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A B S T R A C T   

In this study we investigated the effects of snake venom Group IA secreted phospholipase A2 (svGIA) on the 
release of inflammatory and angiogenic mediators from human lung macrophages (HLMs). HLMs were incubated 
with lipopolysaccharide (LPS) or svGIA with or without macrophage-polarizing stimuli (IL-4, IL-10, IFN-γ or the 
adenosine analogue NECA). M2-polarizing cytokines (IL-4 and IL-10) inhibited TNF-α, IL-6, IL-12, IL-1β, CXCL8 
and CCL1 release induced by both LPS and svGIA. IL-4 inhibited also the release of IL-10. IFN-γ reduced IL-10 and 
IL-12 and increased CCL1 release by both the LPS and svGIA-stimulated HLMs, conversely IFN-γ reduced IL-1β 
only by svGIA-stimulated HLMs. In addition, IFNγ promoted TNF-α and IL-6 release from svGIA-stimulated HLMs 
to a greater extent than LPS. NECA inhibited TNF-α and IL-12 but promoted IL-10 release from LPS-stimulated 
HLMs according to the well-known effect of adenosine in down-regulating M1 activation. By contrast NECA 
reduced TNF-α, IL-10, CCL1 and IL-1β release from svGIA-activated HLM. IL-10 and NECA increased both LPS- 
and svGIA-induced vascular endothelial growth factor A (VEGF-A) release. By contrast, IL-10 reduced 
angiopoietin-1 (ANGPT1) production from activated HLMs. IFN-γ and IL-4 reduced VEGF-A and ANGPT1 release 
from both LPS- and svGIA-activated HLMs. Moreover, IL-10 inhibited LPS-induced ANGPT2 production. In 
conclusion, we demonstrated a fine-tuning modulation of svGIA-activated HLMs differentially exerted by the 
classical macrophage-polarizing cytokines.   
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snake venom Group IA Secreted phospholipase A2; TAM, Tumor-Associated Macrophages; TNF, Tumor Necrosis Factor; TP, Thymidine Phosporylase; VEGF, Vascular 
Endothelial Growth Factor. 
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1. Introduction 

Macrophages are central players in several pathological conditions 
related to chronic inflammation, such as cancer [1]. Macrophages are 
characterized by a well-known plasticity, which consists on their ability 
to modify their functions according to the signals coming from the 
microenvironment [2]. Looking from a simplified perspective, macro-
phages can undergo polarization towards two opposite phenotypes. 
Classical Th1-related cytokines (e.g. IFN-γ) alone or together with mi-
crobial molecules [e.g., lipopolysaccharide (LPS)] induce the switch to 
classical M1 phenotype. Classically activated M1 macrophages are 
characterized by a high production of effector molecules (e.g., reactive 
oxygen and nitrogen intermediates) and inflammatory cytokines (e.g., 
IL-1β, TNF-α, IL-6, IL-12) as well as by a low expression of IL-10. From 
the functional point of view, they take part into the Th1 response and in 
resistance against microbes and tumors [2]. By contrast, Th2-related 
cytokines such as IL-4 and IL-13 induce the alternative M2 phenotype 
which produces high levels of IL-10 and low levels of IL-12 [3]. M2 
polarized macrophages are scarce antigen presenting cells, inhibit Th1 
adaptive immune response, play central roles in resistance against par-
asites, wound healing, tissue remodeling and angiogenesis [1]. How-
ever, increasing evidence now definitely indicates that macrophage 
activation exists on a wide spectrum and cannot easily be binned into 
defined groups [4–6]. 

Macrophages infiltrating the tumor (Tumor-Associated Macrophages 
– TAM) can exert dual roles but a number of evidences suggest they 
display an M2-like phenotype. Indeed, they share with M2 macrophages 
a number of functions such as the suppression of the anti-tumor immune 
response, the remodeling of the extracellular matrix, the promotion of 
tumor cell invasive behavior and metastatic potential, as well as the 
support of tumor-associated angiogenesis and lymphangiogenesis [1]. 

Tumor-derived metabolic derivatives (e.g., hypoxia, lactate, pyru-
vate, or hydrogen ions) or molecules locally produced or released for 
tissue damage (e.g., IL-10, M− CSF, LPS, adenosine) [1] can activate 
proangiogenic programs in TAM [7]. Under the influence of these me-
diators, TAM express TGF-β, vascular endothelial growth factor A 
(VEGF-A) and C (VEGF-C), platelet derived growth factor (PDGF), 
metalloprotease-9 (MMP-9) and some pro-angiogenic chemokines (e.g. 
CXCL8) which can differentially modulate the various steps of the 
angiogenic program [8,9]. In the tumor microenvironment, local hyp-
oxia increases the expression of HIF-1 and HIF-2, which in turn activate 
a pro-angiogenic program in TAM, which lead to the release of VEGF, 
basic fibroblast growth factor (bFGF) and CXCL8 [10]. 

Phospholipases A2 (PLA2) are able to hydrolyze fatty acids from 
membrane phospholipids [11]. Among PLA2 superfamily, secreted 
PLA2s (sPLA2s) represent the largest family, being Ca2+-dependent low 
molecular-weight enzymes. Individual sPLA2s exhibit unique localiza-
tion (mammalian tissues as well as arachnid, insect, and snake venom), 
cellular distributions and enzymatic properties, suggesting their distinct 
biological roles [11,12]. During the activation of the inflammatory 
cascade, sPLA2s are released in biological fluids and are able to stimulate 
immune cells through their enzymatic or non-enzymatic (receptor- 
mediated) activity [11,12]. 

Both human and venom sPLA2 can efficiently stimulate cytokine 
production in human lung macrophages (HLMs) [7,13]. Our group 
demonstrated that sPLA2 group IIA and X promoted the release of VEGF- 
A and VEGF-C from HLMs by a receptor-mediated mechanism. Adeno-
sine synergistically enhanced sPLA2-induced activation of macrophages 
by further increasing VEGF-A release [7]. Venom PLA2 were able to non- 
enzymatically stimulate neutrophils and to activate cytosolic PLA2 
leading to the production of arachidonate metabolites which in turn 
promote neutrophil activation and chemotaxis [14]. Group IA (GIA) and 
group IB (GIB) sPLA2 promoted the production of cytokines (TNF-α, IL-6 
and IL-10) and chemokines (CCL2, CCL3, CCL4 and CXCL8) by HLMs. 
TNF-α and CXCL8 release was dependent on the activation of PI3K/Akt 
system, the MAPK p38 and ERK1/2 and NF-κB pathways and was 

independent by their enzymatic activity [15]. 
LPS is a cell wall component of gram-negative bacteria which can be 

recognized by TLR4 [16]. The co-receptor CD14 mediates the binding of 
LPS from the LPS-binding protein (LBP) to the TLR4–MD2 complex 
expressed on the cell surface and induces the TNF-α and IL-6 production 
in response to TLR4 [16]. LPS is one of the main activators of the clas-
sical M1 polarization, which enable macrophages to kill microorganisms 
and produce proinflammatory mediators, such as reactive oxygen and 
nitrogen derivatives, TNF-α, IL-6, IL-23 and IL-12 [2]. 

The involvement of the major macrophages-polarizing cytokines in 
the sPLA2-induced production of inflammatory and angiogenic media-
tors by HLMs has not been defined yet. In this study we explored several 
modulating effects of different cytokines on the production of several 
mediators in primary HLMs activated by sPLA2. 

2. Methods 

2.1. Reagents 

The following were purchased: bovine serum albumin, L-glutamine, 
antibiotic–antimycotic solution (10,000 IU/mL penicillin, 10 mg/mL 
streptomycin, and 25 μg/mL amphotericin B), RPMI 1640, fetal calf 
serum (FCS) (endotoxin level < 0.1 EU/mL), Percoll®, svGIA sPLA2 
(from Naja mossambica mossambica venom) and 5-(N-Ethyl-
carboxamido) adenosine (NECA) (Sigma Aldrich, St. Louis, MO), IL-4, 
IL-10 and INF-γ (PeproTech, Rocky Hills, NJ). 

2.2. Isolation and purification of human lung macrophages (HLMs) 

Macrophages were purified from macroscopically normal lung tissue 
of patients (hepatitis C virus− , hepatitis B surface Ag− , HIV1− ) under-
going lung resection [17]. The study protocol was approved from the 
Ethics Committee of University of Naples “Federico II” (Prot. 7/19), and 
informed consent was obtained from 15 donors. The cells were sus-
pended (106 cells/mL) in RPMI 1640 with 5% FCS, 2 mM L-glutamine, 
and 1% antibiotic–antimycotic solution and incubated in 24-well plates. 
After 12 h, the medium was removed and the plates were gently washed 
with fresh medium. More than 98% of adherent cells were macrophages, 
as evaluated by flow-cytometric analysis with the following antibodies: 
anti-CD45 (Clone REA747, dilution 1:50), anti-HLA-DR (Clone REA805, 
dilution 1:50) and anti-CD206 (dilution 1:11) Miltenyi Biotec, Germany) 
(Fig. 1). Samples were analyzed on the MACSQuant Analyzer 10 (Mil-
tenyi Biotec, Germany) and in the FlowJo software, v.10. Doublets, 
debris (identified based on forward and side scatter properties), and 
dead cells (identified with Zombie Violet Fixable Viability Kit; Bio-
Legend) were excluded from the analysis. Data were expressed as a 
percentage of positive cells. 

2.3. Isolation of monocytes and differentiation in macrophages 

The study protocol involving the use of human blood cells was 
approved by the Ethics Committee of the University of Naples Federico 
II, and written informed consent was obtained from blood donors ac-
cording to the principles expressed in the Declaration of Helsinki (Pro-
tocol number 301/12). Peripheral blood mononuclear cells (PBMC) 
were isolated from buffy coats of healthy donors (HBsAg− , HCV− , and 
HIV− ) obtained from a leukapheresis unit. Leukocytes were separated 
from erythrocytes by dextran sedimentation. PBMC were purified by 
Histopaque-1077 (Sigma Aldrich, Milan, Italy) density gradient centri-
fugation (400 × g for 20 min at 22̊C). Monocytes were further purified 
with CD14 microbeads (Miltenyi Biotec, Italy) according to the manu-
facturer’s protocol. To obtain monocyte-derived macrophages (MDMs), 
monocytes (1.5 × 105 cells/cm2) were differentiated with M− CSF 50 
ng/ml (Miltenyi Biotec, Italy) for 7 days in RPMI 1640 supplemented 
with 10% FBS (Sigma-Aldrich, Italy) [17]. 
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2.4. Cell incubations 

Adherent macrophages and MDMs were incubated (37◦C, 18 h) in 
RPMI 1640 containing LPS (100 ng/ml) or svGIA (500 ng/ml) alone or in 
combination with IL-4 (10 ng/mL), IL-10 (10 ng/mL), INF-γ (1000 U/ 
mL) or NECA (10 µM). Limulus amebocyte Test (MP Biomedicals) was 
used to check LPS contamination in svGIA preparations used for 
macrophage stimulation. The test revealed that svGIA preparations were 
LPS-free (LPS concentration above the detection limit of the assay −
0.125 EU/mL). To further avoid any effect due to unwanted bacterial 
contaminations, before being used to stimulate macrophages, svGIA 
(500 ng/mL) and LPS (100 ng/mL) preparations were preincubated 
(37◦C, 30 min) with polymyxin B (50 µg/mL). Cell viability was assessed 
by trypan blue exclusion and was greater than 95%. At the end of in-
cubation, supernatants were harvested, centrifuged (1000 × g, 4 ◦C, 5 
min) and stored at –80 ◦C for the subsequent determination of cytokines 
(TNF-α, IL-6, IL-10, IL-12, IL-1β), chemokines (CXCL8 and CCL1) and 
angiogenic factors (VEGF-A, ANGPT1 and ANGPT2) concentrations. 
Lysis of the cells remaining in the plates was carried out by using 0.1% 
Triton X-100 for total protein quantification by a Bradford assay 
(Biorad). 

2.5. ELISA for cytokines, chemokines and angiogenic factors 

The release of soluble mediators in the supernatants of HLMs was 
measured in duplicate using commercially available ELISA kits for TNF- 
α, IL-6, IL-10, IL-12, IL-1β, CXCL8, CCL1, VEGF-A, ANGPT1 and ANGPT2 
(R&D Systems, Minneapolis, MN). The linearity range of the assay was 
between 20 and 800 pg/mL for TNF-α, 6 and 200 pg/mL for IL-6, 12 and 
400 pg/mL for IL-10, 10 and 2000 pg/mL for IL-12 p40, 3 and 300 pg/ 
mL for IL-1β, 30 and 2000 pg/mL for CXCL8, 15.2 – 1,000 for CCL1, 31.1 
– 2,000 pg/mlL for VEGF-A, 156.25 – 10,000 pg/mL for ANGPT1 and 
31.1 – 4,000 pg/mL for ANGPT2. Since the number of adherent mac-
rophages and MDMs can vary among the wells and 6 different experi-
ments, the results obtained were normalized for the total protein content 
in each well, determined in the cell lysates (0.1% Triton X-100) by the 
Bradford assay. 

2.6. Statistical analysis 

Data were analyzed with the GraphPad Prism 7 software package. 
Statistical analysis was performed using an unpaired Student’s t-test or a 
one-way analysis of variance (ANOVA) followed by Dunnett’s test (when 
comparison was made against a control) or Bonferroni’s test (when 
comparison was made between each pair of groups). Statistically sig-
nificant differences were accepted when the p-value was ≤ 0.05. 

3. RESULTS AND discussion 

In this paper, we investigated the effect of some pivotal macrophage- 
polarizing cytokines on the release of pro-inflammatory and angiogenic 
factors induced in HLMs by the venom sPLA2 group IA (svGIA) compared 
to LPS. HLMs were isolated from human lung tissue from a total of 15 
patients who underwent surgery for lung cancer. As already reported 
[17], HLMs (identified as FSchighSSchighCD45+HLA− DR+ cells) homo-
geneously expressed CD206, suggesting an M2-like phenotype (Fig. 1). 
However, M2 markers can be also expressed by tissue-resident macro-
phages under the influence of IL-4 [2,17]. 

In a first series of in vitro experiments, we evaluated the release of 
inflammatory and angiogenic factors produced by HLMs stimulated with 
svGIA or LPS. Table 1 shows that both LPS and svGIA induced the release 
of inflammatory cytokines (TNF-α, IL-6, IL-10, IL-12 and IL-1β) and 
chemokines (CXCL8 and CCL1) from HLMs compared to control. 
Moreover, both LPS and svGIA caused the release of angiogenic factors 
such as VEGF-A and ANGPT1. ANGPT2 was released only upon LPS 
stimulation (Table 1). It is important to note that LPS induced higher 
levels of TNF-α, IL-6, IL-10, IL-12, IL-1 β, CXCL8 and VEGF-A from HLMs 
compared to svGIA (Table 1). Thus, the exposure of HLMs to svGIA 
resulted in a pro-inflammatory profile similar to the one induced by LPS, 
even though to a lesser extent. It is important to note that all prepara-
tions of svGIA were LPS-free. Our results confirm that svGIA plays a 
major role in the initiation/regulation of lung inflammation and im-
mune responses. In particular, the release of the pro-inflammatory cy-
tokines TNF-α, IL-6, IL-12 and IL-1β indicates that svGIA may enhance 
the local inflammatory response, whereas the induction of CXCL8 and 

Fig. 1. Representative flow cytometric panels with respect to the gating strategy used to identify human lung macrophages (HLMs). Among total cells (A), after 
excluding doublets (B) and dead cells (C), macrophages were identified as CD45+ (D) and HLA-DR+ (E). Expression of CD206 was assessed within 
SSChighFSChighCD45+HLADR+ cells (F). 
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CCL1 suggests that svGIA promotes the recruitment of neutrophils and T 
cells at sites of inflammation [2]. Interestingly, svGIA also induced the 
immunomodulatory molecule IL-10. This effect could be due, at least in 
part, to the release of TNF-α, the initial cytokine released in the cytokine 
cascade following LPS exposure [18]. Additional experiments are 
required to clarify the latter aspect. In addition, we demonstrated that 
svGIA induced VEGF-A and ANGPT1 release, similarly to LPS, suggesting 
a role in supporting inflammation-related angiogenic switch. 

Interestingly, LPS, but not svGIA, induced ANGPT2 release from 
HLMs. ANGPTs contribute to multiple pathophysiological aspects such 
as inflammation, cell survival and cancer. In healthy individuals, 
expression of ANGPT2 is limited, but in cancer patients the serum levels 
of ANGPT2 increase and the ratio between ANGPT1 and ANGPT2 de-
creases accordingly [19]. Since the expression and the release of 
ANGPT2 can be favored by cytokines such as VEGF-A [20], one could 
hypothesize that, since LPS is a stronger inducer of the inflammatory 
response compared to svGIA, the LPS-induced release of VEGF-A was 
responsible for the induction of ANGPT2 in LPS-stimulated HLMs. 
However, additional experiments are necessary to address this aspect. 

In a second series of in vitro experiments, we investigated the effect of 
some macrophage-polarizing stimuli in modulating LPS and svGIA- 
induced HLMs activation (Fig. 2). Concerning the pro-inflammatory 
profile, the M2-polarizing cytokines IL-4 and IL-10 both inhibited the 
release of TNF-α (panel A), IL-6 (panel B), CXCL8 (panel C), CCL1 (panel 
D), IL-12 (panel E), IL-1β (panel F), induced by both LPS and svGIA. Our 
results are in line with published reports describing the multiple anti- 
inflammatory properties of the prototypic type 2 immunoregulatory 
cytokine IL-4 [21,22]. In addition, IL-4 inhibited the release of IL-10 too 
(panel G). The last result was such unexpected, but could be related to 
the ability of IL-4 of differentially modulate macrophage functions ac-
cording to the different macrophage populations or the related pheno-
type [22,23]. Indeed, IL-4 differentially modulated LPS-induced IL-12 
and IL-10 production by human peripheral blood monocytes and syno-
vial mononuclear cells [23]. Moreover, in our experimental system, the 
effect of IL-4 on IL-10 production could be due to the reduction of TNF-α 
release in both LPS- and svGIA-treated HLMs. Additional experiments 
are required to clarify this mechanism, but our results add new data on 
the understanding of the complexity of the different macrophage 

populations at the inflammatory sites. 
Similarly to IL-4, IFN-γ reduced both the LPS- and svGIA-induced IL- 

12 and IL-10 release (panel E and G) [24]. By contrast, IFN-γ inhibited 
IL-1β release only in svGIA-activated HLMs (panel F). INF-γ increased 
the release of CCL1 by LPS- and svGIA-induced HLMs (panel D), sug-
gesting a kind of M2b polarization [25], even in absence of any FcγR 
engagement. In addition, IFN-γ promoted the release of TNF-α and IL-6 
in svGIA-stimulated HLMs to a greater extent than LPS (panel A and B), 
suggesting an even stronger pro-inflammatory effect. By contrast, IFN-γ 
did not modulate both LPS and svGIA-induced CXCL8 release from HLMs 
(panel C). 

The potent adenosine A2a receptor agonist NECA inhibited the 
release of TNF-α (panel A) and IL-12 (panel E) but promoted the release 
of IL-10 from LPS-stimulated HLMs (panel G), in line with the well- 
known effect of adenosine in down-regulating classical M1 activation 
[26]. By contrast, in svGIA-activated HLMs, NECA reduced TNF-α (panel 
A), CCL1 (panel D), IL-12 (panel E) and IL-1β (panel F) and IL-10 (panel 
G) release, displaying a less selective anti-inflammatory effect. NECA did 
not modulate both LPS- and svGIA-induced IL-6 (panel B) and CXCL8 
release (panel C). 

About the angiogenic profile, the immunomodulatory IL-10 and 
NECA significantly increased both LPS- and svGIA-induced VEGF-A 
release (panel H), according to their M2-polarizing properties. On the 
other hand, IL-10 reduced ANGPT1 production, whereas NECA did not 
modulate ANGPT1 release in both LPS- and svGIA-stimulated HLMs 
(panel I). IFN-γ significantly reduced the release of VEGF-A and ANGPT1 
from both LPS- and svGIA- activated HLMs (panels H and I), in line with 
its M1 polarizing effect. Surprisingly, IL-4 inhibited VEGF-A and 
ANGPT1 release induced by LPS and svGIA-activated HLMs (panels H 
and I) as well as the release of ANGPT2 induced by LPS (panel J). This 
inhibitory effect of IL-4 on the release of pro-angiogenic mediators could 
be due to the significant IL-4-mediated reduction of TNF-α. 

In the last group of experiments, we assessed the effect of LPS and 
svGIA on naive, non-polarized monocyte-derived macrophages (MDMs). 
Both LPS and svGIA induced the release of the pro-inflammatory cyto-
kines (TNF-α, CXCL8, IL-12 and IL-1β) and VEGF-A from MDMs 
compared to control (Supplementary Table 1). Moreover, IL-6, CCL1 and 
IL-10 were released only upon LPS stimulation (Supplementary Table 1). 
Conversely, ANGTPs were not released by LPS nor svGIA stimulation 
(Supplementary Table 1). Similarly to HLMs, LPS induced TNF-α, 
CXCL8, IL-12, IL-1β and VEGF-A to a higher extent compared to svGIA 
(Supplementary Table 1). Of note, the amount of each single mediator, 
with the exception of VEGF-A, was higher in HLM compared with MDM 
supernatants. The latter observation is consistent with the complexity of 
the TME, which is rich of a plethora of cells and stimuli. These factors 
could be responsible for the modulation of the macrophage phenotype, 
leading to a different amount of soluble mediators released by HLMs in 
response to LPS and svGIA compared to MDMs. 

Concerning the effect of the macrophage-polarizing stimuli in 
modulating LPS and svGIA-induced MDMs activation we found that, 
similarly to HLMs, IL-4 and IL-10 inhibited the release of the pro- 
inflammatory mediators, with the exception of IL-10 (Supplementary 
Fig. 1, panels A-G). In addition, the LPS and svGIA-induced VEGF-A 
release was inhibited by IL-4 but increased by IL-10 (Supplementary 
Fig. 1H). IFN-γ reduced the LPS-induced IL-12 release from MDMs 
(Supplementary Fig. 1E). By contrast, IFN-γ inhibited the release of 
VEGF-A by both LPS- and svGIA-activated MDMs (Supplementary 
Fig. 1H). Similarly to HLMs, INF-γ increased the release of CCL1 by LPS- 
induced MDMs (Supplementary Fig. 1D). Similarly to HLMs, NECA, 
inhibited the release of TNF-α and IL-12 (Supplementary Fig. 1, panels A 
and E) from LPS- and svGIA-stimulated MDMs but increased the release 
of VEGF-A (Supplementary Fig. 1H). Moreover, NECA reduced CCL1 
production only in LPS-stimulated MDMs (Supplementary Figure D). IL- 
1β release was inhibited by NECA from both svGIA-activated HLMs and 
MDMs (Fig. 2F and Supplementary Fig. 1F). 

Collectively, our results demonstrate for the first time that svGIA can 

Table 1 
Human lung macrophages (HLMs) were stimulated with medium alone (Unsti-
mulated) with or without LPS (100 ng/mL) or svGIA (500 ng/mL) for 18 h. 
Supernatants were harvested, centrifuged twice (1000 × g, 4◦C, 5 min) and 
stored at –80 ◦C for the subsequent determination of pro-inflammatory (TNF-α, 
IL-6, CXCL8, CCL1, IL-12, IL-1β, IL-10) and angiogenic (VEGF-A, ANGPT1 and 
ANGPT2) profiles by ELISA. The results were normalized for the total protein 
content in each well (by using Bradford assay).   

Unstimulated LPS svGIA 

TNF-α (ng/mg of 
proteins) 

0.6 ± 0.10 14.0 ± 2.69(*) 4.5 ± 1.19(*)(§) 

IL-6 (ng/mg of proteins) 2.9 ± 0.34 48.3 ± 6.6(*) 10.4 ± 0.97(*)(§) 

CXCL8 (ng/mg of 
proteins) 

89.1 ± 28.08 637.1 ±
59.54(*) 

405.2 ± 42.54(*) 

(§) 

CCL1 (pg/mg of proteins) 31.2 ± 11.84 220.1 ±
47.48(*) 

110.8 ± 23.18(*) 

IL-12 (ng/mg of proteins) 0.8 ± 0.006 40.8 ± 1.3(*) 2.3 ± 0.1(*)(§) 

IL-1β (pg/mg of proteins) 1.8 ± 0.6 311 ± 67.1(*) 33.8 ± 4.0(*)(§) 

IL-10 (pg/mg of proteins) 32.0 ± 6.36 525.5 ±
94.12(*) 

208.0 ± 34.49(*) 

(§) 

VEGF-A (pg/mg of 
proteins) 

53.4 ± 12.2 222.8 ± 12.2(*) 168.9 ± 8.9(*)(§) 

ANGPT1 (pg/mg of 
proteins) 

102.2 ± 16.91 326.0 ±
89.15(*) 

464.2 ± 93.71(*) 

ANGPT2 (pg/mg of 
proteins) 

24.0 ± 1 42.5 ± 2.5(*) 28.5 ± 2.5 

Data are reported as mean ± SEM of 6 experiments from different donors and 
analyzed by using One-Way ANOVA. 
*p < 0.01 vs control; § p < 0.05 vs LPS. 
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Fig. 2. Pro-inflammatory and angiogenic profiles in LPS- and svGIA-induced HLMs are differentially modulated by IL-4, IL-10, INF-γ and NECA. HLMs were 
incubated (37◦C, 18 h) in RPMI 1640 containing LPS (100 ng/mL – black bars) or svGIA (500 ng/mL – white bars) alone or in combination with IL-4 (10 ng/mL), IL- 
10 (10 ng/ml), INF-γ (1000 U/mL) or NECA (10 µM). The red line represents the release of mediators in unstimulated cells. At the end of incubation, the supernatants 
were harvested, centrifuged (1,000 × g, 4 ◦C, 5 min) and stored at − 80 ◦C for subsequent analyses. TNF-α (A), IL-6 (B), CXCL8 (C), CCL1 (D), IL-12 (E), IL-1β (F), IL- 
10 (G), VEGF-A (H), ANGPT1 (I) and ANGPT2 (J) concentrations were determined by ELISA and values were normalized for the total protein (measured by Bradford 
assay) content in each well. The data are reported as mean ± SEM of six different preparations of HLMs from six different donors. *p<0.05, **p < 0.001 vs control. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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induce the release of several immunomodulatory cytokines, chemokines 
and angiogenic factors from HLMs and MDMs. In addition, our results 
extend the role of sPLA2s as relevant players in the scenario of macro-
phage related inflammation. 
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