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TPIMEAHZ ZYMBOYAEYTIKH ENITPOMH

1. ANTQNIOY AIKATEPINH: ANANAHPQTPIA KAOHTHTPIA MNEYMONOAOTIAZ,

TMHMA IATPIKHZ, MANEMIZTHMIO KPHTHX.

2. ZOYPBINOZz NEQPIIOZ: KAOHITHTHZ IOAOTIAZ, TMHMA IATPIKHZ,

MANEMIZTHMIO KPHTHZ.

3. KOYTZOMNOYAOZ ANAZTAZzIOZ: ANAMAHPQTHZ KAOHITHTHZ

NMAGOAOIOANATOMIAZ, TMHMA IATPIKHZ, MANENIZTHMIO KPHTHX.

ENTAMEAHZ EZETAZTIKH ENITPOMNH
1.ANTQNIOY AIKATEPINH, ANAMAHPQTPIA KAOGHTHTPIA MTNEYMONOAOTIAZ.
2.20YPBINOZ NEQPT10Z, KAOHIHTHZ IOAOTIAZ.

3.KOYTZOMNOYAOZ ANAZTAZTIOZ, ANAMNAHPQTHZ KAOHIHTHZ MAGOAOTTKHZ
ANATOMIKHZ.

4. TZANAKHZ NIKOAAOZ, KAOHTHTHZ MNEYMONOAOTIAZ.
5.2XIZA ZOODIA, ANAMAHPQTPIA KAOHITHTPIA MINEYMONOAOTIAZL.
6.ATTEAAKH ZOOIA, ANANAHPQTPIA KAOHTHTPIA OTKOAOTIAL.

7.ZAQEIPONOYAOZ AAEZANAPOZ, ENIKOYPOX KAOHIHTHZ KAINIKHZ IOAOTIAZ-
BIOAOTIAZ EZQKYTTAPIOY XQPOY.



NEPIEXOMENA

BIOTPA®IKO

EYXAPIZTIEZ

A.TENIKO MEPOZ

1.NEPIAHWH (XTA EAAHNIKA KAI XTA ATTAIKA)
2.2YNTOMOTPADIEX

3.1.EIZATQIH

3.2 IAIOMAGHZ NMNEYMONIKH INQ2H
3.2.1 ENMIAHMIOAOQTIA

3.2.2 KAINIKH EIKONA

3.2.3 MMPOINQ2H KAl ®YZIKH MOPEIA
3.2.4 AIATNQZTIKH NPOZEITIZH
3.2.5 ATIEIKONIZH

3.2.6 TAOOAOTOANATOMIA

3.2.7 NAPATONTEZ KINAYNOY: NeptBaAAoVTIKEG EKBEDELG, yipavVaON, YEVETIKN,
eTyeveTikr, miRNAs.

3.2.8 2YNNOZHPOTHTEZ

3.2.9 TAOOOYZIOANOTIA

3.2.10 O POAOZ TOY BPOIXOKYWEAIAIKOY EKIMAYMATOZ 3THN II.
3.3 KAPKINOZ NMNEYMONA

3.3.1 MTAPATONTEZ KINAYNOY

3.3.2 KAINIKH EIKONA

3.3.3 OMOIOTHTEZ KAI AIA®OPEX 1M1 KAI KN
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B.EIAIKO MEPO2

B.1 ZKOMNO2

B.2 AZOENEIZ KAl MEOGOAOI
B.3 AMIOTEAEZMATA

B.4 >YZHTH2H

B.5 2YMIMEPAZMATA
BIBAIOTPADIA

AHMOZIEYMENEZ EPTAZIEZ



BIOTPA®IKO ZHMEIQMA

ONOMATENQNYMO: MNIMMAKH EAENH tou AHMHTPIOY

AIEYOYNZH KATOIKIAZ : Avw Apxaveg, HpdkAelo, Kprtng. TK 70100.
HMEPOMHNIA FTENNHZHZ: 04/09/1984

OIKOTENEIAKH KATAZTAZH: Ayopun

EONIKOTHTA: EAAHNIKH

THAEDQNO: 6976726598

E-MAIL: bibakieleni@gmail.com



mailto:bibakieleni@gmail.com

2MOYAEz2:

07/2011-03/2017

06/2014-mtapov

09/2017-napov

09/2017-Ttopdv

10/2017

10/2002-10/2008

1999-2002

Ewdwotnta Nvevpovoloyiag-Oupatiohoyiag oto .N.Xaviwv kot
oto Naveniotnuako voookopeio HpakAeiov (AN eldikdtnTAg
04/2016, KATOTLY O€ TAPATAON WC ELBIKEVUEVN TIVEULOVOAOYOC
¢wc 03/2017).

Asaktopikn StatpiPn oe e§EAEN pe Bépa: ” Meléry tng ékppaong
yovidiaov sov pobuilovrar amo miRNAS kai em1yeveTiko0g P aviopoog oe
paxpoaya amo Ppoyyiko ekmAvpua aobevav pe Inomrabn Iveopoviki
Tvwon” oto epyactiplo HOPLAKI|G KAl KDTTAPIKIG ITVEDOVOAOYiag
Tov navemotnptov Kpnng.

Zepwaplo EKAB «Eneiyouca Mpovoookopetakn latpiki». EKAB
HpaxkAeiou Kprtng. Etog 2017-2018.

Metantuxlako npoypappa EAAnvikoU Avolktou Mavemiotnuiou:
«Alaxeiplon Mpavong Kat Xpoviwyv VOO UATWY KoL Ypovong.

Zepwvapio ALS (advanced life support) ERC.
Qoitnon oto tuAua latpikng Tou avemotniou

KpAtng, Topéag emotnuwy vyeiag (€tn omoudwv €€L) .

levikd Auvkelo Apxoavwv HpakAeiou KpAtng.

ENAITEAMATIKH EMMEIPIA:

03/2017-nmapov

04/2013-03/2017

07/2011-04/2013

ETiKoUpLKA ETLUEANTPLO OTNV TIVEULOVOAOYLKNA KALVLKA TOU
BevileAeiou l'evikoU voookopeiou HpakAsiou.

Eldikeuodpevn Nveupovoloyiag-Oupatioloyiag oto
Mavemotnulako voookopeio HpakAeiou KpAtng.

Eldikeudpevn MNveupovoAoyilag otnV MVEULOVOAOYLKT KALVLKE TOU
l'evikoU NopoapytakoU Noookopeiou Xaviwv.



04/2009-02/2011 Yrninpeoia YnaiBpou oto ayovo M.l Kaumnavou tou KY Kavtavou
Tou 6npou Kavtavou-ZeAivou , Xavia.

EKNAIAEYTIKH APAZTHPIOTHTA Qz EKNAIAEYTH2

1. ASakTikn epmelpia otouc katapti{opévouc tou AIEK BevileAeiou voookopELlOU OTO
HaBnua tg Quololoyiag ,katd to A e¢aunvo kataptiong 20178, yia 30 wpeg( 15
eBdouadeg,2wpec kataptiong/epdopada).

2. JUMUETOXN OTO EKTIOLOEVUTLKO TIPOYPAUHA TNG MOVETILOTN LKA G TIVEULOVOAOYLKI G
KAWLIKNAG MAFNH w¢ mpookekAnpévn elonyntpla otnv Bepatoloyia Tng mveu povoAoyiag.

3. JUUMETOXN OTO EKTALSEUTIKO Ttpoypappo TG A’ MaBoAoyiknc KAVIKNC Tou
BevileAeiou 'NH wg mpookekAnpEVN elonynTpLa otnv Bepatoloyia tng mveupovoloyiag.

4. JUMHETOXH OTO EKTIALSEUTIKO TIPOYPOHMA TNE MOLEUTIKNAC-TUVOLKOAOYIKN G KALVIKAG
Tou BevileAeiou INH wg mpookekAnpEVN elonynTpLa otnv Bepatoloyia tng

TIVEULOVOAoyiag.
2YNEXHZ KATAPTIZH
10/2017 Advanced Life Support (ALS) Provider 2017
11/2017 KAwviko Opovtiotrplo Aldyvwong kat otadlonoinong Kapkivou Mvevpova. MATNH,
HpakAelo Kpntng.
07/2017 Interstitial Lung Diseases Course: From bench to bedside, July 2017 Crete, Greece.
12/2016 Epguvntiko oegpivaptlo “Integrating systems biology approach in IPF research”,
BapkeAwvn, lomavia.
10/2015 12° ExknatSeutiko dpovtiotrplo-Eknaideuon otnv Mveuvpovoloyio <Cuvdudlovtog
TNV TEKUNPLWHEVN Bewpla pe TN cUyxpovn KAWLKA TipakTki>, NaumALo.
10/2015 EkmadeuTikO oepLVAPLO 0TO MAQLOLO TNG CUVEXL{OUEVNG LATPLKNG EKTtaibeuong
ETAYYEALATIWY UYELQG YLt TNV 0pyAvwon LaTpeiwv SLAKOTIAG KATVIOHOTOG,
Aeukada Oktwpplog 2015.
06/2015 Huépeg XAMN 2015.KAwikn emdnpoloyia,exmaidevon kat Eépguva otn XAr.
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Moptapld , BoAoc,2015.

02/2015 EpguvnTiko Zepvaplo pe titho: “IPF and Cancer : wounds that do not heal”, ABrva.

11/2014 OpovTtlotnpLlako Zepvaplo Pe BEpa: “Mn Emeppatikdg Mnxavikog Aeplopog”,
ABnva.

12/2013 KAwviko @povtiotnplo pe Opa: “Atakonr Kamnviopatog”, ABrva.

12/2013 KAwiko @povtiotnplo pe Bpa: “ Epyoomipopetpia kot Amokatdotacn otn Xpovia
Anodppaktikn Nvevpovonabela”, ABrva.

12/2013 KAwviko Opovtiotrplo pe Bpa: “IPF and sleep: Common pathways and
implications in therapy”, ABnva.

07/2013 EKTadeuTIKO TIpOypappa HE TiTAo <<Atayvwotiki Noonudtwv tou
Avanvevotikou Zuatiuatoc-Enilvon KAwvikwv MpoBAnuatwyv>>
Kévtpo EmayyeApatikng Kataptiong MNaveniotnuiov Oscoaliag.

06/2012 Yepwaplo Evéookomnnong Owpaka, Huépeg Emepfatikng Mveupovoloyiog Kot
Owpakikng Evbookonnong, Noocokopeio Zwtnpia, ABrva (4 nuUéEpEC).

03/2012 Zepwvapto ALS (advanced life support), HpakAewo KpAtng.

ZEMINAPIA/ZYNEAPIA:

04/2018 6° Etiolo Zepwvaplo «Mohatdc BouhAc» Adxuteg MveupovondBeteg, ABrva.

11/2017 26 ° MaveAArvio Mveupovoloyiko cuvédplo, ABrva, EANGSa.

06/2017 6° Zepvaplo Suvexlopevng latpkrc Ekmaidevong HMEPEZ XA, Nopto XéAL

05/2017: | 5° Etiowo Zepwadpto «Malatdg Bouhfg» Aldyuteg MveupovondBeleg, ABrva.

02/2017: | 7" AleBvAg cuvdvtnon yla ta omdvia Kat opdavd mveupovoloyikd voorpata, Mdvo,
ItaAia.

12/2016: Juvébplo “BTS International Congress 2016”, Aovéivo.

06/2016: | 25" NMaveAArvio Mveupovohoykd cuvédplo, ABrva, EANAGSa.

09/2015 ERS International Congress 2015, Amsterdam. (AleBvéc Nveupovoloyiko Zuvédplo
2015, Apotepvtap).

11/2014 23° NaveA\rvio Nveupovoloyikd Tuvédplo, ABrva.




03/2014 4° Tepvaplo Tuvexllopevng latpikng Ekmaidevonc-Huépeg AoBuatog 2014-
<<@awoétumol kat Evédtumol AcBuatog>>. Epetpla Mdptiog 2014.

09/2014 AleBveg Mveupovoloyikd Zuvedplo 2014, Movayo.
ERS International Congress 2014, Munich.

05/2014 ATS 2014, San Diego, California. ( AleBvég MVEULOVOAOYLKO CUVESPLO AUEPLKOVIKAG
TIVEULOVOAOYLKAG ETALPELAG).

03/2013 Armekovion Owpaka: Mwa avapvnotikr 6ocon, HpakAslo Kprtng.

12/2013 22° NaveA\rjvio NMveupovoloytkd Tuvédplo, ABRva.

10/2012 16° Maykprto latpkd Tuvédplo, Aytog NikoAaog, Kprtn.

10/2012 21° NaveA\rvio ouvédplo voonudtwyv Owpakog, ABrva.

05/2012 9° Refreshing Course 2012 umd tnv aiyiSa tng EAANVIKAG
Mveupovoloyikng etatpeiag, BoAog.

11/2011 20° MaveAArvio Tuvédplo Noonpdtwyv Owpakoc, ABAva.

05/2010 1° JuvESdpLo I8LwTwV veupovoldywv KpAtng. Mdtog 2010, Xavid.

AHMOZIEYZEIZ EPTAZIQON/ APOPQN:

MNpodopkég avakowwwoelg o€ cuvedpla (5 os dieBvn ocuvEédpLa, 6 o€ syxwpta).

06/2018 «MIiR-185/miR-29a similarly expressed in IPF and CA BALF-cells show disease
specific DNMT1 and COL1A1 patterns».International conference on sarcoidosis
and interstitial lung diseases. June 2018, Crete.

11/2017 «Aloxpovikn €§€ALEN Tou Qupatvikou Agiktn otig pulakég AALkapvacooU

HpakAeilou tig mevtaetie¢ 1996-200 kat 2010-2014.»
EAévn Mmuunakn, Etprivn Naonapadkn, lwavvng MNavtalémoulog, XplotouAa

Metpakn, ZeBaotn Koupwwtdkn, N.MmaxAtlavakng, E.Qgpdoutong,




r.MeAétnc. 26 ° MaveAArvio Mveupovoloyikod cuvédplo, ABrva, EAAGSa.

11/2017

«MeA£étn TN ékppaong Twv miR185 ,miR29a Kal poplwv oTOXWV TOUC OE
Selypata BpoyxokuPeAdikou ekmAupatog (BALF) aoBevwy pe blomadn
niveupovikn tvwon(INI)kat kapkivo veupova(KMN)» E.Mmwundkn., E.-Tottoupa.,
X.KoutouAdkn., E.Bacappidn., ©.NfewpyomnovAou., A.TpaxaAdkn. , N.TZavakng.,
K.Avtwviou. 26 ° NaveAAfjvio NMveupovoloykd cuvédplo, ABrva, EANGSa.

07/2017

“IPF and Lung Cancer, novel pathogenetic insights.” Interstitial Lung Diseases
Course: From bench to bedside, July 2017 Crete, Greece.

06/2017

«Avtiuetwrion rtapdfuvong XAM oto TEM». 6° Zepuvdplo TuvexlOpevng
latpikng Exnaidbevong HMEPEZ XA, Nopto XEAL

05/2017

«Mapouaciaon evéladpEpovtog meplotatikoU» 50 ETiolo Zepwvapto "MoAatdg
BouAng", 2017.

02/2017

“A study of the expression of miR185, miR29a and their targets in IPF and lung
cancer: a BALF study.” (oral presentation) (MeA£€tn tn¢ ékdpaong twv miR185,
miR29a kol Twv oTOXWwV Toug o aoBeveig pe IMNI kot kapkivo mvevpova, o€
kUTtapa BpoyxokuPeAldikou ekmAUpaTOC. E.Mmumnakn.,
©.fewpyomouAou.,X.KoutouAdkn., E.Towtovupa., E.Bacapuidn., N.TZavaknc.,
K.Avtwviou. 7th International Meeting on Pulmonary Rare Diseases and
Orphan Drug, Milano, Italy.

06/2016

«MeA€tn TnG ékdpaong tou mupnvikou urtodoxea ROR-a o€ LoTO MIVEURLOVIKOU
TapeyxLLOToG AoOEVWY e LVWTLKOU TUTIOU SLAUECEG TIVEULOVIEGY.
(mpodopwk avakoivwaon) 25°° MaveArviou Mveupovoloyikol Suvedpiou,
ABrva,2016 .

09/2015

“Expression of miR-185 targets, DNA methyltransferase 1 and Cyclin D2 in IPF
and lung cancer in BALF cells: Preliminary results” ( discussion poster) oto ERS
2015, Apotepvtap, OANavbia.

09/2014

RETINOIC ACID-RELATED ORPHAN RECEPTOR-a (RORA) EXPRESSION IN
PATIENTS WITH FIBROTIC INTERSTITIAL PNEUMONIAS: A LUNG TISSUE STUDY.
(oral presentation). (H ékdppacn tou mupnvikoL urtodoxea RORa oTIC LVWTIKOU
TUTIOU SLAUECEC TIVEUIOVIEG.

Eleni Bibaki, Anastasios Koutsopoulos, Elisa Tsitoura, Eleni Lagoudaki, Stella
Sarantoulaki, Ismini Lasithiotaki, Nikolaos Siafakas, George Sourvinos, Katerina
M. Antoniou. European Respiratory Society 2014, International Congress,
Munich, German.

10/2012

«Mia onavia nepintwon euuatiwong KN2Z». E.Mrurakn., A.Aoutovaxn.,
0.Kototou,. M.Kokdon,. E.Maorapdkn., E.Ntaoukdknc. 16° Maykpritio latptkd
Juvedplo,2012, Aytog NikoAaog.
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Anpootevoelg : 12 (6 og S1eBvi kal 6 o€ eyywpLa TEPLOSIKA ):

Bibaki E, Tsitoura E, Vasarmidi E, Margaritopoulos G, Trachalaki A, Koutoulaki C,
Georgopoulou T, Spandidos DA, Tzanakis N, Antoniou KM.

«miR-185 and miR-29a are similarly expressed in the bronchoalveolar lavage cells in IPF
and lung cancer but common targets DNMT1 and COL1A1 show disease specific
patterns».Mol Med Rep. 2018 May;17(5):7105-7112.

Antoniou KM, Karagiannis K, Tsitoura E, Bibaki E, Lasithiotaki I, Proklou A, Spandidos
DA, Tzanakis N. «Clinical applications of mesenchymal stem cells in chronic lung
diseases». Biomed Rep. 2018 Apr;8(4):314-318

Samara KD, Trachalaki A, Tsitoura E, Koutsopoulos AV, Lagoudaki ED, Lasithiotaki |,
Margaritopoulos G, Pantelidis P, Bibaki E, Siafakas NM, Tzanakis N, Wells AU, Antoniou
KM. «Upregulation of citrullination pathway: From Autoimmune to ldiopathic Lung
Fibrosis».

Respir Res. 2017 Dec 29;18(1):218.

Nicolas Kahn, Laura Fregonese, Miriam Barrecheguren, Frits

M.E. Franssen, Aleksandar Grgic, Daniela Gompelmann, Eleni Bibaki, Katerina

M. Antoniou, Janwillem W.H. Kocks, Hillary Pinnock, Felix Herth “Clinical highlights
from the 2016 European Respiratory Society International Congress” (Ta kaAUtepa
KAWVIKA SeSopéva amod to ERS 2016)

ERJ Open Res 3: 00147-2016; Published 12 April 2017.

Antoniou KM, Bibaki E, Margaritopoulos GA.” Controversies in Fibrosis and
Emphysema”. ( Atadopég avapéoa otnv IPF kal to epduonua) Arch
Bronconeumol. 2017;53:231-2 - Vol. 53 Num.5 .

Eleni Bibaki, Athina Trachalaki, Eirini Vasarmidi, Aikaterini Antoniou.
" IPAF: Interstitial pneumonia with autoimmune features. A new entity? (IPAF: Aldueon
TIVEUOVia e XapakTipeg autoavooiag) “PNEUMON 2017,Vol. 30(1): 16-19.

Eirini Pasparaki, Eleni Bibaki, Yiorgos Meletis, Emmanouil Ferdoutsis
«Neuromuscular diseases and respiratory systemy.
Pneumon 2017, 30(3):176-187
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https://www.ncbi.nlm.nih.gov/pubmed/29568927
https://www.ncbi.nlm.nih.gov/pubmed/29568927
https://www.ncbi.nlm.nih.gov/pubmed/29568927
https://www.ncbi.nlm.nih.gov/pubmed/29556380
https://www.ncbi.nlm.nih.gov/pubmed/29556380
https://www.ncbi.nlm.nih.gov/pubmed/29287593
https://www.ncbi.nlm.nih.gov/pubmed/29287593
http://openres.ersjournals.com/content/3/2/00147-2016
http://openres.ersjournals.com/content/3/2/00147-2016
https://www.ncbi.nlm.nih.gov/pubmed/28343743
https://www.ncbi.nlm.nih.gov/pubmed/28343743
http://www.pneumon.org/july-september-2017-vol-30-issue-3/newsid789/667

8.

Abdelfattah Touman, Maria Bolaki, Vlassis Vitsas, Eleni Bibaki, Leonidas
Aggelakis, Rodoula Tringidou, Anastasia Mandilara, Nikolaos Tzanakis, Katerina M.
Antoniou, Nikolaos Koulouris, Grigoris K. Stratakos. «Large endotracheal tumor
obstructing the central airway. The role of Interventional Pulmonology».
Pneumon 2017, 30(2):102-104

Tsitoura E, Wells AU, Karagiannis K, Lasithiotaki |, Vasarmidi E, Bibaki E, Koutoulaki C,
Sato H, Spandidos DA, Siafakas NM, Sourvinos G, Antoniou KM. “MiR-185/AKT and
miR-29a/Collagen 1a pathways are activated in IPF BAL cells.” ( Ta povomndtia MiR-
185/AKT kat miR-29a/Collagen 1a eival evepya otnv IPF ). Oncotarget. 2016 Oct 18.

10.

E.Tsitoura, E. Bibaki,E. Vasarmidi, K.Antoniou. «Hot Topics» in the pathogenesis of IPF-
current data from the ERS and ATS congresses” (Znpaviikd onueia otnv maboyevela
¢ IPF-mpoodata debopéva amod ta ocuvedpia ERS kat ATS)  Pneumon 2016,
29(2):120-121.

11.

E. Bibaki, S. Michelakis, S. Hiraki, E.Lambiri “ Right to left intra-cardiac shunt with low
right heart pressures” (EvSokapSiakn emikowvwvia amd &efld mpo¢ aplotepd e
XaUNA£C KapSLakeg mEoelg) . Pneumon 2015;vol 28(4);380-381.

12.

O.Kotsiou, E. Bibaki, E. Pasparaki, A. Damianaki, B. Kotsios, E.Ntaoukakis, K.
Gourgoulianis: “Drowning and early-drowning events in the country of Chania”.
(Meplotatikd mviypou Kot mop’ oAlyov mviypou oto vouo Xaviwv) PNEUMON 2014;vol
27(3) :230-241.
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http://www.pneumon.org/april-june-2017-vol-30-issue-2/newsid789/678
http://www.pneumon.org/april-june-2017-vol-30-issue-2/newsid789/678
https://www.ncbi.nlm.nih.gov/pubmed/27769060
https://www.ncbi.nlm.nih.gov/pubmed/27769060

BPABEIA (3)

1° BpaBeio KaAUtepnc Avaptnpévng Avakoivwenc (e-poster) mou mopoUGLAOTNKE 0TO
JUVESPLO yLa TNV gpyaoia pe Titho “ MeA£Tn tng Ekdpaong twv DNA
ueBuAtpavodepaocwv KabBwg kot Tou miR-185 o€ BpoyxokuheAdikd EkmAupa ( BALF)
a0Bsvwv pe W8lomadr mveupovikn ivwon (IMI) kat kapkivo mvevupova.”
E.Mrmupmakn,E.Tottoupa,X.KoutouAdkn,E.Bacapuidn,E.Ztapatdakn,A.Mopattakn,N.T{av
akng,K.Avtwviou.24°’ NaveAviou MNMveupovoloyikot Tuvedpiou, ABrjva, 2015.

‘Emouwvog. NLRP3 QAeyuovoowua: Koo nadoyeveTiko povonatt atnv IPF kat otnv RA-
UIP.(avnptnuévn avakoivwan) Aaontwtakn I., MapyapttornovAog I.,lavvapdaknc
I.,Zapavtovddkn 5.,Mmwurntdkn E., Sauapd K., Stapakac N., Avtwviou A. 22° NaveA\Avio
ouvedplo MNveupovoloyiac,2013,A0nva .

Enatvog [viyuoi kat Map’OAlyov Mviyuol. Eridnuiodoyikn ueAétn. ( Avnptnuévn
avakoivwon) Maomoapdkn Ewprivn, Aaptavakn AyyeAikr, Kwtolou Oupavia, Mrmuyumdkn
EAévn, Opayyeddkn Aomacia, Ntaoukdkng Eppavounh. , 22° MaveAAAvio cuvéSplo
Mveupovoloyiag 12°°2013.

EMMEIPIA Q2 KPITHZ APOPQN

Yuppetoxn otnv Stadikaoia kpiong mepA\Pewv Epyactwy yla To SLeOvEG
TIAVEUPWTAKO ouvedplo ERS 2017 International Congress.
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AvnptnUEVEC aAVaKOWWGOELC (26)

11/2017

«H opoldotaon Twv pitoxovdpiwv ota pakpopdya acBevwy e
dlomaBbn nvevpovikn ivwon». Elprivn Bacoapuidn, EAila Tottoupa,rl.
Mapyapttonoudog, ABnva TpaxaAdkn, EAévn Mrmuumdkn, N.T{avakng,
Aw.Avtwviou. 26 ° NaveArivio Nveupovoloykd cuvéSplo, ABrva,
EANGSa.

11/2017

«EEL xpoOvLa epnelpiag otn Bepaneia g L&lomaboUc MVEUUOVLIKAG
tvwong pe rupdeptdovn otnv Kpntn». ABnva Tpaxahdkn, Kwotag
Kapayiavvng, ManA @avapidng, EAévn Mmuumndkn, Ewprivn
Baoapuidn, M.Nanaoctpatnyaknc, E.Ztapatdakn, A.Mwpaitakn,
N.TZavdknc, Atk.Avtwviou. 26 ° MaveAArjvio NMveupovoloyLkd cuvéSpLo,
ABnva, ENAada.

11/2017

«Epmelpia latpeiov Alakomnr¢ Kamnviopatog I'N.HpakAsiou BENIZEAEIO»
lwavvng NavtalomnouAog, Ewprivn MNaomnapdkn, EAévn Mrumnakn,
XplotouAa Metpakn, Zefaoth Kouptwtdkn, N.MmaxAtt{avakng,
E.QepSoutong, N-MeAétng. 26 ° MaveAAfvio Mveupovoloyikd cuvésplo,
ABnva, EAAASQ.

11/2017

«Neplotatikd AomepyAAwpaTog pe ekdnAwaon coPapng
UTOTPOTILALOUOAG ALUOTITUONG O€ £60¢0G TTAAALAG VEKPWTLKAG
niveupoviag.» EAévn Mrmuundkn, Eiprivn Naomapadkn, lwdavvng
Mavtalomoulog, XplotoUAa MNetpdkn, Zefaot Kouplwtakn,
N.MraxAwtlavakng, E.Qgpdoltong, MN.MeAétng. 26 ° NaveAfjvio
Mveupovoloyikd cuvedplo, ABrva, EAAGSA.

12/2016

“Alveolar macrophages show elevated oxidized mitochondria levels in
IPF. Autophagy, mitophagy and telomere length implications.( Ta
KUPeASIKA pakpodaya apouatalouv avénuéva emnineda
0€eldWUEVWY ULTOXOVEPLWV.H cuppeToXn TNG autodaylag,tng
pItodayiog KoLl Tou HAKOUC TWV TEAOUEPWV.)
A.TpayxaAakn.,E.Bacapuidn., E.Tortoupa. E.Mmumnakn.
X.KoutouAakn.,l.Mapyapttonoulog., K.Avtwviou. Research Seminar-
Integrating systems biology approach in IPF research, Barcelona, Spain,
2016.

09/2015

“Expression of miR-185 targets, DNA methyltransferase 1 and Cyclin D2
in IPF and lung cancer in BALF cells: Preliminary results” ( discussion
poster) EAévn
Mrmuunakn.,E.Towtovpa.,X.KoutouAdkn.,E.Bacapuidn.,E.Ztapatakn.,A.
Mopattakn.,N.T¢avakng., K.Avtwviou. ERS 2015 , Amsterdam.
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09/2015

“Lung cancer immune cells exhibit inhibited inflammasome”.(Ta
KUTTOPA TOU OlVOCOTIOLNTIKOU CUGCTHUATOC OTOV KapKivo TiveUoval
napouaotalouv KateoTaApévo dAsypovoowua). A.Zapapd.,
I.AaonBwrtakn.,E.Tottoupa.,
l.Mavvapaknc.,A.Wapadkn.,E.Mmuunakn.,E.Aaumnipn.,N.Ziadpakag., K. Avt
wviou. ERS 2015, Amsterdam.

11/2015

1° Bpapeio KaAutepnc Avaptnpévne Avakoivwonc (e-poster) mou
TLAPOUCLAOTNKE 0TO ZUVESPLO yLa TNV epyacia pe Titho “ MeA€tn tn¢
Ekppaonc twv DNA ueSuAtpavopepaocwv kaBwc kat tou miR-185 oe
BpoyxokuWeAidiko ékmAvua ( BALF) aoBevwyv ue tbonadn nveuuovikn
ivwan (IMl) ket kapkivo vevpova.” 24°° MoaveAAAviou
Mveupovoloyikou Zuvedpiou, 2015, ABrva.

09/2014

“Autophagy is not impaired in BALF alveolar macrophages in IPF:
Preliminary results.” (H autodayia dev eival emnpeacpévn ota
KupeALSIka pakpoddya tou BALF: apyikd
anoteAféopata).2.ZapavtouAakn.,M.Mapyapttomoulog.,E.Tattoupa.,K.K
apaylavvng.,E.Mmunakn.,A.Wells.,N.Ziadakag.,l.ZoupBivog., K. Avtwvi
ou. European Respiratory Society 2014 , International Congress,
Munich, German.

11/2014

«leplotatiko yuAoBwpaka duew w¢ rpwtn ekdnAwon olwbdouc
Agupwuatrogy. Mmuunakn E., Mixehakng 2., Mixowdlavakng I., Aaurmipn
E., Mntpouoka I., Tlavakng N. 23° MaveAArjvio cuvédplo
Mveupovoloyiag, ABnva.

12/2013

Enmawvo¢ NLRP3 @Aeyuovoowua: koo maGoyeVETIKO UOVOTTATL OTNV
IPF kat otnv RA-UIP.  (Avnptnuévn avakoivwon)

AaonBwwtdakn lopnvn, MapyapttonouAog Mewpylog, MNnavvapakng
ravvng, Zopavtouddkn ZteAAa, Mmuumnakn EAévn, Zapapd Katepiva,
Jwaddkog Nikog, Avtwviou Katepiva. 22° NaveArvio cuvéSplo
Mveupovoloyiag .

12/2013

Entawvog lMviyuoi kat Map’OAlyov Mviyuol. Eridnutodoyikn ueA€n. (
Avnptnuévn avakoivwon) Maomapdkn Eiprvn, Aapiavakn AyyeAkn,
Kwtowou Oupavia, Mmundkn EAévn, Opayyeddkn Acmaoia,
Ntooukdkng EppavounA. , 22° MaveAAfvio cuvéSplo Mveupovoloyiag
12°°2013.

12/2013

«lvevuovikn puuatiwon ue dSuokodia otn dtayvwon». E.MTuunakn.,
A.Aaplavakn.,E.MNacnapakn.,B.Kpietoenn., A.Quuakn.,M.NToUKAKNC.
22° NaveAvio ouvédplo Mveupovoloyiag 12°°2013.

12/2013

«Quuatiwdn¢ nvevuovio o oxoAlkr Kowvotntax». A.Aauiavaxn.,
MNaornapakn E., Mrunakn E., O.Kotowouv., Kptetoenn.B., M.Ntaoukdkng.
22° NaveA\vio cuvédplo Mveupovoloyiag 12°°2013.

12/2013

NOLUWEELS TOU avamveuoTikoU 0QEIAOUEVEG o€ Legionella spp.
(Avnptnuévn avakoivwon) Maomapakn Ewpivn, Aopovakn AyyeALkn,
XoxAakng AnpuocBévng, Mruumnakn EAEvn, Ntaoukakng EppavounA,
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ToeAéving lwavvnc , WapouAdkn Avva. (e-poster)
22° NaveA\vio cuvédplo Mveupovoloyiag 12°°2013.

12/2013

«AvaAuaon the¢ EKPPAoNG EMIAEYUEVWY KUTTAPLKWY microRNA otnv
I6lona9n nveupovikn ivwon kat LEAETN TNC EMPPONC TOU LOU TOU
armtAou éprtn tumou 1 (HSV-1) otnv ékgpaon toug». E.Tottolupa.,
A.Wapdxn.,l.AaonBOwtdkn. E.Mmuumnakn.,2.ZapavtouAdkn., 2. MixeAdkn
G.,A.zmavtidog,.N.Ziaddkac.,l.ZoupBivoc., K. Avtwviou. 22° NaveArjvio
ouvédplo NMveupovoloyiag 12°2013.

11/2012

A CASE OF CHRONIC NECROTIZING PULMONARY ASPERGILLOSIS (CNPA)
(Avnptnuévn avakoivwon) Angeliki Damianaki, Eleni Bibaki, Vasiliki
Krietsepi, Stavroula Patsilinakou, Eirini Pasparaki, Ourania Kotsiou,
Emmanouhl Ntaoukakis, Serafim Kastanakis. 3" Southeast European
Conference on Chemotherapy and Infection. 2012 November
Dubrovnik, Croatia.

11/2012

AN INTERESTING CASE OF EXTRAPULMPONARY TUBERCULOSIS (TB)
(Avnptnuévn avakoivwaon) Angeliki Damianaki, Eleni Bibaki, Vasiliki
Krietsepi, Eirini Pasparaki, Stavroula Patsilinakou, Ourania Kotsiou,
Emmanouhl Ntaoukakis, Serafim Kastanakis. 3™ Southeast European
Conference on Chemotherapy and Infection. 2012 November
Dubrovnik, Croatia.

11/2012

A CASE OF NEGLECTED PULMONARY TUBERCULOSIS. (Avnptnuévn
avakoivwon) Vasiliki Krietsepi, Stavroula Patsilinakou, Angeliki
Damianaki, Eleni Bibaki, Irini Pasparaki, Ourania Kotsiou, Emanouil
Daoukakis, Serafim Kastanakis .3Southeast European Conference on
Chemotherapy and Infection, 2012 November Dubrovnik, Croatia.

11/2012

ASYMPTOMATIC ACTIVE CAVERNOUS TUBERCULOSIS
(TBC).(Avnptnuévn avakoivwon) (Vasiliki Krietsepi, Stavroula
Patsilinakou, Angeliki Damianaki, Eleni Bibaki, Irini Pasparaki, Ourania
Kotsiou, Emanouil Daoukakis, Serafim Kastanakis. 3"Southeast
European Conference on Chemotherapy and Infection,2012 November
Dubrovnik, Croatia.

10/2012

M Acuvntiotn KAwvikn Eugavion Kapkivou tou lNveuuova (KT1).
(Avnptnuévn avakoivwon ) MNaomnapadkn E. , Aaptavakn A. , Mmumakn
E., NootiAwvakou 2., Képakag M., Mooxomoulog O. , Ntaoukakng E. (
e-poster) 21° MaveArjvio Mveupovohoyikd Suvédplo, ABrAva.

10/2012

KueAibikn Aiuoppayia psta amo eionvon Sakpuyovwy. ( Avnptnuévn
avakoivwon) Maomapadkn E., Aapavakn A. , Mrmuunakn E. ,
Maotdvakou 2., Kptetoénn B., Kopakag M., MooyxomouAog 0.,
Ntaoukdknc E. (e-poster) 21° MaveArvio Mveupovohoyikd Suvédplo,
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ABnva

10/2012

Aouvuntwuatikyy Evepyocg IrinAaiwdnc Quuatiwon (TBC). (

Avnptnuévn avakoivwon ) Nato\vakou 2., Aapovakn A. , Kpletogmn
B., Naomapdkn E. , Mmuumndkn E. ,Xatinkwota E. , Ntaoukdkng E. ( e-
poster) 21° NMaveAArfvio Mveupovoloyikd Suvédplo, ABRva.

10/2012

Mua Zriavia Mepintwon Eéwnveupovikng Quuatiwons (ED).  (
Avnptnuévn avakoivwon) Mrmwmakn E., Aapiavakn A., Kokoon M. ,
Nato\wdkou 5., Maomapdkn E. Kpletoénn B. ( e-poster) 21°
MaveAAnvio Mveupovoloyikd Zuvédplo, ABrva.

10/2012

Mua Mepintwon MapaueAnuévne Quuatiwbdouc (TB) MAsupitidag.
(Avnptnuévn avakoivwon ) MNatowltvakou 2., Aapwavakn A.,
Mrmuunakn E. , Maonapadkn E. , Képakag M., Xatinkwota E. , Kpletoénn
B. (e-poster) 21° NaveAfvio Mveupovoloykd Suvédplo, ABrva.

10/2012

To QVOMVEUOTIKO TTPWTOG OTOXOC TOU OUOTNUATIKOU EpUTNUATWAOUC
AUkou (ZEA). Mruurmakn E., Aapwavakn A., Kpletognn B., Maomapakn
E.,... (e-poster) 21° MaveM\rjvio Mveupovoloyikd Suvédplo, ABAva.

ZENEZ TNQZZEZ: AyyAwa (emtinmedo Proficiency-C2)

INQZEIZ H/Y:

Fepuavika (eminedo Grundstufe-C1)

AtmAwpa ECDL (2011)

NPOZQNIKA ENAIADOEPONTA:

» Noyoteyvia

ATOMIKA XAPAKTHPIZTIKA:
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Epyatikotnta
Opadiko mvevpa
JUVETELQ
Mpwtofoulia

2YZTATIKEZ EMIZTOANEZ:
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EYXAPIZTIEZ

OAOYuxa Ba nBeha va euxaplotiow tnv emPAEnovoa kabnyntpla pou Akatepivn
Avtwviou, n omola pou £€8waoe TNV gukaLpila Vo yWwplow Tov KOOUOo TNG £peuvag, va
yivw péNog Tou gpyaotnpiou Moplakng kat Kuttapikng NMveupovoloylag pe Tnv mAoluola
Kal Snuloupylkn mapoucia mou 1o Slakpivel. Me TIG YVWOELG, TNV EUTELpla KOl TNV
evBdppuvon NG otddnke apwyog oe kABe Bripa AUTAG TG MpoomdBeLag pou. EmumAgoy,
Ba nBela va euxoaplotnow Toug Kuploug ZoupPBivo Tlewpylo kat Koutocomoulo
Avootaolo yla tnv apeon Bonbela kot kaBodrynon mou pou TPocEdePAV OTIOTE TOUG

{ntNOnKe.

Entiong blaitepa Ba Beha va euxaplotriow TNV Kupia EAila TottoUpa, HETASIOOKTOPLKNA
gepeuvnTpla, PBLOAOYO Kal ETMLOTNHOVIKA UTeVOuUvVN Tou epyactnpiou Moplakng Kal
Kuttapikng NMveupovoloyiag. H aydmn kat to mdbog tng yla tnv €pguva, n pebBodikotnta
TNG, Ol YVWOELG TNG KOL N EPYATIKOTNTA TNG ATOTEAECAV EUTIVEUCHN KOL OTHPLYUO YLa TNV
61K pou mpoomnabela.

ErutAéov, Sev mpéemel va napaAeipw va guxaplotiow O0Aoug toug cuvadéddoug oto
gEpyaotnpio yla tnv kabnuepvi pag cuvepyaoia kat BonBela. 18iaitepa euxaplotw TNV
Xapad KoutouAakn, Tnv Elprvn Baoapuidn, tov 2téAo MixeAdkn, tTnv ABnva TpaxaAakn,
tov Kwvotavtivo Kopaytdvvn, tnv Ogodwpa lewpyomollou, Tov [wpyo
Mamnoaotpatnydkn, tnv Hpw Xat{naviwviou, tTnv ABavacio MpokAou kat tov ldvvn
InepeAakn.

Eniong euxoplotw OAO TO LATPLKO KoL VOONAEUTIKO TPOCWTILKO TNG MOVEMLOTNLOKAG
Mveupovoloyikng KAWIKAG tou MATNH kat aitepa tov KaBnynth kuplo Tlovakn.
Eniong euxoplotw TO MPOCWTILKO TOU BPOYXOOKOTILKOU €PYAOTNPLOU KOL TOU TUAMATOG
ompopeTpioswy (Kupleg Agomowva Mwpaitakn kot Eiprivn Béppa) kabwg Kal Tig
TEXVIKOUC TOU TIO.OOAOYOQVOTOUIKOU €PYAOTNPLOU TOU VOOGOKOMElou yla thv BonBela
TOUG 0TNV avalATNoN TWV LOTOAOYLKWVY EKOECEWV.

TEAOG EUXOPLOTW KOl OPLEPWVW QUTH TNV EPYAOCIA OTNV OLKOYEVELN LIOU, OTOUC YOVEIC
kot ta adgA@la uou, Avwa kat BayyeAn, xwpic tnv vmootnpién twv omoiwv tinota armo
OAa auta dev Sa gixe npayuatonotnVei.
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A.1. NEPINHWH

Meyaho epeuvnTikd evdladépov €0TIALETAL OTOV EVIOTUOUO OCUYKALVOVTWV KoL
OTTOKALVOVTWYV oTtolxelwv otnv maboyévela tng IMNI kot tou KM pe okomo tnv avixveuon
VEWV TIOOOYEVETIKWV UNXAVIOUWV oANA Kal tnv Tubav oaflomoinon Bepameutikwy
emAOYWV. H peAETN auTh OMOKAAUTITEL TTAEIOTEC OMOLOTNTEG Kal Sladopeg TO00 o€
eninedo emONUIOAOYIKWY TIAPAUETPWY OTWG €lval n TTwXA TOUG TMPOYVWON Kal oL
Kolvol mapayovteg kKlvdUvou 000 kal o€ eminedo maboducloAoyLKwV UNXOVIOUWY. 2TO
televtaio medio avayvwpilovial emnpeacpeéva KOwa TOUOOYEVETIKA HOVOTIATIO Kol
Unxoviwopol eAéyxou MPEWOVWY  KUTTAPLKWY AEITOUPYLWYV OMWC O  KUTTOPLKOC
MoAAmAQOLAoHOG. QoTO00, O SLOKPLTOC XOPAKTNPEOG Twv U0 voonuatwv eivatl
b6ebopévog kal ot Sltadopomolioelg oe TTOAAA EMLUEPOUG OTOLXELA oklaypadouv TG duo
QUTEG KALVLKEG OVTOTNTEG.

H pUBuLon tng yovidlakng ékdpaong LECW ETILYEVETLKAG TPOTOTIOINONG ATTOTEAEL KOLWVO
UNXaviopud ald pe ToAAEG emipépoug Stadopomooelg ota duo voonuata. Eival
evbladpepov otL ta mpotuma pebuliwong tou DNA daivetat va Stadépouv t0co petal
Twv U0 VOONUATWY 00O KOl CUYKPLTIKA HE TOUC UYLELC paptupes. H épeuva oto
OUVKEKPLUEVO TIeSI0 €XEL PEXPL TWPA XpnoLuomoL)osl peBodoloyika delypa LloTwy PETA
and tnv Mellova emepPatikn mpaktikn tng Bodiag mvevpova. Asgdopévou TOU
avaduopevou polou twv KUPeASIkwY pakpoddywv toco otnv IMNI 6co kat otov KM
OAAG KOl TOU €AAXLOTA EMEUPATIKOU XApPOKTAPA TNG BPOYXOOKOMNoNnG, otnv mapoloa
pueAétn aflomolOnkav Seiypata BpoyxokuPeAldikol ekmAUMATOG and acBeveig pe 1N
kot KM mpokepévou va PeAeTnBel ouykpLTika n ékppacn poplwv pe KopBikd poAo otnv
ETILYEVETIKA pUOULON KL TILO CUYKEKPLUEVA oTNV PeBuAiwaon tou DNA kat ta miRNAs.

OpUWUEVOL QO TNV TIPONYOULEVN YVWON TNG UELWUEVNG €kdpaong Twv miR-185 kat
miR-29a otnv INI and deiypata BALF aAAd kal TG yvwoTtng eUMAOKAG Toug otov K,
HEAETNONKE Kal ouykpiBnke n ékdpaon twv dUo autwv mMiRNAs al\d kat popiwv
oToXwWV toug ota dVo voonpata. Ot otoxol adopovcav o SUO amd TA CNUAVIKOTEPQ
€vlupol TTOU CUMHETEXOUV otnv UeBuAiwon tou DNA, tic DNA-peBuAtpavodepdoelg
DNMT1 kot DNMT3b kabwg kot ta collal, AKT1 kat AKT2. Avalntndnkav mboavég
OUOXETIOEL HE OTOLXELD TWV AEITOUPYIKWV TIVEUUOVIKWY SOKIHAOLIWY aAAd  Kal
eTONULOAOY LKWV OTOLXELWV OTwG PUAO, NAkia Ko Karmviotik ouvnBela. Emumpoobeta,
otnv opada tou KM nepattépw avalntOnkov cUoXETIOELG e OTOLKELA TTOU TTIpoEKL P av
oo ta evooBpoyxLKA euprHaTa KATA TV BPOYyXOOKOTNo .
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Opola enineda twv MiR-185 kot miR-29a mapatnendnkav ywa tnv 1INl kat tov KN, evw
Kal oL kowvol toug otoxol AKT1 kat DNMT3b emiong dev Slédepav, umootnpilovrag
TUOAVEG OLOLOTNTEG O€ EMIMESO EMLYEVETIKAG pUOULONG. AVTIOETWG, oL oTdxoL collal kat
DNMT1 Bpébnkav va Sadépouv. Mo ocuykekpéva, ta mMRNA enimeda tou collal
BpeBnkav auvénuéva otnv Nl emPeBawwvoviac to €8IKO ylo TNV VOOO auTH
XQPOKTNPLOTLIKO. AfloonpelwTo elval To yeyovog otL n DNA-peBuAtpavodepaocn DNMTL
Bp€Bnke va unoskdppaletal ota deiypata BALF and acbeveig pe KM, evw mepaltépw
HElwoN Twv eMUTESWV TNG MapatnpnOnKe €nil tng mapouciog AUENUEVO «KOPKLVLKOU
doptiou» ONMWG AUTO QVTIKATOTTPIOTNKE amo Ta &evOOPBPOYXLKA EUPAMATA TNG
Bpoyxookomnong.
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SUMMARY

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a form of chronic progressive interstitial
pneumonia that continues to be associated with high morbidity and mortality, despite
the fact that new antifibrotic drugs have recently been added to our quiver[1].

The exact cause of the disease still remains inexplicable, even though it seems to be
strongly related to aging and smoking, similarly with lung cancer. Interestingly, LC is a
common co morbidity among patients with idiopathic pulmonary fibrosis with major
impact in their survival. Increasing data support the hypothesis that lung cancer occurs
secondarily on the ground of fibrosis rather than as a preceding finding. In the majority
of patients, LC arises as nodular lesions in the peripheral area of fibrosis, mainly at the
lower areas of the lungs with squamous cell and adenocarcinoma being the prevalent
histological types [2, 3].

A deeper view at the pathophysiology of the two diseases reveals several similarities
and common pathways involved. Crucial cellular mechanisms known to be implicated in
proliferation and resistance to apoptosis are activated in both lung cancer and
pulmonary fibrosis, such as Fas/Fas ligand pathway, PTEN (protein phosphatase and
tensin homologue) , phosphatidylinositol 3-kinase (PI13K) and protein kinase B (AKT) and
FAK (focal adhesion kinase). Epithelial-mesenchymal transition (EMT), is also a common
event of cardinal importance both in the invasive feature of malignancies and in
proliferation. Preneoplastic lesions (atypia, metaplasia, dysplasia), microsatellite
instability and loss of heterozygosity in genes that underlie the tumorigenesis have been
reported in lung fibrosis tissue also. Aging and the subsequent cellular senescense is a
profound component of both diseases. Aggregating mutational burden, increased
epigenetic gene silencing and telomere dysfunction frame the probable underline
correlation([4, 5].

Common risk factors like aging, cigarette smoke and environmental effects seem to
influence the activity of numerous genes by creating aberrant DNA methylation patterns
and accelerating the aging of our epigenome. DNA methylation is carried out by three
main DNA methyltransferases (DNMTs); DNMT1, which maintains pre-existing
methylation patterns and DNMT3A and DNMT3B which vyield novel methylation
patterns. Genome wide hypomethylation and promoter hypermethylation affect genes
involved in crucial cellular procedures in carcinogenesis. Similarly in IPF, the p53
pathway, Thy-1 and PTGER2 are suppressed by promoter hypermethylation, while
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global methylation profile in IPF was found different compared to controls and partially
similar to cancer. [6, 7]

MicroRNAs have also been emerged as major regulators of gene expression through
epigenetic and posttranscriptional mechanisms. MicroRNA profiling studies in lung
cancer have currently proposed several microRNAs as potential epigenetic biomarkers in
the diagnostic procedure. Similarly, in IPF several oncomirs have been consistently
found deregulated, such as miR-21, let-7d and miR-29 family. Recently our team found
miR185 and miR29a to be downregulated in IPF compared to controls and data
supporting important pathophysiological extensions were shown as Mirl85
downregulation activated AKT signaling pathway in macrophages. MiR-29a
downregulation found to be correlated with the overexpression of the collagen gene
COL1A1 suggesting that the miR-29a/COL1A1 pathway is also active in IPF BAL cells, as
previously demonstrated in IPF tissues. [8] [9]

Aberrant DNA methylation patterns, miRNAs profiling studies and other epigenetic
mediators consist the field of intense research for both LC and IPF, not only individually
but also as face to face comparison, in an effort of revealing common underlying
mechanisms and sharing therapeutic targets. Tissue specimens and cell lines are the
predominant material of research. However the role of BALF as a minimally invasive tool
to study alveolar macrophages and their implication in pathogenesis continually
recovers ground. Alveolar macrophages in IPF, acquiring alternatively activated
phenotype, are actively involved in the fibrotic process. The production of soluble
mediators related with myofibroblasts’s survival, epithelial activation and EMT (such as
CCL18, IL13, TGF-b, insulin-like growth factor) and the expression of profibrotic
microRNAs are potential mechanisms through which alveolar macrophages promote
fibrogenesis [10, 11]. On the other hand, there is plenty of evidence to support the
altered alveolar macrophage function in patients with lung cancer. Those highly plastic
cells display different phenotypes under the influence of tumor-associated polarizing
events such as mediators and hypoxic tissue damage. [12, 13]

The aim of our study is to investigate possible common pathways between IPF and lung
cancer at the level of key epigenetic regulators in bronchoalveolar lavage fluid.
Similarities between IPF and LC were noticed at the level of miRNAs (miR-185 and miR-
29a) with known implication in both diseases and their targets. However, DNMT1 and
collal seem to differ between the diseases, further reduced in the presence of
malignant burden in BALF.
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Results

Demographic data and PFTs are summarised in Table 1. IPF patients were older than the
patients in the LC group by 4.3(+4.6) years, while LC patients were heavier smokers as
could be expected. The majority of LC was NSCLC (29/32) with the rest being SCLC. The
group of LC patients was subdivided according to the endobronchial findings as
described in materials and methods. 14 LC patients were assigned to the group “same
side” (SS) and 9 to “opposite side” (OS) according to the site of broncoscopy. 14 LC
patients had no malignant cell detected in their BAL and were assigned to “negative
cytology” (NC) group and 7 to the “positive cytology” (PC). 19 patients had obvious

“endobronchial lesion” (OEL) and 7 were assigned to “no endobronchial lesion” (NOEL).

MiR-185 and Mir-29a levels are similar between IPF and LC.

MicroRNA expression levels in BAL cells were measured by qRT-PCR and normalized
using small nucleolar RNA RNU19. We have previously shown that both microRNAs were
significantly downregulated in IPF relative to controls [8]. The downregulation of both
micro-RNAs was also noted for LC since the expression of miR-29a and miR-185 did not
differ between IPF and LC patients (Figure 4A and B). miR-29a and miR-185 expression
levels were remarkably correlated within the IPF group (Spearman’s R 0.81, p=6e %) and

the LC group (Spearman’s R 0.71, p=3.6e™).

DNMTs/AKT/ mir-29a/mir-185 axis in IPF and LC

DNMT1 and DNMT3b are common targets of miR-185 and mir-29 in IPF and LC. mRNA
expression levels in BAL cells were measured by gRT-PCR and normalized using GAPDH.

DNMT1 levels previously measured in IPF relative to controls showed no differences.
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Interestingly, DNMT1 levels were significantly lower in LC patients compared to IPF
patients. (Figure 5A Table 3). Similar transcript levels of DNMT3b, AKT1 or AKT2 were
found in IPF and LC (Table 3).

Effect of malignant burden on DNMT1 levels in BAL cells compared to IPF.

Comparing IPF patients with the LC group in detail, further reduced levels of DNMT1
were detected in the samples where the BAL procedure was performed at the side of
the lesion (SS: same side) as opposed to the lesion free side (OS: opposite side).
Moreover, LC patients with positive BAL cytology results (PC: positive cytology) had a
more pronounced reduction in DNMT1 levels than those without the presence cells with
malignant features (NC: negative cytology), when compared with IPF (Figure 5B).
Regarding the histological type of LC, the more obvious reduction in DNMT1 mRNA
levels compared with IPF was found in NSLC type (Table 2).

COL1al/mir-29a/mir-185 axis in IPF and LC.

Next we analysed miR29a specific target Collal by qRT-PCR and normalized using
GAPDH. Our previous result showed that IPF BAL cells express significantly higher levels
of Collal mRNA than controls. In this study we observe that the levels of Collal mRNA

were significantly lower in LC patients compared with IPF patients. (Figure 6A Table 3).

Effect of malignant burden on Collal levels in BAL cells compared to IPF.

The mRNA levels of COL1al were quite reduced in LC patients compared with IPF overall
as it was noted previously. Assorting LC patients depending on the side the BAL
procedure was performed and comparing them with IPF, further reduced levels of

COL1al was detected in LC patients when the BAL procedure was done ipsilaterally of
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the lesion than contralaterally. The presence of an endobronchial lesion during the
bronchoscope signified more clearly reduced levels of COL1al (compared with IPF) than
in the case of no endobronchial lesion. (Figure 6B Table 3). Patients with the histological
type of SCLC had COL1al levels similar with IPF levels, opposing the reduced levels in

the NSCLC patients subgroup.

Discussion

This is a study of expression of major epigenetic molecules with known implication both
in IPF and LC in BAL cells, such as key microRNAs miR29a and miR185, previously known
to be downregulated in both diseases and their common targets DNMTs (DNMT1 and
DNMT3b), the enzymes been actively involved in DNA methylation procedure. The
relationship between those lethal diseases which often coexist is an active field of
research as common pathogenic pathways emerge, with major therapeutic implications.
Our cardinal findings were: a) both miR-185 and miR-29a were comparably expressed in
IPF and LC BAL samples. b) no direct correlation with miR-29a or miR-185 and their
targets was observed, albeit DNMT1 downregulation was characteristic of LC and
collagen 1a upregulation was representative of IPF BAL samples. c) In LC the malignant

burden affected both DNMT1 and collagen 1a expression.

Similar levels of miR-29a and miR-185 were detected between IPF and lung
cancer in BAL cells while our previous study showed that both miR-29a and miR-185
were downregulated in IPF relative to controls [8]. The downregulation of miR-29a and
miR-185 in lung cancer tissue specimens has been previously established however, this
is the first study in lung cancer BAL cells. Our results suggest that miR-185 is a novel
common microRNA deregulation in IPF and LC next to previously identified microRNAs
such as miR-29a. MiR-29a and miR-185 expression showed remarkable association in
both IPF and LC BAL samples. A possible common regulation of the expression of the
two microRNAs may be related to the increased levels of TGFb in both IPF and LC BAL

[14, 15]. Activation of TGF-B signaling and excessive accumulation of ECM proteins are
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observed in IPF and lung cancer, highlighting a common molecular mechanism in both
diseases that is directly linked to both microRNAs[16] [17]. Interestingly, miRNA based-
therapeutic strategies are already under evaluation for their use in several
malignancies[18] and that imposes the need for in depth study of similarities and
differences between IPD and LC, focusing on key molecules involved in the multifarious

function of alveolar macrophages.

For this reason, we examined the expression of a common target of miR-29a and
miR-185 induced by TGFb and central fibrosis mediator collagen 1a in LC in comparison
to IPF. Our previous results supported that the downregulation of miR-29a in IPF is
associated with the overexpression of collal gene in BAL cells, confirming the active
role of the miR-29a/collal pathway also in AMs alike lung tissue while the expression
profile of collagen 1a in LC has not been yet clarified. Collagen 1a could be involved in
carcinogenesis as aberrant expression levels were revealed in several malignancies
including hepatocellular carcinoma [19], NSCLC tissue [20] and in malignant gastric
tissue also [21]. Our findings however showed significantly increased levels of collagen
1a in IPF relative to LC in BAL cells that establishes the characteristic fibrotic profile of
BAL cells in IPF that appears to be lacking in LC BAL cells. The further reduced levels of
collal accordingly with increased malignant burden cannot so far be interpreted and

further functional analysis of AMs in LC is needed.

A second pathway/axis affected by both miR-29a and miR-185 is the expression
of DNA methyltransferases (DNMTs). An important concept currently put forward for
the pathogenesis of IPF as in cancer is that common risk factors like aging, cigarette
smoke and environmental effects induce errors in the maintenance of the methylation
marks of the genome creating aberrant DNA methylation patterns and accelerating the
aging of our epigenome [22, 23]. Global methylation profile in IPF lung tissue was found
different compared to controls and partially similar to cancer. [6, 7] Furthermore,
increased expression of the DNMTs was observed in both cancer and IPF lung tissues

studies [7] [24], leading to site-specific hypermethylation and gene silencing.
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We have previously reported that DNMT1 mRNA levels in the BAL cells of IPF
patients were similar to controls[8]. In the current study, we observed a significant
reduction in the mRNA levels of DNMT1 in LC BAL cells while, DNMT3b levels were
similar in IPF and LC. DNMT1, in contrast to DNMT3’s, appears to function in
cooperation with DNA damage repair pathways in order to maintain genomic stability
and ablation or reduction of DNMT1 promotes mutagenic events [25], microsatellite
instability and chromosomal translocations[26]. Interestingly, the samples obtained
near the malignant lesion or with positive malignant cell cytology results showed a more
pronounced reduction of DNMT1 expression suggesting that reduced DNMT1 levels

were associated with increased malignant burden.

LC is a common and prognostically determinant comorbidity among IPF patients.
BAL procedure is a less invasive and harmless tool for revealing new, disease specific
biomarkers regarding LC in IPF patients, for screening, risk stratification and diagnostic
purposes, verging the promising concept of cancer liquid biopsy. It would be of great
interest to study he expression profile of those miRNAs and their targets also in patients
who simultaneously suffer from IPF and LC. MicroRNA based-therapeutic strategies are
already under evaluation for their use in several malignancies[18] and IPF[27] and would
greatly benefit from in depth study of similarities and differences between IPF and LC,
focusing on key molecules involved in the multifarious function of alveolar

macrophages.

Tissue specimens and cell lines are the predominant material of research,
however the role of BAL as a minimally invasive tool to study alveolar macrophages and
their implication in pathogenesis continually recovers ground. In IPF alveolar
macrophages deriving from monocytes recruited to the injured lungs are actively
involved in the fibrotic process[28]. Altered alveolar macrophage function in patients
with lung cancer has been recorded under the influence of tumor-associated polarizing
events such as mediators and hypoxic tissue damage [12]. Our study provides some

insight with respect to common alveolar macrophage function in the two groups as
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demonstrated by the commonly reduced expression of miR-29a and miR-185. Further
research is needed in order to identify BAL biomarkers for high risk patients and more

targeted therapies.
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A.2. ZYNTOMOIPAOIEZ

FEV1: Forced Expiratory Volume at 1% second/ ‘Oyko¢ ekmvedLEVOU aépa OTO TPWTO
SdeutepOAemro.

FVC: Forced Vital Capacity/ Biata ekmveopevn {wTtkn XwpnTKOTNTA

EMT: Epithelial to Mesenchymal Transition/ emuBnAlakr mPOG LECEYXUUATLKN
LETATPOTN).

SCLC: Small Cell Lung Cancer /MikpokuTtaplkog Kapkivog Mvelpova.

NSCLC: Non-Small Cell Lung Cancer/Mn pikpokuttapikog Kapkivog NMvevupova.
IM1: 18tomaBrig Mveupovikn Tvwon,.

KN: Kapkivog Nvevpova.

TLC: Total Lung Capacity/OAtkr MNMveupovikn XwpntikotnTa.

KCO: carbon monoxide transfer coefficient /Aloutikn tkavotnta.
BALF: Bronchoalveolar lavage Fluid/ BpoyxokueAlS1ko EkmAL AL

NC= negative cytology /opvnTikr KUTTOPOAOYLKNA.

PC= positive cytology /BTikr) KUTTAPOAOYIKT).

OS= opposite side /BALF avtimAeupa amno t BAARN.

SS= same side /BALF amo tnv mAeupd tng BAABNG.

NOEL= no endobronchial lesion/xwpig epdavn evdofpoyxikn BAARN.

OEL= endobronchial lesion /ue epdavn evéoBpoyxkr BAGBN.
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A.3.1 EIZATQMH: AIAMEZE> MNEYMONOMNAOEIEX

O S1AEeCOC VEUUOVLKOG LOTOG TtepAapBavel To KUPEALSIKO eTiiBnALo, To ev60BnRAL0 Twv
TIVEUMOVLKWV TPLYOELO WV, TN BAOLKN HEUBPAVN KOL TOV TIEPLOYYELAKO Kol TEPIAEUPATIKO
LoT0. Me Tov 6po dLayuteg SLAUECEC TIVEUOVOTIABELEG avadEPOUOOTE 0TO CUVOAO TWV
TIVEUMOVOTIAOELWY TIoU €MNPEA{OUV TOV XWPO auTo. MpokUTtouv Otav €va PAAMTIKO
ep€blopa Kwvntomoloet pia pn puotodoyikni dtadikaoia emMoUAWONG E CUVETELD TNV
OVTIKATACTOON TOU SLAPECOU XWPOU Ao vwdn oTo.

=]

) —— A
Granulomatous ILD Idicpathic interittinl | Miscellaneous ILD
J raumunios

[C{m nective tissue disease ][ Sarcoldosis ﬂajor 1P \\

- ?
|
[ILD of known assodation

Lymphangioleiomyo-

matosis

Pulmonary langerhans cell |
histiocytosis (Histiooytosis X)

Drugs Hypersenskhity | Idiopathic Puimonary Fibrosis
Occupational exposures preumonits | Mon Specific Interstitial
(extrinsic allergic alvedms] Premonia

Respiratory Bronchiolitis 1LD
| Desquamative Interstitial
[ Preumonia

Acute Interstitial
L Preumonia /
[ Rare

Lymphocytic inberstitial

| preumonia
| Idiopathic pleuro-parenchymal

L fibroelastosis J

Unclassifiable

EIKONA 1. Ta&wounon twv dtdpecwv nvevpovonabelwy. (Amo: Troy LK, Corte TJ. «Sleep
disordered breathing in interstitial lung disease: A review.» World J Clin Cases. 2014 Dec
16;2(12):828-34. doi: 10.12998/wjcc.v2.i12.828.)
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A.3.2 |AIONAGHS MNEYMONIKH INQZH

H 8lomabng mveupoviky vwon amoteAel tnv MAEOV oUXVA OVIOTNTA OVAMECA OTLC
dlomaBeic SLapeoeG MVEVOVIEG. XOPAKTNPLOTLKO TNG £lval N XpovioTNTA Kal N oTadLoKn
Kal Slaxutn evamobeon wwdoug LoToU OTO UTIOOTNPLKTIKO Sldpeco Siktuo Tou
TIVEUMOVLKOU TIOPEYXUHATOG. Ol aAAOLWOELG TtepLlopilovTal oTov MVEUOVA KOl TUTILKA
geklvoUV OTA KOTWTEPO Kol TEPLPEPIKOTEPA TIVEUMOVIKA Tiedia evw otadlaka
ETEKTELVOVTOL KOL OTO UTTOAOLTTO TIVEUOVIKO TIOPEYXUHA. |OTOAOYLIKA OVTLOTOLXOUV OTO
npotumo tn¢ ouvnBoug Stapeong mveupoviag (UIP). Ol pun avooTtpEPLUEG AUTEC SOULKEG
BAABeC aAAOLWVOUV TNV OPXLTEKTOVIKN TOU TIVEUHOVO KOl TIPOKAAOUV TPOTIOTIOLNOELG
Tiou emBaplvouV TOGO TN KNXaVIKA 0AAG Kot TN AELTOUPYLKOTNTA TOU opyavou.[29]

A.3.2.1 ENIAHMIOAOQOTIA

Itnv mMAsoPndla Twv MEPUTTWOEWY, N voooC eudaviletal omopadikd evw Alyotepo
ouxva avixveUetol olkoyevng mpodiabeon. H akppng emintwon t¢ vooou dev eival
Suvatov va umoloylotel akplBwg kabBwg daivetal va umdpxel peyaAn Stakupavon
avaueoa ota Stddopa kpdtn Kal €Bvn, WOTOCO KATA TPOCEYYLON N EMUTTWON TOLKIAEL
and 1-30 nmeputtwoelg ava 100.000 avBpwmo-£tn. O enutoAacpdg umtoAoyiletal yla Tig
HMA otig 130.000 meputtwoelg, otig 300.000 yia tnv Evupwrnn ,otigc 640.000 yia tnv Acla
Kol otic 3.000.000 maykoopiwg. O deikteg autol mapatnpouvtol auéavopevol otnv
nopeia twv etwv[30]. Ztnv EAAASQ, n eKTLWUEVN EMIMTWON TNG VOoou eival 1-5 véeg
neputtwoelg ava 100.000 dtopa, Kol O EKTILWEVOG ETILITOAACOG TG VOoou eival 4-18
meploTatika ava 100.000(31].

A.3.2.2 KAINIKH EIKONA

H péon nAwkia epdaviong eival ta 65 €tn Kal n eMinTtwon au€AveL XapaKTNPLOTIKA oTNV
NAWKLOKA opada dvw Twv 65 €Twv UTIOVOWVTAG TNV AVASUOUEVN OXECN TNG VOOOU ME TLG
Blohoyikeg dlepyaaieg Tng ypavong. Emiong ta emdnuioloyikd otolxeia cuykAivouv o€
«mpotipnon» eudaviong oto avdpko GpuAo pe Aoyo avdpwv: yuvaikwv (A:T) mou
nipooeyyilel to 2:1.[29], xwplc £éwg Twpa va £xel SLEUKPLVIOTEL av QUTA N TApATHPNON
urtokpumntel Stadopomnoinon oe eminedo PloAoylkwv Slepyactwyv 1 CUpmePLPOpPag
avapeoa ota SdUo ¢uAal[32]. H tumiki oupmtwpatoAoyia adopd oe Suomvola
nipoomaBeiag kat BAxa KN mapaywyLlkd mou ePLOPI{ouV CNUAVTLIKA TNV TtoldtnTa (WG
Tou aoBevolc.[32] AMO TO QKPOOOTIKA EUPHUATA KUPLAPXOUV Ol ELOTIVEUOTIKOL Hn
HOUGCLKOL OTa KaTwpepa TVeUHoVIKA Tedia apdotepomAsupa. MAnktpodaktuAia
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mapatnpeitol oto 25-50% Twv MEPUTTWOEWY, VW N anwAsla Bapoug eival Alyotepo
ouxvl. H kuavwon kot ta onpelor 8e€lag kopdlaknG AVEMAPKELOG cuvdéovtal e
TiPOXWPNHMEVN VvOoO Kol ouvodelovtal amd OvamveuoTiky ovemapkela[29]. Ot
SOKLUOOLEG TIVEUMOVIKAG AELTOUpYLlaG TUTILKA aVASELKVUOUV TIEPLOPLOTIKO AELTOUPYLKO
TPOTUTIO PE pelwpEVN FVC kat FEV1 |, evw n SLayuTiki KOvOTNTO ElvVal XOPAKTNPLOTIKA
HEWWHEVN OaKOMA KoL otnv Ama vooo. Afilel va onuewwBel OtL otoug aoBeveig pe
ouvunapyov epduonua, n FVC pmopel va esival Peudwg ¢uactoloyiky AOyw NG
ouVUTIAPENG TTEPLOPLOTIKAG Kol amodpakTLkiAG Statapaxns. OL epyacTnpLlakeé ECETAOELS
elvatl ouvnBwg UN-eL8LKEG Ko alomoLloUVTaL TIPOKELUEVOU VAL ATIOKAELOTEL AAAO Voo
OTWG UTIOKE(IEVO VOonUa Tou KoAAayovou. Mpoodata, N eupwmaiki KoL n AUEPLKAVLKN
Tiveupovoloyikn etatpeia (ERS/ATS) mpotewvav tov O0po «SLAUECNH TIVEUHOVIOL E
XQPOKTNPeC autoavooiag» (IPAF-interstitial pneumonia with autoimmune features)
TIPOKELEVOU va Teplypddouv acBeveig pe Sldpeon mveupovomabela Kal KAWLIKA,
gpyootnplaka n/kat popdoloylkd  (QTEIKOVIOTIKA, LOTOAOYIKA /N AELTOUPYIKA)
XOPAKTNPLOTIKA TIOU va UTIoSNAWVOUV UTIOKEIEVO QUTOAVOCO voonua oAAd Xwpig va
TIANPoUVTOL KpLTrpLa TTou va B€touv Stayvwon.

A.3.2.3 MPOINQ>H KAI ®Y2IKH MOPEIA

H npdyvwon eival Suopevig kat n péon emPiwon kupaivetol amo tpia €wg kat 5 €tn
and T Sdyvwon. Afloonueiwto wotodoo eival To yeyovog OTL n Puoikn mopeia NG
vOOOU TIOWKIAEL avapeoa otoug ooBeveic kat  dev eival mpoPAEPun €€ apxnc.
Kupaivetalt amo Bpadéwcg e€eAlooopevn 1 UTIOKAWLIKG VOO0 £wg Kal paydaiwg
emdewvoupevn 1 otabepr mopeia mou SlakomTeTol and coPapéC MapofUVOEL TTOU
obnyouv oto BOdvatro. Ewdikol KAwwkol dawvotumol onmwg auvtol acBevwv e
OUVUTIAPXOUCQ TIVEUOVLKA UTIEPTAON N eplduonua Exouv cadwg Xewpotepn emPBiwon.
H kuplapyn attia Bavatou elval n avamVeUOTIKI) QVETIAPKELD, WOTOCGO VOl ULKPOTEPO
TIOO0O0TO aoBeVWV KATAANYEL AOYW KaPSLOyYELAKWY ETUITAOKWY, TIVEUOVLKNG EUBOANG N
Kall Kapkivou mveUpova.[33]

A.3.2.4 AIATNQZTIKH MPOEITIZH

H SlayvwoTtikn mpoogyylon Tou voonpatog Eekvael adotou Exel teBel amod tov Latpo n
KAWLIK umopia Umapéng dwapeong mveupovomaBelac. H KAWIK CupmTtwpatoAoyla
UMmopel va pnv elval TUTIK Kol TIOANEG ¢opéc amodidetal sodalpéva otnv
TiPOXWPNKMEVN NAkia | OTLS cuvvoonpoTtnteg tou acBevoug (kapdlakn avemapkela,
eudpuonua). Meplotactakd ot acBevelg upmopel va mapouclactouv He  ofela
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CUUMTWHOTOAOYLO TIOU Umopel va cuVoSeVETAL ATTO OVATIVEUOTLKA OVETIAPKELD, KALVLKN
£lKOVQ TToU MLBava avtmpoownevel ofsia mapofuvon tou voorpatog[34]. Mpokelpuévou
va TekunpuwOel n Sudyvwon tng NI mpémel va amokAEoToUV AANeG OLApEDES
TveupovomaBeleg, avaotpePpa  aitia (my ¢ddappaka) i GAAa voonuata  Tou
ouvodelovtal amo Sldpeon mvevpovomaBdela w¢ ouvodn ekdnAwon. To 6ie€odikd
KALVIKO LOTOPLKO, N KAWVIKN €€€taon, n amelkovion e afovikr topoypadia vPnAng
EUKPLVELOC KO TILOAVA N LOTOAOYIKN EIKOVQ, Elval amopaitnta. TG MEPUTTWOELG EKEIVEG
Tou otnv agovikn topoypadia uPnAng eukpivela mapatnpeital Ao MPOTUTIO TIEPQ
and auto t¢ ouviboug Sldueong mveupoviag, cuothvetal n Slevépyela Plodiag
nvelpova, HE TNV polmoBeon OTL N KapSLOAVATIVEUOTIKH KOTAoTAon Tou acBgvoulg to
eTUTpENEL H teAkn Stdyvwon TBeTal HeTA amd eKTeEVH oulTNON EMLOTNHOVLKAG OUASOG
TIou amoteAsital amd TVEUROVOAOYO, aKTWoAOyo kot moboAoyoavatopo[35]. H
Slayvwon mou MPOKUTITEL ard TNV SLETULOTNOVIK OpAda €XEL KAAUTEPN TPOYVWOTLKA
aéla CUYKPLTIKA PE AUTAV TIOU TIPOKUTITEL aTtd TNV KABE £L8KOTNTA PEHOVWHEVA[36].

A.3.2.5 AMEIKONIZH

H afoviky topoypadio uPnAng gUKPIVELOG KATEXEL KEVIPIKO POAO OTNV SLOYVWOTLIKN
TPOCEYYLON TNG VOoou. H Ttutikn amelkovion tne IMl, SnAadn to mpdtumo tng cuvrBoug
Slapeong nvevpoviag, mepthapBavet maxuvon tou Stapecou SKTUou, BPoYXLEKTAOIES
BpoyxloAektaoieg €§€Aewg KoL TEPLOXEG SlaTAPAYUEVNG  OPXLTEKTOVIKAG TOU
TIVEUMOVIKOU  mapeyxupatog, &iknv  peAwkupnBpag.  Emkpdatnon Ttwv  BAaBwv
napotnpeital mepudpepkd ota Katwtepa Tedla audotepomAsupa. H mapamavw
amelkovion xopaktnpiletat wg BERain UIP pe BAaon OKTWVOAOYLKA KPLTAPLO, EVW OL
evaAAaKTIKEG Stayvwoelg adopolv otnv mibavn UIP i un UIP. H Tumiki autr lkova Tng
ouvnBoug dlapeong mveupoviag apkel yia va B€oel tn dldyvwon og cuvbuaouod e éva
OUMBATO KAWVIKO LOTOPLKO, EVW OTLG SUO TEAEUTALEG MEPUTTWOELG XPELALETAL LOTOAOYLKNA
emBeBaiwon. H amelkovion Tou PwWoAikoU TPOTUTIOU, oL EPLOXEG Baupng ualou, n
gMIKpPATNON Twv BAaBwWVY OTA AVW TIVEUMOVIKA Ttedila Kol ta olidlo MapamEUnouV os
€EVAANOKTIKEG SlAyVWOELS OMwC n Tveupovitda €€’ umepsvaodnoiag 1 n un €W6KA
Slapeon nveuvpovia (NSIP)[32].
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A.3.2.6 TAOOAOTOANATOMIA

To otoloywkd avaloyo tng IMNl eivat n ouvnBng Siaueon mvevpovia n omola
xapoaktnpiletal and Slapeon (vwon HE TIOAUECTLOKN KOL QVOUOLOHOPdN KOTOVOUN UE
XOPOKTNPLOTIK TapeUBOA Teploxwv ¢uoLloAoyLlkoU TapeYXUUATOC OVAUECO OF
TIEPLOXEG (VvwoNng (XwPLK ETEPOYEVELR). XAPOKTNPLOTIKA €miong €lval n KOt TOMOUG
Kataotpodn TNG APXLTEKTOVIKNG TOU TTOPEYXUMATOC (LeAknpUOpa), oL BpoyxLloAektaoieg
€€ éNEew¢ Kol oL LVOPAOOTIKEG £0TieG. OL TEAEUTALEC AVTUTPOOWTTEVOUV TIEPLOXEG OTIOU N
Stadkaoia tng ivwong eival evepyog. Tuvumapyxouv dnAadr otov idlo aoBevn mePLOXEG
lvwong pe Swadopetikn xpovikn €vapén (xpovikn etepoyévela). Emikpatnon Ttwv
BAaBwv mapatnpeitatl otig UMoUTEIWKOTIKEG Kol Ttapa-SladpayLaTikeg MEPLOXEG. [37]

H Boyia mvevpova, otav eival epiktd va SievepynBel, dev  amoteAel To Kuplapyxo
KpLtnpLo kabwg to mpdtumo tng cuvrBoug Sldpeong mvevoviag anavidtol €niong o€
Hla o€lpd amo GAAQ voonRpata OMwE €lval T VOOHRUATA TOU KOAAayovou, n xpovia
nivevpovitda €€ umepevalodnoiag, €MOyyEAUOTIKA VOO HATA OTIWG N OULAVTWON Kol
OTNV TVEUHOVIK (vwon Tmou oxetiletal pe dapuaka. Emumpocbeta, otnv 1Ml
TIAPOTNPELTOL CUXVA VO CUVUTIAPXOUV oto TtaBoAoyoavatoplkd Selypa Slaomapteg
TIEPLOXEG ME AAAN moBoAoyoavatoplky €lkova Tépav Tng ouvnBboug Sldpeong
Tiveupoviag n omola emikpatel OMwg yla mapddelypa pn €W8wkn didpeon mvevpovia,
opyavoroLo mveupovia i amodoAldwtikn dtapeon nveupovia.[38]

A.3.2.7 NAPATONTES KINAYNOY

MeptBaAdovtikeg ekBEOELC

H xpovia £kBeon oe mePBOANOVTIKOUG TIAPAYOVIEG £XOUV OUCXETIOTEL HE TNV
naBoyévela tc IMl. O KOAMVOg TOU TOlyApPou Kal oL SlAdopeg  KOVELG UETAAWV
QIMOTEAOUV XOPOKTNPLOTIKA Ttapadeiypata. AKOpA Kol LETA armd SLOKOT KOMVIoUATOg,
N KomvioTikr ouvhBela e§akolouBel va amoteAel mapdyovta KwwdUvou yla avamtuén
INI, evw aoBeveic pe ndn Sieyvwopévn vooo mou e€akolouBolv va Kamvilouv, €xouv
oopwC TTWXOTEPN TPOYVWOoT. MEpa OUWE Ao TO KATMVIOUA , CUCXETLON TNG VOOOU £XEL
Bpebel pe TNV evaoxOANGCN LE QYPOTIKEG EPYAOLEC, TNV KTNVOTpodia Kal tnv £kBeon oe
nupito, okovn EVAou, TETPA K.o. MikpoBLlakol mapAyovteg OMwE Lol, MUKNTEG Ko
Baktipla Stadpapatifouv eniong polo otnv maboyévela tng IMl. H pun woppomnuévn
ukpoBLakn ouvBeon otoug mvelUovVeG TwV acBevwv pe NI, €xel delyBel og peléteg
TIOU ETMLKEVIPWVOVTAL OTNV avAaAuon Ttou HKpoBlwpatog. H ékdppacn tou MUC5b
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yovidiou oe aobBeveic pe IMNI €xel ouvdebel pe xapnAotepa emimeda pikpoBLakou
doptiov ouykpltikd pe aocBeveic mou bev efdppalav to yovidlo. Avaluon Ttou
HKpoBLwpatog oto BpoyxokuPeAldiko ékmAvpa (BALF) aoBevwyv pe IMI, aveédelée oug,
onw¢ EBV, CMV, HCV, HHV-8 kat mAéov autol peAetwvtal wg mbavol mapdyovieg
KwwéUvou. Eival &g evlladépov to yeyovog OtL mALov Sle€dyovtal HEAETEC OL OTOLEC
HEAETOUV TNV eMiSpaon OVTUKWY, OVTILUKNTIOOIKWY KoL aVTIBLOTIKWY GOPUAKWY OTNV
INLL[39, 40]

Mpavon

H ynpavon amoteAel pia puotoloyikn Siepyacia mou odnyel otov Bavato péow NG
otadlaKkNC OMWAELAC TNG AELTOUPYLKOTNTAG TOU opyaviopou. Xtnv IMl cupBaivouv
oANOYEC OXETL(OMEVEG UE TN Y POVON TOO0 OE KUTTAPLKO 000 Kal o€ KAWVLKO eminedo[41].
OL petaPorég autég nmpwrtiotwg emdpouv oto KUPeASIkO emBnAto. OL Ewg onuepa
QVAYVWPLOUEVEG Olepyaoieg OXETIOMEVEG HE TN YAPAVON TIOU CUMUETEXOUV OTNV
naBoyévela tng IMNI €ival : n yovidlakr aoctdBela, n AMWAELA TNG TIPOCTATEUTLKNAG
6pAonG TwV TEAOUEPWYV, OL ETLYEVETIKEC TPOTIOTOLNOELS, AMWAELD TNG TPWTEOOTAONG,
amoppLBOULoN tne Bpemtikng avalntnong, SUucAelToupyia TwV pLIToXovoplwy, KUTTAPLKA
ynpavaon, e€0uBévwaon TwV OPXEYOVWVY KUTTAPWY Kol 0AAQYEC OTNV ETILKOWVWVIA HETAEY
TWV KUTTApWV. Nelpapata mou eyvav o€ GuoLoAoyLIKA ynpaopéva movtikia €6el§av o
EVIOVN WWTIKA amavtnon o€ MePLBAAAOVTIKA BAAMTIKA £peOIOMATA CUYKPLTIKA WE
NALKLAKA VeEOTEPA TtovTiKla[42]. 2 pia AAAN mpoodatn HeAETN dAvVNKE OTL oL LVOPBAAOTEC
YNPOAOUEVWVY TIOVTIKLWV EKPPAloUV LVWTLKO PavOoTuTo TTou odnyel og avtiotaon otnv
OTTOTITWON KoL LEYOAUTEPN WVWTLKN ATTOKPLON META OO TPAUMATIOUO. AUTO TO gUpnua
HE TNV avénpévn éxdpaon tou PAI-1, o onoiog cuvbeetal e Tov TGF-B1 mou eival popLo
KAELWSL oTtnv SLadkaoia Tng ynpavong péow tng emaywyng tou p21[43].

levetikn npobdiadeon

H npodiabeon kamolwv avBpwrnwyv va voornoouv amnod INI paivetal va oxetiletal Kal pe
oAMayéc oe eminmedo yoviSlakng €kppaonc. Auteg ol aAlayec oupBaivouv eite oe
€dadog mapallaywv yovidiwv eite alaywv oe petaypadko eminedo kat embpouv
TEAIKWG OTNV OKeEPALOTNTA TOU €miBnAiou. H extetopévn €peuva oto meblo tng
yevetikng otnv IMl odrynoe otnv KabBlEpwaon Tou OPOU OLKOYEVNC SLAEDN TIVELUOVIA N
omola QVTUTPOOWIEVEL TIEPUTTWOEL Omou &Uo N meploocotepa HEAN Tou (Slou
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yevealoylkoU O6E€vipou vooouv 1 voonoav oto mapeABov. H owkoyevrg Slapeon
Tveupoviat KANPOVOUEITOL HE TOV OUTOOWHLKO ETUKPATH TPOMO HE TOLKIAN
SleloduTIKOTNTA Kal €XEL UTTOAOYLOTEL OTL apopd TO 2% £we Kal 20% TwV MEPUTTWOEWVY
INI. H mapaAdaypévn authy €kbpaon Twv yovidiwv eUNMAEKETAL KUPLWE oTnV dlatripnon
TOU MAKOUG Twv TeAopepwv (Telomerase reverse transcriptase-TERT, Telomerase RNA
componentTERC, Poly(A)-specific ribonuclease-PARN, and regulator of telomere
elongation helicase-RTEL), otnv Aettoupykotnta Tou €mipavelodpaoTIKoU MopAyovTa
Kal otnv mpoaywyn tng Stadlkaoiag Katd TV omola ta emONALaKA KUTTAPO ATOKTOUV
XOPOKTNPLOTIKA HUECEYXUHOTIKWY KUuTtdpwv (Surfactant Protein C and A2-SFTPC,
SFTPA2). MoAAG amd autd ta yovidla €Xouv EVTOTILOTEL KOL O€ TIEPUTTWOELG OTIOPASLKAG
eudaviong g vooou. H mapaliayry rs35705950 otov mpopdTopa Tou yovidiou mou
kw&ikomolel tnv PAevvivn 5B (MUC5B) amoteAel tov mo ouxvo MOAUUOPPLOUO TOCO
OTNV OLKOYEVH 600 Kal otnv onopadiki popdn ¢ vooou. H BAevvivn 5B eival yvwotn
yla to poAo NG otnv amoteAeopatiky BAevvokpooowtn kaBapon, wotdoo o akplBng
HUNXOVIOUOG UE Tov omoio odnyel otnv mveupovikn vwon 6ev €xel yivel yvwotoc.
MNapadofwe, oL aobevelc mou katéxouv auth tnv mapoAdayn daivetal va €xouv
kaAutepn emiBiwon. MapaAAlayég ota yovidia TOLLIP, OBFC1, TERC kot TERT €xouv
EMIiONG EVTOTLOTEL O€ MEPUTTWOELS OTIOPASIKNG HopdnG TNG vOoou. O yovidLakog EAeyxog
A€oV Tipoteivetal og emheypévouc aoBeveic pe IMI.[32, 40, 44, 45]

EIKONA2. O poAog tng emyevetikng otnv NIl (A. Tzouvelekis and N. Kaminski.
Epigenetics in idiopathic pulmonary fibrosis. Biochem. Cell Biol. Vol. 93, 2015)
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Emyevetikn

H Aé€n «epigenetics» €xeL tnv mpoEAeuon) tng otnv EAAnVIKA et (6nAadn yia mdvw armo,
N TIAPONMAVW) KAl TN YEVETKA, TNV ETLOTAMN TNG KANPOVOULKAG petadoong. H
ETILYEVETIKN HEAETA KANPOVOUNOLUEC HETABOAEC otnv £KPpaon yovidiwv xwplc va
ouvobevetal and aAlayeg otnv aAAnAouxio Tou DNA. OL TPELG KUPLOL ETILYEVETIKOL
unxaviopot eivat n peBuliwon tou DNA, oL TPOTOTOLAOEL TWV LOTOVWVY KoL N
SuoAettoupyia twv UKpo-RNAs (miRNAs). Kot oL TpELg pnxaviopol Mmopouv va
puBuiocouv TN petaypadry Twv yovidiwv TpomomowwvTtag TNV TPOcPacn otoug
UTTOKLVNTEC YoVISiwv (gene promoters) Kol 0TI pUBLLLOTLKEG TIEPLOXEG.

H pebuliwon tou DNA, 0 ETILYEVETIKOC UNXOVIOMOC TIOU €XEL UEAETNOEL meplooodTepoO,
adopa otnv mpoodrnkn HEOUAKWY OHASWY OTIC KUTOOIVEG HE TNV evépyela eviUUwWVY
yVwotwv wg pebulotpavodepdoes. Auth n mpocOnkn Tpomomnolel TNV ékdpaon Twv
yovibiwv. Ot DNA peBultpavodepdoeg (DNMTSs) eival eviupa ta omola givat umtevBuva
yla tnv petadopad ¢ pebui-opadag otnv B€on 5 tng kutooivng tou DNA. H olkoyévela
Twv DNA peBuitpavodepacwy amoteAeital and téooepa péEAN, Tig DNMT1, DNMT3A,
DNMT3B kat DNMT3L. H teAeutaia dev daivetal va €xel evlupikn Spaotnplotnta. H
DNMT1 eivat urteBuvn yla tn Satrpnon Twv nén UMAPXOVTWY MPOTUTIWV HEBUALWGONC
oto DNA , evw ot DNMT3A/DNMT3B &npoupyouv €€’ apxng véa mpotunal46].

OL TPOTOTIOLACELG TWV LOTOVWV 0POPOUV UETA-UETADGPAOTIKEG AAAAYEG OTLG LOTOVEG, TLG
odalplkég Tpwieiveg mou oxnuatilouv tn xpwpativn kot ta§vopolv to DNA o€
VOUKAEOOWMOTA. AUTEG OL TPOTIOTIOLROELG UMOPEL vau eTLpoUV o€ TOLKIAEG BLOAOYLKEG
Slepyaoieg, omwe tn puBMON Twv yovidiwv Kot tTnv ermdlopbwon tou DNA (rm.x. n
OKETUALWON NG LOTOVNG ouvnBwG oxetileTal Pe evepyomoinaon Tou yovidiou).

Ta miRNAs eival pikp@, mepimou 22 VOUKA£OTSIWY, HOVOKAWVA, UN KWSLKOTOLNTIKA
RNAs, mou AsttoupyoUv puBuilovtag tnv €kdpaon tou yovidiou- otoxou eite tnv
anocwwnnon f tnv unofabuion.[47]

Ta geupripata mou cuoetilouv TIC TEPLBOANOVTIKEG EKDETELG PE ETLYEVETIKOUG SELKTEC
avéavovtal Taxéws. Qotooo, Sev gival aKOUN YVWOTO AV OL ETILYEVETIKEG AAAAYEG TIOU
mapatnpouvtal Enelta amno €kBeon oe TOSIKEG ouoieg PBplokovial oTnV OLTLOAOYLKN
oAuoida petafl €kBeong katl vooriuatog. Eivat mBavé ol aAhayEg oto emyovibiwpa va
B£TOUV TO EKTEDELUEVO ATOWO ETIPPETTH) OTNV OVATTTUEN TOU VOO ATOoG. H emikpatouoo
Bewpla umootnpilel 6Tl 0 CUVOSUAOUOG YEVETIKWV TIOAUMOPDLOUWY KOl ETILYEVETIKWY
tponomnotoewv kabopilel oe peydlo Pabud tv eumdbsla TOu ATOMOU OTO VA
avamtueL P xpovia Lvwtikn dtepyaoia. [47]
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10 XWpPOo Twv Slapecwv mvevpovomaBbelwy kKot tng Ml el8ikoteEpa, UTAPXEL HEYAAO
EPELVNTIKO evOLAPEPOV YLa TO POAO TWV UETO-UETAYPAPLKWY TPOTIOTOLCEWY KOL TWV
oAANAeTudpdoewv avapeoa oto MEPLBAAAOV Kal oTa yovidla Kol CUVEXWE EPXOVTAL OTO
dwg otoeia mMOU UTTOOTNPIL{OUV TOV KEVTPLKO POAO TWV ETILYEVETIKWY UETABOAWY OTNV
INI[47]. NMoA\ég peAéteg moapatnpnong €xouv avodeiel tov uPnAo emMUTOAACUO
Slapopwv melBarloviikwy epeBlopdtwy otoug acBeveic pe IMNI, onMwc To Kamviopa[45],
n yaotpooloodayikr maAvdpopnon(48] , ot toyeveic Aotpwéeg[49] kat n ynpavon[50],
Ta omola eival mMBAVO HEOW ETILYEVETIKWY UNXOVIOMWY VO ACKOUV pUBULOTIKO pOAO
otnv yovidLakn ékdpaon.

Epeuveg €xouv Seifel OtL n uTeppeBUALWON TOU UTIOKLYNTH Tou yovidiou Thy-1 eival
UTeLBUVN Yl TV HEWWUEVN €kdpaon Tou Thy-1 os wvoBAdoteg otnv INI, odnywvtag os
ave€EAeykTn mapaywyn HuoivoBAactwv Kal mpoodeuTikn ivwon [51]. AladopeTikd
enineda pebuAiwong tplwv CpG meploxwv (CpG islands) otov umokwnt t¢ a-SMA oe
wvoBAdoteg, puoivoPAdoteg Kal KupeAdikad embnAlakad  kUTtapa  $pAavnke  va
ouoyetiletal pe TNV £KPpaon TG a-SMA Of OQUTEG TIGC KUTTOPLKEC OElpeC [52].
QappoakoAoykp avaotoAnn tg OSpaoctnplotntag DNMT mpokdAece auvénon g
ékdpaong Tou a-SMA yovidiou [52]. H i6ta opdda epsuvntwy €6ele 6tL n MeCP2, pla
TIPWTELVN TIOU KATA TPOTiNon ocuvdeeTal Le mepLoxég peBuAtwpévou DNA ot 5'-CpG
nieploxes , Sladpapatilel podo otnv Stadopomoinon Twv pUovoBAACTWY KOl OTNV
evamoBeon KkoAayovou péow puBUong tng ékdpaong NG a-SMA[53]. H
untepeOUALWON TOU UTTOKLYNTHA TIOAAWV YOVISLWV TTOU EUMAEKOVTOL OTNV ATIOTITWON TWV
woPAaotwy, 0mwg to yovidio tou urtodoxea tng mpootayAavdivng E2 (PTGER2) kat pl4
(ARF), eilval umevBuvn yla Tn HEWMEVN EkPpacn Toug otoug voBAdoteg otnv INI [54,
55]. H mpootayhavdivn E2 €xel dexBel emiong va audvel tTnv Spaoctnplotnta tng
DNMT3a, mou obnyei oe unepuebudiwon kat auvénuévn ékdpaon Twv yovidiwv mou
KOTOLOTEAAOUV TOV KUTTOPLKO TIOAAATAQCLAOUO TWV TIVEUMOVIKWY tvoBAaoTtwv[56].

Y& HeAETN avaluong tou mpotumou peBuliwong tou DNA oe delypata mveupovikol
LotoU amo 94 acBeveic pe INI kal 67 pn maocyovtec, kataypadnoav 2130 mMePLOXEC UE
Slapopetikd mpotuno peBuAiwong, ek Twv omoiwv to 30% adopoUoe TEPLOXEC TIOU
oxetilovtal pe yovidlokn €kppaon. AVOpeEca o AUTEG TIC SLadOopPETIKA HEBUALWUEVEG
mieplox£c tou DNA Bpilokovtav yvwotad yla tnv epumAokr toug otnv Ml yovidia onwc ta
TOLLIP, NOTCH1, HDAC4, PDGF, SERPINF1, koA\ayovo. [57] H opdda tou gpsuvnth
Sanders, peAétnoe ta enineda pebuliwong avapeoca otnv IMl kot oe vyleig. Edeie
Sladopetika emimeda  peBuliwong otnv 1INl kaBwg kot auvénuéva emineda
neBUATpavodepacwy. Avapeoa ota yovidia ou peletndnkav, BpeBnkav 16 yovidia pe
avtiotpodn oxéon pebuAiwong tou DNA kat mRNA ékdpaong, umovowvtag mbavn
pUBULON TNG YovIdLaKNA G EkPpacng peow peBUAiwong. Kamolwa amod ta omoia €xouv nén
avayvwpLopEVo polo otnv ivwon.[7] Ou Rabinovich et.al. peAetwviag to mpodii
neBuAiwong avapeoa oe uylelg, aoBeveig pe NI kal aoBeveig pe kapkivo mveupova
avedeltav eva evdlapeco mpodid pebuliwong ywa tnv Nl avdpeca oToug UYLELG Ko
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oTtou¢ aoBeveic pe kapkivo mvevpova. Eival &g dlaitepa evdladpEpov OTL mapatnpndnke
oMnAerukalupn oe 402 Swodopetikd peBUAlwpéveS vnoideg avapeoa oe Ml Kat
Kapkivo[58], B£tovtag spwtipata yla mboava Kowad TaboyeveTIKA Hovomatia /Kot
PUBULOTIKOUG NXaVLIoHOUG avapeoa ota SU0 voorpata.

miRNAs

Avadopika pe toa miRNAs umdpxouv mAeiota Sebopéva mou umootnpilouv ToV
puBuloTikd Ttoug poAo otnv IMl. Ze mpoodateg HeAEteg €xel Ppebel n €kdpaon
ouykekpluevwy MiRNAs va Stadpépouv otnv IMNI. Edikdtepa, ta miRNAs let-7d, mir-29
kat mir-185 €xouv Ppebel va umoekppalovial evw ta miR154, 155 kot 21 va
av&avovral[8, 59, 60]. Npoocdata SnUoCLeEVTNKE N HELWUEVN Ekdpacn Tou Mirl85 otnv
INI va evepyomolel To AKT onpatodotikd povomatt oe KuPpeAdika pakpodayal8]. e
HOVTEAO TtOVTIKWV TOo microRNA let-7d ¢ddAvnke va KOTEXEL TPOOTATEUTIKO POAO OTNV
TIVEUMOVLIKA (vwon péow avaotoAng tng dladikaoiag katd tnv omoia ta emOnAlakd
KOTTapa AAUPAVOUV XOPAKTAPEG MECEYXUMOATIKWY KUTTAPWY, Mo Stadlkacio mou
OUMBAAAEL otnv Stadikacia TG ivwong. Mo cuykekpLUéva, n avaotoAn Tou let-7d amnod
ovTaywvloTikd micro RNA gixe cav amotéAeopa TNV avénon Twv UECEYXUHATIKWY Kal
™V pelwon twv emBNALOKWY SEKTWY O€ KUTTAPLKEG OELPEG KUPEALSIKWY emBnALakwv
KUTTAPWV, EVIoXVOVTAG £TOL TNV UTIOBEON CUMUETOXAG Tou let-7d otnv emBnAlakn mpog
MECEYXUMATIKA MeTaTpor. EmutAéoy, n empudAuvon woPAaoctwy pe miR-154 mponyaye
TOV KUTTOPLKO TIOAAOTMAQOLOOMO KOl TNV HETAVAOTEUON MECw Ttou WNT-povomatiou,
B£tovtac To mMiR-154 w¢ €éva mBavo Bepameutikd otoxo[61]. Opuwg KoL o HOVIEAO
TIVEUMOVLKNG (vwong He UMAeopukivn, evBodAEBLa xopriynon miR-29 davnke va €xel
EVEPYETIKN EMISpaAON OTOUG WVWTIKOUG MVEVUOVEG TwV TOVTIKWV[59, 62]. H olkoyévela
Tou MiR-29 €xel ektevwg peletnBel kabBwg exel BpeBel emiong va umtoekppaletal eKTOG
OO TNV TVEUHOVIKA Kal otnv VEDPLKN, TNV NmaTik oAA Kot TNV (vwon Ttou
pHuokapdiou, evw elval oAU evdladpEpov TO YEYOVOC OTL AVAPESA OTA HOPLA OTOXOUC
Tou Bplokovtal to kKoAAayovo kat o TGF[63-66]. Avadopika pe to miR-21, éxel davel va
unepekPpAleTal TOO0 OE TELPAUOATIKA MOVIEAQ TIVEUUOVIKNAG (vwong 000 Kol OE
nivevpoveg acBevwv pe NI, Wblaitepa 6e peéoa otig WoPAaoTikéG otieg. AvtiBeta, n
dappakeuTiky KOtaotoAl tou odnynoe oe efaobevnon tng (vwong oe HovtéAo
UMAEOUUKIVNG HEOW KATAOTOANC Tou TGF-b1.[67] Oocov adopd otnv opada miR-17-92,
€XeL OelyOel OTL UTIOKELVTOL OE EMLYEVETIKN pUOMLON. EToL N Beparmeia MOVIIKIWY HE 5-
AZA-b6e0&ukuTtidivn, €vav avtlueBuALWTIKO mapdyovta, odAynoe o untepekdpacn Twv
miR-17-92, og peiwon tng éxdpaong tng DNMT-1 kat og e€aoBévnon tng ivwong otov
nivelpova[68]. EmumpooBeta, ta miRNAs €xouv peletnBel kal cav mBavol Blodeikteg
¢ vooou. O Oak et al. evtomios pla opdda amoé miRNAs (miR-302¢, miR-423, miR-210,

40



miR-376C, and miR-185) oe BloYiec nmvevpova acBsvwv pe INl pe Baon ta omola
Umopeoe va Slakpivel aoBeveig pe Bpadeia n taxeia e€EALEN TG vOoou toug [69].

A.3.2.8 5YNNOIHPOTHTEX

OL ouvvoonpotnteg otoug acBeveic pe IMNI eival Wolatépwe ouxvec. Eival mbavo va
npoUmApxav t¢ Sldyvwong i Umopel va epudaviotolv otnv ToOpEia TOU VOOHUATOG.
Ennpedlouv oe peydAo Babuod tnv mowdtnta {wng, tTnv cuppdpdwon otn Beparmeia kat
To TPoodoKipo emBiwone twv aoBesvwv av dev yilvouv avtlAnmrég kot Sev
OVTIHETWILOTOUV KatdAnAa. Ot o ocuvnBng eival n kapdlayyelokr ouvvoonpotnta
(Ewg 60%), n yaotoolwoodayiky maAvdpounon(0-94%), ol SlaTAPAXEC TNC AVATIVONG
otov Unvo (60-90%), n xpovia amodpakTik Tveupovonddela (6-67%), o Kapkivog
nivevpova (4,4-10%), n katdBAwpn (11-50%) kal o€ molkila TOCOOTA O caKXoPwdNG
dwaBnNtng, n ooteondpwon kat n aduvauia[70]. EMUTAéoV TwWV CUVVOONPOTATWY QUTWVY
oUXVA oTnNV opEeia TNG vooou spdavilovtal EMUMTAOKEC TTOU oXeTL{ovTal ApeoA 1 EUUECO
HE TNV VOGO OMWCE N TIVEUROVLK UTIEPTOON, N TIVEUUOVIKI €UBOAR, oL AOLHWEELC KL O
enipovog PrAxag. Kamoleg amod tig emMUTAOKEG QUTEG emBaplvouv tnv TPoOyvwon Kot
amoteAouv attia Bavdtou yla toug aoBeveig. Ito SlayvwoTtikd aAyoplbuo tng vooou
kKuplapxn ©O€on TPEMEL va KATEXEL N AVOYVWPELON KAl N OVTLLETWIILON TWV
ocuvvoonpotntwyv[71].

41



A Ageing-related susceptiblelung  Recurring microinjuries

8 ot Cavenlin1 f \ € Aberrant activation of epithelial cells
RAGE
% AEC migration -

EIKONA 3. NaBoduacioloyia tng INI. (King. Idiopathic Pulmonary Fibrosis. Lancet . ol 378
December 3, 2011)

A.3.2.9 MAOOQDYZIONOIIA THZ NO2OY

H ouyxpovn Bewpnon ywa tnv naboyévela tng IMl mephapPavel évav ocuvduaouo
VEVETIKNG Tipodlabeong, mapayoviwv mou oxetilovtal pe tn ynpavon (aAlayég oe
eninedo emyeveTkng, HNn ¢Guololoykl Bpdxuvon TwV TEAOUEPWV KOl OVETTAPKNA
LKOVOTNTO avayEvvnong Twv KUTTapwyv) Kot meptBalloviikwy epeblopdtwy ta omola
gvepyomoloUv tnv emBnAwokn PBAaBn. Auvty odnyelt oe évav ¢avlo KUkAo
emavoAapfavopevou  €mONAlAKOU  TPOAUUATIONOU,  OTPEG,  ATMOTTWONG KoL
gvepyomoinong un ¢uoloAoylkwy SLabIKOoWWY amoKATAoTAoNG Kal evamobeon
Bepéllag ouvoiag. OAa ta mMapamavw TMPOOSEUTIKA 08nyoUV OTNV EYKATACTACN TNG
tvwonc. MBava PAamtikd epediopata amoteAolv n €kBEcN 0TOV KATIVO TOU TOLYAPOoU, N
yaotpooloodaylkr] MOAlVEpOUNoN, oL LOYeVEIC AOLUWEELG, N €KOEON O OPYAVIKEG KOl
avopyaveg KOVELG Kat N mepLBaliovtik woAuvon. Zuvenwg, n PAABN twv KuPeASIKwY
eTONALAKWY KUTTAPWV TUTIOU | Kal n dtaomaon tng emBnAtakig otolBadag amoteAouv
TO EVOPKTNPLO Yeyovog Tou Ba akoAouBnBel amod tnv ameAeuBEépwon MPO-LVWTIKWV
KUTTOpOKWVWV ( XUMOKiveg, mpwtedoeg, TGF-B). Motpaia emépxetat PBAABn kot
SuoAettoupyila kot Twv KUPeAWSKWY emBnAtakwy Kuttdpwy tumou |, n avénon tng
OYYELAKAG SLATMEPATOTNTOG, N EVEPYOTIOLNCN TINKTIKWY HUNXAVIOUWV Kol Sladlkaoiwv
emMoVAwWONG TPAUHOTOC. € Ula pAToln Mpoondbela amokatdotaong ta KueAldikd
€MONALOKA KUTTAPA EVEPYOTIOLOUVTOL KATA N OMOAO Tpomo[29].
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Mwa oslpd amd auénTikoUG TAPAYOVTEG, OMWC O NIOTOKUTTAPLKOC OUENTLKOC
mapayovtag, Kal petaAonpwrteivace¢ MMP1 kot MMP7 GUUMETEXOUV OE QUTHV TV
Sladkacio evepyomoinong, MOAQMAQCLAUOU KOl METAVAOTEUONG TWV ETLONALOKWY
KUTTApWV. 2Z€ auUTAV TN ¢Aon Tapdyovial €MUTAEOV auENTKOL TAPAYOVIEG Kal
XUHMOKIVEG, TipooeAkUovVTaG LVOPAGOTEG KoL LVOKUTTOPA (KUTTAPO TIPOYOVIKA TWV
LVvOBAQOTWYV TTIOU TIPOEPXOVTAL ATIO TO MUEAO TWV OOTWV) OTLG TIEPLOXEC TTou AapBdavouv
Xwpa oL Tpauvpotiopol. EmumpoocBeta, moapayouv TGF-bl o omoiog mpodyesl tnv
ermuOnAlakn mpog peoeyxupatiky petatponn (EMT-epithelial to mesenchymal transition)
kat tTnv Stadopornoinon twv woPAactwyv o€ puoivoPAdoteg. OAa autd ta KUTTAPQ,
6nAadn Ta WoKUTTOPQ, TA TOTIUKA HECEYXUMATIKA KUTTAPA KoL Ol MUOIVOPBAACTEG
OUMUETEXOUV OTOV OXNUATIOHO TwV WVOPANOCTIKWY £0TIWV. MeTAAOTIPWTEIVAOCEG TNG
Bepéllag ovaiag omwg ot MMP2 kat MMP9 cuvelopEpouv OTNV EVEPYOTIOLNGN TOU
TGFB kot otnv koatoaotpodn twv PBackwv upepPpavwv. H oclyxpovn evepyomoinon
Tapayoviwv tng mnRéNg dnuloupyel €va mMPo-mnkTiko maplBaAlov mou eumodilel tnv
arnodounon tng BeuéAlag ouoiag Kal TMPOAYEL TNV (vwon. ZTIG WOPBAAOTIKEG E€OTIEG
TIAPAYOVTAL LEYAAEG TIOCOTNTEG MPWTIEIVWV TNG €wKUTTAPLAG BEpEALAC oUaiaC, KUPLWG
KOAQYyOVO eVW HECW TIOPAYWYNS OUCLWV OMwG To umepofeidlo tou udpoyovou Kal
OA\WV TIPOAYETAL N ATOMTWON TOU €MIONALOU. JUVENELX TWV TOPATIAVW SLASLKACLWY
TipoKaAe(tal avadlapopdwon TNG aPXLTEKTOVIKAG TOU TVEUMOovA Kot dnpoupyouvtal
KUOTELG SiknV HEALKUPAOPAG HECW UNXAVIKWY SUVAUEWY OL omoieg aokouvtal[29, 32].

ErBnAlokn evepyoroinon kat BAARN

Mapd to yeyovog OTL ta emBnAlakd kuttapa udiotatat BAABn kot Stadikacieg
anontwong, otoug Tveupoveg aocBevwv pe NI mapatnpeital avénuévog aplBuog
UTLEPTIAQLOTIKWY KoL UTEPTPODIKWY €TONALOKWY KuTtdpwv TUmou . MapdAAnAa,
HEYAAQ KOl ETUUNKN, TapoapopdwpeEva eMONALOKA KUTTAPO TIAPOTNPOUVTOL XTIC
TIEPLOXEC  KATAOTPOGNC TOou Tapeyxupotog Oiknv peAlkupnBbpag mapatnpeitol
BpoyxloAloroinon tou emOnAiou kat mMAakwdén petamiacia. Ze authy ™ $don TA
emOnAlakd kUTTapa eivat LOLALTEPWG EVEPYA, YEYOVOG TtOU Ta 0dnyel o€ pLa tabBoloyikn
Stadkaoia amokatdactacng n omola mapadotwe MapAUEVEL EVEPYN TAPA TNV ATOUCLA
gudpavouc BAamtikoL epebiopatog[32, 33].

Tnv mapadoén autr cuunepldopd Twv eMONALOKWY KUTTAPWVY KoL TwV WvoBAaotwv
mbavov va  epunvevsel n  amoppuBulon  PBaclkwv, EUPPUIKAC  KATAYWYNG
naBoduololoylkwy povomatiwy. H otkoyévela twv WNT yAukompwTtelivwv amoteAel
KAQOKO Tapdadelypa. Meléteg €xouv Oeifel OtL to KUPEASIKO €mBAAl0 Kal ol
woPAdoteg Twv aoBevwy pe NI untepekppalouv peAn tou WNT povormatiou. EnutAéov
UTTAPXEL €VTOVN TIUPNVIKA Kotavoun B-katevivng ota KuPeAdikd emBnAlakd kottapa
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Kall oToug voPAdaotec otnv NI, yeyovog mou MEPALTEPW UTOOTNPILLEL TNV EVEpyoToinon
Tou povornatiou WNT-b-catenin kot ota SUo €idn kuttapwv[29].

To PTEN (Phosphatase and tensin homologue) ival To Kevtplkd popLlo povomatiol Tou
OUMMETEXEL otV pubuon  ducololoylkwv  Slepyactwyv  OMwG O  KUTTOPLKOG
TIOAAQTTAQOLOOMOG, N TIOALKOTNTA KoL N amontwon. 2toug acBeveic pe Ml to PTEN
umoekdppaletal otoug HUOIVOBAAOTEG €VTOC TWV LWVOBAACTIKWY ECTLWV YEYOVOG TIOU
OXETIleTOL PUE TNV OVTIOTOON OTNV AMOMTWON TIOU Toug Xapaktnpilel. H aAnAsnidpaon
B1-wvteykpivng kat KoAAayovou otoug puctoloyikoug voBAaoteg evepyorolel to PTEN,
UNXOVIOUOG OpwG Tou otnv NI ¢alvetal va eival EAATTWHATIKOC. AvtiBeta, otn voco
napatnpeitatl untepekppacn tou Sonic hedgehog (Shh) aokwvtag €T0L AVTLOMOMTWTLKN
6paon. O mpwrteiveg popdomoinong Twv 0oTwWV AVAKOUV 0TNV olkoyévela tou TGFB, e
YVWOTO pOAo otnv guPpuikn avamtuén. H ykpepAivn, €vog ovTtaywvloTHE aQuTwy Twv
npwteivwy elvat auvénuévn otou¢ woPAaocteg tng NI pewwvovtag to emimeda
dwodpopuAiwonc, odnywvtag £T0L 0 evioxuon TG MONALAKAC TTPOG UECEYXUUOTIKAG
HETATPOTING KAl HElwoN TNG andntwong Twv puoivoBAactwy. Avakedalalwvovtag, N
un  ¢uolohoykn Aettoupyio KATOWwV avamtuélakwy povomatiwy  daivetal va
OUMUETEXEL evepyd otnv maboyévela TnG vooou. H unepékdpaon twv Wnt, Shh, kat
YKPEPALVNG Kal n utoékdppaon tou PTEN ouvelopEpouv otnv eAattwpatiky Stadlaoia
emoVAwong[32].

MNpo-WwwTkEC eTdpAoeLg TN taboloyLkn g evepyomnoinonc twv KU AL KWY

erONALOKWV KUTTAPWV.

H evepyomoinon tou katappadktn tn¢ mnéng otnv IMNI Katéxel mpo-wvwtkn dpacn. To
OUMMAEyUO  LOTIKOU moapayovrta-riapayovta Villa-mapayovta X aBpoiletol oto
KUPeASIKO eTBAALO, €MITPEMOVTAG TNV E€VEPyomoinon Tou Tapdyovta X, o omoiog
evepyorolel voBAdoteg. H Bpoufivn kalL o evepyomolnpeVog mapdyovtag X mpoayouy
TNV gvepyomnoinon tTwv woBAactwv o€ puoivoBAdoTtes. Juvenwg, otnv INI emikpatel pLa
TPO-OPOUWTLKA KOTAOTAON N onmolo 0 cuVOUACOUO UE TNV TIPOBANUATLKA LVOSOAUTIKA
Stadkaoia otig KuPeAideg, mpoadyel TNV WVWTIKN dlepyaoia.

T WOPBAQOTIKEC €0TieG oL WWOPAAOTEC Kol Ol HUOIVOPAAOTEG MOPAYOUV TEPAOTLEG
moootnteg s€wkuTTapLlag BepéAlag ouoiag mou amoteAel To BgpéAlo Ao TNG WVWTIKAG
Stadikaciag. H akplBrig mpogheuon Twv WoPAACTWY Kal TwV HuoivoBAactwy Kabwg Kot
0 Aoyog rou cuvaBpoilovtal oe gotieg dev €xouv MARPWE SLEUKPLVLOTEL.

Yndpyxouv oXUpEG evdeilelg otL ta KuPeAdika emBnAlakd KUTTOpA AMoTteAOUV TV
ninyn pecoAaPntwv (PDGF, TGFB,TNFa kat evdoBnAivn) mou 6pouv XNUELOTAKTLKA yLa Ta
HUECEYXUUATIKA KUTTapa. XTouC mvelpoveg acBevwv pe IMNl mapatnpeital €0060¢
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LVOKUTTAPWV oo TNV KUukAodopia, Ta omoia ekdppalouv OULUOTIONTIKOUC Kol
pHeogyxupatikolg Oeiktec. Ta Tmeploocotepa amd Ta KukAodopolvia LvokUTTOpd
ekdppdlouv tov umodoxéa xupokwvwv CXCR4, umodewkvuovtag otL o dafovag CXCR4—
CXCL12 eival onuavtlkdG yla TNV HETOKIVNON KUTTAPWV OTOV LWVWTIKO TVEUUOVA.
ErmutpocBeta to (610 To miBnAlo mBava cuvelohEpPeEL oTNV EMEKTACN TOU MANBUGHOU
TWV WOoPBAXCTWVY Kal TwV HUOIVOBAACOTWY PECW TNG ETLONALOKIC TIPOC UECEYXUMUATIKIG
puetatpornnc. H Sadlkaoia autr mapéXel ota KUTTAPO TNV LKAVOTNTA Vo CUVOETOUV
Bepélla oucia. H ouvimopén emOnAloKwY KoL MECEYXUMOTIKWY OEKTWV Ot
KupeAdikd emBnAlakd kUttapa otnv IMl kot n €kPpacn TUTKWV €TONALAKWY
npwtelvwv o€ WoPAdoteg, umootnpilouv TNV mapandvw unobeon. EMypaupatikd,
TOTUKA HECEYXUUATIKA KUTTOpA, KUKAodopouvta LvokUTTapa Kal n €mBnAlakn mpog
UECEYXUUATIK  UETOTPOTI| OUMMETEXOUV oOTnv ouvaBpolon woBAactwv Kol
nuowvoBAaotwy. H akpBrg ocuvelodopd tou kaBe mAnBuopoL Sev eival yvwotn[29, 32].

Awadoporoinon Twv woBAaoTWY o€ LUOiIVOBAAOTEC.

Tpeic ival ol mapayovteg mou odnyouv auvtr tn Stadopomnoinon. To uPnAd HNXAVIKO
oTpeG, N Tomikn avénon TGF-B1( kuplwg amo ta KUPEALSIKA emONALOKA KUTTAPA) KAl N
napoucia WKWV TPpwIelvwy NG BegpéAlag ovoiag. OL puoivoPAdoteg mpokaAolv
unepBoAkn mapaywyn eéwkuttaplag BepéAlag ovoiag kat cupBaAlouv otnv dtdppnén
NG OKEPALOTNTAC TNG BACLKAG MEUPBPAVNC KOl 0TOV BAVATO TWV EMIBNALAKWY KUTTAPWV.
Kata tnv ¢uololoyikn Swadkaoia tng emoVAwong, ol HUoivoBAAOTEG amormintouv
,yeyovocg mou 6ev ocupBaivel otnv INl. O TGF-B1 kot n evéoBnAilvn mpodyouv autr thv
avtiotacn otnv anontwon kKupiwg péow tou PI3K/AKT povonatiou. ITo epwtnua yatl
T emBnAlaka amomintouv evw ol WvoBAdoteg OxL oto (6lo meplBaAdov, n amavinon
mlavov va Bploketal otnv avemadpkela tg mpootayAavdivng E2 mou mapatnpeitat
otnv 1Nl kat n avéavel Tnv evaoBnoia otnv anontwon yla ta KUPEASIKA emOnAtaka
KOTTOPA EVW TAUTOXPOVA TNV LELWVEL YLa TouG tvoPBAdoTeg[29].

0 pohoc Twv KUWEAS KWV pLoKpodaywv

MoA\a Sebopéva €pyxovtal oto ¢wC Ta TeEAsuTala Xpovia Tou umootnpilouv Tnv
gumAok Twv KuPpeAlSikwv pakpodaywv otnv Nl Ta kuPeldika pokpodaya
OTTOKTWVTAC EVOl EVOANAKTIKA EVEPYOTIOLNHUEVO DALVOTUTIO CUUUETEXOUV EVEPYA OTNV
Swadlakoia tng ivwong. Mapdyouv pecolaPnteg oL omoiol oxetifovral pe tnv emPiwon
TwV puolvoBAaoctwy, TNV gvepyomoinon twv emBnAlakwy Kot tnv emOnAlokn mpog
HLECEYXUUATIKN peTatpori(onwg CCL18, IL13, TGF-b kat o auéntikdg mapdyovtag mou
opolalel e TNV Wvooulivn). EmumAéov ekdppalouv microRNAs pe yvwoTh TPO-LVWTLKA
&paon([72].
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A.3.2.10 O POAO2 TOY BPOIXOKYWEAIAIKOY EKNAYMATOZ THN I

H BpoyxokupeAhdikn €xkmAluon, avadepetalt otn  AQPn  Kat  avaAuon Tou
BpoyxokuPeAlSikol ekmAvpatoc (Bronchoalveolar lavage, BAL), sivat po aopalng
enepPatik) pEB0SOC TMOU Xpnolpomoleital otn SlayvwoTtikry Slepelivnon Kol otnv
£€PEUVO VOO UATWYV Tou mvelpova. Ot KAWVLKEG evOeifelc yia Tn Slevépyela NG e€€Taong
autng elval mMoAAEG kal ouvexwg Steupuvovtal. Mo cuykekpueva n BpoyxokuPeAdikn
EKTAUON amoteAel pEPog NG OSlayvwotikig Owadikaociog oe vooipata Onwg n
capkoeidwan, n e€wyevig aAkepykn kKuPeAditida, oL Toéikég emdpdoelg papudakwy, n
NI, n kKuPeASIK MPWTEIVWAON, N TIVEUUOVLK) CUUHETOXH VOONUATWY TOU CUVOETIKOU
loToU, n Llotokuttapwon Langerhans, ot Aowpwéelg, n kupeAdikn atpoppayia, n
NWowodAKA Tveupovia, n anodpaktiky BpoyxloAitida Pe opyavoUUEVn TVEUUOVIA
Kal oL AOWWEEL O OVOOOKOTECTOAUEVOUG. Mavia yivetal  ouva§loAdynon Ttwv
gupnuatwv tou BALF, twv TmAnpodopwwv amd TO LOTOPLKO KAl TWV KALVLKO-
£PYAOTNPLOKWY EUPNUATWV.

H Aqyn tou BpoyxokupeAdikou ekmAupatog (BAL, Bronchoalveolar lavage) yivetal pe
TO €UKAUMTO BPOYXOOKOTILO UETA Amd eVvoPAVWON OUTOU O KATAAANAO UTMOTUNUATIKO
Bpoyxo kat £yxuon akoAouBolpevn anod smavappodnon MpokabBoplopévnG MOGOTNTAC
¢duotohoykol opol (120-200ml). Ztnv mepintwon mou n katavoun twv BAafwv eivat
apdotepomAeupn, cuotivetal N AnPn anod to péco Aofo ) tn yAwooida. Avtiotolxa, n
napoucia evtomopevwy  PAaBwv  katevBuvel ™ ARYN TOU UAWKOU amd TNV
EMNPENCUEVN TIVEUHOVLIKA Tteploxn. Katd ta Stadopa otadia tne enefepyaciog Tou To
Seilypa SwnBeital, ylvetal pETPNON TWV KUTTAPWV KoL ¢uUYOKevIpeital. Mavta
afloloyeltal N LOKPOOKOTIKI TOU eudAvion, UETPATOL O aplOpOg Kuttapwv ava mi
uypoU Kal uTtoAoyiletal 0 OALKOG aplOpoG Kuttdpwyv. MeTd tnv emioTpwon Kal tn
poviuomoinon, yivetal enefepyoaocia pe €LOKEC XPWOELS Kol Tpoodlopilovtal oL
Kuttoplkol Ttumot (kupeAtdika pakpodaya, Aepdokutrapa, oudetepodpila, smbnAtaka
kOTTOpa). Me TN Xprion LOVOKAWVIKWY QVTIOWHUATWY KAl TNV KOTAAANAN TEXVLKH UTIAPXEL
duvatdétnta va  peAetnBolv ol Kuttaplkol  umomAnBuopol  (mMpoodloplopdg
avooodatvotunwy) tou delypatog. Akoun, to Seiypa mpoetopdletal KatdAAnAa otav
TIPOKELTOL VAL XPNOLUOTIONB0UV VEOTEPEG TEXVIKEG, OTIWG N KUTTAPOMETPLO pONG, N oToia
TUYXAVEL gupuTOTNG £Pappoyng otn cuyxpovn Stadopodlayvwotiky Stadikaocio Twv
VOONUATWY Tou SLAUECOU XWPOU.
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H mooooTtiaia avaloyio Twv KUTTAPWV Tou BALF 0g UYLELG UN KATIVIOTEG €lvoil KATA LECO
0po: KupeAdika pakpodaya (80-90%), Aepdokittapa (5-15%), Alya oudetepodila
(3%) kat nwowooda (1%). H mapouoia mAakwdwyv emBnAlakwy KUTTAPWY SNAWVEL Un
LKAVOTIOLNTLKA TEXVIKA KaTtd tnv ARYn tou delypatog. Ta Seiypata BALF amd Komvioteg
xapoaktnpilovral and avénuévn KuttapoBpiBela kot eldLkOTEPA Amd avénuéva MocooTa
HOKPOPAYWV Kal AEUPOKUTTAPWV. XAPAKTNPLOTLKNA ELVAL N ATTELKOVLION TWV HAKOPAYWV
OTOUG KATIVLOTEG adol 0TO KUTTOPOTMACO TOUC TOPATNPOUVTOL XPWHATIOUEVO KOKKLOL.
2to BALF nAkwwpévwv ooBevwv mapatnpouvtal gladpd  auénuéva Tmoocootd
Aepdokuttdpwy Kot oudetepodilwy, evw 0 OYKoG ETLOTPOdNG KATA TNV EKTAUGCN €lvat
HELWUEVOG AOYW TWV TPOTIOTIOLNUEVWY KNXAVIKWY LOLOTATWY Tou TveLlova (au§npévn
evdotikoTnTa).

Avadoptka pe tnv IMl, o poAocg tou BAL eivol MpooavatoAlOUEVOG OTO VO LELWOEL TO
g€Upog NG SLadoptkng SLAyvwong WOLOLTEPA OTIG TIEPUTTWOELG EKEIVEC TIOU TO LOTOPLKO
Tou acBevolg rn/kat n HRCT dev elval amoAuta SL0yVWOTIKA YLl TN VOCO. JUVETTWG N
Olevépyela tou BAL cupPdaAlel otov amokAElopd Aoluwéewv 1 aAwv Sidxutwy
Sldpeowv mveuvpovomaBelwy Kal cuvumidpyxouoag KakonBelag. Tumika otnv NI
TIOPATNPOUVTAL AUENUEVA TTOCOOTA ouTEPOPAWY f/Kal nwaowodilwv [73].
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A.3.3 KAPKINOZ MNEYMONA

NeomAaopa opilletal 0 eKTOG EAEYXOU TIOAAATTAQCLOOHOC KUTTAPWY, dladikaaoia n omola
OTTOKALVEL OO TNV QVATITUEN TWV TOPOAKELIUEVWY UCLOAOYIKWY LOTWV Kal n omola
e€akoAouBel mopd TNV MAUCN TOU ALTLOAOYLIKOU TOPAYOVTA TIOU OPXLKA TOV TIPOKAAECE.
XOpaKTNPLOTIKO YVWPLOMO VOGS KakonBoug veomAdopnatog anoteAouv n dindntikotna,
N LETOOTATIKOTNTA KAl N anwAeLa tng Soutkng dtadopomoinong Twv KUTTAPWV.

O kapkivog Tou mvelpova amoteAel pla amo TG mAéov ouvnBelg attieg Bavatou amo
kakonBela maykoopiwg. H cuxvotnta Bavdatou anod kapkivo mveupova untepPaivel autn
mou odelleTal OTOV KAPKIVO TOU TIAXEOC EVIEPOU, TOU HAOTOU KOl TOU TIAYKPEQTOG
OUVOALKA. Avadépovtal mepimou SU0 EKATOUUUPLO. VEEC TIEPUTTWOELS KOPKIVOU
miveUpova Kal 1,7 ekatoppupla Bavatol oXeTWOUEVOL E TOV KAPKIVO TIVEUOVA YLO TO
2015[74]. Na to 2018 otig HMNA ta véa meplotatikd umoAoyilovtal ota 234.000 evw ol
avapevopevol Bavatol 154.000(75]. H mpoyvwon sival wblattépwg twyn. MNepimou to
50% twv acBsvwv mou dlaylyvwaoKovtal mebaivel EVTOC eVOC £TOUC EVW N TIEVIAETAG
emBiwon Sev Eemepvael To 18%.

O KOpPKIVOC TOU TVEUHOVO TIAPOUCLAOE €KPNKTLKA aUENON OTNV GUXVOTNTO TOU OTLG
TMPWTEC OEKAETIEG TOU TPONYOUHEVOU alwva, KATA TNV Blopnxavikn emavaoctacn. H
avénon tou TPoodokLpou smBlwong, n aAlayr oTig MEPLBAANOVTIKEC CUVONKEG KoL N
€€AmMAwon TNG KATIVIOTLKAG oUVABELOG CUVETEAECQV ETTONG.

OL TIPO-KAPKLVIKEG €0TIEG §EKLVOUV amd emBnALoKA KUpPlwg KUTTOpa TOU PBpoyxikou
S6évipou f twv KUYPeASwV. O avefEAeykTog MOAAATTAACLAOMOG TWV KUTTAPWY odeiletal
o€ MeTAAAAEELS yoviSiwv Ttou glvat umevBuva yla Tnv pUBJLON TOU KUTTOPLKOU KUKAOU.
AkoAouBoUv oL popPoAoyIKEC SLadopOoTOLOELG Kal TEAIKA n KapKwikn e€allayn. H
mapoywyrn HECOAAPNTWV TIPOAYEL TNV VEOAYYELOYEVEDH, OnUOUPYWVTOG £TOL
KATAAANAEG OUVONKECG yla TNV EMEKTOON TOU OYKOU OPXLKA TOTILKA KOl apyOTEPQ OF
QTOMOKPUCUEVEG E0TIEG (LeTAOTOION)([76].

lotoAoyikd  Stakpivovial OUo0 peydAeg katnyopieg kapkivou mvevpova. O
HKPOKUTTAPLKOG (SCLC) kat pun pikpokuttaplkog tumog (NSCLC). H maBoAoyoavatopiki
talvopnon tou kapkivou mvelpova Stadpapatilel KeVIplkd poAo oTnV SLAyVWOTIKN
TPOOEYYLON aAAA KUPLWE OTNV MPOYVWOon TwV acBevwy HE KapKivo TveUpova KaBwg
KAOe TUTIOG Telvel va avtamokpivetat StadopeTikd otig Stadopeg Stabéoipeg Oepaneiec.
O kata to duvatov akplBéotepo¢ TOOOAOYOAVATOULKOG XOPAKTNPLOUOC TNG BAABNG
elval InToUEVO KOl TIPOATTALTOUEVO YLa TNV Evapén TwV OEpATEVTIKWY TAPEURACEWV.

O MIKPOKUTTAPLKOG TUTOG Kapkivou Tmvelpova adopd 10 15% mepimou Twv
TIEPUTTWOEWY. 2XXEOOV KOTA QTMOKAELOTIKOTNTA Tapatnpeital o€ aoBevelg pe
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BeBopnUEVO LOTOPLKO KATIVIOTIKNG OUVABELAC. XOpaKTNPLOTIKI €lval n €viovn Taon Tou
va pebiotatal vwpic Kal autodg eival o Adyog mou ocuvnBwg Slaylyvwoketal nén oe
npoxwpnuévo otadlo. Qotdoo, aviamnokpivetal BeTikd otnv xnueoBepameia apxikd
TOUAQXLOTOV OTOUG TTEPLOCOTEPOUG QLODEVEILS.

O uNn MKPOKUTTOPLKOG TUTIOG adopd otov 90% Twv MEPUTTWOEWV Kol TEPAapBAveL
ETUUEPOUG  UTIOTUTIOUG ME  Slakpltd  TaBoAOYyOQVOTOMIKA  KOL  KUTTAPOAOYLKA
XQPOKTNPLOTIKA. OL Lo cuVABELC Ao AUTEG AvOAUOVTAL TTIAPOKATW.

To mAakwdeg kapkivwpa (40% OAwv Twv Kapkivwy veluova) oxetiletal Loxupd HE TO
KAmviopa Kot e€oppatal anod ta mAakwdn KutTapa ou Bpilokovtal otoug BpOyxXoug.

To adevokapkivwpa mvevpova, n GAAn peydAn katnyopia (40% Twv GUVOAKWV
KapKivwv mivelpova) e€oppatat and BAevvomnapaywyd kuttapa. Eival o mAéov ocuvnOng
TUTIOG OE UN KOTMVIOTEC aoBeveig Kal autog eival o Adyog mou eudaviletal o cuxva
OTLG YUVALKEG Kal o€ ATopa Hkpotepng NAkkiag. ZuvnBwg epdaviletal otnv neplpépela
TOU TVeUpOovVa. ZXETIETOL PLE TNV €vEPYOTIOiNGN yoviSiwv TIou €AEyXOUV TNV KUTTAPLKN
avamtuén onwg ta KRAS kat EGFR. Etol, n Oepameutikn TPOOCEYyLon TOU EXEL
TIPOCOAVATOALOTEL OTNV OTOXEUHEVN QVILUETWILON UE BAon to yoviSlako mpodil tou
aoBevoug.

To HEYOAAOKUTTOPIKO KopKivwpa adopd 10 5%-10% twv meputtwoswv KM kot
xapoktnpiletalr amo toxeio e€amAwon Sduoxepaivoviac €tol TNV OEPATEUTIKA
OVTLUETWTILON TOU.

Y€ ULKPOTEPN OUXVOTNTA OTTAVTWVTOL OL UTIOAOLTTEG KOTNYOopieC. AUTEC TteplAappavouy
TG mpodindntikeg PBAABeg, TO 0adeVOMAAKWOEG KAPKIVWUA, TO OCOPKWUATOELSES
KaPKIVWUO, TOUG KAPKLVOELSNG OYKOL, KAl TA KAPKIVWLATO TOU TUTIOU TWV CLEAOYOVWY
adévwv.

A.3.3.1 NAPATONTEZ KINAYNQOY

Kamnviopa

Ioyvpn kou emapkmg Texkunplopévn eivar n ovoyétion tov KII kot ™ komvioTikng
ocvvnBsloc. Metd v kaBEpmon TG KAmVIGTIKN GLVNHBELNG, 0KOAOVONGE 1| ELPAVION TOV
KII pe andxion mepinov 20 etadv. Enuepa yvopilovpe 6t guBdvetan ya to 85% twv
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TEPWTOCEMV Kapkivov mvevpova. O Kamvog tov totydpov mepiEyel mepimov 60 yvmoteg
KAPKIVOYOVEG 0VvGiec Omwg T0 paddvio, M vitpolapivn kot to Beviomvpévio. Avtd ta
petafolikd evepyd kopkwvoydvo orAniemdpobv pe 1o DNA - dnuovpydviog
OLLOLOTTOATKOVG OECUOVE YEYOVAS TOV 0dNYEL OTNV GVGGMPEVCT) COUATIKMOV UETOAAAEEWDV
o€ Kpioung onuaciog yovidlo 0TmG 0yKOyovidla , 0YKOKOTAGTUATIKA 1) (AL Yovidio Tov
eLEYYOVY TOV KLTTAPIKO KOKAO[77]. O ekt0g eAEYXOL TOAALUTAAGIOCUOC TV KLTTAP®V
Kot 1 oTadloKn ovamTuén tov dykov eivar n KatdAnén. Ot eMYEVETIKEG TPOTOTOGELG
mov cvpPaivouv O0mwg M peBvAiwon oTovg TPOoRdTOPES YOVISI®V Kol 1) OpAcm T®V
MIRNAS emiong eléyyouv v £KEPOoT YOVISIOV-KAEWIDV Kot Oempovvial onuepa
Bacucol pnyoavicpol g KapKivoyEéveons oxetilopevol pe to kémvicua. Ocov agpopd 61o
porlo TG vikotivng, onuepa yvopilovope OTL KpOPeETOl To® OmMd TOV UNYOVIGHO
avamToEng €EAPTNONG OTNV KAMVIOTIK oLVAOEG OAAG 1 1010 dev eUmAEKETOL OE
unyoviopovs Kapkwvoyéveons. Evdwoeépov eivar kot to gopnuor 6Tt akOpo Kot Ot

TN TIKOl KamvioTég dtatpéyovv otafepd avénuévo Kivouvo va vVOGNGouy g TaENG Tov
20%[77].

IMpavon

IMpoavon eivar 1 avomdeevktn TPoidvTog TOL YPOVOL EKTTMON TNG PUOIOAOYIKNG
AertovpykdTTog TOV opydvev kol Bewpeital emionuo mopdyoviog Kivohvov yio Tnv
avATTLEN VEOTANGIOV. ZVUP®VO HE TOV TAYKOGUIO OPYOVIGUO VYEING TO TPOGIOKILO
Comg vrepPaiver o 80 £ moyKOOUI®G KOl 1] EXATOOT TOV KOKONO®V VOO ULATOV TEiVEL
va avédvetal kabmg o TAnBvopnog ynpdokel. O kopkivog tov mvevpova aKolovBel tnv
010 mopelat VA M COPELTIKN EMOPAOT KOPKIVOYOVODV €PERCUATOV OTMG TO KATVIGHA
ovvelsPépel o anTd. DaVOUEVIKE 0 KOPKIVOG Kal 1 YNPOVGT| ATOTEAOVV €K SLOUETPOL
avtifeteg Oadikacieg wotdco pie mo oe PABog mPOGEYYIoT OMOKAAVTTEL KOWOUG
VIOKEIUEVOVE TOBOPLGIOA0YIKOVG UNYAVIGLOVS TTOV TOVG GLVOEOLV, OTTMG 1| GLGGOPEVCT
KUTTOPIKOV PAaPdV, N YEVOUIKN acTtdBeia, 1 Bpiyvuvon ToV TEAOUEPDV, Ol EMIYEVETIKEG
TPOTOTOMOEL, N OTOAEL TNG TPMOTEOCTACNG, N UEIWUEVN Opemtikny avalnitnon, ot
petaforés otov HETOPOAICUO OAAG KOl 1 EKTTOON NG AETOLPYIOG TOV OpYEYOvVmV
KOUTTOPWV.

[Tep1Bariov

Mépa amod ToV KOAMVO TOU TOlyapou, TAEloToL AAAoL Tapdyovteg Tou Bpilokovtal oto
nieplBairlov €xouv evoxomolnBel yla TNV OXEON TOUC HE TOV KOPKIVOU TOU TVEUHOVA.
Mepikol amd autoug eival 0 AULAVTOC, TO APOEVIKO, TO XPWHLO, TO VIKEALO, TO padovLo,
TO oUPAVLO, Ol TIOAUKUKALKOL apwpatikol udpoyovavBpakeg, n atpoodalpkr) puTavon
EOWTEPIKOU Ywpou Kot n lovilouoa oaktwvoBolia. EmayyeApatikol xwpol OmMwg
Blopnxavieg, vaumnyeia, opuxeio Kol OKTIVOAOYLKA E£PYAOTHPLO ATTOTEAOUV ONUELQ PE
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SuvnNTIKA AUENUEVEG CUYKEVIPWOELG KAl TIPETEL va AapBAvovtol HETPA EKTIHNONG TNG
emBapuvong kat tpoAnPng[74].

A.3.3.2 KAINIKH EIKONA

ApxKd n cupntwpatoloyia tng vooou unopet va eival téoo appAnxpn kot va StaAdBet
NG MPOCOoXNC Tou aloBeVOUG UE GUVETIELD TNV KOBUOTEPNON TNG LATPLKAG TtapépuBaonc. H
oupmTwpotoloyla Suvatal va eival amotéAecpa TnG Tpwtomnabouc PAABNG, TNG
HUETOOTOTIKAC VOOOU 1] KOL OUVETELD TIAPOVEOTIAQCHOTIKWY ouvdpouwv. Ta
ouvnBéotepa cupmTwpata eival o emipovog Brixag mou Slapkel mavw anod éva pnva, n
Sduonvola, n avénuévn andxpeudn, Ta alpodupTa MTUEAA 1 N ALULOTITUCH, N AMWAELX
Bapoucg, n avopeia, n Bwpakadyia, To Bpayxos dwvAg, N MANKTPOSAKTUALY, TA OOTIKA
aAyn, to ouvdpopo avw KoiAng ¢AEBag, to ouvdpopo Horner koL n veupoAoylkn
onUeloAoyla Tou ouvnBOwC UTIOKPUTITEL EYKEDAALKEG LETAOTAOELC[76].

To mapaveOMAAOUATIKA cUVOpOUA €ival LSLOLTEPA CUXVA OTOV LOTOAOYLKO TUTO TOU
SCLC kal oANEG PopEC pmopel va amoteAolV TNV MpWTn ekdNAWoN TN¢ vooou. Exouv
OUOXETLOTEL pe €kKkpLon TEMTLOlWY KOl OPHOVWV A0 TOV OYKO Kol arod tnv taboloyikni
QVOOLaKNA OIAVINON EVOVTL TWV KAPKLWIKWY KUTTAPWVY. € autd mepllapBavovtat
NAEKTPOAUTIKEG SlaTapaxeG OmMwc umepacBeotiapia kat umovatplapia (Aoyw Tou
ouvépopou ampoodopng E£KKPLONG avTLOLOUPNTIKNAC OpuHoOvNG), ouvdpopo Lambert-
Eaton, to oUvépopo Cushing, kakonbec¢ kapkivoeldég ouvdpopo, Sepuatopvooitida,
pueAavitovoa akavlwon, umtoyAukatpia Ko uTEPTPOdLKN TIVEULOVLKA
ooteoapBpondBelal78].

A.3.3.3 OMOIOTHTEZ KAI AIAQOPEX Ml KAl KAPKINOY NMNEYMONA

O KapKivog MVeUOVA QMOTEAEL Ll GUXVI) CUVVOCNPOTNTA OVAUECO OTIC LSlomabeig
SlApEDEG VEVLOVOTIABOELEG E TNV HEYAAUTEPN EMiMTWOoN €udAviong va apatnpeitot
otnv INl. O kapkivog mvevpova kat n IMNl, Vo voonpota pE TTWXO TPOCOOKLUO
ermBiwong, €xouv akopa o duocoiwvn €EEAEN Otav cuvumdpxouv otov i6lo aocBevn.
Mepimou £€vag otoug &éka aoBeveic pe INI gudavilouv kapkivo TvelpHovo VW N
oBpolotik) emimtwon Ttou KM umoloyiletat oto 82% peta amd tpla  €tn
napoakoAouBbnong aocBevwyv pe IMNI. Nalatdotepa Bewpeito otL o KM mpolmnpxe tng INI
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Kal oUVEBaAE otnv avantuén ivwong. ZAuepa wotdoo n Kuplapxn amoyn eivat ot o KN
eudaviletal Sevtepog, ouvnBwC LETA oo tpla £€tn amo tnv avarntuén g INI[5].

Avalntwvtog Kavelc TIC altiec autng t¢ doawvouevikd mapadofnc ocuvumapéng
SLOMIOTWVEL KowvoUCg mapayovteg Kivduvou yla ta Vo voonupota. O KAmvog tou
Tolyapou, n mepLBaAAOVTIKA pumavaon, ol LoYeVELG AOLLWEELS, N yrpavon Kal ol pumot
0TOo emayyeApaTiko epBaAlov elval oL KuploTeEpOL.

Ztnv mAsodndia twv meputtwoewv o KN eudavidetat wg olopopdn PAAPRN otig
TIEPLOYEG TEPLE TNG lvwong, cuvABwG ota KATWTEPA MVEUOVIKA TteSia dmou KupLapxouv
KOl oL WWTKEC PAABeg. Ymapxouv peAETeg mou apdlofntolv authv tnv euBeia
toroypadikr) cuoXETon NG vwong kat tou KM kot mpodavwe UTIAPXEL OVAYKN yla
TIEPLOCOTEPN EPEUVA TIPOKELMEVOU va amodelyBel av UTIAPXEL OVIWG OLTLOAOYLKNA
OUOXETLON YL QUTA TNV yeltvioon R elval amAd pla otatiotiky mapatipnon(31]. O
LOTOAOYLKOG TUTIOG TOU TAAKWEOUG KOPKIVWHATOG daivetal va gival o MAEOV ouxvog
avapeoa otou¢ acBeveic pe IMl akoAouBolpevog amd To adeVOKAPKIVWUA HE ULKPA
Sladopa[31].

Kowa ntoBoyevetikd povomnadrtia avausoa otnv 1M1 kot tov K.

OAoéva KoL TteplooOTEP OTOLKELQ €pYOVTaL 0TO GWGE YLa VA LOXUPOTIOL|CoUV Thv Bewpia
TWV KOWWV TOBOOYEVETIKWY XOPOAKTNPLOTIKWY ovApeca ota &Uo voonpata. Elval
XOPOKTNPLOTIKO OTL GAPUOKO HUE OVTL-KAPKWIKG Spdon Onw¢ Tto nintedanib €xouv
EMIONG QVTL-LVWTIKN Spdon mupodotwvtog £Ttol To eviladEpov yla €peuva O AUTO TO
nedio. H guddavion mpokapkKvwuatwdwy oAAOWWOoEWV TEPLE TNG vwong Omwe n
TAAKWONG LeTATAQoiol KOl N KON avatoutki katavoun twv BAaBwv eniong umovoouv
Kowég umoBookouoeg Slepyaoieg. OL wvoBAdoteg otnv IMI mapouotdlouv OpoLOTNTEG
OUYKPLWVOUEVOL HE TO KOPKWIKA KUTTOpO ONMwE O EVIOXUMEVOG KUTTAPLKOG
TOAAMAQCLACUOG, N ATWAELX TNG TPWTEOOTAONG, N OVOOOAOYIKI amodlopydvwaon, ot
Slepyaoieg tng ynpavong, n Bpdaxuvon twv teAopepwy Kat dAAa. EmumAéov, n erubnAakn
TIPOG UECEYXUMOTIK METATpOTH, Ml Oladlkacio eKTEVWG UEAETNUEVN OTNV
KapKLVOYEVEDN KABWG eVIOXVEL TOV SLELCOUTIKO XAPAKTAPA TWV KAPKLVIKWY KUTTAPWY,
€xel OeyBel va €xel KevIpPKO POAO KOl OTNV LVOYEVECN OMOTEAWVTIAC TINYNA
puoivopBAaoctwyv[2, 5, 31].
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levetikn

Mépav amo T OHOLOTNTEC TTOU €UKOAQ Yivovtal avTIANTTEG o€ eminedo emdnuioAoyiag
KOl Qmewoviong , xpelaletol va epPabivel kavelg oe emimedo YEVETIKAG yla va
avakaAUpel mARBo¢ pnxoaviopwv mou €xouv avadepBel va eumAékovtol ota Suo
voonuata. Mepkol amd autoug TouG UNXAVIoUoUG ival N pikpo-8opudopikr) aotabeL,
N anwAela TnG etepoluywtiag, HeTaAAdagels oe yovidia onwg ta p53, SFTPA2, SFTPC,
FHIT, EGFR «kat KRAS, povo-voukAeoTiSikol TIOAUHOPPLOUOL, QVETAPKELD TWV
tehopepaocwv Kat maboloyikr Bpaxuvon Twv teAopepwv. Mo ocuykekpuéva, otnv NI
TAPOTNPELTOL HEWWHEVN €KAo TwV Yovidiwv ou kwdikomolouv Suo unoopadscg (h-
TERT and h-TERC) twv teAopepacwv UE CUVENELQ TNV Ppdxuvon twv teAopepwy. OL
¢dopeic autwy Twv petaAdéewv €xouv To TMOAEG TBavotnteg va avartuéouv IMI.
Emiong To MAKOC Tw TEAOUEPWV Ot Asukd oaupoodaipla Tou TepLPEPLKOU QULUOTOC
OVTUTPOOWTIEVEL £V LOXUPO aveEaptnto nmapayovta Bvntotntac otn INI. Itov 8¢ KM, n
UETAPBOAN OTO UAKOG TWV TEAOUEPWV £XEL CUOCXETIOTEL UE TNV PETAOTATIKN LKOVOTNTA
[79].

Emyevetikn

OL ETIYEVETIKEG TPOTIOTIOLOELG HETABAANOUV KABOPLOTIKA TNV TTAnpodopia mou pépouv
Ta yovibla umd tnv emnibpacn mepBalOVIKWY €peOOUATWY. XOPAKTNPLOTIKO
MapAdeLlyHa OMOTEAEL TO KATVIOHA TO omolo €xel BpeBel va embpA EMIYEVETIKA OTO
Bpoyxwko emiBriAo. OL peBuliwon tou DNA, OL TPOTOMOLNCEL TW LOTOVWY KOL TO
miRNAs glval oL TPeLG KUPLEG KATNYOPLEG TWV ETLYEVETIKWVY TPOTOMOLNCEWV. Exouv
TIAéoV cuoxeTloTel pe TAelada aoBevelwv Kal amoteholv medio €vtovou gpeguvnTikoU
evbladépovtog. OL veomAaoie¢ ATOV N TPWTIN opada aocbevelwv OTI OTOLEG
HEAETAONKOV €KTEVWG Ol emlyeveTikee emidpaocslc. Ta miRNAs  Swadpapatilouv
ONUAVTIKO pOAo otnVv Kapklvoyeveon Kabwg eAeyxouv tnv ékdpoaon Mpwreivwy eite
HEow pUBULONG TG peTAdpaonG Twy ayyeAlodpopwv RNA eite péow amodounong Touc.
To miR-21 umepekdpaletal otov KM kat €xel Bpebel va emdpd mpoyvwoTtikd otnv
emBlwon twv aoBevwv. Avadopika pe tnv NI, ta MiRNAs amoteAoUv TUAUO TOU
poplokol mpodiA ¢ vooou. Elval svtumwolakd To yeyovog otl otnv Ml ta
ekppalopeva miRNAs Slad€pouv CUYKPLTIKA HE TOUG UYLELG o mocooto 10%. Ta
mMiRNAs miR-21 kat péAn twv owkoyevelwv mMiR-29, miR-154 kot let-74 €xouv Bpebeil va
eumAékovtal o€ Sladlkaoieg pe TeAkn KataAnén tnv evamnobeon e§wkuttdplag OepeALag
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ouolag, evw mpoodata Kot ta miR-185 kat miR-21 BpéOnkav va unoskdpalovtal otnv
IMI, opoilwg pe tov Kapkivo[80].

To pEAN TNC OLKOYEVELAC TOU MIiR-29 CUUUETEXOUV EVEPYA OTNV LVOYEveoh KaBwg
OTOXEVUOUV UOpLa KAELSLA OTWG TO KOAAayOvo Kal n €kdpaor) Toug avaoTEAAETAL amod
tov TGFB. Kot to let-7d umoekdppaletal oToug WWWTIKOUG TIVEUMOVEG audvovtag tnv
€kppaon tou petaypadikol mapdayovta HMGA2, o omoiog amotelel puBulotikod
TIAPAYOVTA YL TOV KUTTAPLKO TIOAAAmMAaoLaopd Kal To EMT péow Twv onuatodotikwy
povomatiwv TGFB-SMAD.

O 16¢ Merkel cell polyomavirus (MCPyV), oxetiletat pe umeppeBuliwon tou RASSF1A
oto SCLC. Emiong oe aoBeveic pe NSCLC, Oetikol yia MCPyV, &lamotwbnke
amoppLOuon twv BRAF kat Bcl-2 yovibiwv. Ta miR-21, miR-376c kat miR-145
pueAetwvtal oe acBeveic pe MMKIM MCPyV Betikolg kaBwg kal n avtiotoln €kdpaocn
TWV YoviSilwv-0TOXWV TOUG, O MLa TPOOTIAOEL val EVIOTLOTOUV SLapOpPOTOLCELS
HeTAEL MCPyV BeTikwv Kol apvnTKwyV detypatwv MMKM[5].

H peBuliwon tou DNA, OepeAwdng EMLYEVETIKOG MNXOVIOUOG, OTMOTEAEL ONUOVTLKO
UNXOVIOUO guTAekopevo otnv IMI. Ze pelétn avapeoa os IMI, KM kot LYLElG LAPTUPEC
tautonolOnke yia tnv NI evéiapeco mpodih DNA pebBuliwong avapeoa otov KM kot
TOUC MAPTUPEG. Z& AAAN HEAETN OAWKNC HeBUAiwong tou DNA, cuvSuaopévn HE OALKN
yovibiakn €kdppacn amo deiypata IMNI katl vywwv poptipwyv Bpédnke otL n peBuAiwon
Tou DNA aAAd kat ta tpodiA tng yovidiakng ékdppaong dtadepouv otnv IMNI, evw kat Ta
enineda €kppoong twv DNA pebBultpavodepacwv Dnmt-3a kat Dnmt-3b, Atav
avénuéva ota delypata pe IMNI, umootnpilovtag emumAéov To PpOAO TG LEBUALWONC TOU
DNA otnv INI[7, 58]. Eva xapaKTtnploTiko mopadelypo pUOULONG LECW TPOTIOTIOLNUEVNC
neBUAiwong amoteAel n unmepueBuAiwon tou Thy-1 kat n akdAouBn peiwon g
ékdppaong tou, n omoia oxetiletal pe MePLOCOTEPO  €MOETIK ouUTEPLPOPA OTOV
KOPKIVO KOl LE EVIOXUUEVN TAoN Sladopormoinonc voBAacTtwy e PUOIVOBAAOTEG oTNV
INI. Emiong kat ta yovidia CDKN2Ap14ARF kat SHOX2 ekmpoowrmouv mapadsiypata
YOVLSlWwV Ol TIPOUOTOPEC TWV oToilwv €xouv Bpebel umepueBuliwpévol toco otnv 1Ml
000 Kat otov K.

OL TPOTIOTOLNOELG TWV LOTOVWV EMIONG £XOUV EUTTAAKEL TOOO OTNV MaBoyEVELa KAl TWV
SU0 voonuatwv. H unepékdppaon twv CDKN1A/ p21lwafl/cipl kat Fas €xel TekunplwOel
1000 otnv INl 6co kat otov KM. EmutAéov, amopebuldoeg Kol QVOOTOAE(
OTTOOKETUAQLOWV TWV LOTOVWV £X0uv xpnotporownBei Bepameutika otov KM, mAfov
Sdokipalovrtal Oepaneutika Kat otnv M.
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Erkowvwvio. ovAUECO OTOL KUTTOPO KoL ONULOTOSOTIKA LLOVOTIATLAL.

Kevtpwko poAo otnv maboyévela twv dU0 voonudtwyv Stadpapatifouv n pnxoviouol
ETUKOWVWVIOG OVAMESH OTo KUTTAPO KAl CNUAVIIKA onuatodotikd povormadtia. Ot
Kove€ivec, SLopEUBPAVIKEG TTIPWTEIVEC TTOU HECOAXBOUV OTNV EMIKOWVWVIA TWV KUTTAPWV
Kal eldikotepa n kovelivn 43 (Cx43) £xel Bpebeil va unoekdpaletal toco otov KM 6co
kat otnv IMl. To KEVIPIKNC onpaciag otnv oykoAoyia onuatodotiko povorartt PI3K/AKT,
Omw¢ kat to PTEN, €xouv audotepa LOXUPA OUCXETIOTEL ME TNV TOOOYEVETIKA
Sladlkacio tng MveupoVIKARG (vwong. M woopopdn tou PI3K Bpébnke mpoodata
au€nuévn tooo oe delypata mveupovikoU Lotol amo IMl 600 o ex Vivo KUTTOPLKEG
OEIPEG LVOPAOTWY, KAl CUVEMWC N POPHOKEUTIKA 0vOOTOA Tou Ba pmopouoe va
amoteAécel SuvnTIKO GAPUAKEUTIKO 0TOXO0. TO yVWOTO yla TNV €UTTAOKI) TOU OTOV
Kapkivo povomadtt Wnt/B-catenin, cuppetéxet kat otnv 1Nl kabwg xel Bpedel auvgnuévn
TupnVIkA evanoBeon tng B-kaTevivng O TVEUMOVIKO LOoTO amo oaocbeveig pe M.
ErunpdoBeta, n mpwteivn WNT1-inducible signaling protein-1 (WISP1) eival évag
ONUAVTLKOC PUBULOTAG TNG UTEPTANOCLOG TwV KUWPEAISIKWY ETONALAKWY KUTTAPWVY
Tomov |l.
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EIAIKO MEPOZ

B.1 2KOMNOzZ THZ MEAETHZ

H aviyveuon kowwv aAAd kat xopaktnploTikwy mou dtadopomotovv tnv INI kat tov KN
QTMOTEAOUV  QVTIKEIPMEVO EVTATIKAG €peuvag. H  emyevetikn kal €0WKOTEPA N
Sladpopomnoinon otnv ékdpacn yovidiwv mMou TPOKAAOUVTAL Ao TPOTOMOLNOEL OTNV
pneBuAiwon tou DNA kot Tov puBuoTiko poAo Twv MiRNAs gumAEKovTaL EVEPYA OTNV
naBoyévela Kat Twv U0 VOO UATWV.

H pelétn tng €kdppaong poplwv HE ONUAVIIKO POAO OTNV ETLYEVETIK puOuLoNn Kot
yvwoty ano tnv mnpoodatn PBipAoypadia, OCUPUETOX) OTOUG TOOOYEVETIKOUG
UnxowvLopoug tooo tne INI 6oo kat tou K, eival SeAeaotikry. H olykplon tng ékdpacng
Toug ota duo voonuata oe Selypata PpoyxokuPeASIKOU eKTAUMATOG, N OVIXVEUON
mbavwyv  ouoxetioewv peTal TOUG QAN KOL  ME  KAWLKA, AELTOUPYLKA,
mtaBoAoyoavaTopLlKa aAAd Kol BPOYXOOKOTIKA XOPOAKTNPLOTIKA OTIOTEAECE TOV KEVIPLKO
OKOTIO TNC MEAETNG.

ApPXIKQA, UEAETNONKAV CUYKPLTIKA Ta eminmeda Twv MiR-29a kat miR-185, ta omola sivat
YVWOTO OTL urtoskppalovtal otov Kapkivo evw mpoodata Bpednkav HeELWUEVA KAl OF
Selypata BpoyxokuPeAdikou ekmAvpatog acBevwv pe M. MEeTEMELTA OKOTOG TNG
HEAETNG QmOTEAECE N MEAETN TNG €kdpaong Hoplwv-KOWWV oTOXWV Twv SU0 auTwv
miRNAs. Mo ocuykekplpéva, HeAeTAONKe N ékdppaon twv DNMT1 kat DNMT3b, oL omoieg
givat DNA-peBuAtpavodpepaosg, ta évivpa mou die€ayouv tnv pebuliwon tou DNA.
Entiong peAetnOnke n ékdpaon twv AKT1 kot AKT2, poplo e CULETO)XI) OTA LOVOTIATLAL
pLBULONG TOU KUTTAPLKOU TOAAQMAQCLOOMO0U, KaBwG Kal Ttou collal, Hoplo e KEVIPLKO
poOAo otnv Sladkacia tng woyeveong. EmutAéov otdxo amotéAece n aveupeon mbavwv
OUOXETIoEWV HPETAEL autwv Twv MiIRNAs ald kal Twv popiwv otdxwv toud. Emiong
HeEAETAONKOV TIOAVEC OUOYXETIOE HE TA KAWLKA, AELTOUPYLIKA (OTILOOUETPLIKA),
TTaOOAOYOOVOTOULKA XOPOKTNPLOTIKA Twv aobsvwv. EmumpocBeta, SiepeuvrOnkav
TUOAVEG CUOYETIOELG TWV ONUAVTIIKWY AUTWV Hopilwv Pe dedopéva mou mpoékuav amo
TNV PBpoyxookomikn eKTipnon tng umoouddag twv acBevwv pe KMN. EwbikodteEpQ,
aflodoynBnke n Umapén Oetikng Kuttapoloylkig e€§étaong tou BAL yla kakonn
kKOTTOopa Kabwe kKat n dievépyela tou BAL amod opomAeupa ) aviimAevpa tng BAABNC
OTIWG QUTA amelkovileTal otnv afovikn Bwpakog.
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B.2 AZOENEIZ KAl MEGOAOI

O nmAnBuoudg NG peAétng mepleAdpPave ocuvoAika 89 acBeveic. Amo autoug oL 32 ftav
aoBeveig pe KM kat ot 57 pe IMI. Zto oUvoAo Toug oL acBeVeig TpogpxovIav amo Tnv
TIAVETILOTNULAK  TIVEUMOVOAOYLK  KAWIK Ttou [Mavemotnuioakol Noookopeiou
HpakAeiou Kpntng (MAFNH) kot ta delypata cuykevipwBnkav amo tov AskéuBplo Tou
2013 £wc tov lovALo Tou 2017.

OL aoBeveig pe 1INl umoBARONKav os MARPN AELTOUPYLKO EAEYXO TOU OVATIVEUGTLKOU
OUOTNUATOG (OTILPOUETPNON, UETPNON OTATIKWV OYKWV Kal SLOXUTIKAG LKAVOTNTOC) OF
Slaotnua Alyotepo Tou €VOG MNVOG amd tnv Olevépyela tng afovikng Bwpakog. H
OTILPOUETPNON, N EKTIUNON TWV OTATIKWY OYKWV HECW TNG TEXVIKNAG SLOAUCEWG TOU
HAlou (He) kal tTng SLoXUTIKAG LKOVOTNTOG MECW TNG TEXVLKNG MOVAG AVOTTVONG £YLVOV OE
unxovoypodnuévo ovotnua (Jaeger 2.12;MasterLab, Wurzburg, Germany). Ot
nipoPAeTOpEVEG TIUEG KaBoplotnkav pe Baon SleOVELC TUTIOMOLNUEVEG TIUEC YO TLG
Aettoupyikeg Sokipaoieg( European Coal and Steel Community, Luxembourg 1993). Ot
TWeég FEV1, FVC kat DLCO (SlopBwpévn yia tnv awoodalpivn) ekppdotnkav o€
TIOOOOTA TWV TIPOPAETIOUEVWY GUGLOAOYIKWV TIHwv. H dtayvwon tng INI Baolotnke eite
oe avolktr) Boia mvevpova eite oe PBlvteo-kabodnyovpevn Bwpakookormiky BloPia
nveVpova eite pe Baon ta 8ebvy Slayvwotikd Kpitnpla Twv ATS/ERS kat tnv
OUVETUILKOUPLKN Xpron tng afovikng topoypadiag uPnAng eukpivelag(81]. Me Bdon ta
TIAPATIAVW KPLTAPLY, KABE YyvwoTh altia TVEUROVLIKAG (vwong Omwg T.X VOOoHaTa TOoU
OUVOETIKOU LOTOU, amOKAElOTNKOV UE TN XPAON OVOOOAOYLKOU €AEYXOU Kal KALVIKAG
eKTiUNONG amo eikd pevpatoAoyo. Olot ot acBeveic pe INl Atav mpoodata
Sleyvwopévol kat Sev eixav AaBel Beparmeia oxeTWOUEVN LE TN VOTO.

Ouada aoBevwv pe KM: H dayvwon twv acBevwv pe KM kat n e€akpipwon tou
LoToAoyLkoU mpoTUTIoU £yLve He Blodia mvevpova ou eAdOn péow Bpoyxookomnaong,
Bloyiag kaBodnyoupevng amod afovikod Topoypddo n péow avolktng Blodiag mvevpova.
OMol oL aoBeveig autig Tng opddag Sev eixav AdBeL mponyoupévwg xnpeloBepaneia,
oktwvoBepaneia [ avoooBepamneia. H StayvwoTtik toug Sdlaxeiplon kat otadlomoinon
€ywve pe Baon ta debvn kputipla ywoo tnv peAétn tou KN[82]. H opada tou KM
taflvoundnke oe umoopddeg pe Pacn TA EUPAMOTO  KATA TN SLAPKEWD TNG
Bpoyxookomnong Kot TV EMakoAouOn kuttapoloyikn e€€taon tou BpoyxokuPeALdikou
EKTIAUMOTOG. Mo ouykeKpLUeva, oL aoBeveig pe KN xwpiotnkav avaloya pe Tnv MAEUpA
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Tou Bpoyxikol S€vtpou otnv omoia SievepynBnke to BpoyxokuPeASIKO EKMAUUO OF
ox€on PE TNV MAeupd ¢ KakornBoug BAGBNG OMwC auth amelkovi{otav otnv afovikn
Bwpakog, wg umoopada «ibla mMAseupa» (SS=same side) kal wg umoopdda «avtiBetn
mAeupda» (OS=opposite side). O SLaxWPLOUOG AUTOG £yLVvE OTIOU NTAV £PLKTOG KOBwWG oL
ooBeveic pe Aepdadevondabela pecobwpakiov dev pmopouvoav va kataxwpnbouv oe
Karmota amnod tig Suo opadeg. EmumAfov, oL aobeveic Staxwplotnkav os SU0 ouadeg pe
KPLTAPLO TNV Ttapouaia ) 0xL kakonbwv KUTTapwyv oto BpoyXoKUPEALSIKO EKTAUMA KATA
TNV Kuttapoloyiki e§€taon, wg «apvnTikn kuttapoloyki» (NC=negative cytology) kat
«Betikry Kuttopoloyikn» (PC=positive cytology) avtiotoa. Ymipxe Kkat Ttpitn
EVVOAOKTLKA YlOl TO OTOTEAECUO TNG KUTTAPOAOYLIKAG WG QMOTEAECUA «UTIOTITO YL
kakonBela». TéAlog, ol acBeveic Slaxwplotnkav kot Pe Baocn tnv mapoucia n oxt
evboBpoyxiknc BAABNG OMWC AUTH EKTIUNONKE amo Tov EMEUPATIKO TIVEULOVOAOYO TTOU
Slevpynoe tnv PBpoyxookomnon wg «epdavng evboPpoyxikn BAaBn» (OEL=obvious
endobronchial lesion) kat «xwpig evbéoBpoyxwkny PBAABn» (NOEL= no obvious
endobronchial lesion). Ta amoteAéopata TOU AELTOUPYLKOU EAEYXOU TOU OVATIVEUOTIKOU
OUOTNHATOG YLlo Toug aoBeveig pe KM Sev oupmepteAndpOnoav otn HeAETN.

Amoudvwon kuttapwVv tou BpoyyokuWeAbikoU ekmAuuatoc kot Kadoplouoc Tou

kuttaptkoU mAnduaouou.

H AMPn tou BpoyxokuPeAldikol eKMAUMOTOC £YLVE HETA amo evodnvwon oto Se€lo
pnéoo Aofo kal adol akoAouBndnke n dwadikacia pe Baon tig diebveic odnyieg yia
AN tou[8]. Ta kuttapa (1-1.5 ekatopplplo) opoyevomowiBnkav oe TriReagent™
(MBL) yta avdAuon tou oAtkoy RNA kat akohoUBnoe amoBrikeuon os ouvBrikeg -80°C. H
EKTLMNON TWV KUTTOPLKWYV TANBUCHWV €ylve WE TN XpAon tng xpwong May-Grunwald
Giemsa peTa amno tnv enefepyacia oe duyokevipo (cytospin)[8].

AvaAuaon tnc ékppaonc twv microRNA kot mRNA.

OMKS RNA amopovibnke xpnowomowwvtac tnv mirVana'™ miRNA  Texviki
(Ambion;Thermo Fischer Scientific,Inc.,Waltham ,MA, USA). Ma tnv avaAuon twv
eunedwv  ékppaong twv microRNAs, xpnowpomowiOnkav 10ng oAwoU RNA oe
avtiotpodn petaypadacn kKot moooTkr) aAvctdwtr avtiépaon noAvpepaocnc (PCR) ue
™ xpAon t™c¢ TagMan™ microRNA texvikic (Life Tecchnologies;Thermo Fischer
Scientific,Inc.) kat 7500 taxeiag Real-Time RCR texvikng (Applied Biosystems;Thermo
Fischer Scientific, Inc.). Na tnv avdAuon tng ékppaong twv yovidiwv, 500ng oAtkou RNA
enefepyaotnkav pe DNAfree (Ambion;Thermo Fischer Scientific,Inc.) ywa tnv
OTIOUAKPUVON YEVWULKAG ETLMOAUVONG Tou akoAouBrBnke amd ouvBeon mpwTtou
KAWVOUCDNA  XpNnOLUOTIOLWVTOG v  MaximaRT™( Fermentas;Thermo Fischer
Scientific,Inc.) kaw Qpcr avdAuon xpnoipomnowwvtag tnv Maxima SYBR-Green gPCRrmix
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(Fermentas;Thermo Fischer Scientific,Inc.) oe Mx3005P Qpcr ocuotnua (Agilent
Technologiew,Inc., Santa Clara, CA, USA). Ot aA\nAouxieg mou xpnowuonolénkav wg
«probes» kot «primer» ¢aivovtar otnv mivaka . Ta emnineda tou RNUI19
xpnouomnowBnkav wg evboyevig pUBULOTEG yLa TNV KAVOVLKOTIOINOoN TG EKPpaong Twv
emunédwv micro RNA oto BpoyxokuPeAldikd exkmivpa. Ta emnineda tou GAPDH
xpnowuomnowtnkav cov evOoyevel¢ pUBULOTEC yla TNV KAVOVLIKOTIOWNGON TWwV EMUMTESWV
MRNA ota Seiypata BpoyxokuPeAldikol ekMAUpOTOC. Ol OXETIKEG TIUEC Ekdpacnc ava

-AACq

belypa ywa kdBe microRNA 1 mRNA umoAoyiotnkav pe tnv 2 pEBobdo

XPNOLLOTOLWVTAG WG Babuovounth to peEso 0po twv DCT TLpwv.

2TATLOTKN avAAuaon.

H avaluon Twv TIUWV €KGpaong, TwV AEITOUPYLKWY SOKIHACLWY KOL TNG EKOTOOTLOLOC
avaloylag Twv KUTTApWVY €ywve PE TO Prism 6 Aoylopiko. OL cuykpioelg petady Twv
opadwv €ywve Pe TNV avaiuon tng Stakupavong, Tou AoyaplOpKol LETACXNUATIONOU
Kal Tou Mann-Whitney teot. Ta Student’s t-test, Wilcoxon rank-sum test, r} Chi-square
TEOT Xpnolpomondnkav emiong ylo TG ouykpioelg. H T p<0,05 afloloynbnke wg
OTATLOTIKA CNUAVTLKA.

Zuykatabeon

To MPWTOKOANO TNG MEAETNG eYKPlONKe amod TNV emiTpornt) NOWKNC TOU TMAVETLOTNULAKOU
voookopeiou HpakAsiou Kpntng kot ot acBeveic, oto ocUvoAo toug £dwaoav £yypadn
OUYKOTAOEON yLA TNV CUMUETOXN TOUG OTN LEAETN.
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B.3 ANNOTEAEZMATA

Ta entineda twv miR-29a kot miR-185 sivat duota avausoo otnv I ko atov K.

Ta enineda ékdppaong Twv micro-RNAs oe deiypata BpoyxokuPeAdikoU eKMAUUATOG
puetpndnkav pe TtV HEB0So TNG RT-gPCR KOl ylo TNV KaVOVIKOTOINon Twv
OTTOTEAECUATWY XPNOLUOTIOONKE TO HLKPO VOUKAEOTLOLkO RNA RNU19. Eival yvwoto
oo PONYoUUEVN MEAETN OTL Kot Ta U0 autd micro-RNAs untoekdpalovral onUavIKA
otnv INl cuyKkPLTIKA pE LYLELG papTUpEG. Mapopola euprpata pogkuPav kat yia tov K
kaBwg n €kppacn toug dev dpavnke va SladeEpel avapeoa ota Suo vooruata( Ewkova
4A kal B). Ta enimeda ekdppaonc twv miR-29a kat miR-185 ¢pavnke va cuoyetilovrtatl
HETAEY TOUC Kal OTlC 8U0 ouddec aoBevwv.(IMl: Spearman’s R0.81, P=6e™* kot KN:
Spearman’s R0.71, P=3.6e").

0 afovac DNMTs/AKT/miR-29a/miR-185 otnv Il ko otov KI1.

OL DNMT1 kat DNMT3b eival kowvol otoxot Twv miR-29a kat miR-185 otnv IMNI kat otov
KN. Ta emnimeda tou mMRNA ota kUTtapa Ttou BpoyxokuPeAdikol EKMAUUOTOC
eKTLUNONKav pe tnv pEBodo tng RT-gPCR Kal n KAvovikomoinon Twv OMOTEAECUATWY
€ywe xpnowlomowwviag to GAPDH. Ta enimeda tng DNMT1 onwg autd eixav
nadaotepa exktiunBel otnv NI, dev eixav davel va SladEpouv CUYKPLTIKA LE TOUG
uyleic. Qotooo, ta enimeda tng DNMT1 Bp£bnkav va gival onUAavTKA HELWUEVO OTOV
KN ouykpttika pe tnv I0l (Ewkova. 5A,mtivakacg ). Asev mapatnpndnke diadopd ota
enineda ¢ DNMT3b avapeca ota Ouvo voonuata(mvakag ). Opoiwg bev
napatnpnbnke Stadopomnoinon ota enineda twv AKT1 kot AKT2 avapeoa otnv IMI kot
tov KMN(mwakag ).

H enibpaocn tou kopkivikoU @optiou ota crtinedo the DNMT1 ota kUTTOpO TOU

BpoyyokuWeAdikoU ekmAuuatoc cuykpltika Ue thv Il.

Zuykpivovtag ta amoteAéopata Twv acbevwv pe 1Ml pe avtd twv acBevwv pe KM
QVaAUTIKOTEPQ, TtopaATNPNOnKe mMepaLtépw Helwon Twv emumédbwv g DNMT1 ota
Selypata ota omnoia n Swadikacia tou BpoyxokupeAlbikou ekmAUpaTog StevepynOnke
otnv TAeUpd tng PAAPNG ouyKpPLTIKA pe Ta Selypata Oomou n Stadkooia €ywve otnv
avtiBetn mMAeupa amo tn BAABN. EmutAéoy, ta Seiypoata Twv acBevwv pe KM mou sixav
BTk KUTTAPOAOYLKN €€€Taon yla Kakornon kuttapa otov BpoyxokuPeAldiko EKMAUUQ,
elyav mo évrovn peiwon ota enineda tng DNMT1 cuykpltikad pe ta deiypota KM pe
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opvNTIKA KuTtapoloyikr €€étaon (ek.5B). Avadopilkd HE TOV LOTOAOYLIKO TUTO TWV
Sdewypatwv tou KM, n mAéov eudavinc peiwon otnv DNMT1 cuykpltikd pe tnv 1Ml
napatnpnOnke ota delypata pe MMKM (N LKPOKUTTAPLKO KapKivo TveUoval).

0 afovac COL1A1/miR-29a/miR-185 otnv Il kat otov KI1.

Napakatw peAetnOnke to COL1A1, otoxo¢ tou miR-29a, pe tn Bonbela tng RT-Qpcer
HEBOBO, EVW YLa TNV KAVOVLKOTIOINON TWV AMOTEAECUATWY XpnoLomnolibnke to GAPDH.
Ao PoNYoUHEVA ATIOTEAECHOTO ATOV YVWOTO OTL T KUTTOpa Tou BpoyxokuPeALdikou
ekmAUpatog otnv INI ekdppdlouv onuavtikd avénuéva enineda COL1IAL1 CUYKPLTIKA UE
TOUC UYLElC. TNV mopouoa HEAETN, MopATNPAONKAV CNUOVTIKA HEWHEVO eTtimeda
COL1A1 Mrna otov KM cuykpttika pe tnv 1Nl (ewk.6A,tivakag 111).

H enibpaon tou KapkivikoU @optiou ota emineda COLIA1 ota KUTTQPO TOU

BpoyyokuWeALSIKOU EKTAUUQTOC CUYKPLTIKA UE ThVv IT]1.

Ta Mrna enineda tou COL1A1 mapatnprnBnkav onUOVTIKA HELWUEVA OTOUC aoBeveic pe
KN ouykpttika pe tv INI cuvoAikd. Tafvopwvtag toug acBeveic pe KM pe Baon tnv
TAEUPA TOU PBpoyxikol SEvipou otnv omoia €ywve To BpoyXokUWPEALSIKO EKTTAUMO KoL
ouyKkpivovtag toug pe toug aoBeveig pe IMI, mapatnpAdnkav MEPALTEPW HELWUEVA
enineda COL1A1 otoug oaoBeveig pe KM ot TMEPUTTWOELS €KElveG TOU TO
BpoyxokuPeALlSIKO EKTAL A £YLVE OTNV Bl TAEUPA HE auThV TNG PAAPBNG CUYKPLTIKA UE
Vv avtiBetn mAeupd. H napoucia epdavolg poakpookorikng BAABNG Katd Tn StapKeLa
™G Bpoyxookomnong ocuvdebnke pe o €vtovn peiwon twv emumedwv tou COL1AL o€
OoX€on ME TIG MEPUTTWOELG Tou dev dlamiotwOnke evboBpoyxkn PAARN (ek.6B,mivakag
). Ou acBeveig pe KM kat tov otoAoyko tumo MK (HKPOKUTTAPLKOU KapKivou
niveUpova)eixav mapopola emnineda COL1A1 pe toug aoBeveig pe IMNI, og avtiBeon pe
Touc acBeveic ue MMKI ot onolol mapoucialav HelwUEva eTtimeda.
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EIKONA 4. Ta enimeda twv miR-29a(A) kat miR-185(B) dev dladépouv avapeca oOTLg
opadeg twv acBevwv pe Ml kol KM. H kavovikomoinon twv 6uo miRNAs €ywve pe tnv
xprion tou RNU19 oe kUttapa BALF acBevwv pe IMNI kat KM onwg daivetal oto
SLAypapO ONUELWY OO TLG SLAPECES TLLEG KAl TO SLOTETAPTNLOPLOKA SlaoTApaATA.
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EIKONA 5. Ta enineda ékdpaong tng DNMT1 otoug acBeveic pe KM cuyKPLTIKA HE TOUG
aoBeveig pe IMNI. Ta enineda MRNA thg DNMT1 og kuttapa BALF onwg petpndnkav pe
RT-gPCR kat kavovikomotonkav pe Baon to GAPDH otnv opdda tou KN (A) Katl otig
urtoopadeg tou KN (B), NC, PC, OS, kat SS, ouykpttika pe tnv opada g INI .*p<0.05,
**p<0.01 (Mann-Whitney teot). NC=apvntikrj kuttapoloyikr(negative cytology), PC=
Betikn KuttapoAoykn (positive cytology), OS=BALF avtimAeupa and tn PAAPN (opposite
side), SS=BALF amnoé tnv mheupd t¢ BAAPNG (same side).
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EIKONA 6. Ta enineda tou collal otnv opada tou KM cuykpltika pe tTnv opada tng INI.
Ta enimeda mRNA tou collal os kUttapa BALF onwg petprOnkav pe RT-gPCR kot
Kavovikorou)fnkav pe Baon to GAPDH otnv opdda tou KM (A) Kot 0TIG UTTIOOUASEG TOU
KM (B), NOEL, OEL, OS kat SS cuykpttikd pe tnv opdda tng IMlL.*p<0.05, ***p<0.001
(Mann-Whitney teot). NOEL=xwpig gpudavr evdéoPpoyxikn BAABN (no endobronchial
lesion). OEL=pe epdavy evdoPpoyxwkry BAAPn (endobronchial lesion). OS=BALF
avtimAsupa anod tn BAaBn (opposite side), SS=BALF amno tnv mAeupa tnc PAAPNG (same
side).
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Table I. Patient demographics.

Demographics LC (32) IPF (n=57) P-value
Age 67.7 (+11.9) 72 (+7.3) 0.01
Sex (M/F) 26/6 46/11 NS
Pyrs 75 (47.5-100) 30 (6-45) 0.001
Non smoker/ 2/26 13/43 NS
smoker

PFTs LC IPF

FVC, % ND 78.6 (+17.6) NA
FEV,, % ND 84.8 (19.3) NA
FEV/FVC, % ND 84.21 (79.8-89) NA
TLC ND 75.5(62.1-834) NA
TLCO/SB ND 51.3 (x16.8) NA
KCO ND 88 (£23.7) NA
BAL, % LC IPF

Macrophages  86.2 (70.3-93.3) 80.38 (66-88) NS
Lymphocytes 5.8(36-11.1) 64 (3.5-12.7) NS
Neutrophils 3(13-6.3) 58(24-12.9) NS
Eosinophils 0(0-1.5) 1.1 (04-2.6) 0.01

LC, lung cancer; IPF, idiopathic pulmonary fibrosis; M, male;
F. female: PFTs, pulmonary function tests: FVC, forced vital capacity;
FEV,, forced expiratory volume in 1 sec; BAL, bronchoalveolar
lavage; TLC, total lung capacity; KCO, transfer coefficient of carbon
monoxide; NS, not significant; NA, not applicable.

MINAKAZ 1. AHMOTIPA®IKA ZTOIXEIA TON AZOENQN.



Table TI. IDs of the TagMan microRNA assays and primer
sequences used for the quantification of microRNAs and
mRNAs, respectively.

A,
MicroRNA assay name MicroRNA assay ID
RNUI19 001003
hsa-miR-185 002271
hsa-miR-29a 002112
B,
Gene name Primer sequences
GAPDH F: agccacatcgeteagaca
R: ccaatacgaccaaatccgtt
COLIAT F: gggattcectiggacctaaag
R: ggaacaccicgceicicea
AKTI F: gcageacgtgtacgagaaga
R: ggigicagictecgacglg
AKT2 F: cicacacagicaccgagage
R: tgggtetggaaggceatactt
DNMTI F: tiictgatgaaaaagacgaggat
R: tiictccgtiggtictitgg
DNMT3b F: agagggacatctcacggtic
R: ggtigecccagaagtateg

DNMT, DNA methyliransferase.

MINAKAZ 2. ApiBuoil avayvwplong Twv microRNAs Kot Twv evapkTiplwyv aAAnAouxLwv
TIOU XpnoLiomollénkav yla tnv moootikomnoinon tn¢ ékdpacng twv microRNAs kal Twv
MRNAs avtiotolya.
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MINAKAZ 3. Entineda ékdppaong Twv microRNAs kal Twv yovid
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B.4 2YZHTHZH

H 1INl elvat pa xpovia, mpoodeutikd emibelvoupevn Sldpeon mveupovia mou cuvexilel
va oxetiletal pe uPnAn BvntotnTa Kal BvnootnTa mapd TNV nNpocdoatn napouasia Twy
VEWV QVTL-WVWTIKWV OgpameuTikwy mapayoviwv[29].

H akpBrig¢ attio tTng vOOOU TOAPOAMEVEL OKOUO QYVWOTH, WOTO0O UTIAPXEL LOXupn
OUOXETION HE TNV YNPAVON KAl TO KAMVIOHA, OMWwG CUMPBOIVEL Kal OTov Kapkivo
nivevpova[45]. To aBpolotikd aufavouevo ¢optio MeETAAALEWY, N  EMULYEVETIKN
amnevepyomnoinon yovidiwv péow twv mtaboloykwyv mpotunwv pebBuAiwong tou DNA kat
™G OuoAeltoupylag Tw TEAOMEPWYV, OUVLOTOUV oOTolela oautol Tou TBavou
TaBOYEVETIKOU OUOXETIOMOU[5]. Mia Tiio evdelexny HeAETn otnv maboduololoyia Twv
600 AUTWV VOONUATWY, OTOKOAUTITEL QPKETEC OMOLOTNTEC KOL KOWA HOVOTATLA Vol
eumAékovtal. Kuttapikol pnxaviopol yvwoTtol yla TNV CUMUETOXN TOUG OTOV KUTTOPLKO
TIOAAQTTAQOLOOMO, OTNV  AVIIOTOON OtV  OmMONMTwon KAl otnv  emBnAlakn mpog
HECEYXUUATIKN HETATPOT], €lval gvepyomolnpéva TOCO OTOV Kapkivo 600 Kal otnv
TMIVEUMOVIK  vwon([2]. Mpo-veomAaopatikéc PBAaBec (atumieg, HETAMAOOCLEC,
duomAaoleg), eotieg pkpodopudopLknG aoTABELaG Kot amMWAELA TNG eTepoluywTiag Twv
YOVLSLWV TIOU EUTTAEKOVTOL OTNV KOPKLVOYEVEGN E€XOUV ETIONG EVTOTLOTEL OE LOTOUG
TIVEUMOVLIKAG tvwong[83].

Evbladépov mapouolalel to yeyovog otL o KM elval pla cuxv cuvvoonpotnta oToug
aoBeveig pe IMNI kal mapdyovtag KaBopLloTikog yla Ty emBiwon Twv acbevwy autwv.
Zuyxpova dedopéva unootnpilouv tnv untoBeon otL o KM cupPaivel Seuteponabwg oto
£€6adog Tng ivwonc. Itnv meoPndia twv acbevwy, o Kn epdaviletal cav olopopdn
BAABN TeEPLDEPIKA TWV TIEPLOXWV TNE (VWONG, KUPLWE OTA KOTWTEPA TIVEUHOVLIKA Tiedia,
HE TO TAAKWOEG Kol TO OOEVOKAPKIVWHA VO OIOTEAOUV TOUC TIAEOV GUXVOUC
LotoAoylkoug tumoug[3].

Ta microRNAs €xouv avadetel wg €vag onpAvIKOG PUBULOTAG TNG YOVLSLAKAG
EKPPAONG UECW ETILYEVETIKWY KAl HETA-UETOUPPACTIKWY UNXAVIOUWY. MEAETEG yla TO
npodiA twv microRNAs otov KM mpoteivouv Siadopa microRNAs cav mbavoug
ETLYEVETIKOUC Blodeiktec otnv Stayvwotl) Stadikacia. Mapopoiwg, otnv NI, apketa
oyko-miRNAs €xouv BpeBel va €xouv TpoOMOLNUEVN £KPPOON OMWG N OLKOYEVELD TOU
mMiR-29[59]. H OUYKEKPLUEVN OLKOYEVELX UTIOEKPPALETAL OTOUG LVWTLKOUC LOTOUG KoL
daivetal va Stadpapatilel onuaviikd polo otnv dnuoupyia ¢ ivwong oe dladopa
opyava Omw¢ o mvevupovag, oL vedpol kat To Amap[63]. Avaueoa otoug oTOXoUg Tou
miR-29 eival €(6n koA\ayovou, évivpa amopaitnta ywo TV cuvBeon tou KoAhayovou,
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HUETAAAOTIPWTEIVACEC KOl €VIUMA TIOU CUPUETEXOUV oTtnV peBUAlwon Tou DNA omnwc ot
DNA-peBuAtpavodepaoec. H olkoyévela tou miR-29 pmopel va amoteAéosl évav
QTMOTEAECHATIKO PUOULOTH TNG KAPKLVOYEVEDNG, OTOXEVOVTOG TTOAAQTTAQ LOVOTIATLA TIOU
oxetilovtal PE TOV KAPKivo, OTMWG O KUTTOPLKOG TOANAMAACLAOUOG, N anmoéntwon, n
LKOVOTNTO Ylol LETAOTOON OAAG Kol ETNPEAIOVTOC TNV ETLYEVETIKI KAl TNV AVOOOAOYLKN
pUBLON[84].

EmunpooBeta, unapyxouv dedopéva OtL To MiR-185 eival €va oyko-miRNA pe ocuyxva
Tpomonolnuévn ékdpacn toco otnv IMl 6co kat otov KN[8]. Mewwpévn €kppoon Tou
€xetL SexBel og oTOUC acBOevwv pe IMNIl, aAAd Kal os TIOAAEC KakonBeleg onwg o KM, to
yAolwpa, 0 NMATOKUTTAPLKOG KapKivog Kol 0 Kopkivog tou paotoUl[80]. H auénuévn
ékdppaon tou MiR-185 avaoTéAAEL TNV avATTTUEN Kal TOV TTOAAATTAQCLACO OTOXEVOVTAG
anevuBelog to AKT1 og NSCLC, péow avaotoAr) tng DNMT1, odnywvtag o avénon tou
PTEN kot avaotoAr tne pwodopuliwong tou AKT[85].

Evéladépov mapouatalel To yeyovog OTL N EKdpaon Twv miR-29 kot miR-185 pelwvetatl
UTO TNV enidpaon tou TGFb kal mapatnpeital aAAnAemikaAun ota HopLa 6TOXOUC TWV
6VUo autwv mMIRNAs[8, 86, 87]. Ymapyouv 6edopéva OtL to mMiR-185 puBuilel £ibn
kKoAAayovou, evw To miR29a puBuilel to AKT1 kat to AKT2. Npoodata Ppédnke OtTL Kat
ta dUo autd microRNAs sival pelwpéva oe kUTTapa PBpoyxoKuPeASIKoU eKMAUMLATOG
a6 acBeveic pe Nl CUYKPLTIKA UE TOUG UYLELG[8].

To BpoyxokuPeALSIkO EKMAVUO €lval EAKUOTIKO, €AdxLoTa €MEUPATIKO UAKO MEAETNG
TWV KUPEAMSIKWYV pokpodaywy Kol AAAWV KUTTAPWYV TNG avooiag Kabwc Kal AaAAwv
KUTTOPWV TIoU TiBavOV va TIPOEPXOVTAL OO TOPAKEILEVEG TIVEUMOVIKEG BAaBec. To
BpoyxokuPeAlSIkO EkmAvpa pmopel va BewpnBel wg €va gidog vypng Boyiag yia tov
KM ko Bava ya tnv IM1[88]

AUt n peAétn e€etalel TNV £Kdpoon TwV UElOVWV ETILYEVETIKWY poplwv, miR-29a kot
miR-185, kal Twv Kowwv toug otoxwv DNMT1 kat DNMT3b, oL omoiot cuppetéxouv
evepyd otnv dadikaoia tng peBuiiwong tou DNA. H pewwpévn ékdpoaon twv popiwv
ouUTWV €xeL N6n ouvdebel to00 pe TNV IMNI 600 Kat pe tov KM. Ot U0 auTEG aoBEVELEG
OUXVA OUVUTIAPXOUV KoL oL TILBAVEC OUCYETIOELG QVAMECO TOUG armoteAouv mebdio
EVTOTIKAG £€peuvac. Kowad maboyeveTikd povomatia ¢aivetol OTL UTIAPXOUV, EVW Ol
TOaVEG OEPATIEUTIKEG TIPOEKTAOCELG EXOUV CUYKEVIPWOEL TO evOLadEpOV.

Ta Baowa pag eupnuata Atav: i) n moapopola £kppacn Twv miR-29a kat miR-185 ota
Selypata BpoyxokuPeAdikol ekmAvpatog twv acBevwy pe INI kot KN, ii) dev BpeOnke
euBeila ouoxétlon avaueoa otnv ekppacn twv miR-29a 1 MiR-185 koL ota popLa
OTOXOUC TOUG, EVW Ta HElwpEVA emimedo DNMTI tav XapakTnpLloTiKO TG opadag tou
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KM kat n avénuévn €kppaon tou collal tng opadag tTwv acBevwv pe Ml kot iii) To
«dpoptio kokonBelac» ota Seiypota PpoyxokuPeAlSikol ekmMAUHATOC HE Bdon Ta
BPOYXOOKOTUKA KO KUTTAPOAOYLKA XOPAKTNPLOTIKA, daiveTal va emdpd otnv Ekppaocn
1000 ™G DNMT1 600 kat tou collal, otnv opdda tou K.

Opota enineda twv miR-29a kat miR-185 aviyveutnkav avapeoa otnv IMI kot tov KN og
Selypata BpoyxokuPeASlkoU eKTTAUMATOG, EVW TIPONYOUHEVA EUPAATA uTtooTnpilouv
NV HELWMPEVN EKkdpaon Twv MiR-29a kat miR-185 otoug acBeveig pe Nl CUYKPLTIKA UE
UYLElG paptupeg[8]. Emiong, amd mponyoUpeveg HeAEtec €xel SexBel n HEWWHEVN
€kppoaon Twv miR-29a kat miR-185 oe delypata otwv and acbeveic pe KM. Qotooo,
autn n HeEAETN elval n MpwTn OV €peguva TNV ékdpaon auvtwyv twv MiRNAs og kUTTOpQ
and Selypata BpoyxokuPeAdikoU eKMAUMATOG. Ta AMOTEAECUATA QUTAG TNG MEAETNG
urntootnpilouv 0tL To MIiR-185 mapouclalel Ue OLOLO TPOTO TPOTIOTIOLNUEVO POAO Kall
ota 8Uo voonpata onwc AAwote cuppalvel Kat pe aAAa miRNAs, onwg sivatl to miR-
29a. EmumpooBeta, n ékdpacn Twv miR-29a kat miR-185 mapouaciace LoXupr CUCXETLON
HETAEL TOUG Kal ota U0 VOO AT, UTIOVOWVTAG EVOV KOO TPOTIo puBuLong Toug, o
omoiog mBavov va oxetiletal pe ta avénuéva enineda TGF-b mou eival yvwotd otL
mapatnpouvtal ota KUuttapa tou BALF kat ota dUo voonuata. H evepyomoinon tou
onUatodotikol povomatiol tou TGF-b kot N cucowpeuon MPWTEIVWV TNE EEWKUTTAPLAG
Bepéllag ovoiag mou mapatnpouvtal otnv INI kat otov KM, emonuaivouv évav kowo
HOPLOKO PNXOVIOUO TIou OXETileTal apeoa kot pe ta miRNAs[16]. Eival evoladépov to
YEYOVOG OTL BEPATIEVTIKEG OTPATNYLKEG IOV Bacilovtal ota miRNAs eival uTo pPeAETN o€
Sladopa kakonOn vooriuata Kat autd KaBLoTA €MITAKTIKA TNV avaykn TG evoeAexoUg
HUEAETNG TWV OMOLOTATWV Kal Twv Sladopwv avapeca ot U0 AUTEC aoBEveleg e
Olaitepn E€pdoon o  pOpLO-KAEWSLA Tou  eumA£kovtal  Sladopeg OepeAwdelg
Aettoupylec Twv KUPEASIKWY pakpodaywv[18].

OpUWEVOL QMO Ta TTapatavw Sedopéva, LEAETHOOUE TNV EKdpacn VoG Kolvol popiou
otoxou Twv miR-29a kat miR-185, Tou koAAayodvou la (colala), To onoio mpodyetal anod
tov TGF-b kal amoteAel kevipikd Stapecolafntn ywa tnv dadkaoia tng ivwong, o€
Selypata KM ouykpitikd pe tnv 1Nl And mponyoupeva dedopéva, eival yvwotd OTL n
HELWHEVN €kdpacn Tou MiR-29a otnv IMNI oxetiletal pe tnv uTtEpEkdpacn Tou yovidiou
tou COL1A1 oe kuTtapa BAL, emiBePfatwvovtag Tov evepyd poAo ToU povomatiou miR-
29a/COL1A1 ota kuPeAdika pakpodaya Kal otov LoTo, evw n €kppacn tou COLIAL
otov KM &ev €xelL emapkwg peAetnOei[8]. To collal mbavd eumAékeTal otnv
KapKLvoyeveon KaBwg av§npévn ekppacn Tou exeL Ppebel oe apKeTEG KaKONOeLEG OTTWG
OTO NMOTOKUTTAPLKO KOPKIVWUA, OF LOTO HN HKPOKUTTAPLKOU Kapkivou TveUupova
(NSCLC) kou oe yootplkeg kakorBelec[20]. Qotooo, ta amoteAéopata pog €£8slfav
onuavtika avénuéva enimeda COL1AL otnv IMNI cuykpLtika pe tov KM os kOttapa BALF,
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YEYOVOC TOU £TLBEPALWVEL TO XOPAKTNPLOTIKO WVWTIKO TPOdIA Twv KuTTtdpwv Tou BALF
otnv INI kot TV anouvcia autou otov KIM. Ta mepattépw pelwpéva emnineda tov COL1AL
Tiou mapatnpnOnkav oe oxéon pe 1o dpoptio kakonBelag tou BALF bev pmopouv va
EPUNVEUTOUV HE TA MEXPL Twpa Oedopéva Kal TOPEXOUV XWPO YO TEPALTEPW
Slepelivnon tou mpodiA Twv KUTTAPwWV Tou BALF otov K.

‘Eva S€UTEPO HOVOTIATL IOV EMNPEALETAL TOCO amd To MiR-29a aAAd kot amo to miR-185
eivat n ékdpaon twv DNA peBultpavodepacwv (DNMTs). Mwa onuavtikiy Bswpla
OXETIKA Pe TNV maboyéveon tng IMI aAAd kat tou KM mou avaktd cuvexwg £édagdoc eival
OTL N Tapoucia KOWwV mopayoviwyv Kvdlvou Omwe n ynpavon, To KAMVIoHA Kol
niepBarlovrikol mapdyovieg mpodyouv tnv Snuoupyia AaBwv otnv Stadikacio tng
neBUAiwong tou DNA, 6nuoupywvtog moaboAoyika mpoétuna  peBuAiwong Kot
gmtayvvovtag tnv dtadikaaoia ynpavong tou yoviSltwpotog[23]. To cuvoAko TipodiA
pueBuAiwong otnv IMl, OMwg auto £xel HeAeTnNBel o€ MVEUHOVIKO LOTO, ¢aiveTal va
SLOPEPEL CUYKPLTLKA E TOUG UYLEIC EVW TIEPLOCOTEPEG OUOLOTNTEC PALVETAL VA EXEL UE
Selypata kapkivou. EmumAgov, auvénuevn ékdpaocn twv DNMTs mapatnprnbnke 1600
otov kapkivo 6co kat otnv INI og HEAETEG TTOU XPNOLULOTIOLONKE TIVEUOVIKOG LOTOG KOl
T EUPNMATO OUTA CUCXETIOTNKAV ME €0Tieq uUTEPUEOUALWONG KoL ATEVEPYOTIOLNON
yoviSiwv. Xe Seiypata BpoyxokuPeAldikol ekmAvpatoc , ta mRNA enimeda tng DNMT1
bev SlEdepav otnv IMNI CUYKPLTIKA LLE TOUG UYLEIG MAPTUPEC. TNV mopoloo UEAETN,
napatnpnbnke onuavtiky peiwon twv MRNA emumébwv tng DNMT1 oe Selypa
KUTTApwV BpoyxkuPeAdikol ekmAUpatog ono K, evw yla tnv DNMT3b ta enineda dev
OlEdepav avapeoa ota Svo voouata. H DNMT1, oe avtiBeon pe tnv DNMT3b,
daivetal va Spa oe cuvepyaoia pe povomatia oamokatdotacnc PAafwv tou DNA,
TIPOKELYEVOU va SlatnpnBel n yevwuikn otabepotnta, evw Ta HElwMEVA emimeda
DNMT1 nmpoayouv tn dnuioupyia petaAldaéewy, TNV HiKpodopudopikr) aotabela Kal
XPWUOOWUIKEG peTaOeoeg[46]. Eilvalr afloonueiwto 10 yeyovog Ot ta Selypata
BpoyxokuPeAdikol ekmAupatog mou eAndOnoav mAnciov tng kakornBoug PAABNG R
giyav Betikn) kuttapoloyikn e€€taon ywa kakonon kuttapa, mapouacialav mo £viova
Helwpéva emnineda DNMT1, umovowvtog OTL N peiwon autr) oxetiletal pe avénuévo
doptio kakonBelac.

O KM eival pla ouxvp cuvvoonpotnta avapeoa otoug aobeveic pe INl pe polo
KaBoplotikd vyl TV Tmpoyvwon Tw acBsvwv. H Swdwkaocio APng  Tou
BpoyxokuPeALSIkoU ekTMAUMOTOG €lval pa  gAdaxlota  emepPfatiky peBodog mou
OUMUBAAAEL oTnv avadelln veéwv, €8KWV yla T vOoo PBlodelktwyv oxeTkd pe tov KM
otou¢ aoBeveig pe IMI. Tétolol Blodeikteg Oa Bpouv edappoyn yia Adyoug mpoAnyng,
mpoyvwonc, Slayvwong Kol EyKupnc BEPAMEVUTIKAG MIPOCEYYLONG KOl TIPOOoEYYilouv ThV
d060EN 6€a NG «uypnc» Boyiag otov kapkivo. Oa Atav olaitepa evdladEpov va
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pueAetnOel to mMpodih €kPpaong tTwv miR-29a kat MiR-185 Kal TwWV OTOXWV TOUG OE
00B0eveic TTOU TAOYOUV TOUTOXPOvVA Kol amo ta SU0 aUTA VOooHuOTO. OgpATEUTIKA
oxnuarta nou Bacifovral ota micro RNAs givat nén umoé afloAdynon yla tnv edapuoyn
Toug oe Slddopa kakondn voonuatal[l8]. Zuvenwe, n INI Ba pnmopoloe avtiotola va
enwdeAnBel amod v oe PABOC UEAETN TWV XAPOKTNPLOTIKWY TIOU potpalovtal ) ou
Slapopomolovv ta SU0 AUTA voonpata, £0TIA{OVTAC OE HOPLO TIOU EUTIAEKOVTOL OF
TOWKIAeG Aettoupyiec ota KUPEASIKA pakpodaya.

B.5 ZYMIMEPAZMATA

H €peuva péxpL Twpa ExeL eTUKEVIPWOEL o€ Selypata amod LoTo 1 and KUTTAPLKEG OELPEG,
WOTO00 0 POAOG ToUu PBpoyXoKUPEALSIKOU eKMAUMATOC WG €val EAAXLOTA EMEUBATIKO
epyaleio HEALETNG Twv KUPEASIKWY pakpopAywv Kol TNG EUMAOKAG TOUG OTNV
naBoyEéveon ocuvexwg avaktd édadog. Ztnv NI ta KUY eASIKA pakpodaya TpoepXOLEVA
armd MOVOKUTIAPA TIOU ETLOTPATEUOVIOL OTOUG «TPOUUATIOUEVOUG» TIVEUROVEG,
OUMUETEXOUV gvepya otnVv Sladikaoia tng ivwong. H ditadopomoinuévn Aettoupyia Twy
KuPeASIkwy pakpodaywv otov KM €xel tekunpwBel umd tnv enidpacn pecolafntwv
KOl T(POLOVTWY UTIOELKN G KOTaoTpOod ¢ TwV LoTwV. H mapovoa pHeAETn mapéxel Sedopcva
yla TV mopopolo Asttoupyia Twv KUPEASIKWY HaKpodaywVv oTIC SU0 opadeg KabBwg
€6elfe NV opolwg pelwpevn ekppaon Twv mMiR-29a kat MiR-185. MNepattépw HEAETN
amatteitol mpoKeWEVOU va avadelxtouv Blodeikteg amo 1o BpoyxokuPeAldIko EKMAUUA
yla toug a.oBeveic uPnAol KvdUVoU Kot TNV avadelén vEwv BEPATIEUTIKWY OTOXWV.
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miR-185 and miR-29a are similarly expressed in the
bronchoalveolar lavage cells in IPF and lung cancer but common
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Abstract. Idiopathic pulmonary fibrosis (IPF) and lung cancer
(LC) constitute two progressively devastating lung diseases
with common risk factors including aging and smoking.
There is an increasing interest in the investigation of common
pathogenic mechanisms between IPF and LC with therapeutic
implications. Several oncomirs, microRNAs associated with
malignancy, are also linked with IPF. miR-29a and miR-185
downregulation is probably involved both in carcinogenesis
and fibrogenesis. We have previously observed miR-29a and
miR-185 downregulation in IPF cells from bronchoalveolar
lavage (BAL) and in this study we investigated their expression
in LC BAL cells. Common targets of miR-29a and miR-185
such as DNA methyltransferase (DNMT)I, DNMT3b,
COLI1AI1, AKT1 and AKT?2 were measured. Potential corre-
lations with pulmonary function tests, smoking status and
endobronchial findings were investigated. Similar levels of
miR-29a and miR-185 were detected in IPF and LC while their
common targets AKT1 and DNMT3b were not found to differ,
suggesting potential pathogenetic similarities at the level of
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key epigenetic regulators. By conrast, COL1A1 mRNA levels
were increased in IPF suggesting a disease-specific mRNA
signature. Notably, DNMT1 was downregulated in the LC
group and its expression was further reduced in the presence
of increasing malignant burden as it was implied by the endo-
bronchial findings.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a form of chronic
progressive interstitial pneumonia that continues to be asso-
ciated with high morbidity and mortality, despite the fact
that new anti-fibrotic drugs have recently been added to our
quiver (1).

The exact cause of the disease remains unknown, however
there is a strong association with aging and smoking, similarly
to lung cancer (LC) (2,3). Aggregating mutational burden,
increased epigenetic gene silencing through aberrant DNA
methylation patterns and telomere dysfunction frame the
probable underlying correlation (4-8). A deeper view of the
pathophysiology of the two diseases reveals several similari-
ties and common pathways involved (4,5,9-11). Crucial cellular
mechanisms known to be involved in cell proliferation,
resistance to apoptosis and epithelial-mesenchymal transi-
tion, are activated in both LC and pulmonary fibrosis (12-14).
Preneoplastic lesions (atypia, metaplasia, dysplasia), micro-
satellite instability and loss of heterozygosity in genes that
underlie the tumorigenesis have also been reported in lung
fibrosis tissue (15).

Interestingly, LC is a common comorbidity among patients
with IPF with major impact on their survival. Increasing data
support the hypothesis that LC occurs secondarily on the
ground of fibrosis rather than as a preceding finding. In the
majority of patients, LC arise as nodular lesions in the periph-
eral area of fibrosis, mainly at the lower areas of the lungs
with squamous cell and adenocarcinoma being the prevalent
histological types (12,16).

MicroRNAs have emphatically emerged as major regulators
of gene expression through epigenetic and post-transcriptional
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mechanisms. MicroRNA profiling studies in LC have
currently proposed several microRNAs as potential epigenetic
biomarkers in the diagnostic procedure. Similarly, in IPF
several oncomirs are consistently deregulated, such as the
miR-29 family (17). The miR-29 family is usually downregu-
lated in affected tissues and plays a crucial role in fibrogenesis
in multiple organs including lung (18), liver (19) and kidney (20).
Among the targets of miR-29 are collagens, enzymes required
for collagen synthesis (21,22), matrix metalloproteases and
DNA methylation enzymes such as DNA methyltransferase
(DNMT)3A/B (23). The miR-29 family can be an effective
regulator of tumorigenesis and cancer progression by targeting
multiple tumor-related pathways as cell proliferation, cell cycle,
apoptosis and metastasis as well as affecting the epigenetic and
immune regulation (24).

Additionally, miR-185 is increasingly recognized as
an oncomir commonly deregulated in IPF and LC (25).
Downregulation of miR-185 has been demonstrated in IPF
lung tissue (26) and in several malignancies including LC,
glioma, hepatocellular and breast cancer (27). miR-185
supplementation inhibits cell growth and proliferation by
directly targeting AKTI1 in NSCLC28, through DNMT1
targeting, leading to the PTEN upregulation and inhibition of
AKT phosphorylation (29).

Interestingly, the expression of miR-29 and miR-185 is
downregulated by TGFb (18,25,30). Furthermore, there are
emerging data suggesting an overlap of miR-29a and miR-185
targets; miR-185 appears to regulate collagens (26,30,31),
while miR-29a seems to regulate AKT1 (32) and AKT2 (33).
Recently, both miR-185 and miR-29a were downregulated
in IPF bronchoalveolar lavage (BAL) cells compared to
controls (25).

BAL is becoming an attractive, minimally invasive tool
to study alveolar macrophages and other immune cells, as
well as other lung resident cells that may derive from adjacent
lesions. In essence BAL could be considered a form of liquid
biopsy in LC and possibly in IPF34. In this study, the expres-
sion of miR-29a and miR-185 was compared in IPF and LC.
Well-established targets of miR-29a and recently emerged
miR-185 targets such as DNMTs (DNMTI1 and DNMT3b),
AKTI1/AKT2 and COL1A1 were analyzed. Furthermore,
microRNA and target gene expression was evaluated in the
LC group according to LC type and endobronchial findings,
including, the presence of endobronchial lesion(s), the side of
the BAL procedure relative to the tumor site and the cytology
findings for malignant cells.

In our study, similar levels of miR-29a, miR-185 and their
targets AKT1, AKT2 and DNMT3b were found in the two
diseases. By contrast, COL1A1 mRNA levels were increased
in IPF suggesting a disease-specific mRNA signature.
Importantly, DNMT1 was downregulated in the LC group and
its expression was further reduced in the presence of increasing
malignant burden as indicated by the endobronchial findings
further suggesting an LC-specific signature.

Materials and methods
Human subjects. Patients were classified as ever smokers and

non-smokers. Pulmonary function tests (PFTs), performed
within 1 month of CT, included forced expiratory volume
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in 1 sec (FEV,), forced vital capacity (FVC), and diffusing
capacity for carbon monoxide (DL,) corrected for hemo-
globin concentration, expressed as percentages of the
predicted normal values. A total of 89 subjects were enrolled
in this study, comprising patients with IPF (n=57) and patients
with LC (n=32) with the majority being diagnosed as NSCLC
(n=29). All subjects were recruited from the Department of
Thoracic Medicine, University Hospital of Heraklion (Crete,
Greece) between December 2013 and July 2017. The study was
approved by the Ethics Committee of the University Hospital
of Heraklion (IRB no. 17030/12-12-2013 for IPF patients
and Reg. no. 140/4-2-2015 for LC patients). All the patients
provided informed consent in written form.

IPF group: The IPF patients were evaluated with
complete PFTs, performed within 1 month of CT, including
spirometry, measurement of lung volumes and diffusion
capacity. Spirometry, lung volumes using the helium-dilution
technique and DL, (corrected for haemoglobin) using the
single breath technique were performed using a computer-
ized system (Jaeger 2.12; MasterLab, Wiirzburg, Germany).
Predicted values were obtained from the standardized lung
function testing of the European Coal and Steel Community,
Luxembourg (1993). PFTs, FEV,, FVC, and DL corrected
for haemoglobin concentration, and were expressed as
percentages of the predicted normal values. The diagnosis
of IPF was based on open or video-assisted thoracoscopic
biopsy, with all the biopsies reviewed by the same two histo-
pathologists, or using ATS/ERS clinical and high resolution
computed tomography (HRCT) criteria (35). In accordance
with the aforementioned criteria, any known cause of pulmo-
nary fibrosis, such as a systemic connective tissue disorder,
was excluded by immunologic screening and rheumatologic
clinical evaluation (35). All the IPF patients were newly diag-
nosed and had not received previous treatment.

LC group: The diagnosis of LC patients and the exact
histological type of malignancy were based on lung biopsy
proceeded through bronchoscopy, CT-guided biopsy by
invasive radiologists or open lung biopsy. The LC patients
were all chemo/radio/immunotherapy naive patients and
their diagnostic management and staging were based on the
International Association for the Study of Lung Cancer (36).
The group of LC patients was further divided into subgroups
associated with endobronchial findings evaluated during
bronchoscopy and following BAL cytology evaluation. Thus,
LC patients were assigned into groups according to the side
of the BAL procedure relative to the side of the malignant
lesion as it was depicted in the CT scan with a group termed
‘same side’ (SS) and a group of ‘opposite side’ (OS), if this
separation was feasible, as patients with mediastinal lymph-
adenopathy could not fit in any of those groups. Secondly,
the patients were separated in two groups according to the
presence or absence of malignant cells in the BAL following
cytology evaluation, termed ‘negative cytology’ (NC) and
‘positive cytology’ (PC) respectively. A third option for the
cytology test was ‘suspective for malignancy’. Finally, the
patients were separated according to the physician's observa-
tions during bronchoscopy for obvious endobronchial lesions
with a group termed ‘endobronchial lesion’ (OEL) and ‘no
endobronchial lesion’ (NOEL). PFTs for LC patients were not
included in the studies.
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Table I. Patient demographics.
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Table II. IDs of the TagMan microRNA assays and primer
sequences used for the quantification of microRNAs and

Demographics LC (32) IPF (n=57) P-value  mRNAs, respectively.

Age 67.7 (£11.9) 72 (£7.3) 0.01 A,

Sex (M/F) 26/6 46/11 NS

Pyrs 75 (47.5-100) 30 (6-45) 0.001 MicroRNA assay name MicroRNA assay ID

:Irz(r)l ksgrloker/ 2/26 13/43 NS RNU19 001003

PFTs LC IPE hsa-miR-185 002271
hsa-miR-29a 002112

FVC, % ND 78.6 (£17,6) NA

FEV,, % ND 84.8 (x19.3) NA

FEV,/FVC, % ND 84.21 (79.8-89) NA B,

TLC ND 755 (62.1-83.4)  NA Gene name Primer sequences

TLCO/SB ND 51.3 (x16.8) NA

KCO ND 88 (£23.7) NA GAPDH F: agccacatcgctcagaca

BAL, % LC IPF R: ccaatacgaccaaatccgtt

Macrophages  86.2 (70.3-93.3) 80.38 (66-88) NS COLIAI F: gggattccctggacctaaag

Lymphocytes 5.8 (3.6-11.1) 64(35-127) NS R: ggaacacctegeteteca

Neutrophils 3(13-6.3) 58(24-129) Ns  AKTI F: geageacgtgtacgagaaga

Eosinophils 0 (0-1.5) 11(04-26) 001 R: gatgteagteteegacgtg
AKT2 F: ctcacacagtcaccgagage

LC, lung cancer; IPF, idiopathic pulmonary fibrosis; M, male; R: tgggtctggaaggcatactt

F, female; PFTs, pulmonary function tests; FVC, forced vital capacity; ~ DNMTI F: tttctgatgaaaaagacgaggat

FEV,, forced expiratory volume in 1 sec; BAL, bronchoalveolar R: tttctecgttggttctttgg

lavage; TLC, total lung capacity; KCO, transfer coefficient of carbon  paas73p F: agagggacatctcacggttc

monoxide; NS, not significant; NA, not applicable. R: ggttgccccagaagtateg

BAL cell isolation and determination of cellular composi-
tion. BAL was obtained from all the patients, as previously
described (25). Cells (1-1.5 million) were homogenised in
TriReagent™ (MBL) for total RNA analysis, followed by
storage at -80°C. Differential cell population count was
analysed following May-Griinwald Giemsa staining of cell
cytospins, as previously described (25).

MicroRNA and mRNA expression analyses. Total RNA was
isolated as previously described (25) using the mirVana™
miRNA isolation kit (Ambion; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). For the analysis of microRNA expression
levels, 10 ng of total RNA were used in reverse transcriptase and
quantitative PCR reactions using the TagMan™ microRNA
assays (Life Technologies; Thermo Fisher Scientific, Inc.)
and 7500 Fast Real-Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). For gene expression analyses,
500 ng of total RNA were treated with DNAfree (Ambion;
Thermo Fisher Scientific, Inc.) for genomic DNA contamina-
tion removal, followed by first-strand cDNA synthesis using
Maxima RT™ (Fermentas; Thermo Fisher Scientific, Inc.)
and qPCR analysis using Maxima SYBR-Green qPCRmix
(Fermentas; Thermo Fisher Scientific, Inc.) on Mx3005P
gPCR system (Agilent Technologies, Inc., Santa Clara,
CA, USA). Probe and primer sequences are summarized
in Table II. RNU19 levels were used as endogenous controls
for the normalization of microRNA expression levels in BAL
samples. GAPDH levels were used as endogenous control for
the normalization of mRNA expression levels in BAL samples.

DNMT, DNA methyltransferase.

Relative expression values per sample for each microRNA or
mRNA assay were calculated by the 2224 method using as
calibrator sample the average of DCT values.

Statistical analysis. Analysis of expression values with lung
function tests and BAL cell population percentages was
performed Prism 6 software. Group comparisons were made
by analysis of variance, log transformation and Mann-Whitney
test. Student's t-test, Wilcoxon rank-sum test, or Chi-square
test were also used for comparisons as appropriate. P<0.05
was considered statistically significant.

Results

Patient demographics. Demographic data and PFTs are
summarised in Table I. IPF patients were older than the
patients in the LC group by 4.3 (+4.6) years, while LC patients
were heavier smokers as could be expected. The majority of
LC was NSCLC (29/32), with the rest being SCLC. The group
of LC patients was subdivided according to the endobronchial
findings as described in materials and methods. Fourteen LC
patients were assigned to the group SS and 9 to OS according
to the site of broncoscopy. Fourteen LC patients had no malig-
nant cells detected in their BAL and were assigned to the NC
group and 7 to the PC. Nineteen patients had obvious OEL and
7 were assigned to NOEL.
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Figure 1. miR-29a and miR-185 levels are similar between IPF and lung cancer groups. (A) miR-29a and (B) miR-185 expression levels normalised by RNU19
in BAL cells from IPF and LC patients as shown by dot plots with median and interquartile range. IPF, idiopathic pulmonary fibrosis; BAL, bronchoalveolar

lavage; LC, lung cancer.
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Figure 2. DNMTT1 levels in LC patients compared to IPF patients. DNMT1 mRNA levels in BAL cells as measured by RT-qPCR and normalised using
GAPDH (A) in LC group and (B) in LC subgroups NC, PC, OS and SS as compared to IPF. "P<0.05, “P<0.01 of Mann-Whitney test. DNMT, DNA
methyltransferase; LC, lung cancer; IPF, idiopathic pulmonary fibrosis; BAL, bronchoalveolar lavage; NC, negative cytology; PC, positive cytology;

OS, opposite side; SS, same side.

miR-185 and miR-29a levels are similar between IPF and LC.
MicroRNA expression levels in BAL cells were measured by
RT-gPCR and normalized using small nucleolar RNA RNU19.
We have previously shown that both microRNAs were signifi-
cantly downregulated in IPF relative to controls (25). The
downregulation of the two microRNAs was also noted for LC
since the expression of miR-29a and miR-185 did not differ
between IPF and LC patients (Fig. 1A and B). miR-29a and
miR-185 expression levels were significantly correlated within
the IPF group (Spearman's R 0.81, P=6e'*) and the LC group
(Spearman's R 0.71, P=3.6¢").

DNMTs/AKT/miR-29a/miR-185 axis in IPF and LC. DNMT1
and DNMT3b are common targets of miR-185 and miR-29
in IPF and LC. mRNA expression levels in BAL cells were
measured by RT-qPCR and normalized using GAPDH.
DNMT]1 levels previously measured in IPF relative to controls
showed no differences. Notably, DNMT]1 levels were signifi-
cantly lower in LC patients compared to IPF patients. (Fig. 2A;
Table III). No differences were detected in the levels of
DNMT?3b between the two diseases (Table III). No difference
was detected in the levels of AKT1 and AKT2 between the
two diseases (Table III).

Effect of malignant burden on DNMTI levels in BAL cells
compared to IPF. Comparing IPF patients with the LC group
in detail, further reduced levels of DNMT1 were detected in
the samples where the BAL procedure was performed at the
side of the lesion (SS) as opposed to the lesion free side (OS).
Moreover, LC patients with positive BAL cytology results
(PC) had a more pronounced reduction in DNMT1 levels than
those without the presence cells with malignant features (NC),
when compared with IPF (Fig. 2B). Regarding the histological
type of LC, the more obvious reduction in DNMT1 mRNA
levels compared with IPF was found in NSLC type.

COLIAIl/miR-29a/miR-185 axis in IPF and LC. Next we
analysed miR-29a specific target COL1A1 by RT-qPCR and
normalized using GAPDH. Our previous result showed that
IPF BAL cells express significantly higher levels of COL1A1
mRNA than controls. In this study, we observed that the levels
of COL1A1 mRNA were significantly lower in LC patients
compared with IPF patients (Fig. 3A; Table I1I).

Effect of malignant burden on COLIAI levels in BAL cells
compared to IPF. The mRNA levels of COL1A1 were mark-
edly reduced in LC patients compared with IPF overall as it
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Figure 3. COL1AL levels in LC patients compared to IPF patients. COL1A1 mRNA levels in BAL cells as measured by RT-qPCR and normalised using GAPDH
(A) in the LC group and (B) in the LC subgroups NOEL, OEL, OS and SS as compared to IPF. "P<0.05, ““P<0.001, Mann-Whitney test. LC, lung cancer; IPF,
idiopathic pulmonary fibrosis; BAL, bronchoalveolar lavage; NOEL, no endobronchial lesion; OEL, endobronchial lesion; OS, opposite side; SS, same side.

was noted previously. Assorting LC patients depending on the
side the BAL procedure was performed and comparing them
with IPF, further reduced levels of COL1A1 was detected in
LC patients when the BAL procedure was done ipsilaterally
of the lesion than contralaterally. The presence of an OEL
during the bronchoscope signified more clearly reduced levels
of COL1A1 (compared with IPF) than in the case of NOEL
(Fig. 3A; Table III). Patients with the histological type of
SCLC had COL1A1 levels similar with IPF levels, opposing
the reduced levels in the NSCLC patients subgroup.

Discussion

This is a BAL study of the expression of major epigenetic
molecules, miR-29a and miR-185, and their common targets
DNMTI1 and DNMT3b, involved in the DNA methylation
process. The downregulation of these molecules has been previ-
ously connected with IPF and LC. The relationship between the
lethal diseases which often coexist is an active field of research
as common pathogenic pathways emerge, with major thera-
peutic implications. Our cardinal findings were: i) Both miR-185
and miR-29a were comparably expressed in IPF and LC BAL
samples; ii) no direct correlation with miR-29a or miR-185 and
their targets was observed, albeit DNMT1 downregulation was
characteristic of LC and COL1A1 upregulation was representa-
tive of IPF BAL samples; and iii) in LC the malignant burden
affected both DNMT1 and COL1A1 expression.

Similar levels of miR-29a and miR-185 were detected
between IPF and LC in BAL cells while our previous findings
showed that both miR-29a and miR-185 were downregulated
in IPF relative to controls (25). The downregulation of miR-29a
and miR-185 in LC tissue specimens has been previously
established; however, to the best of our knowledge, this is the
first study on LC BAL cells. Our results suggest that miR-185
is a novel common microRNA deregulation in IPF and LC
next to previously identified microRNAs such as miR-29a.
miR-29a and miR-185 expression showed a significant associa-
tion in both IPF and LC BAL samples. A possible common
regulation of the expression of the two microRNAs may be
related to the increased levels of TGFb in both IPF and LC

BAL (37,38). Activation of TGF-f signaling and excessive
accumulation of ECM proteins are observed in IPF and LC,
highlighting a common molecular mechanism in both diseases
that is directly linked to both microRNAs (39,40). Of note,
miRNA based-therapeutic strategies are already under evalua-
tion for their use in several malignancies (41) and that imposes
the need for in-depth study of similarities and differences
between IPF and LC, focusing on key molecules involved in
the multifarious function of alveolar macrophages.

For this reason, we examined the expression of a common
target of miR-29a and miR-185 induced by TGFb and central
fibrosis mediator collagen 1a in LC in comparison to IPF. Our
previous results supported that the downregulation of miR-29a
in IPF is associated with the overexpression of COLIA] gene in
BAL cells, confirming the active role of the miR-29a/COL1A1
pathway in AMs and lung tissue, while the expression profile
of COL1A1 in LC has not been yet clarified. COL1A1 may
be involved in carcinogenesis as aberrant expression levels
were revealed in several malignancies including hepatocel-
lular carcinoma (42), NSCLC tissue (43) and in malignant
gastric tissue (44). Our findings, however, showed significantly
increased levels of COL1A1 in IPF relative to LC in BAL cells
that establishes the characteristic fibrotic profile of BAL cells
in IPF, which appears to be lacking in LC BAL cells. The
further reduced levels of COL1A1 accordingly with increased
malignant burden cannot thus far be interpreted and further
functional analysis of AMs in LC is needed.

A second pathway/axis affected by both miR-29a and
miR-185 is the expression of DNMTs. An important concept
currently put forward for the pathogenesis of IPF as in cancer
is that common risk factors such as aging, cigarette smoke
and environmental effects induce errors in the maintenance of
the methylation marks of the genome creating aberrant DNA
methylation patterns and accelerating the aging of our epig-
enome (45,46). Global methylation profile in IPF lung tissue
was different compared to the controls and partially similar
to cancer (6,7). Furthermore, an increased expression of the
DNMTs was observed in both cancer and IPF lung tissue
studies (7,47), leading to site-specific hypermethylation and
gene silencing.
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We have previously reported that DNMT1 mRNA levels
in the BAL cells of IPF patients were similar to controls (25).
In the current study, we observed a significant reduction
in the mRNA levels of DNMTI1 in LC BAL cells while,
DNMT3b levels were similar in IPF and LC. DNMTI, in
contrast to DNMT3, appears to function in cooperation with
DNA damage repair pathways in order to maintain genomic
stability and ablation or reduction of DNMT1 promotes muta-
genic events (48), microsatellite instability and chromosomal
translocations (49). Notably, the samples obtained near the
malignant lesion or with positive malignant cell cytology
results showed a more pronounced reduction of DNMT1
expression suggesting that reduced DNMT1 levels were asso-
ciated with increased malignant burden.

LC is a common and prognostically determinant
comorbidity among IPF patients. BAL procedure is a less
invasive and harmless tool for revealing new, disease specific
biomarkers regarding LC in IPF patients, for screening, risk
stratification and diagnostic purposes, verging the promising
concept of cancer liquid biopsy. It would be of great interest
to study the expression profile of those miRNAs and their
targets also in patients who simultaneously suffer from IPF
and LC. MicroRNA based-therapeutic strategies are already
under evaluation for their use in several malignancies (41)
and IPF (50) and would greatly benefit from in depth study of
similarities and differences between IPF and LC, focusing on
key molecules involved in the multifarious function of alveolar
macrophages.

Tissue specimens and cell lines are the predominant
material of research; however, the role of BAL as a mini-
mally invasive tool to study alveolar macrophages and their
implication in pathogenesis continually recovers ground.
In IPF alveolar macrophages deriving from monocytes
recruited to the injured lungs are actively involved in the
fibrotic process (51). Altered alveolar macrophage function
in patients with LC has been recorded under the influence
of tumor-associated polarizing events such as mediators and
hypoxic tissue damage (52). Our study provides some insight
with respect to common alveolar macrophage function in the
two groups as demonstrated by the commonly reduced expres-
sion of miR-29a and miR-185. Further research is needed in
order to identify BAL biomarkers for high risk patients and
more targeted therapies.
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ABSTRACT

MicroRNA signatures of BAL cells and alveolar macrophages are currently lacking
in IPF. Here we sought to investigate the expression of fibrosis-related microRNAs in
the cellular component of the BAL in IPF. We thus focused on microRNAs previously
associated with fibrosis (miR-29a, miR-29b, miR-29c, let-7d, and miR-21) and
rapid IPF progression (miR-185, miR-210, miR-302c-3p miR-376c and miR-423-
5p). Among the tested microRNAs miR-29a and miR-185 were found significantly
downregulated in IPF while miR-302c-3p and miR-376c were not expressed by BAL
cells. Importantly, the downregulation of miR-29a inversely correlated with the
significantly increased levels of COL1A1 mRNA in IPF BAL cells. Collagen 1 a was
found mainly overexpressed in alveolar macrophages and not other cell types of the
BAL by immunofluorescence. In view of the downregulation of miR-185, we tested
the response of THP-1 macrophages to profibrotic cytokine TGFb and observed the
downregulation of miR-185. Conversely, proinflammatory stimulation lead to miR-
185 upregulation. Upon examination of the mRNA levels of known miR-185 targets
AKT1, DNMT1 and HMGAZ2, no significant correlations were observed in the BAL cells.
However, increased levels of total AKT and AKT=*"%73 phosphorylation were observed in
the IPF BAL cells. Furthermore, miR-185 inhibition in THP-1 macrophages resulted in
significant increase of AKTs*%73 phosphorylation. Our study highlights the importance
of BAL microRNA signatures in IPF and identifies significant differences in miR-185/
AKT and miR-29a/collagen axes in the BAL cells of IPF patients.

Accepted: October 04, 2016 Published: October 18, 2016

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a severe,
under diagnosed lung disease characterized by an
irreversible and progressive loss of lung capacity, rapidly
leading to respiratory failure and increased mortality [1].
Survival rates from the time of diagnosis are comparable
to those of inoperable pulmonary malignancies and until
recently, evidence of a treatment option that could modify
the disease course was lacking [1]. Recent advances
in the understanding of IPF pathogenesis suggest that

aberrant wound healing, defective re-epithelisation,
fibroblast to myofibroblast transition, coupled to
hyperplastic pneumocytes at the fibroblastic foci and
excess accumulation of extracellular matrix components
recapitulate the processes leading to the destruction of the
lung architecture [2].

The identification of biomarkers in serum and
bronchoalveolar lavage BAL is a growing field of research
in pulmonary diseases [3]. BAL is a mildly invasive
method, which allows the recovery of soluble and cellular
components lining the alveolar epithelium. Alveolar
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macrophages constitute more than 70% of the cellular
component in IPF which makes BAL ideal for their study
[4]. In patients with idiopathic pulmonary fibrosis (IPF),
the alveolar epithelium lining fluid contains mediators
that alter fibroblast activity, such as CCL18, LPA, TGF-b
and PDGF [5, 6]. Alveolar macrophages are regulated
by these factors and participate in the perpetuation of
the fibrotic process [7]. MicroRNAs, small non-coding
RNAs contributing to the epigenetic regulation of gene
expression, provide expression signatures characterizing
epithelial and fibroblast function in whole tissue or cell
type-specific studies [8]. However, the serum microRNA
signature in IPF is characterized in only one study [9],
with no reported BAL data.

MicroRNAs directly involved in fibrosis,
myofibroblast proliferation and excessive extracellular
matrix deposition include miR-21 and members of the
miR-29 and let-7 families [8]. MiR-21 expression is
enhanced in IPF fibroblasts and epithelial cells, as also
seen in malignant disease [10]. The miR-29 family is
among the first microRNAs found downregulated in
fibrotic diseases of the lungs, heart and liver. MiR-29
acts through the inhibition of ECM, including collagens,
as well as enzymes that regulate collagen synthesis,
crosslinking and degradation [11]. Based on previous
reports, microRNAs of particular interest in IPF
pathogenesis miR-210, miR-185, miR-302c-3p, miR-376¢
and miR423-5p are differentially expressed in slow and
rapid IPF progression [12].

MicroRNA expression in IPF has been extensively
studied in the context of epithelial and fibroblast function
using whole tissue or cell type-specific studies. However,
little is known about their expression in alveolar
macrophages. In the present study, we focused on the
expression of the microRNAs listed above in BAL cells
from patients with IPF. We observed that the miR-29/
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collagenla axis was affected. Furthermore, we identified
a significant downregulation of miR-185, shown to
be biologically significant by an associated enhanced
activation and expression of AKT.

RESULTS

Patient demographics

The main characteristics of the patients and lung
function results for the IPF and control groups are shown
in Table 1. There was no difference in gender, whereas
the IPF patients were significantly older than the healthy
subjects (mean age 65.4 vs. 48.2 years, respectively, p<10-
%). Additionally, there were more current smokers in the
control group, while there were more former smokers in
the IPF group (p<107). Predictably, lung function tests
showed impaired lung function in the patients with IPF.

MiR-29a and miR-185 expression is reduced in
IPF relative to control specimens.

MicroRNA expression levels in BAL cells were
measured by qRT-PCR and normalized using two
endogenous controls, the small nuclear RNA RNU6B and
small nucleolar RNA RNU19. There was a statistically
significant downregulation of miR-29a and miR-185
in IPF, compared to controls following analyses using
REST2009 software (Figure 1, Table 2). MiR-29a and
miR-185 as well as miR-29¢, miR-21, let-7d, and miR-
423-5p showed significant downregulation according to
Wilcoxon Signed Rank test (Table S2). MiR-302c¢-3p and
miR-376¢ were not expressed by the BAL cells.

<0.05

let-7d miR-185 miR-210 miR-423-5p

Figure 1: MicroRNA expression ratios in IPF relative to controls. Normalized by two reference assays RNU6B and RNU19.
MicroRNAs miR-29a and miR-185 showed significant difference in IPF. Boxes represent mean and error bars standard error of mean.

Complete REST2009 report in supplementary file 2.
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Table 1: Patient characteristics

Demographics Controls (N=17) IPF (N=45) p value
Age (years) 482+32 654+18 <10°
Gender
male 13 37
female 4 8 0.721
Smoking status
non smoker 2 16
ex smoker 3 24 <10°
smoker 9 2
PY 36.0+5.7 39.1+£7.1 0.764
Lung Function
FEV1% 92.7+6.0 73.7£3.1  0.009
FVC% 94.0+54 71.6+£33  0.003
FEV1%/FVC% 79.7+2.0 795+12 0938
TLC% 101.6 7.7 67.6+25 <107
DLco% 792+£55 434+23 <107
KCO% 103.6 + 8.1 77.5+€32  0.014
BAL cell count
Macrophages % 69 =38 73£3 0.83
Lymphocytes % 243+7.6 14.1£2.7 0.17
Neutrophils % 37+14 6.8=1 0.12
Eosinophils % 0.8+0.4 32+0.6 0.04

footnote: Values are the means = SEM. PY=pack years
for ex and current smokers; FEV1= Forced expiratory
volume in 1 second; FVC= Forced Vital Capacity; TLC=
Total Lung Capacity; DLco= Transfer factor of the Lung

for Carbon Monoxide; KCO= transfer coefficient.

In IPF, fibrosis and progression-related microRNAs
were largely co-expressed, as demonstrated by the strong
positive correlations shown in Table 3. In particular,
miR-185 expression strongly positively related with the
expression of let-7d, miR-29a, miR-29b, miR-29¢, and
miR-21.

Reduced microRNA expression correlates with
disease severity and eosinophil infiltration.

Diffusing capacity of the lungs for carbon monoxide
(DLco), which is impaired in IPF, positively related to
the reduced levels of miR-29a levels (Rs = 0.33, p<0.05)
and miR-29¢ levels (Rs = 0.36, p=0.03). MiR-185
expression was not significantly linked to DLco (Table
S3). Additionally none of the microRNAs tested was
associated with patient survival.

The presence of rare eosinophils in the BAL is

common in IPF (Table 1) and has been related to disease
severity. BAL eosinophil percentages were strongly
negatively related to the expression of miR-210 and were
also negatively related to miR-423-5p, let7d, miR-21 and
miR-29a expression but not to miR-185 (Table 4). These
relationships remained significant in separate stepwise
multiple linear regression model, in which each individual
micro-RNA was examined in a separate model, with age,
smoking status, DLco levels and BAL cellular profiles
included as covariates.

BAL lymphocyte levels were positively related to
miR-210 (Rs = 0.40, p<0.01) and miR-423-5P (Rs = 0.44,
p<0.005) but relationships were not significant in multiple
linear regression models. There were no significant
relationships between microRNA expression and BAL
neutrophil or macrophage levels.

BAL cells from IPF patients displayed a pro-
fibrotic profile with miR-29a downregulation and
collagen 1a overexpression.

MiR-29a downregulation has been associated with
increased collagen expression in IPF tissues and animal
models of fibrosis however, it is not known if this also
occurs in alveolar macrophages. We examined collagen
expression by RT-PCR and immunofluorescence and
showed that COL1A1 mRNA levels were significantly
increased in IPF BAL cells, compared to controls
(p=0.003) (Figure 2a). In IPF, COL1A1 mRNA levels
inversely correlated with the expression of miR-29a (Rs
= -0.42, p = 0.005). Collagenlal protein levels were
measured by immunofluorescence. Alveolar macrophages
were positively stained with anti-collagenlal antibody
both in controls and IPF BAL samples. However, in IPF
BAL samples alveolar macrophages showed significantly
higher cytoplasmic collagen staining than the controls
(Figure 2b-d).

MiR-185 inhibition results in AKT activation in
macrophages.

MiR-185 was significantly downregulated in IPF
BAL cells. The miR-185 reported mRNA targets, AKT1,
DNMTI1 and HMGA2 were not upregulated (Figure
Sla-c) nor did they show any correlation with miR-
185 expression. However, in IPF, AKT protein levels
are strikingly elevated and activated as shown by the
pAKT**" [evels (Figure 3, Figure S2). It is noteworthy
that in contrast to miR-185, miR-21 and let-7d inversely
correlated with their reported target HMGA?2 in the BAL
(Rs = -0.36, p = 0.016 for miR-21 and Rs = -0.347,
p=0.023 for let-7d).

A specific fluorescent miR-185 antagomir was
used in order to test the effects of miR-185 inhibition
on macrophages. As a macrophage cell culture model,
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Table 2: microRNA expression ratios in IPF relative to controls.

Expression Ratio® SE range p°

miR-21 0.76 0.31-1.78 0.11
miR-29a 0.72 0.34-1.48 0.045
miR-29b 0.92 0.37-2.64 0.74
miR-29¢ 0.73 0.26-2.01 0.20
let-7d 1.00 0.37-2.03 0.99
miR-185 0.70 0.31-1.59 0.040
miR-210 1.20 0.45-3.36 0.40
miR-423-5p 0.81 0.28-2.28 0.33
miR-302¢c-3p NE - -
miR-376¢ NE - -

*: Expression Ratio represents the concentration of microRNA of interest divided by the geometric mean of the concentrations
of the two reference assays RNU6B and RNU19. Concentration of each microRNA equals the efficiency of the PCR reaction
to the power of the average Ct of controls minus the average Ct of IPF patients.

b Probability of alternate hypothesis that difference between sample and control groups is due to chance according to
REST2009. SE standard error, NE: Not expressed.

)
*
*
o

c)

| o
s _ _ *
& @ . © ek
] 20{ S 4000 8 0000y =
S5 o I 1 o
X o 5 = B
) [7]
<2 @ 30,000 @
ZE 4 a a
X c Q. Q
Eg 3 3
-1 3 c 20,000 c
<3 @ @
e 2 [o)] o
o< ®© ©
[s30) < 10,000 =
o 1 (8] o
g § §
° 0 o - o)
1S3 1]
Control IPF control IPF

control IPF

p<0.05
* p<0.01

** p<0.001
** <0.0001

collagen 1 control collagen 1 IPF

Figure 2: Collagen 1 expression is elevated in IPF BAL. a) Expression of COL1A1 mRNA, normalized by GAPDH in control
and IPF samples, (**:p<0.01, p value, Mann-Whitney test). Box plots represent median, 25 and 75 percentiles and error bars correspond
to minimum and maximum values. b) Quantification of mean collagen lal expression per cell in alveolar macrophages expressed by mean
pixel intensity multiplied by positive pixels (excluding background)/cell analyzed collectively from 3 IPF and 2 control measurements.
(****:p<0.0001 unpaired t-test). ¢) Mean collagen lal expression per cell per BAL sample (*:p<0.05, **:p<0.01, ***:p<0.001 ordinary
one way ANOVA). Error bars represent standard deviations. d) Representative confocal images of Control and IPF BAL cells stained with
anti-Collagen lal(green) and DNA specific dye (blue) at 40x magnification.
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Table 3: Spearman’s correlation of microRNA expression in IPF BAL.

miR- miR- miR- let miR- miR- miR-

29b  29¢ 21 -7d 185 210 423-5p

R20 0.65 064 0.8 054 064 044 0.59
MIR-272 (<10%)  (<10®) (<10”) (0.0001) (<10°) (0.002) (<10
. 060  0.68 042 0.66 0.37
miR-29b <10%  (<10%  (0.005) (<105 NS o
R0 0.54 044 065 049 0.57
¢ (0.0001) (0.0001) (<10°) (0.0005) (<10
. 054 063 040 0.54
1= (0.0001) (<10%) (0.007)  (0.0001)
071 041 0.40

Let-7d (<107)  (0.005)  (0.007)
. 0.42 0.56
miR-185 0.004) (<107
. 0.76
miR-210 ( <10_3)

Values are Rs correlation coefficient and in parentheses are p values. NS= not statistically

significant

Table 4: Correlations of microRNA expression with eosinophil % within IPF group

Statistical significance in

MicroRNA Spearman’s multiple linear regression
models”
r P p
miR-21 -0.32 0.03 <0.001
miR-29a -0.34 0.03 0.02
miR-29b 0.12 NS NS
miR-29¢ -0.25 NS NS
let-7d -0.42 0.005 <0.001
miR-210 -0.66 <0.0001 <0.001
miR-185 -0.21 NS NS
miR-423-5p -0.55 0.0001 0.03

*The independent relationships between microRNA levels and BAL eosinophil percentages
in stepwise multiple linear regression models, with age, smoking status, DLCO levels, BAL
neutrophil levels and BAL lymphocyte levels included as covariates.

PMA activated THP1 cells were used. Two different
concentrations of control-nonspecific microRNA and the
specific miR-185 antagomir were used and transfection
efficiency was verified using fluorescent microscopy
(Figure S3). MiR-185 transient inhibition resulted in
a moderate but significant increase in AKT1 mRNA
levels with no significant effect on other miR-185 direct
or indirect targets such as DNMT1, HMGA2 or PTEN
respectively (Figure 4a). Importantly, however, miR-185
inhibition resulted in a significant increase in pAKT**"
levels (Figure 4b and c), while total AKT levels remained
unchanged (Figure 4b-d).

TGFbD is an inhibitor of miR-185 in macrophages.

We also examined the changes in miR-185
expression following exposure of PMA treated THPI
cells to fibrotic/anti-inflammatory TGFbl or pro-
inflammatory LPS stimuli. Our results showed that miR-
185 was downregulated by TGFb! at 1ng/ml following 16
hours of exposure (Figure 5a). MiR-185 was conversely
upregulated by LPS at 0.1ng/ml concentration following
16 hours of exposure (Figure 5b).
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DISCUSSION

This is the first BAL study of the expression of
key microRNAs involved in fibrosis, such as miR-21,
miR-29a, miR-29b, miR-29¢, and let-7d, as well as
miR-185, miR-210, miR-302¢-3p miR-376¢ and miR-
423-5p differentially expressed in rapid IPF progression
in the BAL cells of IPF patients [8, 12-14]. Two major
microRNA controlled pathways were found to be
differentially regulated in IPF BAL cells; the well-
documented fibrogenic miR-29a/Collagen axis and the
miR-185/AKT pathway, previously unrecognized in
pulmonary fibrosis.

MiR-185 was significantly downregulated in IPF
BAL cells relative to controls. Mir-185 was initially
reported to be upregulated in rapidly progressing IPF
[12] but in later studies, miR-185 downregulation was
demonstrated in IPF lungs, compared to controls [15,
16]. MiR-185 downregulation is associated with the
deregulation of cell cycle and cell proliferation in non-
small cell lung cancer and hepatocellular carcinoma [17,
18]. Specifically, downregulation of miR-185 results in
the activation of AKT via increased DNMT1 expression,
leading to promoter hypermethylation and silencing of
PTEN [18]. Additionally, miR-185 directly binds and
degrades the 3’UTR of AKT1 mRNA [17].

In BAL cells there was no correlation between
mRNA levels of AKT1, DNMT1 or PTEN and miR-185
levels. However, we observed an overexpression of AKT
protein in IPF that was coupled to increased activation
demonstrated by AKT*"”* phosphorylation. The observed
increased AKT activation in BAL cells is in agreement

a)
pAKT
0.6- [ |
£ 0.4
O
©
|_
X
$0.2-

0.0-

IPF

control

b)

with previously reported elevated basal levels of PI3K
activity [19] and consistent also with the increased
anti-apoptotic profile of IPF macrophages [20]: AKT is
activated by P13K phosphorylation and subsequently
functions as a serine/threonine kinase involved in
multiple cellular processes including cell proliferation,
inflammation, survival and glucose metabolism [21]. IPF
fibroblast cultures also display a hyper activation of AKT
leading to increased viability in collagen-rich matrices
[22, 23]. Furthermore, a very recent study implicates
AKT]1 activation in the production of TGF-b by alveolar
macrophages in the context of pulmonary fibrosis [24].

Importantly, AKT overexpression in IPF
macrophages might also participate in the deregulation of
the innate defense mechanisms of alveolar macrophages
such as inflammasome activation [25] and antiviral
responses [26] previously proposed by our group. AKT
activation dampens the response of monocytes to LPS [27]
and deletion of AKT1 in animal models of S. aureus lung
infection results in stronger pro-inflammatory responses
leading to a reduced bacterial burden [27]. Thus, increased
AKT activity in IPF macrophages, observed in our study,
may contribute to an increased microbial burden, which, in
IPF microbiome analyses, is predictive of decline in lung
function and death [28].

As the role of miR185 on AKT has not been
studied in macrophages, we tested the effect of miR-185
inhibition in an in vitro macrophage cell culture model
of PMA activated THP1 cells. The transient inhibition of
miR-185 resulted in a modest but statistically significant
upregulation of AKT1 mRNA and the potent activation of
AKT as demonstrated by the phosphorylation of AKT*73,
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Figure 3: AKT and pAKT levels are elevated in IPF BAL. a) AKT1 and b) pAKT**" protein levels normalized by actin in control
and IPF BAL samples (*:p<0.05, ***:p<0.005 p value, Mann-Whitney test).
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Figure 4: Inhibition of miR-185 in THP-1 cells treated with PMA, results in AKT activation. a) fold changes in expression
of AKT1, DNMT1, PTEN and HMGA2 mRNA in 25 or 12.5 pico-molar concentrations of antagomiR-185 RNA transfected THP1 cells
relative to control transfection. (*:p<0.05 of one sample t-test). b) pAKT**" and total AKT1 protein levels in 25 or 12.5 pmol concentrations
of control miR (¢) and antagomiR-185 (a-185) transfected THP1 cells. ¢) and d) Densitometry analysis of three independent transfection
experiments of pAKT ™7 relative to total AKT1 and total AKT relative to actin respectively. (*:p<0.05 of one sample t-test). Boxes
represent mean and error bars are standard deviations
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while we did not observe an effect on DNMT1 and PTEN
mRNA levels. This suggests that AKT phosphorylation
by miR-185 downregulation is regulated by additional
factors, which are currently under investigation. However,
since miR-185 inhibition alone was sufficient to activate
AKT in macrophages in vitro, we propose that miR-185
downregulation observed in the BAL cells may contribute
to the activation of the AKT signaling pathway in IPF.

In BAL fluid cells, miR-29a was significantly
downregulated. Additionally, the reduction in miR-29a
and miR-29¢ expression was significantly associated with
reduced DLco levels. Members of the miR-29 family are
considered major regulators in pulmonary fibrosis and may
have a future therapeutic role, based on evidence of anti-
fibrotic effects with miR-29 administration in mice [37].
Furthermore, miR-29a downregulation correlated with the
overexpression of the collagen gene COL1A1 suggesting
that the miR-29a/COL1A1 pathway is also active in IPF
BAL cells, as previously demonstrated in IPF tissues [11].
Mir-29a downregulation and COL1A1 upregulation is
consistent with the skewing of macrophages towards a
previously reported alternative-activation and pro-fibrotic
phenotype [7, 19, 29, 30]. Regarding the expression of
collagen by macrophages in particular, a previous study
in mice showed that upon AEC Il-induced apoptosis,
exudate macrophages and their precursors, Ly-6¢hieh
monocytes, accumulate in the affected areas, adopting
an alternative activation with IL-13, TGFp and, notably,
Collagen 1 expression [30]. Therefore, provided that our
results are validated in other IPF cohorts, BAL miR-29a/
COLI1AT1 expression levels may represent an informative
IPF biomarker.
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Additionally, we observed strong positive
correlations between levels of miR-29 family members
and miR-185 expression. In IPF fibroblasts, the negative
feedback signaling induced by polymerized collagen fibers
on ECM production and cell proliferation is defective
and concomitantly miR-29a is abnormally further
downregulated coupled to collagen overexpression [22].
In alveolar macrophages from IPF patients, exogenous
collagen treatment also results in the activation of
PI3K activity suggesting a positive feedback loop in
IPF by collagen through the PI3K/AKT pathway. It is
conceivable that miR-185 downregulation participates
in the perpetuation of AKT over-activation that may
further enhance miR-29 family downregulation and
collagen overexpression. A recent report has shown that
miR185 directly targets Collagen V mRNA [16]. Our
results show that miR-185 expression is also reduced
by TGFbl1 similarly to fibrosis related microRNAs miR-
29a [31] and Let-7d [32]. Conversely pro-inflammatory
stimulation of macrophages with LPS resulted in an
upregulation of miR-185 expression. This is consistent
with the upregulation of miR-185 in acute lung injury
models [33]. Although it is not known whether miR-185
and miR-29 are transcriptionally co-regulated, there is
evidence to suggest that histone deacetylation by HDAC4
regulates both molecules [33, 34], while HDAC4 is also
downregulated by TGF-b [35]. Thus, the miR-185 and
miR-29a pathways may converge in AKT activation
following TGF-b signaling.

Our results demonstrated that in the BAL cells, in
agreement with previous studies using tissue samples
[12], there was an overall decrease in the transcription of

miR-185
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Figure 5: Fold changes in expression of miR-185 following a) TGFb1 stimulation at Ing/ml or b) LPS at 0.1ng/ml of PMA
treated THP1 cells for 16 hours. (*:p<0.05 of one sample t-test). Boxes represent mean and error bars are standard deviations.

www.impactjournals.com/oncotarget

74576

Oncotarget



microRNAs. Interestingly the reduction in the expression
of miR-210, miR-423-5p, let7d, miR-21 and miR-29a in
BALF cells correlated with the infiltration of eosinophils.
In IPF, elevated bronchoalveolar lavage eosinophil counts
and ECP levels are associated with more rapid progression
of disease [36, 37]. The higher BAL eosinophil levels
observed in fibrotic idiopathic interstitial pneumonia,
when compared with scleroderma lung, a less progressive
disorder, indicate that an eosinophilic influx may be linked
to the pathogenesis of the disease [38].

Notably, miR-21 previously reported to increase
in IPF lungs [13, 14], was actually downregulated in
BAL cells. Our results therefore highlight similarities
in IPF microRNA profiles between the BAL cellular
component and lung tissue as demonstrated by miR-29a
downregulation but also striking differences such as the
reduced expression of miR-21. These results suggest
that BAL microRNA signatures are unique relative to
the whole tissue signatures, albeit not surprisingly as the
cellular composition of the two compartments is distinct.
This is probably reflected in the reduced expression
of miR-21 in the BAL cells. MiR-21 upregulation in
macrophages/monocytes is commonly associated with
pro-inflammatory stimulation by viruses, bacteria and
other “danger associated molecular patterns” and plays
an important role in the orchestration and eventually
containment of the innate immune process [39]. The lack
of miR-21 upregulation in the BAL cells is therefore in
accordance with increased pro-fibrotic as opposed to pro-
inflammatory macrophages in IPF. Since miR-21 is also
an indirect regulator of AKT activity through the targeting
of PTEN further work is needed in order to delineate the
complex cross talk between miR-21 and AKT activation
in alveolar macrophages in IPF. Our results show
that BAL cell transcriptional signatures merit further
characterization with more high-throughput approaches, a
major limitation of our study, in order to validate not only
its diagnostic and prognostic value but also the putative
role of alveolar macrophages in the pathogenesis of IPF.

Although current thinking in IPF pathogenesis
emphasizes the role of epithelial-fibroblast cell
interactions, innate immune cells, such as macrophages
neutrophils and eosinophils play a paramount role in
the deregulation of the wound healing process. Our
study provides novel evidence of the involvement of the
miR-185/AKT pathway in IPF BAL cells, and provides
support for the use of miR-29a and miR-185 as BAL IPF
biomarkers.

MATERIALS AND METHODS

Human Subjects

BAL samples from sixty-two subjects, consisting
of patients with IPF (n=45) and healthy control subjects
(n=17) were analysed. Twenty-seven IPF patients were
diagnosed at the Interstitial Lung Disease Unit, Royal
Brompton Hospital, Imperial College, London, UK and
the remaining eighteen IPF patients and seventeen healthy
control subjects were recruited from the Department of
Thoracic Medicine, University Hospital of Heraklion,
Crete, Greece. Patients and control subjects were classified
as current smokers, former smokers (defined as having
smoked a minimum of one cigarette a day for a minimum
of 1 year, stopping at least 6 months before presentation)
or non-smokers. All patients were evaluated with complete
pulmonary function tests (PFTs), performed within 1
month of CT, including spirometry, measurement of lung
volumes and diffusion capacity. Spirometry, lung volumes
using the helium-dilution technique and DLco (corrected
for haemoglobin) using the single breath technique were
performed using a computerized system (Jaeger 2.12;
MasterLab, Wiirzburg, Germany). Predicted values were
obtained from the standardized lung function testing of
the European Coal and Steel Community, Luxembourg
(1993). Pulmonary function tests, FEV , FVC, and DLco
corrected for hemoglobin concentration, expressed as
percentages of the predicted normal values. The diagnosis
of IPF was based on open or video-assisted thoracoscopic
biopsy, with all biopsies reviewed by the same two
histopathologists, or using ATS/ERS clinical and HRCT
criteria [40]. In accordance with the aforementioned
criteria, any known cause of pulmonary fibrosis, such as
a systemic connective tissue disorder, was excluded by
both immunologic screening and rheumatologic clinical
evaluation [40]. All IPF patients were newly diagnosed
and had not received previous treatment. The control
subjects were patients undergoing bronchoscopy for the
investigation of haemoptysis, without any overt pulmonary
comorbidities and with normal bronchoscopic findings and
cytology results. The study was approved by the Ethics
Committees of the University Hospital of Heraklion (IRB
number: 17030) and the Royal Brompton Hospital (REC
reference 13/L0O/0857).

BAL cell isolation and determination of cellular
composition

BAL was obtained from all patients as previously
described [25, 41]. 1-1.5 million cells were homogenised
in TriReagent™ (MBL) for total RNA, or RIPA buffer
(Invitrogen) containing protease and phosphatase
inhibitors (Pierce) for Western blot protein analysis,
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followed by storage at -80°C. Differential cell population
count was analysed following May-Grunewald-Giemsa
staining as described in [41].

microRNA and mRNA expression levels analyes

Total RNA was isolated using the mirVana™
miRNA isolation kit (Ambion) with minor modifications.
350ul of TriReagent (MBL) was used for cell lysis and
storage of samples, followed by addition of 350ul of
mirVana™ cell lysis solution and 35ul of mirVana™
microRNA additive. All further steps for the isolation
of total RNA were performed as recommended by
the manufacturer. Quality and quantity of isolated
RNA was assessed by agarose gel electrophoresis and
spectrophotometry (Nanodrop) respectively. For the
analysis of microRNA expression levels, 10ng of total
RNA were used in reverse transcriptase and real time
gPCR reactions using the TagMan™ microRNA assays
(Life Technologies) and 7500 Fast Real-Time PCR system
(Applied Biosystems). For gene expression analyses,
500ng of total RNA were treated with DNAfree (Ambion)
for genomic DNA contamination removal, followed by 1*
strand cDNA synthesis using Maxima RT ™ (Fermentas)
and real time qPCR analysis using Maxima SYBR
Green qPCRmix (Fermentas) on Mx3005P qPCR system
(Agilent Technologies). Probe and primer sequences
are summarized in Supplementary Table 1. RNU6B and
RNU19 levels were used as endogenous controls for the
normalization of microRNA expression levels in BALF
samples. GAPDH levels were used as endogenous control
for the normalization of mRNA expression levels in BALF
samples.

Antagomir-185 transfection of THP-1 cells

THP-1 cells were cultured in RPMI-1640 (Biosera)
supplemented with 10% fetal calf serum (FCS) (Biosera)
and 1% penicillin-streptomycin in a humidified incubator
at 37°C containing 5% CO,. 5 x 10° THP-1 cells were
treated with PMA at 50ng/ml final concentration in 2%
FCS supplemented RPMI-1640 for 16 hours, followed
by addition of Lipofectamine 2000 (complexes with 25
or 12.5 pmol of miR-185 specific antagomir (Exiqon) or
scramble control (Exiqon) in serum free RPMI-1640 for 4
hours. Subsequently cells were supplemented with RPMI-
1640 containing 2% FCS for 24 hours prior to cell lysis for
total RNA extraction or total protein analysis.

SDS-PAGE and Western blot analysis

Total protein lysates (20ng) of BAL samples or
THP-1 transfected cells were lysed with RIPA lysis buffer
supplemented with protease and phosphatase inhibitors

for phosphoprotein and total protein analyses. Lysates
were separated in 12% SDS-PAGE, transferred to 0.45nm
nitrocellulose membrane (Biorad), followed by Western
blot detection of pAKT*"7, total AKT and b-actin, with
anti-pAK T antibody #9271, (Cell Signaling), anti-
AKT antibody # 9272 (Cell Signaling) and anti-b-actin
monoclonal antibody (Chemicon). Appropriate HRP
conjugated secondary antibodies (Chemicon) were used
and immunodetection was performed with enhanced
chemiluminescence reagent Luminata™ (Millipore).
Bands were visualised with the ChemiDoc XRS+ system
(Biorad) and densitometry analyses were performed using
Image Lab ™ software (Biorad).

TGFb1 and LPS treatments

2 x 10° THP-1 cells cultured in RPMI-1640
(Biosera) supplemented with 2% FCS (Biosera) and 1%
penicillin-streptomycin in a humidified incubator at 37°C
containing 5% CO, were treated with PMA at 50ng/ml
final concentration for 16 hours prior to the addition of
TGFbl #100-21(PeproTech) or LPS (SIGMA) for the
indicated concentrations and time points. Cells were
subsequently lysed in TriReagent™ (MBL) for total RNA
extraction or RIPA lysis buffer supplemented with protease
and phosphatase inhibitors for phosphoprotein and total
protein analyses.

Collagenlal immunofluorescence

BAL cell cytospins obtained as previously described
in [41] were fixed with 4% formaldehyde PBS and labeled
with anti-collagenlal polyclonal antibody PA2140-
1 (Boster Biological Technology) followed by anti-
rabbit alexa488-conjugate (Molecular Probes). Nuclei
were stained with alexa-633-ToPro (Molecular Probes).
Images were acquired with Leica Confocal Microscope
at 40x magnification. Quantification of collagen lal
expression was performed with ImageJ software. Mean
pixel intensity x pixels (excluding background)/cell in 4
independent fields per sample were analysed by ordinary
one way ANOVA for 3 IPF BAL samples and 2 controls.
Collectively IPF and control measurements were analyzed
by unpaired t-tests.

Statistical analysis of mRNA and microRNA
expression

MicroRNA and mRNA expression analysis
between control and IPF groups were performed using
the REST 2009 (QIAGEN [42]) software following
incorporation of average (duplicates) Ct values and
relative efficiency values calculated using standard
curves for each microRNA or mRNA assay. Furthermore,
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relative expression values per sample for each microRNA
or mRNA assay studied were calculated by the Pfaffl
method using as calibrator sample the mean of all average
Ct values [42]. Analysis of expression values with lung
function tests and BAL cell population percentages was
hence performed with STATA software (STATA data
analysis software; Computing Resource Center) and Prism
6 software. Group comparisons were made by analysis of
variance, Student ¢ test, Wilcoxon rank-sum test, or chi-
square testing as appropriate. P values lower than 0.05
were considered statistically significant.

Abbreviations

IPF Idiopathic Pulmonary Fibrosis

CPI Composite Physiologic Index

HRCT High Resolution Computed Tomography
FEV, forced expiratory volume in one second
FVC forced vital capacity

DLco diffusing capacity for carbon monoxide
NS not significant

BAL Bronchoalveolar Lavage

miRNA microRNA

COL1A1 collagen 1al

LPA Lysophosphatidic acid

TGFDb transforming growth factor beta

PDGF Platelet-derived growth factor
DNMT1 DNA methyltransferase 1

HMGAZ2 High Mobility Group AT-Hook 2
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