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BACKGROUND - The term “pulmonary fibrosis” describes a group of diseases which lead to interstitial 
lung damage, and ultimately fibrosis and loss of lung’s elasticity. There are more than hundred related 
diseases of the lung known as interstitial lung diseases (ILDs), and pulmonary fibrosis is the most common 
ILD. 
Pulmonary fibrosis is a condition in which the lung tissue becomes thickened, stiff and scarred over a period 
of time, due to a progressive, uncontrolled deposition of extracellular matrix (ECM) proteins in the 
basement membrane and interstitial tissue in the setting of an injured overlying epithelium. Fibrosis is the 
final common pathway of tissue response to chronic injury, leading to scar tissue formation and organ 
failure [1-5]. In some cases, the cause of pulmonary fibrosis is known (e.g. radiotherapy, cigarette smoking, 
bleomycin, silica, asbestos), while most cases of pulmonary fibrosis have not known cause, such as 
idiopathic pulmonary fibrosis (IPF). The mean survival time of patients with IPF is less than three years after 
diagnosis and some patient experiences acute exacerbations, which further worsens mean survival time.  
Many forms of fibrosis show resistance to corticosteroid therapy and currently there are no other effective 
therapies to halt the progression of pulmonary fibrosis.  
Although evidences suggest that injured or dysfunctional alveolar epithelium is central in driving aberrant 
repair responses leading to fibrosis, the pathogenesis of fibrosis is complex and involves abnormal 
inflammatory-immune responses through cross talk between epithelial cells, fibroblasts, macrophages, and 
T cells.  
The role of immune system and macrophages in inflammation - In healthy organisms, the defense against 
harmful threats is the priority to avoid tissue damage, and to maintain tissue homeostasis [6]. The innate 
immune system provides the first line of defense against external or internal danger signals, by initiating a 
protective inflammatory response that develops during time through different phases, from initiation and 
full inflammation, to resolution and re-establishment of tissue integrity. In this perspective, inflammation 
presumably evolved as an adaptive response to tissue malfunction or homeostatic imbalance [7]. Thus, 
while the disease state is a displacement from homeostasis, inflammation is the tissue response for 
restoring homeostasis. However, since the inflammatory activities are potentially harmful to the host, these 
need to be tightly controlled to avoid excessive tissue damage [8]. Inflammation, if improperly directed 
against host tissues or inadequately controlled, can become a source of injury and disease, a characteristic 
condition shared by chronic inflammatory lung diseases such as lung fibrosis, chronic obstructive 
pulmonary disease (COPD), and lung cancer. 
The macrophages and their precursors, monocytes, are the "big eaters" of the immune system and 
together with the dendritic cells constitute the mononuclear phagocyte system (MPS). MPS plays a major 
role in development, scavenging, inflammation and anti-pathogen defenses, both by the direct elimination 
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of foreign agents and organizing different phase of the inflammatory process [9]. The MPS’ development, 
homeostatic maintenance, proliferation, differentiation and function are regulated by the growth factor 
macrophage colony-stimulating factor (M-CSF, or CSF-1), produced by stromal cells within the blood and in 
tissues [10], and Interleukin (IL)-34, the second ligand for the CSF-1R [11, 12]. A basic concept of the MPS is 
that blood monocytes are precursors that replace tissue macrophages within a single developmental 
lineage [9]. Moreover, the traditional view of the MPS suggests that recruited monocytes are key players 
during inflammation and pathogen challenge, whereas “tissue-resident macrophages” have important roles 
in development, tissue homeostasis, and the resolution of inflammation.  
Macrophages are important cells of the immune system that are activated in response to an infection or 
accumulating damaged or dead cells. Macrophages reside in every tissue of the body, albeit in different 
guises — such as alveolar macrophages (lung), histiocytes (connective tissue), microglia (central nervous 
system), Kupffer cells (liver), Langerhans (epidermis), osteoclasts (bone) — where they engulf foreign 
bodies, apoptotic cells, cellular debris, pathogens, produce immune effector molecules and support cell 
proliferation following injury or toxic insult. When activated, macrophages secrete cytokines that act on 
different cell types (autocrine and paracrine activity) and induce different cellular responses like: cell 
proliferation, cell movement to the site of inflammation, phagocytosis and T lymphocytes activation. The 
list of factors produced by macrophages is wide and includes: interleukins (TNF, IL-1, IL-12), which activate 
lymphocytes and neutrophils; interferon (IFN), which contributes to counteract the viral infection; 
fibroblast growth factor (FGF), which activates cell proliferation and differentiation, and plays an important 
role in diseases such as pulmonary fibrosis; various colony-stimulating factors (CSF) and erythropoietin, 
which act on the bone marrow stimulating the production of red and white blood cells. 
Macrophages display remarkable plasticity and diversity, they can change their functional phenotype 
depending on the environmental cues they receive. They change their physiology and function in order to 
restore tissue homeostasis. So far, based on their function, macrophages are classified into two main 
categories, the “classical activated” and the “alternative activated” macrophages, which show different 
profiles with regard to the gene expression, cellular metabolism  and cytokines secreted, and so reflecting 
different cellular activities [13, 14]. The “Classical activated macrophages” (or M1) exhibit enhanced pro-
inflammatory, microbicidal and tumoricidal activity. They secrete large amount of pro-inflammatory 
cytokines (e.g. TNFα, IL-1β, IL-6, IL-12, IL-23) and mediators (oxygen/nitrogen reactive intermediates) to 
activate powerful immune response to defend host against infection. The “Alternative activated 
macrophages” (or M2) exhibit anti-inflammatory, wound-healing and pro-tumor activity. Following early 
immune response, they help the resolution of inflammation by eliminating dead cells and debris and 
secreting anti-inflammatory cytokines (e.g. IL-10). Moreover, M2 macrophages regulate tissue remodeling 
by secreting transforming growth factor beta (TGF-β), that promotes epithelial cell proliferation and 
extracellular matrix synthesis [15], and vascular endothelial growth factor (VEGF), involved in angiogenesis 
and tumor progression. Wound-healing macrophages are important for tissue repair, however, excess 
number and prolong activation of M2 macrophages is linked to aberrant tissue repair or scarring, leading to 
fibrosis.  
The M1/M2 paradigm is a limited attempt to define the complexity and plasticity of macrophages. The 
M1/M2 activation is a simplified conceptual structure describing a continuum of different macrophage 
functional states of which M1 and M2 represent the extremes. The M1/M2 subsets may present mixed 
characteristics, tending more towards M1 phenotype or more towards M2 phenotype, coming at times to 
overlap. Based on these considerations, it should be more correct to speak about M1-like and M2-like 
phenotypes. 
As already mentioned, the microenvironment surrounding the macrophages could induce shift in functional 
phenotype - pro-inflammatory vs anti-inflammatory, immune activation vs immune suppressive, 
destructive vs restorative activities - nevertheless, the environment milieu, signaling molecules and 
molecular mechanism that govern the functional phenotype shift in macrophages remains poorly 
understood. This is important because aberrant macrophage function could lead to development of 
pathogenic macrophages and so playing a critical role in different pathological conditions (e.g. pulmonary 
fibrosis, COPD, atherosclerosis, cancer) [15]. A better understanding of macrophage diversity and their 
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phagocytic activation might be important for the development of new therapeutic strategies "phagocyte-
targeted" [16]. 
Oxidative stress and lipids in inflammation – In a tissue, when an imbalance between the production of 
oxidants and the effectiveness of the antioxidant defense system occurs (e.g. during inflammation), it 
establishes a condition called oxidative stress [17]. Certain amounts of oxidizing substances are important 
to maintain the proper cell functions, and they contribute to cell and tissue homeostasis, but, increased 
level of oxidants can induce cell damage and apoptosis. Free radicals, such as Reactive oxygen species 
(ROS), are oxidizing agents that can react strongly with other molecules, setting off chain reactions that 
damage proteins, lipids and DNA. Free radicals in excess are involved in tissue injury, and impairment of the 
repair process, that’s what happens, for example, in lungs in response to tobacco smoke. Inflammatory 
cells also contribute to release abundant free radicals, and as result in chronic inflammatory pulmonary 
diseases (fibrosis, COPD, lung cancer) the lungs exist in a constant state of oxidative stress, where the 
shower of free radicals overwhelms antioxidant defenses causing cell death and tissue damage. 
Lipids are a class of organic compounds that are subdivided into: phospholipids, cerebrosides, steroids, 
neutral fats and waxes. In the human body, the main functions of lipids are:  structural components of cell 
membranes, intracellular storage and energy reserve. The cell membrane consists of a double layer of 
phospholipids in which are present different proteins. The phospholipid structure is composed by a glycerol 
molecule to which are linked two residues of fatty acids (generically indicated with R1 and R2) and a 
phosphoric group, in turn bound to an alcohol group. The most common alcohol groups are: choline, 
ethanolamine, serine and inositol. 
The phospholipids contain polyunsaturated fatty acids (PUFAs), such as linoleic acid or arachidonic acid, 
which are highly susceptible to modification by free radicals. PUFAs tend to undergo lipid peroxidation to 
form oxidized phospholipids (OxPLs), which induce cytotoxicity and apoptosis, and play a key role in 
inflammation. For example has been found a connection between proinflammatory low density lipoprotein 
(OxLDL), lipid accumulation and inflammation in the walls of blood vessels (atherosclerosis) [18]. Increasing 
levels of OxPLs were found in different organs and disease conditions, including atherosclerosis, some liver 
diseases, lung inflammatory diseases, as well as in apoptotic cells [19]. 
OxPLs are generated by the oxidation of PUFAs that are generally found in the sn-2 position of 
phospholipids (in the sn-1 position usually there is a saturated fatty acid). The oxidation may start by 
lipoxygenase/cyclooxygenase enzymes or due to ROS, then it spreads through the chain of lipoperoxidation 
reactions. In chronic inflammatory pulmonary diseases as lung fibrosis and COPD, oxidative stress could 
lead to an uncontrolled genesis of OxPLs.  
Bioactive OxPLs may contain different PUFA fragmentation products. The chromatographic separation of 
sub-products formed by the oxidation of 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphocholine (PAPC), 
in position sn-2, has led to the identification of different carbonyl compounds such as: 1-palmitoyl-2-(5-
oxovaleroyl)-sn-glycero-3-phosphatidylcholine (POVPC), 1-palmitoyl-2-glutaroyl-sn-glycero-3-
phosphatidylcholine (PGPC) and all'1-palmitoyl-2-(5,6-epoxyisopropane)-sn-glycero-3-phosphatidylcoline 
(PEIPC), which are all potent lipid mediators of inflammation [20].  
The role of OxPLs in pathophysiological conditions is proving to be increasingly important. In general, OxPLs 
can play a physiological and homeostatic role, or may affect cellular toxicity with pro-inflammatory effects, 
depending on their concentration, their duration of action and stimuli arising from the surrounding cellular 
microenvironment [21]. The OxPLs play a very important role, especially in the inflammatory pulmonary 
diseases. In fact, in the lung, the surfactant is exposed to high concentrations of oxygen and other oxidants 
present in the inhaled air. Under physiological conditions, the surfactant is protected from oxidation by 
maintaining a low content of PUFAs, and by the glutathione antioxidant activity, but, the accumulation of 
OxPLs leads to lipid membrane oxidation and bronchial cells apoptosis. It is hypothesized that, the activity 
of OxPLs on lungs should depend on their concentration, in particular, it seems that low levels of OxPLs 
protect the endothelial barrier, while high concentrations induce harmful effects [21, 22].  
It is assumed that OxPLs modulate signal transduction of different receptors placed on the cell surface or in 
the nucleus [20, 23]. Many publications suggest OxPLs, at high concentrations, could activate the TLR4 
receptor involved in chronic inflammatory lung diseases, but also ischemic diseases [22]. For example, the 
PEIPC activate receptors that recognize the prostaglandins E2 and D, and their activation is essential in 
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integrins activation. The antagonists of these receptors inhibit the OxPAPC activity [23]. These kind of 
receptors are expressed in all cells relevant for atherosclerosis, including endothelial cells, monocytes and 
macrophages. 
The oxidation of phospholipids may have significant effects on cell membranes structure. The oxidation of 
PUFA increases the rigidity of the cell membrane and the incorporation of OxPLs into the phospholipid 
bilayer causes swollen, as well as a variation of the cell membrane biophysical properties. The 
disorganization of the cell membrane influences the conformation and the function of proteins associated 
with the membrane and exposes oxidized fatty acid chains for the recognition by specific cellular receptors 
(e.g. CD36). The scavenger receptors play a critical role in the removal of lipoproteins and of apoptotic cells 
containing OxPLs. For example, it has been suggested that activation of CD36 scavenger receptor is 
dependent on recognition of OxPLs unsaturated fragments. Since this receptor has been shown to be 
important in activating platelets, this might explain the hyperactivity of platelets in diseases such as 
dyslipidemia [24]. 
Several studies have also found that OxPLs increase the levels of intracellular calcium and cAMP in 
endothelial cells, which consequently cause relevant inflammatory cellular effects. For example, in 
endothelial cells, the OxPLs-induced increased level of intracellular cAMP stimulates the expression of 
fibronectin and promotes the migration of monocytes into the site of inflammation [25, 26]. 
OxPLs are also suggested to be promoters of non-oxidized phospholipids externalization from the cell 
membrane and this may be important as a biochemical signal that promotes the clearance of apoptotic 
cells [27, 28]. In a pathological condition, when the amount of OxPLs increases in the bloodstream, it could 
damage the vascular endothelium, and this dysfunction could favor the onset of atherosclerotic plaques 
[29].  
The OxPAPC play an important role in lung inflammatory diseases, in fact, at high concentrations they 
induce expression of NLR Family Pyrin Domain Containing 3 (NLRP3, inflammasome protein), an oligomer 
protein complex major components of innate immunity. Once activated, the inflammasome leads to 
caspase-1 activation and IL-1β and IL-18 release by macrophages. The pro-inflammatory effects of 
inflammasome play an important role both in onset and progression of chronic inflammatory lung diseases 
[30]. On the other side, several studies have shown that low concentrations of OxPLs modulate the nuclear 
transcription factor nuclear factor erythroid-derived 2-like 2 (Nrf2) activation and thus the resulting 
expression of Antioxidant Responsive Element (ARE)-related genes. The OxPAPC induce modifications to 
the covalent bonds of cysteine residues in Keap1, a protein linked to Nrf2 in the cell cytoplasm and involved 
in transcription factor degradation process. Nrf2, no longer tied to Keap1, translocates to the nucleus 
where it activates the expression of genes coding for various antioxidant elements, such as Heme 
Oxygenase (HO-1) and Glutathione S-Transferase (GST) [21, 29]. This mechanism underlies what is called 
the hormetic and anti-inflammatory property of OxPLs. The short exposure to OxPLs, with low degree of 
stressor activity, has been shown to activate protection mechanisms (including the Nrf2 pathway) that can 
help the biological system to return to its basal state and to cope with a next higher level of stress [28-30].  
Among the anti-inflammatory effects carried out by OxPLs there is also the agonist activity on nuclear 
receptors Peroxisome Proliferator-Activated Receptor gamma (PPARγ). This interaction leads to inhibition 
of several factors that mediate the inflammation, and to a lower expression of TNF [29]. Many publications 
also suggest that OxPLs, at low concentrations, could inhibit the TLR4 receptor. This inhibition is mediated 
by different mechanisms including receptor antagonism and the electrophilic attack on cell signaling 
pathways.  

AIM - Chronic inflammatory pulmonary diseases, such as pulmonary fibrosis and COPD, in which 
environmental air pollution and cigarette smoke are important risk factors, show pathological changes 
primarily caused by inflammation, such as airway obstruction and uncontrolled deposition of extracellular 
matrix proteins (collagen, elastin and fibronectin) on the basement membrane. Above all, these diseases 
share the increased accumulation in lung tissue of specific inflammatory cells such as lymphocytes, 
neutrophils, and in particular macrophages. 
We have already mentioned that macrophages can be dichotomically classified as "classically activated" (or 
M1) and "alternatively activated" (or M2), that represent two extremes of a huge spectrum of macrophage 
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activation. The environmental context, the signal molecules and the molecular mechanisms that govern the 
macrophages functional phenotype "shift" are not clear, and a better understanding of these processes is 
crucial, since aberrant macrophage activity could lead to the development of pathogenic macrophages, and 
so playing an important role in the pathogenesis and progression of inflammatory and degenerative 
diseases. 
Wealth of data implicates persistent oxidative stress, induced by chronic exposure to stressors (such as 
cigarette smoke, bacterial, virus, air pollutants, ionizing radiations) is involved in injuring alveolar epithelial 
cells, leading to cell membrane lipid peroxidation and cell death (apoptosis/necrosis). It is well documented 
that persistent injury to epithelium precedes onset of fibrosis. It is also demonstrated the depletion of 
tissue macrophages mitigates wound healing and fibrosis [31]. However, our knowledge of oxidative stress 
dependent signals and factors that mediates the cross-talk between injured lung epithelium and 
macrophages and subsequent reprogramming of macrophages into wound healing phenotype are poorly 
understood. 
Plasma membrane is composed of lipid bilayer consisting of different classes of phospholipids (PLs), and the 
phosphotidylcholine (PC) are the most abundant PLs present in the outer leaflet of the membrane. 
Membrane PLs are the target for non-enzymatic (free radicals, reactive oxygen species, source-cigarette 
smoke, ozone, air pollutants) and enzymatic (NADPH oxidase, lipoxygenases, nitric oxide synthase, 
myeloperoidase) oxidation that leads to generation of OxPLs, which are markers of oxidative damage, but 
also exhibit wide range of biological activities.  
OxPLs function as Damage-Associated Molecular Pattern (DAMPs) that are shown to activate TLR2/4 
signaling, promote oxidative stress, inflammation and acute lung tissue injury [32]. Levels of Ox-PLs, for 
example, are elevated in lungs of mice exposed to cigarette smoke [33] and accumulation of PC-OxPLs have 
been found in lungs of COPD/IPF patients as well as experimental mouse models of pulmonary fibrosis [34, 
35].  
OxPLs, like necrotic cellular debris and apoptotic cells, are readily phagocytized via scavenger receptor 
CD36 and cleared by macrophages, in order to restore the tissue homeostasis [36]. Moreover, M2 
macrophage is dependent on fatty acid oxidation (FAO) and inhibition of FAO inhibits reprogramming 
macrophages into M2 phenotype [37, 38, 39]. However, the source and how fatty acids activate FAO is 
unclear. 
Based on these evidences, we hypothesize that macrophages utilize phagocytized OxPLs, released by 
injured epithelium or apoptotic cells, as a “metabolic fuel” for oxidative phosphorylation, which is essential 
for polarization of macrophages towards M2 phenotype and promote pathogenesis of fibrosis.  
This preliminary study aims to investigate whether the uptake of OxPLs (POVPC) by human monocyte-
derived macrophages (MDMs) affects their effector function by activating them towards pro-inflammatory 
M1-like phenotype or anti-inflammatory/pro-tissue repair M2-like phenotype. After treatment with POVPC, 
the resulting MDM phenotype was assessed by gene expression analysis (qRT-PCR) of specific M1-like and 
M2-like genetic markers. The analyzed genes are respectively, TNFa, IL-1b, IL-6 for M1-like phenotype, and 
TGFβ, IL-10, CD206 (or Mannose Receptor, MRC1) for M2-like phenotype.  

MATERIALS AND METHODS - Human monocytes were isolated by density gradient centrifugations 
(Ficoll/Percoll) from healthy blood donor’s buffy coats provided by the “Immunohaematology and 
Transfusion Medicine Service” of Maggiore Hospital (Bologna). The common features shared by all blood 
donors was to be male, non-smoker and younger than forty years.  
In-vitro approach - Human isolated monocytes were cultured in medium (RPMI 1640, 1% P/S, 1% Gln, 2% 
Human Serum) with MCSF, for 7 days, to differentiate them into macrophages. MDMs were treated for 
24h, 48h, and 72h (in complete medium 10% FBS and 1% Glutamine) using increasing concentrations of 
OxPLs (POVPC) or unoxidized PLs (PAPC, as control): 5 uM, 17 uM, 51 uM and 76 uM.  
MDMs phenotypization - After 7 days of differentiation the cells were characterized by the expression of 
typical surface markers for mature macrophages: CD45, CD11b, CD11c and CD206 (mannose receptor, 
MRC1). The analysis was performed using a flow cytometer equipped with a blue laser operating at 488 nm. 
Human monoclonal antibodies and related isotype controls were used to perform direct 
immunofluorescence. In addition, to further confirm the differentiation of monocytes into macrophages, a 
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morphological analysis was performed with an optical microscope (40X magnification). Cells were fixed and 
stained using May-Grünwald Giemsa solution.  
MTT Test - To determine the POVPC concentrations suitable for the treatments, cell viability tests were 
performed at 6h, 24h, 48h and 72h using increasing concentrations of POVPC (and PAPC): 5 uM, 17 uM, 25 
uM, 34 uM, 42 uM, 51 uM and 101 uM, 202 uM, 303 uM and 404 uM. In each test PBS was used as 
negative control.  
Gene expression analysis – At the end of the treatments (24h, 48h, 72h), the MDM phenotype was 
assessed by gene expression analysis (qRT-PCR) considering characteristic genetic markers of M1-like and 
M2-like macrophage phenotype. The analyzed genes are TNFα, IL-1b and IL6 for M1-like phenotype, and 
TGFβ, IL10, CD206 (Mannose Receptor, MRC1) for M2-like phenotype. The relative quantification was 
assessed by CT values and the relative fold change (RFC) ratio, using GAPDH as housekeeping gene.  
Statistical analysis - The statistical analysis was performed with Excel software (Office 2013). The following 
parameters have been calculated: mean, standard deviation, standard error of the mean. The Student's T 
test was used to assess the statistical significance of the analysis (P-value <0.05 was considered statistically 
significant).  

RESULTS AND DISCUSSION – Microscopy - The pictures of monocytes extracted from buffy coat show 
the typical morphology of monocyte, characterized by "kidney shape" or "bean-shaped" nucleus [Fig. 1]. 

 

 

Figure 1. Monocytes isolated from buffy coat (40X magnification) 

 

After the Percoll gradient centrifugation there might still be some residual non-monocytic cells present in 
the preparation which is dependent on the blood donor as well as on the accuracy of the isolation process. 
However, after the differentiation phase of 7 days, the preparation mainly consists of mature macrophages 
which can be further enriched due to their adherence to plastic surfaces, a feature that is not shared by the 
random contaminating cells. 
Following the differentiation of monocytes into macrophages, the microscopic analysis confirmed the 
presence of macrophages by size and morphology [Fig. 2]. Once plated, the majority of the macrophages 
display a fast adherence to plastic surfaces with cells showing a classical “fried egg” morphology. This is in 
accordance with the observations from other authors [40, 41, 42]. 
                                                                                                                                           

 

Figure 2. Monocyte-derived macrophages (40X magnification) 
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Flow cytometry analysis - The immunophenotype of differentiated macrophages was assessed at the end 
of the 7 days of differentiation in presence of MCSF in cell culture dish. The following figures shows the 
flow cytometry analysis for the clusters of differentiation (CD) characteristic for mature macrophages: 
CD45, CD11b, CD11c, and CD206 [Fig. 3a-3e; Black = Isotype Control peak; Red = CD peak]. 
 

 

                                                   Figure 3a. CD45                                                                  Figure 3b. CD11b                                  

 

                                                      Figure 3c. CD11c                                                          Figure 3d. CD206 

 

       Figure 3e. CD209 (DC-SIGN) 

 
The macrophages obtained by this procedure are highly positive for CD45, CD11b, CD11c and show 
expression of the mannose receptor CD206 which argues for a population of pure, mature macrophages 
[43, 44]. The presence of CD11b argues against a predominantly dendritic differentiation which is 
supported by the fact that the cells are negative for the dendritic cell marker CD209 (DC-SIGN).  
In conclusion microscopic analysis and flow cytometry analysis confirmed the successful isolation of 
monocytes by double density gradient centrifugations and their subsequent differentiation into 
macrophages after 7 days of culture in presence of MCSF.  
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MTT Test - 6h treatment: the chart shows POVPC affect cell viability at concentration > 303 uM [Fig. 4].  

 

 

 

Figure 4. MTT Test at 6h 

 
 
 
 
24h treatment: the chart shows POVPC affect cell viability at the concentration of 101 uM. Cell viability 
decreases dramatically at the concentration of 404 uM [Fig. 5].  
 
 

 

 

Figure 5. MTT Test 24h 
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48h and 72h treatment: the charts show that the treatment with POVPC (5 uM) at 48h and 72h does not 
significantly affect cell viability of MDMs [Fig. 6]. 
 

 

Figure 6. MTT Test 48h and 72h 

  

Gene expression analysis - Does the uptake of OxPLs by MDMs promote M1-like or M2-like phenotype? To 
address this question, we incubated human MDMs with POVPC, as described in materials and methods, 
then the gene expression analysis (qRT-PCR) was performed for TNFα, IL-1β, IL6, and TGFβ, IL10, CD206 
(MRC, Mannose Receptor), as readout for M1-like and M2-like macrophage phenotype, respectively. 
 

24h treatment at the POVPC concentration of 5uM - MDMs treated with POVPC at the concentration of 5 
uM for 24h show a slight decreased expression of IL-1β, compared to the control. IL-6 gene was not 
expressed in the three treatment groups, as confirmed by the high CT values. With regard to the M2-like 
phenotype marker genes, all the genes were down-regulated compared to the control, in particular IL-10 
and CD206 [Fig. 7a-7f].  

 

 

                                                                   Figure 7a                                                            Figure 7b 
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          Figure 7c                                                               Figure 7d 

 

            Figure 7e                                                               Figure 7f 

 

 

24h treatment at the POVPC concentration of 17 uM - MDMs treated with POVPC at the concentration of 
17 uM show an up-regulation of M1-like phenotype marker genes. In particular, it has been observed an 
increased expression of TNFα (  ̴2-fold change) and IL-1β (  ̴1.5-fold change) compared to the control, 
although the data are not statistically significant. Even the gene expression of the IL-6 was increased (  ̴4-
fold change), but the high CT values suggest IL-6 gene was not expressed in the treatment groups. With 
regard to the M2-like phenotype marker genes, POVPC slightly affect TGFβ gene expression (up-regulation), 
while CD206 was down-regulated [Fig. 8a-8f]. 

 

 

 

                                                            Figure 8a                                                                          Figure 8b 
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                                                               Figure 8c                                                                      Figure 8d 

 

                                                               Figure 8e                                                                      Figure 8f 

 

 

24h treatment at the POVPC concentration of 51 uM - Increasing the POVPC concentration, the data 
collected show that the POVPC slightly down-regulate the gene expression of TNFα and IL-1β compare to 
the control. IL-6 gene was not expressed in the treatment groups, as confirmed by the high CT values. With 
regard to the M2-like phenotype markers, POVPC slightly down-regulate the gene expression of TGFβ, IL-10 
and CD206. Any result was statistically significant [Fig. 9a-9f]. 

 

 

                                                              Figure 9a                                                                            Figure 9b 

 

          Figure 9c                                                                      Figure 9d 

mailto:sif.soci@segr.it
mailto:sifcese@comm2000.it


                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

 

         Figure 9e                                                                      Figure 9f 

 

 

24h treatment at the POVPC concentration of 76 uM - The POVPC, at the concentration of 76 uM, down-
regulate the gene expression of all analyzed genes compared to the control, with regard to both the M1-
like phenotype markers TNFα and IL-1β, and the M2-like phenotype markers, in particular IL-10 and CD206. 
The IL-6 gene was not expressed in the treatment groups, as confirmed by the high CT values. Any result 
was statistically significant [Fig. 10a-10f]. 
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         Figure 10e                                                                    Figure 10f 

 

48h treatment at the POVPC concentration of 5 uM - The MDMs chronic treatment at 48h shows that the 
POVPC do not affect the gene expression of TNFα and IL-1β. The IL-6 gene was not expressed in all 
treatment groups, as confirmed by the high CT values. With regard to the gene expression of M2-like 
phenotype markers, the POVPC do not affect the gene expression of TGFβ, but they decrease the 
expression of IL-10 and CD206, compared to the control. Any result was statistically significant [Fig. 11a-
11f].  
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72h treatment at the POVPC concentration of 5 uM - The MDMs chronic treatment at 72h shows that the 
POVPC increase the expression of TNFα (  2̴-fold change) and IL-1β (  ̴3-fold change) compared to the 
control. The IL-6 gene was not expressed in all treatment groups, as confirmed by the high CT values 
registered. With regard to the gene expression of M2-like phenotype markers, the POVPC slightly increase 
the expression of TGFβ (  1̴.3-fold change) and decrease the gene expression of CD206 compared to the 
control. Any result was statistically significant [Fig. 12a-12f].  

 
 

 

              Figure 12a                                                           Figure 12b 
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           Figure 12e                                                                  Figure 12f 

 
In general, considering the results related to MDMs acute treatment (24h) with increasing concentrations 
of POVPC, it has been observed that, at the concentration of 5 uM, POVPC down-regulate the gene 
expression of IL-1β, IL-10 and CD206 (compared to the control). At the concentration of 17 uM, POVPC up-
regulate the gene expression of M1-like phenotype marker genes TNFα and IL-1β, and down-regulate the 
gene expression of M2-like phenotype marker CD206. Increasing the POVPC concentrations at 51 uM and 
76 uM, the data collected show that the POVPC, with dose-dependent effect, decrease the expression of all 
analyzed genes compared to the control, with regard to both the M1-like and the M2-like phenotype 
markers.  
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Considering the results related to MDMs chronic treatment at the POVPC concentration of 5 uM, at 48h 
treatment POVPC determine a down-regulation of IL-10 and CD206 genes (compared to the control), while 
at 72h treatment POVPC up-regulate TNFα and IL-1β genes, and down-regulate CD206 gene. 
These results did not show a marked polarization either towards a phenotype or towards the other, but in 
some cases up-regulation and/or down-regulation of individual genes. In particular, while the 24h 
treatment at 17 uM of POVPC and the 72h chronic treatment at 5 uM of POVPC show an up-regulation of 
TNFα and IL-1β, suggesting a pro-inflammatory activity of POVPC, all treatments show a down-regulation of 
M2-like marker genes, suggesting the POVPC could not be involved in M2 activation. It is difficult to reach a 
clear conclusion about the role of POVPC on human MDMs activation, because, as we mentioned, the 
POVPC effects depend on their concentration, their duration of action and stimuli arising from the 
surrounding cellular microenvironment. 

CONCLUSIONS - The immune system plays a key role in inflammation. Chronic inflammatory pulmonary 
diseases are characterized by a specific inflammatory pattern involving neutrophils, macrophages and 
lymphocytes.  
The macrophage is the main character of chronic inflammation, and macrophages increase greatly in 
number in the areas affected by inflammation. This increase is due to several factors such as: local 
proliferation of macrophages induced by antigen and foreign material; the attraction of macrophages from 
nearby areas, including monocytes migration from blood vessels and their differentiation into 
macrophages. The activated macrophage starts to secrete cytokines that act on different cell types 
(autocrine and paracrine effect), inducing different activities such as: cell proliferation, cell migration to the 
site of inflammation, activation of phagocytosis, and lymphocytes activation. The list of factors produced by 
macrophages is wide and includes: interleukines (TNF, IL-1, IL-12), which activate lymphocytes and 
neutrophils; interferon (IFN), which contributes to the reaction against the viral infection; fibroblasts 
growth factor (FGF), which activates cell proliferation and plays an important role in diseases such as 
pulmonary fibrosis.  
Macrophages display remarkable plasticity and diversity, they can change their functional phenotype 
depending on the environmental cues they receive. They change their physiology and function in order to 
restore tissue homeostasis. Different states of activation have been recognized for macrophages, and M1 
(pro-inflammatory) and M2 (anti-inflammatory/wound healing) phenotypes represent the extremes of the 
macrophage huge spectrum of activation. 
The cell membrane is composed of lipid bilayer consisting of different classes of phospholipids, and the 
phosphotidylcholine are the most abundant phospholipids present in the outer leaflet of the membrane. 
Membrane phospholipids are the target for non-enzymatic and enzymatic oxidation that leads to 
generation of oxidized phospholipids, which are markers of oxidative damage, but also exhibit wide range 
of biological activities. Among the major products of oxidation of PAPC (1-palmitoyl-2-arachidonoyl-sn-
glycero-3-phosphocholine), the main phospholipid component of cell membranes, there are POVPC (1-
palmitoyl-2-(5-oxovaleroyl)-sn-glycero-3-phosphatidylcholine), which together with the other by-products 
of lipid peroxidation make up the peculiar cellular microenvironment in chronic-inflammatory diseases, and 
therefore likely to have an important role in the activation of macrophages to a specific phenotype . 
The preliminary data collected from gene expression analysis of genetic markers for M1-like and M2-like 
macrophage phenotype, did not show a marked polarization either towards a phenotype or towards the 
other, but in some cases up-regulation and/or down-regulation of individual genes. The data suggest that 
POVPC could activate macrophages to a different and independent phenotype with respect to conventional 
M1 and M2 phenotype, and this is confirmed in the literature. Recent studies show a new macrophage 
phenotype called "macrophage oxidized" (Mox), which shows different pattern of gene expression, 
compared to M1 and M2, as well as a decreased phagocytic and chemotactic capacity, and it has been 
associated with the control of the oxidants level and therefore the regulation of the redox balance. It seems 
that the Mox phenotype is characterized by abundant expression of antioxidant genes such as thioredoxin 
(TXN), heme-oxygenase (HO-1) and glutathione S-transferase (GST), which are regulated by nuclear 
transcription factor Nrf2, as a response to oxidative damage in the tissue [45].  
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Other studies that support this thesis were performed on synthetic structures, the “lecinoxoidi”, that have 
the oxidized phospholipids scaffold. In vivo studies have been performed to study the anti-inflammatory 
hormetic activities of these synthetic analogs of the oxidized phospholipids, when they are used at low 
concentrations [21, 45]. 
Among the future perspectives the main goals are: to repeat all the experiments to confirm the results, 
moreover it is necessary to take into consideration other M1-like and M2-like phenotype markers to better 
characterize the macrophages phenotype, and so to reach a more clear and accurate conclusion; to assess 
the effects of POVPC on the gene expression profile related to Nrf2-dependent antioxidant genes; to assess 
the POVPC effects on macrophages already activated towards M1-like (using IFNγ/LPS) and M2-like (using 
IL-4/IL13) phenotype. 
The ultimate goal of this study is to understand the mechanisms of regulation of oxidized phospholipids in 
the macrophages activation (immune regulation), in order to contribute to the development of new 
structured-based drugs that could be functional in the treatment of inflammatory (pulmonary) diseases. 
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