Secretory phospholipase A2 induces dendritic cell maturation
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Abstract

High level of phospholipase A, (PLA,) activity is found in serum and biological fluids during the acute phase response (APR).
Extracellular PLA, in fluids of patients with inflammatory diseases such as sepsis, acute pancreatitis or rheumatoid arthritis is also
associated with propagation of inflammation. PLA, activity is involved in the release of both pro- and anti-inflammatory lipid
mediators from phospholipids of cellular membranes or circulating lipoproteins. PLA, may thus generate signals that influence
immune responses. Here, group |11 secretory PLA s weretested for their ability to promote generation of functionally mature human
dendritic cells (DC). PLA, treatment of differentiating monocytesin the presence of GM-CSF and IL-4 yielded cellswith phenotypical
and functional characteristics of mature DC. This maturation was dependent on the dose of PLA, and PLA -generated DC stimulated
interferon gamma secretion by allogeneic T cells. The effects of PLA, on DC maturation was mainly dependent on enzyme activity
and correlated with the activation of NF-kB, AP-1 and NFAT. The data suggest that transient increase in PLA, activity generates
signalsthat promote transition of innate to adaptive immunity during the APR.

MESH Keywords Catalytic Domain ; Cell Differentiation ; immunology ; physiology ; Dendritic Cells ; enzymology ; immunology ; physiology ; Humans ; Phenotype ;
Phospholipases A ; metabolism ; Phospholipases A2 ; Transcription Factors ; metabolism

Author Keywor ds dendritic cells ; acute-phase reactants ; lipid mediators ; inflammation ; immunomodulators

I ntroduction

The acute phase response (APR) is a non specific physiological response to aggression of the organism whose main function is to
favor tissue repair and pathogen elimination. This alarm system can be triggered by different kinds of stress such asinjury, physical trauma
or infection and result in the release of inflammatory mediators that induce transient and drastic modifications of plasma composition [1].
The concentration of humerous plasma proteins called acute phase reactants can be increased up to a thousand fold while that of other
proteins like albumin is drastically decreased [2]. This systemic response of APR has numerous consequences especially on lipid
metabolism. It is accompanied by alterations in lipoprotein composition and result in accumulation of oxidized low density lipoproteins
(LDL) and generation of modified phospholipids [3, 4]. Because phospholipase A, (PLA,) activity increases following cell injury and
during inflammatory conditions, secretory PLA,, can be considered as an acute phase reactant [5].

PLA s are enzymes that hydrolyze phospholipids at the sn-2 position to produce lysophospholipids and free fatty acids. Mammalian
PLA, isoenzymes are subdivided into four families, including cytosolic calcium-dependent and independent PLA s, secretory PLA,S
(SPLA,) and PAF-acetylhydrolases [6]. SPLA s are low molecular weight enzymes that use calcium as cofactor. High amounts of sPLA s
are also found in snake and bee venoms. Bee venom group 111 sPLA2 is the major allergen of hymenoptera venom and is largely used in
desensitization treatments [7]. A human group 111 sPLA, (hGllI sPLA,) with high homology to the bee venom enzyme has recently been
described [8]. High level of SPLA, has been measured in synovial fluid of rheumatoid arthritis patients [9, 10], bronchoalveolar lavage of
asthmatic patients [11] or in serum of individuals with systemic inflammatory disorders such as septic shock [12], acute pancreatitis [13]
and autoimmune diseases [14]. Some sPLA s were characterized as acute phase reactants playing arole in atherosclerosis by altering high
and low density lipoprotein catabolism and uptake [15].

The effects of SPLA s can be associated to their catalytic properties or to the engagement of cellular receptors [16, 17]. Different types
of membrane receptors for sPLA s have been identified. N-type receptors are mostly expressed in brain and bind neurotoxic sPLA, with
high affinity. M-type receptors that belong to the C-type lectin family are expressed in various tissues and display low affinity for the bee
venom PLA, (for review see [18]). Binding of PLA, to the mannose receptor and glycosaminoglycans has also been reported and may
trigger cellular activation and release of bioactive molecules like cytokines, leukotriene B4 and platelet-activating factor (PAF) [19-21].

PLA, hydrolysis of PC can generate bioactive lipids such as lysophosphatidylcholine (LPC) and non esterified poly-unsaturated faity
acids that exert various effects on immune cells. We have recently shown that LPC promotes mature DC generation from differentiating
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monocytes [22, 23]. Non esterified poly-unsaturated fatty acids can modulate toll-like receptor (TLR) signaling, resulting in modified
activation of NF-kB [24]. Furthermore, eicosanoids which are downstream metabolites of the PLA, reaction, are involved in the regulation
of functional properties of dendritic cells (DCs) with diverse effects. For instance, lipoxin A4 strongly inhibits IL-12 production by mature
DCs[25], and prostaglandin E2 regulates the migratory capacity of DCs[26] and their secretion of 1L-12 [27].

PLA ,-mediated processing of PC can generate a number of bioactive molecules with opposite effects on immunity. Since the secretion
of PLA_s is strongly stimulated during the acute phase response, we asked whether an increased PLA, activity can generate signals
identified by the innate immune system that would promote transition to an adaptive response. Here we describe the effect of group 111
SPLA s on the generation of functional human DC derived from monocytes.

Results
Phenotypic maturation induced by group 11 sPLA,

We have previously shown that LPC can induce the differentiation of mature DC directly from monocytes when it is added for the last
24 h of monocyte differentiation in the presence of GM-CSF and IL-4 [22, 23]. LPC can be generated from PC by PLA, hydrolysis.
Therefore, we asked whether sPLA, could exert the same effects on differentiating monocytes. As expected, monocytes incubated for 6
days with GM-CSF and IL-4 differentiated to immature DC (control) expressing high levels of CD1abut no CD14, low levels of HLA-DR
and CD40 but no CD86, CD80 and CD83 (figure 1A). When bee venom sPLA, was introduced in the culture medium for the last 24 h of
differentiation, cells obtained at day 6 had the phenotype of mature DC with enhanced expression of HLA-DR, CD86, CD80, CD83 and
CD40. The maturation induced by this PLA, was weaker than that induced by LPS (figure 1A), especially for the up-regulation of CD83
and CD40. The addition of the endotoxin inhibitor polymixin B had no effect on PLA ,-induced maturation (figure 1A) whereas it strongly
inhibited an important dose of LPS (10 ng/ml) (data not shown). The maturation was dependent on the dose of PLA , and maximal CD86
induction was obtained with 5 U/ml of PLA, (figure 1B). Further experiments with bee venom PLA , were therefore realized with 5 U/ml.

Functional mature DC promoted by group 111 sPLA,

To analyze their functional properties, PLA ,-treated DC were washed and co-cultured with allogeneic T cells. We found that these DC
were able to stimulate IFNy secretion (figure 2A) whereas no |L-4 nor |L-5 secretion could be detected (data not shown). The concomitant
addition of polymixin B with PLA,, during DC differentiation did not affect the functional maturation induced by PLA, (data not shown).
To confirm the Thl polarization of T cells, intracellular IL-4 and IFNy synthesis by T cells was analyzed after restimulation by IL-2. T
cells co-cultured with immature control DC led to alow number of IFNy-producing cells and no production of IL-4 (figure 2B). Although
with |ess efficiency than cells treated with 1 pg/ml LPS, PLA ,-generated DC increased the percentage of |FNy-secreting T cells but not
that of IL-4-producing T cells (figure 2B). Therefore, bee venom PLA, was able to generate mature DC that have the ability to induce a
Thl-oriented response in vitro. This polarization could not be explained by IL-12 secretion, since PLA ,-treated cells did not secrete
IL-12p70 and secreted small amounts of 1L-12p40 (43 + 29 pg/ml) that were only slightly above that of untreated cells (13 + 9 pg/ml).

The catalytic domain of human group 111 sSPLA, induces DC maturation

The catalytic domain of the human homologue of group 111 bee-venom PLA, (hGlIl sPLA,), that was produced as a recombinant
protein in S2 insect cells and purified to homogeneity [28] also induced the maturation of DC, enhancing the expression of presenting and
costimulatory molecules (figure 3A). These cells were functionally mature since they also stimulated the secretion of IFNy by allogeneic T
cells (figure 3B). Because of the rarity of this purified human PLA,, the following experiments were performed with the bee venom
enzyme.

PLA, binding and internalization by DCs

Bee venom PLA,, was labeled with fluorescent Alexa488 to follow its binding and internalization by cells. Differentiating monocytes
were harvested at day 5 (before any treatment by PLA ) and incubated on ice with increasing doses of fluorescent PLA,. The binding of
PLA, on cells was low, especially at the dose of 4 ug/ml, corresponding to the optimal active dose of 5 U/ml. Nevertheless, PLA,, binding
reached saturation at 8 pg/ml (~500 nM) for 10° cells (figure 4A). This binding could be inhibited by competition with nonlabeled PLA,
and 80 % inhibition was observed with a ten-fold excess of non-labeled PLA, (figure 4B). The data suggest that PLA, binds to a specific
receptor. The high concentration of bee venom PLA, (~500 nM) necessary to reach saturation suggests that this receptor may be of low
affinity. Chelation of calcium by 2 mM EDTA and addition of 5 ug/ml of mannan inhibited the binding of Alexa-PLA, by 50 % and
inhibitions by mannan and EDTA were not additive (data not shown), suggesting that at least one C-type lectin is involved in PLA,
binding to differentiating monocytes. These results may be in line with those of Mukhopadhyay and Stahl showing that bee venom PLA ,
binds to the macrophage mannose receptor (CD206) [29], a C-type lectin that is expressed on immature DCs.
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When the enzyme was incubated with cells at 37°C, the fluorescent PLA, was efficiently and rapidly internalized (figure 4C).
Internalized PLA, could be visualized by a punctuated labeling in almost all cells (figure 4D). Binding/Internalization experiments
revealed that the membrane receptor for PLA, could trigger internalization of its ligand (figure 4E). Therefore, during the 24 h treatment of
DC, PLA, is likely to be internalized by both receptor-mediated endocytosis and congtitutive pinocytosis which is highly efficient in
immature DCs. The relative contribution of each pathway remains to be determined.

Mechanism of action of sPLA,

The effect of PLA, on DCs may be due either to a direct enzymatic effect or to membrane signals induced by PLA, binding to surface
receptors. The catalytic activity of the enzyme can be inactivated by progressive heating at 95°C, as measured by hydrolysis of
arachidonoyl-thio-PC (figure 5A). After denaturation of PLA, for various periods of time (O to 30 min), the same amount of enzyme (4
g/ml) was added to the culture medium at day 5 of monocyte differentiation. The maturation state of the cells was estimated 24 hours later
by analyzing their phenotype. We previously observed that CD86 is the most sensitive and reliable marker of activation, therefore CD86
expression was plotted according to the enzyme activity measured after heating (figure 5B). The induction of maturation correlated with
the phospholipase activity, with a drastic decrease in CD86 induction when PLA , was heated for only 5 min. After heat-inactivation of the
enzyme for 30 min, its binding to DCs was not affected (figure 5C), indicating that sPLA, binding is not involved or not sufficient by itself
to induce DC activation. Thus, the generation of mature DC by PLA, appears to depend on the enzyme activity.

Transcription factors activated by sPLA,

Activation signals of DC can induce maturation through several distinct pathways. Signals like those engaging Toll-Like Receptors
(TLR) or inflammatory cytokine receptors result in the activation of NF-kB. Others like DC maturation triggered by FcR or LPC are
independent of NF-kB. The role of nuclear factors was studied by electrophoretic mobility shift assays (EMSA) using specific DNA
probes. As shown in figure 6 (A and C), NF-«B is activated by PLA, treatment. NF-kB binding activity is induced after 4 hours of
treatment with PLA, and remains highly activated after 24 hours. PLA,, treatment also induced the activation of AP-1 and NFAT (figure
6B-C). Peroxisome proliferator-activated receptors gamma (PPARYy) are ligand-dependent transcription factors that are inhibited by LPC
and activated by lipids such as HODE and HETE derived from linoleic and arachidonic acid [30]. They are involved in the regulation of
inflammation and lipid metabolism. Using a DNA probe containing a peroxisome proliferator response element from CD36 promoter, no
significant variation of PPARy could be observed (figure 6B-C).

Discussion

The aim of this work was to determine whether an increase in sPLA, activity resulted in the release of endogenous lipid signals that
can be detected by the innate immune system. In this paper, it is shown that treatment of differentiating monocytes by the bee venom PLA
and the catalytic domain of hGlll sPLA, generates cells with phenotypic and functional characteristics of mature DCs. PLA ,-generated
DC could activate a Thl type response by allogeneic T cells, inducing the secretion of IFNy but not that of IL-4. Although the bee venom
PLA, binds to specific membrane receptors on DCs, its biological effects seem to be associated to its enzymatic activity. We could exclude
PLA, contamination by endotoxins because: i, polymixin B did not affect PLA ,-induced phenotypic and functional maturation, ii, SPLA,
did not induce important secretion of IL-12 and iii, heating of the enzyme completely abolished its effect. PLA, treatment |eading to
mature DC generation also activated transcriptional factors known to be involved in the activation and regulation of an immune response.
The data supported and extended the notion recently proposed that lipid mediators, whose production is highly controlled during the APR,
may play a central rolein immunoregulation.

The biological effect of the bee venom PLA, on DCs appears dependent on its enzymatic activity. Although most of the study was
performed with bee-venom PLA,, similar data were obtained with the highly purified catalytic domain of hGlII sPLA,. Several other
PLA2 may also participate to DC maturation in vivo. For instance, the lipoprotein-associated plasmatic PLA, also called
PAF-acetylhydrolase hydrolyzes oxidized phospholipids with shortened fatty acid in sn-2 position, increasing LPC content in oxLDL [31].
The human group 1A, V or X sPLA s produced under inflammatory conditions can aso modify lipoproteins and generate high amounts of
LPC in LDL [32-34]. Lipolytic modifications of LDL by bee venom PLA, increased the affinity of LDL for proteoglycans and
glycosaminoglycans [35]. Under our experimental conditions, addition of purified LDL in the culture medium did not enhance PLA,, effect
on DC generation (data not shown). This may be due to the presence of albumin which is known to retain and inactivate fatty acids and
lysophospholipids generated by PLA, hydrolysis of native lipoproteins. Therefore these lipid mediators are likely to be the most efficient
when generated via PLA ,-mediated processing of membrane phospholipids. PLA, could also hydrolyze phospholipids from membranes of
endocytic compartments following internalization of the enzyme. Human group 11, V, X and XII as well as human and bee-venom group
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[11 SPLA, have been reported to generate external lipid mediators and hydrolyze phospholipids from the outer membrane |eaflet [28, 36).
Lipids generated at the cell membrane may be directly detected by membrane receptors or enter the cells to be metabolized or directly
interact with nuclear receptors.

The treatment of DCs with the bee venom PLA,, resultsin NF-kB, AP-1 and NFAT activation. These transcription factors control the
expression of numerous genes involved in the regulation of immunity. The role of NF-«kB in DC maturation has been extensively studied [
37-39]. This nuclear factor regulates genes involved in inflammation such as inflammatory cytokines (IL-18, TNFa, IL-12, etc...) and
chemokines (IL-8, MCP, etc...). It is also implicated in LPS, CD40 or TLR-induced DC maturation. NFAT has been widely studied in
T-cell activation where it plays a key role in antigen receptor-mediated responses by controlling the expression of a number of genes
including cytokines such as IL-2, IL-4, TNFa, IFNy and ligands such as CD40 and Fas ligand (reviewed by [40]). AP-1 proteins are
regulated by PKC and Ras/Rac dependent pathways. AP-1 and NFAT transcription factors can form stable complexes that bind composite
NFAT:AP-1 DNA sites. These composite sites have been identified in genes involved in the immune response such as IL-2, GM-CSF and
IFNy [41]. Activation of these transcription factors may reflect the diversity of bioactive molecules generated under PLA,, treatment and
may be an efficient way to integrate complex signals, enabling a fine tuning of biological responses. PLA ,-induced generation of mature
DC probably results from the combined effects of several lipid mediators produced directly or indirectly by this enzyme. Among the
various molecules resulting from PLA, activity, LPC was the best candidate to mediate PLA, effects on DC. Indeed, using the
experimental procedures described above, we have shown previously that LPC is the major lipid mediator of oxidized LDL that can
promote mature DC generation from differentiating monocytes by a G-protein coupled membrane receptor dependent pathway [22].
However, the transcription factors activated by LPC are different from those activated after bee venom PLA,, treatment [30]. Therefore,
LPC is unlikely to be directly responsible for the effects of PLA, on DC generation. Activation of NF-xB may be initiated by derivatives
of both LPC and arachidonic acid. Further work is required to identify the lipid mediators and their signaling pathway.

Although bee venom sPLA, isamajor allergen in humans, PLA ,-generated DC do not display a Th2-type function in vitro when cells
are obtained from non-allergic donors. Accordingly, it is known for other allergens such as Der p 1, one of the major allergens of the house
dust mite, that Th2 polarization of monocyte-derived DC is due to the allergic status of the donor [42]. It would therefore be interesting to
compare the effects of PLA, on monocytes and DC from allergic versus non allergic individuals and to know whether environmental
factors including histamine could reorient the function of PLA ,-generated DC toward a Th2-type as previously observed for LPS [43]. The
overall data presented here suggest that sPLA, like bee venom or hGIIl PLA, can generate lipid mediators with immunoregulatory
functionsin vitro. Increased PLA, activity during the APR may thus favor the development of the adaptive arm of immunity.

Material and methods

Differ entiation of monocyte-derived dendritic cells

PBMC were isolated from human peripheral blood by density gradient centrifugation on Ficoll-Hypagque (Amersham Biosciences,
Uppsala, Sweden). Mononuclear cells were separated from PBL by centrifugation on a 50 % Percoll solution. Monocytes were purified by
immunomagnetic depletion (Dynal, Oslo, Norway) using a cocktail of monoclonal Abs anti-CD19 (4G7 hybridoma), anti-CD3 (OKT3,
ATCC, Rockville, MD, USA) and anti-CD56 (NKH1, Beckman Coulter, Fullerton, CA, USA). Monocytes were more than 90 % pure as
assessed by CD14 labeling. Monocytes were differentiated to immature DC during 6 days with 40 ng/ml human recombinant GM-CSF and
250 U/ml human recombinant IL-4 in RPMI 1640 (Life Technologies, Rockville, MD, USA) supplemented with 2 mM glutamine (Life
Technologies), 10 mM Hepes (Life Technologies), 40 ng/ml gentamycin (Life Technologies) and 10 % lipoprotein-deficient fetal calf
serum (LPDS, Sigma, St Quentin-Fallavier, France). At the end of the differentiation (day 6), cells were harvested and analyzed. Cells

were CD14~ CD1a* and viability was superior to 90 %.

PLA, treatment

Bee venom PLA, (Sigma, min. purity 87%; 1360 U/mg protein; one unit will hydrolyze 1.0 ymole of soybean L-a
-phosphatidylcholine per min at pH 8.9 and 25°C) was dissolved in 100 mM Hepes buffer pH 8.5, aliquoted and stored at -20°C. The
catalytic domain of the human group |11 sPLA, was produced in insect cells and purified as previously described [28]. A 50X solution of
PLA, was prepared extemporaneously by dilution in 100 mM Hepes/5S mM CaCl, pH 8.5 buffer and 20 ul was added to 1 ml of
differentiating DC at day 5. Cells were incubated for 24 h with the indicated doses of PLA, or LPS (1 pg/ml). Control cells were incubated
with 20 pl of buffer adone. At day 6, cells and supernatants were harvested and analyzed. When indicated, polymixin B (10 pg/ml; Sigma)
was added to the culture 10 min before sSPLA, (5 U/ml) or LPS (10 ng/ml) addition.

PLA, inactivation

SPLA, (250 U/ml) in Hepes-CaCl,, buffer was heated at 95°C for 5 to 30 min and the enzyme was kept on ice until the assay. Enzyme
activity was assayed by arachidonoyl-thio-PC hydrolysis (Cayman Chemicals, Ann Arbor, M1, USA) as described [44]. 5 ul of buffer (150
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mM NaCl/10 mM CaCl,/80 mM Hepes/4 mM Triton X-100/30 % glycerol/1 mg/ml BSA pH 7.4) was added to 10 pl of heated PLA, and
incubated for 60 min at room temperature with 200 ul of 1.5 mM arachidonoyl-thio-PC in the same buffer. After addition of 10 pl of
DTNB/EGTA solution (25 mM DTNB/475 mM EGTA/0.5 M Tris-HCI pH 8) and incubation 5 min, the absorbance at 414 nm was
measured against the blank without PLA . Enzymatic activity was measured in ymol of arachidonoy!-thio-PC hydrolyzed/min/ml.

Phenotype analysis

Phenotype was analyzed by flow cytometry on a FACSCalibur (Becton Dickinson, Franklin Lakes, NJ, USA) using FITC-conjugated
anti-CD14, -HLA-DR, -CD80 and PE-conjugated anti-CD1a, -CD83, -CD86 all from Beckman Coulter.

Mixed leukocyte reaction (MLR)

PBMC were isolated by density gradient centrifugation on Ficoll-Hypaque. After depletion of monocytes on Percoll gradient, PBL
were recovered in the dense fraction. T lymphocytes were purified by immunomagnetic depletion using a cocktail of monoclonal Abs
anti-CD19 (4G7), anti-CD16 (3G8), anti-CD56 (NKH1), anti-glycophorin A (11E4B7.6) and anti-CD14 (RMO52) al from Beckman
Coulter. T lymphocytes were more than 95 % pure as assessed by CD3 labeling. Primary MLRs were conducted in 96-well flat-bottom
culture plates. DC were treated or not at day 5 with PLA,, collected at day 6, extensively washed and resuspended in RPMI 1640
supplemented with 2 mM glutamine, 10 mM hepes, 40 ng/ml gentamycin and 10 % FCS (BioMedia, Boussens, France). Cells were then
co-cultured with 2 x 10° allogeneic T cells in 200 uyl complete culture medium at 1/5, 1/10, 1/20 or 1/40 DCIT cells ratio. After 4 days,
culture supernatants were tested for the presence of IFNy by ELISA. To detect intracellular IL-4 and IFNy, 2.10* DC were co-cultured
with 2.10° allogeneic T cells for 5 days. Cells were restimulated with 100 U/ml recombinant IL-2 (Chiron) for 7 days. Cells were washed
and incubated with 10 ng/ml PMA and 1 pg/ml ionomycin for 5h. 10 pg/ml brefeldin A was added for the last 2h. Cells were washed,
fixed and permeabilized with cytofix/cytoperm solution (Becton Dickinson) and labeled with anti-IFNy-FITC and anti-1L-4-PE (Becton
Dickinson).

Cytokine measur ement

Culture supernatants were aliquoted and stored at -80°C. 1L-12p40 and IFNy levels were determined using ELISA kits from Biosource
(Camarillo, CA, USA) and Endogen (Woburn, MA, USA) respectively. IL-12p70 was assayed using the human Th1/Th2 Cytometric Bead
Array system (BD Biosciences).

PLA, binding and inter nalization

Bee venom sPLA, (2 mg/ml) was labeled with Alexad88-protein labeling kit (Molecular Probes, Leiden, The Netherlands). Free
Alexad88 was removed by gel filtration and labeled protein was recovered in PBS at 1.18 mg/ml.

The binding of Alexa488-PLA2 was performed on differentiating cells harvested at day 5 and resuspended in culture medium.
Alexad88-PLA, was incubated with cells (10%/ml) for 20 min on ice. In competition experiments, non labeled PLA, was added into the
medium 10 min prior to incubation with Alexad88-PLA, onice.

Internalization was carried out at 37°C for 2 to 20 min in RPMI/10 % LPDS medium. To follow receptor-mediated endocytosis, cells
were first incubated on ice for 20 min with 10 ug/ml Alexad88-PLA,, washed twice at 4°C, and then incubated at 37°C for 10 min.
Internalization was stopped on ice with cold PBS containing 0.1 % BSA and 0.05 % NaN,. Cells were washed three times at 4°C in this
buffer and analyzed by flow cytometry and fluorescence microscopy after cytospin and fixation. Slides were observed with the Leica DM
IRB/E microscope or the Axioplan2 LSM510 Confocal microscope (Zeiss).

Electrophoretic Mobility Shift Assay (EM SA)

Differentiating cells were treated with 5 U/ml PLA,, at day 5 for the indicated times (O, 2, 4, 8 or 24 h) as described above. After
treatment, cells (4 x 10%) were harvested and nuclear proteins were extracted: cells were washed twice with PBS, resuspended in 400 pl of
ice-cold hypotonic buffer (10 mM Hepes (pH 7.9)/10 mM KCI/0.01M DTT/1.5mM MgCl,/1X protease inhibitor cocktail (Sigma)), left on
ice for 10 min, vortexed and centrifuged at 15,000 g for 1 min at 4°C. Sedimented nuclei were resuspended in 40 ul ice-cold saline buffer
(20 mM Hepes (pH 7.9)/420 mM NaCl/0.2 mM EDTA/1.5 mM MgCl,/25% glycerol/1X protease inhibitor mixture (Sigma)), left on ice
for 20 min, vortexed and centrifuged at 15,000 g for 5 min at 4°C. Nuclear protein concentrations were determined by Micro-BCA Protein
Assay Reagent (Pierce, Rockford, IL, USA). The binding activity of nuclear proteins was determined using specific DNA probes as
described [30]. Sequences of the double-stranded oligonucleotide used for detection of NF-kB: 5-AGTTGAGGGGACTTTCCCAGG-3;;
PPAR: 5-GGGGTCAGTAAGTCAGAGGCCAGGGA-3; AP-1: 5-GTGACTCATGACTCATGACTCATGACTC-3; NFAT consensus:
5-CGCCCAAAGAGGAAAATTTGTTTCATA-3. Oligonuclectides were end-labeled with [y-32PJATP (Amersham Biosciences) by T4
polynucleotide kinase (New England Biolab, Beverly, MA). For the binding reaction, 1 ug of nuclear extract was added to a reaction
mixture containing 2 pg of poly (dI-dC) (Amersham Biosciences), 4 pl of 5X binding buffer (final concentration: 10 mM Tris (pH 7.5)/50
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mM NaCl/1 mM DTT/1 mM EDTA/5% glycerol), and 50000 cpm of [3?P]-labeled oligonucleotide in a final volume of 20 pl and were
incubated at room temperature for 20 min. Unlabeled competitor oligonucleotide was added in 50-fold excess to confirm the specificity of
the binding reaction. The same amount of total protein was loaded on a 4% polyacrylamide non denaturing gel and DNA-protein
complexes were separated from unbound DNA probe by electrophoresisin 0.5X Tris-glycine EDTA buffer. Gels were visualized using a
Typhoon Phosphorimager (Molecular Dynamics, Sunnyvale, CA). Image Master software (Amersham Biosciences) was used for
quantification of band intensities that were normalized to non specific background.
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Abbreviations

APR: acute phase response

LDL: low density lipoprotein

LPC: lysophosphatidylcholine

LPDS: lipoprotein deficient serum

oxLDL: oxidized low density lipoprotein

PAF: platelet-activating factor

PLA, : phospholipase A,

PC: phosphatidylcholine

PPAR: peroxisome proliferator-activated receptor
SPLA, : secreted PLA,, hGlIl sPLA2, human group 111 sPLA2

References:
1. Baumann H , Gauldie J The acute phase response. Immunol Today. 1994; 15: 74- 80

® 2. Gabay C, Kushner | Acute-phase proteins and other systemic responses to inflammation. N Engl J Med. 1999; 340: 448- 454

3. Cabana VG , Siegel N , Sabesin SM Effects of the acute phase response on the concentration and density distribution of plasma lipids and apolipoproteins. J Lipid Res.
1989; 30: 39- 49

® 4. Steinberg D Low density lipoprotein oxidation and its pathobiological significance. JBiol Chem. 1997; 272: 20963- 20966

5. Crowl RM , Stoller TJ, Conroy RR , Stoner CR Induction of phospholipase A2 gene expression in human hepatoma cells by mediators of the acute phase response. J Biol
Chem. 1991; 266: 2647- 2651

® 6. Murakami M , Kudo | Phospholipase A2. J Biochem (Tokyo). 2002; 131: 285- 292

7. Kammerer R, Chvatchko Y , Kettner A , Dufour N, Corradin G , Spertini F Modulation of T-cell response to phospholipase A2 and phospholipase A2- derived peptides by
conventional bee venom immunotherapy. J Allergy Clin Immunol. 1997; 100: 96- 103
8. Valentin E , Ghomashchi F, Gelb MH , Lazdunski M , Lambeau G Novel human secreted phospholipase A(2) with homology to the group 111 bee venom enzyme. J Biol
Chem. 2000; 275: 7492- 7496
9. Stefanski E , Pruzanski W , Sternby B , Vadas P Purification of a soluble phospholipase A2 from synovia fluid in rheumatoid arthritis. J Biochem (Tokyo). 1986; 100:
1297- 1303
10. Hara S, Kudo | , Chang HW , Matsuta K , Miyamoto T , Inoue K Purification and characterization of extracellular phospholipase A2 from human synovia fluid in
rheumatoid arthritis. J Biochem (Tokyo). 1989; 105: 395- 399
11. Bowton DL , Seeds MC , Fasano MB , Goldsmith B , Bass DA Phospholipase A2 and arachidonate increase in bronchoalveolar lavage fluid after inhaled antigen
challenge in asthmatics. Am J Respir Crit Care Med. 1997; 155: 421- 425
12. Vadas P Elevated plasma phospholipase A2 levels: correlation with the hemodynamic and pulmonary changes in gram-negative septic shock. J Lab Clin Med. 1984; 104:
873- 881
13. Schroder T, Kivilaakso E , Kinnunen PK , Lempinen M Serum phospholipase A2 in human acute pancreatitis. Scand J Gastroenterol. 1980; 15: 633- 636
14. Vadas P, Pruzanski W Role of secretory phospholipases A2 in the pathobiology of disease. Lab Invest. 1986; 55: 391- 404
15. Hurt-Camejo E , Camejo G, Peilot H , Oorni K , Kovanen P Phospholipase A(2) in vascular disease. Circ Res. 2001; 89: 298- 304
16. Lambeau G, Lazdunski M Receptors for a growing family of secreted phospholipases A2. Trends Pharmacol Sci. 1999; 20: 162- 170
17. Murakami M , Kudo | Diversity and regulatory functions of mammalian secretory phospholipase A2s. Adv Immunol. 2001; 77: 163- 194
18. Valentin E , Lambeau G Increasing molecular diversity of secreted phospholipases A(2) and their receptors and binding proteins. Biochim Biophys Acta. 2000; 1488: 59-
70
19. Gambero A , Landucci EC , Toyama MH , Marangoni S, Giglio JR , Nader HB , Dietrich CP, De Nucci G , Antunes E Human neutrophil migration in vitro induced by
secretory phospholipases A2: arolefor cell surface glycosaminoglycans. Biochem Pharmacol. 2002; 63: 65- 72
20. Triggiani M , Granata F , Oriente A , De Marino V , Gentile M , Calabrese C , Palumbo C , Marone G Secretory phospholipases A2 induce beta-glucuronidase release and
IL-6 production from human lung macrophages. J Immunol. 2000; 164: 4908- 4915
21. Triggiani M , Granata F , Oriente A , Gentile M , Petraroli A , Balestrieri B , Marone G Secretory phospholipases A2 induce cytokine release from blood and synovial
fluid monocytes. Eur J Immunol. 2002; 32: 67- 76
22. Coutant F, Perrin-Cocon L , Agaugue S, Delair T, Andre P, Lotteau V Mature dendritic cell generation promoted by lysophosphatidylcholine. J Immunol. 2002; 169:
1688- 1695
23. Perrin-Cocon L , Coutant F, Agaugue S, Deforges S, Andre P, Lotteau V Oxidized low-density lipoprotein promotes mature dendritic cell transition from differentiating
monocyte. J Immunol. 2001; 167: 3785- 3791
24. Lee JY , Plakidas A , Lee WH , Heikkinen A , Chanmugam P, Bray G , Hwang DH Differentia modulation of Toll-like receptors by fatty acids: preferential inhibition by
n-3 polyunsaturated fatty acids. J Lipid Res. 2003; 44: 479- 486
25. Aliberti J, Hieny S, Reise Sousa C , Serhan CN , Sher A Lipoxin-mediated inhibition of IL-12 production by DCs: a mechanism for regulation of microbial immunity.
Nat Immunol. 2002; 3: 76- 82
26. ScandellaE , Men Y , Gillessen S, Forster R, Groettrup M Prostaglandin E2 is a key factor for CCR7 surface expression and migration of monocyte-derived dendritic
cells. Blood. 2002; 100: 1354- 1361

Page 6/12

Eur J Immunol. Author manuscript



® 27. Kalinski P, Hilkens CM , Snijders A , Snijdewint FG , Kapsenberg ML IL-12-deficient dendritic cells, generated in the presence of prostaglandin E2, promote type 2
cytokine production in maturing human naive T helper cells. JImmunol. 1997; 159: 28- 35

® 28. Murakami M , Masuda S, Shimbara S, Bezzine S, Lazdunski M , Lambeau G , Gelb MH , Matsukura S, Kokubu F , Adachi M , Kudo | Cellular arachidonate-releasing
function of novel classes of secretory phospholipase A2s (groups |11 and XI1). JBiol Chem. 2003; 278: 10657- 10667

® 29. Mukhopadhyay A , Stahl P Bee venom phospholipase A2 is recognized by the macrophage mannose receptor. Arch Biochem Biophys. 1995; 324: 78- 84

® 30. Coutant F, Agaugue S, Perrin-Cocon L , Andre P, Lotteau V Sensing environmental lipids by dendritic cell modulates its function. J Immunol. 2004; 172: 54- 60

® 31. MacPhee CH , Moores KE , Boyd HF , Dhanak D , Ife RJ, Leach CA , Leake DS, Milliner KJ , Patterson RA , Suckling KE , Tew DG , Hickey DM
Lipoprotein-associated phospholipase A2, platelet-activating factor acetylhydrolase, generates two bioactive products during the oxidation of low-density lipoprotein: use of a
novel inhibitor. Biochem J. 1999; 338: (Pt 2) 479- 487

® 32. Hanasaki K , Yamada K , Yamamoto S, Ishimoto Y , SaigaA , Ono T, IkedaM , Notoya M , Kamitani S, Arita H Potent modification of low density lipoprotein by
group X secretory phospholipase A2 is linked to macrophage foam cell formation. J Biol Chem. 2002; 277: 29116- 29124

® 33. Gesquiere L , Cho W , Subbaiah PV Role of group Ilaand group V secretory phospholipases A(2) in the metabolism of lipoproteins. Substrate specificities of the enzymes
and the regulation of their activities by sphingomyelin. Biochemistry. 2002; 41: 4911- 4920

® 34. Pruzanski W , Stefanski E , de Beer FC , de Beer MC , Vadas P, Ravandi A , Kuksis A Lipoproteins are substrates for human secretory group I1A phospholipase A2:
preferential hydrolysis of acute phase HDL. JLipid Res. 1998; 39: 2150- 2160

® 35. Sartipy P, Camejo G, Svensson L , Hurt-Camejo E Phospholipase A(2) modification of low density lipoproteins forms small high density particles with increased affinity
for proteoglycans and glycosaminoglycans. JBiol Chem. 1999; 274: 25913- 25920

® 36. Singer AG , Ghomashchi F, Le Calvez C , Bollinger J, Bezzine S, Rouault M , Sadilek M , Nguyen E , Lazdunski M , Lambeau G , Gelb MH Interfacial kinetic and
binding properties of the complete set of human and mouse groups |, 11, V, X, and X! secreted phospholipases A2. JBiol Chem. 2002; 277: 48535- 48549

® 37. Rescigno M , Martino M , Sutherland CL , Gold MR, Ricciardi-Castagnoli P Dendritic cell survival and maturation are regulated by different signaling pathways. J Exp
Med. 1998; 188: 2175- 2180

® 38. Ardeshna KM , Pizzey AR , Devereux S, Khwaja A The PI3 kinase, p38 SAP kinase, and NF-kappaB signa transduction pathways are involved in the survival and
maturation of lipopolysaccharide-stimulated human monocyte-derived dendritic cells. Blood. 2000; 96: 1039- 1046

® 39. Mann J, Oakley F, Johnson PW , Mann DA CDA40 induces interleukin-6 gene transcription in dendritic cells: regulation by TRAF2, AP-1, NF-kappa B, AND CBF1. J
Biol Chem. 2002; 277: 17125- 17138

® 40. Rao A , Luo C, Hogan PG Transcription factors of the NFAT family: regulation and function. Annu Rev Immunol. 1997; 15: 707- 747

® 41. Macian F, Lopez-Rodriguez C , Rao A Partnersin transcription: NFAT and AP-1. Oncogene. 2001; 20: 2476- 2489

® 42. Hammad H , Charbonnier AS , Duez C , Jacquet A , Stewart GA , Tonnel AB , Pestel J Th2 polarization by Der p 1--pulsed monocyte-derived dendritic cellsis due to the
allergic status of the donors. Blood. 2001; 98: 1135- 1141

® 43. Caron G, Delneste Y , Roelandts E , Duez C , Bonnefoy JY , Pestel J, Jeannin P Histamine polarizes human dendritic cells into Th2 cell-promoting effector dendritic
cells. JImmunol. 2001; 167: 3682- 3686

® 44. Reynolds LJ, Hughes LL , Yu L , Dennis EA 1-Hexadecyl-2- arachidonoylthio-2-deoxy-sn-glycero-3-phosphorylcholine as a substrate for the microtiterplate assay of
human cytosolic phospholipase A2. Ana Biochem. 1994; 217: 25- 32

E;?e.r&ypic maturation induced by bee venom PLA,

Monocytes were differentiated in LPDS medium containing GM-CSF and IL-4 [22, 23]. Cells were treated or not at day 5 with PLA, or LPS
and analyzed at day 6. A, Phenotype of cells treated with 5 U/ml PLA, (filled profile), 5 U/ml PLA, + polymixin (bold ling), 10 ng/ml LPS
(dotted line) or untreated control cells (thin line). B, Increasing concentrations of PLA,, (0, 2, 5 or 10 U/ml) were added at day 5 and CD86
expression was analyzed at day 6. Data represent mean fluorescent intensities (mfi) normalized at 100 for control non-treated cells. Mean +
S.D. of three experiments.
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Fig. 2
Functional maturation induced by bee venom PLA,

Monocytes were differentiated in LPDS medium containing GM-CSF and IL-4. Cells were treated or not at day 5 by addition of 5 U/ml PLA,,
or 1ug/ml LPS and harvested at day 6. A, Control immature DC or PLA ,-generated DC were harvested at day 6, washed and cultured for 4
days with allogeneic purified T cells (2 x 10%well) at DC/T cell ratios ranging between 1/5 and 1/40. The amount of IFNy in the supernatants
of the coculture was measured by ELISA. B, Control immature DC, PLA ,-generated DC or L PS-treated DC were harvested at day 6, washed
and cultured for 5 days with allogeneic purified T cells (2 x 10%/well) at 1/10 DC/T cell ratio. Cells were expanded with 100 U/ml IL-2 for 7
days, washed and restimulated with PMA and ionomycin for 5 hours. Brefeldin A was added for the last 2 hours and cells were processed for
intracellular 1abeling with anti-1IFNy-FITC and anti-1L-4-PE.
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Fig. 3
Phenotypic and functional maturation induced by the catalytic domain of hGlII-sPLA,

Monocytes were differentiated in LPDS medium containing GM-CSF and IL-4. Cells were treated or not at day 5 by addition of 700 nM
hGIll sPLA, and analyzed at day 6. A, Phenotype of cells treated or not with hGlll sPLA,. Data represent mean fluorescent intensities
normalized at 100 % for control non-treated cells. B, 10* control immature DC or hGll| SPLA, treated DC were harvested at day 6, washed

and cultured for 4 days with allogeneic purified T cells (2 x 10%/well). The amount of IFNy in the supernatants of the coculture was measured
by ELISA.
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Fig. 4

Binding and internalization of PLA,
Monocytes were differentiated in LPDS medium containing GM-CSF and IL-4 for 5 days. Cells were washed and resuspended in cold LPDS
medium. A, Cells were incubated on ice for 20 min with increasing doses of Alexad88- PLA, (0, 4, 8, 16 or 32 uyg/ml). After washings, the
amount of bound fluorescent PLA, was measured by flow cytometry. Data represent mean + S.D. from mean fluorescent intensities (mfi) of
three experiments. B, Cells were incubated on ice for 20 min with increasing amounts of non labeled PLA ,, (20, 50, 100 or 200 ug/ml) and 20
ng/ml Alexad88-PLA,. After washing, mean fluorescent intensity of cells was measured by flow cytometry. Data are expressed in percentage
of PLA, binding without competitor. C, Cells were incubated with 2 ug/ml Alexad488-PLA, at 37°C or on ice, washed and analyzed by flow
cytometry. D, Cells were incubated with 4 pg/ml Alexad88-PLA, onice (up) or at 37°C (bottom), washed and observed in transmission (left)
or fluorescence (right) microscopy. E, Receptor-mediated endocytosis: cells were incubated with 10 ug/ml Alexad88-PLA,, on ice for 20 min,

washed and incubated at 37°C for 10 min.
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Fig. 5
Phospholipase activity is essentia to induce DC maturation
PLA, in Hepes-CaCl, buffer was heated or not at 95°C for 5 to 30 min. A, Enzyme activity was assayed by arachidonoyl-thio-PC hydrolysis.

B, Monocytes differentiating to DC were treated at day 5 with 4 ug/ml of PLA,, heated for the indicated time. Cells were harvested at day 6
and their phenotype was analyzed. CD86 expression by PLA, treated cells was plotted against the heating time of PLA,,. C, Differentiating
cells were washed at day 5, resuspended in cold LPDS medium and incubated for 20 min on ice with 4 pg/ml native PLA, or 4 pg/ml
denatured PLA,, (95°C for 30 min). Binding was measured asin figure 3.
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Fig. 6
EMSA on nuclear extracts from PLA ,-generated DC

Monocytes differentiating to DC were treated at day 5 with 5 U/ml PLA,, for the indicated period of time. Cells were harvested and nuclear
extracts prepared as described. Equal quantities of nuclear proteins were run for EMSA analysis, using 32P-labeled DNA probes specific for
NF-kB (A), AP-1, NFAT and PPARYy (B). The specificity of binding was shown by competition with non labeled probe in excess (lane C). C,
Binding activity of the above transcription factors was determined by quantification of band intensities on gel shift assays using Image Master
software.
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