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Abstract

Interleukin-4 (IL-4), which has been widely described as an anti-inflammatory
cytokine, can also exert proinflammatory effects. In this study, we extend these
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findings to demonstrate, in an allergic model, the dual effect of IL-4 on
arachidonic acid (AA) metabolism in macrophages. In peritoneal macrophages
from control rats (cPM), IL-4 had no effect on cPLA2 and 5-LO expression, but
increased FLAP expression without affecting basal and A23187- or PMA-
challenged arachidonic acid (AA) metabolism. In contrast, in peritoneal
macrophages from ovalbumin-sensitized rats (sPM), IL-4 decreased cPLA2, 5-LO
and FLAP expression and PMA-challenged eicosanoid production. A23187-
challenged AA metabolism of sSPM was not affected by IL-4 pretreatment. Thus,
IL-4 acts differently on cPLA2, 5-LO and FLAP expression and AA metabolismin
peritoneal macrophages depending on their resident or sensitization-induced
differentiated status.

Full text

INTRODUCTION

Interleukin-4 (IL-4) is a Th2-derived cytokine involved in the modulation of
inflammatory processes. It is considered as an anti-inflammatory cytokine
because it inhibits the production of inflammatory cytokines such as IL-1beta
and TNF-alpha in monocytes/macrophages [1-3], the expression of receptors
such as CD14 and TNF receptors [4, 5], and it amplifies the expression of anti-
inflammatory products such as the IL-1receptor antagonist [6, 7]. IL.-4 is also
able to reduce arachidonic acid metabolism in activated cells, such as cells from
inflammatory sites [8] or cells stimulated in vitro by proinflammatory cytokines
(TNF-alpha, IL-1alpha) [9, 10] or infectious agents (LPS) [4, 8]. However, in
unstimulated cells, IL-4 has been found to have proinflammatory effects. Studies
have demonstrated that IL-4 can stimulate the release of inflammatory
molecules such as leukotriene B4 in normal human monocytes [11]. This ability of
IL-4 to have pro- and anti-inflammatory effects is not so surprising given that IL-
13, another Th2-derived cytokine which shares receptor and signaling pathways
with IL-4 [12, 13] also has, as demonstrated in our laboratory, anti-inflammatory
effects (decrease in PMA-induced respiratory burst in human monocytes [14]
and pro-inflammatory effects (induction of cytosolic phospholipase A, (cPLA,)
MRNA and protein expression and increase in zymosan-activated arachidonic
acid (AA) metabolism in mouse peritoneal macrophages [15]).

The aim of this work was to study this dual IL-4 effect in a physiopathological
model. Interleukin-4 is secreted during allergic reactions [16] in which
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leukotrienes produced by various cells, notably macrophages, participate in the
symptomatology of the reaction. This cytokine is considered to be the major
cytokine involved in the sensitization phase of hypersensitivity reactions, by
inducing IgE synthesis [17-20] and expression of CD23, a low-affinity receptor
for IgEs, on monocytes/macrophages [21, 22]. We previously demonstrated in an
allergic rat model that peritoneal macrophages from ovalbumin-sensitized
animals secreted leukotrienes on in vitro ovalbumin challenge whereas
peritoneal macrophages from control rats did not [23]. In the present study, we
used this allergic rat model to compare the effect of IL-4 on leukotriene
metabolism of macrophages from control or ovalbumin-sensitized rats.

Leukotrienes are lipoxygenated metabolites of arachidonic acid (AA), a 20-
carbon fatty acid which is a constituent of cell membrane lipids. The first rate-
limiting step of leukotriene synthesis is the release of free AA from membrane
phospholipids (mostly from phosphatidylcholine but also from
phosphatidylserine and phosphatidylinsitol [24]) by the AA-selective, 85 kDa
cytosolic phospholipase Agaipna (CPLA) [25-27]. The second rate-limiting
enzymatic step of leukotriene synthesis is the conversion of free AA by 5-
lipoxygenase (5-LO). The activation of 5-LO requires its translocation to the
nuclear envelope [28, 29] where it can interact with an 18 kDa membrane protein
termed five-lipoxygenase-activating protein (FLAP) [30, 31].

This study reports the contrasting effects of IL-4 on cPLA,, 5-LO and FLAP
expression and on basal and challenged AA metabolism of peritoneal
macrophages from control and ovalbumin-sensitized rats.

MATERIALS AND METHODS
Animals and reagents

Male Brown-Norway rats (220-250 g) were purchased from Iffa-Credo (IArbresle,
France) and housed under a 12-hour light/dark cycle in an air-conditioned room
(25° C, 50% relative humidity), and under pathogen-free conditions.

Ovalbumin, PMA and A23187 were obtained from Sigma Chemical (La Verpilliére,
France). Rat interleukin-4 was purchased from Serotec (Oxford, England).
Monoclonal anti-rat cPLA, antibody (4-4B-3C) was provided by Tebu (Le Perray
en Yvelines, France). The polyclonal anti-5-LO and anti-FLAP antibodies were a
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generous gift from Dr Ford-Hutchinson (Merck Frosst, Canada). They were
respectively raised against human 5-LO and FLAP [32, 33] but can be used with
rat enzymes [34, 35]. The secondary antibodies, the ECL kit, the [°H]-labelled AA
(specific activity 220 Ci/mmol) and the radiolabelled phospholipid, neutral lipid,
prostaglandin and leukotriene standards were provided by Amersham (France).

The culture media were prepared using Gibco products (Cergy-Pontoise,
France). Protein concentrations were measured using a Bio-Rad assay kit
supplied by Sigma (St-Quentin-Fallavier, France). All reagents and solvents were
of analytical grade.

Active sensitization of animals

Active sensitization of rats against ovalbumin was achieved, as already reported
[23], by two subcutaneous injections of 0.5 mg of ovalbumin and 100 mg of
Al(OH)zin 0.5 mINaCl 0.9%. Control rats received two subcutaneous injections
of 0.5mINaCl 0.9%.

Preparation of peritoneal cells

Control and sensitized rats were anaesthetized and killed 14 days after the
sensitization procedure. Peritoneal cells were harvested by peritoneal lavage
with 100 ml 199 medium containing 20 IU/ml heparin, 100 IU/ml penicillin and 100
mug/ml streptomycin. After centrifugation at 800 x g for 10 min at 20° C, the cell
pellet was resuspensed in Dulbecco’s modified Eagle’s medium containing 1%
FCS, 100 IU/ml penicillin, 100 mug/ml streptomycin and 0.6 mM glutamine
(DMEM-FCS).

Macrophage purification

Peritoneal cell suspensions from control and sensitized rats were seeded in
Falcon multiwell plates (110° cells per well for studies of AA metabolism and 2108
cells for cPLA,, 5-LO and FLAP expression). Cells were left to adhere for two
hours at 37° C in an atmosphere of 5% CO» in air. Then, they were gently rinsed
twice with DMEM to remove non-adherent cells. As demonstrated by May-
Grundwald-Giemsa staining, more than 98% of the adherent cells were
macrophages (control macrophages (cPM) when the cell suspension was from
control rats, and sensitized macrophages (sPM) when the cell suspension was
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from actively sensitized rats). Macrophage viability was assessed by trypan blue
dye exclusion. More than 98% of the macrophages were viable.

IL-4 treatment and [PH]AA incorporation

Purified cPM and sPM were incubated in the presence or absence of rat IL-4 (1
ng/ml) for 8 or 24 hours in 500 mul DMEM, at 37° C in an atmosphere of 5% CO, in
air. For the AA metabolism study, 1 muCi [°H]AA was added to the culture
medium in the wells at the same time as the cytokine.

Study of cPLA2, 5-LO and FLAP expression

Macrophages were incubated for 8 or 24 hours with 1ng/mlrat IL-4. Then, they
were scraped off into 40 mul homogenization buffer containing 50 mM
potassium phosphate, 100 MM NaCl, 2 mM EDTA, 1 mM dithiothreitol, TmM
phenylmethylsulfonyl fluoride, 1 mM leupeptin and 60 mg/ml soybean trypsin
inhibitor (pH 7). The total protein content of each sample was quantified by
Bradford’s method using a Bio-Rad Protein Assay Kit with bovine gamma-
globulin as standard. Then, equal amount of total protein was separated by SDS-
PAGE and transferred onto a nitrocellulose membrane, which was incubated with
the anti-cPLA, antibody (1:100), the anti-5-LO antibody (1:3,000) or the anti-
FLAP antibody (1:5,000) for 1 hour. Immune complexes were revealed by an anti-
mouse IgG coupled to peroxidase at a 1:1,000 dilution (for cPLA
immunodetection) or with anti-rabbit IgG coupled to peroxidase at a 1:5,000
dilution (for 5-LO and FLAP immunodetection) and visualized by an ECL system.
Bands were numerized using a scanner and Adobe Photoshop software, then
quantified using the program Morphostar (IMSTAR, France).

Arachidonic acid metabolism study

To evaluate the AA metabolism of macrophages, both the process of [SH]AA
incorporation by macrophages and the ability to release free [SH]AA and
[3H]metabolites by [3H]labelled macrophages were studied. The study of the
[3H]AA incorporation process was performed at the end of the incorporation by
scraping off the adherent macrophages in 800 mul distilled water in order to
determine into which lipids the [°H]AA had been incorporated. The ability of the
[3H]labelled macrophages to release free [3H]AA and [3H]metabolites was
studied after removing the [3H]AA incorporation medium and incubating the
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labelled cells in 500 mul DMEM with or without stimulus (1 muM A23187 or 100 nM
PMA) for a further hour. At the end of this hour, the supernatant and the 500 mulL
DMEM used to rinse each well were collected to determine [*H]AA and
[3H]metabolite secretion in the culture medium.

Extraction and analysis of membrane lipids

The extraction of membrane phospholipids and neutral lipids used a technique
initially described by Bligh and Dyer [36]. Briefly, cell lipids were extracted after
adding a mixture of chloroform and methanol (water/chloroform/methanol; 1:1:1,
v/Vv). The chloroform phase containing the lipids was evaporated to dryness
under nitrogen. The residues were dissolved in 80 mul chloroform and applied to
thin layer silica-gel plates (LK-6- DF Whatman) previously heated for 1 hour at
100° C. The plates were run up to 10 cm with
chloroform/methanol/water/triethylamine (30:34:8:35, v/v) to separate the
radioactive phospholipids (phosphatidylcholine, PC; phosphatidylserine, PS;
phosphatidylethanolamine, PE; phosphatidylinositol, PI), and were dried. They
were then run again in the same direction for a further 6 cm with petroleum
ether/diethyl ether/acetic acid (50:50:1, v/v) to separate the cholesteryl esters
(CE) and neutral lipids (monoacylglycerol, MG; diacylglycerol, DG, triacylglycerol,
TG; fatty acid, FA). The radioactive metabolites were identified with a Berthold
TLC Scanner using retention times and co-migration with authentic standards.
The results are expressed in dpm/10° cells.

Extraction and analysis of free [’HJAA and [°PH]metabolites secreted by
macrophages

[3H]labelled macrophage supernatants were centrifuged at 3,000 x g for 10 min,
acidified to pH 5.0 with 1M HCl and then loaded onto Sep-Pack C18 columns
(Waters) previously activated by methanol and distilled water. The loading of
pure methanol (5 ml) on the columns allowed the elution of free [*H]AA and
[3H]metabolites (extraction rate of approximately 80%). The methanol was
evaporated to dryness under nitrogen. The residue was dissolved in 80 mul
methanol and applied to thin-layer silica-gel plates (LK-6-DF Whatman)
previously heated for 1hour at 100° C. The organic phase of ethyl
acetate/water/isooctane/acetic acid (110:100:50:20, v/v) was used to separate
the [H]products (6-keto-prostaglandin Fiaipna, 6K-PGFiaipha; thromboxane Bo,
TXBy; prostaglandin Eo, PGE»; prostaglandin Foapna, PGFopna; prostaglandin Do,
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PGD,; leukotrienes (leukotriene B, LTB,; leukotriene C,, LTCy; leukotriene Dy,
LTD,), hydroxyeicosatetraenoic acids, HETEs and AA). The radioactive
metabolites were identified with a Berthold TLC Scanner using retention times
and co-migration with authentic standards.

Data analysis

SDS-PAGE gels were from a representative experiment composed of three
separate experiments. A statistical analysis of gels from three independent
experiments was performed. Data from numerization and quantification of
bands were expressed as the percentage of the numerical value of the band of
IL-4-treated macrophages relative to the numerical value of the band of
untreated macrophages. These data were presented as mean + standard error
(SEM) of the three independent experiments. The effect of IL-4 was considered
significant when the confidence interval of the data did not include the
reference value 100.

Concerning the study of AA metabolism, results were expressed as the
percentage of incorporated radioactivity and were the mean + SEM of three

independent experiments. Statistical analysis of the data was performed using a

2-way analysis of variance with 3 replications per experimental group (SAS
software).

For all these statistical analysis, P < 0.05 was considered significant.
RESULTS
CcPLA2, 5-LO and FLAP expression in IL-4-treated cPM and sPM

Adherent cPM and sPM were cultured for 8 and 24 hours in the presence of IL-4
and their cPLA,, 5-LO and FLAP content were analysed as described in Materials
and Methods.

In cPM, expression of cPLA, and 5-LO in cells incubated for 8 or 24 hours in
DMEM increased through-out the culture time. As shown in the gels
representative of three independent experiments (Figure 1), and as
demonstrated by the statistical analysis of data from the three independent
experiments (Table 1), the presence of IL-4 in the culture medium of cPM did not

https://lwww.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-5...

7/31



2026/10/21 11:15 JLE — European Cytokine Network — Contrasting effect of interleukin-4 on the expression of cytosolic phospholipase A2, 5-lip...
significantly modify the expression of cPLA, or 5-LO at any of the culture time
points. In contrast, the expression of FLAP in cPM cultured without IL-4
decreased throughout the culture. The addition of IL-4 into the culture medium
significantly increased the expression of FLAP in cPM at 24 hours (Figure 1, Table

1).

In sPM, expression of cPLA; decreased with culture time. The addition of IL-4 to
the culture medium of sPM amplified this decrease at 8 and 24 hours (Figure 1,
Table1).

The expression of 5-LO in sSPM did not vary significantly during the culture. The
addition of IL-4 into the culture medium induced a dramatic decrease of the
expression of 5-LO in sSPM at each time point. At 24 hours, the expression of 5-
LO was so inhibited by the cytokine that it became undetectable. The
expression of FLAP in sPM increased with culture time, contrary to cPM. In sPM,
IL-4 inhibited the expression of FLAP at 8 and 24 hours (Figure 1, Table 1).

Basal AA metabolism in IL-4-treated cPM and sPM

Adherent cPM and sPM were incubated in the presence of 1muCi [H]AA =1
ng/ml IL-4 for 24 hours in DMEM-FCS. Analysis of the incorporation of [3H]AA into
membrane lipids at the end of the incorporation course showed that tritiated AA
was principally incorporated into PC and PI/PE in control and IL-4-treated cPM
and sPM (Figure 2). Two-way analysis of variance of data showed that, in cPM, IL-
4 potentiated [°H]AA incorporation into PC and PI/PE as compared to untreated
macrophages (Figure 2). More [°H]FA was also found in IL-4-treated cPM. Unlike
in cPM, in sSPM IL-4 induced an increase in AA incorporation into PS and did not
modify the incorporation of [3H]AA into neutral lipids (Figure 2).

To study basal eicosanoid secretion, prelabelled cPM and sPM were rinsed, then
cultured, for a further hour, in DMEM alone. At the end of this hour of culture,
[*H]metabolites secreted in the culture medium were extracted, identified and
measured as described in Materials and Methods. The [°H]cyclooxygenated and
[3H]lipoxygenated metabolite production are shown in Figure 3. Two-way
analysis of variance of these data shows, on one hand, no significant effect of IL-
4 or sensitization, and on the other hand, no significant interaction between the
sensitization and the IL-4 treatment. Thus, IL-4 treatment of rat peritoneal
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macrophages, whether they are from control or sensitized animals, does not
modify their basal AA metabolism.

A23187 and PMA-challenged AA mobilization from phospholipids and AA
metabolism in IL-4-treated cPM and sPM

To study the effect of IL-4 on A23187- and PMA-stimulated cPM and sPM,

prelabelled macrophages pretreated or not by IL-4 were rinsed then cultured, for

a further hour, in DMEM containing 1 muM A23187 or 100 nM PMA. At the end of
the stimulation period, [°H]metabolites secreted in the culture medium were
extracted, identified and measured as described in Materials and Methods.

As demonstrated by 2-way analysis of variance, A23187 and PMA significantly
induced mobilization of [3H]AA from phospholipids, and production of
cyclooxygenated and lipoxygenated [*H]metabolites in the culture mediumin

untreated and IL-4-treated cPM and sPM (P = 0.0001) (Figure 4).In both types of

macrophages, PMA appeared to be a better stimulator of AA mobilization than
A23187.

In cPM, IL-4 had no significant effect on [3H]AA mobilization induced by A23187
or PMA. IL-4 did not modify the production of [°H]cyclooxygenated or
[3H]lipoxygenated metabolites (Figure 4) and did not modify the release of free
[3H]AA in these cells (data not shown).Thus, no significant interaction between
IL-4 treatment and PMA/A23187 challenge was found in cPM.

In contrast, IL-4 was found to exert a significant effect on [*H]AA mobilization
and [°H]cyclooxygenated and [*H]lipoxygenated metabolite production in sPM
(respectively P=0.011, P= 0.0008, P= 0.0047). Moreover, this IL-4 effect was
found to significantly interact with PMA/A23187 stimulation. Indeed, IL-4
significantly decreased the [°H]AA mobilization and the cyclooxygenated and
lipoxygenated [*H]metabolite production induced by PMA (Figure 4).

Detailed analysis of cyclooxygenated and lipoxygenated [3H]metabolites
secreted in the culture medium showed (Figure 5) that the significant
interaction between IL-4 treatment and PMA challenge concerns the production
of TXBo, PGEo, PGF2apha @nd PGDo, LTC4/D4 and HETES, indicating that IL-4
inhibits the production of these metabolites in SPM.
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Cholesterol ester metabolism during A23187 and PMA challenge of cPM and
sPM

In [3H]labelled macrophages pretreated or not by IL-4, variations of [3H]AA
incorporation into CE during stimulation by PMA or A23187 were analysed by
comparing the quantity of [°H]CE at the end of the incorporation course and the
quantity of [°H]CE at the end of the last hour of stimulation in cPM and sPM.

In the absence of any agonist, the pool of [*H]CE decreased in cPM and sPM
during the last hour of culture (Figure 6). In contrast, on stimulation by PMA or
A23187, whereas the pool of [3H]phospholipids decreased (data not shown), the
pool of [*H]CE in cPM and sPM increased during the hour of stimulation (P =
0.0001 as demonstrated by the 2-way analysis of variance) (Figure 6).
Interestingly, the magnitude of the increase of [*H]CE induced by PMA and
A23187 paralleled the magnitude of the eicosanoid production induced by these
agonists. Thus, during PMA or A23187 stimulation, part of the [°H]AA mobilized is
redistributed into CE. We did not observe any AA reincorporation in other
phospholipids (data not shown). In cPM, pretreatement by IL-4 did not modify
this A23187- or PMA-induced [*H]AA reincorporation into CE (Figure 6). In
contrast, in SPM, IL-4 dramatically decreased the PMA-[*H]AA reincorporation
into CE (P= 0.0245).

DISCUSSION

The majority of studies reporting the effect of IL-4 on AA metabolism have been
performed in activated cells. Thus, the inhibitory effects of the cytokine have
been widely described both in cells from inflammatory sites [8] and in cells
stimulated by inflammatory cytokines [9], LPS [4, 8] or A23187 [37].
Nevertheless, some papers described pro-inflammatory effects of IL-4 in resting
cells. In human monocytes, IL-4 was found to induce LTB4 production [11]. As
demonstrated by our group, IL-13, another Th2-derived cytokine which shares
receptor and signaling pathways with IL-4 [12, 13], induces cPLA> mRNA and
protein expression and increases AA mobilization induced by opsonized
zymosan in murine peritoneal macrophages [15]. In the present study, we
analysed the potential dual role of IL-4 using a rat model of the hypersensitivity
reaction in which IL-4 is known to be strongly involved. We studied the effect of
IL-4 on AA metabolism in peritoneal macrophages from control rats and
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peritoneal macrophages from ovalbumin-sensitized rats in order to compare the
effect of the cytokine according to the maturation status of the macrophages.

Analysis of cPLA,, 5-LO and FLAP expression in both types of macrophages
showed a different modulation of the expression of these enzymes during
culture according to whether macrophages are from control or ovalbumin-
sensitized rats. In our culture conditions, cPLA, expression decreased in sSPM
while it increased in cPM. Basal expression in cPLA, was found to be higher in
sPM as compared to cPM (unpublished data). Thus, this culture-induced
decrease of cPLA, in sSPM could result from the lack of a stimulating agent
present in sensitized rats and whose role is to maintain enhanced expression of
cPLA, in peritoneal macrophages. This agent is not IL-4 because the addition of
IL-4 to the culture medium of sPM did not counteract this inhibitory effect.

In sPM, 5-LO expression remained stable during culture whereas it increased in
cPM. Finally, whereas FLAP expression decreased during culture in cPM, it
increased in sSPM. This difference of modulation of cPLA,, 5-LO and FLAP
expression during culture in cPM and sPM, could result from a difference of
adhesion marker expression or from a difference of adhesion-induced signalling
transduction in the two types of macrophages.

These observations confirm that ovalbumin-induced sensitization of rats
provides a very interesting model of macrophages in different states of
maturation, with control resident macrophages (cPM) and differentiated, but
not activated, sensitized macrophages (sPM). Indeed, this model allowed us to
show that IL-4 has contrasting effects on AA metabolism according to whether
macrophages are from control or sensitized rats.

In cPM, IL-4 did not affect cPLA, and 5-LO expression but it increased FLAP
expression of macrophages by opposing the inhibitory effect of culture. In
contrast, in sSPM, IL-4 decreased the expression of cPLA,, 5-LO and FLAP.
Inhibitory effects of IL-4 on the expression of the enzymes involved in AA
metabolism have already been reported in stimulated cells. IL-4 inhibits cPLA,
mMRNA and protein expression in synovial cells from inflammatory sites [8]. It also
inhibits the LPS-induced expression of cyclooxygenase-2 in human alveolar
macrophages [4] and the LPS-induced expression of cPLA, in U. 937 cells [8].
However, the originality of our result is that the inhibitory effect of IL-4 occurred
in unstimulated but sensitization-differentiated cells. This dual effect of IL-4
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according the differentiation status of cells is supported by the study of Naif et
al. [38] who reported that IL-4 stimulates HIV RNA expression in monocytes
whereas it inhibits it in monocyte-derived macrophages.

It remains to be elucidated how IL-4 decreases the expression of cPLA,, 5-LO
and FLAP in macrophages from sensitized rats. It is likely that the inhibitory
action of IL-4 in these cells uses a signaling pathway that does not exist in
macrophages from control rats. IL-4 could down-regulate the expression of
these proteins transcriptionally or translationally. IL-4 has been described to
inhibit c-fos and c-jun mMRNA expression [39] whose proteins are potential
activators of the transcriptional AP-1box of the cPLA, gene promoter [40], and

to inhibit NF-kappaB, whose binding site exists on the promoter of the cPLA, and

5-LO genes [40, 41].

Analysis of [3H]AA metabolism in cPM and sPM showed that different
phospholipids were involved in the increased AA incorporation according to
whether IL-4-treated macrophages were from control or ovalbumin-sensitized
rats. These results suggest that ovalbumin-sensitization induces in peritoneal
macrophages modifications of the expression and/or activity of
acyltransferases and of the other forms of PLA2s involved in AA incorporation.

IL-4 did not modify basal AA metabolism in either cPM or sPM, suggesting that
neither the IL-4-increased FLAP expression observed in cPM nor the IL-4-
decreased cPLAy, 5-LO and FLAP expression observed in SPM have
consequences on basal eicosanoid production in peritoneal macrophages.
Similar observations have already been reported. Alveolar macrophages, as
compared to monocytes, have greater amounts of 5-LO and FLAP but have the
same basal eicosanoid production [42]. The present results differ from previous
data which showed that IL-4 induced basal eicosanoid production in cPM and
had no effect in sPM [23]. This difference could be attributed to the IL-4 used.
M'Rini et al. [23] used human IL-4 to treat rat macrophages whereas, in this
study, we used rat IL-4. The comparison of these two studies shows the
importance of respecting species. The contrasting effects of IL-4 on AA
metabolism in rat macrophages poses the question as to the effect of IL-4 in
humans. It would be interesting to compare the effects of IL-4 in human
monocytes from control and allergic patients.

https://lwww.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-...

12/31



2026/10/21 11:15 JLE — European Cytokine Network — Contrasting effect of interleukin-4 on the expression of cytosolic phospholipase A2, 5-lip...
When stimulated by A23187 or PMA, we observed AA mobilization in both cPM
and sPM. In both types of macrophage, released AA was metabolized into
cyclooxygenated and lipoxygenated metabolites but a position was also
reincorporated into CE. The magnitude of AA reincorporation into CE correlates
with the magnitude of AA metabolization into eicosanoids, suggesting that
A23187 and PMA stimulate the activation of acyl-coenzyme A:cholesterol
acyltransferase equally in cPM and sPM, and that the quantity of AA
reincorporation into CE depends on the quantity of AA released by A23187 and
PMA.

No difference in A23187- and PMA-induced eicosanoid production was observed
between cPM and IL-4-treated cPM. Thus, the IL-4-induced FLAP expression
does not turn cPM AA metabolism towards leukotriene secretion as expected.
This result is inconsistent with the studies of Coffey et al. [43] who showed that
anincrease in FLAP expression accounts for the capacity for 5-LO metabolism of
alveolar macrophages as compared to peripheral blood monocytes. 5-LOis
predominantly nuclear in alveolar macrophages, contributing to the high
leukotriene synthesis capacity of alveolar macrophages [44]. The discrepancy
between our results and Coffey’s could be explained by a difference of 5-LO
localization in the cells. Thus, it will be interesting to study the localization of
this enzyme in IL-4-treated cPM.

In sPM, IL-4, described to inhibit cPLA,, 5-LO and FLAP expression, inhibits PMA-
stimulated eicosanoid synthesis whereas it has no effect on A23187-stimulated
eicosanoid synthesis. Taken together, these results suggest that AA
mobilization is more dependent on the signaling pathway leading to cPLA>
activation than on the cPLA, expression level. The results confirm that the
A23187-induced signaling pathway, involving calcium mobilization, is a minor
pathway as compared to the PKC pathway triggered by PMA [45]. They also
show that IL-4 exerts different effects on these signaling pathways. Concerning
the PKC pathway, IL-4 was found to inhibit PMA-induced AA metabolism only in
sPM, suggesting that the PKC pathway is modified in peritoneal macrophages
during ovalbumin immunization. It would be interesting to test in sPM, whether
IL-4 inhibits the cPLA; phosphorylation induced by MAP-kinases and PKC.

The differential responses of cPM and sPM to IL-4 we observed in this study,
could be linked to structural and/or functional modifications of IL-4 receptor,
induced by active sensitization. Indeed, differential responses of human
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monocytes and macrophages to IL-4 and IL-13 have been linked to reduced
gammac chain and IL-13Ralphal mRNA levels of IL.-4 and IL-13 receptors in
monocyte-derived macrophages and to a significant reduction in the ability of
IL-4 and IL-13 to activate STAT6 [46].

This work raises the question of the significance of the contrasting effects of IL-
4 in hypersensitivity reactions. During the sensitization phase, IL-4 participates
in the sensitization process by inducing the synthesis of allergen-specific IgEs
[17-20] and by inducing the expression of CD23 on monocytes/macrophages
[21, 22]. IL-4 could also, by its inductive action on FLAP expression in
macrophages, prepare these cells to secrete leukotrienes in response to
allergen challenge as we have already reported [23]. If this is the case, IL-4 would
favor allergic inflammation. During allergic responses, IL-4, which is again
secreted [16], could then act as an anti-inflammatory mediator by decreasing
the expression of the enzymes involved in leukotriene production as we
observed in this study.

CONCLUSION
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Effect of IL-4 on the expression of cPLA3, 5-LO and FLAP
in cPM and sPM.

Adherent cPM and sPM were cultured in DMEM-FCS = IL-4
for 8 or 24 hours then lysed as described in Materials and
Methods. Protein extracts were submitted to
electrophoresis and immunoblot analysis. For each
protein, a representation of three independent
experiments is shown.
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Figure 2

Effect of IL-4 on [®H]AA incorporation in phospholipids
and neutral lipids of cPM and sPM.

Adherent cPM and sPM were incubated in the presence of
1muCi [*H]AA for 24 hours in DMEM-FCS with (solid bars)
or without (open bars) IL-4. At the end of the
incorporation course, membrane lipids of cPM were
extracted and identified as described in Materials and
Methods. Results are expressed in dpm/10° cells and are
means = SEM of 3 experiments. Statistical analysis of
data was performed using 2-way analysis of variance with
3 replications per experimental group. * (**, ***) P < 0.05
(0.01,0.001) indicates a significant effect of IL-4.
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Effect of IL-4 on basal AA metabolism in cPM and sPM.

Adherent cPM and sPM were incubated in the presence of
1muCi [*H]AA for 24 hours in DMEM-FCS with (solid bars)
or without (open bars) IL-4, then were rinsed, and
cultured in DMEM alone for a further hour. At the end of
this hour of culture, cyclooxygenated (CYCLO) and
lipoxygenated (LIPOX) [°H]metabolites secreted in the
culture medium were extracted, identified then
measured. Results are expressed as the percentage of
incorporated [°H]AA and are means + SEM of three
independent experiments. Statistical analysis of data was
performed using a 2-way analysis of variance with 3
replications per experimental group.
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Figure 4

Effect of IL-4 on A23187- and PMA-challenged AA
metabolism in cPM and sPM.

Adherent cPM and sPM were incubated in the presence of
1muCi [*H]AA for 24 hours in DMEM with (solid bars) or
without (open bars) IL-4, then rinsed and cultured, for a
further hour, in DMEM containing 1muM A23187 or 100 nM
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PMA. At the end of stimulation, cyclooxygenated and
lipoxygenated [*H]metabolites secreted in the culture
medium were extracted, identified then measured. AA
mobilization represents the quantity of [3H]AA released
from phospholipids. Results are expressed as the
percentage of incorporated [°H]AA and are means + SEM
of three independent experiments. Statistical results
from 2-way analysis of variance with 3 replications per
experimental group (Pvalues) are also presented. P
values below 0.05 (0.01; 0.001) indicate a significant
effect at 0.05 (0.01; 0.001) level. On histograms, ** (***) P
< 0.01(0.001) indicates a significant interaction between
IL-4 treatment and stimulation.
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Detailed production of cyclooxygenated and
lipoxygenated [3"]metabolites in PMA-challenged
sPM.

Adherent sPM were incubated in the presence of 1 muCi
[3H]AA for 24 hours in DMEM-FCS with (solid bars) or
without (open bars) IL-4, then rinsed and cultured, for a
further hour, in DMEM containing 100 nM PMA. At the end
of stimulation, cyclooxygenated and lipoxygenated
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[3H]metabolites secreted in the culture medium were
extracted, identified then measured. Results are
expressed as the percentage of incorporated [*H]AA and
are means = SEM of three independent experiments.
Statistical results from 2-way analysis of variance with 3
replications per experimental group (Pvalues) are also
presented. Pvalues below 0.05 (0.01; 0.001) indicate a
significant effect at 0.05 (0.01, 0.001) level. On
histograms, * (**; ***) P< 0.05 (0.01; 0.001) indicates a
significant interaction between IL-4- and PMA-treatment.
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Figure 6

Effect of IL-4 on AA reincorporation during A23187 and
PMA challenge of cPM and sPM.

Adherent cPM and sPM were incubated in the presence of
1muCi [*H]AA for 24 hours in DMEM-FCS with (solid bars)
or without (open bars) IL-4, then rinsed and cultured, for a
further hour, in DMEM containing 1 muM A23187 or 100 nM
PMA. AA reincorporation into CE during the last hour of

culture was assessed by comparing the [*H]CE at the end
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of the incorporation course and the [*H]CE at the end of
the last hour of stimulation. Results are expressed as the
percentage increase between these values and are
means + SEM of three independent experiments.
Statistical analysis of data was performed using 2-way
analysis of variance with 3 replications per experimental
group. * P< 0.05 indicates a significant difference as
compared to macrophages not pretreated by IL-4.

Table 1
Effect of IL-4 on the espression of ¢PLA , 5 L0 and FLAP in ¢PM and sPM
cFhi sPhi
Time of [L-4 treatment 2 hours 24 hours & hours 24 hours
cFLA, 245 1532 12409 £ a4 37 B4 5T £ 437 ** 2050 £ 550 %+
5-LD 13004 + 132 59 2464 + 4336 QO5 + Q22 ** TE3 + 1253 +*
FLAF 232l 26 £ 8278 10758 £2163 * 2748 2 1702 * 4206 £ Tad **

Data, from numernzation and quantification of bands as described in Matexials and Methods, ame expressed as the percentage of the mimerical
value of IL-d-treated macrophages celative to the nomerical walue of the band of wntreated maciophages. Theae data are presented a3 means +
BEM of three independent experiments. The effect of IL-4 wms considered significant when the confidence interval of these data did not
include the reference walue 100, # @4 2= 005 (001 indicate s a significant effec t of IL-4.

Authors

L. Escoubet-Lozach, C.F. M'Rini, A. Rey, M. Béraud, ]J.C. Lepert, J.
Bernard, J.R. Mathieu, B. Pipy

Université Paul-Sabatier UPRES EA 2405, Macrophages, Médiateurs de
I'Inflammation et Interactions Cellulaires, INSERM IFR31, CHU Rangueil, 1,
avenue Jean-Poulhes, 31403 Toulouse Cedex 4, France.

In this issue

https://lwww.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-... 26/31


https://www.jle.com/en/revues/ecn/doc/regulation-of-interferon-g-receptor-inf-gr-chains-a-peculiar-way-to-rule-the-life-and-death-of-human-lymphocytes_11212/jle_article.dhtml

2026/10/21 11:15 JLE — European Cytokine Network — Contrasting effect of interleukin-4 on the expression of cytosolic phospholipase A2, 5-lip...
(O Regulation of interferon-g receptor (INF-gR) chains: a
peculiar way to rule the life and death of human
lymphocytes.

P. Bernabei, A. Allione, L. Rigamonti, M. Bosticardo, G. Losana, |. Borghi, G. Forni,
F. Novelli
human, IFN-g, IFN-g receptor, signal transduction, cellular proliferation, apoptosis.

(O The interleukin-6 cytokine system in embryonic
development, embryo-maternal interactions and
cardiogenesis.

P. Seiler, G. Plenz, M.C. Deng
interleukin-6, embryo, blastocyst, endometrium, heart, gp130.

(O Role of cytokines in the modulation of nitric oxide
production by cyclic AMP.

Z.Zidek
cyclic AMP, prostaglandins, nitric oxide, interleukin-10, tumor necrosis factor-a, interferon-

g.

(O The 3’ untranslated region of tumor necrosis factor-a is
highly conserved in idiopathic pulmonary fibrosis (IPF).

R.W. Freeburn, H. Kendall, L. Dobson, J. Egan, N.J. Simler, A.B. Millar
TNF-a, idiopathic pulmonary fibrosis, polymorphism.

(O Endogenous interferon-g impairs bacterial clearance
from lungs during Pseudomonas aeruginosa pneumonia.

M.J. Schultz, A.W. Rijneveld, P. Speelman, S.J.H. van Deventer, T. van der Poll
interferon-g, cytokines, host defense, Pseudomonas aeruginosa, pneumonia.

(O Development of allergic contact dermatitis requires
activation of both tumor necrosis factor-receptors.

F.M. Becke, T. Hehlgans, G. Brocknhoff, D.N. Mannel

allergic contact dermatitis, p75TNF receptor, p55TNF receptor, Langerhans cells, dendritic
cells.

(O Transforming growth factor beta-1 and interferon-alpha
in the aids dementia complex: possible relationship with
cerebral viral load?

https://lwww.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-... 27/31


https://www.jle.com/en/revues/ecn/doc/regulation-of-interferon-g-receptor-inf-gr-chains-a-peculiar-way-to-rule-the-life-and-death-of-human-lymphocytes_11212/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/regulation-of-interferon-g-receptor-inf-gr-chains-a-peculiar-way-to-rule-the-life-and-death-of-human-lymphocytes_11212/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/regulation-of-interferon-g-receptor-inf-gr-chains-a-peculiar-way-to-rule-the-life-and-death-of-human-lymphocytes_11212/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=human
https://www.jle.com/en/recherche/recherche.phtml?q=IFN-g
https://www.jle.com/en/recherche/recherche.phtml?q=IFN-g+receptor
https://www.jle.com/en/recherche/recherche.phtml?q=signal+transduction
https://www.jle.com/en/recherche/recherche.phtml?q=cellular+proliferation
https://www.jle.com/en/recherche/recherche.phtml?q=apoptosis.
https://www.jle.com/en/revues/ecn/doc/the-interleukin-6-cytokine-system-in-embryonic-development-embryo-maternal-interactions-and-cardiogenesis_11207/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/the-interleukin-6-cytokine-system-in-embryonic-development-embryo-maternal-interactions-and-cardiogenesis_11207/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/the-interleukin-6-cytokine-system-in-embryonic-development-embryo-maternal-interactions-and-cardiogenesis_11207/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=interleukin-6
https://www.jle.com/en/recherche/recherche.phtml?q=embryo
https://www.jle.com/en/recherche/recherche.phtml?q=blastocyst
https://www.jle.com/en/recherche/recherche.phtml?q=endometrium
https://www.jle.com/en/recherche/recherche.phtml?q=heart
https://www.jle.com/en/recherche/recherche.phtml?q=gp130.
https://www.jle.com/en/revues/ecn/doc/role-of-cytokines-in-the-modulation-of-nitric-oxide-production-by-cyclic-amp_11196/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/role-of-cytokines-in-the-modulation-of-nitric-oxide-production-by-cyclic-amp_11196/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=cyclic+AMP
https://www.jle.com/en/recherche/recherche.phtml?q=prostaglandins
https://www.jle.com/en/recherche/recherche.phtml?q=nitric+oxide
https://www.jle.com/en/recherche/recherche.phtml?q=interleukin-10
https://www.jle.com/en/recherche/recherche.phtml?q=tumor+necrosis+factor-a
https://www.jle.com/en/recherche/recherche.phtml?q=interferon-g.
https://www.jle.com/en/recherche/recherche.phtml?q=interferon-g.
https://www.jle.com/en/revues/ecn/doc/the-3-untranslated-region-of-tumor-necrosis-factor-a-is-highly-conserved-in-idiopathic-pulmonary-fibrosis-ipf_11192/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/the-3-untranslated-region-of-tumor-necrosis-factor-a-is-highly-conserved-in-idiopathic-pulmonary-fibrosis-ipf_11192/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=TNF-a
https://www.jle.com/en/recherche/recherche.phtml?q=idiopathic+pulmonary+fibrosis
https://www.jle.com/en/recherche/recherche.phtml?q=polymorphism.
https://www.jle.com/en/revues/ecn/doc/endogenous-interferon-g-impairs-bacterial-clearance-from-lungs-during-pseudomonas-aeruginosa-pneumonia_11206/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/endogenous-interferon-g-impairs-bacterial-clearance-from-lungs-during-pseudomonas-aeruginosa-pneumonia_11206/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=interferon-g
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines
https://www.jle.com/en/recherche/recherche.phtml?q=host+defense
https://www.jle.com/en/recherche/recherche.phtml?q=Pseudomonas+aeruginosa
https://www.jle.com/en/recherche/recherche.phtml?q=pneumonia.
https://www.jle.com/en/revues/ecn/doc/development-of-allergic-contact-dermatitis-requires-activation-of-both-tumor-necrosis-factor-receptors_11195/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/development-of-allergic-contact-dermatitis-requires-activation-of-both-tumor-necrosis-factor-receptors_11195/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=allergic+contact+dermatitis
https://www.jle.com/en/recherche/recherche.phtml?q=p75TNF+receptor
https://www.jle.com/en/recherche/recherche.phtml?q=p55TNF+receptor
https://www.jle.com/en/recherche/recherche.phtml?q=Langerhans+cells
https://www.jle.com/en/recherche/recherche.phtml?q=dendritic+cells.
https://www.jle.com/en/recherche/recherche.phtml?q=dendritic+cells.
https://www.jle.com/en/revues/ecn/doc/transforming-growth-factor-beta-1-and-interferon-alpha-in-the-aids-dementia-complex-possible-relationship-with-cerebral-viral-load_11202/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/transforming-growth-factor-beta-1-and-interferon-alpha-in-the-aids-dementia-complex-possible-relationship-with-cerebral-viral-load_11202/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/transforming-growth-factor-beta-1-and-interferon-alpha-in-the-aids-dementia-complex-possible-relationship-with-cerebral-viral-load_11202/jle_article.dhtml

2026/10/21 11:15 JLE — European Cytokine Network — Contrasting effect of interleukin-4 on the expression of cytosolic phospholipase A2, 5-lip...

O. Perrella, P.B. Carreiri, A. Perrella, C. Sbreglia, F. Gorga, D. Guarnaccia, G.
Tarantino
transforming growth factor-betal, HIV-RNA, AIDS-dementia complex, interferon-alpha.

(O Interferon-beta (INF-b) antibodies in interferon-bla- and
interferon-blb-treated multiple sclerosis patients.
Prevalence, kinetics, cross-reactivity, and factors enhancing
interferon-b immunogenicity in vivo.

P. Perini, A. Facchinetti, P. Bulian, A.R. Massaro, D. De Pascalis, A. Bertolotto, G.
Biasi, P. Gallo
interferon-beta, natural autoantibodies, multiple sclerosis.

(O The promoter polymorphism of the interleukin-6 gene
regulates interleukin-6 production in neonates but not in
adults.

S. Kilpinen, J. Hulkkonen, X.Y. Wang, M. Hurme
interleukin-6, cord blood, gene polymorphism, inflammatory mediators.

(O The hepatitis C virus (HCV) induces a long-term increase
in interleukin-10 production by human CD4+ T cells (H9).

O. Delpuech, D. Buffello-Le Guillou, E. Rubinstein, C. Feray, M.A. Petit
HCV-RNA, interleukin-10, H9 T cells, CD81, capsid mutation, protein kinase C.

(O Retrovirus-mediated gene transfer of the cytokine genes
interleukin-1b and tumor necrosis factor-a into human
neuroblastoma cells: consequences for cell line behavior
and immunomodulatory properties.

C. Coze, T. Leimig, M.T. Jimeno, P. Mannoni
neuroblastoma, immunotherapy, gene therapy, cytokine, IL-1b, TNF-a.

(O Characterisation of cytokine mRNA expression in
tumour-infiltrating mononuclear cells and tumour cells
freshly isolated from human colorectal carcinomas.

A. Csiszar, T. Szentes, B. Haraszti, W. Zou, D. Emilie, G. Petranyi, E. Pocsik
colorectal cancer, tumour-infiltrating lymphocytes, cytokines, gene expression, RT-PCR.

(O Analysis of interleukin-18, interleukin-1 converting
enzyme (ICE) and interleukin-18-related cytokines in

https://lwww.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-... 28/31


https://www.jle.com/en/recherche/recherche.phtml?q=transforming+growth+factor-beta1
https://www.jle.com/en/recherche/recherche.phtml?q=HIV-RNA
https://www.jle.com/en/recherche/recherche.phtml?q=AIDS-dementia+complex
https://www.jle.com/en/recherche/recherche.phtml?q=interferon-alpha.
https://www.jle.com/en/revues/ecn/doc/interferon-beta-inf-b-antibodies-in-interferon-b1a-and-interferon-b1b-treated-multiple-sclerosis-patients-prevalence-kinetics-cross-reactivity-and-factors-enhancing-interferon-b-immunogenicity-in-vivo_11213/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/interferon-beta-inf-b-antibodies-in-interferon-b1a-and-interferon-b1b-treated-multiple-sclerosis-patients-prevalence-kinetics-cross-reactivity-and-factors-enhancing-interferon-b-immunogenicity-in-vivo_11213/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/interferon-beta-inf-b-antibodies-in-interferon-b1a-and-interferon-b1b-treated-multiple-sclerosis-patients-prevalence-kinetics-cross-reactivity-and-factors-enhancing-interferon-b-immunogenicity-in-vivo_11213/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/interferon-beta-inf-b-antibodies-in-interferon-b1a-and-interferon-b1b-treated-multiple-sclerosis-patients-prevalence-kinetics-cross-reactivity-and-factors-enhancing-interferon-b-immunogenicity-in-vivo_11213/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=interferon-beta
https://www.jle.com/en/recherche/recherche.phtml?q=natural+autoantibodies
https://www.jle.com/en/recherche/recherche.phtml?q=multiple+sclerosis.
https://www.jle.com/en/revues/ecn/doc/the-promoter-polymorphism-of-the-interleukin-6-gene-regulates-interleukin-6-production-in-neonates-but-not-in-adults_11210/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/the-promoter-polymorphism-of-the-interleukin-6-gene-regulates-interleukin-6-production-in-neonates-but-not-in-adults_11210/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/the-promoter-polymorphism-of-the-interleukin-6-gene-regulates-interleukin-6-production-in-neonates-but-not-in-adults_11210/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=interleukin-6
https://www.jle.com/en/recherche/recherche.phtml?q=cord+blood
https://www.jle.com/en/recherche/recherche.phtml?q=gene+polymorphism
https://www.jle.com/en/recherche/recherche.phtml?q=inflammatory+mediators.
https://www.jle.com/en/revues/ecn/doc/the-hepatitis-c-virus-hcv-induces-a-long-term-increase-in-interleukin-10-production-by-human-cd4-t-cells-h9_11201/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/the-hepatitis-c-virus-hcv-induces-a-long-term-increase-in-interleukin-10-production-by-human-cd4-t-cells-h9_11201/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=HCV-RNA
https://www.jle.com/en/recherche/recherche.phtml?q=interleukin-10
https://www.jle.com/en/recherche/recherche.phtml?q=H9+T+cells
https://www.jle.com/en/recherche/recherche.phtml?q=CD81
https://www.jle.com/en/recherche/recherche.phtml?q=capsid+mutation
https://www.jle.com/en/recherche/recherche.phtml?q=protein+kinase+C.
https://www.jle.com/en/revues/ecn/doc/retrovirus-mediated-gene-transfer-of-the-cytokine-genes-interleukin-1b-and-tumor-necrosis-factor-a-into-human-neuroblastoma-cells-consequences-for-cell-line-behavior-and-immunomodulatory-properties_11194/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/retrovirus-mediated-gene-transfer-of-the-cytokine-genes-interleukin-1b-and-tumor-necrosis-factor-a-into-human-neuroblastoma-cells-consequences-for-cell-line-behavior-and-immunomodulatory-properties_11194/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/retrovirus-mediated-gene-transfer-of-the-cytokine-genes-interleukin-1b-and-tumor-necrosis-factor-a-into-human-neuroblastoma-cells-consequences-for-cell-line-behavior-and-immunomodulatory-properties_11194/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/retrovirus-mediated-gene-transfer-of-the-cytokine-genes-interleukin-1b-and-tumor-necrosis-factor-a-into-human-neuroblastoma-cells-consequences-for-cell-line-behavior-and-immunomodulatory-properties_11194/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=neuroblastoma
https://www.jle.com/en/recherche/recherche.phtml?q=immunotherapy
https://www.jle.com/en/recherche/recherche.phtml?q=gene+therapy
https://www.jle.com/en/recherche/recherche.phtml?q=cytokine
https://www.jle.com/en/recherche/recherche.phtml?q=IL-1b
https://www.jle.com/en/recherche/recherche.phtml?q=TNF-a.
https://www.jle.com/en/revues/ecn/doc/characterisation-of-cytokine-mrna-expression-in-tumour-infiltrating-mononuclear-cells-and-tumour-cells-freshly-isolated-from-human-colorectal-carcinomas_11214/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/characterisation-of-cytokine-mrna-expression-in-tumour-infiltrating-mononuclear-cells-and-tumour-cells-freshly-isolated-from-human-colorectal-carcinomas_11214/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/characterisation-of-cytokine-mrna-expression-in-tumour-infiltrating-mononuclear-cells-and-tumour-cells-freshly-isolated-from-human-colorectal-carcinomas_11214/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=colorectal+cancer
https://www.jle.com/en/recherche/recherche.phtml?q=tumour-infiltrating+lymphocytes
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines
https://www.jle.com/en/recherche/recherche.phtml?q=gene+expression
https://www.jle.com/en/recherche/recherche.phtml?q=RT-PCR.
https://www.jle.com/en/revues/ecn/doc/analysis-of-interleukin-18-interleukin-1-converting-enzyme-ice-and-interleukin-18-related-cytokines-in-crohnis-disease-lesions_11200/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/analysis-of-interleukin-18-interleukin-1-converting-enzyme-ice-and-interleukin-18-related-cytokines-in-crohnis-disease-lesions_11200/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/analysis-of-interleukin-18-interleukin-1-converting-enzyme-ice-and-interleukin-18-related-cytokines-in-crohnis-disease-lesions_11200/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/analysis-of-interleukin-18-interleukin-1-converting-enzyme-ice-and-interleukin-18-related-cytokines-in-crohnis-disease-lesions_11200/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/analysis-of-interleukin-18-interleukin-1-converting-enzyme-ice-and-interleukin-18-related-cytokines-in-crohnis-disease-lesions_11200/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/analysis-of-interleukin-18-interleukin-1-converting-enzyme-ice-and-interleukin-18-related-cytokines-in-crohnis-disease-lesions_11200/jle_article.dhtml

2026/10/21 11:15 JLE — European Cytokine Network — Contrasting effect of interleukin-4 on the expression of cytosolic phospholipase A2, 5-lip...

Crohnis disease lesions.

F. Pages, V. Lazar, A. Berger, C. Danel, S. Lebel-Binay, F. Zinzindohoue, P,

Desreumaux, C. Cellier, N. Thiounn, D. Bellet, PH. Cugnenc, W.H. Fridman
intestinal mucosa, Crohn’s disease, interleukin-18, caspase-1/ICE, immunohistochemistry,
reverse transcription polymerase chain reaction.

(O Daily production of human tumor necrosis factor in
lipopolysaccharide (LPS)-stimulated ex vivo blood culture
assays.

J.C. Aguillon, A. Escobar, V. Ferreira, A. Aguirre, L. Ferreira, M.C. Molina, A.

Ferreira
TNF, cytokine, LPS.

(O Inducible nitric oxide synthase attenuates chronic colitis
in human histocompatibility antigen HLA-B27/human b2
microglobulin transgenic rats.

H.S. Blanchard, E. Dernis-Labous, D. Lamarque, J. Tran van Nhieu, Z. Szepes, J.F.
Fléjou, E. Wollman, B.J.R. Whittle, M. Breban
rodent, inflammation, nitric oxide, cytokines, in vivo animal models.

(O Up-regulation of mucin secretion in HT29-MTX cells by
the pro-inflammatory cytokines tumor necrosis factor-a and
interleukin-6.

M.G. Smirnova, S.L. Kiselev, J.P. Birchall, J.P. Pearson
MUCS5AC, MUC5B, mucus-secreting cell line HT29-MTX.

(O A Jurkat T cell variant resistant to death receptor-
induced apoptosis. Correlation with heat shock protein 27
and 70 levels.

J.E. Ricci, L. Maulon, V. Battaglione-Hofman, C. Bertolotto, F. Luciano, B. Mari, P.
Hofman, P. Auberger
apoptosis, caspases, Hsp27, Hsp70, T lymphocytes.

(O Increased cell surface expression of histocompatibility
class IT TAd in c-FOS transfected clones of the P388D1
murine macrophage cell line.

Y. Le Garrec, E. Rouer, F. Conti, P. Michel, A. Pompidou
MHC class Il antigens, murine macrophages, c-Fos.

https://lwww.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-... 29/31


https://www.jle.com/en/revues/ecn/doc/analysis-of-interleukin-18-interleukin-1-converting-enzyme-ice-and-interleukin-18-related-cytokines-in-crohnis-disease-lesions_11200/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=intestinal+mucosa
https://www.jle.com/en/recherche/recherche.phtml?q=Crohn%E2%80%99s+disease
https://www.jle.com/en/recherche/recherche.phtml?q=interleukin-18
https://www.jle.com/en/recherche/recherche.phtml?q=caspase-1%2FICE
https://www.jle.com/en/recherche/recherche.phtml?q=immunohistochemistry
https://www.jle.com/en/recherche/recherche.phtml?q=reverse+transcription+polymerase+chain+reaction.
https://www.jle.com/en/revues/ecn/doc/daily-production-of-human-tumor-necrosis-factor-in-lipopolysaccharide-lps-stimulated-ex-vivo-blood-culture-assays_11198/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/daily-production-of-human-tumor-necrosis-factor-in-lipopolysaccharide-lps-stimulated-ex-vivo-blood-culture-assays_11198/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/daily-production-of-human-tumor-necrosis-factor-in-lipopolysaccharide-lps-stimulated-ex-vivo-blood-culture-assays_11198/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=TNF
https://www.jle.com/en/recherche/recherche.phtml?q=cytokine
https://www.jle.com/en/recherche/recherche.phtml?q=LPS.
https://www.jle.com/en/revues/ecn/doc/inducible-nitric-oxide-synthase-attenuates-chronic-colitis-in-human-histocompatibility-antigen-hla-b27-human-b2-microglobulin-transgenic-rats_11216/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/inducible-nitric-oxide-synthase-attenuates-chronic-colitis-in-human-histocompatibility-antigen-hla-b27-human-b2-microglobulin-transgenic-rats_11216/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/inducible-nitric-oxide-synthase-attenuates-chronic-colitis-in-human-histocompatibility-antigen-hla-b27-human-b2-microglobulin-transgenic-rats_11216/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=rodent
https://www.jle.com/en/recherche/recherche.phtml?q=inflammation
https://www.jle.com/en/recherche/recherche.phtml?q=nitric+oxide
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines
https://www.jle.com/en/recherche/recherche.phtml?q=in+vivo+animal+models.
https://www.jle.com/en/revues/ecn/doc/up-regulation-of-mucin-secretion-in-ht29-mtx-cells-by-the-pro-inflammatory-cytokines-tumor-necrosis-factor-a-and-interleukin-6_11215/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/up-regulation-of-mucin-secretion-in-ht29-mtx-cells-by-the-pro-inflammatory-cytokines-tumor-necrosis-factor-a-and-interleukin-6_11215/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/up-regulation-of-mucin-secretion-in-ht29-mtx-cells-by-the-pro-inflammatory-cytokines-tumor-necrosis-factor-a-and-interleukin-6_11215/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=MUC5AC
https://www.jle.com/en/recherche/recherche.phtml?q=MUC5B
https://www.jle.com/en/recherche/recherche.phtml?q=mucus-secreting+cell+line+HT29-MTX.
https://www.jle.com/en/revues/ecn/doc/a-jurkat-t-cell-variant-resistant-to-death-receptor-induced-apoptosis-correlation-with-heat-shock-protein-27-and-70-levels_11209/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/a-jurkat-t-cell-variant-resistant-to-death-receptor-induced-apoptosis-correlation-with-heat-shock-protein-27-and-70-levels_11209/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/a-jurkat-t-cell-variant-resistant-to-death-receptor-induced-apoptosis-correlation-with-heat-shock-protein-27-and-70-levels_11209/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=apoptosis
https://www.jle.com/en/recherche/recherche.phtml?q=caspases
https://www.jle.com/en/recherche/recherche.phtml?q=Hsp27
https://www.jle.com/en/recherche/recherche.phtml?q=Hsp70
https://www.jle.com/en/recherche/recherche.phtml?q=T+lymphocytes.
https://www.jle.com/en/revues/ecn/doc/increased-cell-surface-expression-of-histocompatibility-class-ii-iad-in-c-fos-transfected-clones-of-the-p388d1-murine-macrophage-cell-line_11208/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/increased-cell-surface-expression-of-histocompatibility-class-ii-iad-in-c-fos-transfected-clones-of-the-p388d1-murine-macrophage-cell-line_11208/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/increased-cell-surface-expression-of-histocompatibility-class-ii-iad-in-c-fos-transfected-clones-of-the-p388d1-murine-macrophage-cell-line_11208/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=MHC+class+II+antigens
https://www.jle.com/en/recherche/recherche.phtml?q=murine+macrophages
https://www.jle.com/en/recherche/recherche.phtml?q=c-Fos.
https://www.jle.com/en/revues/ecn/doc/transforming-growth-factor-b-inhibits-interleukin-10-synthesis-by-human-monocytic-cells_11204/jle_article.dhtml

2026/10/21 11:15 JLE — European Cytokine Network — Contrasting effect of interleukin-4 on the expression of cytosolic phospholipase A2, 5-lip...
(O Transforming growth factor-b inhibits interleukin-10
synthesis by human monocytic cells.

S. Suberville, A. Bellocq, I. Peguillet, O. Lantz, P. Stordeur, B. Fouqueray, L. Baud
transforming growth factor-b1, interleukin-10, U. 937 cells.

(O Evidence for tumor necrosis factor receptors (TNFRs) in
human MRCS5 fibroblast cells.

D. Derouich-Guergour, H. Pelloux, D. Aldebert, P. Demenge, P. Ambroise-Thomas
MRCS, fibroblasts, TNF receptor, RT-PCR, binding, flow cytometry.

(O Interleukin-9 induces 24P3 lipocalin gene expression in
murine T cell lymphomas.

C. Orabona, L. Dumoutier, J.C. Renauld
cytokines, lipocalin, IL-9, 24P3.

(O Contrasting effect of interleukin-4 on the expression of
cytosolic phospholipase A2, 5-lipoxygenase and 5-
lipoxygenase-activating protein in peritoneal macrophages
from control and ovalbumin-sensitized rats.

L. Escoubet-Lozach, C.F. M'Rini, A. Rey, M. Beraud, J.C. Lepert, J. Bernard, J.R.
Mathieu, B. Pipy
cytokines, lipid mediators, macrophages, rat.

(O Fibrinogen cooperates with cytokines to induce
interleukin-6 receptor mRNA expression in human
hematopoietic CD34+ progenitors.

A. Hatzfeld, B. Panterne, N.O. Fortunel, M.N. Monier, J.A. Hatzfeld
human CD34+ cells, fibrinogen, competence factor, IL-6 receptor.

(O Balance between autocrine interleukin-1b and caspases
defines life versus death of polymorphonuclear cells.

P. Bossu, E. del Grosso, M.P. Cesaroni, G. Maurizi, N. Balestro, A. Stoppacciaro, E.
del Giudice, P. Ruggiero, D. Boraschi
apoptosis, interleukin-1, caspases, polymorphonuclear leukocytes, ICE.

(O Rat interleukin-10: production and characterisation of
biologically active protein in a recombinant bacterial
expression system.

https://lwww.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-... 30/31


https://www.jle.com/en/revues/ecn/doc/transforming-growth-factor-b-inhibits-interleukin-10-synthesis-by-human-monocytic-cells_11204/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/transforming-growth-factor-b-inhibits-interleukin-10-synthesis-by-human-monocytic-cells_11204/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=transforming+growth+factor-b1
https://www.jle.com/en/recherche/recherche.phtml?q=interleukin-10
https://www.jle.com/en/recherche/recherche.phtml?q=U.+937+cells.
https://www.jle.com/en/revues/ecn/doc/evidence-for-tumor-necrosis-factor-receptors-tnfrs-in-human-mrc5-fibroblast-cells_11211/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/evidence-for-tumor-necrosis-factor-receptors-tnfrs-in-human-mrc5-fibroblast-cells_11211/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=MRC5
https://www.jle.com/en/recherche/recherche.phtml?q=fibroblasts
https://www.jle.com/en/recherche/recherche.phtml?q=TNF+receptor
https://www.jle.com/en/recherche/recherche.phtml?q=RT-PCR
https://www.jle.com/en/recherche/recherche.phtml?q=binding
https://www.jle.com/en/recherche/recherche.phtml?q=flow+cytometry.
https://www.jle.com/en/revues/ecn/doc/interleukin-9-induces-24p3-lipocalin-gene-expression-in-murine-t-cell-lymphomas_11205/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/interleukin-9-induces-24p3-lipocalin-gene-expression-in-murine-t-cell-lymphomas_11205/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines
https://www.jle.com/en/recherche/recherche.phtml?q=lipocalin
https://www.jle.com/en/recherche/recherche.phtml?q=IL-9
https://www.jle.com/en/recherche/recherche.phtml?q=24P3.
https://www.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-5-lipoxygenase-activating-protein-in-peritoneal-macrophages-from-control-and-ovalbumin-sensitized-rats_11199/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-5-lipoxygenase-activating-protein-in-peritoneal-macrophages-from-control-and-ovalbumin-sensitized-rats_11199/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-5-lipoxygenase-activating-protein-in-peritoneal-macrophages-from-control-and-ovalbumin-sensitized-rats_11199/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-5-lipoxygenase-activating-protein-in-peritoneal-macrophages-from-control-and-ovalbumin-sensitized-rats_11199/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines
https://www.jle.com/en/recherche/recherche.phtml?q=lipid+mediators
https://www.jle.com/en/recherche/recherche.phtml?q=macrophages
https://www.jle.com/en/recherche/recherche.phtml?q=rat.
https://www.jle.com/en/revues/ecn/doc/fibrinogen-cooperates-with-cytokines-to-induce-interleukin-6-receptor-mrna-expression-in-human-hematopoietic-cd34-progenitors_11203/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/fibrinogen-cooperates-with-cytokines-to-induce-interleukin-6-receptor-mrna-expression-in-human-hematopoietic-cd34-progenitors_11203/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/fibrinogen-cooperates-with-cytokines-to-induce-interleukin-6-receptor-mrna-expression-in-human-hematopoietic-cd34-progenitors_11203/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=human+CD34%2B+cells
https://www.jle.com/en/recherche/recherche.phtml?q=fibrinogen
https://www.jle.com/en/recherche/recherche.phtml?q=competence+factor
https://www.jle.com/en/recherche/recherche.phtml?q=IL-6+receptor.
https://www.jle.com/en/revues/ecn/doc/balance-between-autocrine-interleukin-1b-and-caspases-defines-life-versus-death-of-polymorphonuclear-cells_11197/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/balance-between-autocrine-interleukin-1b-and-caspases-defines-life-versus-death-of-polymorphonuclear-cells_11197/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=apoptosis
https://www.jle.com/en/recherche/recherche.phtml?q=interleukin-1
https://www.jle.com/en/recherche/recherche.phtml?q=caspases
https://www.jle.com/en/recherche/recherche.phtml?q=polymorphonuclear+leukocytes
https://www.jle.com/en/recherche/recherche.phtml?q=ICE.
https://www.jle.com/en/revues/ecn/doc/rat-interleukin-10-production-and-characterisation-of-biologically-active-protein-in-a-recombinant-bacterial-expression-system_11193/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/rat-interleukin-10-production-and-characterisation-of-biologically-active-protein-in-a-recombinant-bacterial-expression-system_11193/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/rat-interleukin-10-production-and-characterisation-of-biologically-active-protein-in-a-recombinant-bacterial-expression-system_11193/jle_article.dhtml

2026/10/21 11:15 JLE — European Cytokine Network — Contrasting effect of interleukin-4 on the expression of cytosolic phospholipase A2, 5-lip...

V.Ball, S. Vigues, C.K. Gee, S. Poole, A.F. Bristow
IL-10, recombinant, rat, cytokines.

Les editions JLE

30rue Berthollet, Bat. A,
94110 Arcuell, France

+33(0)146 7306 60
contact@jle.com
Publishing Policy

& Become a partner

C
C
C

NI NN

f X

John Libbey Furctext Arnette doin  Pradel
‘ Eavoz,sgefr hevvies TEC & DOC Médecine

https://lwww.jle.com/en/revues/ecn/doc/contrasting-effect-of-interleukin-4-on-the-expression-of-cytosolic-phospholipase-a2-5-lipoxygenase-and-... 31/31


https://www.jle.com/en/recherche/recherche.phtml?q=IL-10
https://www.jle.com/en/recherche/recherche.phtml?q=recombinant
https://www.jle.com/en/recherche/recherche.phtml?q=rat
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines.
tel:+33146730660
mailto:contact@jle.com
https://www.jle.com/en/doc/page_editoriale/jle_contenu.dhtml
https://www.librairiejle.com/fr/index.phtml
https://www.jle.com/en/doc/page_publier/jle_contenu.dhtml
https://www.jle.com/en/doc/page_partenaire/jle_contenu.dhtml
https://www.facebook.com/Jhn-Libbey-Eurotext-217062194983560/
https://twitter.com/john_libbey

