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Therole of Lipoxin A4 in Cystic Fibrosis Lung Disease

Valérie Urb@th Gerard HigdjrRaul Buchah&iona Ringholz

Abstractin Cystic Fibrosis (CF), mutations of the CFTR gene result in defectetioland Nayperabsorptidy

epithelia which leads to airway lumen dehydration and mucus plugging and favours chronic bacterial col
inflammation and progressive lung destriBegiond this general descripirpathogenesis of CF lung disease

obsare due to an incomplete understanding of normal innate airway defens&iethaimsnio highlight the role o
proresolution lipid mediator, Lipoxinwhich is inadequately produced in CF, on several aspects of innate imn
alteed in CF airway disease.

3% ANNUAL WORLD CONGRESS OF MOLECULAR & CELL B1ioLoGY

Cystic Fibrosis airway disease Antiinflammatory therapy in Cystic Fibrosis

Cystic Fibrosis (CF) is a lethal genetic disorder which results frévhilst the field continues to celebrate the success, for a mino
a mutation of the gene coding for the Blysbigis Transmembraneof people with CF, in achieving therapeutic benefits via CFT
conductance Regulator (CFTR), a cyclicdépdéRdent-€hannel modulation strategies, reduction of lung inflammation and restorat
[1]. Cystic Fibrosis affeetgsious organs in which the CFTRf airway hydration / mudbary clearance remaingmats of CF
protein is normally expressed. The major clinical features of erapy for the majority. Severahtatimatory approaches have
chronic pulmonary disease, exocrine pancreatic insufficiency df@makamined in CF, however, the ideflbamtiatory drug is
infertility, however, the lung disease is the main cause of moWidigt availabj@]. A recent systematic revietheofrisks and
and mortaljtin CF2-4]. Healthy airways are lined by an epitheh&nefits oinhaled corticosteroids (ICS) in CF, éxareiridence
layer that plays a major role in defense against inhaled patttygeri trials, concluded that there is insufficient evidence t
involving several specialized epithelial functions including; medstaldtish whether ICS are beneficial in CF, but withdrawal in th
barrier, adequate surface hydration due to snriegutation of already taking them has been shown td 1. sétfés established
ions and water transport, mucus secretion, productiothadfCS use can have adverse effects on growth. A systematic r
antimicrobial peptides, expression of receptors that recegniie efficacy of neteroidal antiflammatory drugs in CF
pathogen associated molecular patterns (PAMPs), secreti@mclotled that treatment with-digk ibuprofen was associated
cytokines that control the local immune responsesnivayhe @&ith a significantly lower annual rate of decline in lung functic
lumen. In CF mutations of the CFTR gene results in defectiygsgdcially in children), however, the adoption of ibuprofen in
secretion and Nhyperabsorption by airway epifseip This  therapy has not been univessaigptefil1,12]. Redressing the
contributes to reduction of the periciliary fluid volume, the ajif@¥ance in fatty acid metabolism described in CF, b
lumen dehydration, reduction of the perittilirwolume and sypplementation of Docosahexaenoic Acid may be helpful, and ef

mucus pluggifig. This results in an _impaired .mucociligry clearfad?g_q)ngoing to evaluate the potential therapeufit3enefit
of pathogens from the lung, favouring chronic bacterial colonization,

persistent inflammation and progmssiugction of the IUBd In L . .

addition to the abnormality of epithelial ion transport, other epithBgaSpecialized fesolving Mediators

dysfunctions have been described in chronically inflamed and infected

CF airways, intrinsic -priammatory properties, amplified New perspectives have emerged in inflammation research witt

inflammatory responses to infections and reduced bacterial cléigeawssy of new classes of biologically active lipid mediators pla

However, beyond this general desctiigipathogenesis of the Crspecialised roles in the active resolution of inflafntlagion

lung disease remains obscure. Ospeci aleisné d i mgSPMeddl iFartheomore,&he (
acute inflammatory response is a protective mechanism that evolv
eliminate invading organisms and yetlieitsdlfwith an active

resolution phase gped to restore tissue homeostasis. The
resolution phase is carried out by the actéiigudiich are nen
immunosuppressiye4].  The temporal evolution of acute
inflammation toward its active resolution is directed by the sequer
expression and activity of characteristic classes of eicosanoid me
inappcess t er med [18].cPrastagtandisswaret c
* Corresponding author. biosynthesised early, initiating the inflammatory respons
Email addressalerie.urbach@ncrc.ig/alérieUrbach Leukotrienes follow, typified by Leukotrigh&H) which plays

its role in amplification and propagation of inflaninrgtewting

in concert with the cytokine Interleukin -8) (ks a qtent
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Role of Lipoxin A4 in Cystic F

neutrophil cheradtractaniti6,17]. Lipoxin A(LXA4) is the first intermediate LeukotrieAe away from LTBtowards LXA
eicosanoid tfie SPMamily to be expressed in the extolation  biosynthesj$5,41,42] The levels of LXAave been reported to
phase of inflammation. kXpgroduction is followed by thebe decreased in chronic airway inflammatory disease such as a:
biosynthesis of Resolvins and Protectins at the inflammatomghisitéc obstructive pulmonary disease di29,3%43,44]1 A
TheseSPMare biosynthesized/vadn inflammatory exudates frondecreased proportion ofrpemlving compounds (WX#ompared
essential fatty acids; Lipoxins (LX) from arachiidnigseries to preinflammatory (LB is &sociated with decrease of lung
resolvins (Rv) from Om&daicosapentaenoic acid (EPAgrids function[45]. The absolute content of LEéncentration in CF
resolvins and protectins (PD) from Docosahexaenoic acid (BAIAYluid from patients wiCF is not significantly different from
[14]. control§46]. However, a significant suppneadiXA/neutrophil
ratios in BAL fluid of patients with CF compared with pulmonar
inflammatory controls was rep{3®d6] More specifically
vitrostudies support a role for CFTR inslpféductionCFTR
inhibition reduced LXAynthesis by 50% during platelets/ PMN
coincubation by inhibiting the lipoxin synthase activity of platele
12-LO. Platelets from patients with CF generated 40% dess LX/
om Sared to healthy supj@¢t The decrease®A« production in
| £ provides a chanistic explanation of the failure to actively
resolve acute airway inflammation seen in these patients.

Antiinflammatory properties of Lipoxin A

The antinflammatory properties of LKAve been reported in
a wide variety of tissues. LiKAibits nuclear fack@ppaB
activation, which results in inhibition efhfmomatory cytokine
release and inhibition of inflammatory responses in microgli
astrocytoma cells, macrophzeygsheral blood mononuclear ce
(PBMC), polymorphonuclear leukocytes (PMIiN) intestinal
epithelial cell§18-20]. LXAs inhibits neutroghfunctions, most
notably inhibiting LEBnduced neutrophil chemotaxis, neutrop CF + XA, InM
adherence and transmigration across intestinal epitheliwmrwaySlmw {quld
endothelium and inhibiting superoxide anion and Peroxyl .. cq)
generatiofi4] [21-23]. LXA facilitate neutrophil apoptfz# Fa——
and stimulatgdagocytosis of apoptotic neutrophils by macroph caicein green)
[25][26]. This is a critical point sideéayed neutrophil apoptosis .
appears to be a component of the pathophysiology in patients with
inflammatory diseases, including cystic[#@t@siand frequently  gigyre 1.1x4 restores the Airway Surface Liquid (ASL) layer in
correlates with disease severity and .oltctireeirways vitro bronchial epithelium. Live cell imaging using confocal microscopy
and/n vivostudies also report that LH¥i&plays diverse and poter bronchial epithelium in primary culture from a child with CF before a
antiinflammatory actioni$9,29,30] In human airways, LXA after treatment With LXA The bronchigl epitheligl cells are stained
suppresses-8Lproduction by leukocytes and bronchial epith ?gf:;‘r:j'”gcalce'” greerand the ASL in red using dextran coupled
cells[30,31]. LXA: was shown to arrest neutrophilic inflammat._.. '
and decrease infection in a mouse model of chronic airway
inflammatin and infectiqB2]. LXA« has been proposed as a novgjnoxin A regulatesridransport and the airway surface liquid
regulators of adaptive immunity and may have therap@ltio pOtmight
chronic immune disord@3]. The preresolution properties of
LXAs are mediated by the ALX/FPR2 receptor. The ALX/FPR2 is
a G protensoupled receptor of séx@mmembrane domains that ig
expressed mainly by mammalian phagocytic leukocytes. Th

_ef:lect of .ALX./FPRZ relcept_m tr:je b m[g)%?ft de;ense aNGtrects on ion transport lead into an increase of the airway sur

Inflammation I not only triggered by. Lot#ce other pro o i (as|) layer height in modefsily differentiated bronchial

resolutlon.medlators such as resolvisigaDmediate their effeCtSepithelia derived from primary culture of bronchial brushings fro

through this recepl4] [35] patients with CHA@urel). LXAs exerts this effect on the ASL

dynamics via the ALX/FPR2 receptor which is expressed in tl

Abnormal eicosanoid class switching in Cystic Fibrosis apical membrane of airway epithelial celasfhireed increase in
ASL height induced by LX#AnonCF and CF bronchial epithelial

LXA: is produced by lipoxygeifb€y interactions resulting results fromtimulation ofnaintracellular calcium signalCatiel

from trangellular cooperatiof36] of neutrophil87], eosinophils activatecCt secretion via NPPB sensitiveh@hnelft9]. LXA

[38], alveolar macrophd88§ plateletf40] or airway epithelial thus restores €#cretion and adequate ASL height which are affect

cells[41], each expressing different Lipoxygenase (LO) eniyrids airways, highlighting a role for inXike control of innate

which act in sequence in Lbi8syrtiesiq16,42] The 5L0  immune defence. The inadequate endogencdhigdyXithesis in

expressed by neutrophils can utili<g($hkydroxyeicosatetranoic CF contributes to the reduce ASL volume and impaired mucocili

acid released by epithelial cellbstgate to synthesize lip[&iis cleaance in a_dd|t|on to .al_ter res_olutlon of _mflammatlon in the airwa

The platelet2-LO [40], the macrophages or epith&HaD [39] _thus _almphfylr_]g the vicious circle of airway dehydration, chror

[19] are each able tmansform Leukotriene, Aeleased by infection and inflammation.

neutrophils, intloXAs. Up-regulation af5-LO activity generates an . . . L .

inverse relationship betweens BRB LXA biosynthesis. The Lipoxin Aregulates airway epithelial integrity

activity of 15-LO promotes LXA biosynthesis and blocks

leukotriene biosynthesis, both as a resiBtLOf products

competing for flux at theL® level, and bgiversion of the

LXAs stimulates a rapid and transient intracefuiaci@ase
doinduceﬁl- secretiothrough human bronchial epithelial cells by
"AMvated cthannel and not CFTR8]. Furthermore, LXA

Epithelial repair is a key process required to maintain epithe
barrier integrity and respiratory function, however in CF, repea
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infections and inflammatory insults result in damage to the aagiaside channels stimulated by agents that raise the intracell
triggering the repair pro¢e8F Epithelial repair initially involvescalcium concentration. This strategy has been plagued by
cell spreading and migration, followed by proliferation to repoptitaidant side effects of the amplification of the cpkndante

the denuded area that has been created[6y-88liryhis is then proinflammatory response resulting in the undesirable activation
followed by differentiation of the epith¢fidmRecent research NFHB [26]. Thus identification of agents, particularly natural
suggests thapithelial repair and differentiation of the CF airwagogenous biologicals, that stimulate alternafid ot
epithelium is dowegulated or delay8859]. More specifically, secretory pathways and promote ASL hydration and optimal A
cell migration andofiferation appear to both be reduced duringight recovery are likely to be of therapeutic benefit in improvi
repair in CF bronchial epithelial cells compare@E{6@nThis  mucociliary clearance in patients with CF. The effects of LX/
delay in repair of the CF epithelium renders the lungceytibls inhalation has been evaluated in a pilot study of eiglst axsthmati
to ongoing bacterial infection and thus may lead to more ephhkelifily adult subjects. The challenge was tolerated, had no ad
damagfs1]. It was recently reported that:Ic4A trigger epithelial effect on pulse or blood pressure and demonstrated favourable e
cell migration and proliferation and thus play a role in rep&lh gpecific airway conduc{diite

corneal and bronchial epitfi@l®4] [65-67]. LXAs triggers an

increase in migration, proliferation, and wound repa@Fondn cgonclusion and future prospect

CF bronchial epithelia. These responses trd_K#&diated by the

ALX/FPR2 receptor via the downstream aqtivatieﬂ@faﬁnels Taken together, the disgyogéthe multiple LX%Aunctions in

and ERK MAP kinase phosphorylgigin This effect of LXA  ogt4ring bronchial epithelium ion transport in enhancing ASL heic
both ion transport and repair are consistent with the role qf, iQltoring epithelial barrier function and in reducing inflammati

channels in two key processes of repair, migration and prolifefa#ierhrovide significant advance in improving quality of life ar
[68]. In particular potassium channels have been shown in NURERYRY foCF patientsigure 2).

cell types to be involved in cell migration and prolf&1,a8069

72]. Furthermore, LXAnhances airway epithelial tight junction
formation. LXAstimulates ZO, claudifi and occludin expressior
and trafficking at the cgbi membrane resulting in enhande@jcation

transepithelial electrical resistance in human airway78pithel|lay bach v, Higgins G, Buchanan P, Ringholz F (2013) The role of

Therefore the reduced levels of .me CF_airV\_’aﬁ‘]'] may Lipoxin A4 in Cystic Fibrosis Lung Disease. Computational and
account for the reduced capacity for epithelial repair in the sGlrural Biotechnology Journal. 6 (7): €201303018. doi:
epithelium. http://dx.doi.org/10.5936/csbj.201303018
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