magnesium chloride, 13
polymerase chain reaction (PCR) buffer, and 2.5 U
of Taq polymerase (Perkin Elmer, Foster City,
Calif), to a final volume of 10 µL. PCR was then
carried out in a DNA thermal cycler (UNOII; Bio-
metra, Gottingen, Germany) with 80 cycles of
denaturation (94°C for 1 minute), annealing (60°C
for 5 minutes), and extension (72°C for 1 minute).
After PCR, the PCR products were analyzed by
1.0% agarose gel electrophoresis, followed by stain-
ing with ethidium bromide. Oligonucleotide
sequences were selected by the database, taking
into account their secondary structures.13 As a
result, oligonucleotide primers were designed (IL-
8, amplicon size 719 bp; sense, 5´-ACTGAGAGT-
GATTGAGAGTGGACCA-3´ [No. 1]; antisense, 5´-
TGGTCCACTCTCAATCACTCTCAGT-3´[No. 2])
and produced with a synthesizer (Applied Biosys-
tems, Foster City, Calif).

SSttaattiissttiiccaall  AAnnaallyyssiiss
Statistical analysis was performed with the x2 or
Fisher exact test for comparison of proportions, and
analysis of variance for comparison of intergroup
differences. All significance levels were two-sided.

RReessuullttss
IL-8 in Patients With Sepsis 
and in Healthy Control Subjects
Concentrations of IL-8 in serum samples
obtained from 25 healthy donors ranged from 1
to 10 pg/mL (mean, 4 pg/mL; standard deviation,
4 pg/mL). On the basis of these results, IL-8 con-
centrations >10 pg/mL were considered elevated.
In serum samples from patients with sepsis, con-
siderably higher IL-8 concentrations were
detected, ranging from 8 to 179 pg/mL (Fig 1).
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Fig 3. Changes in
inflammatory
markers over time in
a patient undergoing
chemotherapy for
acute myelogenous
leukemia. Arrow
indicates increase in
interleukin-8 (IL-8)
prior to WBC count
and C-reactive
protein (CRP).
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Kinetics of IL-8 and WBC Count, 
C-Reactive Protein, and IL-6
No significant correlation was seen between IL-8
concentrations and numbers of WBCs. However,
IL-8 correlated positively with circulating CRP
and IL-6 in patients with sepsis syndrome (Fig 2).

IL-8 in Patients Undergoing Chemotherapy 
for Acute Myelogenous Leukemia
We analyzed serial serum samples from 6
patients undergoing chemotherapy for AML.
These patients had sepsis with bacterial infec-
tion. Case 1 showed significant elevation in
serum IL-8 concentration preceding onset of
fever (>37°C) and elevation of CRP level (Fig 3).
The other 5 cases showed the same sequence.
Elevation of IL-8 concentration preceded eleva-
tion of IL-6 concentration and CRP level, and
onset of fever in patients with leukemia during
septicemia (Fig 4).

Release of IL-8 in Human Whole Blood Cells
Human whole blood cells (106 cells/mL) were
challenged with either PMA, LPS, or streptococcal
or staphylococcal LTA at time zero, and IL-8 pro-
tein levels were determined at 0.5, 1, and 3 hours.
All of these antigens significantly (P<.05) induced
IL-8 production at 1 hour after exposure, and con-
tinued to do so at 3 hours (Fig 5).

Expression of IL-8 and IL-6 mRNA 
in Human Mononuclear Cells
Reverse transcriptase–PCR demonstrated that
PMA induced expression of IL-8 mRNA in
human mononuclear cells at 10 minutes. Both
LPS and LTA induced IL-8 mRNA at 30 and 60
minutes. None of the pyogens induced IL-6
mRNA (Fig 6).

DDiissccuussssiioonn
Patients with septic syndrome had elevated
serum concentrations of IL-8 independent of the
presence of a culture-documented infection and
changes in other inflammatory markers such as
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Fig 4. Relative elevation of A, interleukin-8 (IL-8); B, IL-6; and C, C-reactive protein
(CRP) before, at (arrow), and after onset of systemic fever. Data are for individual
patients. Lines show the average of the titers.
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IL-6 concentration, WBC count, or CRP. Early
production of IL-8 protein preceded by expres-
sion of IL-8 mRNA was confirmed in vitro with
human mononuclear cells. These data suggest
that elevation of IL-8 concentration may be an
early marker for sepsis syndrome in patients with
leukemia and septicemia.

Enhanced endogenous release of IL-8 has
been associated with infection in patients with
AML with chemotherapy-induced neutrope-
nia.14 Serum concentrations of this cytokine are
higher in patients who have experienced at least
one febrile episode, but production of IL-8 pre-
ceded the onset of febrile episodes or the pro-
duction of IL-6. In clinical settings, measurement
of IL-8 shows promise as an early indicator of
bacterial infection, particularly in patients with
leukopenia15 and in other immunocompromised
hosts.16 Parameters that reliably identify patients
at high risk for severe infection would be of

major importance for safe supportive treatment
of patients with neutropenic cancer after
chemotherapy.

Human monocytes when stimulated with LPS
release IL-8 proteins.17 We observed a substantial
increase in IL-8 mRNA in human whole blood
cells within 30 minutes after treatment (see Fig 6).
In addition, secretion of IL-8 proteins was sub-
stantially higher 60 minutes after stimulation
with PMA or LPS. In contrast, expression of IL-6
mRNA and protein was not increased within 60
minutes with any treatment (see Fig 5). There-
fore, the response of IL-8 induction and produc-
tion may be earlier than that of IL-6 with
treatment with bacterial antigens.

CCoonncclluussiioonn
We measured serum concentration of IL-8 in 152
patients with septic syndrome and 25 healthy vol-
unteers. The IL-8 concentration in patients with
septic syndrome was significantly (P<.05) higher
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Fig 5. Time course of
interleukin-6 (IL-6)
and IL-8 secretion
from whole blood
cells stimulated with
A, phorbol
12–myristate
13–acetate (PMA); B,
lipopolysaccharide
(LPS); and C,
streptococcal
lipoteichoic acid
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than in control subjects. Serum IL-8 concentra-
tion was assayed prospectively in 6 patients
undergoing chemotherapy for leukemia.
Increased IL-8 concentration preceded onset of
fever and elevation of CRP by 1 day. After human
whole blood cells were stimulated with bacterial
pathogens, IL-8 mRNA expression was detected
10 minutes after exposure, and IL-8 was secreted
into culture media 3 hours after exposure. These
data suggest that IL-8 is a useful early indicator of
bacterial infection.l
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transcriptase–
polymerase chain
reaction of
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