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RELAZIONE:  

 
BACKGROUND - Fibrosis is characterized by progressive, uncontrolled deposition of 

extracellular matrix (ECM) proteins in the basement membrane and interstitial tissue in the 

setting of an injured overlying epithelium. It is the final common pathway of tissue 

response to chronic injury, leading to scar tissue formation and organ failure such as lung, 

liver and kidney [Schupp JC et coll., 2015; Stahl M et coll., 2013; Elpek GÖ, 2014; Duffield 

JS, 2014; Rybinski B, 2014].  

Pulmonary fibrosis is often a progressive disease, characterized by accumulation of 

scared tissue in the lung interstitium that results in loss of alveolar function and respiratory 

distress. Pulmonary fibrosis comprises a spectrum of disease phenotypes, including 

familial and idiopathic forms. There are many known causes of pulmonary fibrosis 

including radiotherapy, cigarette smoking, inhalation of environmental particles (such as 

silica, asbestos) autoimmunity and sacrcoidosis, however, idiopathic pulmonary fibrosis 

(IPF) is associated with unknown etiologies.  

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 of 

epithelial cells, macrophages, fibroblasts and T cells.  

Macrophages are effector in fibrosis - Macrophages are important cells of the immune 

system (innate immune response) that are formed in response to an infection or 
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accumulating damaged or dead cells.  Macrophages (and their precursors, monocytes) are 

the 'big eaters' of the immune system. These cells reside in every tissue of the body, albeit 

in different guises — such as microglia, Kupffer cells, alveolar macrophages, osteoclasts 

— where they engulf apoptotic cells, cellular debris, pathogens, produce immune effector 

molecules and support cell proliferation following injury.  

Alveolar macrophages (AMs) display remarkable plasticity and 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 three main categories; A) Classical activated (or 

M1) macrophages exhibit enhanced microbicidal activity and secrete pro-inflammatory 

cytokines and mediators to activate powerful immune responses to defend host against 

infection. B) Anti-inflammatory/immunoregulatory macrophages (or M2) appear following 

early immune response and help in resolution of inflammation by secreting anti-

inflammatory cytokine IL-10 and phagocytic clearance of dead cells and debris. C) Wound-

healing macrophages (also referred as M2 macrophages) regulate tissue repair by 

secreting TGF-β, promoting proliferation of epithelial cells and stimulating extracellular 

matrix synthesis [Mosser DM, Edward JP, 2008]. Wound-healing macrophages are 

important for tissue repair, however, excess number and prolong activation of M2 

macrophages is linked with aberrant tissue repair or scarring leading to fibrosis.  

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 play a 

central role in the pathogenesis of inflammatory and degenerative diseases (e.g. 

atherosclerosis, cancer) [Mosser DM, Edward JP, 2008].  

How cross talk of alveolar macrophages and injured lung epithelium promote 

fibrosis - 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 depletion of tissue 

macrophages mitigates wound healing and fibrosis [Brancato SK, Albina JE, 2011]. 

However, our knowledge of oxidative stress dependent signals/factors that mediates the 

cross-talk between injured lung epithelium and AMs and subsequent reprogramming of 

macrophages into wound healing phenotype are poorly understood. 

HYPOTHESIS - 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 phospholipids 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 oxidized phosphoplipids (OxPLs). 

These OxPLs are markers of oxidative damage, but also exhibit wide range of biological 
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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 [Land WG, Qaboos S, 2015]. Levels of Ox-PLs, for example, are elevated in 

lungs of mice exposed to cigarette smoke [Kimura T et coll., 2012] and accumulation of 

phosphotidylcholine (PC)-OxPLs have been found in lungs of COPD/IPF patients as well 

as experimental mouse models of pulmonary fibrosis [Rahman I et coll., 2002; 

Thimmulappa RK et coll., 2012].  

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 [Greenberg ME et coll., 2006]. Moreover, M2 macrophage is dependent on 

fatty acid oxidation (FAO) and inhibition of FAO inhibits reprogramming macrophages into 

M2 phenotype [Odegaard JI, Chawla A, 2011; Vats D et coll., 2006; Huang SCC et coll., 

2014]. However, the source and how fatty acids activate FAO is unclear. 

OVERALL HYPOTHESIS - Based on these evidences, we hypothesize that AMs 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.  

AIM - To determine whether and how uptake of OxPLs by AM affects its effector function 

by polarizing to M2-like macrophages and regulate pulmonary fibrosis, using in vitro and 

ex-vivo models. 

MATERIAL and METHODS - in vitro and ex vivo approach: mouse AMs (B6 cell line, 

SV40 transformed), and murine Bone Morrow-Derived Macrophages (BMDMs, 

differentiated in L-929 medium) were cultured in serum free medium (RPMI 1640, 1% P/S, 

1% Gln) or complete medium (RPMI 1640, 1% P/S, 1% Gln, 10% FBS) for 24h prior to 

incubation with OxPLs (POVPC=1-Palmitoyl-2-(5’-oxo-Valeroyl)-sn-Glycero-3-

phosphocholine, 10 ug/mL, Avanti polar lipids) or unoxidized PLs (PAPC=1-Palmitoyl-2-

Arachidonoyl-sn-Glycero-3-Phosphocoline, 10 ug/mL, Avanti polar lipids) with 0.1% FBS 

medium, with or without co-treatment with IL-4 (10 ng/mL, Thermo Scientific). M2-like 

macrophage markers were assessed by quantitative PCR (arginase 1, ARG1) or Flow 

cytometry (FACS) analysis (CD206, also known as Mannose Receptor, and CD209).  

RESULTS: Does the uptake of OxPLs by macrophage promote M2-like phenotype? 

To address this question, we co-incubated in-vitro mouse AMs and murine BMDMs with 

OxPLs and IL4 (cytokine inducer of macrophages M2-type activation), as described in 

materials and methods. We performed Arginase 1 (ARG1) gene expression analysis and 

flow cytometry (FACS) analysis of CD206 and CD209, as readout for M2-like macrophage 

markers. 

 

1. Mouse AMs were cultured with FBS free medium (RPMI 1640, 1%P/S), for 24h 

starvation prior to incubation with PBS, PAPC or POVPC, with or without IL-4, in 

0.1% FBS medium for 6h, 12h, 24h, 48h and 72 h. To note, we decided to culture 

cells in FBS free medium before the treatment (24h starvation), and to treat cells in 

0.1% FBS medium, to stress the cells, to reduce cell proliferation and to limit 

potential interferences of lipids and phospholipids contained in FBS, and so trying to 

maximize the effect of OxPLs. 
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We found that AMs treated with OxPLs, in absence of IL-4, for 6h, 12h and 72h 

(Fig.1, 2, 5), showed a slight increased expression of ARG1 compare to PBS and 

PAPC treatment (not statistically signicant). Whereas, AMs treated with OxPLs in 

presence of IL-4 markedly increased (>2-fold change) the expression of ARG1 

when compared to PBS or PAPC exposed IL-4-stimulated macrophages (Fig. 1, 2, 

3, 4, 5). Statistically significant results (P value<0.05) were collected from 12h, 24h, 

48h and 72h treatments (Fig. 2, 3, 4, 5).  

 
    Figura 1                                                                                 Figura 2 

 
                                  [P=Pvalue; FC=Fold Change]             

  Figura 3                                                                               Figura 4 

 

 

                                                          

                                               Figura 5 
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Because the choose experimental model, which combined 24h starvation in FBS 

free medium and treatment with 10 µg POVPC in 0.1% FBS medium affected cell 

viability, as confirmed by MTT test (data not shown), especially during long time 

treatment (24h, 48h, 72h with or without IL-4), we performed the same experiment 

eliminating 24h starvation and treating cells in 0.1% FBS medium for 6h, 12h and 

24h. Any significant difference in ARG1 expression has been reported between the 

different treatments. Only AMs co-treated with OxPLs and IL-4 for 6h and 12h 

showed a slight, not statistically significant, increase in ARG1 expression, compare 

to PBS or PAPC exposed IL-4-stimulated macrophages (data not shown). 

This suggest medium composition and health state of the cells could influence 

ARG1 gene expression. 

2. Murine BMDMs were cultured with medium FBS free (RPMI 1640, 1%P/S), for 24h 

(starvation) prior to incubation with PAPC or POVPC, with or without IL-4, in 0.1% 

FBS medium for 72h. FACS analysis of CD206 and CD209 showed that incubation 

of BMDMs with OxPLs and IL-4, significantly increased M2 macrophages markers 

as compared to PBS or PAPC exposed macrophages following IL-4 stimulation 

(Fig. 6, 7, 8).  

 

         Figura 6                                                                                    Figura 7 

 

 

 

      Figura 8                                                                                          Figura 9 
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3. Murine BMDMs were cultured in complete medium (RPMI 1640, 10% FBS, 

1%P/S), then were treated with PAPC or POVPC in absence or presence of IL-4 in 

medium 0.1% FBS (RPMI 1640 0.1%FBS, 1% P/S) for 4h and 24h. We found 

BMDMs treated only with OxPLs, for 4h and 24h, decreased ARG1 expression 

(data not shown), but at 4h in presence of IL-4, there is a slight increase in ARG1 

expression compare to PBS+IL-4. However, at 24h in presence of IL-4, POVPC 

induce ARG1 gene expression 5 times more than PBS or PAPC (Fig. 10), even 

though the result is not statistically significant.  

 

 
   Figura 10 

 
                                  

 

CONCLUSION - The preliminary analysis of our pilot study using in-vitro and ex vivo 

models, showed that OxPLs could be important for driving M2-like macrophage activation, 

which could be necessary for tissue repair. In particular, data collected from both mouse 

AMs cell line and murine BMDMs showed that OxPLs could have a synergistic effect with 

IL-4, important cytokine involved in macrophages M2-type activation and intrinsically linked 

to wound repair and fibrosis. Anyway, it is necessary to repeat all the experiments to 

confirm these observations, moreover it is necessary to take into consideration other M2-

like macrophages markers to better characterize the macrophages phenotype, and so to 

reach a more clear and accurate conclusion. 

Positive outcome of this study will pave to new therapeutic target for treatment the fibrotic 

process causing organ failure involved in several chronic diseases, such as pulmonary 

diseases like asthma, COPD, IPF, Lung Cancer, where fibrosis represents one of the key 

pathological features of airway remodeling [GOLD, 2015; Sakai N et coll., 2013; Todd NW 

et coll., 2012; Royce SG et coll., 2012]. 
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ONGOING AND FUTURE STUDIES 

 “REGULATION OF MACROPHAGE POLARIZATION TO PRO-FIBROTIC PHENOTYPE 

BY INJURED LUNG EPITHELIUM” 

AIM 1: To determine whether uptake of OxPLs or human bronchial epithelial apoptotic 

cells polarize human Monocyte-Derived Macrophages (MDMs) to M2-like phenotype in-

vitro, and concurrently elucidate the molecular mechanism.  

AIM 2: To determine the biochemical mechanisms how the uptake of OxPLs or apoptotic 

cells alters intrinsic metabolism of macrophage driving polarization to M2-like.  

AIM 3: To determine whether neutralizing of OxPLs dampen M2-like macrophages and 

mitigate pathogenesis of pulmonary fibrosis using transgenic mice expressing antiOxPLs 

antibodies (E06 mAb). 
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