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Immunoregulatory Property of C-Type Lectin-Like
Receptors in Fibrosing Interstitial Lung Diseases
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Abmbact The buele Lo sysbem identifies exogenous theals o andogencus siress Huoagh
grrmiine-encoded recepiors called pattern recogmition recepeors (PREs) that initiate consecutive
dovmsteam signalng pathseaya 1o covdrol imervare reepemises. Hovweever the contribabion of the: im rmmee
gystem and inflammation to fibrosing iberstital ung diseases (LD remains pooely arderstond.
Immnmnrecepinr lpmane-hased mobif-bearing Cotype ctin-Eke recephoes (CTLR= may interact
with varbous immuane cells danng Sssue njury and wound repair prooesses. Dectin-1 s o0 CTLR
with domman{ mechanizmz mani fested trough its miracellular s gnaling cascades, which regulate
fibrosis-prometing properties through gene transaiptien and oy tokdne activation.  Additionally,
impnane mpatrment in (L factlitates macmobiome cofonization; bence, Dhectin-1 &5 thie masker
protector in sk pl,:lF'rn Ay defense Wirr:.r El.lhg.q! mvasion, Recent progress in-desermining the
signaling pathways that contral the balance of fibrosis b implicabed inmanemocecepter trnosine-based
mkifbearing CTLRs as being irobeed, either direcly or indivecthy, in the pathogenesis of
fibrasding 1L,

Kevwords:  innabe immaenity;  pattern recogniton meceptors; C-type lectin-like recepturs,
immumoregulatory receptorn tyrsine-based sgraling motife) intieshibal lung diseases

1. Iivbrodactios

Irnate amd adaptive imemuniby Haise with each other for defending the hoaman hisdy, The innate
frrmumne system is an evolutiorertly conserved bost delense system that ercompasses vistoally all
tizsries and may b iggered thmough gemlineenceded mosprbors, mcluding PREs that ame expressssd
bothan mmmuone and nonimmune cells [T] Thess receptors recognize specibc mokoules knovn as
pathapr-aesneiabed malecol ar pacberms (AP and dame ge-srsacibed modecular patherns DA MP),
activating ansecutive prrinflammaiory responses o diminate infoctivos sgents [2]. FREs are divided
inby oy sigrificant subfamilies: Tall-like receptirs (TLRS ), mueleatide-binding oligomerization @@main
(MIOEN)-like repbors § L Es), rebineee acid-inducble gene-1 HEG-1Hike receptors (BLEz) snd C-tipe
bectin receptars {CLRS) ||

CLEs awstome a superfamily of ransmembrane probesne and sokibe neepors that O dependent
cit imaliydrsie- recognbilon donalns (CHDs) recegries as sell feedogenomas) oo noisell (Eiogenois)

'.i.g,aru:h.. 1€]. Mevertheless, some CLEs, knowm as CTLEs, are albo associated with CRDs and are
rutt reskricted to interacting with carbohy drates, such as f-glacan. binding many noncarbahy-drate
Hgands, such as lipids and prabeins (5] CTLHEs oxpeeised by mvelold: and nenmivelowd cells regulate
Imbrace hdar apnaling nobworks af the immane spefom anid segulator of Fomenstacs via rosinabared
aigmaliog motifs 7] A recent sty dwrsesd thid v cluster of the CTLR family desbeitic cellasssiaes]
fmd [, AAaE G TR0, 21, WA b TOCEHH T ] TiS svrr md pa samygumadipmn e
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Cpype beectin-1 {Diectin-1), mgulates fbmsis through macmophage colory-stimulating factor (M-ALC5F)
expresslon [7], In the balancing mechanism of fhrosks, CTLEE might ke expressed (0 the indtlal phase
of fisse mjury and woand repalr of the fibrosis process [E],

The mechanisms af mmunoregalatiom an: based on the mognibien systemes of ankigen specificty
and the interconmecting systems of mnate immunity 2t different kevels and manthest m warnous
wiays [Y] At the cellular level, Treyg oolls dre essenbial e establishing ord mantaindng immenaloggcal
self-ierance sl sowinregulating various lmmune pesponses o antigas of pitbwogens [10],

Inbermolecular biochervical sipnaling events: bised on bresie phospho r;rl!.lml are essenlial
in balamcing activating and inhiblicry imrune reponses to misrosrganiama [11], Immuanareceptar
tyromini-besed achvation mabf (TTAME and mrmunorecepior bemsine-based mhibibon mokit
(T rveed iated sigmal tramed notion respatise e nesded for degranulation, phagooytosis, collmediabed
cylohomicity, and the production of cylokines or vanoms antimicrobial modeoolar species [12]

The miterprlay af signals ransdoced directly via brnosine-based ssmialing maotifs o bodivectly via
asacintion with trarsmernbrans adaptor proteins (TRAPs) d@fonstrates the plaskicity and versstility
n!‘inn.atn'.'l.nun'l.l.n'ir!.' |13]. In 3|:ru'.m[. thiere are sven THAS, including limker For achvation of T cells
(AT, Bt m -asenciatad with GEM: {PACYoarbeay (C)-terminal Sec kieace (CSRHbivding protein
(CBE), mun-T-oell activation Ry (BTALlinker for activation of B cells {LAB), LCK-interacting
mernbeare privtein (LIME}, TC R-anteractng mokcule (TRIM), SHI-domain-con fiming peidein frmisme
phesphakise (SHI2)-inleracting TRAT {SIT) amd linker for activation of X eells [LAX, wheae X denotes
amyunidentifisg cetl) | 14|

Farasing on h‘.'rnunphawd signaling enerbfs, i this sevies we describe soeme OT1LE. familles
[Erectin-1 and MICL), distusstog recent disconerbas ol el nvobvesent b g Gibootic wechanisms
and their prospects as podential targets in ILD.

2 CType Lectin-Like Receplors

The tharacteriztics of €T LEsare achicved swhemthe socond loop of noresal CLEs(the extended loop
region), which ano E.:E'-dnpn-:'dmr carbnbiydrakes for binding Ugands, i cleaved [15]- Myelod CTLES
ame eseenbial molenales invaloed inoa wide vanety of sallular functions, awvh & nflammatory
pesprrsis, endoeytosis, phagocybosis, amd cytokine prodaction [16] Dsdeed, in additon o serving as
antigen-upake receprtors for internalization and presemtation to T oells, CTLEs al=otripger muitiphe
sigmaling pathways that resule inthe activatioe of nucleus factre-s @ [BE-2f), type Linterforon {IFN}
amsd oy indlammnasomaes, and mitegen-activaning protan kineses (MAFE) [17,08]

Myelinc CTL e, besad onnytopiasmic sgnaling networks, can be divided intoihnee leading groups
ITAM-bwaroig CTLRs, [TIM-bearmg CTLERs, and mon-imemunoreceptor bymmsine-based oustif-leaing
CTLREs [18]. The signaling families of mreefoid CTLRs are described in Figune 1

I3 ITAM . aud H:-nrJT.-Lﬁ-I'-BMrF.uECTLH.

Thee gtructure of mmp-]l:x meumrc-p;ulnhu}' receplnTs corelsts of (1) th micrfnoe domain for
fanget recognttion at fhe ool sadace and coommunbostion of estracelhbar simult o sophisticated
imteacwelular signal g metwntks via (Z) iransmeridrane (Thd] e AL arel 13 |:_',-r|'1.1l|4:-.mln' tall {°Y T
regicns ol varying Jengih [ 12 The T poacdein wausecks with at beast one exirecellula nterbage dooain
arel ape or more FEAM: within the OCT [ 19]

The clamdesl rrlm ab ITAM are charschori zad l!'.-' Erwves dmtrmculhelar Yol gt ey i 'L:,'
A b 13 arninn aclds (Pl Talp-1 20, sehadne TapreRemt: Sy Amir st 2] Inlﬂa]b__.'. thar IT AR
was recogmized omly @8 seqoence in the CYT hutwas Iaber fiand fobe present in bobhthe CYT o
receptors and TRAS, where it servesas o cribical link 0 dovnstresm sigraling cascadses [71].

The activatiom of I'TAM-bearing CTLEs is a.'h.'ru.'.m with Syic or Zap-T0, either directly asan
inbegral compament of 8 single [TA M-containing CYT {De@in-1, CLECD, DRGE-, and SIGRES) o
with stgnaling TRAS cormected po classic Flah metif, such as the Fe receptor y-chaln [Feby] or
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DAFTHDAMZ [Dedin-1, ABDCA-Z mDUAR, mDCART, Mencle, and MDL-1)[23] Upuen ackivakipa,
must CTLRE mediate Intracellular signaling pathways assoctated with IEAM-bearing THRADS [23].

ITAM-containing
adantar

heamITAM ITaM Tk

Faguee 1. Schematlc repeisentation of myelobd CTLRS based on ovtieplasmic skgraling networks and
ther bisvdaree of s v adaptoes, |8 bem TAM-Searing CTLRS bravecliue: sigrals vi Syl Bro e o sivele
byenina-bimsed modi is fir ik Doctin.1. () ITAM bearisg CTERS bumsdiucs signak viaSvk shrough

sauciation with FTAR-Sring adepbors suchas Foly chain or DAP-12: Dectin-Z () [TIM-Marng
CTLES pagsse s an TEIM mantif; RIECL.

Dectm-] {CLECTA, CLECSFIL, CAMDFY, CD36%, and BCR) & one of the most intensively srudied
CTLE=s with many of 1tz characterstics well definesd. Diectn- 1 is & 28K Da PER thatbinds ﬂ--lg]u:a:u: ia
8-13or both f-1,3and 16 gyeosidic bands [ 4] and an eridogenons undefimed ligand pn T cefls [25]
Diectierl & predominantly expressed on the surface of alvealar maceophages [26] Hurmnan Dectiee]
hae omly M-linked glyoosylation sites in the stalk region; hoveever, M-tinked glycosylation of Dactin-]
t5 arsential bor ite Fecognition of fungal f-glucan and the subseguent activaBion of ME-xf [57]
The 'Flhagm:_l.'tr synapas” mode al ks Llu:m-l.-b:lrﬂms B-phicars an the cedl wall o Fameng?m.
anegl sidiihle frahiscans, wxchading, e ol astered peveiaEs i iyecs ke '|'|lh!r~i.|'||'|-|||1$-|:1 CTES and CT148
which ae activaied h]. F::rliuuh.h: .'.'--E,Iw:u:'l.'l [:5'\-1. Theoe FyRapnEy cumE ihat Fllaa:a.'}tll:in arwl
the production of reactive axfarm specien (RS} oecur smby - when o invad g mricrooreanism i=
Fl-:,mi.:-IJ:.- choser [ 204

p—gh:nnm ame natural J:-.1I.:|.'n:|.|.-d\.:|rl.d;r= prmlm:.pd b-].' bacteria, yeast, I"|.|.r|31, amed Ty pla:nh;
The innate imrmne systerm repognisees: Berlueans i their various lomms and bansdates revogmition nte
intracellulor signaling, sHmulatis celhalar responses, and parbicpakes in onchestrating the aslapive
frrrune response [ M) fglocars act as PAMPS and ane necogniseed by PRES om innate immaune
ceks gince they carmot dinsctly prenetrate the cell membrane due o their ke molecalar size [21]
Indesd, poglucans were invedved Ln the pathogenests of sarcoldesss [52], fungal asthma allergy (73],
and adivpathic pulmonary fbresis {I1F) [ M),

Simdar tooother bype Il tonsmembrane CTLHs, Dectin-1 hosoa single extrocellulr Cotype
fectin-Hke domain (CTLLE -.:mm:l:ecl to sngle-pass Th by an amino acid stalk region an:@amglt-
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[TAM hemlTAM-comtaining OYT [35) In addition, [h:-tgR) alsa conkains o tracidic domradin (EDY for
rigpering phagocytoests [35], A YCED™ molf ssquence précedes the Yaxl saquence im beth Dectin-1
and CLEC-2 [27],

Uprm liganed bmdmg b the CREY, bymesine nes dues ane phosphary labed, presumably vis Sec-family
kmases (bym andfor Fyn, and Svk or Zap-Y Kinases ave rapidly reautted and achvated via ther SHI
domains | 35] Incomtrast botradibora] TTAMS, only ome bprisine within a single Yol mobfissufficient
o et an Interacton with Syk [39]. How sloes DoCibn-1 Bnd Sy with & slsgle *hemITAM™T
Specific revicues may stabslios the inberction betwes Declin-1 and Svk weithin e OYT or Ervctine]
iy dimerize of form higher-order compleses once bound by a ligand [40], In sdditian, Svk is mare
resdily activated by autephosphiorylabon tham e Zap-70 [ 11

Sykie a T2EDG norreceptor byrdsine kinaee thak consicts of hea Maerming] See boraskagy 2 (SH2)
ool FH2 - aned and C—Irral SH2 mulif (SHEC) domiains apperaled by o il'lll:'ﬂ'.mﬂ ms: A and
B [42]. Svk i achvabed upen binckng of e tandem SH2 domams to the TTIAM, and an increse i Svk
cakbetic activity realts in autophcsphorylation of the yresine residuees in mbterd omain B be ancate
dlerckingg sites for inferactions wish other sigraling moleculs [£4]. Adive Sy is directly associabed with
rrpmnbers of the VAV and phesplolipase Cy (FLCy} bondlies, the p85a subunit of phosphoinasitide
Fkinase P13}, and SH2 domain-contalnkog leukocyte protein 76 (SLETE and SLEPES [

Drectin-1 can switch an ban signaling cismdies, the Syk-dependmt and Sy k-independent pathways,
wiaRaf-l o inchace immune neperss 5] The activation of WMF = s 2 s gnilicandcuicome [ 6] The camenical
mi'm'a}' itiated vi2 achvabim J:}-Il. and :ul:rsrqu.l:nt pl'r.l:q:-!'l:u'_g,'lab:m of FLICy2 emables the actvahiom
oif e caspase-rcruliment domaln fan II!.-' 2 CARDHES arll !I:.'n'l.ph:ma. T (EC L Op-misesa-assaciated
I}'mphl.d.l.l Thas e !I].'mpllmua travabocatkeat pene 1 MHIJ‘IMDB-H:L}EmﬁLT] L1351 cutiplish
wia PRCE The CBM complex then activates [ kinase {IKK}, redeasing WF-sft sobunits p5 and
ﬂ-‘.ﬂ]:F:-ll:l. shiceh e bransliocated inke the mmeleus, swehoere ‘“.1.—:,-' rl.'lil'uJuhu e Erun.u:n'Fle [:E‘!].
Mevertholese, CARDY & usoloss for anitigen FoE o :I.gn.:.llnﬁ basod on Carnal as al:n.h b
Reti-bal] [47] Additinmally Dectin:t shimolue gomeamomical pathosy ublizng MF-« f-indncing
Kinase {MIKdeperedent, bot CARD-indeperslent. activation of the MP-s sabwmil Rell:pa2 [(£4]

Crectine1 signaling activates dendrilic cells (D8], converting Treg tnite Thl? and [L-17 respanses [£5]
Thie Dctine 15y pdavay, but independently of TLEs, com alss bridge innate immarity g theadaptve
mmume systerm via CEMs Thelper colls, Boetls, and Co8e optotoxic T cells [20], Ondy TLE-# cooperates
with Dectin-1 to iInduce adaptive ThET immuniby agamst hargzal infection [51],

Thee Svb-indepenident pathway of Dectin:] ismediated B@3wph the DEDY invelved wilh Ral-]
achvation, keading 10 the phisphoryiation andgermitting the sibsequent acetvlation af the ME-«
PG subnamit or comverpenos with nemcanonical pathways abthe level of NE-cf [14] Baf-l sctivabon
enhanogs (e ex@essbon of seme 5yk-depend et oy tekines, iIncluding [L-10 1L-12 pas, IL-14E3 pH,
IL-f e [L-10, Bk negatively mazolats e BELB-depemlent oy wokire IL-23 p12 220 o addition
Drctived sigrmlinng thoeagh the Raf-1 pathowey oo immanslegical wemory via fuostional
repragramming to prodect agrinst reinfection |52]

addition be ite role in the MF.cB pathway, Dechind agnaling seculls i the actvation of
PR, extracellular cignal-repralated Emase (FRE) and JUN-Nemims-terminal kinase (INK) caswades
C AR activates Dectm-T-aniduced ERE activation by linking Has-GRE1 te H-Bas [57] .m stirnl abes
the necepbors Nod 2-associated pifand [NKZS [54]. Ad ditienal by, Dectin-1-riggered nasclear fachor
af activated T cells (MEAT] calcineurin depends om Sek actvationed FLCy lollewed by saluble 01°3
binding with mdnp’l.a:mi-: Calt channils, ]na:l:i.n;_q, by thss d-nphq.ﬁhnrg.rlatinn and ranskecaton of MEAT
i the nuclews of T cells [1F]. NEAT activation in macrophages and DCs repudaces the induction of
early growth respones (EGH) 2 and BGR 3 transeripbion factors amd the key inflacmmatory mediatrs
c}lf]mx}-'gﬂuu—? (D02, interieulan-2 {IL-25, IL-10, and rL-‘lEF-'.'-'I] 155]. The mechaniama of the
sigmalng cascade of Lectin-1 ane described m Figume &
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Figure 3, Sgmaling cascade of Decte- 1. The Dindine of feglusan on e CED inaduoes plesphonvation
vof W L e TTARAD, oo lake by i dvery ben Hitton 130 pocrud deaeni of Sl o th b rl1|lT|hIr:|-|n'h:\d Fuckprdirs
andd other caccades. | 1) The ensimical Sy k-depenidore F!rﬂm.l.!.l. Auctive Svk }HIHFHIT!,"HHH PLCY3
imaihlirg (he sabsequent activation of the CEM compec via PECS. The CBM complex removes its
inhibitor 168, through activation of the KK complos ard stimulaies all NE-< subundt= (30 The
rancanionical Syke-dependent pathway. Dectins] ubilizes NIK-dependent but CARIRYndependeni
attiaticn of the NF-cB subumit Bell: 552, leading o the scivation of NE-el BB and (52
Thiz Kasfe temad tabod Sky-inde perdent pathway cm abrogade this pathoeray. i3) The Syledndependent
Perthivany muadkaied Siccugh DERY fnsodveis Rad-1 amad dhe sotivacod of TF-clb pa. (8 Acivar ol ol
HLEPA, NPAT caloreurin and ERESTLMN via Dectin-1-ky depends on PLEyE Caspese | nduces
pesla L e T, The activataon of MEcR, MERTE, MEAT, BREFLIN, and MAPE recultc = the
e ificacion of gere tramscripton ncloding thad of criokines amd chimmakine:

21 [iM-Heartng CTLRS

The Grst ITIM was recogmized in a Buraly of low-afinaby Fo receptons. for immunoglobulm G (IR G
(R R that Eﬂﬂmﬂtﬂd writh O, inhikit N, crise B-rell acHration: however. FeyRITE was also
sham terinbibit TCR-dependant T-celland Fell-depenilent mastoel] activation [56]. These cbservations
mmake dear that thie fecmination of imomme msporses & notb mendy cue ko the s ol adivating sigrals
bgmice, the P.'I.I'.:I.th]‘n focuses on how Ehie cm:_::lrim af ITAM. and I']'.'M-mnt.:n:in'ing copemplors
results i the atenuaton or inhibition of cellular respanse [57] The ITIM prsent o the CYE
writh thee prototvpe f-amino acid T sequoence = DefValleSerl-X-Ter-5-X- Loy Wal), when X
densites Ay arvdimracid [19]. Revent evidaice indivates that, wede ap:d.l'l..mmlll:iu.-m,u.-.'uu||_:I=I.-:
pheapharylation of [TAMITIM may paradesdcally bead to the tramsdhactbon of negative ([TAMI) and
positivg {ITIMaj signalmg |54].

I.ip-m the craggmegation with artivabing rarepiors, NTosine pk:r:prmn‘.:hm of T pmlndm
dicking sihes for SH2 domain-omitaining inesited phigshats: (SHIP- 1 amd SHIPS2or SH2 dmmain-rontaining
prrnbein bprosie phosghatoss (SHI1 sl SHP-2E (A0, SHIP amibains o phosplatase domsin
an M-termindl SH2 domain., a pleckstrin homaslogi-related ("H-R1 domadin, and a C-lerminus [51)
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In ad dition, SHF is o nonmceptor protein tyrosine phosphatass {7177 that has an M-terminal SH2,
follo@lyd by acatalytic domain/FTE domatn and 2 C-5H2 termins fall [k2],

SHIF mecruitenent S e TTIM of FoyRIIT is a dominant mechanism controlling SHIP activity and
B cell sctivahon via the 3K patheay (3] The MEE pathway is a target substrake for SHIP thmoagh
the hydrolyzation of the membrane phosphomosit de PS50 o PI34E2, wheneas SHE-T dimectly
remives thie phiosphate groups on byrosme [bd]

Both SHFs mudukite velluar signa g thiat rscves FIE, Ak, Janie kinaee 2 0AK D), sl gl mamsduce
ared ptivalor of ranscripon probeins [STAT) and MAPK [65]. Inberestiog Ly, SHPs are ivcalved in
several ecllolar activitics, including the regulation of cell granveth [ G0] amd BAATE activity [£7].

Ure o the miyeloid inhibabory OTLES 13 MECL, which com inhibit cellular actvahon mediaked by
ather immunaoresepiors However, intermolecalar intoractions botuseon immunsregulatory recophar
Favmi liess ior pereptonr crossta & amaomg T -bearing CTLRES may nod always reflect the simple recruitmeni
of phasphatzses and the inhibition of SyEismeling [22].

MICL (DCAL-Z.  Human MICL is expressed in most mvelodd cells, such as granulocytes,
iy bess, macmophages, and Ls, but rof lymphocytes [08]. [k has three isoformes: o, B and v, with the
A-izafnrm laceing a tranemembrang domain and y-iseforems Lecking the CTLD [14]. Human MICL ic
hiHhI}'N-H]:n.Ln:,thhJ S Frj.mu.r:,- cells with varous levels of E_I_l.'l.':u].'l.:.l:iuu wf ather cell iypes, bul the
recephors appear fir be expressed as memomers [B9] The specific hgands for BMICL are nol vwell defined
b @ r, MCL mighit bind trehalose dimycolate {TDM) [70]

BIILL contains a su:'lgl- IRt UYL that can assocahe with SHEP-1 and SHP-2, ot oot SHIS,
e moid ke cellukar activity [V1] MIECL induces ERK activation, and its coengagement with T1LR4
auyprerns [L-12 esfPasbon and thes polaczatios of nakve Teells bao Thtcells [72] However, the effec
of SHIFL and SHP2 b ERK activabion dires not alwaes lesd o increase achivity: therefore, it remnains to
b debrmined whother s is o doaviebmam F:H‘lwu::, wd MICL I_.-.z]. Thae u'.Hnn]':nﬁ mibwerks of BUICL

are dizsrribied 10 Puygues 5,

la

i T
—~J

Faguee 3. The signating networks of MECL. The TTUR ool f wathin WBCL interacts with SHF-1 and
SHIPL. BIBCL rihillies cprokine nanscripion irstgaind by otfer madrpoas. ERK may suppaess [L-12
txpressiun and the polacization of Thi vells, whernems amother skonal g inluoes thes acteation shrough
MAPE Dlasbeed drtrs' e poprusond & pathuosay Bak b pokba B Fully bl
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3
L Immune Mechanisms in E:ii:ln:lu:i.ng?ihnﬂﬁjl Lung Diseases

ILDY irrcurrpranses 4 Lisge and hoborogensous greup of pasunchy mal hing disardion, which may
bz relabed fes syetomic dissases m@mmﬂnlﬂ eagrisuTd and unkrosen caise |.'-'-I].m.'|-n of the
minst commen bepes of 1L = IPF 2 progresive fibmsing 1.0 that & characderizad by a dicline
fumgs fumetion and predominantly affects older adulis with a histologic pattern of aseal nbe skitial
prvekmrenta (UL [75],

Patien & with certamother bypes of chronie fibrosing 1L are aleo ai riskoof deseloping a progrssive
phenotyps, such as Lldiopathic nonspecific inerstal preamenta (MSIP), unclissifiable diepathlc
inberstitial priewmonia, auboimmane 1L, sarnidosis, chronic hypersensitivity preumonitis [HE)
mukgmbosis or sileesis [76]

Ihe pathogeneas of ¥ s uncheat; however, chroaic andior repebitive microinjuries of the alvealar
epathetivim ane comsdened triggens of the didease |77 ngury from moxic particlits o infechious apents
gty llatnnn oy responses leadling o an inbalance of Cytukdnes, ncreases b Do relisals,
relesee of grow th factors. and the developmentof fung, fibrosis [74]

Drearegulated potivation of Wny'b-<atenin signaling, inflammnasemes, CC chemokine Ligamd 18
(CLLIE), MIAME macnophogre polareaton, [L-17, [L-b, [L-13, and tramsivrming grovwth tachor-beta
(TCEFE-R) aro bvsare celle and mediators invobead in IPF [79]. Additionally o deminant mechanim
thremagh which inmale imomune cefls sdopt ibmsis-promesling propedies through PREs is implicated in
a rapidby progressive fanmaf [PFIET]

ILD bered s 1o knipaie ineovurt dy; thus, paticnes havee a higher risk of fungal col omization, which plays
a prominent mle o the deterioration in the condiom o people with the disease [£1]. A necent study from
Chima showad that pabients with cemnactive Hesue diseases {CTOs) that have undardyving interetitial
l:n':urnuni.a and who were ]:u'ul.l]nmhl tr=aked with pn:l.’lni.:me_. wr n1u.'|li|:|-'le antiblotics, wers mare
Likely &y develop imastve pulmonary fungal indections (IPFLs) [£2]. Howeyers, Dectine] s a key plaes
im [L- 17 production i the pulmonary deferee agaivet Asperpiliee: fosimine [ELE1]L

L_'lm'q:lan:d. to other PEEs, F.:rhfu]:ad:l.' TLEs, the mvobvement of CTLES m ILLI 15 ETL'i_EI.'I'I.Hﬁ'L'.
Severtheless, the mle of |.11r|.n1|.|.'|1n||=g;|.1lah-:u':.r CTLEs in TilE;u'I.ar'.ng indlammation and homessrsis
denieiraies that ibese receprons pedsaps maedulate Dflasinatin-associated Tuig disease.

4. Immunoregulatory Receplors as A Movel Therapeulic Targets for [LD

Carticasterndds ane the recommended drusg for elther mone- o combination therapy with other
trorernang muwdualabars, BHF-E'EHJ:T' loe Eru.‘l'iuniu with acube ceacerbutom ol the dincasw i’{':-!. I:u.n.'\mlkt:,l.
climical triaks wath meveal drl.:g:, r||1.a1nl.r1.' antifibrosis, anb-cy takines, and :mwnsul;tur:,' drl.lgi:,
are bodng irvestigated in varions trial phaces [5q]. Dactin-d . acting directly and inedinecthe, fe imaslved
wilh tlee pathopensisof ILD due to s sode in negulading gere 1Ranscrpetion, iniding gerses of the
cyiokine@Bd chempkines that are involved in indarmmation and fbrosis.

The presnflasnmatory cytokine mberleukin-17 ([L-17) is receszarily implicated bn several daronic
imfammatory diseases thal eften culminate inorgan damage followed by mpaired wound bealimg
and fibmpsis deswloproent [47]. [ ame comverted infu hybnd Th cells producing IL-17 upon Deckin-1
atimmalation [49]. Furhernmre, 1L-17 s e i fhe acube exacedation of idiopathic palmonary libresis
via a Dectine [-dependent mecharism [52]and the development of fibmosis inoexpermental HP |59 3(0]

Doctin-1 1= aleo mvolyvied in regulabing the susceptibility of a patant with cystic fbrosis [CF}[91-23]
and asttima [4] Ex@Zsion of CNCRL -assnciated Dectinel & prominent in fungal cystic fibmosts [ing
ilisease themetome, H sy serve msa potentlad Blomarker and thetapadtic tangset by fungal cystic bnsis
Lung diseas:

The high level of CCLT4 in patients with flibretic lung diseases i indicative of pulmomary
Hlbriikie :.rh-..'H':,r [95] amal du 5 ]'-:llwli':nl biamarker for IPE [5] and far the uu-'rll'_r e tilicakiai e
pregresaive LD [97] Momover, Hph comcentratioms of Dectin- L-asocisted 1L-10 and CCLLE mafuce
the polareation shitt of macephages fowand an altemativaly achivated macrophage (M2 phenaobpe in
lung fhrosia [3E50]. A recent study revealed that Dectin-] may inhikbit the secretion of OCLTE and may
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b wealuable as 2 thesapeute st joe prevent M2 macraphage polarization and progrssive ibrotic
hung disease [104]

In Time with the role of Dectin-1 in innate imooand by and homeestasis, the Syk signaling pathway
is mvplved in the mechanzn of parenchymal lung Bbrass. Mulbple pathways of protein-bresine
Kinases, such as byk, Sec, and P, ate invalved in promoting ibrenlast probiferaboen and gy
production [10H] and play critscel risles o the pethogenesis of pulmaonary fibmoss [102], The Syk
i e fostnacinily poeyens Doy ool uoed Mbrosis and banmakon o e sk and Tang by
redwing Syk phosphorylation and TP expression [103],

Intriguimgly Dectin:1, viginteactions with Svk and the Mod-like receptor proten 3 (NLEPS)
milflarrmeseme, o pssociotsd with the achvabion oF ME-gf, which then induces presnflammatory
cylokines sudh ag LA TR arnd proclLA@ [TOHE Spkaspociates divactly with apoptosicasesciated
speck-like proem@EHSC) and WIRFI bl interacs indiredly with procaspase]; specifically,
Sk pheesphirrdaies ASC ot Y146 and Y187 resdues brenhance ASC oligsmesization and the recruitrent
of promspase | L5 WLEP3 is essential by the progression of poabmesnary fibrosis [106], Activation of
the WLHEFD} milammaseme mduces cepase-] cleavage and then leads ke the sscrebon of the profibootic
mvedliabors IL-1 P and TL-1B[10F].

Incontrast s Dectin-1, MECL 35 imvolvead ull]l.'m.IJ'r thruagh F|:1.|I::|.1| Intracellular cascades i Erosis
As previously nated, SHE & mvohved in the PR Akt patbway, The activation of P/ Akt signaling
cam madul ate [ -catendn-medisted Wit signaling via the inhibition of fi-catenin nedear localization and
regulation of glycopgen synthise bnase 55 (GSEE phasphorylation [ L9 L], Recently, SHE-1 was
frivred o reglgte pulmanary fihrosis via the inhibEon of f-catenin in lung epithelial cells [110]
.*.dd;l.i-:uull:..'. oshee deffcent I SHE-1 wens Jeainl umml:pﬂbk Lir I:-I:d.unj:h—dnd.m:d lung I.n'n':l;
and fibrosis |11 1), Howevern, we assume that PFERAkt-dependent Wingi-catenin (s not direclly relaed
[EERLY: |l

WnlE-catenin |:|-].1.:.l: a crideal pale im ﬂl’."l.-'\vl'ﬂﬂPrIEtTt and adull ssue homoenstasis, dr.Fm'JnJI}'
during abmarmal woumd wepair and fibrogmegic [113] Addifional b, the interactiom of TESF-f and thae
copamtical Wik fremterm patbway stimules Glaotlast accomuolatiom aml myalibeablast=] 17700 14] mel
the develapment of pulmanary fibrosis [115] Therefore, Hocking Wnd/ f-catenin signaling attenmates
myolibroblos diferertiation of bang resident suesenchymal stem cells and pulmonary Brosis [ 116]
and bleomypcin-induced pulmonary fibrosts [117].

MAPE-phesphatise (IMEFES §s requ@ld for the induction of changes to lung fbroblasts and
l'.lE'l."l.lm_l'l.'i.I'l-i.L'l'l!l.H."ﬁ.i Tung Gbrosis [1TES Activativns of e MATKERE =ignaling cecade i (he
Eurgs i higmman fbrosis 1= assocated swith fibrogenesis, mcheding hbroblkast growth, prodiferation,
anel gurvival [114]

3. Comclusions

Both Chectin- 1 and Syk have @ssential rokes m NLEFI™NEAT-as5000 tad Tibroas via caspdse-1,
which awduices the trarsformation of 1L-F om pree0l-TR. Alss, Dectin-T aprgilabes e producion
af [L-17 aawl Tl'_ll\'l"-ll The |].:M.:n'|.-|-_|r ihwat kb & Gll tE‘I.'IId brneds b Deckine 1 o M2 mm:l;llln.:ﬁlt:-
ki been a Breakbhroueh 1 the use of Dacdine] asa potenbal biomarker aod barpeted freatement i
I.I'ihrl.'-.inE!LU.

In comtrast bo Dlectin- L MICL indirecthy affects themechanism of flross via intracebo lar sigmaling
proteirs, such as SHE Wrtfd-catenin, and FISKAAKE Bven thoaggh the mechamism remaires unclear,
the ride of immumeregulatory receprtors @@ TLE= in fibremingg [LEY i relevant and exciting, perticulacly
for its clinical implications Addgonal shudies ane reuired o shed light on e mle of Dectin-1 and
especitlly MICL in the pathogenisis of fbrosdng 110
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