
Human peritoneal fibroblasts are a potent source of
neutrophil-targeting cytokines: a key role of IL-1b
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Polymorphonuclear leukocyte (PMN) infiltration is a cardinal feature of peritonitis. CXC chemokine ligands 1 and 8
(CXCL1 and CXCL8), and the cytokine granulocyte colony-stimulating factor (G-CSF) are the key mediators of PMN
accumulation. Increasing evidence points to an important role of human peritoneal fibroblasts (HPFB) in the response of
the peritoneum to infection. We have examined the synthesis of PMN-targeting cytokines by HPFB exposed to
intraperitoneal milieu as represented by peritoneal dialysate effluent (PDE) from patients undergoing peritoneal dialysis.
PDE obtained during peritonitis, but not during infection-free periods, significantly increased production of CXCL1,
CXCL8, and G-CSF by HPFB. The effect was largely blocked by antibodies to interleukin-1b (IL-1b), whereas neutralization
of tumor necrosis factor-a (TNFa) had no major effect. Similar pattern of inhibition was observed when HPFB were
exposed to conditioned media from endotoxin-stimulated peritoneal macrophages. Significance of IL-1b stimulation was
further shown in experiments with recombinant cytokines. Compared with TNFa, exposure of HPFB to recombinant IL-1b
resulted in a much higher release of PMN-targeting cytokines. The assessment of mRNA degradation revealed that the
IL-1b-induced transcripts of CXCL1, CXCL8, and G-CSF were more stable compared with those induced by TNFa. These
data indicate that HPFB can be a significant source of PMN-targeting cytokines when stimulated with IL-1b in the
inflamed peritoneum.
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Peritonitis occurs frequently in clinical practice. Its acute
phase is characterized by a rapid influx of polymorpho-
nuclear leukocytes (PMN) into the peritoneal cavity. PMN
play a key role in host defense against infection. It is essential
for the effective PMN bactericidal activity to occur that the
PMN concentration in the tissue affected reaches a required
level.1 The accumulation of PMN in tissues is a result of their
recruitment from the blood and mobilization from the bone
marrow. The processes are governed by specific PMN-tar-
geting cytokines. They include chemokines of the CXC family
(especially those bearing an ELRþ motif, eg CXC chemokine
ligands 1 and 8 (CXCL1 and CXCL8)2 and the cytokine
granulocyte colony-stimulating factor (G-CSF).3 Increased
peritoneal expression of these mediators during acute
peritonitis have been well documented in many clinical and

experimental studies.4–8 Importantly, neutralization of CXC
chemokines and of G-CSF in experimental models of
peritonitis has been shown to reduce PMN accumulation
in the inflamed peritoneum7,9–13 CXC chemokines have
been found to contribute to intraperitoneal PMN accumu-
lation not only by producing chemotactic activity, but also by
cooperating with G-CSF in PMN mobilization from the
bone marrow.13

The cytokines that control the recruitment of PMN
are generated locally at sites of inflammation. In the peri-
toneum, they are believed to derive largely from the
mesothelium.14–16 Peritoneal mesothelial cells constitute
the largest cell population in the peritoneal cavity and
display a major biosynthetic potential for generating
PMN-targeting cytokines.17–19 In contrast, the contribution
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1Department of Nephrology and Medical Intensive Care, Charité-Universitätsmedizin Berlin, Campus Virchow-Klinikum, Berlin, Germany; 2Department of Pathophysio-
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of peritoneal fibroblasts to the inflammatory reaction is less
understood.

Fibroblasts are believed to be involved predominantly in the
synthesis and remodeling of extracellular matrix in tissues.
However, there is a growing body of evidence that fibroblasts
may also act as sentinel cells that have a significant impact on
the course and resolution of inflammatory responses.20,21

Fibroblast have been shown to secrete a broad array of
inflammatory mediators, including cytokines, chemokines,
and prostanoids.22 Moreover, the profile of immunoregulatory
cytokines secreted by the fibroblasts has been found to differ
significantly according to their tissue origin.23 This diversity is
one of the aspects of marked heterogeneity observed among
various fibroblasts subpopulations.24

In the normal peritoneum, fibroblasts are only sparsely
distributed in the submesothelial stroma.25 However,
increasing evidence suggests that their population may
significantly increase as a result of peritoneal mesothelial cells
undergoing epithelial-to-mesenchymal transition.26 Fibro-
blast-like cells thus formed have been implicated in the in-
flammatory response, angiogenesis, and fibrosis seen in the
injured peritoneum.27 The injuries may be the result of
either peritonitis or hemoperitoneum, and also of prolonged
exposure to peritoneal dialysis fluids.28,25 In severe cases,
these situations may be associated with extensive losses of the
mesothelium, which may further increase the significance of
peritoneal fibroblasts as a source of inflammatory mediators.
In this respect, we have shown earlier that human peritoneal
fibroblasts (HPFB) are capable of synthesizing large quan-
tities of various chemokines. In this study, we have focused
on the synthesis of those HPFB-derived cytokines that spe-
cifically target PMN.

MATERIALS AND METHODS
Materials
Unless indicated otherwise, all chemicals were purchased
from Sigma-Aldrich. Tissue culture media and fetal calf ser-
um (FCS) were from Invitrogen. All other tissue culture re-
agents and buffers were from Biochrom AG. Tissue culture
plastics were Falcons from Becton Dickinson. Recombinant
cytokines, anti-cytokine antibodies, and cytokine im-
munoassays were obtained from R&D Systems. All reagents
were of tissue culture or molecular biology grade, as required.
According to the manufacturers’ data, the endotoxin level in
these materials was o0.1 ng/mg protein for cytokines and
o0.1 ng/ml for media and buffers.

Culture of Peritoneal Fibroblasts
HPFB were isolated from omentum by trypsin digestion as
described by Jörres et al29 and Beavis et al30 The specimens of
apparently normal omentum were obtained from consenting
patients undergoing elective abdominal surgery. The donors
did not suffer from peritoneal pathologies such as peritoneal
inflammation and/or malignant spreading. Cells were char-
acterized and propagated as described in detail elsewhere.31

In addition, HPFB were stained with the TE-7 antibody,
which has recently been postulated to specifically recognize
fibroblasts.32 Before the experiments, cells were rendered
quiescent by incubation in medium (Hams’ F12) with
reduced FCS concentration (0.1%) for 48 h.29 Cells were
treated as specified in the figure legends. After the exposure,
the supernatants were collected, centrifuged to remove
cellular debris, and stored at �801C until assayed. The cells
were detached and counted using the Neubauer chamber.

Immunocytochemistry
HPFB were seeded into the Lab-Tekt Chamber Slides
(Nunc), cultured in standard medium until B70% con-
fluent, and then fixed with 3.7% buffered formaldehyde for
10min. The specimens were washed with PBS, permeabilized
with 1% Triton X-100 for 30min, and blocked with 1%
bovine serum albumin and 0.1% Tween 20 in PBS for 1 h.
The mouse monoclonal TE-7 antibody (Chemicon/Milli-
pore) that identifies fibroblasts32 was then applied at a
concentration of 1.3 mg/ml for 30min at room temperature.
Isotype IgG1 (Chemicon/Millipore) at the same concentra-
tion was used as a negative control. After the specimens were
washed with PBS, cells were treated with 0.3% H2O2 to
quench endogenous peroxidase activity. Bound antibodies
were detected by immunoperoxidase staining using the
EnVisionþ System (Dako) as per manufacturer’s instructions.

Spent Peritoneal Dialysate
Peritoneal dialysate effluent (PDE) was obtained from con-
senting patients undergoing continuous ambulatory perito-
neal dialysis (CAPD) for renal failure. PDE was collected
from patients with and without peritonitis (Table 1). Peri-
tonitis was diagnosed by the presence of at least two of the
three following criteria: abdominal pain, cloudy dialysate
effluent (which typically corresponds to the presence of more
than 100 white blood cells/ml with the fraction of PMN
450%), and the isolation of microorganisms from the
dialysate.33 PDE was collected on the day of presentation
with peritonitis. The effluent was drained on ice, centrifuged,
filtered through a 0.2 mm pore size filter, and stored in
aliquots at �801C, as described earlier.34 PDE was also
obtained from patients (n¼ 9) with no record of peritonitis
and/or catheter exit site infection during 4 weeks before
effluent collection.35 Equal volumes of PDE from these
patients were pooled and processed as above.

Culture and Conditioned Medium from Peritoneal
Macrophages
Human peritoneal macrophages (PM) were harvested from
infection-free CAPD patients (n¼ 4), as described earlier.36

Isolated cells were incubated in Hams’s F12 medium
(with 0.2% FCS) and stimulated with or without lipopoly-
saccharide (LPS, from E. coli O26:B5, 1mg/ml) for 2 h at
371C. After the exposure, PM were washed twice with
medium and incubated in the absence of stimulation for the
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next 24 h. Conditioned media (PM-CM) were then collected,
filtered, and stored in aliquots at �801C.

Blocking Experiments
The ability of PDE and PM-CM to induce cytokine synthesis
in HPFB was assessed in the presence of antibodies (R&D

Systems) against IL-1b (AF-201-NA) and tumor necrosis
factor-a (TNFa; AF-210-NA). PDE or PM-CM were pre-
incubated with the antibodies (either alone or in combina-
tion) for 30min at 371C and then applied to HPFB cultures.
Unspecific IgG of the same class (AB-108-C) was used as
a control. Optimal neutralizing concentrations of the

Table 1 Characteristics of the peritoneal dialysate effluent donors

Patients with peritonitis Stable patients with no peritonitis

Patient no. 1 Patient no. 2 Patient no. 3 Patient no. 4 Pooled PDE

Age (years) 73 62 39 78 Median (range) 61 (23–68)

Gender F F F M M/F: 6/3

Underlying disease Diabetes Interstitial

nephritis

Glomerulonephritis Interstitial nephritis Glomerulonephritis (4)

Hypertension Nephrolithiasis Nephrolithiasis Diabetes (3)

Pyelonephritis Hypertension Hypertension Unknown (2)

Etiology of

peritonitis

Enterobacter

cloacae

Enterococcus

faecalis

Staphylococcus aureus,

Streptococcus pyogenes

Bacteriological

culture negative

Effluent (pg/ml)

CXCL1 470 532 56 182 o15

CXCL8 894 604 o15 386 Undetectable

G-CSF 248 466 60 90 Undetectable

sTNF-RI 3591 1639 1157 2778 ND

sTNF-RII 5830 3762 1555 3058 ND

IL-1b 34 39 Undetectable o5 Undetectable

TNFa 231 315 Undetectable Undetectable Undetectable

ND, not determined.

Table 2 Primer sequences and PCR conditions

Target Sequence Product size
(bp)

PCR
cycles

Annealing
temperature (1C)

CXCL1 F: 50-CTGCGCCCAAACCGAAGTCA-30 520 27 55

R: 50-ATCCGCCAGCCTCTATCACAG-30

CXCL8 F: 50-TGACTTCCAAGCTGGCCGTG-30 270 26 55

R: 50-TCTTCACAACCCTCTGCACC-30

G-CSF F: 50-GTGCAGGAAGCCACCCCCCTGGGC-30 471 34 67

R: 50-CCCTCCTGCCCGGCCCTGGAAAGC-30

b-Actin F: 50-GGAGCAATGATCTTGATCTT-30 204 30 55

R: 50-CCTTCCTGGGCATGGAGTCCT-30

F, forward; R, reverse; bp, base pairs.
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antibodies were determined by measuring their capacity to
reduce IL-1b- and TNFa-driven IL-6 release from HPFB as
described in the Results section.

Cytokine Measurements
Concentrations of cytokines and soluble cytokine receptors
were measured using DuoSet Immunoassays (R&D Systems),
according to manufacturer’s instructions. Specific release of
cytokines by HPFB exposed to PDE and PM-CM was cal-
culated after subtracting background levels detected in these
media from those recorded in post-culture supernatants.34

The results obtained were normalized per number of corre-
sponding cells.

RNA Isolation and Analysis
Total RNA from HPFB cultures was extracted with the RNA
Bee (Tel-Test) and purified according to the manufacturer’s
protocol. RNA (1mg) was reverse transcribed into cDNA with
random hexamer primers, as described.37 Expression of tar-
get mRNAs was assessed by semi-quantitative PCR as sum-
marized in Table 2. Primer sequences for human G-CSF
mRNA were kindly provided by Stratagene. PCR products
were separated by electrophoresis in ethidium bromide-
stained 3% agarose gels and visualized under UV illumina-
tion.

The stability of target mRNAs was assessed by measuring
the rate of mRNA degradation in the presence of the tran-
scription inhibitor actinomycin D. Briefly, HPFB were sti-
mulated with either IL-1b or TNFa (at 1 ng/ml) for 6 h at
371C, then washed, and pulsed with actinomycin D (5mg/
ml). At defined times, after the addition of actinomycin D,
the total RNA was extracted, reverse transcribed, and PCR
amplified as described above.

Statistical Analysis
Data are presented as means±s.e.m. of the results obtained
in independent experiments with cells from different donors.
Statistical analyses were carried out using GraphPad Prism
4.00 software (GraphPad Software Inc.). The data were
compared with repeated measures analysis of variance with
Newman-Keuls modification. A P-value of o0.05 was con-
sidered significant.

RESULTS
PDE Concentrations of Inflammatory Cytokines
PDE from infection-free patients contained no or barely
detectable amounts of CXCL1, CXCL8, and G-CSF (Table 1).
In contrast, all these cytokines were significantly elevated in
PDE from patients with CAPD-associated peritonitis. Al-
though the absolute cytokine concentrations varied con-
siderably, the magnitude of their increases was similar for
individual patients. The highest levels of CXCL1, CXCL8, and
G-CSF were detected in those effluents that also contained
increased concentrations of potent proinflammatory cyto-
kines, TNFa and IL-1b (Table 1).

HPFB Response to PDE
To determine whether HPFB could have contributed to the
intraperitoneal presence of CXCL1, CXCL8, and G-CSF,
HPFB were established in culture, exposed to PDE (50% v/v
in medium), and the specific secretion of cytokines was
measured. Identity of HPFB isolated was confirmed by
staining with the TE-7 antibody (Figure 1). As illustrated in
Figure 2a, the release of cytokines by these cells was max-
imum in response to those peritonitis effluents that them-
selves contained the highest concentrations of CXCL1,
CXCL8, and G-CSF, and also the highest levels of TNFa and
IL-1b. In addition, the exposure of HPFB to these effluents
resulted in a clear induction of mRNAs for CXCL1, CXCL8,
and G-CSF (Figure 2b). In contrast, HPFB exposed to ef-
fluents containing little or no TNFa and IL-1b secreted
markedly less CXCL1, CXCL8, and G-CSF.

To test whether TNFa and IL-1b were responsible for the
effects of PDE observed, blocking experiments were per-
formed. First, to determine the neutralizing potential of the
antibodies chosen, HPFB were stimulated with a fixed dose of
recombinant IL-1b or TNFa in the presence of increasing
concentrations of the antibodies. After 48 h, the supernatants
were assayed for IL-6 that had earlier been shown to be
readily stimulated by IL-1b and TNFa.29 These experiments
showed that both antibodies at 1 mg/ml effectively blocked
IL-1b and TNFa activity (Figure 3a). To determine precisely
how much IL-1b and TNFa can be neutralized by that dose
of antibodies, it was mixed with increasing doses of re-
combinant IL-1b and TNFa and added to HPFB cultures.
Under such conditions, the antibodies could neutralize up to
3000 pg/ml of IL-1b and up to 10 000 pg/ml of TNFa (Figure
3b and c). These concentrations were well above those found
in PDE; therefore, in subsequent blocking experiments both
antibodies were used at 1 mg/ml.

The addition of anti-IL-1b antibody to infected PDE sig-
nificantly reduced its ability to stimulate the production of
CXCL1, CXCL8, and G-CSF in HPFB (Figure 4). The degree
of inhibition was 64±9%, 46±17%, and 80±10%, for
CXCL1, CXCL8, and G-CSF, respectively. In contrast, anti-
bodies to TNFa had no significant effect on the secretion of
these cytokines and did not modulate the inhibitory effects of
the IL-1b blockade further.

Figure 1 Immunocytochemical staining of HPFB. Cells were plated onto

chamber slides, fixed, stained with either the TE-7 antibody or isotype

control IgG, as indicated, and counterstained with Mayer’s hematoxylin.

Magnification � 100.
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HPFB Response to PM-Derived Products
As PM are thought to be a main source of IL-1b and TNFa in
the inflamed peritoneum, we assessed the response of HPFB
to media conditioned in the presence of PM. IL-1b and TNFa
levels were 2±1 and 66±23 pg/ml in supernatants from
unstimulated PM, and 435±200 and 9822±2839 pg/ml in
supernatants from LPS-stimulated PM (n¼ 4), respectively.
Exposure of HPFB to CM from unstimulated PM increased
the release of CXCL1 and CXCL8 only slightly, and did not
induce G-CSF secretion (Figure 5a). In contrast, the exposure
of HPFB to medium from LPS-stimulated PM led to massive
induction of all cytokines investigated. The effect was clearly
dose-dependent as it was reduced after serial dilutions of
PM-CM. Furthermore, the capacity of CM from LPS-
stimulated PM (diluted 1:20) to induce cytokines was
significantly inhibited by antibodies to IL-1b and, to lesser
extent, also to TNFa. (Figure 5b).

HPFB Response to Recombinant Cytokines
To further characterize the role of IL-1b and TNFa in HPFB
responses to PDE and PM-CM, cells were treated with
recombinant IL-1b and TNFa at doses up to 10 000 pg/ml.
The experiments showed that both IL-1b and TNFa stimu-
lated a dose- and time-dependent release of CXCL1, CXL8
and G-CSF from HPFB (Figure 6). Similar dose- and time
effects were seen at the mRNA level (Figure 7). Interestingly,
the effects induced by IL-1b were significantly more potent
than those induced by TNFa. This pattern was observed only
for PMN-targeting cytokines, as TNFa was capable of indu-
cing other chemokines (eg CCL2 and CCL5) with the
strength similar to or greater than that of IL-1b (data not
shown).

Combining IL-1b with TNFa further increased secretion of
cytokines investigated. The increases were additive for
CXCL1 and CXCL8, and synergistic for G-CSF (Figure 8).

Figure 2 (a) Effect of peritoneal effluent on cytokine secretion by HPFB. PDE was drained from CAPD patients with peritonitis (Patient nos. 1–4, see Table 1

for details). In addition, PDE was obtained and pooled from nine infection-free patients (Stable). PDE was mixed (1:1) with culture medium and applied to

HPFB for 48 h. The data were obtained from three experiments with HPFB isolated from different donors. (b) Effect of effluent from inflamed peritoneum on

cytokine mRNA expression in HPFB. PDE was drained from patient no. 1 and 2 during acute phase of peritonitis. PDE was mixed (1:1 v/v) with culture

medium and applied to HPFB cultures for 6 h. Expression of selected cytokines was assessed by RT-PCR. Results are representative of two separate

experiments.

Figure 3 Neutralizing capacity of the antibodies against IL-1b and TNFa. (a) HPFB were stimulated with either 50 pg/ml of IL-1b or 250 pg/ml of TNFa in the

presence of increasing concentrations of antibodies, as indicated. (b and c) HPFB were treated with increasing doses of either IL-1b or TNFa administered in

the presence or absence of 1 mg/ml of the relevant antibody. After 48 h cell supernatants were assessed for IL-6. Results of a representative experiment out

of the two performed.
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When HPFB were exposed to 100 pg/ml of IL-1b together
with 500 pg/ml of TNFa, the induction of G-CSF was more
than twofold above the expected additive values.

Assessment of the Role of Soluble TNF Receptors
PDE from patients with peritonitis contained significant
quantities of soluble TNF receptors (sTNF-RI/p55 and
sTNF-RII/p75). As binding to these receptors might poten-
tially inactivate bioactive TNFa, we treated HPFB with TNFa
(at 1000 pg/ml) in the presence of recombinant soluble TNF
receptors and assessed the release of CXCL8 (as a chemokine
being relatively strongly induced by TNFa; see Figure 6b).
These experiments revealed that soluble TNF receptors at
doses as high as 200 ng/ml (ie 430–100-fold higher than
concentrations found in PDE) did not diminish the effect of
TNFa (Figure 9a). Next we tested whether TNF receptors
could be shed from HBFB in response to IL-1b and TNFa.
HPFB released very low levels of sTNF-RI constitutively, and
IL-1b slightly enhanced the release in a dose-dependent
manner (Figure 9b). In contrast, TNFa did not significantly
affect the release of sTNF-RI from HPFB. The levels of
sTNF-RII in HPFB cultures were barely detectable and were
neither modified by IL-1b nor by TNFa (data not shown).

The Role of Transcript Stability in Cytokine-Induced
HPFB Responses
To assess whether the differences in the magnitude of IL-1b-
and TNFa-elicited responses could be related to differences in
the stability of mRNA transcripts induced, the rate of their
degradation was measured in the presence of the transcrip-
tion inhibitor actinomycin D. These experiments showed that
the degradation of IL-1b-induced transcripts of CXCL1,
CXCL8, and G-CSF was delayed compared with those
induced by TNFa (Figure 10).

Figure 5 (a) Effect of peritoneal macrophage-conditioned medium on cytokine secretion by HPFB. The release of cytokines was measured after a 48-h

exposure of HPFB to CM from either unstimulated peritoneal macrophages (PM) or from macrophages stimulated with LPS (LPS-PM). CM from the latter was

serially diluted with control medium, as indicated. Data were derived from four experiments performed with cells from different donors. (b) Effect of IL-1b
and TNFa blockade on the ability of PM-CM to induce cytokine secretion by HPFB. CM from LPS-stimulated PM was diluted 20-fold with control medium and

supplemented either with antibodies against IL-1b and TNFa or with control IgG (all at 1 mg/ml). HPFB were exposed to the PM-CM for 48 h and the specific

release of cytokines was measured. The data were derived from three experiments performed with HPFB from separate donors. The results were expressed

as percentages of the control values recorded in the absence of antibodies, which were 10290±204, 4798±1229, and 1698±218 pg/104 cells for CXCL1,

CXCL8, and G-CSF, respectively. Asterisk represents a significant difference compared with values detected in the absence of antibodies. Hash represents a

significant difference compared with values detected in the presence of anti-IL-1b antibodies.

Figure 4 Effect of IL-1b and TNFa blockade on the ability of peritoneal

effluent to induce cytokine secretion by HPFB. PDE was obtained during

acute phase of peritonitis, mixed with an equal volume of control medium,

and supplemented either with antibodies against IL-1b and TNFa or with

control IgG (all at 1 mg/ml). Quiescent HPFB were then exposed to these

fluids for 48 h and the specific release of cytokines was measured. The data

were derived from six experiments performed with HPFB from three

different donors and PDE was obtained from two patients (Patient nos. 1

and 2 from Table 1). The results were expressed as percentages of initial

control values recorded in the absence of antibodies, which were

3512±388, 1428±314, and 425±152 pg/104 cells for CXCL1, CXCL8, and

G-CSF, respectively. Asterisks represent significant differences compared

with these control values.
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DISCUSSION
Although the peritoneal mesothelium is a potent source of
PMN-targeting cytokines, its integrity may easily be jeo-
pardized by infection, surgical trauma, and/or exposure to
dialysis fluids.25,28,38,39 Such events would increase the sig-
nificance of cytokines produced by other cell types. This
study shows that HPFB may be an important source of cy-
tokines mediating PMN recruitment into the peritoneum.

First, we established apparently normal HPFB in culture.
Fibroblast may be difficult to positively identify, therefore in
addition to standard criteria (spindle cell morphology and
the absence of markers of other cell types), we stained the
cells with the TE-7 antibody. This antibody was initially
raised against human thymic stroma,40 but it was recently
adopted for identifying fibroblasts and shown to stain 50–
100% fibroblast with moderate intensity and high specifi-
city.32 Indeed, we found that HPFB stained extensively with
the TE-7 antibody, but not with the control antibody.

Having confirmed HPFB identity, we showed that the ex-
posure of HPFB to a milieu present in the inflamed peritoneum
triggered the secretion of PMN-targeting cytokines. The most
potent reaction was induced by those samples of peritoneal fluid
that contained the highest concentrations of proinflammatory

cytokines, IL-1b and TNFa. These effluents also contained high
levels of CXCL8 and CXCL1, with CXCL8 slightly pre-
dominating in absolute values. In contrast, HPFB treated with
these effluents under controlled in vitro conditions seemed to
produce more CXCL1 than CXCL8. These data do not have
to be contradictory, as chemokine levels in vivo are also related
to the production by other sources such as peritoneal macro-
phages and/or mesothelial cells. They are also affected by the
time that elapsed from the onset of infection and the volume of
dialysis fluid drained.5,4

To determine the contribution of IL-1b and TNFa to the
effects observed, the impact of PDE was assessed in the
presence of potent blocking antibodies. These experiments
showed that IL-1b was a key stimulus, as the neutralization of
IL-1b, but not of TNFa, significantly reduced the production
of all PMN-targeting cytokines by HPFB.

During peritonitis IL-1b and TNFa are thought to be
generated primarily by peritoneal macrophages.41 The ex-
posure of HPFB to IL-1b- and TNFa-containing media from
cultures of endotoxin-stimulated PM resulted in a huge re-
lease of PMN-targeting cytokines. The pattern of inhibition
with neutralizing antibodies pointed again to IL-1b as a chief
inducer of the cytokines investigated.

Figure 6 Time- and dose-effect of recombinant IL-1b and TNFa on cytokine secretion by HPFB. (a–c) Cells were treated with increasing doses of either IL-1b
(black bars) or TNFa (white bars) for 48 h. (d–f) Cells were treated with either control medium (black squares), IL-1b (1000 pg/ml, black circles), or TNFa
(1000 pg/ml, white circles) for the times indicated. The post-culture supernatants were assayed for CXCL1 (a and d), CXCL8 (b and e), and G-CSF (c and f).

Data were derived from 6–10 experiments with cells from different donors. Asterisks represent significant differences compared with the control at the same

time point.
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As the samples of both peritoneal dialysate and PM-CM
could potentially contain other mediators that modulated
proinflammatory activities of IL-1b and TNFa, we examined
the pattern of CXCL1, CXCL8, and G-CSF release by HPFB
treated with pure recombinant IL-1b and TNFa. The
experiments revealed that in this setting also IL-1b was a
much more potent stimulus of PMN-targeting cytokines

than TNFa. The difference was particularly pronounced with
respect to CXCL1 and G-CSF. Interestingly, IL-1b at a
concentration as low as 1 pg/ml was capable of triggering a
substantial release of all PMN-specific cytokines by HPFB.
That may explain the presence of these cytokines in the PDE
from patient 4, which contained only very little IL-1b.

On the other hand, as the anti-IL-1b neutralizing antibody
did not totally abolish the stimulatory effect of PDE, other
factors present in PDE might have contributed to the cyto-
kine release. For example, it has been shown that peritoneal
inflammation may be associated with a rapid and transient
production of IL-17,42 which is a powerful inducer of
CXCL143 and G-CSF44 production in mesothelial cells. One
may speculate that some effects could also be related to the
massive presence of protein in the hyperpermeable-inflamed
peritoneum. It has been shown that overexposure of
renal tubular cells to plasma proteins may upregulate
inflammatory mediators, including CXCL8.45 Furthermore, it
has been suggested that an increase in CXCL8 release by
mesothelial cells may occur as a result of exposure to glucose
degradation products present in dialysis solutions46 or may
be related to peritoneal dialysis fluid-induced heat shock
response.47 These factors might partly explain the presence of
CXCL8 in PDE of patient 3, despite the absence of detectable
IL-1b and TNFa.

The early appearance of soluble TNF receptors during
peritonitis has been well documented.48 As their levels may
be several hundred times higher than those of TNFa, they
may limit TNFa activity by competing for the ligand with the
cell surface receptors.49 To test whether this mechanism
could underlie a weak effect of TNFa on HPFB chemokine
synthesis, we assessed its activity in the presence of exogenous
soluble TNF receptors. We found no significant effect of these
receptors, at clinically relevant doses, on TNFa stimulatory
activity. Moreover, we tested whether HPFB shed TNF
receptors in response to proinflammatory cytokines, as this
might result in a decrease in the number of receptors on the

Figure 8 Effect of a combination of IL-1b and TNFa on cytokine release by HPFB. Cells were exposed to control medium or IL-1b (at 1, 10, and 100 pg/ml) in

the presence or absence of TNFa (at either 25 or 500 pg/ml). After a 48-h incubation, the supernatants were assayed for CXCL1 (panel a), CXCL8 (panel b),

and G-CSF (panel c) by ELISA. Data were derived from four experiments with cells from different donors. Asterisks represent statistically significant

differences compared with the calculated additive values.

Figure 7 Time- and dose-effect of recombinant IL-1b and TNFa on cytokine

mRNA expression by HPFB. (a) HPFB were treated with 1000 pg/ml of either

IL-1b or TNFa for the times indicated. (b) HPFB were treated with either

IL-1b or TNFa (at 1, 50, and 1000 pg/ml) for 3 h. Cytokine mRNA expression

was analyzed by RT-PCR. Results are representative of three separate

experiments.
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cell surface and diminished cell responsiveness to TNFa. We
found a slight increase in sTNF-RI shedding by HPFB treated
with IL-1b, but not with TNFa. Taken together, these results
did not indicate that the poor induction of PMN-targeting
cytokines by TNFa was related to the inhibition by soluble
TNF receptors.

Interestingly, we observed that the magnitude of
differences between IL-1b- and TNFa-induced effects seemed
to be less at the mRNA level than at the protein level. We
hypothesized that a different pattern of HPFB response to
IL-1b and TNFa could be regulated at the post-transcrip-
tional level. Indeed, we found that IL-1b-induced transcripts

Figure 9 (a) Effect of soluble TNF receptors on TNFa-induced CXCL8 production by HPFB. Cells were stimulated with TNFa (1000 pg/ml) in the presence of

increasing doses of either sTNF-RI or sTNF-RII. The release of CXCL8 was assessed after 48 h. (b) Effect of IL-1b and TNFa on TNF-RI release by HPFB. Cells

were treated with increasing doses of either IL-1b or TNFa for 48 h and the supernatants were assayed for sTNF-RI. Data were derived from six to seven

experiments with cells from different donors. An asterisk represents a significant difference compared with the untreated control.

Figure 10 Stability of IL-1b- and TNFa-induced cytokine mRNAs in HPFB. Quiescent HPFB were stimulated with 1 ng/ml of either IL-1b or TNFa for 6 h, then

washed and treated with actinomycin D (5 mg/ml). Total RNA was extracted at the time points indicated and analyzed by RT-PCR in panel a. The expression

of mRNAs for CXCL1 (panel b), CXCL8 (panel c), and G-CSF (panel d), as measured as cytokine/b-actin ratios, was presented as a percentage of the value

representing time zero; IL-1b (black circles), TNFa (white circles).
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of CXCL1, CXCL8, and G-CSF were more stable than those
induced by TNFa. Stabilization of mRNA is an effective
means for increasing the pool of translatable mRNA and
ultimately the amount of protein synthesized.50 In this re-
spect Cubitt et al51 showed that increased mRNA stability was
responsible for much higher CXCL1 release by keratinocytes
in response to IL-1a compared with TNFa. It is thought
that IL-1 stabilizes mRNAs of several inflammatory genes,
including CXCL1 and CXCL8,52 partly by inhibiting
deadenylation and decay mediated by AU-rich elements of
the transcript.

Although IL-1b and TNFa display several overlapping
properties, the evident predominance of IL-1b has already
been observed in the context of peritonitis. Yung et al53 have
shown that IL-1b, by acting on mesothelial cells, is a key
stimulator of hyaluronan synthesis during peritonitis. On the
other hand, IL-1b and TNFa are known to exhibit synergistic
activities, as exemplified by their impact on fibroblast pros-
taglandin production.54 We have earlier shown an amplifying
effect of TNFa on CCL2 and CXCL8 release by HPFB.55 In
this study we found that TNFa increased the IL-1b-induced
releases of CXCL1 and CXCL8 in an additive manner. In
addition, TNFa increased synergistically the IL-1b-stimulated
G-CSF secretion, which is interesting, given that TNFa alone
had a rather modest effect on G-CSF release. In keeping with
these observations, we found that neutralization of TNFa
activity, in addition to IL-1b blockade, further decreased the
capacity of PM-CM to induce all the cytokines studied.
Similar effect was reported earlier by Betjes et al,56 who
examined the ability of PM-CM to induce CXCL8 in peri-
toneal mesothelial cells. Surprisingly, we did not detect such
an effect when anti-TNFa antibodies were added to TNFa-
containing peritoneal effluents from patients with peritonitis.
It could be attributed to the limited neutralizing capacity of
the antibody working in a complex environment of the
peritoneal effluent.

In conclusion, our observations indicate that peri-
toneal fibroblasts may be an important source of cyto-
kines that ensure neutrophil accumulation in the peritoneum
during peritonitis. Our data also point to IL-1b as a
key mediator that elicits such a response in peritoneal
fibroblasts.
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