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NMEPINHWH. Eicaywyn: Ekteveiq peléteg éxouv unoypappioel tov
KEVTPIKO PONO TN TEAOHEPATNC YIA TNV HAKPOBIOTNTA TWV KUTTAPWY,
Tov moAAamAaGlacpo Kai T Slagpopomoinan Kat v xouv ouvdéael
UE TRV KUTTAPIKN aBavacia. Emopévwg, pmopei va givat KaBopioTIKAG
onuaciag yia tnv maboyévela Tne IVWTIKNAG EEEpyaciag Tou mvelpova.
ZKOMOC TNG MEAETNC Hag RTav va EUMAEEOUME TNV TEAOPEPAOH OTNV
naBoyévela tng 1dtomadou¢ Siapeonc nvevpovonddelag. AoOeveig
Kot péBodot: O pdlog tng tehopepaong SiepeuviOnKe pe pia oelpd
avooOoICTOXNMUIKWV PEAETWV Kal gBopifovTa in situ uBpidiopol
(FISH) o€ 10TIkéG pIKpoouaTolyieG (tissue microarrays-TMAs) amo
AVTITPOCWITEUTIKA IOTIKA Sgiypata acOevwv e duo Sl1apopeTIKEG
HOP@EC IVEVLOVIKAG ivwong, TNG 161omaboug VEVUOVIKAG ivwong
(IPF) kat TnG KpUTTOYEVOUG OpYavomolol mvevpoviag (COP), kaBwg
Kat agOevwv tng opddag eAéyxov. AmoteAéopara: Mapatnprioape
ONMAVTIKNA EAATTWGN 0TNV EKPPACH TNG TEAOLEPATNG TOGO OE IPWTE-
VK6 emimedo 600 Kat o MRNA oTou¢ aoOeveic e TvEUpOVIKE ivwon
OUYKPITIKA pE TNV opada eAéyxou. TOGO 0L avOGOIGTOXNIKEG MENETEG
oao kai n FISH avaAvon amokdAuyav duo umonmAnbuacpoug tomou I
TIVEUIOVOKUTTAPWY U Bdon Ta emimeda ékppaong TnG TEAOUEPATNG:
Ta TEAopepdaon Betikd TOmou |l mvevpovokuTTapa, mepiBarlovta
TIEPLOXEG EVEPYOU ivwang Kat emdeikviovtag avgnuéva emimeda
€K@paon¢ SeIKTWV S10PoPOTOoINCNE Kal T TEAOUEPATT apPVNTIKA
KUTTapa Kupiwg evTom{OpEVa OE TEPIOXEG EYKATESTNHEVNG iVWGNG
Ta onoia xapaktnpifovtav and vPnAd enineda andnTwong. Zupme-
paopara: H ehattwpévn ékppaon tne tehopepdong otnv IPF duvata
va aVadEIKVUEL MIa ATIOAOYIKE GUOXETION HETAEL XOUNANG EKPPaAONG
TeNopepacn  Katmaboyévelag Tng ivwong. H Sipopolpevn ékppacn
NG TENOUEPAONG OTA TIPOYOVIKA EMONAIAKA TVEUHOVOKUTTAPA OEiXVEL
ot n tehopepdon puduilel tn poipa Twv KUPeMSIKWY EMONAIAKWY
KUTTAPWV E(TE MTPOG £VAV AMOTITWTIKO 1 TTPOG £VAV HEGEYXUUATIKO
@AIVOTUTIO CUVEIOPEPOVTAC £TGL GTNV IVWTIKNA e§gpyaaia. [Tveluwy
2010, 23(3):207-223.
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EIZATQrH

H tehopepdon gival pla EKAEKTIKN avAOTPOQPN LE-
Taypagdon n omnoia KATaAVeL TNV MPOooOnKn e§anepwv
TTAGGG tehopepwv DNA 0TIG AKPEG TWV XPWUOOWHATWY,
avVTIPPOTWVTAC €101 0TN S1ABPWON TWV TEAOUEPWV TTOU
@UGIoNOYIKA cUUBaivel peTd amd kABe KUTTapIKH Slaipeon
Kal OUVEIOPEPOVTAG 0T 0TABEPOTNTA, TN AEITOUPYia Kal
Tov SUTAACIACUO TWV XPWHOCWHATWV'2, ATtoteAeital amd
Ou0 BaCIKEG UTTOUOVADBEG: TNV KATAAUTIKY, avAcTpo®n
petaypagdon tng tehopepdonc (h-TERT) kat tnv RNA
(hTR)? mou Aertoupyei WG UNMOOTPWHA TNG KATAAUTIKHAC.
Ekteveic avagpopég éxouv Sei€el 0TI n TeEhopepdon Ka-
TEXEL KEVTPIKO PONO OTNV KUTTAPIKA HAKPORIOTNTA, TOV
KUTTAPIKO TTOAAATTAACLAOMS Kal S1apopomoinon evw xEl
ouvdeBei Kal pe TNV KuTTapIkn aBavacia®. Emmpoobetaq,
peléteg xouv Seifel OTLN Ekppaon i n 6pacTNEIOTNTA TOU
evQUpou bev meplopileTal HOVO G€ KAPKIVIKA 1) LETAANAY-
péva kUTTapa aANa oxeTiCeTal Kal Ye TNV 1oTIKA BAABN°.
Mapd tnv MANBWwPa OPWE TwV SESOUEVWV OXETIKA PE TNV
enaywyn TnG SpaotnEIdTNTAG TNG TEAOUEPATCNG KA OE LN
KOPKIVWUATWOEIC KUTTAPIKEG OEIPECS7 KAl TN GUCXETION
NG ME TNV LOTIKA PAAPNE Kat AoV, 0 PONOC TNG OTIC
pn Kapkivwuatwdelg e€epyacieg mou xapaktnpifovtal amd
avénuévo KUTTAPIKO TTOANATTAQCIAOUO Kal KUTTApa avOe-
KTIKA 0TNV anmoOmTwon, TAPAUEVEL €V TTOANOIC AyVWwOoToG
Kat aca@nic. H idlomabng mveupovikn ivwon (IPF) amoteAei
Ha tétola Siepyacia mou xapaktnpiletal amd avénuévn
emBOnAlakn andéntwon, cuvaBpoicelc ypriyopa moAla-
miactalépevwy «aBavatwy» (voBAaoTWY TTou KaAouvTal
woPAaoTikéG eoTieg (fibroblastic foci-FF) kat cuvBétouv
To MTaBoAOYOaVATOUIKO TTPOTUTIO TNG oLV BoUC SlApEong
miveupoviag (usual interstitial pneumonia-UIP)™.

MNpooceata BipAoypagikd dedopéva vumootnpifouv
NV unoeBeon OTIL N evepyog ivwon otnv IPF avtavakAda
Tnv maBoloyIkr} avtamokplon Tou emBnAiou o€ cuvexn
BAamTikda epeBiopata evw €xouv emiong avagepOei ma-
pPaAAnAlopoil PeETAY TNG KAPKIVOYEVEDNCG KAl TNG IVOYE-
veonc'® "2, AvtiBeta pe tnv IPF n omoia xapaktnpiletal
anod KATAoTPOYPr} TOU TIVEUUOVIKOU TTAPEYXUUATOG KAl AN
AvVACTPEPIN ivwon, AANEC LOPPEC TIVEUUOVIKAG ivwong
OTWG N KPUTITOYEVAG opyavomolog mveupovia (COP)
mou Xapaktnpietal amd wopuvéwpatwdelg BAaPeg mou
Aéyovtal cwpdtia Masson (MB) epgavifovtal pe uvolikn
TTPOYVWON Kal KAIVIKA TTopeia’™',

Melipapatikd dedopéva éxouv dei€el avénuévn dpaotn-
plotnTa tehopepdong o€ voAdoTteC amopovwBévteg amd
TIVEUUOVEG TIOVTIKIWV HETA TNV £YXUON UITAEOUUKIVNG™ .

[INEYMQN Tedxoc 30, Téuog 230¢, lovAiog - ZemtéufBpiog 2010

H teAeutaia mapatripnon evioxubnke Kal amo To eupnua
OTL N anMwA&la TNG SpaoTNEIOTNTAC TNG TEAOUEPAONG
gival otevd ouoxeti{opevn pe tn Slapopomoinon Twv
wvoPAaocTtwy o€ puoivoBAdcTeg kal mbavov va dpa cav
mupodoTIkOC mapdyovtag autic TnG diadikaciag'®™®,
EmmAéov €xel avapepBei 611 N anwAela €kppaong TNG
TeENoUEPAONG 0ONYEl o€ AMOTTTWON TWV EMONAIOKWY KUT-
TAPWV TTOVTIKIWY HETA Ao £YXUON MITAEOUKIVNG?, EVW
TAPAAANAQ €XEL TIEPLYPAPEL KAL N AITIOAOYIKH CUCXETION
NG EANEIPNG TENOUEPATNG OTOUC IVOBAACTES TIOVTIKWV
UE TNV eMayOUEVN ATIO UIMAEOUUKIVN TTVEUMOVIKH ivwon?.
QoT1600, N avBpwmvn TEAoUEPATN Sla@EpPEL TTAPA TTOAD
amd auThv ToU TTOVTIKOU TOG0 0N AEIToupyia 000 KAl 0TN
PUOUION EVW TO TIEIPAUATIKO HOVTENO TNG UITAEOUUKIVNG
Sev ival TANPWC avVTUTPOOWTEUTIKO TN IPF2.

Ma Toug mapamndavw Aolmov Adyoug xpelddetal pia
avOpwrivn HEAETN. Auo TTPOGPATA SNUOCIEVUEVEC [IE-
Aétec o€ aoBeveic pe oikoyevn IPF>22 replypagouv évav
TIPWTOYEVH PONO Y10 TIG LETOANAYEG OTIG UTTOPOVASEG TG
Tehopepaonc otnv maboyévela tng IPF, mpoteivovtag otin
mapouaia Bpaxéwv TEAOUEPWY 0TA KUPENISIKA emONALlaka
KUTTOpPA Pmopei va odnynoel atny anmdénmtwon Toug Kal va
MUPOSOTHCEL TNV IVWTIKN e€€pyacia Héow emONAlAKWY-
MECEYXUHATIKWV aAANAembpdoewv. Mapd 1o yeyovdg
oTL N otkoyevr¢ IPF dev Stagopormoleital KAvika amd Tnv
omopadiKn Hop@n TTANV TNG VEOTEPNG NAIKIAC Evapéng Tng
vooou (55 €tn vs. 67 £€TN)%, wotoco Sgv undpyouv BIBAL-
OYPAPIKEC AVAPOPEC TTOU VA CUCYXETICOUV TNV €KPpach
KAl TNV KUTTAPLIKN evTomion tou ev{Upou o€ deiypata
TVEUOVA A0O0eVWV PE SIOPOPETIKES LOPPEC TTVEUUOVIKIG
ivwongc. Na va anavticoupe o€ auTod TO EPWTNMA, KATA-
OKeVAOAE IOTIKEG MIKpoouoTolyie (TMAS) kat Seiape
ENATTWHEVN €KPPAON TNG TEAOUEPATNC O€ AVTITPOOW-
TIEUTIKA 1OTIKA Seiypata acBevwy pe omopadikn IPF kat
COP ouykpttikd pe tnv opdda eAéyxou cuoxeTilovtag
£TOL TNV UTTOEKPPAOT Tou ev{UUoU UE TNV aboyévela
NG ivwong. To 1o oNUAvTIKO OPWE EUPNUA TNG LEAETNG
pag nrav ot Sei€ape yia mpwtn gopd tnv mapousia duo
untonmAnBuopwy TuTou |l mveupovokuTTdpwy Ue Bdon Ta
emnimeda EkQPaoNnG TNG TEAOPEPAONG: T TEAOUEPAOT Be-
TIkd TUmou Il mveupovokUuTTapa, TEPIBANNOVTA TTEPIOXEC
EVEPYOU ivwong kal emdelkviovtag avénuéva emimeda
ékppaong deiktwv Slapopomoinong Kat ta Tehopepdon
apvNTIKA KUTTapA KUpiwg evtom{Oueva OE TTEPLOXES
€YKATEOTNUEVNG ivwong Ta omoia xapaktnpeifovtav amnd
vPnAda emineda amoéntwong. Mepikd and ta dedouéva
o ava@épovtal 5w €xouv SNUOCIELOEL JE TN HOP YN
mePIANYNC OTA TIEMPAYUEVA LATPIKWY CUVESPiwV+2,
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YAIKA KAl MEOOAOI

AoOeveic

JUVOAIKAQ, 45 mpwTtodlayvwopévol aoBeveic e 1dloma-
On didueon mmveupovia (IIPs) Suo dtagopeTikwy mabolo-
YOQVATOMIKWV TTPOTUTTWVY PETAEY Twv omoiwv 25 aoBevwv
pe IPF/UIP kat 20 pe COP cuumepiAnpOnoav otn YeAéTn
pag. H didyvwon 1é0nke pe fdon tn 6€on opogwviag tng
ATS/ERS (2002)%. lotikda Seiypata eA@Onoav pe avolyth
Blowian video assisted thoracoscopic surgery-VATS and
Suo S1aPOoPETIKEG TIEPLOXEC KABE a0BevoUC Kal YoVIUO-
moriBnkav oe mapag@ivn. OAot ol acBeveic Tav MARPwWC
EVNUEPWUEVOL KAL UTTEYPAYP AV EVTUTIO CUYKATABEONG UE
0 OTT0{0 CUNIPWVOUCAV GTNV AVWVUUN XPrion Twv dely-
MATWV TTVELOVA YA EPELVNTIKOUG oKOTIOUC. EmimAéov n
MENETN PaG €TUXE TNG £YKPLONG OTTO TNV TOTTIKN EMOTN-
povikr emtponr| (AplOudg mpwtokdAou: 1669). Eikoot
MMAGK TTapag@ivng cuAAEXBNnoav amd Ta apxeia Tplwv
maBoyoavatopikwy TUNUatwy (Mivakag 1).

Mocotikn avtidpacn avdotpopn¢ petaypagaong
TpayHaTiKov Xpovou (quantitative Real-Time reverse
transcriptase-chain reaction- qRT-PCR)

H ékppaon tou mRNA tn¢ h-TERT urmopovadag ekti-
MNONKe MoooTIKA oToug aoBeveic pe IPF kal otnv opdda
eAéyxou pe T xprion gRT-PCR pegbodou pe SYBR-Green |
QPCR Master Mix. Ot aAAnAoUxieG TWV EKKIVNTWVY ATAV Ol
akoMouBec: yia tnv h-TERT; lNa 5'- TGA CAC CTC ACCTCA

MINAKAZ 1. Anpoypa@Ikd Kal OTIPOUETPIKA XAPAKTNPIOTIKA
Twv acBevwv pe IPF/UIP kat COP kat atopwy TN opddac eNéy-
Xou. O1 Tipég ekppalovtal wg PEoEG TIEG + SD.

Opada
Xapaktnplotika IPF/UIP Ccop/oP €\éyxou
Ap1Budg 25 20 20
®ulo: Appev/Oniu 19/6 12/8 5/5
HAkia, median (étn) 66 (43-72) 50(38-62) 39 (26-60)
Kamviotéc/ 20/5 6/14 5/15
Mn kanvioTéq
FVC, % pred 713 784 104+ 12
TLC, % pred 54+4 723 101+ 11
Keo % pred 53+5 68+5 90+6

Juvtopoypagieg: COP/OP: KpunTOyEVhG OPYAVOTIOIOG TTVEU-
povia, FVC: Avvapika ekmveopevn xwpntikétnta, IPF/UIP:
I61omabri¢ mveupoviKn ivwaon/ouvrong Sidpeon iveupovia, Keo:
Awayutikn kavetnta povoéeldiov Tou dvBpakog, TLC: ONKA
{WTIKA XwpnTIKOTNTA.
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CCC AG-3' kat hTERT REV: 5'- CACTGT CTT CCG CAAGTT
CAC -3’ kat yia tnv GAPDH; yia: 5'- GGA AGG TGA AGG
TCG GAG TCA-3’ kat GAPDH REV: 5-GTC ATT GAT GGC
AAC AAT ATC CACT-3.

Evepyotnta tn¢ tehopepdaong

H evepyotata Tng TEAOPEPAONG EKTIUNONKE O€ 15
OUVOAIKA Selypata mveupovwy (8 pe IPF kal 7 puaotoloyt-
KWV), XPNOILOTIOIWVTAG TO TTIPWTOKOANO avdAucong TRAP
(telomeric repeat amplification protocol) o cupgpwvia
UE TO TPWTOKOANO Tou KaTaokevaoTh (TeloTAGGG Tel-
omerase PCR ELISA plus detection kit; Roche Molecular
Biochemicals, Mannheim, Germany)¥. Ev cuvtouia, 10 ug
amopovwuévou 1oTou tomoBeTrOnkav og 30 ul peiypatog
avtidpaotnpiou (mou mepleAduBave UTTOCTPWHA TENOLE-
paonc cuvOuacouévo e BIOTIVIKA KaTaholma, BeATioTo-
TTOINUEVO EKKIVNTH, VOUKAEOTIOIA, Tag MoAupEpPAON, Kal
Mia 216-bp kaBopiopévn eowteptkry ahAniouxia DNA).
210 TENIKO peiypa SievepyriOnke PCR. H evepyoTtnTta TNG
TEAOLIEPAONG TTOCOTIKOTIOINONKE PETPWVTAG TNV ATTOPPO-
enon Twv mapaywywv tn¢ PCR ota 450 nm. Ta emineda
EVEPYOTNTAC TNC TEAOPEPAONC o€ Sedopévo Seiyua Ka-
Bopiotnkav cuykpivovtag To onua Tou Seiypatog mou
BéNape va UTTOAOYIOOUE, IE TO TTAPATNPOUUEVO ORua
SelyaTog yvwao TG TooOTNTAG TOU EMOTPWATOC EAEYXOU.
Baolopévol ota apvntikd Seiypata eAéyxou, Seiypata pe
amoppoéenaon Atydtepo amd 0,2 BewpriBnkav apvnTIKA.

Kataokeun Tn¢ 1oTIkA¢ pikpoouatotyiac (TMA)

Ma tnv kataokeun tng TMA xpnotuomolnénkav 65
OGUVOAIKA 1oTIKA delypata amd 25 IPF, 20 COP kai 20 aoBe-
VEiG TNG opadag eAéyxou TIPoePXOpEVA Ao AToA TTIOU
umnePANBnoav o€ XElPOouPYIKN EMEUBaoN yla TNV agaipeon
kaAonOng BAAPNG tou vedova. TPELC AVTITPOCWTTEVTI-
Kéc eploxég SlapéTpou 1.5 mm n kABepIa ekQUTEUTNKAV
amo Toug KUBOUG Mapa@ivng Kal EMAVEUPUTEVTNKAV UE
N xpnon €1dikov opydvou (TMA-100, Chemicon, USA)
o€ véo KUBo mapa@@ivng KATW amd auoTnpEég CUVTE-
TAYHEVEG OTIWG EXEL TTEPLYPAPE] OE AANN PEAETN. TeEhkA
kataokevdaoape 2 TMA umiok amote oupeva amnod 100
LOTIKOUG TTUPIVEC TO KaBéva.

AvodoioTtoynpikn avdlvon

H avoooiotoxnueia yia to avtiyovo tng h-TERT mpay-
patomotOnke pe tn XPnon 191kol LOVOKAWVIKOU avTi-
owpatog (anti-h-TERT mouse monoclonal antibody- clone
44F12-Novocastra Laboratories Ltd, Newcastle United
Kingdom). la tnv mepaitépw avaiuon tng KUTTAPIKAG
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EVTOMIONG TNG TEAOUEPAONG ota Ttumou | n Il Tveupovo-
KUTTOPA Kal GTOUG HUOIVOBAACTEG 1} 0TOUC VOPBAACTEC
mpaypatomoljoape SUTAR avoooioTOXNUIKI XpWon yia
Tnv h-TERT kat Tov surfactant-SP-A rj yia tnv h-TERT kat
Vv a-smooth muscle actin (@-SMA), avtiotoixa. lNa va
ekTiunooupe tn dtagopomoinon Twv AECs otov IPF kat
COP mvevpova Tta 1otk deiypata Bagtnkav e €101k
avtiowpa évavtt TnG N-kavtxepivng (rabbit polyclonal
antibody, GeneTex, GTX12221). la tnv &kTipnon TG
TIOANOTTAQCIACTIKAG IKAVOTNTAG TWV IVOBAACTIKWY ECTIWV
TpaypaTomoljoape SUTAR avooOIGTOXNUIKY XPWon yia
Tov napayovta ki-67 (ab8191, Abcam Limited Co) kai yia
Tov a-SMA 61w  Kat TPONYOUHEVWG.

Mpoadiopiopoc ¢ anoémtwong

H amontwTik dpactnpldtnta eKTIUAONKE UE TN
XPrion €181kou avTIoWHATOG £VvavTl TOU TTapAayovTa Ka-
TakeppatiopoL Tou DNA [DNA fragmentation factor
(DFF)]1* (Novocastra Laboratories Ltd, Newcastle United
Kingdom).

®0opilwv in situ uBp1Siopndc (FISH) yia
npoadiopiopd tng hTR vopovadag

H ektiunon tng ékppaon tng hTR umopovadag €yive pe
™ xprion FISH. HavdAuon mpaypatomnoibnke pe tn xprion
€181kov hTR probe 1o omoio uBp16ilel oe MePLOXEG EVTOG
Twv 451 Bdoewv Tng hTR umopovadag (DakoCytomation,
Y1441). Ta emimeda tou MRNA ekTiUROnKav autopaTa Je
N Xprion Tou VPnANG eukpivelag pikpookormiou DUET,
BioView cuotnua cdpwong yia FISH, popgohoyia avoco-
(0TOXNMIKEG EQapPHOYEC. AdPape wG «auénpévn Ekppaon»
v napouacia >10 avtiypd@wv mRNA avd KUTTapo, wg
«XOMNAN ék@pacn» Tnv mapouacia 6-10 avtypdapwv mRNA
avda KUTTApo Kal we «<kaBolou ékppacn» TNV Tapoucia
<6 avtlypa@wv mRNA avd kottapo.

Extipnon twv amoteleopdtwy T avosoisToxnueiag
e 6UGTNPA UTTOAOYIOTIKIC avAAUONC EIKOVAC
(Computerized Image Analysis)

MPOKEIEVOU VA EKTIMNCOUE TA ATTOTEAECHATA TNE
QAVOOOIOTOXNMEIAG O TTOIOTIKA AANA TTOGOTIKA KAl PIE
aKpifela xpNOILOTIOCAE €Va NUI-AUTOUATO CUCTNUA
UTTOAOYIOTIKNG avaiuong elkovag (Matrox Il Card Frame
Grabber, Camera Microwave Systems, Microscope OlI-
ympus BX-50) To omoio pag emETPEYE va EKTIUAOOUUE
TNV XPWUATIKA £VTACHN TOU GUATOG O€ pia KApaka 256-
emmédwv 0 (LavPo)-255 (ACTIPO). 3TN CUVEXELD Ol TIUEG

[INEYMQN Tetxoc 30, Téuog 230¢, lovAiog - ZemtéufBpiog 2010

TNG XPWUATIKAG EVTAONG HETATPATINKAV OE AvAOTPO®a
% TT0000TA.

STATIZTIKH ANAAYZH

H otatiotiki avdiuon mpaypatomolfnke pe Tn xpnon
Tou mpoypdppatog SPSS 13.0 software. Ta amoteA\éopata
EKPPAOTNKAV WG HECEC TIEG mean + SD, ekTO¢ Kal av
urtoSelkvuovTtav SlagopeTikd. To unpaired t-test xpnot-
MOTIOINONKE Y1a VA CUYKPIVOUE TN XPWHATIKN évtacn
TwV SIAQOPETIKWYV UTTO HEAETN TTAPAYOVTWY PETAEY TWV
000EVWV JIE TTVEVRIOVIKH (VvWon KAl TwV atépwy TG opddag
eAéyxou. To paired t-test xpnotpomoliOnke yla va Guykpi-
VOULE TN XPWHATIKA évtaon oTa emOnAlakd KUTTapa,
TOU IVOPBAAOTEG KA TOUG HUOIVOPBAACTEC TWV A0OEVWVY e
IPF/UIP, COP kail Twv atopwy TnG opdadag eAéyxou. Tiun p
<0.05 AMPONKE WG OTATIOTIKA CNUAVTIK.

AMOTEAEZMATA

EAaTTWHEVN £KQPAOT TEAOUEPATNC OTOUC IVWTIKOUG
TIVEUOVEC CUYKPITIKA PE TOV PUGIOAOYIKO TIVEVUOVA

Emeidn dev umnpxe kauid Siabéoiun minpogopia otn
BiBAloypagia OXETIKA PE TNV EKPPACN TNG TEAOUEPATNC
o€ a0Bevei¢ pe TVEVHOVIKA (vwon umtoloyioape TNV €k-
@paon TNG teAopepAaong toco oe emimedo mMRNA éoo kat
npwteivng pe tn xprion qRT-PCR, FISH kat avocoiotoxn-
MIKAG avaiuong avtioTolya, oe aoBeveig pe IPF, COP kat
O€ 10TIKA Selypata TG opadag eAEyxou.

MNa va emMomeEVCOVNE Kal VA OTAVTAPOTIOIiCOUHE TIG
TTEIPAMATIKEG Ol1adIKATIEG KATAOKEVATAE SUO IOTIKEG
HikpoouaoTolxieg anmotehoUpeveG amd 100 .o TIkoUG Tupn-
veg amd 25 IPF, 20 COP kat 20 (otikda Sgiypata TnG opadag
eAéyxou. OLIOTIKEG pIKpoouoTolyieg BagTnKav pe 101K
MOVOKAWVIKO avtiowua évavtt Tng h-TERT umopovadag
Kal Ta anmoTeAéopata avallBnKav TOOOTIKA [UE TN Xprion
€161KOU TIPOYPAUUATOC UTTOAOYIOTIKAG AVAAUONG ELKOVAG,
OMWG MEPLYPAPTNKE Tapandavw. OTwg avapevotay, n
RT-PCR amokdAUPe ONUAVTIKA EAATTWPEVN EKPPacn
NG Tehopepdong ota deiypata mvelpova acBevwv e
IPF cuykpITIKA PE Ta SeiypaTa QUOIOAOYIKOU TTVEUIOVA
(p<0.0001) avadelkvuovTag £TOL pia AITIONOYIKN oXéon
METAL TNG HEIWHEVNG EKQpPaonG Tou ev{UOU Kal TNG
TIVEUMOVIKNAG ivwong (Eikéva 1). EmimAéov, n avoooioTo-
XNUIKA avdluon €6e1e eNaTTWHEVN €KPPACN TEAOUE-
PACNC OTOUC IVWTIKOUC TIVEUUOVEC TV doBevwy He IPF
(p<0.001) kat COP (p<0.001), CUYKPITIKA HE TNV opdada
eAéyxou, evtom{Opevn Kupiwg oTo KUPEAISIKO emORAlo
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(Eikdva 2).

Ynepékppaon telopepdonc ota KuPehdika emoOnhiakd
KOttapa mepiBarlovra mepioxég voPAAOTIKAG
dpaatnpiotnrac atov IPF nvedpova

Mpokelpévou va avahlOOoUE TTEPAITEPW TNV KUTTAPIKNA

EVTOTIION TNC £KPPACNE TN TEAOUEPATNC TTPAYLATOTION-
noape StmA; avoooioToxnUikr HeEAéTN Kal Seifape OTL
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EIKONA 1. Mewwpévn ékppacn tou mRNA tn¢ h-TERT umo-
Hovadag tng tehopepaong ota IPF deiypara og ouykpion pe
ToV puUOIoMoyIKO mveUpova. H gRT-PCR mpaypatikol xpovou
€8e1&e OTATIOTIKA ONUAVTIKY YEIWHEVN EKQPACN TNG TENOUE-
pdong ota Seiypata mvevpova twv IPF acBevwv o olykpion
pE Ta dtopa TNG opadag eréyxou (*** p<0.0001). Q¢ cuvéxela
auTou, n Héon MooooTIaia avaloyia evepyoTnTag TNG TENOUE-
pdong omw¢ auth ekTiudnke améd tnv avduon TRAP gdavnke
MEIWpEVN 0TOUC 000EeVEiG e IPF GUYKPITIKA E TA QUOLIONOYIKA
Selypata (p<0.05).
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N EAATTWHEVN €KPPAON TNG TENoPEPAONC eviomloTav
Kupiwg ota tumou Il kuPpehiSika emBnAlakd KUTTAPA
[tehopepdon () kUTTAPA] Ta omoia evtom{oTav KUPiwg
O€ TIEPLOXEG KATAOTPOPNG TOU APXITEKTOVIKOU TAPEYXU-
HOTOG KAl EYKATECTNUEVNG (VWwOoNG (TEPLOXEG PE ElKOVA
Siknv pehlocoknpBpac) otov IPF mvevova (p<0.001)
(Eikova 3A-C). AvtiBeta mapatnprioape au§nuévn k-
ppacn tou ev{Uou oTta MveupovokUTTapa tumou Il ta
oroia meptéBailav meploxég emOnAiou TOU TOUAAXIOTOV
HOKPOOKOTTIKA (PaiVOVTAV (PUGLOAOYIKEG, EVTOC ToU IPF
mvevpova (Eikova 3G-H). EmmpdoBeta otoug aoBeveic
pe COP n misloPneia Twv tUToU Il mveupovoKUTTAPWVY
TwV APECA YEITVIA(OVTWY HE TIEPIOXEG OPYAVOUREVNG
mveupovia emdeikvuav ehattwuéva emimeda Ekppaong
(Eikova 3D-F). To o 6uwg eVTUNWOoLlako g0pnua tTng
MEAETNG MAC ATAV N AVAYVWELON TIVEUOVOKUTTAPWY
Tumou Il pe SlapopeTiK pop@oloyia amod 4Tl Ta Yuaolo-
Aoyikd, SnAadn emmedwUEVWY, HAKPOOTEVWY KUTTAPWVY
Ta omoia epEBaANav TTEPIOXEC EvEPYOU ivwong KUpiwg
otov IPF nveupova (p<0.001) kat o€ Aiydtepo abud
otov COP (p<0.02) mveuuova kat xapaktnpifovtav amnd
avénuéva emineda ékppaong tehopepdong [tedopepdon
(+) kUTTOPA]. To Mapamdvw gvpnUA UTMTOPEL va oNUAivel
o011 Ta KUTTAPA autd Adyw TG auvénpévng EKepaong
TeENopEPAONG VA Eival AvOEKTIKA OTNV AMOTITWON KAl
va xapaktnpeifovtal amd vPnAn dlagopomoinTIKn Kal
moAAamAac1aoTIKy tkavétnta. (Eikova 4). e cuvaptnon
M€ Ta amoTeAéopATA TNG avoooioToxnueiag n avdiuon
pe FISH é6eiée meploxég auénuévng evioxuong orfpatog
Ox1 HOVO 0TO MO0 TOU PUCIOAOYIKOU TIVEUHOVA AAAA
KOl O€ TIEPLIOXEC UTTEPTTAACTIKOU €mMONAiou dpeoa yeTvi-
afouaoec pe IVOBAACTIKEC E0TiEC VTOC Tov IPF mveupova
oTI¢ 19 and TIG 25 MEPIMTWOELG KAl TTEPLOXEG XAUNAAS
evioxuong orjpatog otoug 15 and toug 20 acBeveic pe
COP (Eikdva 5).

Avénpévn ékppaon TeENopEPAONC OTIC E0TiEC
woPhaotwv/puoivopractwv atov IPF o€ cuykpion pe
tov COP nveupova

MPOKEIUEVOU VA avVaYVWPICOUHE SIAKPITA EKPPACTIKA
TPOTUTIA TEAOUEPAONG METAEY TWV IVOBAACTIKWV ECTIWV
oTIC SUO OLAPOPETIKEG LOPYPEC TTVEUUOVIKAG ivwong,
TIpAyHaTOmolioapE SUTAR AVOCOIGTOXNUIKY XPWon Kal
Seiape emaywyn otnv ékepaon tou ev{UoU OTIC IVO-
BAaoTikéc/puoivoPAacTikéC eoTiec oToug IPF aoBeveic
(Eikova 6A-B) og olykplon e Ta cwpdtia Masson mou
xapaktnpifouv 1o MabBoAoyoavatopiko TPOTUTIO TNG
opyavouuevng mveupoviag (Eikova 6D-F) (p<0.001). To
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EIKONA 2. Meiwpévn éK@pacn TnG TEAOHEPAGNG GTOUC IVWTIKOUG MVEVHOVEG CUYKPITIKA ME TNV opdda eléyyou. H avoooi-
otoxnueia yia tnv h-TERT untopovada amokdAue BeTIKr TupnVIKN Xpwon (BEAn) oTov GUOLOAOYIKO TiveUpova (A) CUYKPLTIKA TOV
apvntikd 1o6tumo (B), Tov IPF (C kau D) kat Tov COP mveupova (E, F). Ztov IPF mvebpova n teAopepdon eVIOMOTNKE KUPIWG OTIC
TIEPIOKEG KAl OTA TIVEVUOVOKUTTApA Tou Tnv mieptBdAouv (D), oe avtiBeon pe Tov COP mvelpova émou BplokdTav o€ mEPLOXEC
KUPeMSIKAC MApwong (F). H moootiki avdluon tng avoooioTOXNMIKAG XPWHATIKAG évtaong (G) avédel§e onpavtikég Slapopég
OTNV €KQPAON TNG TENOUEPACNG LETAEY TWV IVWTIKWVY TIVEUUOVWY KAl TWV SELYUATWY TNG opddag eAéyxou (*¥p<0.001). MpayHaTikég
peyebuvoelc: A - F: x40.



PNEUMON Number 3, Vol. 23, July - September 2010 213

COPE

EIKONA 3. Anoucia ékppaong TnG TENOHEPAONG GTO KUPENISIKO EMONALIO TWV TIEPIOXWV EYKATEGTNHEVNG ivwong Tou IPF
nvevpova. At avocoioToxnuikr avdiuon ylatnv h-TERT umopovada kat Tov SP-A amokAAUYE amoucia EKpPaonG TNG TEAOPEPATNC
(Aeukoi uprveg) amd Ta mveupovVOKUTTAPA TUTOU Il (KOKKIVO KUTTAPAOTIAACA) OTIC TTEPIOXEG TG AKAVOVIOTNG EMavemBnAlomoinong,
EYKATEOTNHEVNG ivwong (KUOTELS Siknv PENKNPUOPAC) KAl KATAGTPOPAE TNG APXITEKTOVIKIE TOU TTAPEYXUMATOG oTov IPF rivelpova
(A, B), vy avtiBétwg Betikr mupnvikn xpwon (BEAn) mapouacialdtav o€ MEPIOKES TIVEVOVOKUTTAPWY TTOU ATAV IOTOAOYIKA QUG-
oloyIkég evtog Tou IPF mvelpova (C, D). EmmpocBeta otov COP nveUpova n melopneia twv T0mou Il KUPeMSIKWVY KUTTAPWVY TTou
neplEPANNaV TTEPIOXEG OPYAVOULEVNG TIVEUHOVIOG EMESEIEE pelwpéva emimeda Ekppaon Tou (BENN) (E, F). Mpaypatikég peyebUvoelc:
A kat E: x20, B-D kaut F: x40.
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EIKONA 4. Zuvevtomion tng TEAONEPACNG HE Ta TVEVHOVOKUTTApa TUmov Il mepiBallovta meploxég evepyol ivwong. H
UTTOAOYIOTIKH avAAuon TNG XPWHATIKAG £VTaonE TNG avoooioTOXNUIKAG Xpwong £5&iée auénuévn ékppaon Tehopepdong (Havpol
TUprVeg) oTa TUTOU Il TTVEUOVOKUTTAPA (KOKKIVO KUTTAPOTAAOA) dueoa Yertvid{ovTa Pe TIEPLOXEG EVEPYOU ivwong Kupiwg otov IPF
nivebpova (voPAaoTikég eotiec) (A, C kal E) kat o€ pikpotepo Babuoé otov COP nvelpova (cwpdtia Masson) (B, D kat F) (**p<0.001).
MpayuaTtikég peyebuvoelg: A-F: x40.
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EIKONA 5. YYnAnr evioxuon tou orjpatog tng hTR unopovdadag ota emBnAiakd kUttapa mepiBailovTa voBAaoTIKEG e0TiEC oTOV IPF
niveUpova. H avaluon FISH amokdAupe auénuévn ékppaon Tng mRNA umopovadag (mRNA avtiypa@a umodeikviovTal we TPAGIVES
€VOOKUTTAPIEC KOUKIGEC) 0TO PUGIONOYIKO KUPEAISIKO EMOALO (A, B) SUYKPITIKA e TOU IvwTikoU Tiveupova (C-F). Mepartépw avaiuon
TNG KUTTAPIKAG EVTOTIIONG TOU ORATOC avéSelfe ouvabpoioelg emBnAakwv KUTTapwy mou umiepékppalav tnv hTR unmopovdada kat
Ta omoia meptéBailav mePLOxEC evepyoL ivwong Kupiwg otov IPF mvebpova (D) kat o€ pikpdtepo Babuod otov COP nveupoval(k, F).
EmmAéov eVIoXUEVO ONfa EKPPAONG TNG TENOUEPATNG TAPATNPHOALE KAl OTIC IVOPBAACTIKEC eoTieg IPF mveupova (D) o€ avtiBeon
e Ta owpdTtia Masson tou COP niveUpova (E). Mpayuatikég peyebuvoelc: A, C kat E: x40, B, D kat F: x40.
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TIPONYOUUEVO EUPNHA EVIOXUONKE AKOUA TIEPIOCOTEPO
pe tnv FISH avaluon mmou amokAAUPe TIEPIOXES EVIOXU-
MEVOU OHUATOC EVTOC TOU IVWTIKOU SIAECOU XWPEOU
otov IPF mvebpova (17 anod Tig 25 nepimtwoelg) (Eikova
5D) ouykpttikd pe tov COP mvelova O1ou avixveuoape
IVWTIKEG TIEPLOXEC XOUNANG EVIOXUONG OriaTOC 0TOUG 18
amod toug 20 ouvoAikd aoBeveic (Eikova 5F). Ta amote-
AéoUOTA AUTA YOG TTAPEXOUV ONUAVTIKEG TTANPOPOPIEC
OXETIKA HE TNV Taboyévela TNG MVEUMOVIKIAG ivwong Kal
MITopoUV va e€NyrHooLV TIC CNUAVTIKEG SIAPOPEC TIC OTTOIEC
gugavifouv ol Suo auTtég popPEg dlomaboug Stdueong
mveupoviag 6oov agopd tnv MPoodeuTIKOTNTA TNG VO-
OoU Kal Tnv avtandkpion otn Beparneia. Emiong Suvatal
Va anmavtroouv oTo epWTnUa yiaTi ol BAdpeg tng COP
UTTOKEIVTAL AR PN (00N PETA TN XOPRYNON KOPTIKOEISWV
o€ avtiBeon ue TI¢ voBAaoTIKEG eoTieg TN IPF mou givat
avOekTIkéG otnv amdmtwon Kal e§gAicoovtal Taxutata
mapd Tn B€pAMEVTIKN Aywyn).

Mapopota pe TRV TEAOpEPAOT EKPPATTIKA MpOTUTIA
anénmtwong, S1apopomoinone Kat KUTTapikov
moAAamAaclacpoy 0Tou¢ IVWTIKOUC TVEVHOVES

Ma va emPePaiwooupe av 1o mPoPil EKppaong TN
TeENopEPAONG oUVOSEVETAL ATTO TTAPOUOLO EKPPACTIKO
TIPOTUTIO AMOTITWONG EKTIUACAE TNV €KPPAOCN TOU EMMA-
YOMEVOU amd TNV KACTIAoN TTAPAYOVTa KATAKEPHATIOUOU
Ttou DNA [DNA fragmentation factor-DFF]. & ouvdptnon
E TO EKPPAOTIKO TPATUTIO TNG TEAOUEPATNG TTAPATNEN-
oape auénuévn amémtwon oto KUPeAISIKS emBriAio T000
Tou IPF (p<0.001) 600 kai tou COP nvevpova (p<0.02) og
OUYKPLION HME TO PUGCIOAOYIKO TIVEUMOVIKO 10TO (Elkdva
7A-C). EmmAéov, mapatnproape auénuévn amonmTwTIKh
SpaoTnploTNTa 010 KLUYPEMSIKS MO0 TTou TEPIEBAANE
TIEPIOKEG KATEOTPAMUMUEVOU TTVEUOVA KOL EYKATECTNUEVNG
ivwong (meptoxég Siknv peAiknpuBpa), 6TTOL KUpLapXoUCaV
Ta teAdopepdon (-) emBnAlakd KUTTAPA, UTTOSEIKVUOVTAG
OTI Ta KUTTAPA AuTdA ATav o mavd va vgictavtal
aAmoOMTWOon Adyw TNG Amouaciag EKQPaong TG TEAOUEPA-
onc. Mepaitépw, avénuévn andNTwon onUEIWONKE Kal
OTIC TIEPLOXEG IvoPBAaoTIkNG Spaotnpiotntag tou COP
mveUpova o€ avTifeon e T avtioTolxeg Tou IPF émmou n
améntwon Atav eAaxioTn. H mapatipnon autn evioxvel
OKOUA TTEPIOCGOTEPO TOV PONO TNG TEAOUEPACNG OTO
mapadoo @avopEevo TNG andmTwaong mou Xapaktnpidel
Vv IPF: mpodidBeon yia améntwon amd ta emonAiakd
KUTTOPA Kal aVOEKTIKOTNTA GTNV AMOTITWON Ao TOUG
wvoBAdaoTeg (Eikdva 7A-D).

TéNog, Aoyw TG EANelPNng Sedopévwy TTOU va UTIO-
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otnpifouv EUMAOKN TNG TEAOUEPATNG OTNV KUTTAPIKN
Slapopormoinon EKTIUACAUE TO EKPPACTIKO TTPOTUTIO
€vo¢ OeikTn peoeyyupatikng Slagopomoinong, Tng N-Kavt-
XEPIVNC Kal TapatnEnoape 0Tt aAANAeMIKAAUTITOTAY UE
aUTO TNC TEAOPEPAONC. 10 CUYKEKPIEVA TIAPATNPHOAUE
avénpévn €kepacn oTa UTTEPTTAACTIKA, HOPPONOYIKA
Siapopomoinuéva eminAakd kUTtapa (UE pavoTuTio
TTAPOUOLO UE AUTOV TWV PECEYXUMATIKWY KUTTAPWVY)
(p<0.01) mou mepiéParav (voPAACTIKEG 0TiEC Kal 0Ta SUO
MPATUTTA TTIVEVOVIKNG ivwong Tovi(ovTag 6Ti Ta KUTTapa
auTd xpetdlovtat auénuéva emimeda tehopepdaong oxt pévo
yla va givat avBekTIKA TNV amomtwaon oA emimAéov yia
va veiotavtal éva gido¢ petamiaciag, TNV emONAaKN
— HECEYXUMATIKN peTdntwon (Eikéva 7E-H).

2YZHTHZH

Me Baon tnv tpéxouaa BiAoypagia n HeAETN pag
ATTOTEAE( TNV TIPWTN AVAPOPA OXETIKA UE TNV EKPPA-
on ¢ Tehopepdong o€ aoBeveic pe 1dlomadn Sidpeon
TIVEUPOVOTTABELD Kal TA EVPAUATA AUTAG uTtooTnPi{ouv
MIa QITIOAOYIKI) CUOXETION METAEU XAUNARG €Kppaong
TeENOPEPAONG KAl TTABOYEVELQG TTVEUOVIKAG ivwaong, 6Twg
akpLBwg éxel amodelyOei pe tn ouyyevn duokepdtwaon
(dyskeratosis congenital)*®3', éva omdvio cuvépopo mou
xapaktnpiletal amd peTaANayEG 0To eVIURIKO GUUTTAEYUA
NG TEAOPEPACNG KA TIVEVUOVIK ivwon Tipocopoldlovoa
¢ IPF. O oxe810010¢ TNG MEAETNG HaG ixe WG EERC: XpNn-
olpomnoinoape gRT-PCR mpaypatikol xpovou kat Seiape
ENATTWHEVN €KPPAON TEAOUEPAONG OTOUC ACOEVEIC e
IPF ouykpitikd pe tnv opdda eAéyyou. Emmpocbeta,
KOTAOKEUAOAUE SUO IOTIKEG LIKPOOUOTOLY(EC AmOTENOU-
peveg amd 100 avTimpoowITEVTIKA 1I0TIKA Seiypata amo
aoBeveic e IPF kat COP kat amd @uGIOAOYIKO TIVEUOVIKO
1016 TNG oadag eNéyxou. H avoooiotoxnuikr avdiuon
o€ oUVOUACO WE TN UTTOAOYIOTIKH avAAUoN TNG EIKOVAC
amokdAupav eAaTTwEVN €KPpaocn Tou v(UOU GTOUG
IVWTIKOUG TIVEUHIOVEG O OUYKPLON E TNV OpASa eAEyXOU.
31N ouvéxela emAECapE va avOAUOOUE TNV KUTTAPIKN
EVTOTTION TNG EKPPACNG TNG TEAOUEPACNC TOTO [e SIMAR
avoooiotoxnueia 6co kat pe FISH kat Sei€ape peiwpévn
€KQPAonN TEAOPEPAONC OTA TIVEUOVOKUTTAPA TUTTOoU
Tov TepLEPaArAaV TTEPIOKEG KATECTPAWEVOU TTVEUUOVA
KAl EYKATEOTNMEVNG ivwong evTog Tou IPF mvebpova. Eva
amo Ta mo evOLaQEPOVTA ONUEIN TNG MEAETNG Hag ATav N
avixveuon avénuévwy emméSwy EKppaong TEAOUEPATNG
Ox1 MOVO OTO PUGIoNoyIKO emBAAL0 Tou IPF rveuova aAla
KL OTA AVAYEVVNTIKA LOPPOAOYIKA HETAANAYEVA TUTTOU
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EIKONA 6. Tuvék@paon tng TEAopepacnc e ta Asia puika kuttapa (a-SMA) kuttapa otig ivoBAacTtikég eoTie Tou IPF
nvevpova. H Sim\r) avoooiotoxnuikn umoloyloTikr avaiuon ikévag yia tnv h-TERT urtopovada kat Tov mapdyovta a-SMA armo-
KAAUYE OUVEVTOTTION TNG TENOUEPAONG (LAUPOL TTUPAVEG) OTIC TIEPLOXEG EVEPYOU ivwong (KOKKIVO KuTtapdmhaopua) (3éAn) otov IPF
(A) ouykpITikd e Tov COP miveupova (B ). H tedopepdon emiong Atav mapouod oTIC Aeieg PUTKEC iVEC TWV ayyEiwv TOU TIVEUIOVA TIOU
e€€ppalav aSMA otov IPF (C) ouykpitikd pe tov COP miveupova (D). Mpayuatikég peyebuvoelc: A-D: x40.



218 TINEYMQN Tedxog 3o, Topog 230¢, lovAiog - XemtéuPpiog 2010

-~

_—r

Y ")
vt ™ 2 e

e — e

OFF
Raeverse Stalning Inbensity (%)
]
M-cadherin
Reverse Stalring Intenalty (%)
]

AECE MB  AECs FF AECE AECs  AECs AECs
] cop IPF CONTROL H  CONTROL cCOP IPF

EIKONA 7. Mapdépola pe TNV TEAOHEPATH EKPPACTIKA TIPOTUTIA AMOTITWAONG, Siagopomoinang Kat Kuttapikoy moAAama-
GLOOPOU OTOUG IVWTIKOUG TIVEVHOVEG. AUENPEVN ATTOTITWON OTIWG EKTIMABNKE LE TNV AVOCOIoTOXNKIKH avdAuon Tou mapdyovTa
Katakeppatiopol tou DNA (DFF) mapatnprOnke oto umepmAaotikd KUPeASIkS kal Bpoyxikd embriAo Tou IPF ivebpova (A) evw
otov COP mveUpova Betikr xpwon yia Tov DFF evtomiotnke Kal oTIG TEPLOXEG 0PYAVOUEVNG TTVEUHOVIOE KAl 0Ta owpdTia Masson
(B). Emmpoo0eta, évtova BeTIkr xpwon yia Tnv N-kavtxepivn mapatnpribnke oTig mePLoxEG akavovioTng emavemonAionoinong Kat
Bpoyxtohiomoinong (B€An) mou mepiéBarhav TiC voBAACTIKEC e0Tieg oTov IPF veUpova (E), evw otov COP niveUpova n N-kavtyepivn
ntav mapovoa oto emOAA0 TTou EPIEBANE TIEPIOKEC KUPENSIKNG TTAPWONG Kal opyavoUevng Tveupoviag (F) oTig omoieg tav
évtova BeTikA n xpwon yla tnv tehopepdon. AvtiBeta mapatnprioape eAdxiotn ékgpaon tou DFF (**p<0.001) kat tng N-Kavtxepivng
(**p<0.001), e BAon TNV TOCOTIKA AvAAUGN TNG EIKOVAG OTIG TIEPLOKEG TOU PuUatohoyikoU emBnAiou(C, G). MpayuaTikég peyeBUVoELS:
A-C kat E: x20, F kat G: x40.
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Il mveupovokuTtTapa mou yettvialav pe EPIOXEG EVEPYOU
ivwong, kupiwg otov IPF mvevpova Kal o€ KPOTEPO
Babuo ota COP 10TIkA Seiypata. AKOUA TTIO EVTUTIWOLAKA,
N TOTIK ETEPOYEVELA OTNV EKPPACH TNG TEAOPEPAONG
ouVOSEUTNKE Kal amd MAPOUOLA EKPPACTIKA TIPOTUTIA
Selktwv amontwong, Sdlagopomnoinong Kal KUTTAPIKOU
TOANATTAOCIAG OV, OTIWG AKPIBWG EKTIMAONKAV HE avo-
OOIOTOXNUIKEG AVAAUOELC.

>tnv IPF/UIP, cuvaBpoioelg IvoBAacTwy Kat puoivo-
BAaotwv evtom{Opeveg KUPIwG oTIG UTTOUTTECWKOTIKEC
{wveg Tou SlApEecou XWPou amoTteAoUV To TaBoyeveTIKO
opooNUo Kal éva amo Ta KpItrpla yla tnv didyvwon tng
vOooU', H eyuévouca mapapovr Twv E0TIWV AUTWVY Tapd
™ ANYn Beparmeiag OMwe ekTidTaL améd Tnv pakpoBotnta
Kat Tov av€nuévo MOANATAQCIACHO TWV KUTTAPWY AUTWV
iowc va amotelei tn fdon yia tnv mpoodeuTikn e£ENEN Kal
emdeivwon TnC IvwTIKAC e€epyaciag. Evw duwg n KAIVIKH
mopeia Twv acBevwv pe IPF gival SUCUEVIAC, EVTOUTOIC
aoBeveic maoyovteg amd AANOUG TUTTOUG TIVEUUOVIKIG
ivwong mapouactdlovtal pe e€AIPETIKN TPOYVWON Kal
AploTN avTamoKkplon otn Bepareia pe KOPTIKOEISN'™.
EkTeveiq ueNETEC ExouV amodWOEl AUTEC TIC SlaYopEC oTa
Slakpttd maboyeveTtikd mpdtumna mou xapaktnpilouv ta
Suo autd voonuaTa Kal Ta omoia avTavakAwvTal oTa
SlaPOPETIKA aMOTTTWTIKA3*3* Kal Ay YEIOYEVETIKA TTPOTUTIA
€kppaong® . EmmpooBeta, v To KUYeASIKO emOAAL0
BewpolvTav emi SeKAETiEC WG TAONTIKOG MAPATNENTAC
KaTd Tn S1ad1Kacia TNG lvoyéveong, Ta TEAeUTaia xpdvia n
amoyn o1t Ta emavaapBavoueva BAantika epebiocpata
€MAyouv ANV TNS anmdémTwong Kal Tn diagopormoinon
TWV AVAYEVVNTIKWY TIVEUUOVOKUTTAPWY TUTTOU |l pE pia
Siadikacia mou Aéyetal emMONMAK-UECEYXUUATIKY HE-
tantwon (epithelial-mesenchymal transition-EMT) €xel
OUYKEVTPWOEL EYANO ETTIOTNOVIKO EVOIAQEPOVE,

MpdoEATEC LENETEC TTOU ETTIKEVTPWOAV OTNV KPPAON
NG TEAOUEPAONG OE IVOBAAOTEG amopovwOEVTEG amo To
TIEIPAUATIKO HOVTENO TNG UIMAEOMUKIVNG armoKAAupav
£€Va ONUAVTIKO POAO TNG TEAOUEPACNG OTNV KUTTAPIKA
Slagpopomnoinon. Mo cuykekpiuéva, o Phan kat ol cuvep-
YATEG TOU TIPOTEVAV OTIL N Maywyn TS SpaotnEldTNTAS
NG TeEhopepdong os (voPBAdoTeC apoupaiou pmopsi va
o@eileTal o€ pecOAAPNTEC TOU TOANATTAACIAGOU TWV IVO-
BAactwv evw avtiBeta n anwAela ékppaong tou ev{Uou
amno €181Koug avaoTtoleic mupodotei Tn Siapopomoinon
Toug o€ puoivoPAaotec'>23, EmmAéoy, o Fridlender kat
Ol OUVEPYATEC TOU evEMAeCav TNV XapnAr dpaoctnplo-
TNTa ToU €V{UOU OTNV EKCECNACKEVN ATTOTITWON TWV
KUPENSIKWV eMONAIOKWY KUTTAPWV TTOVTIKOU PETA Ao
€yxuon umeopukivng toviovtag mepaitépw 6Tl n Bab-
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paia avénon g 6paotnpldTnTag TNG TEAOUEPAONG OTA
€mONAlaKA KUTTOPA (OWC KAl VA AVTITPOCWTTEVEL VAV
QMUVTIKO PUNXAVIOMO EVAVTIA OTIG AUECA TIPOOKEIUEVES
IVOBAAOTIKEG E0TIEG TTOU EMAYOULV TNV ATTOMITWON KATA TNV
wwTikn e€gpyaciao®. Qotéoo, n avBpwrivn Tehopepdon
Slapépel oNUAVTIKA Ao EKEIVN TOU TTOVTIKOU TOCGO OTIC
AEITOUPYIKEG 00O KAl OTIG PUOUIOTIKEG IBIOTNTEG EVW KAl
TO TIEIPAMATIKO MOVTENO TNG (VWONG PE UITAEOMUKIVN
Sev gival TARPWC AVTUTPOCWTTEUTIKO TNG IPF Adyw TNng
auToiwpEeVNS eUONG TOU, TNG TaXUTNTAG avanmtuéng Tou
KL TNG OTEVNG OXEONG TNG PAEYUOVAG LE TNV TTVEUUOVIKH
ivwon?'. EmmnpéoBeta, oo emimedo Tng avBpwmivne véoou
gival ev moANoi¢ dyvwotn n oxéon PeTadld tng Spaong
1l AVAOTOANG TNG TEAOMEPAONC KAl TNG AVATITUENG Kal
MPo0odeVTIKAG EEENIENC TN TTVELUOVIKN ivwonc?.
Emopévwg kpivetal amapaitntn n Slevépyela piag
avBpwmivng HeAETNC. Ta To Adyo auTd peeToAE Yia
TIPWTN PopaA 0TV TPEXouaa BipAloypagia, TNV ékppaon
NG TEAOUEPAONG O€ 1oTIKA Seiypata aoBevwv pe duo
SlaPOPETIKEG HOPPEC TIVEUUOVIKNG ivwong, IPF kat COP.
XpnolHomoIACApE TNV TIPWTOTIOPLAKN TEXVOAOYIa TwV
IOTIKWV UIKPOOUCTOIXIWV N OToia Yag EMETPEYE TNV
TauTtoxpovn avaiuon £€wg kat 200 10TIKWV KUBwWV mapa-
@ivnc o€ éva kal povadikéd meipapa Katw amdé avotned
TUTTOTTOINUEVEG OUVOIKEG, evvowvTtag dnAadn 6T 6Aa ta
10TIKA Sgiypata avallBnkav pe tov id1o, TavopoldTunio
TPOTO, XWpPIc TNV mapéufBaon avBpwrivou mapdyovta
(unbiashed fashion) pe eAdx10TN KATACTPOPH TOU LOTOU,
XOUNAO KOOTOC, CUVTOUOTEPO XPOVO KAl E TPOTIO TIOU
S1eUKONUVE OXI HOVO TNV TTOOOTIKH avdAuon TNG XPwHa-
TIKAG évtaong aAAd pag forBnoe va eMKEVTPWOOULE Kal
o€ EI0IKEC KUTTAPIKEG OEIPEC, OTIWCE Ol IVOPAACTEC Kal Ta
KUPEeMSIKA KUTTAPA, TWV OTToiwv 0 pOAOC TNV Maboyé-
VELA TNG VOOoOoU gival TOAU onpavTikdc®. H avdAuon Twy
Sedouévwy amokANUPe Pelwévn EKkppaon TeENopePAoNC
1000 o¢ emimedo MRNA 600 kat o€ eminedo MPWTEIVNG
OTOUG A0DEVEIG [IE TTVEUHOVIKN ivwon o€ GUYKPLON PE TNV
opada ehéyyou. Ta anmotedéopata Tng qRT-PCR kat tng
TRAP avaAuong cuumAnpwOnkav and avoooioTOXNMUIKEG
MeEAETEC, 08 CUVOUACHO LUE TO TTPOYPAMMA NUITTOCOTIKAG
avdluong eikévag (semi-quantitative image analysis)
TTOU EKTIMA TNV €VTACH TOU AVIXVEUOUEVOU CHATOG TNG
XPWOTIKAG 0UCIAG TOU TIPOG €£TACT TTAPAOKEUAOHUATOG,
ME ApEPOANTITO TPOTTO O€ Jia KAiJaKa 256 Xpwudtwy (Ta
OUMBATIKA UIKPOOKOTIA avayvwpilouv Slapopéc Tou
ofpaTog o€ KAipaka 30 xpwpdtwv)*42 kat édelav 1oxupn
TPOOANYN XPWOTIKAG OUGIAE TOU QUOLIOAOYIKOU EMONAI-
ou o€ avTiBeon He TIG IVWTIKEG TTEPLOXEG. AfloonueiwTaq,
avoOooioTOXNMIKEG HEBOSOL uTTooTNPILOPEVEG Kal amd
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FISH avdAuon, emekTEiVOVTAC TTPWTOTIOPLOKES AVAPOPEC,
avakaAuyav tnv umapén duo SlakpITwWV UMOTTANBUC WV
TUmou Il mveupovoKUTTApWY e Bdon Ta emineda éKppaong
TENOUEPATNG; LOPPONOYIKA HeTAANAYEVA TENOUEPATN
BeTikd KUTTAPA APECA TTIPOOKEIEVA O TIEPIOXES EVEPYOU
ivwong ta omoia emdeikvuav uPnAd enimeda Ekppaong
SEIKTWV PECEYXUMATIKIG Slagopomoinong 6mwe n N-ka-
VTXEPivn evtom{dpeva Kupiwg otov IPF mveupova kal o
MIKpOTEPO BaBuo otov COP mvelova kat Tehopepdon
apvNTIKA KUTTAPA Ta omoia mapatnendnkav Kupiwg o
TIEPIOXEG KATECTPAUUEVOU TIVEUMOVIKOU TTAPEYXUUATOG
KOl EYKATeoTNEVNG ivwong otov IPF mvebpova kat yupw
ano MEPLOXEG KUPEAISIKNG TTANPWONG KAl OPYAVOULE-
vng mveupoviag ota COP 1oTika deiypata. Ta televuTaia
KUTTapa @aivetal 6Tl xapaktnpifovral amod avénuévn
ATOTITWTIKA §PACTNEIOTNTA OTIWE AUTH EKTIUAONKE amd
Tn BETIK) AVOOOICTOXNUIKN XPWaonN yla Tov mapdyovta
KatakeppaTiopoL tou DNA. Mepattépw, mapatnproape
avénuévn ékppacn Tou eVUPOU Kal OE TIEPIOXEC KUYE-
ASikoU emBNnAiov ol OTIoIEC LOKPOOKOTIIKA TOUAAXIOTOV
@aivovtav pUOIONOYIKEG, EVTOC Tou IPF mvebova.

H 81Tt autn ékppacn TG TEAOUEPACNC OTA TTIPOYO-
VIKG TTVEUUOVOKUTTAPA TUTTOU Il pag mapéxel ONUAVTIKEG
TANPOPOPIEC OXETIKA UE TOV PONO TNG TEAOUEPAONC OTNV
TaBoY£VELd TNG TTVEVOVIKNG ivwang. MTopoUpE EMOPEVWE
va uTT0B€00UE OTLAAAAYEC OTNV EKPPACT TNG TEAOUEPA-
ong duvavTtat va puBuiouv TNV poipa Twv KUPENSIKWY
KUTTAPWV EITE TPOG Evav ATTOTTTWTIKO GAIVOTUTIO 1} TTPOG
€va @aIVOTUTIO ECEYXUUATIKIAG Slapopomoinang, CuVel-
oPépovTac €ToL dpeoa otnyv (vWTIKY Sladikacia (elkova
8). Mpoopata dedopéva amod Suo avefAPTNTEC YEVETIKEG
MeNETEC?® ouoXeTi(OUV TIC LETAANAYEG OTIC UTTOOVASEC
NG TENOUEPAONG e TNV olkoyevn IPF mpoTteivovtag oTt
Ta Bpaxéa, SUOAEITOUPYIKA TEAOMEPN OTA €MONAIOKA
KUTTApA PImopouyv va odnyrioouV o€ anmdmTwaon Toug Kal
otn dnuioupyia moANamwy VwTIKWV BAaBwv. Emiong
ava@épouv ot uTid TV emidpacn MOANATAWY «eMmOEoe-
wv» To PpoyxoKUYPEAISIKO eMONAI0 amavtd Ue ouvexn
avayévvnon n omoia gival dueca eEAPTWHEVN ATIO TA
TOTTIKA TIPOYOVIKA KUTTAPA TA OTfoia oTnV mePIntwon
¢ ivwong xapaktnpifovtal amd xaunAd emineda flo-
opdTNTaC €€aITiag TNG Mapousiag Ppaxéwv TEAOUEPWY,
TIPOEPXOUEVWVY ATTO TN UEIWUEVN EKPPACN TNG TENOUE-
paonc. Ta amoTteAéoUATA TNG MEAETNG Eival CUPPWVA UE
QaUTAV TNV UTTGBEON.

Ta Tedopepdon apvnTikd KUTTapa givat mmo moa-
vo va ammoTTinTouV Omw¢ @AvnKe AANWOTE Kal amod Tnv
auvénuévn €kEPacn Tou TMAPAYovVTa KATAKEPUATIOHOU
Tou DNA, ouvelo@épovTag £TOL OTNV AKAVOVIOTN, X00-
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TIKN) emavemOnAtomoinon mou xapaktnpifel tn véoo. X
OUUQWVIa HE auTd, N Mapouacia av§nuévwy emmedwy
€KPPaon TEAOUEPAONG OTA LOPPONOYIKA LETAANAYIE-
va, emmedwuéva, TPooouolalovTa e UECEYXUMATIKA
KUTTaPQA, TPOYoVIKA TUTou |l mveupovokUTTapA Ta OTToia
e€eppalav auénuéva emimeda deikTwv Stapopomoinong
{ow¢ va onuaivel 6T1 Ta KUTTAPA AUTA Xpetalovtav TNV
TeNopePAon yla umooTouV £va €ido¢ petamhaaiag, Tnv
EMONAIOKN-UECEYXUMATIKN HETATTTWON?24>4, H evtomion
VPNAWV emmESWV TENOEPACNG OTO YUGIONOYIKO EMBAALO
evtd¢ Tou IPF veUpova iowg va avTimpoowevel éva €idog
QHUVTIKOU UNXaviopou emBiwong Twv KUPeNSIKWY KUT-
TApwV evVavTIa 0Ta EMavalapfBavopeva epebiopata IoTIKA
BAGPNE oL 08NYOLV TEAIKA OTNV IVOYEVEDN 1] AKOMA JLd
QAVTIPEOTIIOTIKA AMAVTNON TIPOKEIUEVOU VA EAATTWOOUV
TNV €KTaoN TNG IVWTIKAG e€€pyaciag, 0w akpIPwg Exel
avagepBei og MEPANATIKA HOVTEND ivwonC.
EmmnpooBeta a&ilel va avagpepbei, 0TI n unepékppaon
TEAOUEPAONC O€ TTEPLOXES WVOPAAOTIKIG SpaoTnpldTNTAC
nieploootepo otov IPF and 61t otov COP nvevpova umo-
SelkvUEl éva UNXavIopd HECW TOU OTToioU Ol IVOPBAACTEC
NG IPF pe petalhaypévo gavotumo e€ackouv Tnv avOe-
KTIKOTNTA TOUG OTO PAVOUEVO TNG ATTOTITWONG YEYOVOG
TToU propei va e€nyroel TNV LPEoN TWV IVWTIKWYV BAafwv
NG COP petd amd Beparneia pe KopTIKOEIOA KAl TNV TTaA-
papovn TN IVWTIKNG e€gpyaciag tng IPF ave€aptritou
BepamevuTikNG aywyng®*. H dpetpn ocuotpdteuon Kat
mrapapiovh (voBAACTWY PETAANNAYUEVOU QaIVOTUTIOU OF
ouvOUAOUO E TO QAIVOUEVO TNG EMONAIOKAC — UECEY-
XUUOTIKAG HETATTTWONG Tpooopoldlel pe tn petamiacia
KOl TN YEVETIK e§aAAayr TwWV KAPKIVIKWV KUTTApwV. To
av HETAANAYEG OTIC UTTOOVASEG TNG TEAOUEPAONC Eival
uneLOUVEC yia TN avenapkn SpaoTneldtnTa Tou v{Uou
Kal Ta Ppaxéa TeEAoUEPR 0dNYWVTAC O ATTWAELD TWV
KUPEASIKWV EMONAIOKWY KUTTAPWVY ] AKOMA KAl yia TNV
avénuévn 6pdon tou ev{UpoU Kal TNV peTamiacia Tou
emOnAiou givat ev moAloi¢ dyvwoTo Kat Sipopolpevo.
AuTé Tou onuEpa givat Adn yvwoTo gival Twg HETAAAY-
Méva ouoTatikd TnG TeEAopePAONG Urmopei va odnyrnoouv
O€ XPWHATOOWUIAKN a0TABELd, OTTWE CLUMPAIVELKATA TN
METAANAEN EVOC PUCIONOYIKOU KUTTAPOU O€ KAPKIVIKO. H
gvepyoroinon TnG TeEAopEPAoNG HETA TNV Evapén TNE Xpw-
MATOOWHIOKNAG aoTdBelag og ouvduaouo pe To BeBAauévo
TIPOIVWTIKO UIKPOTTEPIBANNOV, TTPOAYEL TN CUCTPATEUON
METOANAYUEVWY KUTTAPWY HECA amo pia Siadikaoia mou
ovopaletal EMT (eikdva 8). Auo poo@ateg, avefapTnTEC
METOEY TOUG KAIVIKEG HEAETEG?? CUOXETIONV TA PETOA-
AayHEVA CUOTATIKA TNG TEAOUEPAONC LE TNV OIKOYEVN IPF,
Seixvovtag OTi Ta HIKPA SUCAEITOUPYIKA TENOUEPT) UITOPEI
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EIKONA 8. MetaAAay£g TeENOpEPAONG, EVEPYOTIOINGN TEAOUEPAGNG, EMONNIOKI -UEGEYXURATIKI HETATITWON, AMOTITWON Kol
TIVEUHOVIKI] iVWoT. ZXNUATIKA avarmapdoTtaon Twv Slatnpnuévwy meptoXwv tTng hTERT e onUEIOKEC LETAMNAYEC, OTTWG avadeixTnKav
a6 v opdada tou Tsakiri K (23) (*) kat Tou Armanios M (22) (¥*). Ot petalayég Tng KATtaAuTIKAC umopovadag tng hTERT pmopei va
odnynoouv og ENEIPN TENOPEPATCNC KAl OE MIKPA N AEITOUPYIKA TENOMEPT) OTA TIVEUUOVOKUTTAPA TUTOU |. Ta TeAeuTaia o€ ouv-
Sduaoud pe ékBeon oe emavelnppéva BAAMTIKA epebiopata (1.X. 0TOV KATVO TOU TOLYApou) eVOEXOUEVWE TIPOAYOUV TNV OTTOTITWON
TWV EMONAIOKWY AVATIVEUOTIKWY KUTTAPWV Kal TV avdmtuén ¢ voydvou diadikaciag. Emmpoobeta, petalaypéva cuotatikd
NG TEAOUEPAONC UIMOPEL VO 0ONYRCOUV O XPWHOTOOWHUIAKT a0TABEL0, OMW¢ akpIBw¢ cupPaivel katd tnv mopeia eEENIENC evag
(PUGIONOYIKOU KUTTAPOU O€ KAPKIVIKO. H amomTwaon Twv MVEUUOVOKUTTAPWY TUTToU | 08nyei o€ avTioTaBUIOTIKO TOANATIAACIAGHO
Twv TUmou Il iveupovokuttdpwy. H evepyomoinon tng Tehopepdong Hetd To Eekivnua Tng YoviSIaKn g acTabelag o€ ouvduaoud pe
éva BePAapévo TPo-IVoTIKO UIKPOTTEPIBANNOV, TTPOAYEL TNV ATTOKTNON S10POPOTIOINUEVWY KUTTAPWY HéoW Miag Stadikaaiag mou
ovopadletal emMOANIO-IECEYXUUATIKY PeTAnTwon. Katd tn didpkela ¢ Stadikaciag autrc, Ta mveupovokUTtapa tumou Il avti va
Slagpopomolovvtal o€ TUMou |, upiotavtal éva €idog petamhaociag mPog éva peceyXupatiko gavotumo (N-cadherin+), cupailo-
VTAG £€T01 0TNV AVATTTUEN TIVEUPOVIKAG ivwong, 0w auTr avadeikvietal amd alayEg Tumou KnpUBpag otnv LWNARG EVKPIVEIAG
UTTOAOYIOTIKN Topoypagia Bwpakog (HRCT).

va 0dnyrnoouV o€ amoTTwaon TWV TIVEULOVOKUTTAPWY Kal
Snpovpyia TOAAAMAWY (VOTIKWV BAawv. O1 mapamavw
MENETEC avEPEPQAV EMTIONG OTL OE TIOANATIAA «X TUTTHATO,
TO BpoyxoKuPeMSIKO mMBOARALO avayevvIETal YEyovog
mou amodideTal oTa MPoyovIKA KUTTapa 1ou Bpickovtal
TOMIKA 0TNnV meployn. Ta EuprUATA pag gival cCOPPWVA PE

TNV uT6BEoN AUTH. Ta APVNTIKA TTPOYOVIKA KUTTAPA TNG
TeNopepdong eivat meploodtepo mOavo odnynboulv otn
ATOTITWON OTIWG EKTILATAL ATTO TNV AuEnuévn éKkppaocn
Tou mapayovta anodounong tou DNA, cuvelopépovtag
€101 TN KN @UololoyIKY emavadnAiornioinon mou xapa-
KTnpilel tnv maboyévela Tng vooou. MapdAAnAa pe auto,



222

n avénuévn Xxpwon TnG TEAOPEPACNG KAl N apaiwon
TWV TIVEUUOVOKUTTAPWVY TUToU Il (€1kdva 7B kat 7E) mou
ek@palouv SeikTec KUTTAPIKAG Slagopomoinong, Umopei
va Sgixvouv TNV avaykn EVePYOToinong TNG TEAOEPAONG
Va TIPOAYEl EMT384445,

Emnpdo0Oeta, n mapoucia teAopepdong oe MePLOXEC
KUTTApwV auénpévng TOAAMAACIACTIKOTNTAG OTIWG Ol
wvoPAdoTeC Twv acBevwv pe IPF mou cuykpiBnkav e
COP, Seiyvel évav unxaviopd avTioTaong oTny anontwaon
TwV IPF tvoBAacTwV pe aAAaypévo @atvoTumo, Yeyovog
TIOU UTTOPE( va epunveloel TN AVon Twv BAafwv otoug
aoBeveic pe COP w¢ amavtnon ota KOPTIKOOTEPOELDH,
ev avtiBéoel pe Tnv IPF mou e§akohouBsi va €xel kakn
mpoyvwon mapd tn Bepameia®,

H avixveuon petaAlaywv tng TEAOPEPAONG OE ETII-
BnAlakd KOTTAPA Katl IvoBAACTEG amopovwBévTta amd
a00¢eveic pe SLAPOPETIKEC LOPPEC TTIVEUUMOVIKAG ivwong
pmopei va amoTeAéoel éva Brpa WmpooTd Kat va fonBroel
TOUG KAIVIKOUG 1aTpoU¢ WOTE va avayvwpilouv mpwipa,
AaTopa ta omoia givat pdAAov amiBavo va avtamokplfolv
O€ 0VOOOKATACTAATIKOUG TTAPAYOVTEG.

EmmnpdoBeta, n evtomon tng teAopePAonG oTa TIVEU-
MOVIKA ayyelakd KUTTapa mou ekgppdlouv aSMA otoug
nveupoveg e IPF umopei va e€nynoet tov avénuévo
moAAaTAacIaopo Kal TNV avadiapdpewaon mou Xapa-
KTnpifouv Ta CUYKEKPIPEVA KUTTAPA KAl T omoia gv
TéNel 0dnyouv ayyeloolomaon Kal o€ avantuén Seute-
pomaBoU¢ MVEVUHMOVIKAG UTTEPTACEWC O TEAIKOU oTadiou
TIVEUMOVIKH (vwon, Jia amo TIC KupldTepeC aitieg Bavatou
oTou¢ aoBeveic auTtol¢ maykoouiwc*, Mapdia Tavta,
TIEPIOCOTEPECG UEAETEC ATTAITOUVTAL YIA VA TEKUNPIWOOUV
TNV Tapanavw mapatrenon.

Mapd Tov OXETIKO EVOOUCIAOUO TToU UrmopEi va Tinyadel
arnoé Ta MAPATIAVW ATTOTEAECUATA KAl TTOPATNPENOCELC, N
MEAETN pag epgavilel pEPIKOUC TIEPLOPICUOUC Ol OTTo(O1
TIPETIEL VA AVTIMETWITIOTOUV TTPOOEKTIKA. MNpwTov, gival
€UPEWG YVWOoTo OTL n IPF/UIP xapaktnpiletal and on-
MAVTIKA TOTTIKI KAl XPOVIKH ETEPOYEVELQ BAAPBWV UE TNV
TIAPOUGIA TTEPLOXWV PUGCIOAOYIKOU TIVEUUOVIKOU TTAPEY-
XUHaTOG, evepyoU ivwong Kal TeAikoU otadiov ivwon
HE KATAOTPO®N TOU TIVEUHOVIKOU 1oToU. H Texvoloyia
TWV I0TIKWV PIKpoouoTowyv Bacifetal otnv avdiuon
MIKPWV AVTITPOCWTTEVTIKWY ETEPOYEVWV SelypdTwy Kat
EMOPEVWC TO TTAEOV EUAOYO EPWTNA TTOU YEVVATAL Eival
To Katd méoov pmopei n péBodog auTr va anoTunwaoel
TIG BIOAOYIKEG IOIOTNTEG UIAG TOOO ETEPOYEVHG VOGOU. To
epWTNUA autd éxel SlepeuvnBei amd mMAnBwpa emMoTNUO-
VWV O OTTO{01 £X0UV GUYKPIVEL XWPIG va SOUV ONUAVTIKEG
Sl10popPEC AMOTENECUATA PEAETWY PE PEYANEG IOTIKEG
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TOMEG KAl JE LIOTIKEG MIKPOOUOTOLXieC. EmmpooBeta, AAEC
peAéTeG amokAAupav OTL n ToAamA AfYn Setypdtwy
ano SlapopeTIKEG MEPLOXEC BAAPNG NTAV EMAPKAC Yia
VO QVIXVEVOEL KAIVIKOTTOBOAOYOOVATOUIKEG CUCKETIOEIG
XWPIG TaUTOXPOVA Va KATAOTPEPEL TOV 10TO. QO0TOCO
€ival n TPWTN YopPA o n TeXVoAoyia autr epappodletal
otnv £épeuva Twv SIOPECWY TTVEVHOVOTTAOEIWY LIaG Kal
OMNEC AUTEC Ol PEAETEC AVAPEPOVTAL OE KAPKIVIKA Seiy-
pata ométe XpelaleTal ApKETOC XPOVOG AKOUA MEXPIG
6Tou n teEXVoloyia autr eykataotabei otnv Kabnuépa
1atpIki mpdaén. AsUtepoy, he BAon TNV TTPOGCEYYIoN UAG
S8&v UMOPOUE va EiHaCTE Giyoupol yld TO av UTIAPXEL
ouoxétion petadl avénuévng ékppaon TEAouePAon( Kal
Slagpopomoinong Kat XaunAng €Kepacng Kat amomtwong.
Mapd tavta N HEAETN PAG ATTOTEAEI OUCIACTIKA TNV TIPWTN
TIPOCTIABEI CUOKETIONG TNG TEAOUEPAONG E TNV €MMION-
Alakr améntwon Kat dtagopormnoinon Kabwg Kal e Tov
auénNUEVO KUTTAPLKO TIOANATTAQCIAOUO TWV AVOEKTIKWY
otnv anéntwon oPAactwyv. Aapavovtag ummoynv ta
TIAPATIAVW UITOPOUE VA UTTOBECOULIE OTL Ol KAIVOUPLEG
BepameuTikéc mapeufBaoelg mou Ba otoxevouv otn dia-
TAPNON TWV EMONAIAKWY KUTTAPWVY UECW ETTAYWYNS TNG
€k@paong tnG TeEAopepAoNG pmopouv va amodelyBouv
COQPWGE TTO ATTOTEAECUATIKEG ATTO TOUG TPEXOVTEG AVTI-
IVWTIKOUG 1} AVOCOOTPOTIOINTIKOUG TTAPAYovVTEC™.
JUUITEPACHATIKA Ba prmopoloapie va mou e, 6Tt Seifape
HIa ONUAVTIKA ENATTWON 0TV €KQPacn TN TEAOUEPATNG
o€ a00¢eveic e SUO SLOPOPETIKES LOPYPEC TTIVEUUOVIKAG
{(VwoNG CUYKPITIKA UE TNV opada eAEYXOU EUTTAEKOVTAG
£€T01 Yl TPWTN POopa TNV Xaunin dpactnpidétnta Tou
gvQUupou pe tnv maboyévela Tng vwTikng diepyaciac. H
UTTIOEK@PPACHN AUTH Tou £V{ULOU TTOU CUVOSEUTNKE ATTO
auvénuévn andéMTwon ATAV TEPIOCOTEPO €VTOVN OTA
emONnAlakd kKUTTOapaA Mou TePLEBarlav TeAikov otadiou
gykateoTnuévn ivwon. Aloonueiwta, n avénon Twv
emmédwv €kPpaong TnG TeEAopepdong Sev NTav pévo
apouca oTIG IVOPAACTIKEG E0TIEC OTIOU N ATTOTITWON
NTav eAAXI0TN AAAA KAl OE TIEPIOXEG UTTEPTIAAOTIKOU
emOnAiov Aueca MPOOKEIUEVO O€ AUTEC. Ta gupripaTa
aUTA UTIOYPAMICOUV TO YEYOVOC OTIL N TENOLIEPACT UTTOPEL
va puBuilel TNV poipa Twv emONAlOKWY KUTTApwV &ite
TPOG €Va AMOTITWTIKO PAIVOTUTIO ) TTPOG €va PAIVOTU-
IO MECEYXUHATIKAG 610¢pOpOoTmoincong, CUVEICPEPOVTAG
£T0L AUECA OTNV TIVEVPOVIKY ivwon. TéEhog ta dlakpttd
EKPPAOTIKA TIPOTUTIA TNG TEAOPEPAONC METAEL TwV Suo
HOP WV TIVEULIOVIKAG iVwong JITopouv va €nyrioouy Kal
Slapopéc 6oov agopd TNV MPoodeuTIKOTNTA TNG VOCOU
KOl TNV avtamokpion otn Oeparneia. MEANOVTIKEC UEAETEC
o€ a00eveic pe S1aQopPeTIKEG LoPPEC 1S10maBwWV SIApEcwY
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TIVEUHOVIWV 0€ 6UVOUaouO pe elpapatika Sdedopéva amo
movtikia ou Sev ekppdalouv Tedopepdon (telomerase null
mice) umopouv va pag Bonbriocouv va amoca@nvicouus
ToV pOAo TNG TEAOUEPAONG otV maboyévela Tng IPF kat
Va avakaAUYouuE VEOUG BEPATTEUTIKOUG OTOXOUG.
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SUMMARY. Introduction: Telomerase is crucial for extended life
span and differentiation and is linked to immortality. Therefore,
its role may be crucial in the pathogenesis of pulmonary fibrosis.
Our objective was to implicate telomerase in the pathogenesis of
idiopathic fibrotic lung disease. Patients and Methods: Assessment
of telomerase activity and expression was carried out using TRAP
detection kit and gRT-PCR. Experimental procedure was enhanced
by a series of immunostainings and fluorescence in situ hybridization
analysis in tissue microarrays constructed with tissue samples from
patients with idiopathic pulmonary fibrosis (IPF) and cryptogenic
organizing pneumonia (COP). Results: We demonstrated significant
downregulation of telomerase expression and activity in patients
with fibrotic lung disease compared to controls. Immunolocaliza-
tion studies coupled by FISH analysis revealed the presence of two
subpopulations of type Il AECs based on their telomerase expression
levels: telomerase positive type Il AECs, mainly overlying areas of
active fibrosis and telomerase negative type Il AECs, mainly local-
ized in areas of established fibrosis. Conclusions: Downregulation
of telomerase expression and activity in IPF may indicate a causal
relationship between low telomerase expression and disease patho-
genesis. The duality phenomenon in telomerase expression suggests
that telomerase may regulate the fate of AECs towards either an
apoptotic or a mesenchymal phenotype contributing directly to
fibrosis. Pneumon 2010, 23(3):224-239.

INTRODUCTION

Telomerase is a specialized reverse transcriptase that synthesizes TTAGGG
telomere DNA at the ends of eukaryotic chromosomes, compensating for
telomere erosion that normally occurs with each cell division and contribut-
ing to the stability, function and replication of chromosomes'2. It has two
essential components: a catalytic one, telomerase reverse transcriptase
(h-TERT) and an RNA component (hTR)3. Telomerase has been shown to
be crucial for extended life span, cell proliferation and differentiation and
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has been linked to immortality*. Studies have provided
us with abundant evidence that expression or induction
of telomerase activity is not restricted to immortalized
cancerous or transformed cells and it is also associated
with tissue injury®. Despite this compelling evidence for
the inducibility of telomerase activity in noncancerous
cells®” and its association with injured® and inflamed
tissues?, its role in noncancerous pathologic processes,
characterized by increased proliferation or survival of
cells, remains unclear. [diopathic pulmonary fibrosis (IPF)
is one such process, which is characterized by increased
alveolar cell apoptosis, clusters of highly proliferative
and immortal fibroblasts called fibroblastic foci (FF)
comprising the histopathologic pattern of usual inter-
stitial pneumonia (UIP)'°. Recent evidence supports the
concept that active fibrosis of IPF mirrors the abnormal
wound repair in response to multiple sites of ongoing
alveolar epithelial injury whereas parallels between IPF
and cancer biology have also been drawn'®'2, While irre-
versible fibrosis is the hallmark of the disease other types
of pulmonary fibrosis such as cryptogenic organizing
pneumonia (COP) characterized by distinct fibromyxoid
lesions called Masson bodies (MB) that are susceptible to
even complete reversal present with excellent prognosis
and clinical course'™™.

Experimental findings have demonstrated that telom-
erase activity was selectively induced in fibroblasts isolated
from bleomycin (BLM) -injured rat lungs presumably be-
fore their differentiation to myofibroblasts™". The latter
observation was further supported by the evidence that
the loss of telomerase activity is closely associated with
myofibroblast differentiation and possibly functions as
trigger for this procedure'®', Furthermore a dismal effect
of low telomerase activity in bleomycin-induced alveolar
cell apoptosis has been recently reported?® while a causal
effect-relationship between telomerase deficiency in
murine lung fibroblasts and BLM-induced PF has also been
demonstrated?'. However, human and mouse telomerases
are reported to differ in both their functional properties
and their regulation whereas bleomycin-animal model
is not fully representative of IPF™.

Hence a human study is sorely needed. Recently pub-
lished genetic association studies in patients with familial
IPF?223 described a primary role for mutant telomerase
components in the pathogenesis of IPF suggesting that
the presence of short telomeres in alveolar epithelial cells
(AECs) may lead to cell apoptosis and trigger the fibrogenic
process through epithelial-mesenchymal interactions.
Although, familial IPF is clinically indistinguishable from
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sporadic IPF except earlier age of onset (55 years vs. 67
years)?*, however there are no reports in the literature
assessing telomerase activity, expression and localiza-
tion in lung samples from patients with various forms of
pulmonary fibrosis. To address this issue, we constructed
tissue microarrays (TMAs) and demonstrated downregula-
tion of telomerase in representative tissue samples from
patients with sporadic IPF and COP compared to control
subjects indicating a causal relationship between low te-
lomerase activity and expression and pulmonary fibrosis.
Most intriguingly, immunolocalization studies revealed
for the first time the presence of two subpopulations
of type Il AECs based on their telomerase expression
levels: telomerase positive type Il AECs, mainly overly-
ing areas of active fibrosis and exhibiting high levels of
differentiation markers and telomerase negative type Il
AECs mainly localized in areas of established fibrosis and
characterized by increased levels of apoptotic activity.
Some of our results reported here have previously been
reported in the form of abstracts®%.

MATERIALS AND METHODS

Subjects

In total, 45 newly diagnosed patients with idiopathic
interstitial pneumonias (IIPs) of two different histopatho-
logic patterns including 25 patients with IPF/UIP and
20 with COP were recruited in our study. The diagnosis
was based on the consensus statement of the ATS/ERS
(2002)3. Paraffin-embedded surgical lung specimens
(open lung biopsy or by video assisted thoracoscopic
surgery-VATS) from two different fibrotic regions of each
individual were sampled. All patients were fully informed
and signed an informed consent form where they agreed
to the anonymous usage of their lung and blood samples
for research purposes. All information from the patients’
record was handled with the appropriate care to ensure
that medical confidentiality was observed. Approval by
the local ethical committee was also obtained (Protocol
number: 1669). Twenty control paraffin blocks obtained
from the normal part of lungs removed for benign lesions
were collected from the archives of the Department of
Pathology of three different institutions (Table 1).

Quantitative Real-Time reverse transcriptase-chain
reaction (qRT-PCR)

h-TERT mRNA expression in 20 IPF and 10 control
whole lung samples was measured using a quantitative
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TABLE 1. Demographic and spirometric characteristics of
patients with idiopathic pulmonary fibrosis/usual interstitial
pneumonia (IPF/UIP) and cryptogenic organizing pneumonia
(COP) and control subjects. Values are expressed as mean £ SD,
and age as median (range).

Control
Characteristics IPF/UIP  COP/OP  subjects
Number 25 20 20
Sex: Male/Female 19/6 12/8 10/10
Age: median (yr) 66 (43-72) 50(38-62) 39 (26-60)
Smokers/non smokers 20/5 6/14 13/7
FVC: % predicted 71£3%*  78+4*  104+12
TLC: % predicted 54£4*  72+£3*  101+11
Kco % predicted 53+£5% 68+5%** 90+6

Abbreviations: COP/OP: Cryptogenic organizing pneumonia/
organizing pneumonia, FVC: Forced Vital Capacity, IPF/UIP:
Idiopathic pulmonary fibrosis/Usual interstitial pneumonia, Kco:
Carbon monoxide transfer coefficient, TLC: Total Lung Capacity,
*p<0.05, **p<0.001.

real-time RT-PCR assay with SYBR-Green | QPCR Master
Mix. Primer sequences were as follows: for h-TERT; for:
5'- TGA CAC CTC ACC TCA CCC AC-3' and hTERT REV:
5'-CACTGT CTT CCG CAA GTT CAC-3"and for 18S rRNA;
5'-TGC GAATGG CTC ATT AAATCA GTT 3’ and 18S rRNA
REV: 5'-CCG TCG GCA TGT ATT AGC TCT AG 3’ (see online
supplement for details).

Telomerase Activity

Telomerase activity was assayed in a total of 15 lung
samples (8 IPF and 7 control) using a telomeric repeat
amplification protocol (TRAP) assay in accordance with
the manufacturer’s protocol (TeloTAGGG Telomerase PCR
ELISA plus detection kit; Roche Molecular Biochemicals,
Mannheim, Germany)?. Briefly, 10 ug of tissue extract
was suspended in 30 ul of reaction mixture (containing
biotinylated telomerase substrate, optimized anchor
primer, nucleotides, Taq polymerase, and a 216-bp inter-
nal standard DNA). The resulting mixture was subjected
to polymerase chain reaction (PCR). Telomerase activity
was quantified by measuring the absorbance of the PCR
products at 450 nm. The level of telomerase activity in a
given sample was determined by comparing the signal
from the sample to the signal obtained using a known
amount of control template. Based on the negative
controls, samples with absorbance less than 0.2 were
considered negative. Details on this methodology can
be found in an online supplement.
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Tissue microarray (TMA) construction

A total of 65 tissue samples consisting of 25 IPF, 20
COP and 20 control lung specimens derived from the
normal part of lungs removed for benign lesions were
used for TMA construction. Three representative areas of
1.5 mm in diameter each were identified and punched-out
from each paraffin block by using a precision instrument
(TMA-100, Chemicon, USA) and re-embedded into a new
paraffin block as previously described?. Ultimately we
constructed two TMA blocks comprising of 100 tissue
elements each. Details on this methodology can be found
in an online supplement.

Immunohistochemistry analysis

Immunohistochemistry for h-TERT antigen was car-
ried out on using the anti-h-TERT mouse monoclonal
antibody (clone 44F12-Novocastra Laboratories Ltd,
Newcastle United Kingdom). To further analyze the cel-
lular localization of telomerase expression in type | and
[l AECs and vis-U-vis myofibroblast phenotype, double
immunohistochemistry analysis for h-TERT and SP-A or
a-smooth muscle actin (a-SMA), respectively, was under-
taken. To assess differentiation of AECs in IPF and COP
lung TMAs were immunostained with specific antibodies
against N-cadherin (rabbit polyclonal antibody, GeneTex,
GTX12221). Details on these methodologies can be found
in an online supplement.

Determination of apoptosis

Apoptosis was assessed by immunohistochemistry
analysis using specific antibody against DNA fragmen-
tation factor of (DFF)* (Novocastra Laboratories Ltd,
Newcastle United Kingdom) (see online supplement for
details).

Fluorescence in situ hybridization (FISH) for telomerase
messenger RNA expression

Detection of telomerase messenger RNA (mRNA)
expression was undertaken using FISH. This was carried
out using specific hTR probe which hybridizes to regions
within the 451 base hTR component (DakoCytomation,
Y1441). Levels of mRNA expression were automatically
assessed by using the high-resolution DUET, BioView
scanning system for FISH, morphology and immunocy-
tochemistry applications. Interpretation of telomerase
mMRNA signal results was based on Zymed'’s Evaluation
Chart for FISH. According to this guide, two mRNA copies
per nucleus demonstrate normal telomerase gene pattern,
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whereas 6-10 or small clusters characterize a low-level
gene amplification. Finally, high gene amplification level
is characterized by the presence of more than 10 mRNA
copies or large clusters of them per nucleus in more
than 50% of the examined cells (see online supplement
for details).

Evaluation of results by Computerized Image Analysis

In order to evaluate the immunohistochemistry results
not in a qualitative way but in a more accurate and reliable
way, we performed computerized image analysis by using
a semi-automated system (Matrox Il Card Frame Grabber,
Camera Microwave Systems, Microscope Olympus BX-
50) allowing us to assess staining intensity in a 256 level
scale - 0 (black)-255(white). Staining intensity values were
then converted to reverse percentages {reverse staining
intensity= (1-staining intensity/256) x100 } (see online
supplement for details).

STATISTICAL ANALYSIS

Statistical analysis was carried out using SPSS 13.0
software. Results are expressed as mean + SD, or median
(range), unless otherwise indicated. The unpaired t-test
was used to compare the staining intensity of different
immunostained factors between different forms of pul-
monary fibrosis and between patients and controls. The
paired t-test was used to compare staining intensity in
epithelial cells, fibroblasts and myofibroblasts in IPF/UIP,
COP and control samples. A p-value of <0.05 was consid-
ered as statistically significant.

RESULTS

Decreased telomerase expression and activity in
fibrotic lungs compared to control samples

Because no information is available as to the expression
of telomerase in human pulmonary fibrosis we assessed
telomerase expression in mMRNA and protein level using
gRT-PCR, FISH and immunohistochemistry analysis in
IPF, COP patients and control lung samples, respectively.
Experimental procedure was further extended by assess-
ing telomerase activity in IPF and control frozen lung
samples, using a PCR ELISA detection kit. To expedite and
standardize experimental procedures we constructed
two TMA blocks consisting of 100 tissue cores each from
25 IPF, 20 COP and 20 control lung samples. TMA blocks
were immunostained with anti-h-TERT antibody and
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analyzed quantitatively by computerized image analy-
sis as described above. As expected, gRT-PCR showed
a significant downregulation of telomerase expression
in whole lung samples from IPF patients compared to
controls (p<0.0001) indicating an association of low tel-
omerase activity with pulmonary fibrosis (Figure 1A). In
accordance with this, assessment of telomerase activity
revealed almost undetectable enzymatic activity in lung
extracts derived from IPF patients compared to control
lung samples. Moreover, immunohistochemical studies
coupled with semi-quantitative image analysis showed
strong positive staining in the alveolar epithelium of
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FIGURE 1. Decreased telomerase expression and activity
in IPF compared to control lung samples. Real time gRT-
PCR demonstrated statistically significant downregulation of
telomerase expression in whole lung samples from IPF patients
compared to control subjects (*** p<0.0001). In line with this,
mean telomerase activity percentage, as assessed by TRAP as-
say, was found to be downregulated in IPF compared to control
lung samples (*p<0.05).
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control lung compared to the fibrotic lungs of two dif- Telomerase is present in AECs surrounding areas of
ferent histopathologic patterns, IPF (p<0.001) and COP active fibrosis in IPF lung
(p<0.001) (Figure 2). To further analyze the cellular localization of tel-
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FIGURE 2. Decreased telomerase expression in fibrotic lungs compared to normal lung samples. Immunohistochemistry for
h-TERT revealed positive nuclear staining (black arrows) in control lung (A) compared to isotype negative control (B), IPF (C, D) and
COP lung (E, F). In IPF lung telomerase was mainly localized within areas of active fibrosis and in the alveolar epithelium surrounding
them (D) whereas in COP lung positive staining was present within areas of alveolar filling (F). Semi-quantitative computerized im-
munohistochemical analysis (G) demonstrated significant differences in telomerase expression between fibrotic lungs and control
samples (**p<0.001). Original magnifications: A-F: x40.
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omerase expression we performed dual immunostain-
ing analyses and demonstrated absence of telomerase
expression in type Il AECs [telomerase negative (tel-)
AECs] mainly overlying areas of established fibrosis and
architectural distortion in IPF lung (p<0.001). In addition
in COP lung the majority of type Il AECs surrounding areas
of organizing pneumonia showed minimal telomerase
expression (Figure 3). Surprisingly, we identified clus-
ters of type Il AECs surrounding areas of active fibrosis
mainly in IPF (p<0.001) and to a lesser extent in COP
lung (p<0.02) which exhibited high telomerase staining
[telomerase positive- (tel+) AECs], suggesting that these
cells may represent a subpopulation of type Il AECs that
are resistant to apoptosis and cell damage and exhibit
high proliferative and differentiative activity (Figure 4).In
line with this, FISH analysis showed high amplification of
telomerase expression not only within normal epithelium
but also in areas of epithelium immediately adjacent to
fibroblastic-like cells within the IPF lung in 19 of 25 cases
whereas low amplification was seen in alveolar cells in
15 of 20 COP patients (Figure 5).

Increased telomerase expression in fibroblasts/
myofibroblasts in IPF compared to COP lung

To identify potential differences in the telomerase
expression profiles exhibited by fibroblastic-like cells
in patients with two different histopathologic patterns
of pulmonary fibrosis we performed double immuno-
histochemistry analysis and demonstrated enhanced
telomerase staining in fibroblastic/myofibroblastic foci
within the IPF lung compared to Masson bodies that
characterize the pattern of COP (Figure 6) (p<0.001). Fur-
thermore, telomerase was also visualized within nuclei
of pulmonary vascular cells that expressed aSMA in the
IPF lung compared to COP subjects. Immunohistochem-
istry data was further extended by FISH analysis which
revealed areas of high telomerase amplification within
the fibrotic interstitiumin IPF lung (17 of 25 cases) (Figure
5C) compared to COP patients where we detected low
amplification of telomerase RNA component (18 of 20
cases) (Figure 5D). These findings may provide us with
useful insights regarding differences between IPF and
COP patients in disease progressiveness and treatment
responsiveness and explain the resolution of lesions in COP
lung in response to corticosteroids and the maintenance
of fibroblastic foci despite of treatment.
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Expression pattern of apoptosis and differentiation
overlaps that seen for telomerase within fibrotic lungs

To confirm whether telomerase expression profile is
followed by a similar apoptotic pattern the expression
pattern of caspase-activated DNA fragmentation factor
(DFF or caspase activated DNase-CAD) was determined.
Enhanced apoptosis was clearly observed in the alveolar
epithelium in IPF (p<0.001) and COP patients (p<0.02)
compared to control subjects. In addition, as previously
observed with telomerase negative AECs, we noticed
strong positive staining in AECs surrounding areas of es-
tablished fibrosis and architectural distortion (honeycomb
cysts) suggesting that these cells where more likely to
undergo apoptosis due to lack of telomerase expression.
Finally increased apoptosis was also visualized within the
fibrotic interstitium in COP lung compared to fibroblastic
foci in IPF patients where apoptosis was minimal, fur-
ther implicating telomerase in the “apoptotic paradox”
characterizing IPF: apoptosis susceptibility in epithelial
cells and apoptosis resistance of fibroblastic-like cells
(Figure 7A-D). Since experimental data support a role of
telomerase in cell differentiation we assessed whether the
pattern of N-cadherin staining, a marker of mesenchymal
differentiation, in the hyperplastic epithelium in IPF and
COP lung overlaps that seen with telomerase. Intriguingly,
N-cadherin was mainly localized in AECs (p<0.01) of mor-
phologically altered phenotype immediately adjacent
to fibroblastic foci suggesting that telomerase positive
type Il AECs need telomerase activity not only to resist to
apoptosis but also to undergo a type of metaplasia, the
epithelial — mesenchymal transition (Figure 7E-H).

DISCUSSION

To the best of our knowledge this is the first study in
the literature investigating telomerase expression and
activity in patients with idiopathic fibrotic lung disease
and suggesting a causal relationship between low telom-
erase expression and pulmonary fibrosis as it happens
with the phenotype in dyskeratosis congenita®®?', a rare
syndrome characterized by mutations in the telomerase
complex and pulmonary fibrosis resembling IPF. Our study
design was as follows: We used real time gRT-PCR and
showed downregulation of telomerase expression in IPF
lung compared to control samples. The latter was further
supported by TRAP assay findings which revealed almost
undetectable telomerase activity in IPF compared to con-
trol lung samples. In addition, we constructed two TMA
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COPE

FIGURE 3. Telomerase was absent in the alveolar epithelium surrounding areas of established fibrosis in IPF lung. Dual
immunostaining analysis for h-TERT and SP-A revealed absence of telomerase (white nuclei) from type Il AECs (red cytoplasm) in
areas of chaotic reepithelization and established fibrosis in IPF lung (A, B) whereas positive nuclear staining (arrows) was present
in areas of alveolar epithelium that appeared histologically normal within the IPF lung (C, D). In addition in COP lung the majority
of type Il AECs surrounding areas of organizing pneumonia showed minimal telomerase expression (black arrows) (E, F). Original
magnifications: A and E: x20, B-D and F: x40.
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FIGURE 4. Telomerase co-localized with type Il AECs overlying areas of active fibrosis within fibrotic lungs. Dual immunohis-
tochemistry coupled with semi-quantitative image analysis revealed co-localization of telomerase (black nuclei) with type Il AECs
(red cytoplasm) immediately adjacent to areas of active fibrosis mainly in IPF lung (fibroblastic foci) (A, C and E) and to a lesser
extentin COP lung (Masson bodies) (B, D and F) (**p<0.001). Original magnifications: A-F: x40.
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FIGURE 5. High amplification of telomerase mRNA expression in AECs overlying fibroblastic foci in IPF lung. FISH analysis revealed
increased telomerase expression (MRNA copies indicated as green intracellular dots) in the alveolar epithelium of normal lung
(A, B) compared to the fibrotic lung (C-F). Localization analyses revealed clusters of AECs immediately adjacent to areas of active
fibrosis overexpressing telomerase mRNA mainly in IPF (D) and to a lesser extent in COP lung (E, F). Telomerase mRNA was also
present in fibroblasts within the IPF lung (D) whereas low amplification was noticed within Masson bodies in COP lung (E). Original
magnification: A, C and E: x40, B, D and F: x60.
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FIGURE 6. Telomerase co-localizes with a-smooth muscle actin (a-SMA) in fibroblastic foci in IPF lung. Dual immunostaining
computerized image analysis for h-TERT and a-SMA revealed telomerase co-localization (black nuclei) within areas of active fibrosis
(red cytoplasm) (arrows) in IPF (A) compared to COP lung (B). Telomerase was also present in pulmonary vascular smooth muscle
cells that expressed aSMA in IPF (C) compared to COP lung (D). Original magnifications: A-D: x40.
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FIGURE 7. Expression pattern of apoptosis and differentiation overlaps that seen for telomerase within fibrotic lungs.
Increased apoptosis as assessed by positive DFF immunostaining was observed in the hyperplastic alveolar and bronchiolar epi-
thelium within the IPF lung (A) whereas in COP lung DFF was also visualized in areas of organizing pneumonia and Masson bodies
(B). Moreover, intense staining for N-cadherin was present and most prominent in areas of abnormal reepithelization and bron-
cholization (arrows) surrounding fibroblastic foci in the IPF lung (E), while in COP lung N-cadherin was in the epithelium overlying
areas of alveolar filling and organizing pneumonia (F), areas that stained intensely for telomerase. No staining for DFF (**p<0.001)
and N-cadherin (**p<0.001), as assessed by computerized image analysis was visualized within intact, normal alveolar structures
(C, G). Original magnifications A-C and E: x20, F and G: x40.
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blocks comprising of 100 representative tissue samples
from patients with IPF and COP and control subjects. Im-
munostaining studies coupled with computerized image
analysis revealed decreased telomerase expression in IPF
and COP lung samples compared to controls. We then
chose to analyze the cellular localization of telomerase
expression both by dualimmunohistochemistry and FISH
which absence of telomerase in type Il AECs surrounding
areas of established fibrosis and architectural distortion
within the IPF lung. Interestingly, we found strong nuclear
staining not only within areas of active fibrosis but also in
regenerative type Il AECs immediately adjacent to them,
as well as in pulmonary vascular cells, mainly in IPF lung
and to a lesser extent in COP samples. Most intriguingly,
regional heterogeneity in telomerase expression, in both
fibrotic lungs, resulted in similar expression patterns of
apoptotic and differentiation markers, as assessed by
immunolocalization analyses.

In IPF/UIP, areas of accumulated fibroblasts and my-
ofibroblasts mainly distributed in subepithelial areas of
the intersititium represent the pathogenetic hallmark
of fibrogenesis and have been used as part of the his-
topathologic criteria for the diagnosis of UIP™. The pre-
sumed persistence as assessed by prolonged survival and
increased proliferation, of these cells can potentially be
the basis for progressive fibrosis instead of resolution.
While IPF clinical course seems to be unfavorable other
members of the same disease group such as COP present
with excellent prognosis and treatment responsive-
ness'. Several studies have attributed these differences
to distinct pathogenetic characteristics reflected by
regional differences in apoptotic3*3* and angiogenic
profiles®3’. Moreover, while the alveolar epithelium has
been thought as a passive bystander in the process of
pulmonary fibrosis, the past few years the notion that
repeated epithelial injury induces regenerative AECs to
transition to a mesenchymal phenotype (epithelial-mes-
enchymal transition-EMT) ,thus contributing directly to
fibrogenesis, has dragged much of attention3-4,

Recent studies focusing on telomerase expression in
fibroblasts derived from experimental models of pulmo-
nary fibrosis revealed a role of telomerase activity in cell
differentiation. In particular, Phan et al. suggested that
induction of telomerase activity in rat lung fibroblasts
may be due to mediators of their proliferation while its
loss by inhibitory molecules triggers their differentia-
tion to myofibroblasts'>?"23, In addition, Fridlender et al.
implicated low telomerase activity in robust apoptosis
of AECs isolated from mice lungs after treatment with
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bleomycin further suggesting that the transient eleva-
tion of telomerase activity in lung epithelial cells in vivo
may represent an active defense mechanism against
immediately adjacent fibroblastic/myofibroblastic foci
that may promote AECs apoptosis as part of the fibrotic
process®. Finally and more recently, a causal-effect rela-
tionship between low telomerase activity and pulmonary
fibrosis was reported by Liu et al. who demonstrated in
TERT-deficient mice reduced lung fibrosis accompanied
by decreased fibroblast proliferation and increased ap-
optosis. Conversely, restoration of telomerase activity in
BLM-injured lungs was associated with increased survival
of lung fibroblasts favouring the development of lung
fibrosis?'. However, human and mouse telomerases are
reported to differ in both their functional properties
and their regulation and additionally bleomycin-animal
model is not fully representative of IPF due to its self-
limiting nature, rapidity of its development and the close
association with inflammation that accompanies the lung
injury. In addition, at the disease level the net effects of
telomerase activity versus inhibition on the development
and progression of human pulmonary fibrosis are so far
largely unknown?.

Therefore, we investigated for the first time in the
literature, telomerase expression and activity in tissue
samples from patients with two different forms of fibrotic
lung disorders, IPF and COP. We used the pioneering
technology of tissue microarrays, which allowed us the
simultaneous analysis of up to 200 tissue blocks in a single
experiment under highly standardized conditions, mean-
ing all tissue specimens were analyzed in an identical,
unbiased fashion, with minimal tissue damage, less cost
and precise positioning of arrayed samples which facili-
tates manual interpretation of the staining? and serves
as an ideal basis for automated analysis of specific cell
lines. Data interpretation revealed reduced telomerase
expression and activity in IPF compared to control lung
samples suggesting a causal relationship between low
telomerase expression and human pulmonary fibrosis.
Results from gRT-PCR and TRAP assay were extended by
immunohistochemical studies coupled with semi-quan-
titative image analysis which evaluated signal staining
intensity in an unbiased fashion and in a 256-level scale
(conventional microscopes identify signal differences in
a 30-level scale)**? and showed strong positive staining
in normal epithelium compared to the fibrotic one. Most
intriguingly, immunolocalization studies coupled by
FISH analysis further supporting seminal observations*,
demonstrated two distinct subpopulations of type Il AECs
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based on their telomerase expression levels; morphologi-
cally altered telomerase positive cells overlying clusters of
active fibrosis and exhibiting increased levels of differen-
tiation markers such as N-cadherin mainly within the IPF
lung and to a lesser extent in COP lung and telomerase
negative cells visualized in areas of architectural distor-
tion in IPF lung and immediately adjacent to areas of
organizing pneumonia in COP tissue samples. The latter
cells seem to exhibit increased apoptotic activity as can
be supported by similar expression patterns between
telomerase and DNA fragmentation factor. Moreover,
increased telomerase expression was also observed in
areas of alveolar epithelium that appeared histologically
normal within the IPF lung.

The duality phenomenon in telomerase expression
in regenerative type Il AECs provides us with useful
pathogenetic insights regarding the role of telomerase in
pulmonary fibrosis. It is therefore tempting to speculate
that changes in telomerase activity may regulate the fate
of AECs towards either an apoptotic or a mesenchymal
phenotype, thus contributing directly to fibrosis (Figure
8). Recent evidence by two independent studies?*?* as-
sociate mutant telomerase components with familial
IPF suggesting that short dysfunctional telomeres may
lead to alveolar cell apoptosis and generation of multiple
fibrotic lesions. They also report that under multiple at-
tacks bronchoalveolar epithelium responds with constant
regeneration and this process relies on local progenitor
cells that exhibit low survival rates due to short telomeres
resulting from low telomerase activity. Our findings are
consistent with this hypothesis. Telomerase negative
progenitor cells are more likely to undergo apoptosis as
assessed by increased expression of DNA fragmentation
factor, thus contributing to the abnormal reepithelization
characterizing disease pathogenesis. In line with this, the
presence of increased telomerase staining in flattened,
attenuated type Il AECs (Figures 7B and 7E) expressing
markers of cell differentiation may suggest a need for
telomerase activity to promote EMT384445,

In addition, telomerase presence within clusters of
highly proliferative fibroblastic-like cells in IPF compared
to COP samples indicates a mechanism through which
IPF fibroblasts of altered phenotype exert their resistance
to apoptosis and may potentially explain the resolution
of lesions in COP lung in response to corticosteroids and
the maintenance of FF resulting in dismal prognosis de-
spite of treatment***’. The unremitting recruitment and
maintenance of the altered fibroblast phenotype with
generation and proliferation of immortal fibroblasts cou-
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pled with the EMT phenomenon is reminiscent with the
transformation of cancer cells and metaplasia. Whether
mutations in telomerase genes are responsible either for
reduced telomerase expression and shorten telomeres
resulting in loss of AECs or increased expression leading to
hyperplasia and transition to a mesenchymal phenotype,
a form of metaplasia, is so far largely unknown. What is
already known is that mutated telomerase components
may lead to genomic instability, as it happens during the
stepwise progression of normal cells into cancer cells.
Telomerase activation after onset of genomic instability
coupled with an injurious pro-fibrotic microenvironment,
promotes acquisition of transformed cells through a
process known EMT (Figure 8). Searching for telomerase
mutations in AECs and fibroblasts isolated from patients
with different forms of pulmonary fibrosis at different
disease stages may provide a way forward and help
clinicians to identify high-risk groups that are unlikely
to respond to immunosuppressive agents.

In addition, localization of telomerase within pulmo-
nary vascular cells expressing aSMA in IPF lung may explain
the increase proliferation and remodeling characterizing
these cells leading ultimately to major vasoconstriction
and the development of pulmonary hypertension sec-
ondary to end-stage fibrosis, one leading cause of death
in IPF patients worldwide*®. However, future studies are
required to corroborate this observation.

Despite relative enthusiasm arising from the above
data, our study exhibits a number of limitations that
should be addressed with caution. Firstly, based on
semi-quantitative immunohistochemical analysis it is
not definitive whether there is a correlation between
telomerase staining and telomerase expression. However,
immunohistochemistry data was supported by quantita-
tive FISH analysis and corroborated results from qRT-PCR
and TRAP assay. Therefore, it is conceivable that strong
associations using different techniques can be supportive
of our hypothesis. Secondly, based on our approach it is
rather unclear whether there is an association between
loss of telomerase expression and activity and apoptosis
orinduction and differentiation of epithelial cells to mes-
enchymal phenotypes. Nevertheless, our study represents
the first attempt to correlate telomerase with alveolar cell
apoptosis, differentiation and increased proliferation of
immortalized fibroblasts in the pathogenetic model of
pulmonary fibrosis. Taken together, we can assume that
novel therapeutic approaches aiming at preventing loss
of alveolar cells through induction of telomerase activity
may be proven more beneficial than current anti-fibrotic
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FIGURE 8. Telomerase mutations, telomerase activation, epithelial-mesenchymal transition, apoptosis and pulmonary
fibrosis. Schematic representation of the conserved domains of hTERT with missense mutations, as indicated by Tsakiri K et al. (23)
(*) and Armanios M (22) et al. (**). Mutations of hTERT catalytic subunit may lead to telomerase deficiency and short dysfunctional
telomeres in type | alveolar epithelial cells (AECs). The latter coupled with repeated injurious stimuli (i.e. cigarette smoke) could
potentially promote AEC apoptosis triggering the fibrogenic process. Furthermore, mutated telomerase components may lead to
genomic instability, as it happens during the stepwise progression of normal cells into cancer cells. Apoptosis of type | AECs leads
to compensatory proliferation of type Il AECs. Telomerase activation after onset of genomic instability coupled with an injurious
pro-fibrotic microenvironment, promotes acquisition of transformed cells through a process known as epithelial - mesenchymal
transition (EMT). During this process, type Il AECs instead of differentiating to type | AECs, undergo a form of metaplasia towards a
mesenchymal phenotype (N-cadherin+), thus contributing directly to pulmonary fibrosis, as indicated by honeycombing changes
in high resolution computed tomography (HRCT).

orimmunomodulatory agents*.

In conclusion, we have shown reduced telomerase
expression in idiopathic fibrotic lung disorders compared
to control samples implicating low telomerase activity in
the pathogenesis of pulmonary fibrosis. This downregula-
tion of telomerase expression that was followed by similar
expression patterns of apoptosis was marked in AECs
surrounding areas of end-stage lung disease. Surprisingly

elevated telomerase staining was not only present within
highly proliferative fibroblastic/myofibroblastic foci where
detection of apoptosis was minimal but also within areas of
hyperplastic epithelium surrounding them indicating that
telomerase may regulate the fate of alveolar cells towards
either an apoptotic or a differentiative - mesenchymal
phenotype, thus contributing directly to fibrosis. Finally
differential telomerase expression profiles in IPF and
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COP may explain differences in disease progressiveness
and treatment responsiveness. Future studies in patients
with different forms of interstitial pneumonias coupled
with experimental data potentially using telomerase null
mice may help us to elucidate the role of telomerase in
IPF and highlight novel therapeutic targets.
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ouxva ep@avifouvv S10KUPAVGEILG, Ol OTIOIEG £XOUV, TapadosolaKd,
BewpnOei 611 amotelouv éva €i6og «Bopuour. EvtouTolg, Omwg €xel
Tovioel kat 0 Goldberger, Ta BloAoyIKd cuaTHHATA Eival VTETEPUI-
VIOTIKA cuoTtriipata pe 86pufo. Autog o B6pupog avtavakAd tnv
€yyevn Toug Suvapki Kalt givat uelOUVOC yia TV TPOGaPHOoYH TOU
opyaviopoU 6Tto petaparlopevo mepiBANAov. AlAPOPETIKES TEXVIKEG
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onuATwv €xel 1600 S1ayvwoTIKN 600 Kal OEPAMEVTIKN ONUaGia WG
gpyaleio KaAUTepng mapakoAolBNong TnG avtioTtoixng Bepamneiag.
2e autd o ApBpo, Ba mpoonabrioouie va mepypAYOUE TA AMOTE-
Aéopata auTwV TWV MEAETWY, KABWG miong Kot Ti PacikéG ueBodoug
unoAoyIGHoU TG TOAUTTAOKNG SUVAMIKAG TTOU SIEMEL TNV AvaTTVED-
OTIKI QUGCI0AOYia, € PUOIOAOYIKEG Kal TTAOOAOYIKEG KATAGTACELC.
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TIPOOAPUOCTIKOL, Ikavoi va e€gAyBoU. .. MoTtevw 6T Boti-
OKOUQOTE O€ ia Kpiowun kaumn yia tnv avamtuén uiag véag
Bewpiac Twv voonudatwv mou Ba e6pdletal OTIC EMMTWOEIC
™¢ umapénc tne {wric o€ uia pdon petdfaonc.»

Peter Macklem 2006

EIZATQrH

Ta puotoloyika 6edopéva Tou KATaypapovTal 6TV
KAivn Tou acBevr ouxva spgavifouv SlaKuUAvoElg o€
KAipakeG Sla@opwy peyeBwv. AuTéG ot SIaKUPAVOELS gival
e€alpeTIKA avopoloyeveic Kat epgpaviouv avwuain Kat
TOAUTTAOKN pop@oAoyia, evw oTnVv laTpIkn BiBAloypagia
ouxvd xapaktnpifovtat wg 86pufog kal ayvoouvral.
EvToUToIg, UMOPE( va TIEPIEXOUV ONUAVTIKEG TTANPOPOPIES
OXETIKA UE TNV uTtoKEipevn Soun f AelToupyia Tou Kap-
S1akoU Kal TOU avamveuaTIKoU CUCTAKATOC. AvTtioTolxa
napadeiypata mepAapfdvouy Ti¢ SIaKVUAVOEIC OTNV
KapSlakry ouxvoeTNTA, OTNV AVATTVEUOTIKH ouXvoTnTa,
OTOV AVATTVEOEVO OYKO Kal OTNV AlATIKA pon.!

O KUpPLOG OTOXOG TNG OTATIOTIKNAG PUOLKAG €ival N
eme&epyaoio TWV LAKPOOKOTIIKWY QAIVOUEVWY TTOU TIPO-
£pxovTal amo Tn ouvexr aAANAemidpacn MOANWV Kal
SlOPOPETIKWV HUIKPOOKOTTIKWY UTTOCUOTNUATWV. IS1aitepa
TO KAPSIAYYEIOKO KAl TO AVATTVEUCTIKO CUOTNA ATTOTE-
AoUV 186aVIKO UNIKO yla HeNETN UE TN XPHON QUTWV TWV
peBSSwWV kaBwe amote ovvTal amd TTOAAA UTTOCUVOAA
oV v@ioTavtal S1IapKWE TIG EMOPATELC TOU AUTOVOOU
VEUPIKOU CUOTAMATOC. H avdAuon Twv Hop@OoKAACUATWY
1 MOPPOKAACUATIKWY cuVOAwY, émtwg amodidetal otnv
eMnvikn BiBAloypacpia o dpog fractal, amoteAei pia amo Tig
UTTAPXOUOEG TEXVIKEG TTOU UITOPOUV va Xpnolpomoinouv
yla auTto Tov OKOTO.

TA MOPOOKAAZMATIKA ZYNOAA
KAl O AYNAMIKOXZ NOMOxX:
BAZIKEZ ENNOIEXZ KAl OPIZMOI

Ot Stakupdvoelg piag PeTaBANTAG Hmopouv va mept-
YPapoUV amo TN WEAETN TNG KaTtavoung mbavotntac. Evag
TPOTOC EKTIUNONG TWV ISIOTATWYV TNE €ival n dnuioupyia
€VOC IOTOYPAMMATOC KAl N aKOAOUON «KAVOVIKOTIOING»
Tou (normalization), oUTWC WOTE N EMIPAVELA TIOU TIEPI-
BAAAeTAL OO TNV KAUTTUAN TNG KATAVOUNG VA looUTAlL IE
1. Zuxvd, autn n katavopr N(x) Tng LETABANTIAG X ouuTE-
plpépeTal Le Ao Tov Aeyopevo Suvapiké vopo (power
law), o omoioc éxel Tn pop@n: N(x) = x @ mou onuaivel 6Tt
N OXETIKA ouXVOTNTA Hiag TIPAG X €ival avaloyn PE Tnv
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TR X vpwpévn otn Suvapn tou —d. Av oxnuaticoupe
€va hoyaptBuiko Siaypappa autrg tng oxéong [log(x) kat
log(d)] Ba éxoupe T ypapuikn e€iowon: log(N) = -d*log(x),
OmoU N TAPAPETPOC d AVTIOTOIXEl TNV APVNTIKN KAion
piag euBgiag ypaupnG TOU TIPOKUTITEL ATTO TNV EQAPHOYN
YPAUUIKAG TTaAvpdunong oTig TipEG TN N(X).2

H katavoun cOP@wva pe Tov SUVAWIKO VOO CUUTTE-
plpépeTal SIAPOPETIKA ATTO TNV AVTIOTOIXN KAVOVIKA 1
katavopr Gauss. Ot oupég Tnc (tails) gival TOAD peyaeg
(KaTavour e MEYANEC OUPEC), AVTAVAKAWVTAG TNV auén-
MEVN OXETIKR CUXVOTNTA EUPAVIONG UEYAAWY YEYOVOTWV.
AUTO onpaivel 0TI N MOBAVOTNTA HEYAAWVY 1) OTIAVIWVY LETA-
BoAwv gival TOAU aué§nuévn GUYKPITIKA PIE TNV KAVOVIKN
katavoury. O Suvauikdg vOUog TTEPLYPAPEL SUVAIKEC
KATAOTACELC TTOU £XOUV TIAPOOoLo €ido¢ ueTaolwy o€
S1aPOPETIKEG KAIPAKEG Kal armoKaAoUVTal «aveEApTNTEC
KAipakag» (scale invariant) petafoléc. AvtiBétwe, ot
KOVOVIKEG KATAVOUEG Xapaktnpifovtal amd Tummikeég KAI-
HOKEG TIHWYV, OTIWG AUTEG TTOU AVTIOTOLXOUV OTNV KOPUYN)
NG KAUTTUANG.? EmmAéov, 0 SuvaIKOG VOOC TIEPLYPAPEL
XPOVOOELPEG (time series) | KUUATOHOPPEG UE TTOANEG
MIKPEC SIOKUMAVOELC Kal SIAPKWE UEIOVUEVEC UEYANEC
SLOKUUAVOELG, EVW N MOPPH TOUC TTAPAUEVEL OTATIOTIKA
mapopola aveapTATwe Tou peyébouc. H peyébuvon n
N Opikpuvon TG KAHAKAG EVOG OUATOC ATTOKAAUTITEL
T1G {b1EC OX€OELC, Hia 181OTNTA TTOU £XEL OVOUAOTEI «AUTO-
opolotnTax (self-similarity) kal amoteAei xapaktnploTIKO
TWV HOPPOKAACUATWV. >

Ta HOPPOKAAOUATIKA GUVONA ATTOTEAOUV AVTIKEIMEVA
mou xapaktnpifovtal and tnv 1816TNTA TNG AUTO-OUOLO-
NTAG, KABWC PIKPA TuRpata TnG Soung os peyébuvon
gpgaviCovtait mapopola Pe 1o OAo oxXra. AVTioTolxd UE TO
TAPASELYA HOG AKTAG, TA LOPPOKAACHATA AVATTIAPIOTOUV
Sopég mou oTepoUVTAL VOGS KABOPIoPEVOU OXNMATOC,
KaBw¢ auto auv€dveTal ue TNV avénon TN HeyEébuvong tng
péTpnong. Autdc gival o Adyog mou ta fractals SiaBétouv
pn aképateg S1a0TACELG Tou amokalouvTtal SlaoTACELS
fractal (fractal dimension-FD).>®

H évvola Twv Hop@POKAACUATIKWY CUVOAWY UMOpPE(
VA EQAPUOOTEL EKTOC amd SOUEC TTOU OTEPOUVTAL JIAG
XOPAKTNPIOTIKNAG KAHOKAG pEYEBOUC, OE XPOVOOEIPEG-ON-
HaTA TTOU GTEPOUVTAL HLAG AVTIOTOIXNG XPOVIKIAG KAIHAKAG
TapakoAoUBNoNG. X€ AUTAY TNV TTEPIMTTWON, N OX€0N
AVAPEDA OTIC OTATIOTIKEG I810TNTEC TWV SIOKUPAVOEWY
TOU GMHATOG KAl GTO XPOVIKO TTapaBupo TnG mapatripnong
akolouBei Tov duvapikéd véuo. H onuacia piag tétolag
CUUTIEPIPOPAC EYKEITAL OTO OTL Ol LEANOVTIKEC TIUEC EVOC
ONHATOG EEAPTWVTAL ATTO TIG TTPONYOUUEVEC, EppavifovTag
OUOYXETIOEIG LETAEL TOUG PE TNV TTAPOSO TOU XPOVOU, EVW
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TO OUOTNHA-OO TTOU TTAPAYEL TNV AVTIOTOIKN XPOVOOEIPA
gp@avilel éva gidog pvrung.2®

MPOoKEIPNEVOU VA EKTIMNCOUE av 1 SUVAUIKN €VOG
OfHaTOC akohouBei Tov Suvauiko vouo ival amapaitnto
va UTTOAOYICOUUE TO AeYOUEVO QPACHA LOXUOG (power
spectrum). Na auto 1o Aoyo, epapudéloupe Taxy pETaA-
oxnpatiopd Fourier (FFT) mpokepévou va mpoodio-
PIOOUUE TIG OUXVOTNTEG TIOU EUTTEPLEXOVTAL OTO ONUa.
KaBe xpovooelpd, umopei va BewpnOei 611 gival éva
AaBpolopa NUITOVOEIOWV TAAAVTWOEWV HUE OIAPOPETIKES
ouxvotnTeG. O peETAOXNMATIONOG Fourier petatpémnel To
orfjua o€ éva ABpoloUa NUITOVOEISWVY KAl GUVNITOVOEL-
SWv TOANAVTWOEWY TWV OTIOIWV Ta TTAATN AVTAVOKAOUV
TNV KATavour Toug o€ OAo To ofua. Autr n avaiuon
OUXVOTATWV TTAPOUCIAlEl TN CLUVEICPOPA KABE NUITOVO-
€1600¢ TAAVTWONG WG CLUVAPTNON TNG CUXVOTNTAG TNG,
EVW N AVUPWON OTO TETPAYWVO TWV TIHWVY TNE ATTOTENEL
N Aeyopuevn 1oL (power) TnG ev Adyw ouxvotntag o€
OAOKANPO TO PACHA TNG XPOVOCEIPAC. H GUVOAIKN 1OXUG
NG PACHATIKAG avaluong (n em@avela mou BpiokeTal
KATW a0 TNV KAUTTUAN TNG QACHATIKAG LoXV0CG) givation
pe TN peTapAntétnTa mou Siémel To umo e€€taon onpa.?
H avénpévn petapAntoTnta/moAUTAOKOTNTA amoTEAEL
XOPOKTNPIOTIKO TNG PUOLOAOYIAG, EVW PEYANEG TIONUKE-
VIPIKECG peNETEC 0TV Kapdlohoyia €xouv amodeiéel 6Tin
AMWAELD TNG PETABANTOTNTAG TWV KAPSIAYYEIAKWY ON-
MATwv oxeTi(eTal ue TNV eRpAvion alpvidiou kapSlakou
BavAaTou, LETEUPPAYUATIKNAG KAPSIAKAG AVEMAPKELAG KAl
KOIMAKNC Mappapuync.”

3TNV MEPITTWON KATAVOUNG TTou akoAouBei tov Sduva-
MIKO VOO, N AoyapIBUIKN avarmapdoTacn TG QACHATIKIAG
loxvo¢ (AoydpiBuoc loxvog évavti Aoyapidpou cuxvotn-
Tag) obnyei o€ pia guBeia ypauur He Khion mepimou -1.
‘000 n ouxvotnta avédvetal, To péyebog tng Slakvpavong
Mikpaivel oTtov id1o Babuo (scale invariance).

Ot Tipég NG KAiong 1 B kKAiong 1} ekB€Tn 6TTWG ouxva
ammoKaAEiTal, Pmopouv va SWoouv MANPOPOPIEC OXETIKA HE
NV €yyevn SUVAUIKH Tou UTid €€TAON CUOTAUATOC. TIHEC
KovTd oTo 1 umotiBetal 6T avtavakAoLV pia ToAUTTAOKN
TUnou fractal cupmeplpopd, Evw TIMEG MIKPOTEPES amd 0.5
a(pOoPOUV CUCTHHATA OTTOU ATTOUCIA{OUV CUCXETIOELG TWV
TIMWV OTO XPOVO, XWPIG UVAUN KAl TENIKA, LE XAOTIKH KAl
pn PoPAEPIUN cuumePlPopd (Aeukdg Bopufog). AvTiOE-
TWC, TIPEG TNG KAIoNG B peyaluTtepeg amd 1 1j oxedov 1.5
TEPLYPAPOUV CUOTAMUATA UE LIOXUPEG CUOXETIOEIG TWV
TIHWV TOUG 0TO XPAOVO KAl IPOoBAEYIUN 1) oxeSOV TTEPLOBIKNA
ouunepupopd (B6pufog Brown).*> O Ary Goldbereger
peAéTNoE TN Suvauikn Tou KapSlayyelakol CUCTAATOC
o€ LYIEi¢ kal TaBoAoyIKEG KaTaoTACELG Kat amédelle Ol

[INEYMQN Tedxoc 30, Téuog 230¢, lovAiog - ZemtéufBpiog 2010

TOOO N Tuxaia Kat pn mPoPAEPIUN cuPTEPLPOPA OCO
Kal n avtiotolxn meploSIKr avamaplioTouV anwAEld TNG
PUOIONOYIKAG AetToupyiag kat cuoxeTiovTal e amwAELa
TWV HOPPOKAAGUATIKWV XOPAKTNPIOTIKWY TwV Kapdt-
ayyelokwv onuatwv.t Mapdpola amoteréopata £xouv
TPOKUYEL Kal o€ aoBevei e coPapry onyn Kal onmTiko
shock* (Eikovec 1-3).

TA MOPOOKAAZMATIKA YNOAA
KAl O AYNAMIKOXZ NOMOXx
>THN ANATINEYZTIKH OYZIOAOTIA

MoAAG 6pyava Sla@opwv BIOAOYIKWYV GUOTNHATWY
gpgpavifouv Sopn e LOPPOKAACHATIKA XOPAKTNPIOTIKA.

Self-Similar Structure Self-Similar Dynamics
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EIKONA 1. Apiotepd Slakpivetal €éva oxnpa 6€vVIpou Ue xapa-
KTnploTikd fractal kaBwg StaBétel SrakAadwoelg mou diémovtal
amd 10 PAIVOHUEVO TNG AUTO-OMOLOTNTAC, E ATTOTEAECUA TO
oxfiua o€ pikpn KAipaka (peyéBuvon) va potddlel pe to 6Ao
oxnHa o€ peyaAn kAipaka. Ae€ia dlaypd@etal pia Xpovooelpd pe
Xapaktnplotikd fractal, dmwg m.x n Kapdlakr 1 n AVamveUOTIKA
ouxvoTNTa, N omoia TePIEXEL SIOKUPAVOELG OE SIOQOPETIKEC
XPOVIKEG KAIHOKEG, TTOU S100€TouV O0TATIOTIKEG 1810TNTEG TIOU
Siémovtal amod 1o QAIVOUEVO TNG auTo-opoloTNTAC. [ATd Tnv
avagopd: Goldberger AL. Non-linear dynamics for clinicians:
chaos theory, fractals, and complexity at the bedside. Lancet
1996; 347:1312-1314, eAeVBepa Sl1abéaipo amod Tnv 1oTooeAida
physionet, www. physionet.org)].



PNEUMON Number 3, Vol. 23, July - September 2010

Healthy Dynamics : Mulli-scale, Long-range Order
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EIKONA 2. H moAum\okotnta fractal guotohoyikwv onpdtwv
(. kKaPSIOKNA | AVATIVEUOTIKY) CUXVOTNTA) UMOPE( VA HEIWOE
KaTd TNV ynpavon kai o€ Sidpopeg maboAoYIKEG KATAOTACELG,
O TUmo¢ Twv peTABOAWV UmopEi va akoNouBEi gite pia eVTEAWG
neplodikn dadikacia (KaTw aplotepo oxrua) gite pia Tuxaia
€€ENEN (xaoTikn Suvapikn, katw 6e€16 oxnpa). [Amd TNV
avagopd: Goldberger AL. Non-linear dynamics for clinicians:
chaos theory, fractals, and complexity at the bedside. Lancet
1996; 347:1312-1314, eAeLBepa S1abéotpo and tnv IoTooeAida
physionet, www. physionet.org)].

H fractal-kA\aopog1dn ¢ S1akAadwon PEWVEL TIG amooTa-
OELG TTOU TIPETTEL va S1lavuoouv SIAPOopEC OUaie, OTTwG
TO CUCTATIKA TNG TPOPNAG, UE ATTOTEAECHA TIEPIOCOTEPO
ypnyopen Kal emapkn andédoor Toug oToug loTtolc.? O vel-
povag TPoo@Eépel TTOANA TTapadeiyaTa CUUTTEPLPOPAC
mou SIEToOVTAL ATIO TO PAIVOUEVO TNG AUTO-OHOIOTNTAC.
O1 Weibel kat Gomez pétpnoav ylia mpwtn ¢opd tn
Hop@oAoyia Twv avBpwIviwv agpaywywyv Kat Bpnkav
Mia eKOeTIKNA oxéon avdueoa otn SIAUETPO KAl 0TN YEVEA
TWV peydAwy agpaywywv.”® O Mandelbrot, mou mpwtog
€lonyaye tnv évvola Twy fractals-pop@okAaoudtwy otn
S1e0vn BiPAoypa@ia, avakAAUPE Evav EVOTIOINTIKO TPOTIO
KAILAKWONG TWV agpaywywv otov mveupova. H auénuévn
Sidotaon fractal avtioTolxei o€ pia TEPIOCOTEPO TIOAU-
TAoKN S1aKAGSwWaN, EVW Hia XapNAOGTEPN TIUKA AVTAVAKAA
pia meplocoTepo opoloyevry Soun. EmmAéov, n Tomikn
TIVEUUOVIKH alaTIKH por| éxel amodeixOei amod tov Glenny
ot xapaktnpifetal amd HopPOKAACUATIKEG ISIOTNTEC OTO
XWPO Kal 0To XPovo.? H Sopr] Tng KUPeNSIKAG EMPAVELQC
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£€xel, emiong, amodelyOei 6T umopei va meplypagei Ue akpi-
Bela xpnoiomolwvTag Tov SUVAUIKO VOO, AVTAVAKAWVTAG
ave€aptnoia kAipakac.”® H katavour mbavétntag tng
Sidvoléng twv agpaywywv Katd tn SIAPKELA TG EIGTIVOAS
akolouBei emiong To Suvauikoé vopo.

Mia aAAN 1816TNTA TWV HOPPOKAACUATWY Kal TOU
SUVAUIKOU VOOU OTNV aVATTVEUOTIKN (uololoyia €i-
val N avtoxn oTnv eueavion o@aiudtwy otn Sidpkela
avamntuéng Touv opyaviopov. Y€ JOVTENA TIPOCOMOIWaCNG
TNG MOPYOYEVEDNC TWV AEPAYWYWV KaTd Tn SidpKela
NG avantuéng tou mveupova, o West cuvékpive tn Ol1-
AKAASWOTN TOuC @’ €VOC CUHPWVA HE TOV SUVAUIKO
vOHO Kal a@’ T€pou, akoAouBwvTag eKOETIKN peiwon
¢ Stapétpou. Avallovtag ta Sedopéva, katéAnée oto
OTL OTNV MPWTN MEPITTWON, To cVoTNUA ATav AtydTteEPO
EMPPETEG O AAON IOV €I0AYOVTAV OTO HOVTENO KATA
n Sadikacia StakAadwong Twv aspaywywv.”> Autég ol
1616TNTEC EpUNVEVOVTAL ATTO TO OTL 01 {WVTAVOi 0pYAVIOUOI
givatl Ikavoi va AeIToupyouv QUOIOAOYIKA O SIAPOPES
KAipakeg, SnAadn 6mote ol cuvOrKeg Tou TEPIPBAAAOVTOG
aAAadouy, autoi pmopouv kat mpooapudlovtal eUKoAa
KOl Y€ OXETIKN AMOTEAEOUATIKOTNTA.

O Lipsitz kat Goldberger éxouv &¢eifel 611 10 Pavo-
MEVO TNG yNPaAvong OXETI(ETAL OCNUAVTIKA PJE TNV ATTW-
A€la TNG TOAUTTAOKOTNTAG TWV PUCIOAOYIKWY CNUATWY,
uTTOSNAWVOVTAG TN HEWMEVN TTPOCAPUOOTIKOTNTA TOU
opyaviopou oTa Slagopa e€wTtepika epediopata. Xpnot-
pomolwvTag S1a@opoug akyoplBOUC YIa TOV UTTOAOYICHO
TWV HOPPOKAACUATIKWVY ISIOTATWY KAl TNG KATAVOUNAS
OUMPWVA PE TOV SUVAUIKO VOO TwV KAapSIayYEIAKWY
ONUATWY, Ol CUYYPAYEIG Bprikav OTL N KAion B o€ nAl-
KIWPEVOULC ATav gite eAaTTwHEVN (<1) gite au€nuévn
(>1) og oxéon e veoTEPOUC EVAAIKEC, UTTOSNAWVOVTAG
¥aoTikn 1 meptodik Suvauikn avtiotoixa.t O Peng kat
ol ouvepydteg Tou anédel§av 6TL n ynpavon oxeti(etal
ME pia katdppeuon TN fractal Suvapikng Twv avamveu-
OTIKWV ONUATWV Péow piag peiwong tTng KAiong B mpog
10 0.5 (TUXAIOTNTA).'® AVvapOopIKA JE Ta TTPWIHA oTddia
¢ avantuéng oToug avBpwmoug, pia HEAETN BprKe OTL
SlaQopa UTIEPNXOYPAPIKA XOPAKTNPIOTIKA TNE wpiavong
TWV TIVEUUOVWY EUPAVI{AV HOPPOKAACUATIKES IOIOTNTEC
Katl akohouBouoav 1o Suvapiko vopo. Emimiéov, n kAion
3 au€avovtav pe TNV nAikia kKUnong amd Ti¢ 28 oTig 38
£B60uadeC.”” Ot Szeto kAl CUVEPYATEG UTIOAOYIOQV TIG
KAioglg B Slapopwv avamveuoTIKWY ONUATWY O av-
Bpwmiva éuPpua kat amédel§av Tn HETATOMION TOUG ATIO
Vv TuxaldtnTa TPOoG pia fractal cupmepipopd katd
S1dpkela TS wpinavonc.'® ZuPMEPACUATIKA, QaiveTal 0T
UTTAPXEL LEYAAN METABANTOTNTA KA TTOAUTTAOKOTNTA TWV
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EIKONA 3. Ztnv €ikova 3A KaTaypd@etal n Katavour Tou avanvedpevou dykou (Vi) mpiv Kal Katd T SIapKela eKTENEONC Hiag
QUTOMATNG AVATVEVOTIKAG Sokipaciag (Vi2), ekdbnAwvovtag pia eyyev ETABANTOTNTA TwV TIMWV. H €Ikdva 3B mapouactddel T
avdAuon Fourier (FFT) Tou mpwTou ofpatog tng elkovag 3A (kataypaég amo acBevr tng KAvikng pac). To software (Kubios HRV)
napouctalel TG S1aPopeTIKEG ouxvoTNTEC (LF: low frequency-xapnin cuxvétnta, HF: high frequency-ugnin cuxvétnta and VLF:
very low frequency-moAU xaunAr cuxvotnta).

QVATIVEUOTIKWYV ONUATWVY 6Ta mpwipa otddia tng {wng, Ol MOP®OKAAZIMATIKEE IAIOTHTEX
EVW aKOAoLOWC aurr'] eENATTWVETAL ME TNV wpiuavon Kal TOY MNEYMONA XE NAOOAOTIKEX

TeAIKd, TN yijpavon Tou opyaviouoy. KATAXTASEIZ: EYPHMATA AMO NEIPAMATIKES
KAI KAINIKEZ MEAETEZ

O1 HETAPBOAEC TWV HOPPOKAACHATIKWY XAPAKTNPLOTI-
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Kwv oxeTiovrtal pe S1apope; TABOAOYIKEC KATAOTACEIG KAl
pmopei va éxouv 181aitepn onuacia yia tn Sidyvwaon Kat
Beparmneia Toug. Ol UCIOAOYIKEG XPOVOOEIPEC, OTIWG TA KAp-
S1aKA KAl AVATIVEUOTIKA ORUATA, EU@avi{ouv TapOUOLES
peTaBoAéC TNG SUVAUIKIC TOUG O SIAPOPETIKA VOO aTa.
Ot Mackey kai Glass g10rjyayav Tov 0po «SUVApLKEG VOTOL»
TIPOKEIUEVOU VA TIEPIYPAYOUV KATACTACELG UE ATTWAELD
TWV HOPPOKAACUATIKWY ISI0TATWY TWV 0OPYAVWY KAl TNG
OUUTTEPLPOPAG TWV CNUATWY TTOU TIPOEPXOVTAL ATTO AUTA
(uNn gpappoyn Tou SuvauikoL vouou).” lNa mapddetyua,
N anmwA&la TNG HETABANTOTNTAG TNG KAPSIAKAG CUXVO-
TnTag, dnAadn n petafoin tov daothuatog R-R oto
nAekTpokapSiloypapnua, xel mapatnpnBei o aoBeveic
HE KapSLaKr AVETTAPKELD, KOATTIKN HOPUAPUYH,2' ONTTTIKO
shock kat moAvopyavikn avemdpkela.? Z1a avamnveuoTl-
KA voonuata, KAaolké mapddetypa anotelei n éviovn
mEPLOSIKN SlaKUPAVON TNG AVATTVEUCTIKIG CUXVOTNTAG
mou eppaviletal otnv avamnvor) Cheyne-Stokes. O Penzel
TTOPATNPNOE ATTWAELA TWV HOPPOKAACHATIKWY IO10THTWY
NG KapSIaKAG ouxvoTNTAG Katd TN Sidpkela emeloodiwv
ATMOPPOAKTIKAG drvolag otov UTvo.?

O Macklem Atav o mpwTog oV €8€0€ TNV EPWTNON
av N A&lToupyia Twv aEPAYWYWV UITOPEL va PeNeTNO«i
pE TN Xprion pebodoroyikwv epyaleiwv amd tn Bewpia
TOU XAO0UG Kal YE Baon To mapddelypa Twv mTOAUTTAOKWV
ouoTNUATWV.2* O1 Que Kal CUVEPYATEG EAETNOAV TNV
KATAVOUN TNG TPOKANTAG HETABAAAOUEVNC avTioTAONG
(forced oscillatory resistance) og aoBuatikoug aoBeveig kat
amnédel€av 6T n Asitoupyia tou mvelpova dev SiEmeTal anod
Tov Suvapuiké vopo Katd T Sidpkela coBapwy acOaTIKWY
npoofolwv.?® O Frey kal cuvepydTteg epdppooav uebo-
Souc amo ) Bewpia TWV HOPPOKAACUATWY, U0 POPEC
KaBNUEPIVA OTN XPOVOOEIPA TNG MEYIOTNG EKTIVEVOTIKNG
pon¢ (peak expiratory flow-PEF) oe acBpatikol¢ aoBeveig
kal amédet§av 6t n kAion B ehattwvovtav. Emmpdobeta,
n kAion av€avovtav pe TNV KAaoIkn Bepamneia e Hakpag
S1apkelag B2 aywvioTég evw EAaTTWVOVTAV (TTEPIOCOTEPO
Tuxaia duvauikn) pe tn xprion Bpaxeiag Stapkelag B2
aywvIoTéC. TENOG, Ol ouyypagEic Katdgepav va amodei-
&ouv 011600 peyalUtepn ritav n kAion B étav ol acBeveic
Sev émalpvav Kapia aywyn, T000 peYaAlTEPN HTAV N
BeAtiwon TwWV CUPTTTWHATWY TOUG PETA amd Xoprynon
Makpag Slapkelag B2 aywviotwy.

Y€ pia AAAN peAETn, o Suki uTTOAGYIOE TN SUVAMIKE TNG
S1dvoléng Twv agpaywywv Kat tnv avtiototxn Suvauikn
TWV MOUGIKWV poyxwv (crackles) xpnoipomolwvtag éva
ammAG HOBNATIKO PHOVTENO TNG TIEPIPEPELAG TOU TPAXEL-
ofBpoyxikol &évipou.?” O Forgacs ftav o mpwTog Tou
TIPOTEIVE OTL Ol HOUCLIKOI pOYXOL KATA TNV akpoaon Twv
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TIVEUHOVWV OQEINOVTAL GTO ALPVISIO AVOLYHA TWV KAEIOTWV
agpaywywv. O Suki amédelée 0TI N SUVAUIKN Twv XPOo-
VOOEIPWY TWV LOUCIKWY POYXWV TTou HeTadidovtav Katd
Tn S1dpkela g S1avolng Twv agpaywywv akoAouBei To
Suvapiko vopo. Emmiéoy, kabwg ot fixol petadidovtal, n
£VTaor ToUG HelwveTal oTIG S1adoxIkéG SIaKAASWOELC, EVW
N Katavour autig TnG KEIWONG CUMTTEPIPEPETAL OPOIWG
oUPPWVA e ToV SUVAUIKO Vopo. AvTioTolxa eupriuata
TIPOEKUYPAV YIa TA XPOVIKA S1a0TAATA TWV EAPVIKWV
peTaBoAwv (jumps) TNG EAATTWONG TNG AVTIOTACNG TWV
aEPAYWYWV KATomy SIATaong TwV MMVEVUOVWY LE AEPIOUO
oTaBgPNC PONC. X€ Hia EAETN TWV Boser Kal cuvepyaTwy,
unoloyioTtnke n Sidotaon fractal Twv agpaywywv xpnot-
MOTTOIWVTAC IOTOAOYIKO UAIKO ATl TPELG OUASEC aoBevwv:
aoBeveic pe Bavatneopo dobua, oxedov Bavatneodpo
Kal un Oavatngdépo avtiotolya. O cuyypageic amédel§av
o110 péoog 6po¢ Tn¢ fractal Staotaong twv dVo MPWTWV
opddwv (1.72 kat 1.76 avTioTolxa) ATAV ONUAVTIKA HIKPO-
TEPOC Ao eKEivov TN TPITNG opdadag (1.83, p< 0.05), evw
n xaunAn diaotaon fractal oxetiCovtav pe pelwpévn ou-
VOMIKH TTOAUTTAOKOTNTA TNG SOUNG TOU TPaXEIOPPOYXIKOU
Sévtpou Kal pe avénuévn Baputnta Tng vooou.®

O Venegas Kal ouvepydTeg, XPNOIHMOTIOIWVTAG ATTEL-
KOVION UE Topoypagia eKmourtic molitpoviwy (positron
emission tomography-PET) kat UTTOAOYIOTIKA pOVTEAQ
amédel€av 0TI o€ MEPIMTWOELS BPOYXOOTIACHOU Kal OTav
n cUoTACN TWV AEIWV PUIKWV IVWV TIPOCEYYioEel éva
Kpioluo onueio, pmopolv v’ avamntuxBoulv algvidia kat
TOTIKA CUCOWHATWOELS (clusters) @Twyd agpll{Opevwv
TIEPIOXWV TOU TTVEUPOVA, HE Slakpttd Bripata.® Autd ta
otdadia dnuiovpyiag ovopdlovtatl avalanches (x1ovooTi-
[Badec) kat umopouv va odnyrnoouv o€ VEEC KATAOTACEIG
1oopporiac. E€aitiac Tng pop@okAAoUATIKAG SOUAC Twv
AEPAYWYWV, UIKPEG APXLIKEG AVOUOLIOYEVELEG TTOU UTTAPXOUV
UTTO PUGIONOYIKEC CUVORKEC Kal I1aiTepa o€ TTABOAOYIKOUC
TVEUOVEC, UTTOPOoUV va eVioxuBouv odnywvTag aipvidia-
OTIKA 0TN Snuioupyia @TWXA AgPIOPEVWY TIVEUUOVIKWY
neploxwv. Eva aA\Ao cupmépacpa mou TPoKUTITEL AT
TNV mapamnavw PEAETN ival 611, epOooV oL agpaywyoi
gival opyavwpévol o€ éva SIKTUO UE LOPPOKAATHUATIKA
XOPAKTNPLOTIKA TTOU AAANAEMISPA PE TO ENACTIKO TTAPEY-
XUUQ, N oUOTIacn £vOG agpaywyou Pmmopei va petadoBei
KOl VO TIPOKAAECEL Jia YEVIKEVEVN avTioTOIKN ouoTacn
TUmouv avalanche og peyala TURpATA TWV TIVEUUOVWV. To
610 puolkd 1oxLel Kal otV avTiBetn diadikaacia, 6mou n
S1dvolén Twv agpaywywy Katd tn SIapKeLa TG EIOTIVONG
Aappavel xwpa pe Eexwplotd Sakpitd Pripata. 332

O Suki amédeiée o011 n diavolén Twv agpaywywyv KaTtd
n S1dpKela eppuonong pe otabepn pory Aapavel xwpa
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ME TN Hop®n Twv avalanches kal eppavifel KaTavoun
TTOU UTTAKOUEL GTOV SUVAUIKO VOO, TOGO 000V apOopd TO
péyeBog 600 Kal Ta Xpovikd SdtaoTthpata HeTtafd Touc.?’
H onupaocia autwv Twv eupnUATWY EYKELTAL OTO OTL N
mBavotnta avelpeong evoc peydlou avalanche sivat
TOAU peyaAUTtepn amd ot1 Ba cuvéBatve av n KATavoun
NG dtavoléng Atav kavovikn ry ekBeTikr. Omdte, 1600 TO
HEyEO0C 000 Kal N XPOVIKI OTIYUN TNG EPAPUOYNG OETIKNG
TIEONG OTOUG agpaywyouq (T.X. KATta TN Xpron Knxavikou
OEPIOMOU BeTIKWV TTIECEWVY) UmTopEi va gival e§icou onua-
VTIKA oTnV IPoKAnon tn¢ diadikaciag avalanche yia tnv
EMOTPATEVON TWV KUPEAIOWV. 232

JUMUTTEPACHATIKA, AUTEG Ol HENETEC OTO PPOYXIKO
aocBpua Seixvouv 0TI 6TAV Ol agpaywyoi mpooeyyifouv
TNV KPITIKNA TIUr CUYKAEIONG, £va UIKPO £pEBIoUA HmopEi
Va TIPOKAAEDEL Hia KATAOTPOPIKN aAuaida yeyovoTwy
TTOU a@opPOoULV Tn CUYKAEION Twv dgpaywywv. MNa auto
TO AOYO, UTIAPXEL TOOO QTWYI) CUOXETION AVAUESA OTO
gp€biopa kat otnv ékBaon Twv acOpaTIKWV acevwv.
EmmAéov, T 10TOPIKO TwV SIOKUUAVOEWY TWV CUUTTTW-
MATWV @aivetal va oxeTieTal Pe TIC SOMIKEG LETABOAEC
ToU Tpaxelofpoyxikou Sévipou (katavoury Suvauikou
VOLOU TNG SIAUETPOU TWV AgpaAywYwV).3?

H emotpdteuon Twv agpAywywv PMopEi va emnpe-
aoel avtioTolxa Kal ekeivn Twv KUPeAidwv. O Sujeer kat
OUVEPYATEC Bprikav o€ HabnuaTIKA JOVTENA OTL Ol €T
OTPATEVOMEVOL AVATTVEOUEVOL OYKOL KATOTTLV EUPUONONG
aépa pe otabepri pory akohouBoUv Tov SUVAUIKO VOO
pe KAion B ion pe 2.3 Ald autd Ta eupriata PUImopEi va
unoteBei 6t1 epdoov n KUPENSIKN EMOTPATEVON EMN-
pedletal amd n Soun Twv Agpaywywv, TOTE N KAUTUAN
TIECEWG-OYKOU TOU AVATIVEUOTIKOU CUOTHMATOG UITOpEi va
TTOPEXEL TTANPOPOPIEC AVAPOPIKA LIE TO TPAXEIOBPOYXIKO
6¢vTpo.2 Av TéTola HOVTEND €X0OUV KAToLa aia TN MENETN
Tou cuvdpopoL o&egiag mveupovikig PAARNG (acute lung
injury-ALl) eivat aBéfato. Ze auto 1o ouvopopo éxel Bpedei
OTIL N Katavour Twv méoewv Stavol§ng Twv KUYeAidwv dev
gival TAvta Kavovikr, KTt ou Bewpeital mpoumdBeon
010 MovTéNo Twv avalanches.?* Meploodtepeg LeENETEC
amatrouvTal TPOoKelévou va dlepeuvnBei o TpdTog TNG
KUPeMSIKNG emoTtpdateuong oto AL, 181kd oI mepimTw-
oelg Slatapaywv TNG ox€ong agpiopov/aipdtTwong Adyw
¢ Baputntag oto KUPeMSIKO emimedo.>

H gpappoyn TNG HOPPOKAACUATIKAG AvAAUONG EXEL
emiong BonOnoel otn peAéTn TG HoPPOoAOYiag Twv MVEL-
MOVWV O TIEPIMTWOELG EUPUCHLATOC. H UTTOAOYIOTIKY TO-
poypagia (computed tomography-CT) eivat pia evaicBntn
HéBodoc¢ yia TNV ekTipnon Tng SoUNg Tou mvelova o€
S1apopec maboloyIkEG KATAOTACELG. [EVIKA, CUCOWHATW-
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OEIG XapUNAoU onpatog amoppdenong (low attenuation
area-LAA) pgavifovtal ota pixels TG 006vng pe mMUKvo-
™nNTa HIKPOTEPN amd 950 povadeg Hounsfield. Autég ot
TEPLOXEC EPIAAMPBAVOLY Kupiw aépa Kat AapfBavouv tn
A 1, v avtiBeTa, TEPLOXEG PE TTUKVOTNTA ATOPPOPNoNG
peyaAUTepn amd 950 povadeg avTioTooUV MPWTIoTWE O
TIVEUHOVIKO 10TO Kat AapBdavouv tnv Tiun 0. To aBpotoua
Tou aplBuou Twv pixels o€ pia avtiotoyn meploxn (cluster)
TapEXEL To PEyeBOC TNG. Me auTd Tov TPOTIOo, PUMopEl va
kataokevaoTei évag Suadikdg (binary) xdptng Tou mveL-
Hova, TToU O€ PUCLONOYIKEC CUVONKEC, OTIWC TIPOKUTITEL
amd KAMoLeG HENETEC, €ival I81AITEPA AVOUOLIOUOPPOC
Kal etepoyevric.2 O Mishima kal ouvepyateg Bpnkav ot
n katavoun mMlavotntag Twv LAA cUCOWHATWOEWY
akoAouBei Tov Suvapikd vouo TOoOo o€ LYIEic 600 Kal g
a0BEeVEIC e XPOVIA aTTOPPAKTIKN TTVEUovoraBeia (XAIN).
EvtouTolg, ol aoBevEiC EHPAVIOAV CNUAVTIKA MKPOTEPEC
KAioglg B, ot omoieg ev oxeti(ovtav pe Ta tests Aeitoup-
YIKOTNTAG TNG AVanmveUoTIKAG Asttoupyiag, pe eaipeon
Vv Ikavotnta Sidyuong Tou mvelpova. Ot CUYYPAPEIC
UTTEBECAV OTI Ol YEITOVIKEG MIKPEC LAA CUCOWUATWOEIG
Teivouv va evwBouv Kal va oxnuatioouv peyallTepEg,
kaBwg ol aoBeveic eNaoTIKEG iveg TTou TIG Staxwpilouv
Slapnyvoovtal.?® Auti n diadikacia dev emnpedadlel 1o
% TM0000TO TWV LAA aAAd eAaTTWVEL TOV aplOud twv
MIKPWV CUCCOWHATWOEWV EVAVTI TWV HEYAAWVY, KATL TTOU
mpokalei peiwon TN B kAiong. Mia aAAn uméBeon, ou
ouvdayetal amd auth TN HEAETN, gival éT1 n mBavéTnTa
aveupeong HeydAwv LAA cucowuaTwWoewy gival TTOAD
avénuévn oe acBeveic pe XAl og oxéon pe QUOLOAOY!L-
KOUG EVNAIKEC.

Mia &AAN SuvnTikA EQApUOYN TWV HOPPOKAACUATIKWY
OUVOAWV GTNV MIVEURIOVOAOYia gaiveTal va agopd oTnv
£QAPHOYH UNXAVIKOU AEPIGOU OTOUC BAPEWC TIACXOVTEC
a00eVvEiC. 2 € éva TIEIPAUATIKO LOVTENO TIVEUMOVIKAG PAG-
Bng pe xopriynon oheikou o&€og, ot Mutch kat ouvepydaTteg
€lonyayav SIaKUIAVOELG OTOV UNXAVIKO agPIoS Pe Baon
€vav alyopiBpo (Broloyikd petaBallopevoC avanmveo-
HMEVOC OYKOG KA AVATIVEUCTIKK) GUXVOTNTA avAloyn Tou
ATTAITOUEVOU KATA AETTTOU AEPIOHOV). Z€ OUYKPLION UE
TOV OUMPATIKO AEPIONO (e TOV iB10 KATAAETITO agPIouO),
auth n HéBodoc avénaoe Tnv avamveuo Tk appubpia Kat
NV ofuyovwon Kat ENGTTWOE To VEKPS Xwpo. Z0upwva
Me Tov Suki, 0Tav mpooTiBevTal SIOKUUAVOEIC E TN Jop-
@] CUPMETPIKA KATaveUNUEVOU TuxXaiou Bopuou oTIC
MEYIOTEG MEDELG TWV agpaywywV (peak airway pressure),
N Héon Tipn Sev PeTaBAAETAL AAAG PEMOVWUEVES TIUEC
pmopei va avénBouv onuavTikd, odnywvtag o KUPeNSIKN
emMoTpdtevon.>*® Xe éva Habnuatikd povtélo, ot idlot
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OUYYPAQEIG Bprikav 6Tl 0 GYKOG TOU EMOTPATEUPEVOU
mveUpova e Tn Xpnon BloAoyikd petaBarlopevou ae-
plopoL umopei va auénBei péxpt kal 200% o€ oxEon e
ekeivov 0N S1dpKela Tou GUPBATIKOU agPIOOU. EmmAéoy,
N TUTTIKA armokALon Tou BopUou pmopei va tpomomolnOei
TIPOKEIPEVOU va emtTeuxOei kahutepn ofuyovwon, éva
@AIVOUEVO TIOU ATIOKAAEITAL O TOXAGTIKOG GUVTOVIOUOGH
(stochastic resonance) kal n onuacia Tou £xet &N emiPe-
Baww0ei og melpapatikd povtéNa pe ALL3E

2YMMNEPAZMATA KAI NPOONTIKEX
NATO MEAAON

>0ppwva pe tov Macklem, udpxel Eéva cuvexeg Twv
Bepuoduvauikwy cuoTNUATWVY TTou Sev akoAouBouv To
2°Bgppoduvauiko aiwpa (Voo Tng eviporiag), Kabwg
avTaAAdoooULV SIaPKWE EVEPYELA LIE TO TIEPLBAANOV TOUG
(avolyTd ouoTApaTA): TO éva AKPO BPICKETAL KOVTA OTNV
1oopporia Omw¢ ol KPUoTAANoL, To dANO AKPO paKPLd
amno tn Beppoduvapikn 1opporTia, OTIWE 0 KAlPOG. «To
OO0 TN EVEPYELAG TTOU KATAVOAWVETAL arrd To cUoTNUaA
kaBopilel Tn B€on TOL 0TO CUVEXEC. AVAEST OTOUG KPU-
OTAANOUG KAl GTOV Kalpo, AapPdvel xwpa pia petdfaon
@AoNC, M MIKPN Katavahwaon evépyelac. MOvo ekei umopei
n {wn va avantuxBei».>® Ano tnv mapamdvw Srihwon
TIPOKUTITEL OTIL TOOO N PEIWHEVN KATAVAAWON EVEPYELQC
OmMwc¢ oTn puokapdSlakn woxaipia, 6co kat n auénuévn,
pmopoUV va 08nyrioouV ToV 0PYAVIOUO HAKPLA ammd Tnv
KATAoTAON IoopPOTTag, onuatodotwvTag TNV évapén
NG «duvauikng» vooou. O Que amédelée 6TL 01O AoBuQ,
n tomikr ab§non tou peTaoAikol pubuou oxetiCeTal e
avénuévn PETAPBANTOTNTA TNG AVTIOTAONG TWV AgPAYW-
ywv otn pon.? O idlo¢ ouyypagéag, mMPOTEIVE TOV OPO
«OMOLOKIVNON» avTi Tou 0pou «ouoldCTACH» WG BACIKN
1616TNTA TWV {WVTAVWV OPYAVICHUWY TTOU «TTEPLYPAPEL TNV
IKAVOTNTA EVOG OPYAVIOHOU VA XPNOLUOTIOINOEL TINYEG
eEWTEPIKNAC EVEPYELAC TTPOKEIUEVOUL va SlaTnProEl Wia
uPNAoU eMéSOU ECWTEPIKT OPYAVWON UE SIAKUUAVOELG
€VTOC amoSeKTWV Opiwv € Hia KATAoTAoN HAKPLA amd
n Ogppoduvapikn looppomia’.?®

H HEAETN TWV PUCIOAOYIKWV CNUATWY TWV AcOevVwY,
OMw¢ n Kapdlakr Kal N avamveuoTIKr) CUXVOTNTA, UMOPEI
€UKOAO VA ATTOKPUTITOYPAPHOEL TNV «KPUUMUEVN» TIAN-
po@opia Tou PpioKeTal og AUTA Kal Apopd TNV yyevh
TouG SuvauiKr aAAd Kal TN CUVOAIKN HETAPBANTOTNTA OE
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OAOKANPO TO PACHA TNG XPOVOOEIPAC, H avayvwpion 6Tt
Ol UOIONOYIKEG KUJOTOUOPPEG TIEPLEXOUV KPUUUEVN TTAN-
pogopia oxeTI(OEVN UE pia auv§npévn TTOAUTTAOKOTNTA,
au@opntei TI¢ MapadooIakéG UNXAVIOTIKEG HEBOSOUC
peAéTNG Tou oTnpifovTal 0 KAAGIKEG OTATIOTIKES TEXVI-
KEC, EVW €xel au€noel To evllapépov yia Tnv vioBétnon
EPYAAEIWV TNG OTATIOTIKNAG PUOIKNG YIA TN HEAETN TWV
Broloyikwv cuoTNUATWY. MECW AUTWVY TWV TEXVIKWVY, S1a-
OPOIL SEIKTEC UTTOPOUV VA UTTOAOYIOTOUV, IKAVOTIOIWVTAS
TIC ATTAUTACELG TNG OUYXPOVNG LATPIKAG YA KAAUTEPEG Kal
TIEPIOOOTEPO ASIOMOTEC TIPOPAEYELG, KOBWC 0 UTTOAOYI-
OMOG TouG oTNpifeTal 08 HETPROEIG UPNARG ouXVOTNTAG
(ouxvotnta detypatoAnyiag touldyiotov ion pe 250 Hz).
Autn npoomdBeia £xel idn BonBriosL Tnv épguva yupw
amo tn Suvapikn TG KApSIAKAG CUXVOTNTAG KAl TNG ap-
TNPLOKNAG TTHiEONC HECW TTPOTUTIOTIOINONG SIAPOPETIKWV
TEXVIKWV €MECEPYATIAC TWV LATPIKWY ONUATWY, CUXVO-
NTAG Kal SIAPKELAG METPOEWVY Kal TEXVIKWVY EKTIUNONG
moldTNTAG TWV oNUATWV. EmimAéoy, éxel 16N cupaliel
otn Onuiovpyia meplocdTEPO AIOTOTWY SIAYVWOTIKWY
KAL TIPOYVWOTIKWVY SEIKTWV 0Ta KapSlayyelakd vooruaTa.
TéNog, €xel avamtuxBOei évag aplBuog Siebvwv Bdoswv
SeSopévwv KapSIOKWY oNUATWY e ENeVBepN MpdofRacn
amno SlaPOoPETIKOUG EPELVNTEC, OTIWG N IOTOCEAISa www.
physionet.org.*

MoTtevoupE OTIL AVTIOTOLXEC TTPOOTIABELEG TIPETIEL VA
gvodwbouv 1600 010 XWPO TNG MNveupovoloyiag, doo
Kal o€ ekeivov TG Evtatikng Oepareiag, 1dlaitepa doov
agopd tn coflapr ofeia avamveuoTIKr AVEMAPKELQ.
JUUTTEPACUATIKA, TIPOTEIVOUUE OTL N EQAppOYr TNG ava-
Auong Twv pop@okAaopaTikwy cuvolwv-fractals otnv
AVamnVeUOTIKNA @uolohoyia Ba odnyrioel oTnv KAAUTEPN
Katavonon Sla@opeTIKWY Kal SUVAUIKWY aAAaywV TTou
Aaupavouv xwpa oe S1aQopeg TABOAOYIKEC KATAOTACELC,
EVW N VPYNAN TTPOYVWOTIKA Toug a&ia Ba auénoel emimiéov
TNV KAIVIKR Toug Xpnotpotnta. Ot KAvikoi latpoi mpémel
v’ apxioouv va katavoouv Ti¢ Bacikég apyxég Tng Bewpiag
TWV MOAUTTAOKWV CUCGTNUATWY Kal va urtootnpiéouv pia
TIOAUGUOTNUATIKN TTPpocéyylon amd diagopeTikda nedia
TWV EMOTNUWY, UE OTOXO TNV TTIO aKpPIBr didyvwon Kat
TNV 1o amoTEAEOUATIKA Beparmeia Twv aocBevwy Toug.

BIBAIOTPAQIA

(BAéme ayyAIKo Keipevo)
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ZYMNAHPQMA

Av kat umrapyouv Si1d@opeg péBodol yia tnv ekTipnon twv 1dlo-
Twv fractal evog orjpatog, o Glenny mpotelve T xprion piag
pebodou mou amokaheitat oxeTikr dlaomopd (relative disper-
sion-RD), n omoia amaitel TOAU Atydtepouc umoAoyiopouc. H
XPrion autol Tou alyoplBuou gival TOAY 0KOAN yia KATTOLOV
mou B€Ael va umoloyioel ta fractal xapaktnplotikd Slaedpwv
QVOTVEUOTIKWY onpatwy, og éva EXCEL apyeio. To akdAouBo
MapAdelypa TPoEPXETAl EAAPPA TpOoTOTTOINUEVO amd TNV
avagopd 7. To mpwto apxeio mephapBdvel Tnv Katavouri Tou
avamvedpevou oykou (tidal volume-Vt) pe Tuxaieg Tipég otn
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SelTePn OTAAN, TOV HECO OPO KABE 2 TIMWV OTNV Tpitn OTAAN,
TO €00 0PO KABE 2 TIHWV TNE TPITNG OTAANG OTNV TETAPTN KAl
oUTW KaB'e€N¢. 210 SeUTEPO APYXEIO EXOUE UTTONOYIOEL TOV UECO
0po (mean), Tnv UMK andkhion (standard deviation-SD), to
% RD (=100*SD/mean), to vemépelo AoydpiBuo In(%RD), Tnv
XPOVIKN KNUOKA T TIOU TIEPLYPAPEL TTOOEC POPEC UTTONOYI(OUUE
TOUG HETOUC OpouG avd SUo TIHEG avd OTAAN KAl TO VETTEPELO Ao-
Yap1Bpo In(1), yia kaBe otriAN Tou mpwTtou apxeiou. Av Tdpoupe
TO AoyaplOUIKO Stdaypappa Twv TIHWV In(%RD) kat In(T), éxoupe
1o Sidypappa 1, 6mmou n epappoyn TnG Bewpiag Twv eAayioTwv
TETPAyWVWV pag Sivel pia ypappikn e€icwon mou umoAoyiel Tnv
KAion tn¢ euBeiag, n omoia avamaptotd tn oxéon In(%RD) kat

Apxeio 1
t v(t) t v(t)
1 10.31 26 3578 2757
2 19.03 14.67 27 35.77
3 34.70 28 64.38 50.08 38.82
4 1926 2698  20.83 29  10.04
5 65.42 30 19.10 14.57
6 34.79 50.11 31 18.82
7 19.07 32 3552 2717 2087 2985 4662 3273
8 3534 2721 3866 2974 33 3536
9 34.82 34 19.28 27.32
10 18.80 26.81 35 19.00
11 18.69 36 1006 1453 2093
121028 1449 2065 37 3578
13 19.03 38 18.94 27.36
14 10.12 14.58 39 66.09
15 5.58 40 3490 505 3893  29.93
16 10.05 7.83 1.2 15.92 22.83 41 64.76
17 3552 42 3491  49.84
18 19.28 274 43 35.16
19 35.88 44 18.89 27.03 3843
20 6440 50.14 3877 45  64.39
21 66.83 46 3509 49.74
22 35.66 51.22 47 66.18
23 12134 48 121.58 93.88 71.81 55.12 42.52
24 64.34 92.84 72.03 554 49 12248
25 19.35 50 22945 17597
Apxeio 2
mean 41592 41.5936 35.99417 35.99333 37.32333
SD 39.01875 35.70512 19.43409 15.86818 12.7179
RD% 93.77 85.83 53.98 44.06 34.05
InRD(%) 4.540845 4452369 3.988614 3.785552 3.52783
T 1 2 4 8 16
In(1) 0 0.69 1.39 2.08 2.77
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In(t). Z& autA TNV mepimTwon, n kKAion €ivat-0.271. H dtdotaon Kd fractals. H FD kau n khion B oxetiCovtat peta&y Toug pe tv
fractal (fractal dimension-FD) Tou orjpatog pumopei va umoAo- e€iowaon: B = 3-2*FD. Xto S1dypappa 2, Umopoupe va SoUE To
yloTel amé tnv oxéon: KAion = 1-FD | FD = 1- (-0.271) = 1.271. «B6pufo» MOU UTIAPYEL OTO Crja TOU AVATIVEOEVOU OYKOU, O
‘Otav o1 Tipég TG FD Bpiokovtar petadu 1 kai 1.5 numnd e€étaon omoio¢ eppaviel au€nuéveg SIAKUUAVOELS OTO XPOVO.

Sladikaoia akoAouBei To SUVAIKS VOO KAl EXEL XAPAKTNPLOTL-
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SUMMARY. Physiological data often display fluctuations, which
have been traditionally considered as noise. However, as Goldberger
has emphasized, biological systems are deterministic systems with
noise. This noise reflects inherent dynamics and is responsible
for the adaptation of the organism to its surroundings. Various
techniques derived from statistical physics have already been
applied to biological signals, especially in the field of cardiovascular
medicine, unravelling potential pathogenetic mechanisms of disease
and leading to the construction of more accurate prediction models.
Recently, considerable effort has been devoted by several research
groups to the assessment of the inherent variability and complexity
of the respiratory system, concerning both structure and function.
A few clinical studies, mainly involving patients with asthma and
chronic obstructive pulmonary disease (COPD), have demonstrated
that identification of loss of complexity of respiratory signals can
be of significant value in both diagnosis of disease and monitoring
of therapy. This review presents results from these studies and
describes the basic methods for the assessment of dynamics that
govern respiratory physiology in health and disease. Pneumon
2010, 23(3):250-259.

‘We the living exist in a complex regimen in the phase transition between
order and chaos. We are there because that is the only place we can be both
ordered but adaptable, stable but able to evolve...I believe we are on the
threshold of a new theory of disease based on the consequences of living in a
phase transition’,

Peter Macklem 2006

INTRODUCTION

Physiological data measured at the bedside often display fluctuations
at scales spanning several orders of magnitude. These fluctuations are
extremely inhomogeneous and appear irregular and complex, whereas in
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the medical literature, they are often regarded as noise
and are therefore neglected. They may, however, carry
information, for example, about the underlying structure
or function of the heart and lungs. Examples include
fluctuations in heart rate, respiratory rate, lung volume
and blood flow.!’

The central task of statistical physics is to study mac-
roscopic phenomena that result from continuous micro-
scopic interactions among many different components.
Specific physiological systems, such as the cardiovascular
and respiratory systems, are good candidates for such
an approach, since they include multiple components
and are affected by varying neuro-autonomic inputs,
continuously over time. Fractal analysis constitutes a
subset of such complex methods.

FRACTALS AND POWER LAW: BASIC CONCEPTS

Fluctuations of a variable can be characterized by its
probability density distribution. A way of estimating its
characteristics is the construction of a histogram after
normalization, so that the area under it will be equal to
one. Often, this distribution N(x) of a variable x follows
the so called power law form: N(x) = x?meaning that the
relative frequency of a value x is proportional to x raised
to the power of —d. If we plot the logarithms of this re-
lationship we have a linear equation: log (N) =-d*log(x),
whereas d is the negative slope of a straight line fit to N.2
This slope is frequently called B slope or exponent.

Power law distribution behaves differently from
Gaussian distributions. Its tails are very long (long-tail
distribution), representing the relative frequency of oc-
currence of large events. This means that the probability
of large or rare events is much higher than in a Gaussian
distribution. Power laws describe dynamics that have a
similar pattern of change at different scales and they are
called ‘scale invariant’. Conversely, Gaussian distributions
are characterized by typical values, such as those corre-
sponding to their peaks.’ The power law describes a time
series with many small variations and fewer and fewer
large ones, while the pattern of variation is statistically
similar regardless of its size. Magnification or shrinkage
of the scale of the signal reveals the same relationship,
a property that has been called ‘self-similarity’ and is a
fundamental characteristic of fractals.>*

Fractals are self similar objects because small parts of
the structure at increasing magnification appear similar
to the entire object. Akin to a coastline, fractals represent
structures that have no fixed length, since they increase
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with increased magnification of measurement. This is
why all fractals have noninteger dimensions, the so called
fractal dimensions (FDs).?*

The concept of fractals can be applied not only to
structures that lack a characteristic length scale, but
also to signals that lack a characteristic time scale. In this
case, the relationship between the statistical properties
of the fluctuations of the signal and the time window
of observation follows the power law. The meaning of
such behaviour is that future values in a time series are
dependent on the past, displaying correlations over time,
while the system that produces the signal exhibits a kind
of memory.>¢

In order to evaluate the power law of a signal it is
necessary to compute the so called power spectrum.
For this reason, a fast Fourier transformation (FFT) is ap-
plied to the signal in order to decompose it into different
frequency components that are included within the time
series. Every time series can be considered as a sum of
sinusoid oscillations with different frequencies. The FFT
transforms a signal to a sum of cosine and sine oscillations
whose amplitudes determine their contribution to the
whole signal. This frequency domain analysis displays
the contribution of each sine wave as a function of its
frequency, while its square is the power of that frequency
in the whole spectrum of the signal. The total power of
spectral analysis (the area under the curve of the power
spectrum) is equal to the variability within the signal.*
Increased variability/complexity is a hallmark of health,
whereas many large clinical studies in cardiovascular
medicine have shown that loss of variability is associated
with sudden cardiac death, post-myocardial infarction
(M) heart failure and ventricular fibrillation.”

In the case of power law calculation, the plot of the
log-log representation of the power spectrum (log power
versus log frequency) gives rise to a straight line with a
slope of approximately -1. As the frequency increases
the size of variation drops by the same factor (scale
invariance).

The values of the 3 slope/exponent can reflect the
inherent dynamics of a system. Values near 1 are supposed
to reflect fractal-like behaviour, whereas values lower
than 0.5 represent a system without any correlations,
lack of memory and finally chaotic-like and unpredictable
evolution in time (white noise). Conversely, values of 3
slope higher than 1 or even near 1.5 characterize strong
correlations within the signal and a highly predictable
and almost periodic evolution in time (brown noise).**
Ary Goldberger has studied cardiovascular dynamics in
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health and disease and found that both unpredictable
(random-walk) and periodic behaviours represent loss of
physiological function and correlate with lack of fractal
properties of heart rate signals in patients with cardiovas-
cular disease.t Similar findings have been demonstrated
in critically ill patients with severe sepsis and septic shock
(Figures 1-3).%

FRACTALS AND POWER LAW IN PULMONARY
PHYSIOLOGY

Many organs in different biological systems have a
fractal structure. Fractal branching reduces the distances
over which materials are transported, providing rapid
and efficient delivery of nutrients. The lung offers many
examples of self-similarity properties. Weibel and Gomez
first measured the morphology of human airways and
found an exponential relationship between the diameter

Self-Similar Structure Self-Similar Dynamics
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FIGURE 1. Left: the schematic of a tree—llke fractal has self-simi-
lar branchings such that the small scale (magnified) structure
resembles the large scale form. Right: a fractal process such as
heart or respiratory rate regulation generates fluctuations on
different time scales (temporal “magnifications”) that are sta-
tistically self-similar. [Adapted from Goldberger AL. Non-linear
dynamics for clinicians: chaos theory, fractals, and complexity
atthe bedside. Lancet 1996; 347:1312-1314, free downloaded
from the website physionet (www.physionet.org)].
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FIGURE 2. Fractal complexity of physiological signals (i.e., heart
or respiratory rate) can be lost during aging and disease. The
pattern of change can be either a totally periodic process (left
down panel) or a random process (right down panel: chaos-
like). [Adapted from Goldberger AL. Non-linear dynamics for
clinicians: chaos theory, fractals, and complexity at the bedside.
Lancet 1996; 347: 1312-1314, free downloaded from the web-

site physionet (www.physionet.org)].

and the generation number of the conducting airways.”
Mandelbrot, who first introduced the term fractals, dis-
covered a unifying scaling pattern of the branching in the
lung. A higher fractal dimension corresponds to a more
complex branching, whereas a lower fractal reflects a more
homogeneous structure." Moreover, regional pulmonary
blood flow has been shown by Glenny to exhibit spatial
and temporal fractal patterns.”? The structure of the alveo-
lar surface has also been found to be well described by
power laws, reflecting scale invariance.” The probability
distribution of airway opening during inspiration also
behaves according to the power law."

Another property of fractals and power laws in pulmo-
nary physiology is error tolerance during development.
In simulations of airway morphogenesis during lung
development, West compared a power law branching
rule with an exponential decaying one and found that
in the first case, the system was less susceptible to errors
introduced into the branching process.” These proper-
ties suggest that living systems are capable of operating
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FIGURE 3. 3A: Recordings from a patient in the clinic - distribution of tidal volume before (Vt1) and during the performance of a
spontaneous breathing trial (Vt2), exhibiting inherent variability. 3B: The FFT of the first signal of 3A (The software (Kubios HRV)
displays the different frequency components (LF: low frequency, HF: high frequency and VLF: very low frequency) of the signal.

similarly at different scales, meaning that when environ-
mental conditions change they can adapt more easily to
their surroundings.

Aging has been proved by Lipsitz and Goldbereger
to be significantly associated with loss of complexity
of physiological signals, leading to decreased ability to
adapt to different physiological insults. Using different
algorithms for estimating fractal properties and power

law behaviour, these authors found that the B slope of
different signals in elderly was either reduced (decreased
to lower than 1) or augmented (increased to higher than
1) compared to younger adults, indicating chaotic or
periodic behaviour, respectively.® Peng and co-workers
showed that aging was associated with a breakdown
of fractal dynamics of respiratory signals via a decrease
in the (3 slope towards 0.5 (randomness).'® Concerning



254

the early stages of development in humans, one study
found that ultrasonographic (US) patterns for assessment
lung maturity showed fractal properties with a power
law behaviour. In addition, the B slope increased with
gestational age from 28 to 38 weeks."” Szeto and co-work-
ers, calculated {3 slopes of different respiratory signals
in the human foetus and showed its movement from
randomness towards fractal behaviour with increasing
gestational age.”® In conclusion, it appears that there is
great variability in complexity according to age in early
life, after which complexity decreases with aging.

FRACTAL PROPERTIES OF THE LUNG IN DISEASE:
DATA FROM CLINICAL AND EXPERIMENTAL
STUDIES

Alterations to fractal properties are related to different
types of pathology and could have clinical implications
for diagnosis and treatment. Physiological time series of
such characteristics as heart and respiratory signals show
similar alterations in their power law behaviour in different
disease states. Mackey and Glass have introduced the term
‘dynamic diseases’ to describe states with loss of fractal
properties of organs and power law dynamics of these
signals.” For example, loss of heart rate variability (HRV),
that is the variability of the R-Rin the electro-cardiogram,
has been found in patients with heart failure,? atrial fi-
brillation,?' septic shock and multiple organ dysfunction
syndrome (MODS).?? In respiratory disorders, a classical
example is the highly periodic variation in respiratory
frequency, seen in Cheyne-Stokes respiration. Penzel has
observed loss of fractal properties of heart rate signals
during episodes of obstructive sleep apnoea.?

Macklem was the first to raise the question of whether
airway function can be studied using tools from chaos
theory and the paradigm of complex systems.? Que and
co-workers studied the distribution of forced oscillatory
resistance in patients with asthma and demonstrated
that lung function exhibits loss of fractal properties dur-
ing severe asthma.? Frey and colleagues applied fractal
methods to twice-daily measurements of peak expiratory
flow (PEF) in patients with asthmatic and showed a re-
duced {3 slope which become more regular with standard
long-acting B2-agonist treatment and more random
with short-acting 32-agonist treatment. They were able
to demonstrate that the higher the  exponent when a
patient was not on treatment, the larger the improve-
ment of the condition on administration of long-acting
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[32-agonist therapy.?

Suki and co-workers studied the dynamics of airway
opening and crackles, using a simple mathematic model
of the periphery of airway tree.” Forgacs was the first to
propose that crackles are associated with sudden open-
ing of closed airways.?® Suki found that the time series of
crackles emitted during airway opening follows a power
law distribution. Additionally, as the crackles propagate up
the respiratory tree, the sound amplitude is attenuated at
successive bifurcations, while its distribution follows the
power law. The same phenomenon has been found for
the time intervals of the jJumps’ by which airway resist-
ance decreases upon lung inflation by a constant flow.
In a study of Boser and colleagues, the fractal dimension
of airways was computed using autopsy material from
three groups: fatal asthma, non-fatal asthma and non
asthma control subjects. The authors were able to show
that the average FD of both the fatal (1.72) and non-fatal
asthma groups (1.76) were significantly lower than that
of the non asthma control group (1.83, p<0.05), while
the lower fractal dimension correlated with decreased
overall structural complexity and the pathological sever-
ity of disease.”®

Venegas and colleagues, using positron emission tom-
ography (PET) imaging and computer modeling, showed
that in cases of bronchoconstriction and when smooth
muscle activation reaches a critical level, localized clusters
of poorly ventilated lung regions can develop abruptly
in discrete steps.* These steps are called avalanches and
can lead to new stable conditions. Because of the fractal
structure of the airways, small initial heterogeneities that
are always present, particularly in the diseased lung, can
be amplified, leading to sudden patches of poorly venti-
lated lung regions. Another implication is that since the
airways are organized into a fractal network embedded
in the elastic parenchyma, the constriction of one airway
can propagate and cause an avalanche-like constriction
in large parts of the lung. The same holds true for the
opposite process, where opening of airways during
inhalation takes place in discrete steps.?"32

Suki has also demonstrated that airway opening upon
inflation occurs in avalanches with power law distribution
of both the size and time intervals between them.?” The
significance of these findings is that the probability of a
large avalanche occurring is much higher than it would
be if the distribution were Gaussian or exponential, so
both the magnitude and timing of pressure excursions
applied to the airways (i.e., using mechanical ventilation)
may be critical in triggering the avalanche process of
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alveolar recruitment.>*

In conclusion, these studies in asthma show that when
the airways are likely to approach their critical closing
threshold pressure, a small stimulus can provoke a cata-
strophic cascade of airway closure and this is reason why
there is such poor correlation between the trigger and
the outcome in patients with asthmatics. Moreover, the
history of symptom fluctuations appears to be related
to the structural changes of the airway tree (power law
distribution of airway diameter).*

Airway recruitment may affect alveolar recruitment.
Sujeer and co-workers found in mathematical models that
the recruited volumes upon inflation with constant flow
are distributed according to a power law with a 3 slope
equal to 2.3 Based on these findings it can be supposed
that since alveolar recruitment is influenced by airway
structure, then the pressure-volume curve may carry
information about the airway tree.? Whether such models
have any value in acute lung injury (ALI) is unclear. In this
syndrome, it has been found that the opening pressure
distribution does not always appear to have a Gaussian
distribution, something that is assumed to be the case
in the avalanche model.3* Further studies are needed to
investigate the pattern of recruitment in AL, particularly
in the case of the effect of gravity on ventilation-perfusion
mismatch at the alveolar level.®

The application of fractal analysis has also shed light
on the morphology of the lung in cases of emphysema.
Computed tomography (CT) is a sensitive method for as-
sessing lung structure in different forms of pathology. In
general, low attenuation area (LAA) clusters are depicted
in pixels with density of less than 950 Hounsfield units.
These areas incorporate mostly air and are assigned a
value of 1, whereas pixels with a density of higher than
950 include tissue with a value 0. Summing the number
of pixels in a cluster gives the cluster size. In that way, a
binary map of the lung can be constructed and a few
studies have shown that in normal conditions, this map
is highly heterogeneous.2 Mishima and colleagues found
that the probability distribution of LAA clusters follows
a power law for both normal subjects and patients with
chronic obstructive pulmonary disease (COPD). However,
patients exhibited significantly smaller 8 slopes or expo-
nents, which did not correlate with pulmonary function
tests except for the diffusion capacity of the lung. The
authors suggested that the neighbouring smaller LAA
clusters tend to coalesce and form larger clusters as the
weak elastic fibres separating them break under tension.3
This process does not change the % LAA, but it decreases
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the number of small clusters in favour of larger ones, which
resultin a reduction of the 3 slope. Another assumption
derived from this study is that the likelihood of finding
large LAA clusters is much higher in COPD patients than
in normal control subjects.*

Another possible application of fractals in pulmonary
medicine includes the mechanical ventilation of critically
ill patients. In an oleic acid injury animal model, Mutch
and colleagues introduced fluctuations according to an
algorithm, to mechanical ventilation (biological variable
tidal volume and respiratory frequency proportional to
pre-defined minute ventilation values). Compared with
conventional ventilation (with similar minute ventilation),
this approach increased respiratory arrhythmia and oxy-
genation and decreased dead space.?” According to Suki,
when fluctuations in the form of symmetrically distributed
random noise are added to peak airway pressures (noisy
ventilation), the mean does not change, but isolated
values can be augmented, leading to significant alveolar
recruitment.?* [n a mathematical model, the authors
found that the recruited lung can be 200% larger in the
case of biological variable ventilation than during con-
ventional ventilation. Moreover, the standard deviation
(SD) of the noise can be manipulated in order to achieve
better oxygenation (system’s output), a phenomenon
called ‘stochastic resonance’, which has already been
confirmed in animal models of ALI.3®

CONCLUSIONS AND FUTURE SUGGESTIONS

According to Macklem, there is a continuum of ther-
modynamic systems that do not follow the 2" thermody-
namic axiom (increase in entropy), since they exchange
energy with their environment (open systems): from near
to equilibrium, such as crystals to far from equilibrium
systems, such as the weather. ‘The amount of energy dis-
sipated determines where the system is situated along
the continuum. Between the crystals and weather a sud-
den phase transition occurs over a small range of energy
consumption. It is only there where life can flourish’.*
From the above statement it is concluded that both a
decrease in energy consumption, i.e., during myocardial
ischaemia, or an increase, may contribute to a shift away
from stable state. It has been shown by Que that during
asthma, the local increase in metabolic rate is associated
with increased variability of respiratory impedance to
flow.?* Que has proposed the term ‘homeokinesis’ instead
of homeostasis, as a basic property of living systems that
‘describes the ability of an organism to utilize external
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energy sources to maintain a highly organized internal
environment fluctuating within acceptable limits in a far
from equilibrium state’.?

The study of physiological signals of patients, such as
heart and respiratory rate can easily lead to the identifica-
tion of ‘hidden’ information concerning inherent dynam-
ics and overall variability within time series. Recognition
that physiological time series contain hidden information
related to the extraordinary complexity that characterizes
physiological systems defies the traditional mechanistic
approaches based on conventional biostatistical meth-
odologies, and has fueled growing interest in applying
techniques from statistical physics to the study of living
organisms. Through these techniques various different
‘physio-markers’ can be estimated that fulfill the require-
ments of contemporary medicine for better and more
accurate early warning signs, since they are based on
high-frequency measurements (sampling rate at least 250
Hz). These efforts have already boosted research on heart
rate and blood pressure dynamics through standardization
of signal processing techniques, frequency and duration
of measurements and signal quality assessment, and has
stimulated the development of more accurate diagnostic
and prognosticindices in cardiovascular disease. Anumber
of international databases of heart rate signals have been
developed with free access by various investigators, such
as the Web Site Physionet (www.physionet.org).*

We believe that such efforts must also be undertaken
by pulmonary physicians and those who treat patients
with severe respiratory diseases, such as Intensive Care
specialists. In conclusion, we suggest that implementation
of fractal analysis in respiratory physiology will result in
better understanding of the different dynamic changes
that occur during various pathological states, while its
impact upon the prediction of severe complications
will add value to these methods. Clinicians must start
to understand the basic principles of complex systems
theory and support an interdisciplinary approach for
understanding pulmonary diseases, in order to be in a
position to treat their patients more effectively.
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APPENDIX

Although there are different methods for the assessment of
fractal properties of a signal, Glenny has proposed the use of
a method that is called relative dispersion analysis (RD), which
needs much less computational load. Using this algorithm it
is very easy to perform calculations of fractal properties of
different respiratory signals, in an EXCEL file. The following
paradigm is modified from reference 7. The first file includes
the distribution of the random values of the tidal volume in
the second column, the average of every 2 values in the third,
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the average of every 2 values of the third column in the fourth,
every 2 of the forth column in the fifth and every 2 of the fifth
in the sixth column, respectively. In the second file calculation
has been made of the mean, the standard deviation (SD), the
RD% (= 100*SD/mean), its natural logarithm (In), and the scale
of time interval (1) that describes how many times averaging is
performed, and its natural logarithm In(t), for every column of
thefirstfile. If the In (RD %) is plotted against the In(), this gives
diagram 1, while the application of a least square linear fit of
data gives an equation that calculates the slope of the line. In

File 1
t v(t) t v(t)
1 10.31 26 35.78 27.57
2 19.03 14.67 27 35.77
3 34.70 28 64.38 50.08 38.82
4 19.26 26.98 20.83 29 10.04
5 65.42 30 19.10 14.57
6 34.79 50.11 31 18.82
7 19.07 32 35.52 27.17 20.87 29.85 46.62 32.73
8 3534  27.21 38.66 29.74 33 35.36
9 34.82 34 19.28 27.32
10 18.80 26.81 35 19.00
1 18.69 36 10.06 14.53 20.93
12 10.28 14.49 20.65 37 35.78
13 19.03 38 18.94 27.36
14 10.12 14.58 39 66.09
15 5.58 40 34.90 50.5 38.93 29.93
16 10.05 7.83 11.2 15.92 22.83 41 64.76
17 35.52 42 3491 49.84
18 19.28 274 43 35.16
19 35.88 44 18.89 27.03 3843
20 64.40 50.14 38.77 45 64.39
21 66.83 46 3509 49.74
22 35.66 51.22 47 66.18
23 12134 48 121.58 93.88 71.81 55.12 42.52
24 6434 9284 72.03 554 49 12248
25 19.35 50 22945 17597
File 2
mean 41.592 41.5936 35.99417 35.99333 37.32333
SD 39.01875 35.70512 19.43409 15.86818 12.7179
RD% 93.77 85.83 53.98 44.06 34.05
InRD(%) 4.540845 4452369 3.988614 3.785552 3.52783
T 1 2 4 8 16
In(7) 0 0.69 139 2.08 2.77
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this case, the slope is -0.271. The fractal dimension (FD) of the
signal can be calculated as: slope = 1-FD or FD = 1- (-0.271) =
1.271. When FD values range between 1 and 1.5, the studied
process is considered to have fractal-like properties. The FD and

2.5 4

In (RD%)

3]
1

1.5 1

0.5 A

259

the 8 slope are related between each other with the equation:
B =3-2*FD.

In diagram 2, the ‘'noise’that exists in the signal of tidal volume
can be seen, which displays increased fluctuations over time.

=-0.271x + 4.867

0 0.69

1.39 2.08 277
In (1)

Diagram 1.

Tidal volume distribution
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MEPIAHWYH. H cwotn didyvwon touv doBpatog yivetal ouviowg
€UKOAa Kal Ol TTEPLOGATEPOL a0BEVEiC avtamokpivovtal otn Ogpa-
TEVTIKA aywyn. Opwg, mepimou 1o 5-10% twv acdevwv napouactadel
Suokolia oTov €AeyXo TG VOGOU TTaPA TN XOPYNGN EIGTIVEOUEVNG
aywyng o€ péylotn 66on. Oaivetal 6T To AoOPA Eival LA ETEPOYEVIC
Slarapayn, mov ekdnAwvetal Ox1 w¢ Hia eviaia VoooloyIKn ovioTtnta,
aAAG paAov we éva gUpmAeypa TOAAmAWY S1aKPITWY GAVOTUTIWY,
ot omoiotl aAAnAemkaAvmtovratl. Mapd To yeyovog ot diagpopot
acOpatikoi pavaTumol £Xouv avayvwploTei mpo MoANOU, £V TOUTOLG
Oev éxouv peletnOei emapkwe. H Bertiwon Twv yvwoewv pag 1600
yla TOV XapaKTipa 660 Kal yia Tnv unokeipevn mabofiohoyia Tou
KABe @aivaTumou, gival amapaitnTn yia tn cUVOECoN CUYKEKPIUEVWV
yovotunwv pe TRV eKSRAWOoN KAIVIKWV GUMITWHATWY TG VOoou.
Amnotelei emion¢ amapaitntn mpoimoBeon yia mbavr avantuén
Bloloyikwv SEIKTWV TG VOO0V, 600 Kat yia Tn MEANOVTIKN oxediaon
Kal EQAPHOYN VEWV BEPATTEIV KATA TOU AGOpaTOC pE eCEIOIKEVEVN
@awvotumiKn 6tdxeuan. H mnapovoa avackomnan mapouasidlel Toug
Héxpl orjpepa KaAUTepa peAeTNHEVOUG ACOUATIKOUG PAIVOTUTIOUG
Kal avalUel PEPIKEG amd Tig peBddoug o €xouv xpnotpomoinOei
yla tov KaBopiouoé touc. Mveipwy 2010, 23(3):260-275.

EIZATQrH

To doBua gival pia xpovia eAeypovwdngG vOoOG TwWV AgpaywYWwVY, TTOU
xapaktnpiletal and umotpomalovta emelodS10 CUUMTWHATIKNG anmd@pa-
&N¢ NG pong aépa kat amd dtagodpou Pabuol unepavTidpacTikdTNTA
TwV agpoPopwv 08wV o€ un €181ka gpebiopata. H avayvwplon 6Tl autr
N VOOOG EUTIEPIEXEL TO OTOIXEIO TNG XPOVIAG PAEYUOVAG, £XEL OONYNOEL TIG
BePATTEVUTIKEG TNG TTIPOCEYYIOELC TTIPOC TNV TTIPWIUN XPrON EICTIVEOUEVWV
KOPTIKOEISWYV, TA OTTOIA TIPOKAAOUV CNMAVTIKA MEIWON TWV PAEYHOVWSWY
TTAPAYOVTWY, VW BEATILWVOUV aloBNTA TNV VEUUOVIKN A&iToupyia. Ev
ToUTOIG, UTTAPXEL €va TTOoOO0TO acBevwv (5 - 10%) pe cofapn 1} avOekTIKn
popen doBuatoc!, mou dev avtamokpiveTal 0Tta YAUKOKOPTIKOELSK). AuToi ol
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aoBeveig euBuvovtal yia 10 40% pe 50% Tou KOOTOUG TOU
aoBuatog, GTNV OlIKoVoia TnG vyeiag, evw mapouaidlouv
TTOAU HEYOAUTEPA TTOGOOTA VOONPOTNTAG KAl GNUAVTIKN
peiwon Tou emmédou molotnTag TG {wrig Touc>3,

Q¢ @awvéTtuniog opifeTal «To CUVOAO TWV EUPAVWV
XOPOKTNPIOTIKWY EVOG OPYAVIGHOU, TTOU TIPOKUTTTOUV OTTO
TNV aAnAemidpaon HeTadl TNG YEVETIKAG TOU cUoTACNG
Kat Tou TEPIRANoOVTOC». To AoBua @aivetal va amoTteAei
TIEPIOCOTEPO HIa CUANOYN S1aPOpWY QAIVOTUTIWY TTAPA
Hia amin voco. Autoi ol aIvOTUTIOL UTTOPOUV O€ YEVIKEC
YPOAUMEG va KaTtnyoplomolnBolv w¢ «acOua» emeidn
TANPOUV TA aTTAd KPITIPLA TIOU UTTAPXOUV YIA TNV KAWVIKH
Stayvwon autng Tng vooou. NMoAéG peléteg MAéov Seixvouv
OTL N AvayvwPIoN TOU QavoTUTTou evog acBuatikol acbe-
voug uropei va BonBriosl otn Siaxeipion kat tn Bepaneia
Tou. H KaAUTEPN KATAVONON €VOC PAIVOTUTIOU (PaiveTal
oTL oxetiCetal ye tn PeATiwon TWV YVWOEWV HAG TTAVW
OTOUC YEVETIKOUC Kal TIEPIBANNOVTIKOUC TAPAYOVTEC TTOU
gUMAEKOVTAL 0TN TTABOYEVEID CUVOETWVY VOO LATWY, OTIWG
To doBua. ZtdX0o¢ TNG MapPOoUCoAg AvaoKOTNoNG gival va
npoodlopioel véa onueia oto dobua, péow kaboplopov
TWV @avotunwy, €1l wote va 600ei n duvatotnta Mo
OTOXEUMEVNC AVOOOAOYIKNAG KAl PAPUAKOAOYIKAG TTAPEU-
Baong otn Beparneia Tou dobuatoc.

OPIZMOI ZOBAPOY AZOMATOX

To cofapd doBua avtiotolxeil o€ éva UIKPO aAAa
KAIVIKA ONPAVTIKO TTOCOOTO TWV ACOUATIKWV aoBevwy,
evw emPBapuvel 101AITEPA KAl TA OIKOVOUIKA HEYEON TNG
véoou. Ot acbBeveic e coapod acbua Brwvouv oxedov
KaBNUEPIVA CUUMTWHATA, TTOU TIEPLOPICOUV ONUAVTIKA
TIG KABONPEPIVEG TOUC OPACTNPIOTNTEG, KAL £XOUV CUXVEC
mapo&UVOELG KAl El0aYwWYEC O VOOOKOEia. EmmpooBeta,
O€ QUTOUG TIPOCHETPATAL TTEPLOOOTEPO amd To 50% Tou
KOOTOUC KABWC KAl TO MEYOAUTEPO TTOCOOTO BvnTdTNTAC
NG aoOUATIKAC VOoOU*, ZUHPWVA HE TOV OPIOHUS TTOU
€6woe n GINA (Global Initiative for Asthma), acBeveic
TTOU £€XOUV KAONEPIVA CUUTITWATA, CUXVEC TTAPOEUVOELC,
OUXVA VUXTEPIVA CUPTTTWHATA, TIEPLOPICHO TNG PUOCLKNG
Spaotnpiétntag, FEV; 1y PEF <60% tng mpoPAemduevng
kat Stakupavon twv FEV; i PEF >30% mipiv Tnv évapén tng
Bepameiag, Ba mpEmel va KATATACCOVTAL OTOUC AGOEVEIg
pe ooBapod eppévov acBua*s. O oplopdg autdg g GINA
yla 1o ooPapd dobua dev eivar 1dlaitepa akpiPrig otav
TIPOKEITAL VIO EPEVVNTIKEG UENETEC, KAODIOTWVTAC £TOL
AUTEC TIG 08NYIES N XPHOIUES. Katd ouvénela, epeuvnTég
avémtuéav kal kaBoploav auoTnPEA KPITHPLA KAl OPIOUOUG
yla to cof3apd acBua, pe oKomd va UImopouv va Xpnotuo-
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ToINBoUV O€ EPEVVNTIKEC EPYAOTIEC LE KOV amodoxr, UE
a&lomoTia, eyKupoTnTa Kal oTatioTikr Suvapn. O1opiopoi
TTOU €XOUV SNOCIEVTEI TPOCPATA OXETIKA [E TO GOPBAPO
Aac0Bua sival apketois.

H ATS (American Thoracic Society), To 2000 mapouciaoe
TIC B€0€1C OOPWVIAC WE TIPOC TOV OPICUO TOL coBapov
aoBpatog (Mivakag 1)”8. O oplopog autog dev ival Té-
Aelo¢ aAAG ATav Kal mapapével eEAIPETIKA ONUAVTIKOG
KAl XPAOIMOG. Z0P@wVa e Ta Kpttrpla Tng ATS, mepimou
10% Twv acOUATIKWV aoBevwV Urmopei va mAoxel ano
oofapd dobua

Mia AN perétn, n TENOR® aoxoAiBnke pe tnv ava-
ntuén opIoHOU yia To 0oBapo AcOpa. Itn HEAETN auTh
ouumepleAneOnoav acBeveic pe cofapd ri SUoKoAo oTn
Bepaneia dobua cupPwva pe Tn Sidyvwon Tou BepAmovTtog
1aTtPOoU TOUC. TN MEAETN urmopoucav va AdfBouv pépog
akopa kat aoBeveic ou eixav Nmio 1 pé€tplag faputntag
aoBua, av o ylatpdg touc Bewpouce TNy mabnon SUGKOAN
otn Bepareia kat epOo0V EMANPOVUVTO TA UTTOAOITTA KPL-
TNpla TTou £0€Te N PENETN Ta omoia mepleAduavav tnv
QVTIPETWTTION YIO TOUAAXIOTOV 1 XPOVO, EMOKEPELG OTIC
UTTNPECIEC LYEIAC YIa TO ACOUA TOUG EKTAKTWG 1) AVAYKN
aTT0 TOU OTOUATOC 2 I TIEPIOCOTEPWV KUKAWY OTEPOEIOWV

MINAKAZ 1. Opiopog cofapou/avBektikol doBuatog oup-
Qwva pe tnv ATS

Meilova kprtriipia

+ Juvexne n oxedov ouvexng (=50% Tou £touc) Beparmeia pe
KOPTIKOEION Ao To 0TONA

+ Avdykn yla Beparmeia pe upnAéc 600EIC ElOTIVEOEVWY KOp-
TIKOEIOWV

EAdooova Kprtrpla

+ Avaykn emmpooBeTng KABNUEPIVAG aywyNE Yia ToV ENeyXO
TWV CUUTTTWHATWY

+ Juunmtwpata acBpatog mou amaitolv Bpayeiag dpdong B-
AYWVIOTEG KaBNuEPIVA 1y XSOV Kabnpepvd

+ Eppévouoa anméepaén agpaywywv (FEV:<80%, kabnuepivy
Stakupavon PEF >20%)

« Mia ) TepIOOOTEPEG EMEIYOUTEC EMIOKEPEIG OTO VOCOKOEIO
avd £€1oc

+ AvAykn yla Xoprynon otepoeldwyv and 1o oTOpA TPELS iy
TIEPLOCOTEPEC POPEC AVA £TOC

+ Apeon embeivwon pe <25% peiwon ™g d6ong Twv EI0TIVES-
MEVWV 1] T TOU OTOUATOC KOPTIKOOTEPOEISWY

+ Touhdylotov éva dueoca amelAntiko yia tn {wr emelcodio
AaoBuatog oto mapeABov

lMNa m Sidyvwon cofapou doBuatog amartolvtal 1o éva N

kat ta Vo peifova kpitrpla Kat Touhdxlotov dvo eAdooova

Kpitrpla.
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TO XPOVO yld ToV €Aeyxo aoOuatikou mapo&uopou 1 Xprion
311 TEPIOCOTEPWV EI0WV AVTIACOUATIKNAG AyWwYNG, UPNAEC
S00EIC KOPTIKOEISWV 1} A0 Tou oTopatog MPeSviCoAdvn
>5mg/nuépa yla Tov KaBnueptvo €é\eyxo Tou doBuatog
TouG. Daivetal 6T AUTA N MPOCEYYLON Eival TTIO KOVTA OTN
KAIVIKE) TTPOKTIKY, AAAG QUTOG 0 0PIOUOG TToU TIpooTTadEi
va Snuioupynoel n peAétn TENOR éxel To pelOVEKTNUA
NG HETABANTOTNTAG KAl TNG avakoAouBiag katd Tnv
gpappoyn tou. MNapd Toug MEPIOPICUOUG AUTOUG, N UE-
Aétn auth €6e1€e OTL peTall Twv acOuaTIKWY acBevwv
n XPNon unnpeoiwv vysiag fAtav 1dlaitepa uPNAr oTOUG
aoBeveic pe coBapod dobua. Etol, n perétn katéAnée ot
n MPoCOKN TN MTAPAPETPOU TTOU aPopd oTn XPron
uTTNPECIWV LYeiag Ba auénoel mepaltépw TNV Katavonon
™¢ SpaotnEIoTNTAC TNG MABNONC.

2tn puerétn ENFUMOSA™, o oplouédg tou cofapou
acBuatog Baciotnke ota €€¢: TN Oeparmneia pe LPNAEC
S800EIC KOPTIKOOTEPOEISWV Kal TNV TTAPOUGia Wag 1 me-
PLOCOTEPWV TTAPOEUVOEWY TOV TEAEUTAIO XPOVO. Y€ QUTO
TOV OPIOMO SV EUTTEPIEXOVTAL OUTE Ol CUUITANPWHATIKES
Beparneieg, ouTe n MaBoAoyIKN TIVEULOVIKN AElToupyia, oute
KOl Ta KABnuePIVWE amapaitnta HéTpa mou Aappfdvovtal
yla tov éAeyxo Tou doBuatog. Yuvenwg, ol minbuopoi
Twv aoBevwv pe oofapod AcBua, TOU CUPMETEIXAV OTIC
peAétec ENFUMOSA kat TENOR, mapd 1o yeyovog oTi
NTAV TTAPOHOLOL OXETIKA HE TIG AVAYKEC O KOPTIKOELON,
€V TOUTOIC ATaV EVTEAWC S1aPOPETIKOi OG0V apopd OTIC
UTTOAOLTTEG TIAPAPETPOUG TTOU XPNOLoToIROnKav yia tnv
€i0od0 Twv aoBevwy o€ KABE PeNETN.

Daivetat Aotmmov €M ToU TAPOVTOG, OTL 0 SPOUOE TTPOG
™ Stldyvwon tou «cofapol AcBuatog» 1} Tou «cof3apou
avBekTikoU oTn Bepamneia doOpatoc» eival apketd du-
ofatoc. Méxpl oTIypNG SEV UTTAPXEL KATTOLA UEMOVWEVN
péTpnon A METAPBANTH, OV and Povn NG va B€tel e
akpifela Tn didyvwon tou cofapol acBuatog. AKOUN
kat Vo A Tpelg petafAntég padi amotuyxdvouv va Sia-
(pPOPOTIOINCOULV TO PETPIO aTo 1o coPapo dcbua. O o
TPOOPATOC OPIOUOC §GONKE TIPLV 2 XpdVIa Kal avaQEpEL
otl: “10 cofapd dobua SiaylyvwokeTal o AoBeVEiC e av-
OekTik6é doBua, To omoio mapauével SUOKoAo va eAsyyBel
mapd 1o Aemtopepn] kat evOehexri emavéreyyo tng Sidyvwong
Kal omwodnToTe UETA Ao mepICOOTEPO ard 6 UNVEC OTEVH
mrapakoAovOnon tov acBevou¢ amd e€eibikeuuévo oTo
doBua mveupovoAdyon'.

Mpoogata, ol kateuBuvTrpleg odnyieg apxloav va
ATOMIAKPUVOVTAL aTTO T PIAOCOQia TNG coBapdTnTag Tou
AoOuATOC Kal VA EMIKEVTPWVOVTAL 0T TTapakoAovOnon
Kat tn Bepareia TNG vooou péow «emmeédwv eAéyxou». O
ENEYXOC QVTITPOOWTEVEL TO BaBUO OTOV OTT0I0 Ol KAIVIKEG
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ekONAwoelg Tou aoBpatog éxouv e€alelpBei 1 pelwOei
Me Tn Bepareia. AvtiBeta, n cofapdTtnta Tou AcOuatog
npoadiopiletal amd to mdoOo IoXUPN TPETEL va gival N
BepameVTIK aywyr) £€T01 WOTE Va EMTEUXOEl KANOG ENEYXOC
Tou doBuatoc kal emopévwe, N cofapdtnta aflohoyeital
povo katd Tn didpkela tng Oepameiac’.

MAPATONTEZ KINAYNOY XTO XOBAPO AZOMA

Ald@opeg emMONUIONOYIKEG PENETEG EXOUV EEETATEL
n oxéon peta&y mbavwv mapayéviwv Kivdlvou Kat
avantuéng cofapov acBbuatoc. H opdda tou Leiden
(A. ten Brinke et al)'2 8ie€riyaye pia peAétn, otnv omoia
13 kAwvikoi kal mepiBallovtikoi mapdyovteg, duvnti-
KA ouoxeTI{OUEVOL PE uTTOTPOTIALoUOEC TTAPOEUVOELG
AoOuaTOC, HEAETHONKAV EMOTAUEVWE OE 136 a0Beveic pe
oofapd acBua. Ta amotedéopata £5el§av 0TI Ol GUXVEG
mapo&uvoelg oto cofapd acBua oxetifovtal évtova pe
Yuxoloyikég Statapaxég (OR 10.8), pe umotpomalouoeg
Molpwéelg Tou avamveuoTikou cuotriuatog (OR 6.9), ue
yaotpootco@ayikr maAivépounon (OR 4.9), ue coPapéc
TapapPPIVOKOATTIOEC (OR 3.7) Kal e amo@PAKTIKH ATvold
otov Umvo (OR 3.4). EmmpéoBeta, ol Guyypa@eic avakoi-
vwoav OTl ol atoTTikoi aoBeveig, kal 1dlaitepa ekeivol e
avénon tTn¢ e181IkA¢ IgE ota akdpea TG OIKIAKAS OKOVNG A
TIC KATOOPIOEC, €ixav G€Ka OPEC ueyaNUTEPN MBAVOTNTA
avantuéng cuxvwyv MApo&UVEEWVY CUYKPIVOUEVOL LIE TOUG
un atomkoU¢ aoBeveic. H tautomoinon kat n Beparneia
AUTWV TV €8IKWV TTapaydvtwy givat duvatdv va éxouv
W¢ amotéAeopa T HEiwaon Tou pubuoL Twv e€Aposwy,
N BeAtiwon ¢ mowdtnTag TNG {wrig Twv acbevwv Kat
To BeAtiwpévo €leyxo Tou AoBuatod.

H pehétn ENFUMOSA €6¢€1€e o011 To yuvaikeio gUMO,
n maxvoapkia kat n éNewpn atoriag cuoxetiCovtav pe
TEPIOCOTEPO GoPapd AcOua, evw dev evtomioOnke Ka-
vévag mapdywv Kivdovou amoé tnv matdikn nAkia'o3,
Teheutaia deSopéva amd tn pehétn TENOR édeiav ot
TTAPAYOVTEG TTou ouvSEovTal e auénpuévo Kivduvo e€ap-
OEWV KAl EI0AYWYWV 0TO VOOOKOUEIO NTav n veapr nAIkia,
TO YUVOIKEIO PUAO, Ol £yXpWHES PUAEG, deiktng palag
owpatog (BMI) =35 kg/m?, FEV1 petd Bpoyxodiactohn
<70% TNG AVAUEVOEVNG TIUAG, TO LOTOPLKO TIVEVUOVIOAG,
oakyapwdoug diapntn, StacwArvwong yia dcbua kat
3 i/Kal TEPIOOOTEPWY KUKAWVY KOPTIKOEIOWV EVTOC TWV
TeEAeuTaiwy 3 pnvwv', To TeAKO anoTéleopa PETA amo
N otatoTtikh avaluon (logistic regression model) Twv
Sedopévwv autng TN opddag rptav évag Seiktng petald
0-18 mou BewpriBnKe I81AITEPA TIPOYVWOTIKOC YA EICAYWYH
OTO VOCOKOUEIO N yla eTeiyouoeg emokEPeLG. Agiktng 0-4
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AVTITPOOWTTEVE XAUNAS Kivouvo, 5-7 HETPLO Kat =8 uPnAd
kivduvo™ (Mivakag 2) .

Avtifeta pe Ta anoteléopata tng ENFUMOSA, n uelétn
TENOR €6¢1&e au€nuévn cuxvoTNTa BETIKWY SEPUATIKWV
Sokipaotwv'® evw, uPnAa emineda IgE Rtav evdeiktikd au-
&nuévng Baputntag doBuatog avapeoa 0TouG VEOTEPOUG
aoBeveic'’. X1a madid kat otoug £@rioug To auénuévo
OWMATIKO Bapog cuoxeti{otav e avénuévn Baputnta
A0BUATOC OTIC VEEC YUVAIKEC'®,

BaBpoloyia TENOR petal 5-7 av€avel tnv mbavétnta
eneiyouoag E100ywyng 0€ VOOOKOWEIO Katd 3,5 popég
o€ Oxéon e Toug aoBeveig pe xapnAr fabuoroyia (0-4
BaBuouc). Meyahutepn Babuoloyia (>8) avtioTolxei o
avénon Tou Kivduvou katd 12 popéc.'

KATHIOPIEZ ®AINOTYNQN

Ynidpxouv apketég TaIlvoprioelg Tou doBuatog mou
BaoiCovtal otnv artia (aAAePYIKO, Un ANAEPYIKO, Emay-
YEAUATIKO) 1} 0TOV TUTTO TNG PAEYUOVHC (NWOIVOPINIKS, N
NWGOIVOPIAIKO) 1 akoua 0T cofapdtnta Tou AcOuatog
OAA KAl Og AEITOUPYIKEG TTAPAUETPOUC (TUTTOU | aoTaBE,
TOmov Il aotaB€c).”®

To aM\epyIkd Kal TO KN aAAePYIkO AcBua gival moa-
voTaTA Ol TTAEOV YVWOTOI( KAl TIEPICOOTEPO AVAPEPOEVOL
@aivotumol Tou dobuartog, mapdia autd o KaBopPIoUOS
Kat AAwv gavotunwy acdpatog Bewpndnke mpdopata
avayKaiog yla Tov KaAUTEPo EAeyXo TNG vooou. Ot pavo-
TUTIOL TOU AGBuaTOC, ot omoiol oxetiCovtal pe TNV NAKia
€vap&ng Tng vooou, Tov TUTO TNG PAEYHOVIG, TO BaBuod Tng
00BapOTNTAG TNG VOGOU KA TTOAA AANA KAIVIKA XapaKTNPL-
OTIKA £xouv 0N AVayVWPIOTE( KAl XPNOUOTTOIOUVTAL OTNY
KAWVIKA TIpAéN. Qotd00 Ta KAIVIKA TNG XAPAKTNPLOTIKA dev
€ival TARPWC YVWOTA Kal n unokeipevn maboguaioloyia
ToUG Sev €xel TANPWCS AVaAUBEL.

Ymndpyouv otn BiBAloypagia TOANEG TTPWTOTUTTEG
MENETEC 1] AVAOKOTINOEIG TWV TEAEUTAIWY €TWVS1020-22
ol omoie¢ kaBopilouv kal avallouv TIG KATNYOPIEC TwV
acBuatikwy @awvotumwv. Mia avaokdmmon g S. Wenzel
npoTteivel Ta§ivounon®''%2° Twv PaIVOTUTIWV OE TPEIG
KATnNYyopigG: oToug patvotumoug ou mpoadlopifovtal
KAWVIKA 1 Y€ TTAPAUETPOUC TIVEUHOVIKAG AElTOUpYiag,
OTOUG pavoTUTIOUG TTov oxeTiCovTal pe TEPIBAAOVTIKOUG
TIAPAYOVTEG KAl 0TOUG PAIVOTUTIOUG TTou opilovTal amo
v maBoguaoiohoyia Tne. H katnyoplomoinon autr o€
KAOe mepintwon Sev amokAgiel TNV vEPYO EMKAAUYN N
oroia UTTAPXEL METAED TWV KATNYOPLWVY AUTWV. AVTIOETWC
n emkAaAuPn autr undpxel o peyao Babud kat gaivetal
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MINAKAZX 2. BaBuoloyia kivduvou yia tnv mapdéuvon coapol
aoBpatog (TENOR).

Tuvolo Baduwv

MNapapetpot

HMAikia (étn)
260
50-59
35-49
18-34
(011
Appev
Oniv
Ouli/EBvikOTHTA
Neukn
Mn Agukn
BMI (kg/m?)
<35
>35
Mvevpoviki Asttovpyia
Post % pred FVC >70
Post % pred FVC <70
loTopik6 mveupoviag
Xwpi¢ .oTopIkd
Me 10Ttop1k6
"'Yrap&n Zakyapwdoug Aafitn
Oxt
Nau
"Yrapén Katappdaktn
Oxt
Nau
loTopiko StacwARvwong
Oxt
Nau
Xopriynon oTepogIdwv Toug
TelevTtaiou 3 prveg (popéq)

WD QP aQatQaQaNOINTLLAaNINTQLAaWYwNTQW

0: 0
1: 1
2: 2
3: >3
1 Xprion vepelonoinong
He BpwHioUYo IMpaTpomo
0: Oxt
1: Nau
1 ZuoTNMATIKA Xopriynon
KOPTIKOGTEPOEISWV
0: Melovpevn 6éon
1: Ytabepry 66on
18 TuvoAikr BaBpoloyia

BMI: body mass index; FVC: forced vital capacity.

OTNV KAVIKN €IKOVA TWV aoOUaTIKWV aoBevwv. O 0TOX0C
QUTAG TNG Epyaciag gival va meplypdyel Pepika amod ta
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Bacikd XapakTNEIoTIKA TwV GAIVOTUTIWV TOUu cof3apou
aoBuaroc.

®AINOTYNOZXZ XOBAPOY AXOMATOX

Oplopévec dSnPooteVOEIC TTPOTEIVOUV OTLOPLIOHOIL Pal-
VOTUTIWV AcBpatog ol omoiol faci{ovtal oTIC AEITOUPYIKES
SOKIMACIEC TWV TIVEUUOVWY, OTA CUUMTWHATA KAl OTh
XPON TNG POPHAKEVUTIKAG aywyng, Sev eival EMapKeig yia
va TpoBAEPouV TNV Topeia TNG VOoOoU, Tov EAeyX0 TNG N
TNV avtamnokplon otn Bepaneia.?*?* H Bgpamneia pmopei
VA LEIWOEL TA CUUTITWHOTA TNG VOOOU O€ IKAVOTIOINTIKO
BaBuo. O dpoc¢“oofapd/avBekTiko aoBua”xpnotomoleital
OTIC TTIEPUTTWOELC TTOU [IA OWOTH QAPHAKEUTIKA aywyn
Sev katagEépvel va eNEYEEL EMAPKWE TO CUUTTTWHATA TOU
a00gvoUC, N EMTUYXAVWVTAC TOV EAEYXO TNG ACOUATIKAG
vooou. H ocofapdtnta tng vooou Ba mpémnel va alohoyeital
TAvTa, TOUAAXIOTOV 6 UVEC UETA amd emapKn Bepareia,
Kal omwodAMoTE HeTd TN Bepamneia mBavwv cuvodwv
voonuatwy (pwitida, yaotpootco@ayiki maAivépounon,
YuxomaBoloyia) Kal ac@alwg HETA TNV amopdkpuvon
TTAPAYOVTWVY TTou OXeTi(ovTal e TNV TTPOKANCN Kpiogwv
aoBpatog (aAMepyikoi i emayyeApatikoi mapdyovteg)®. H
KOKHA OUPPOp@won oTn Bepaneia amoteAel emiong évav
ONUAVTIKO TTapdyovTa o€ aoBeveic pe avBekTikd dobua,
kal Ba mpémel va Aapupdvetal coPfapd un’'éPiv mpiv To
aoBua Tou acBevolc xapaktnplotei “coapd”.

H coBapotnta Tou doBpatog pmopei va emnpeaoctei
amoé UTTOKEIEVN VOO0 Tou aoBevoug, kabBwg Kat amd Tov
1blaitepo acbuatikd Tou PavoTUTIO, TAPAYOVTEC TTOU
UTTOPOUV Va TIEPLYPAPOUV TIEPAITEPW UE TN XPHON TTO-
Bofioloyikwy Kat Aertoupyikwv Setktwv. Ot SeikTeg autoi
MITopoUV va XpnotuomoinBouv emiong wg CUMTTANPWO-
TIKA 6edopéva yia TNV MPOPRAEYPN HEANOVTIKWV KpioEwvV
acBuatoc. Alagopol Blohoyikoi Seikteg, 6mwg o TGFB, o
TNFa, nIL 11, kaun IL 8 £xouv mpotabei yia t Sidkpion Tou
nmov andé 1o coapo AcOua. Ouwc, TOMATIAEG PENETEC
amétuyav va armodei§ouv autr Toug Tn XpnoudtnTa.?’-32
Amoteléopata amd mMPOoPATEG MENETEG £He1€av OTI OTO
BpoyxokuPehidiko ékmAupa acBevwy e aoBua pmopei
va avixveuBouv molkilot kat dtagopetikoi MAnBuouoi
KUTOPOKIVWV, Ol OTTOIO1 UTTOPE( VA TIPOCPEPOULV ETTITTAEOV
MANPoopiec éTol woTte va ta&ivounBei évag acOuatikdg
@AIVOTUTIOC AVTIKEIUEVIKOTEPA. MapdAa autd, Ta eupripata
AUTWV TWV PeAeTWV &g umopouv va Xpnoipomnoinfouv
otnv mapovoa Acn otnv Taglvounon Twv acOuaTIKwy
acBevwv Kal xpeldlovtal mepatépw PeAETN. Mapapével
OMWC ONUAVTIKO TO YEYOVOC OTI VEEC SIAYVWOTIKECG KAl
TIPOYVWOTIKEG TTANPOPOPIEC UITOPOUV VA CUYKEVTPWOOUV
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amo TIG AVATIVEUOTIKEG EKKPIOELG, TTai(ovTag TpwTaywvL-
OTIKO POAO OTN HEANOVTIKH AvATITUEN TNG EMTIOTAUNG TWV
Bloloyikwv SelkTwv oTnV KAVIKA TTPAEN.

QAINOTYNOX AZOMATOX ME XYXNEZX
MAPOZYNZEIZ

Y xebov 6hot ol acBeveic pe acBua mapovaoidlouv
TOUAAxIoTOV Hia Rmma Tpog oofapn mapduvaon, Vi
untdipxouV Kat acBeveic mou eppaviouv GUXVEC, apKETA
ooBapégmapofivoelg. AuTdC 0 AOHUATIKOC PAIVOTUTIOC,
oV oxetileTal pe oLXVEG TTapo&UVOELS, uTtohoyileTal 0TO
40% Twv acBevwv pe cofapri vOOO OTTWC TTPOKUTITEL
amo ta Sedopéva Tou TTPOYPAUHATOC MEAETNG AoBpaTOC
SARP33 O gaivétumog autog amotelei évoelén cofapng
vOooU Kal KakNG eEENENC Kal emopévwg, ivat TToAU on-
MaVTIKOG 0 KaBoPIoHSE TWV avocoTTaBoAoYIKWY SEIKTWY
TTOU SIAKPIVOUV TO CUYKEKPIIEVO PAIVOTUTIO. 2T MEAETN
Tou SARP n otatioTikr avaiuon €6&1€e T ol mapdyovTeg
mou oxetifovtal Je To QaAIvOTUTIO AuTo €ival n XaunAn
FEV1, n agpikavikn @UAR, n évapén tou aobuatog o€
MIKPR NAKia, TO 1I0TOPIKO TTapdfuvong LETA amd ARYn
aomipivng  MXA® i mpwv v éupnvo puon.3* EmmAéov
AANOL EPELVNTEC TIPOTEIVAV KAl ANAEC TTAOOPUGCIOAOYIKEC
ovToTNTEG OTWG N KatdOAyn kal n ayxwdng cuvdpopun
Ol OTTOiEG gvéxovTal OTN PN CUMMOP®WON Kal EMnped-
Couv €101 TN ouxvoTNTA TwV Tapofuvoewv.>® AoBeveic
Ue To @avotumo autd dev avayvwpilouv ta mpddpoua
CUUTTTWHATA TNG EMOEIVOUEVNG aTTOPPAENG YEYOVOC
ToU umopei va odnyroel o évtovn duomvola Aoyw Ka-
BuoTépnong otnv avtipeTwmon.%” AutA n un éykaipn
avayvwpLoTn TWV CUUTTTWUATWY €XEL OUOXETIOTE( YE V-
&non TNG NWOIVOPIAIKAG PAEYUOVAG. AVTIOETWE ANNEG
HEAETEC ava@épouv OTL UYPNAA TTOCOOTA NWCIVOPIAWY
OTOUG AEPAYWYOUC, OE SIAPOPETIKEC XPOVIKES TIEPIOOOUG
oxetiCovtat pe auénuévn evaiobnaia oe mapoUvoelg Kal
auvénuévn Baputnta duonvolac.®

31N peNétn TnG ten Brinke kat ouv.,,'? Tou gival pla ano
TI ONUAVTIKOTEPEG LENETEC YIA TO 0OBapO ACOUA [UE CUXVEC
mapo&UVOELS, 0l aoBeveic TG opadag e emavalappavople-
VEC TTAPOEUVOELG O OUYKPION E TNV Opada Twv acBevwv
IOV gixav Yovo pia mapd&uvaon 1o €1o¢, mapouasiacav 186
oofapéc mapo&uvoelg evw n opdda eAéyxou gixe pévo
24 oofapég e€Apoelg, 37 EI0AYWYEG OTO VOOOKOUEIO O€
ouykplon e 1 otnv opdada ghéyxou, 335 nUEPEG voon-
Aeiag og oVykplon pe 10 Kat 69 eneiyouoe eMOKEPEIG O
oUykplon pe 15 otnv opdada eAéyxou Toug teheuTaioug 12
pAVEG. Ot aoBeveic Pe TIG OUXVEG TTAPOEUVOEIG TAV YEVIKA
VEOTEPOIL O€ NAIKIA Kal N SIAPKELA TOU AGBUATOC TWV ATAV
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MIkpOTEPN (12 évavTi 24,5 €1n). Emiong, autoi o1 acBeveic
QAVEQEPQAV OE UEYANUTEPO TTOGOOTO OIKOYEVELAKO IOTOPIKO
acbuatog Kal ATav og pPeyaAlTtepn avaloyia atomikol.
MNapdAa autd, ol acBeveic e TIC CUXVEC TTAPOEUVOEILG
Sev diépepav amd Toug acBeveic pe pévo pia mapoéfuvon
TNV NUEPNOLA SOON EICTIVEOUEVWY KOPTIKOEIOWV 1) OTNV
KamvioTioTik ouvrifela. H avaotpePpipotnta Katd
BpoyxodiacTolr kabBwg Kat n Bpoyxikn unepavtidpaoTi-
KOTNTA ATavV auénuévn OTouG A0DEVEIC JIE TTEPIOOOTEPEC
ané 3 mapofUVOELG TO €TOC O€ GUYKPLION ME TNV opdada
eléyxou. Oaivetal Opwe 6t N Stlapopd auth dev opeileTo
otn Baputnta tou acOuatog dedopévou ot e€agpavileto
META TN 810pOwon we TPog TNV NAIKia kat Tn Stapkela Tou
A0OUATOC TWV CUYKEKPIUEVWY ACOEVWV.

®AINOTYNOXZ ME MH ANAZTPEYIMO
MEPIOPIZMO POHZX (XPONIOX MEPIOPIZXMOX
POHZ)

Mepikoi acBeveic pe aoBua mapouaoialovv peyalo
TIEPLOPIOHO PONG ard Sev epgavifouv véoo e oofa-
PA CUUTTWHATA 1 CUXVEG TTAPo&UVOELG. To TTPOYPauUa
AVTILETWTIONG TOu doBuatog ota maidid (CAMP) unoé tnv
emiAeYn tou US National Heart, Lung, and Blood Institute
£6e1&e OTILOVO éva pépog aoBuaTikwy acBevwv e Evapén
vooou otnv matdikr nAkia avantiooouv MPoodeuTIKN
OTWAELQ TNG TIVEVIOVIKAG TOUG AEITOUpYIag eVvTog meplodou
5 etwv.* Autd ta maidid gival Kupiwg ayopla, Aiydtepo
aANEPYIKA Kal AtydTtepo euaioBnta og mapofUvoelg o€
ouykplon He Ta acBuatika maidia mou dev epgavifouv
EKTITWON TNG TIVEUHOVIKIAG TOUG A&tToupyiag. Mapopola
amoteAéopata mposkuPav Kat amod tn perétn TENOR.2

Ot 8Uo peréteg CAMP kat TENOR katéhnéav oTi o
OANEPYIKOG XapakTpag Tou doBuatog oxeti(etal mepLo-
OOTEPO LIE TO EMPPETEC O MAPOEUVOEIC KAl TO avOIoTA-
pevo otnv Beparneia AoBua, mapd e TO GUYKEKPIUEVO
(PaVOTUTIO TTOU APOPA OTOV ETIHEVOVTA TTEPIOPIOMO TNG
ponc. Agv gival akopa amdAuTa cagEg av ol alAepYIKoi
pUNxaviopoi mpo@UAGCCOoULV amod Tn CNUAVTIKH ATTWAELA
NG MVEVMOVIKAG AslToupyiag. Aev umdpxouv oTolxEia o€
ONHOCIEVEVEC UENETEC TTOU VA SlaPopPOoTTOLoUV TOUC aoBe-
VEiG pe mpoodeuTikn anmwAela tng FEV; amod toug acBeveic
XWPIG amwAELa TNG TIVEUUOVIKNG TOUG A&lToupyiag, iowg
e€autiag Twv Aiywv moAumAnBwv peleTwv Tou doBuatog
€711{ TOU B€UATOC TNG TTVEUHOVIKNAG AelTOUPYiag. MEVETIKEG
MENETEC avayvWPLoaV Povadikoug VOUKAEOTISIKOUC TTO-
Aupop@iopoU¢ o€ yovidia émw¢ ADAM 33, IL4, ILAR, TGF3
mou oxeti{ovTal Pe JIKPATEPN TNG KAVOVIKIAG TTVEUUOVIKN
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Aertoupyia. NoUKAEOTISIKOG TTOAUOPPIOHOG 0Ty IL-4
oxetiCetal emiong pe oxedov Bavatneopeg mapofUVoElg
aoBparoc.

O oofapod¢ meploplopog NG porg amodidetal otnv
avadlapopewon (remodeling) Twv agpaywywy, pia dia-
Sikacia n omoia mepAapPdvel ivwon TnG uToeMONAIAKAG
Baoikicg pepPpdvng, unepmiacia KaAukoeldwv emOnAL-
OKWV KUTTAPWY, alénon Twv AloQopwV ayyeiwv Kal
TTOAATTAGGIAOUO TWV AVATIVEUOTIKWV AEIWV HUIKWV VWV
padi pe urtepmAacia kat uneptTpo@ia TNG pdalag Touc.* H
Siadikacia autn éxel ouvOeDei pe o yovidio ADAM 33.4
A6 S1agpopeC EpEVVEC MPOKUTITEL N TTAPOUTia Slapopwy
TUMWV IVOBAACTWY GTOUG A0HUATIKOUC agPAywyoU.*
Yrdpyel pia peydin opdda acBevwv e oofapd acbua
o1 oTTo{01 EKONAWVOULV XPOVIA ATTOYPAKTIKH VOoo. O akpl-
Bric oplopdc Tou Xpdvou TIEPLOPIOHOU TNG PONG SlaPEPEL
otn BiBAoypagia. Na mapadetypa n opdda Ten Brinke®
TPOTEIVE WE KATWTATO OPLO YIa TN HETA-BPoYX0S1a0TOAN
FEV: 10 75% TN AvVaREVOUEVNG, EVW N oada Bumbacea*
TPOTEIVE WG Op1o To 50% TG avapevouevng. Evtoutolg kal
OTIG 2 HENETEC OL AOOEVEIG UE XPOVIO TIEPIOPIOHO TNG PONG
NTav peyaluTtePoL o€ nAIKia Kal Pe peyaAUTepn SldpKela
vooou. O1 aoBeveic autoi eixav emiong avénuévoug umo-
AeImopevoug dykoug, yeyovog mou ouvdadel os mayideuon
0€pa, aAMA PUCIONOYIKEC SIOXUTIKEG XwPNTIKOTNTES, Sed0-
pévo mou 1o Slagoporolei amd To uguonua. Emmiéov n
TIAXUVOT TOU TOLXWHATOG TWV Bpdyxwv 0mw¢ ameikovifetal
o€ LPNANG EVKpivelag Topoypagieg oxetiovtav pe xpovia
amoePAdn aEpaywywy.

AoBeveic e andepaén TnG porg aépa cuxvd opado-
molouVTalL OTNV KATNyopia TNG XPpOVIag amo@pakTIKAG
mvevpovomndBelag (XAIM), evw untdpyxouv Kat Siebveig
od8nyiec mou mpoteivouv kal umootnpifouv pia TéTola
Tta&vounon. Mpdyuati, 16co n XA (rou mpokaAeital and
To KAmviopa 1y AN\ou¢ empPAafeic mapayovteg) 600 Kat
10 doBua pmopei va oxetiovtal pe pia e§acbévnon Tng
TIVEUHOVIKNG AglToupyiag, ou mpokaAei amoppadn Tng
pong¢tou aépa. AcBeveic e 1oTopikd AcOuaTog gixav on-
MaVTIKA YeYaAUTEPO aplOpd NWOIVOPIAWY OTO TIEPIPEPIKO
aipa, ota mtveAa, oto PpoyxokuPeASIké EkmAupa (BAL),
Kat oTo BAevvoyovo Twv agpo@opwv odwv. Emiong, eixav
Aydtepa oudeTepdPIAa oTta TN KAl To BAL, peyalutepn
avaloyia CD4+/CD8+ T Aep@OKUTTAPWY O0TOV BAevvo-
YOVO TWV agPAYWYWY, Kal TTEPIOCOTEPO TTAXV SIKTUWTO
oTpwua otnv emBOnAakn Bacikr peuBpavn. Emmpocbeta,
napoucialav onUAVTIKA MIKPOTEPO UTTOAELTTOUEVO OYKO,
MeyalUTePN SLAXUTIKN XweNTIKOTNTA, UPNASTEPN OUYKE-
vipwon ekmnvedpuevou NO, pikpotepn Baduoloyia otn
KAipaka epguonpatocg (o€ a&ovikn Topoypagia uPning
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avaiuonc), KaBwE Kat LEYAAUTEPN AVACTPEPIUOTNTA TWV
CUUTITWHATWY PE Xoprynon BpoyXodlaoTalTikwy Kal
KOPTIKOOTEPOEIOWV. Kata cuVETELQ, TTaPA TNV OUOLOTNTA
otnVv ano@paén TnG Porg Tou aépa, ol acBeveic e loTopL-
KO doBuatog mapoucidlouv EexwPIoTA XapAKTNPIOTIKA
OUYKPIVOUEVOL E TOUC a0Beveic e 1oTopIlkO XATl, Kat
yla 1o Adyo autd Ba mpémel va avayvwpifovtatl Kat va
Aappavouv TNV KATAANAN aywyn.*

A>XOMA ANOIXTAMENO ZE XTEPOEIAH

3 TOUC TTEPIOOOTEPOUC aoBuaTiKoUg aoBeveic n Oepareia
e YAUKOKOPTIKOEION EMEPA EVEPYETIKA 0TA PAEYOVWON
Kat Sopikd KUTTaPA OTOXEVOVTAG OTNV alTia Tou TTEPLopPL-
OMOoU TNG pOoNE, OTTWE N CUCTIACN TWV AEIWV MUKWV VWV,
T0 0idnua Tou BAevvoydvou, N PAEYHLOVH TWV AEPAYWYWY,
n avénuévn ékkpion BAévvng kal n avadlapdpewon Twv
agpaywywv. Napoia autd 10% mepimou Twv aoOUATIKWY
aoBevwv avtamokpivetal eEdxlota otn Oeparmeia pe yAu-
KOKOPTIKOEISN Kal Tapouatdlel CUXVEG TTAPOEUVOELS Kal
EKTITWON OTNV KaBnueptvy SpaotnEldTNTa KAl ToIOTNTA
{wne.* AvBlotapevo f eNdXIOTA aVTATTOKPLVOUEVO OTa
KOPTIKOOTEPOELON AoBua gival Suvatd va ekGnAwveTal o€
OAa 1a enimeda cofapdTnTag TNG vOoou, ald cuvnBwg
aUTOC 0 aoBATIKOC pavoTuTiog ekppdaletal oe cofapd
TTAOXOVTEG, apoU n Bacikn Bepareia Tou dobuatog, Ta
KOPTIKOOTEPOELSN, Sev eival amoteheopatikd. Autdg o
QAIVOTUTIOC EDEWPEITO AMOTEAECUA AVWHAANG amdvTn-
oNG Twv acBevwv 0Ta KOPTIKOOTEPOELS UE ATTOTEAECHA
peiwon Twv avtigAeypovwdwy emdpacewv Touc. QoTOC0
OTIWG PAVNKE aTTO TIPOOPATEC UEAETEC, UTTAPXOUV TTOANOI
S1aQOPETIKOI PNXAVIOHOi avOEKTIKOTNTAG OTA OTEPOEISN
OTIWG PEIWUEVN TTUKVOTNTA TOU UTTodoXEQ TWV OTEPOEL-
Swv, dlatapayn otn oUVOECN TWV CTEPOEIOWV E TOV
urmodox€a Toug, TNG XapUNnAng duvatdtnTtag Tou urtodoxéa
va cuvdéetal pue to DNA 1 tng avénuévng ékppaong
@AeYHOVWO WV TIApayovTwy avTlypaeng omwg n NF-kB
kal n AP1 o1 omoiot avtaywvi{ovtal Ta oTeposldry otn
ouvdeon pe to DNAY

Auénon tng yoviSlakAG peTaypa@nic oxetietal pe
avénon otnv akeTuAiwon LloTéVNG, TToU EMAYETAL ATTd TV
akeTLAOTPAVOPEPAoN Twv lotovwy (HDAC),* evw umo-ake-
TUNwon oxeTiCeTal Pe PEiwon TG LETAYPAPIKNG SpaoTnpl-
otNTag TWv Yovidiwy, Kat eENEyXeETal amd TIC ATTOAKETUNAOEG
Twv 1otovwv (HDACs). H amoaketuAiwon Tou umodoxéa Twv
yYAukokopTikoeldwv (GR), mou emdyetat ané tnv HDAC2,
emtpénel tn ouvdeon tou GR pe to cuumAoko NF-kp, pe
OTTOTEAECA VA UEWWVETAL N LETAYPAPH TWV GAEYHOVWEWV
yovidiwy, mou emayovtatl améd tnv NF-kB.* “ENAelpa otnv
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amoakeTuliwon Tou GR, Tou mpokaAeitat amé diatapayn
otn Aeitoupyia Tng HDAC 2, éxel mpoTaBei w¢ LOPIAKOG
MNXAVIOUOE TTOU TIPOKAAEL amWAELa TNE evalodnoiag Tou
opyaviopoU ota YAUKOKOPTIKOELSH. H amwAela tng HDAC2
Oev mePIOPLOE TNV TTUPNVIKH HETABEoN Tou GR, oUTE TN
S8éopeuon tou GR pe TO OTOIKEIO YAUKOKOPTIKOEISIKIG
amdavtnong (GRE) oto DNA, aA\d avéotelhe Tn ouvdeon
peta&u GR kat NF-kB.>° H §paotnpiotnta tng HDAC kat
n ékppaon tng HDAC2 peiwvovtal ota pakpopdya KUT-
TapPA, OV EANYONOCavV amd Toug VEVIOVEG acOevVWV e
XPOvia ano@paktikr vevpovomnddeia (COPD), pia vooog
OXETIKA PN €uaioOnTn ota oTePOELdN. AuTh akpIBwe n
peiwon oxetiCetal pe T oofapdtnta TnG vooou.r! Xn
MeANETN Twv Ito et al. 2006,°° @Avnke 4TI N UTTEPEKPPACN
TN HDAC2 \Ttav IKkavr va anokataoTHoeL TV evalctnaoia
TOU OPYAVIOHOU 0TA YAUKOKOPTIKOELSK, O€ TTAONOELG N
€vaioOntec ota otepoeldn, 6mwe n COPD. H BgopuAAivn
€xel beyOei 0TI amokabiota 1600 TN dpactnEdTNTaA TNG
AMmoAKeTUAAONG TNG IOTOVNG 600 Kal TNV evalodnoia
ota otepoeldn) oe COPD.>? Exel emiong StatunwOei n
amoyn OTL ot kuttapokiveg Th-2 mailouv kdmoto poio
0710 00Papd/avBeKTIKO 0Ta KOPTIKOOTEPOEISH dobpa.
Mo ouykekpipéva, Ta CD4+ T-AeppokUTTapa and acOua-
TIKOUC aoBeveic pe coBapd/avOekTiko Tumo doBuatog
€ivat AtyoTePO IKaVA va TTapAyouV TNV avTl-QAeypovwan
Kuttapokivn IL-10 cav amrdvtnon otn de§apebalovn, o
oULyKpLoN Me Ta KUTTapa acBevwy mou ival evaiontol
OTA KOPTIKOOTEPOELION. 2

Mépav Twv avwtépw umdpxouv TUTToL AEYHOVWOWV
KUTTAPWV OTOUG AEPAYWYOUC OPIOUEVWY ACOUATIKWY TTOU
pmmopoUv va mpoAEPouv Tnv andavinon ot Bepaneia pe
YAUKOKOPTIKOE16N).>* H amoucia nwotvo@\wy eVOEIKTIKWV
PAEYMOVIC OUVSEETAL UE PTWYXN ATTAVTNON OTA KOPTIKO-
oTePOELSN. MOANAMAEC pHeTA-AVANUOELG armoKAAuYav OTL
n nwotvo@ihia ota mtueAa kai n FEV; ftav avefaptntol
ONUAVTIKOI TTPOYVWOTIKOI TapdyovTteg TG avénong Tng
FEV: peta tn Bepaneia. AvtiBétwe n FEV; kain PD20 Twv
QCOUATIKWY PE XAUNAA TTOCOOTA NWOIVOPIAWY OTA TITUEAQ,
PAvNKe va unv emnpedalovtal BeTika amo tn Bepaneia pe
€lOTIVEOIEVA OTEPOELDN. € AUTOUC TOUC aoBeVeiC Pe TN
XAUNAN nwaovo@ihia ta oudetepdila fTav neplocdTePQ,
SnAadn avénuévn meplekTIKOTNTA OUSETEPOPIAWY OoTa
TITUENA CUVOEETAL PE PTWYXN ATTAVTNON OTA OTEPOELON.
AuTéc o1 peléteg Ba pmopouoav mbavétata va e§nyn-
OOULV TO PAIVOUEVO TNG KAKAG amdvtnong Twv acOuartt-
KWV KamVIoTWV oTn Bepareia pe otepoeldry dedopévou
OTL Ol KATIVIOTEC gpaviovTal e HEYOAUTEPO TTOCOOTO
oudetepo@ilwy ota mtueAa.>* EmmAéov TUTTOL KUTTAPWV
mou oxeti(ovtal Ye avTioTaon ota OTEPOELSN €ival Ta
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HOVOKUTTOPA TOU TIEPIPEPIKOU aipatog (PBMCs) kat ta
KuPeMSIKA pakpodya (AMs). Autd ta KUTTapa €ival
Alyotepo guaiobnta otnv avactoAn amo de§auedalovn
NG ameAeUBEPWONG TWV TIPOPAEYLOVWO WY KUTOKIVWV O
oUYKPION JE TO KUTTOPA aTmo AoBEVEIC e KOAG ENEYXOUEVO
pn cofapd doBua.>>*¢ Ot unxaviouoi Tou evéxovtal oTn
MEIWMEVN ATTAVTNON OTA KOPTIKOOTEPOELST) 0TO coPapo
aocBua dev gival cageic aA\d ta AMs amd acBeveic pe
oofapr véoo @aivetal va eppavi{ouv éva HeyaAUTePO
BaBud evepyomoinong Twv p38 MPWTEIVIKWY KIVACWV
(p38 MARK). H kivaon oepivng — Bpegovivng €181koTEPQ
embpd o MOANEC BloAoyIkéC Slepyaoieg, OTIWC o€ avTIypa-
@Ikou¢ mapayovteg (NF-B, AP1) kat €€l CUPETOXR OTN
PAEYHOVI, 0TNV KUTTAPIKH S1iONnon Kal 0Tov KUTTApIKS
Bavaro, @awvépeva Bacikd otnv maboguaoioloyia Tou
AoOpaToC.”” IXeTIKA Mpoopata Sedopéva amd UENETEC
£dei€av ot1 ol anti-IgE Bepamneieg mBavwg va dpouv gu-
EPYETIKA 0TOUC 00BeVE(C e avBloTapEVo oTa oTEPOELSN
aoBpa.’® AvtiBeta, n xprion anti-TNFa og cofapd aoBua
€8WOoE aVTIKPOUOEVA ATTOTEAECHATA, VWD I TTIPOCPATN
peNéTn Twv Wenzel et al.®° ¢6e1§e mOAU amoyonTeuTika
ATTOTEAECHATA OXETIKA UE AUTOV TOV TUTTO ACOUATOG.
MPOKUMTEL EMOUEVWG N AVAYKN YA TIEPAITEPW EPELVA, N
omoia Ba 06nynoel o MPOTSIOPIoUO EMIMPOCTHETWY KAl
{OW¢ KOAUTEPWV YN EMEPBATIKWV BLOAOYIKWV SEIKTWV
OXETIKWV UE TO CUYKEKPIUEVO PALVOTUTIO, £TCL WOTE vVa
emtevyOei meploodtepo oTOXELMEVN Bepareia.

QAINOTYNOZ NMPOXAIOPIZOMENOX ANO THN
HAIKIA ENAP=HZ TOY AZOMATOX

To mpwiung 1} OYPIUNg évapéng dobua umopei va ou-
OXETIOTE( UE TO PAIVOTUTIO TWV CUXVWV ACOUATIKWV TTAPO-
§UVOEWV CUUPETEXOVTAC £TOL OTOUG TTAPAYOVTEG KIVOUVOU
avantuéng coPapol dobuatoc.t’ To Bpoyxiko acOua
MTTOPE( VA EPPAVIOTEL € OTTOIAONTIOTE XPOVIKH OTIYMUN
¢ {wn¢. Evtoutolg, mpdopata dedopéva deéav 6Ti ol
TEPIOCOTEPOL AGOEVEIC BlIWVOULV TA TTPWTA CUUNTTWHATA
Tou AoBATOC TV TPV TNV NAIKIA TWV 5 eTWV. EMopévwg
N nAIkia katd tnv omoia o acBevn¢ epgpavifel dobua amo-
TeAel onpeio Slapopomoinong acOUATIKWY GAIVOTUTIWV.
H mpoéAeuon tou maidikou doBuatog evtomiletal o
OUVOUAG O YEVETIKWY Kal TIEPIBAANOVTIKWY TTAPAYOVTWY
mou enmnpealouv TNV avAnTuén Tou avoooToiNTIKOU Kal
QVOTIVEUOTIKOU GUCTHHATOC. Ta TatdId Pe pwipn évapén
NG vOo0oU €XOUV OUVNBWC OIKOYEVEIOKO I0TOPIKO ATOTTI-
ag ri/kat AoBuaTog Kat loTopIKO eK(EUATOG. To UNTPIKO
10TOPIKO oxeTileTal ONUAVTIKA UE TNV evaloBnoia Tou
maidlov, uModeIKVUOVTAC TOOO TN YEVETIKH 00O Kal TV
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neptBalhovTikn e€aptnon.®

H mepiBalovtikn ékBeon maifel kaBoploTikd polo
oTov MPoadlopIoHO TNE evalobnaoiag otn vooo. To mpwIUNg
évapéng doBua katd kuplo Aéyo opiletal we n évapén
vooou TPV TNV NAKKIA TV 12 €TWV, €XEL €va OANEPYIKO
otolxeio kat o1 aoBeveic epavifouv cupmTwUaTa PETA
amno ékBeon og emPBapuvTIKoUg TaPAyovTeC.5? AVTIOETWC,
0 MEYOAUTEPOC aPIOPOC TWV VOOYEVWV ACOUATIKWY
mBavwg va epgaviletal pe OPung évapéng aodbua.®
Fevikd, To MPWIUNG évapéng acBua amotelei pia opol-
OYEVI] VOOO 0€ OUYKPLOoN HE To OYIung évapéng dobua,
70 omoio anoTelei cUPBOA] ANEPYIKWY, AoIHwdWV Kat
ANwv mapayovtwy. 336!

3 € TOANA TTAIS1A TA CUPMTTWATA ACOATOC KAl N CUPIT-
Touca avamnvor) BeAtiwvovTal Ye TRV mdpodo tng nAIkiag,
aAAA 10 30% - 40% autwv cuvexilouv va gugavifouv
mapofUVoELG TNE VOoOoU WG eVAAIKEC. Mapd Tn peyaAUTe-
pn didpkela ¢ vooou, ot AvBpwrrol pe Tpwidn évapén
aoBpatog @aivetal 61t mapouctalouv oplakd KOAUTEPN
TIVEUHOVIKN Agltoupyia amd autoug pe opiun évapén. H
opada twv Miranda® dnuocicuoe Sedouéva og eVAIKES
ao0uatikoug acBeveic pe dYun évapén, ol omoiol gixav
XEIPOTEPN TIVEUUOVIKH AElTOUPYia amd Toug aoBeveig
pe mpwipn évapén Tng mdbnong, map'oAn Tn UIKPOTEPN
S1dpkela TNG vooou. XTn peAétn Twv Jenkins et al.%® n
Baputnta Tng madnong Twv matdlwv Kat Twv eVNAIKWV e
évapén dobuatog otnv matdikn nAkia emnpedadetal amo tn
S1dpKela TNG vOooU, eV auTo dev IoXVEL yIa TOUG aoBeveig
1ou To doBua toug Eekivnoe otnv evijAikn {wr). H opdada
TwVv Burrows et al.% ¢6e1€e 611 01 a0Beveic pe Evapén véoou
otnv evAIKN {Wr] CNUEIWVOULV Uid ATOTOUN ATTWAELD TNG
TIVEUOVIKIA G TOUG AEITOUPYIOG ApECWE META TN Sldyvwon
NG vdoou Tov Tapapével oTaBepr] 0Tn cuvEéxela TN (WS
Tou¢. O1 punxaviopoi ol omoiol euBUVovTAL yIa TV ATTWAELD
TNG TTVEUMOVIKAG AEITOUpYiag 0To OYIung évapéng dcbua
gival ayvwoTtol. Mia mbavn e€nynon €ivat ot acBeveic
autoi va gixav adlayvwoTto acOua yia moAhd xpdvia Kal
n Stayvwon TeAIKA va €yive PeTa and onuavtikou Bab-
HoU anmWAELa TNG TIVEVHOVIKAG AetToupyiag. EVAANAKTIKG,
oluuewva Pe Tnv opdda twv Jenkins et al.,% 1o dYiung
évapéng docBua pmopei va oxetiletal pe peyallTeEPOU
BaBuou pAeypovr Twv agpaywywv odnywvtag HEcw autou
TOU pNXaviopoL o€ amétopn avadlapdpewon autwv. H
opdada twv TenBrinke et al.*® €6e1&e 011 01 acBuatikoi pe
évapén otnv eviiko {wr) mapouaialav auénuévo kivduvo
yla xpévia anmdepaén Twv aspaywywv (OR 3.3). EmimAéoy,
ol eviAIke¢ aoBuaTikoi pe kaBuotepnuévn évapén tng
VOOOU NTAV AYOTEPO ATOMIKOI OTTWC PAVNKE AT TIC
Seppatikég dokipaoieg, eixav xapnAotepa emineda IgE
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Kat AlyOTEPA CUUTITWHATA 0TNV €KBEON 0 aA\epyloyova.
‘ONa ta mapamndvw dedopéva umodeikviouv tnv mBavi
Umapén oNUAVTIKWY TaB0@UGCIOAOYIKWV KAl UNXAVIKWY
S1a@opwVv HETA&L TWV ACOEVWY LIE TTPWIMN KAL AUTWV UE
oyun évapén véoou.

ANANEPTIKO AZOMA

H aA\epyikn evaioBntomoinon ivat n faon tou ai-
AepytkoU BpoyxikoU doBuatog Kal amoteAei évav amno
TOUG TTLO YVWOTOUCG a0BUaTIKOUG patvotumoud. H ma-
pouaia Twv AANEPYIKWY XAPAKTNPIOTIKWY Ba urmopoloe
va ouvOeBel e KAAUTEPN TIVEVUUOVIKN AglToupyia, aAld
KOl JE TIEPLOCOTEPEC MAPOEUVOEIC ATIO TO N AAAEPYIKO
aoBua. To alkepyikd dobua gival olvnBeg otnv madikn
NAKia aAAG Kal apKETA OUXVO OTOUG EVRHALIKEC.S Méxpl
TNV NAKKia Twv 10 €TWV, TO ANAEPYIKO AoOua amoTeAEi TNV
Kupiapxn Hop®n TNG vOoou. TO OIKOYEVEIOKO LOTOPIKO
Kal N mpwipn ékBeon og al\epyloyova gival mbavotata
TOAU GNUAVTIKOI TAPAYoVTEG 0TNV EKONAWGCN AAAEQYIKOU
A0OUATOC, EVTOUTOIC Ol UNXAVICUOI HECW TWV OTTOIWV HE-
pika madid epgavifouv dobua evw) aAa dev ekdnAwvouv
AANEPYIKA aVATIVEUOTIKA @atvopeva eV gival MARPWE
katavontoi®. EmmAéov, n nAikia ékBeong o€ alepyloydva
gival iow¢ kaBoploTikn otn Stadikacia avantuéng tng
mdOnong apyodtepa otn {wr. ZUYKEKPIPEVA N TIPWIKN
€kBeon eival Mo kaBopLoTIKA Kat KPioiun amd Tnv OYiun
€kBeon o al\epyloyova. Ta amoTEAEGUATA ATTIO UENETEC
OXETIKA UE TNV €KOEON 0€ UPNAEC GUYKEVTPWOELG ANNEP-
yloyévwyv ydtag péxpt tnv nAkia twv 3 gtwv umédelav
OTL pla avoooMoYIK amdvtnon, pn oxetil{Opevn e Ta
CUUTITWHATA TOU AcOuatog umopei va evepyoroinBei
Kal autn n kataotaon Ba urmopouoe va BewpnBei we pia
HOP®I) AVOXIG OTO CUYKEKPIUEVO AANEPYIOYOVO. YTIAPXOUV
OnAadn evdeifelg 6L madid mou peyaAwvouy og oTitia
pe ydta givat Atydtepo mbavo va avantiuouv evaieon-
oia ota aMepyloydva Tng yatag i va avantufouv oTto
HéNoV doBua 5”8 Emiong, mpwipn evaiobntomoinon ota
aMepyloyova TG okdvNG Eival TEPIOOOTEPO ONUAVTIKA
o€ 0TI aYopd 1o AcBua amo tnv euaicdntomoinon petd
NV NAKIA TwV 3 €TwV.7° H mpwipn @Aaon tng aANEPYIKAG
avtidpaong evepyomoleital dTav €vag atoTiKog acOevig
€pXETAL OE EMAPN PE €va AAEPYIOYOVO Kal xapakTnpiletat
amd ameAeuBEPWON TPOOXNUATIOUEVWV KAl OTN CUVEXELD
VEO-OXNUATI(OUEVWVY HECONABNTWV aTo TN PEPPPAvN
TWV CUPMETEXOVTWV KUTTAPWY, OTIWG N IOTAUIVN, Ta Agu-
KOTPLEVLQ, Ol TPOOTAYAAVSIVEG, KAl KUTTAPOKIVWY, TIOU
TpodAyouV Tn Bpoyxikn cvomaon kal 1o oiénua. H kabu-
otepnpévn alepyikn avtidpaon xapaktnpifetal and
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£10PON KAl EVEPYOTTOINGN TWV AEUPOKUTTAPWV Kal AANWV
PAeypovwdWY KUTTAPWV, Ta oTtoia emiong avavouv tnv
TTAPAYWYI TWV TTPO-PAEYUOVWSWVY KUTTAPOKIVWV.

H avoooloyikn amdvtnon oto aAepYIKO Kat mOavwe
o€ AA\OUG TUTTOUC ACOATOC PaivETAL OTL EiVAL ETEPOYEVIC,
YEYOVOG TTOU TMOAVWE CUMMETEXEL OTNV ETEPOYEVELQ TWV
KAWVIKWV @avoTUTIWV Tou acBpatod. Mepartépw, mavw
amno 100 yovidia eumAékovTal 0To AMEPYIKO AoBua, aAd
N YEVETIKN €€APTNON TNG OUYKEKPIUEVNG VOOOU €ival
MOAUOUVOETN Kat pubpuiletal amod T mePIBANOVTIKEG
emdpdoelg. Kavéva amo ta yovidia mou éxouv Bpebei
@AvVNKE va amoteAei mapdyovta KivdUvou o€ 6AoUG TOUG
mAnBucpoug.

JToxeupéveg Beparneieg, OMwE N avoooBepareia Kal
TO JOVOKAWVIKA avTiowpaTta, gival Slabéoiuec otn Be-
PATTIEVTIKI AVTIHMETWTTION TOU ACOUATOC. 2TIC HENETEC [IE
TO HOVOKAWVIKSG avTtiowpa yia tnv IgE, To omalizumab,
0 KAIVIKOC OANEPYIKOC aoOuatikdC pavétumoc opiletal
MOVO amo Tnv mapouoia evog e161kov IgE alepyloyovou
IOV TTPOEKUTTTE Ao Sepuatikég Sokipaoieg ) RAST.'72H
avAaAuon OAWV TWV HEAETWV OTIWG Kal N KAWVIKA EUTEIpia
€de1av 61 Aol o1 acOuaTIkoi TTOU KatnyoplomolouvTal
oUPEWvVA He TI¢ SoKIPaoieg Tou Tpoavagépdnkay, dev
avtanokpivovtal otnv avti-lgk Bepaneia. Av évag ka-
ANTEPOC 0PIOUOG TOU AAAEPYIKOU AoOuaTog i Twv fBlo-
AOYIKWV SEIKTWVY Tou Ba urmopoloEe va EMITUXEL TTLO CAPH
kaBoploud Twv acBevwv mou Ba avtamokpivovtal oTnV
anti-IgE Beparneia, dev eival akdua yvwoto.

EMATTEAMATIKO AZOMA

To emayyeAHATIKO ACOUA, WS KAIVIKOC @aAIVOTUTIOC,
amoteAei mepimou 1o 15% NG OYPIung évapéng dobuatog
Kal UITopE( va TIPOKAANECEL OUXVEC CORapEC TAPOEUVOELS'™2.
To emayyeApaTiko doBua dev Slagépel 0ToUG KAIVIKOUG
Kl TTABOAOYIKOUC XAPAKTHPEG ATTO TO [N EMAYYEAUATIKO
aoBpua, evtouTolg mepINapBAvEL UTTOPAIVOTUTIOUC OL OTTOIOL
TIPOKUTITOUV ATTO AVACOAOYIKOUC KAl [N OVOGOAOYIKOUG
MNXAVIOHOUG. TO avOOOAOYIKA OXETI(OEVO ETTAYYEAUATIKO
aoBua epaviletal peta and pakpd mepiodo ékBeong otov
QUTIOAOYIKO TTAPAYOVTa, AmapaitnTNG WOTE 0 EpYAlOUEVOS
VA EPPAVICEL TNV AVOCOAOYIKH EvaloONTOMOINGN OTO OU-
YKEKPIUEVO TTapayovTa. AuTtdg o TUTTOC TepAapBavel Tdoo
TO emayyeAuaTIké AoBpa to omoio mpodyetal amd éva lgE
MNXAVIOUO OTIC TTEPIOOOTEPEG UPYNAOU KAl UEPIKEC XAN-
AoU poplakoU BAPOouC OUGIES, OGO KAl TO EMAYYEALATIKO
AaoBua oto omoio dev CUMPETEXEL IGE punXaviopog (xapnAou
HoplakoU Bdapoug mapdyovteg Omwg Sl-icokuaviouxa,
SUTIKOC KOKKIVOC KESPOC, AKPUAIKA). TO Un avOGOAOYIKA
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oxeti{opevo emayyelpatiké doBua xapaktnpiletal amo
TNV anoucia NG HakpPAC meplodou €KBeoNC Kal pQavi-
Cetal petd TNV TUXAia €KBEON 0 UPNAEG CUYKEVTPWOELS
€PEOIOTIKWY TTAPAYOVTWY OTO XWPo TNG SoUAeldc. Autn n
KAWVIKT ovTOTNTa €XEL 0ploBEi wg AoBua mapayodpevo and
€peOIOTIKEC OLUGIEC. H TTIO QVTITPOCWITEUTIKY LOP®K) AUTAS
NG Katnyopiag eivait to RADS (cUvdpopo avTidpaoTIKAG
Suoheltoupyiag agpaywywv), To omoio eppavifetal petd
amd povadikn €kOeon og uPnAd enineda gpeBioTIKOU
agpiov, ubpatuwv f kamvou. MNépav Twv avwTépw, To
EMAYYEAUATIKO AoBua mephapBdvel molkida cuvdpopua,
OTWCE N NWOIVOPIAIKN BpoyxloAiTida Kal T CUPMTWHATA
TUnou doBuatog mou pokalouvtal amo ¢ékBeon o op-
YOVIKEG OKOVEC.”

H @Aeypovn Twv agpaywywy 0TO avoOONOYIKA OXeE-
TICOEVO EMAyYEAUATIKO AoBua Xapaktnpiletal amo tnv
TTAPOUGIA NWOIVOPIAWY, AEPPOKUTTAPWY, LACTOKUTTAPWY
Kal mayuvon tng Bacikig pepPpdvng tou embnAiouv’.
AVTIOETWC, OTO ETTAYYEAUATIKO ACOUA TTOU TTPOKAAEI-
Tal Ao €PEBIOTIKA XNUIKA, Ol IOTONOYIKEG AANOLWOEIG
a@opoLV 01NV (VWOon Tou ToIXWHATOG TwV Bpdyxwy,
oTtNV emMONAIGKY ATTOYUVWOHN KAl 0TV IVO-AIOPPAYIKH
e&oidnon otnv unofAevvoyovia otolfdda, xwpic nw-
OWVOPIAIKN QAeypoV.”> AUTO TO EMAYYEAUATIKO AoBua
MITopE( va urtoxwproel €av 0 acBevig SLaKOPEL TaXEWS
NV ékBeon oTo PAATTIKO MAPAYOVTA, O AVOOOAOYIKOG
KAVIKOC @lavaTuniog emayyeApatikou acOuatog duvatat
va e§akohouBei va ugiotatal, epdoov éxel 16N kaBiepwOei
n eAeypovwdng dtadikaoia, avedptnta amo tnv ékBeon
oto BAamnTiké mapdayovta.”

QAINOTYNOZ MOY XXETIZETAI ME TH AHWH
AZMIPINHZ

To acBpa mou mpokaAeital and TV acmipivn Kal
amo dAha pn otepoeldn avtigAeypovwdn (MZAD) sivat
YVWOTO w¢ doBua pe evatobnaoia otnv acmipivn (Aspirin-
induced -AS- asthma). AoteAei évav amd Toug 1Mo eUKOAA
avayvwpiolpoug KAIVIKoUG @avotumoug, e€attiag tng
€181KOTNTAC Tou atTioAoyikoU Tapdyovtd. Ol EKTIUNOELS
Y10 TO TOGOGTO AUTOU TOU QAIVOTUTIOU TIOIKIAOUY, wWGTOC0
umroAoyietal L mdoxouv miepimou 10-20% twv eviAKwv
aocBuatikwv acBevwv’s, Ot aoBeveic mou avriikouv oTo
@AVOTUTIO AUTO @aiveTal 0TI Eival KUPIwG yuvaikeg ol
ormoieg urmo@épouv amo cofapdtepo Acbua. EmmAéoy,
autég o Tumog doBuatog oxetietal e Alyotepn ato-
mia, pe au€nuéva AEUKOTPLEVIA OTOUG agpaywyoug Kal
VPNAS TOCOOTO NWGCIVOPIAWY TOCO GTOUC IOTOUG 600
Kal aipa.”” H mo ouxvrj KAVIKY pop@n TTou oxetifetal
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ME TNV evaloOnoia otnv aomipivn gival n cuvumapén
ooBapric mapapPIVOKOATITIOAC UE PIVIKOUC TTOAUTTIOOEC
kal évapén ¢ véoou otnv eviiko {wr. H evaiobnaoia
ota MXAQ @aivetal 61t dev e€aptatal amd tnv IgE alAé
avtiBéTwe ouoyetietal pe To Slatapaypévo Petafoliopd
TWV €IK0oavoidwv 0&éwv 6T Tou apaxISovIKou 0&£og
otn HePBpPAvn Twv KUTtdpwv. Auénuéva enimeda Twv
KUOTEIVUNKWV AEUKOTPLEVIWY Kal au€nuévn €KQpacn Tou
yovidiou CYSLTR1 amoteAoUv XapaKTnpLoTIKA Euprpata
oxeTl{Opeva e TO CUYKEKPLEVO QavoTuTio, Seixvovtag ot
n maboyévela GUVOEETAI [UE EKOEC UACHEVN QAEYHOVWON
amavtnon e€AITiag TG UTTEPEKPPACNC TWV AEUKOTPLEVIWV
autwv Kat Tou CYSLTR178, MoAOVOTI AUTOC O KAIVIKOG Qal-
vOTUTTOC Eival TTOAU €USIAKPITOC KAIVIKA Kal TTaBoAOYIKA, N
UTTOKEievn maBoyévela mapapével EAdxloTa katavonTtH.
FeveTikEG peéteg €8e1€av oTl HETAANAEELC 0T oUVOEoN
TwV AeuKoTpLleViwY emnEeAloOUV AUTOV TO PAIVOTUTIO.
Qo100 Ta EVPUATA AUTA OV gival APKETA Ao Yova
TOUG yla va e€nynoouv tnv évapén tng vooou oty evi-
Aikn Cwn), yeyovog mou mBavwe UTTOSEIKVUEL CUVEPYELD
Kal EPIBANOVTIKWY TTApayovTIWwV (6TWe 1v) oTNV Ta-
Boyévela Tng vooou?, EmmpooBeta, mpdo@aTeG PENETES
£dei&av BAAPN Tou petaoliopou Tng KUkAoo&uyevaonc-2,
npootayAavdivng-E2 kat tng Aimoéivng. Avaiutikotepa,
avayvwpioTnKav Jovo-VOUKAEOTISIOKO{ TTOAUOP@QLOOI
(SNPs), Tn¢ ouvBeTdonc C4 Twv AeUKOTPLEVIWY, TNE 5-Aumo-
o€uyevdongc, Tou CYSLT1 kat o€ 2 yovidia: oto TBX21, To
OTI0i0 ATTOKWOIKOTIOLEL TN HETAYPAPR TOU Tapayovta Thet,
kat tng mpootayavdivng E278, Ta yovidia twv umodoxéwv
TN KUKhoo&uyevaonc-2 kat Tng Opoupoédavnc A2 dev @a-
vnke va oxetiCovtal pe 1o AS doBua, al\d evoexopévwg
TIPOKAAOUV AEITOUPYIKEC EMPPOEC.

Ot AS acBpuartikoi acBeveic mapouaoialouv SuokoAia
oTov éAeyx0 TNG VOoOU ylati cuxvd Sev avtamokpivovTal
otn Oepareia pe KOPTIKOOTEPOEDH. Ol AVTAYWVIOTEG TWV
AeukoTpleviwv urmopei va amodelxBolv amoteAeouarti-
Kol BeparmeuTiKd, av Kal OTwe LoXVEL Kal 0Toug AAOUG
aoOuaTIKoUG @atvoTumoug, Ssv avtamokpivovtal 6Aol oL
a00eveic oTnV v Adyw BepameuTIK mAoy.

AXOMA NEPITHN EMMHNO PYZH

levikd 6ev umdpxel amoSeKTOC OPIOHOG YId TOV TUTIO
auTO Kal Ol TTEPIOCOTEPOL CUYYPAPEIC avapépovTal O
Mia KAWVIKR) ovToTnTa Tou mephapfBdvel emdeivioon twv
OUUMTWPATWY TOU doBuatog mepi TNV Euunvo puon.
Mpodo@ata 0 ev Adyw KAIVIKOG @aIVOTUTIOC avagEpETal
w¢ avénon Twv acOUATIKWY CUUTITWUATWY 1 HeEiwon
NG TMVEVMOVIKAC AEITOUpYiag apéowe TPV I KATd TN
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S1dpKela TNG EPPAVOU PUCEWG TOU YuValKEiou KUKAou. O
OUYKEKPIPEVOC PAIVOTUTIOC €XEL UTTOAOYIOTEl 0TO 30-40%
TWV ACOUATIKWY YUVAIKWV®,

MoAovoTi amo Kaipou Bewpeital 0Tl Ol YUVAIKEIES
OPHOVEG evéxovTal oTnv Maboyévela Tou acOuatog, o
TIPAYMATIKOC OPHOVIKOG UNXaVIoUOG Sev gival EekabBapoc.
Avaloya pe to mepiBdAAov, TG00 Ta 0loTpoydva 600 Kal
n mpoygotePOvVN SUvavTal va AEITOUPYROOULV EiTE WG
TIPOPAEYUOVWBEIG i avTIPAEYHOVWEEIG 0pUOvVECE. OL
YUVAIKEIEG OPUOVEG AOKOUV ONUAVTIKEG EMIOPACELS O€
S1d@opouc PAeYUOVWOEIG HeECONABNTEC, OTA OLOETEPS-
@IAQ, TNV XNMELOKivVN IL-8 Kal TN XNMEIOTAKTIKA TTPWTEIVN
TWV JovoKkuTtapwv. Mia mbavn e€\ynon yla Ti¢ KUKAL-
KéC alayéc otn cofapotnTta Tou doBuatog sival 6Tl n
Aepgokuttapiky TH1-TH2 1copporia katd tnv éuunvo
puon petatomiletal mEPIGCOTEPO PO ToV TH2 TUTTO 0TO
TEPIPEPIKS aAipa’®.

‘Exel Se1xOei 611 Ta 010TPOYOVA pETABANNOUY OnpavTL-
KA TNV Tapaywyn, TNV Kabapon Kat 1o HETABOAIGUO TNG
kopTI{OANC. EISIKOTEPA N TTPpOYECTEPOVN avTaywvileTal
NV KopTI{OAn oToug UTTOSOXEIG TWV CUVOEOUEVWV UE
TNV KoPTI(OAN CPAIPIVWY Kal N oloTPASIOAN auédvel Tnv
TTOPEAYWYH TWV CUVOEOUEVWV LIE TNV KOPTI(OAN GOAIPIVWV.
Emiong, éxet mapatnpenBei onuavtikn Siagopormoinon ota
enimeda tng Beo@UANivng e§artiag peyalutepng kdBapong
Katd tn S1apKeld TNG EUUAVOU PUCEWG CUYKPITIKA UE
™ BuAakiwdn Pacon’?". Ta MaPAKATW XAPAKTNEIOTIKA
TwV acOuaTIKwV acBeviiv a@opolV OTO GUYKEKPIUEVO
KAIVIKO @avotumio: 1) HeYOAUTEPOC KATAUAVIOC KUKAOC,
TIEPIOCOTEPN TTPOEUUNVOPUOIAKI évTacon Kal UPnAOTEPN
TTAPOUCIa AANEPYIKWY, MOAUCUATIKWVY Kal PUXOAOYIKWV
TapayovIwy, 2) avénuévn Baputnta acbuatoc (mepto-
O0OTEPA CUUTITWHATA, GAPHAKA YPHYOPNG AVAKOUPIoNG,
xapnAdtepn PEF kat FEV1), 3) mepimou TpumAdctog aptBuodg
ETIELYOUOWV EMIOKEPEWV Yla Kpion AcOUaTog amod Toug
AvOPEC, YEYOVOC TTOU GUVOEETAL XPOVIKA E TNV EUPNVO
puoT, 4) CUXVOTEPEG EI0AYWYEG OE VOOOKOEIQ OKOMN KAl
HE PNXaVIKO agpLopd’o8T,

OAETMONQAEIZ OAINOTYTIOI

H Siamiotwon tn¢ pAeypovwdoug Uoew Tou acOua-
TOG €ival iOWG TO ONUAVTIKOTEPO ETTEVYUA OTNV KATAVO-
non tn¢ maboyévelag TnG vOoOoU Kal 0Tov KABoplopo TG
PAPUAKEUTIKAG Beparmeiag Tou dobuatog, yeyovog mou
odnynaoe otnv e€AMAWON TG XPONG TWV ELCTIVEOUEVWV
KOPTIKOOTEPOEISWV Kal 0TNV KABIEPWAOT TOUC WE PAPUA-
KWV ekAoyn¢ otn Bepamneia Tou doBuatoc. Ot pAeypovw-
Se1g pavotumol puropei va xapaktnpifovtat amd emipovn
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NWOIVOQPIAIKN KAl OUSETEPOPIAIKY SINONGN, EVW O ANNEG
mepIMTWoelg Sev mapatnpeitat dindnon eAeypovwdwv
KUTTApWVZA, AuTtoi o1 @avoTumol OAO Kal TTEPIOCOTEPO
ouoxetiovtal pe 181aitePEG KAIVIKEG Kal pualorTabolo-
YIKEC PAeYHOVWOELC Kal emavopOwTikég Stadikaoieg'> 3,
JuvABwg Ta @Aeypovwdn KUTTApPA gival mapovTa Kal
EVEPYOTIOINUEVA OTOUG AgPAYWYOUC aoBevwv pe oofapd
aoBua, mapd tn Oepamneia, aAa n emidpacn Toug oTov
€\eyxo Kal oTn Baputnta tng voéoou Sev gival cagnc. Xe
aUTA TNV KATNyopia KUTTApwv avAKouv, EKTOG amod ta
NWGoIvO@IAa KAl Ta OUSETEPOPIAQ, Kal TA T-AEIPOKUTTAPA,
TO HOOCTOKUTTAPA, T HAKPOPAYA KaBw¢ emiong Kal Ta
SOUIKA KUTTAPA TTIOU CUMUETEXOUV OTIC GAEYUOVWSELG
Siadikaocieg kat otnv avadiapdpewon oto actua.

HQZINO®IAIKO AZOMA

To NWGOIVOPIAIKO ACOa ATTOTEAE TOV TTIO UEAETNUEVO
maBoloyiko acBuatikd @awvoturno. Ta nwotvo@iAa €xouv
mapatnpnBei oe Sidpopa MocooTd ota NMTUENQ, OTO
BpoyxokuPeNSIKO EkAuUA Kal og evOOBPOYXIKES Bloyieg
TOAWV acOuatikwv. MeNETEC 01 oTTOiEC £XOUV ATTOKAAUYEL
NWOLWVOPIAIKO @atvéTuro amo e€€taon MTuéAwV A Blogia
o€ aoBeveic pe moikiAn Baputnta dobuatog, katéAnéav
010 ouumépacpa 0Tt 1o 50% Twv acBevwy £X0uv NWOl-
VO@IAIKN) CUPMETOXN. Ta nwovo@Iha uropei va givat
£vag onUavTikOg BloAoyikog SeiKTng yia oplopéva Baoikd
XOPOKTNPIOTIKA Tou coBapou doBuatoc. MNa mapadsyua, n
opdda twv Bumbaccea et al.* cuoxétioe Tnv mapouacia tng
XPOvIag amd@pa&ng Twv agpaywywy U TNV NWOvoIAia,
1000 otantVela (OR 7.7) 600 kat oto aipa (OR 6.3). Xpnot-
pomowvTag kpitrpta mou mpdteivav ot Wenzel kai Busse’,
T0 cofapd AcBua pmopei va XxapaktnpPIoTel we OeTiko
NWOoIVOPIAIKS (Eos+) Kal wg apvnTIKO NWOIVOPIAIKO [Eos-]
avTioTolya, CUUPEWVA LE TNV TTAPOUSia A N NWoIvoPiAwy
ot1G evoopoyxikég Bloies. Ot Eos- Bloyieg teivouv va
givatmovaolec og oudeTepOPIAa. To NWOIVOPIAO KUTTAPO,
HE TNV SuvaTtdTNTA TOU Va ATTEAEUOEPWVEL PAEYUOVWSEIC
pecolafinTécg, ouxvd amoTe)ei To Kupiapyo KUTTapO ou
oényei otnv avamnvevoTiky SucAertoupyia oto dcbua.
MepIKEG HENETEG €XOUV TIPOTEIVEL OTL N NWOCIVOPIAIKA
@Aeypovn avédvel pe Tn cofapotnta TnG voéoou, alld
npéogata Sedopéva apeiofnTouv To Baciko poAo Twv
nwoivo@ilwv otnv maboyévela Tou dobuatoct83, Emipovn
nwaotvo@ihia kai evepyoroinon T-KuTtdpwv o€ cuvOuaouo
ME XPrioN KOPTIKOEISWV, OTIWG EXEL PAVEL ATTO UENETEC OTO
XPOVIo AoBua,#8+85 ymodelkvUEl 0TI T KOPTIKOEISH Ogv
MEWVOULV EMAPKWCE TN pAeyovwdn Stadikaaia. H peNétn
ENFUMOSA,™ av kat v katdpepe va amodei&el oNUAVTIKEC
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S1apopéc oTov TANBUCUO TWV NWOIVOPIAWY PETA&) TwV
opdadwv Twv acOuatikwy acBevawy, n emipovn mapouacia
TWV NWOVOPIAWY 0TA TTPOKANTA TITUEAA KAl N TAPOoUTia
avénuévwy emmédwv LTE4 kat EPX ota oupa, mapd tn
Beparneia e KOPTIKOOTEPOELDH, SeiXVEL OTL N GAEYHOVWELG
Siepyaoieg oto cofapd acOpa Sev eEAéyxovTav EMAPKWG.
Emiong n opdda twv Miranda et al.%? £de1§av 611 2 aTOUG
3 acBpatikol¢ pe cofapn vooo, epeavi{av NwotvoeiAa
o€ PBloyieg, mapd tn Xpovia Bepareia pe vPnAég SOoEIC
otepoeldwv. Arrd autd Kal aAAa SeSouéva TTPOKUTITEL
éva onUavTiko XapaktnploTtiké Tou oofapol dcbuatoc:
aVTIOTAON OTIC EVEPYETIKEC EMOPACEIC TWV EICTIVEOUEVWV
KOl CUCTNHATIKWY OTEPOEISWV.

H emipovn nwotvo@INikn eAeypovi 0to cofapd dobua
ouxvd ouoxetiCetal pe évapén véoou otnv eviiikn {wn
Kal evalodnoia otnv acmpivn. Ot aoBeveig pe nwaotvo-
@INIKH) PAEYUOVT) £XOUV CUXVA EVTOVOTEPA CUUNTTWHATA,
XELPOTEPO ENEYXO TNG VOOOU Kal HEYAAUTEPO Kivduvo yla
TaPO&UVOEIG O GUYKPLON LE TOUG A0BEVEIG TwV AANWV
PAIVOTUTIWV>88,

Ot unxaviopoi TG NWOIVOPIAIKAG PAeypovig Sev
gival mMA\ipw¢ yvwoTtoi. H avayvwplon evéc nwaotvogl-
AlkOU @aIvoTUTIOU YIVETAL E TNV AVAAUON TWV TITUEAWV
kat Tnv evdoPpoyxikn Bloyia. Emmpdobeta, n pétpnon
NG OUYKEVTPWONG Tou ekmvedpevou NO TTpoTdBnKe wg
gpyaheio otov MPooSlopIond Twv acBevwy UE Empovn
NWOIVOPINIKH GAEYUOVI.8# [evikdTEPA N CUYKEVTPWON
Tou eknveduevou NO ocuvdéetal pe Tov aplBud Twv nw-
owo@ilwv ota mtueha fj 6Ta VAIKA Bloyiag, akdun Kat o
aoBeveic mou AapBdvouv uPnAéc SOCEIC KOPTIKOOTEPOEL-
Swv.B O1 BeparmeUTIKEG OTPATNYIKEC TTOU XPNOIomoinoav
1o ekmvedpevo NO yia mpoadiloplopd TG BepameuTIKA
800NC TWV KOPTIKOEISWV, NTAV PEXPL TTPOOPATA AU@PINE-
YOueVEC.E QOTOO0O0, TEAEUTAIEG HENETEC TTAPEXOULV BETIKA
amoteAéopata and tn xprion tou NO wg odnyou yia tnv
amoteAeopaTIKOTEPN Bepameia Tou AoBuatoc.®*®! To
KOTA TTO0O N NWOWVOQPIAI ATTOTEAE] POVIPO QAIVOTUTIO
N @AVOTUTIO EEAPTWHEVO ATTO La CUYKEKPLUEVN Oepa-
meia | anmd ouyKeKpIUEVO eMimedo eAéyxou TNG VOoOU,
TIOPAMUEVEL AVTIKEIUEVO YA TTEPAITEPW PENETN. Map’ OAN
NV amodedelyuévn TAPOUGIa EMUOVOU NWCIVOPIAIKOU
(@alvoTtUTIoU O€ pia avahoyia aoBevwv pe PETPLO TTPOG
oofapd acOua, duo peréteg €de1§av 0TI N NWOIVOPIAIKY
QAeypovV PmopEi va ugiotatal oe peyaliTtepn avalo-
yia aoBOuaTiKwy aoBevwy, o oXEan HIE TO Tl (OXUE PEXPL
OTIYMNAG, KaBW¢ Twpa Bewpeital 6T NWOIVOPIAIKN QAEY-
HoVK UTTOPE( va UTTAPXEL OE AITOUAKPUOEVA ONMEIQ TOU
TIVEUOVQ, TA oTToia Sev UMopPoUV va eKTIUNOOUV PE TIC
YVWOTEG UTTAPXOUOEG PeBOOOUC. T € pia PeNETN, TiEPITTOU TO
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50% Twv aoBevwv e coPapd aoBua, ol omoiol avrkav o€
HN NWOWVOPIAIKO @avoTuTo, anodeixOnke apyotepa ot
EUEAvICav NWOIVOQIAIKH GAEYLOVI] O€ ATTOUAKPUOMEVA
onueia Tou mvebova?22,

lowg n omoudaidtnTa Kat avaykaldtnta Tou mpoadi-
0PLOPOU EVOC A0OUATIKOU PAIVOTUTIOU EYKEITAL OTO OTLN
e€e1b1keupévn Slaxeiplon Tou KABE @aIvOTUTIOU BEATIWVEL
TO amoTé\eopa TNG Bepareiag. YIapXouv HEAETEG, OL OTIOIEG
eméAe€av w¢ oTOXO 1O Mimedo TNG NWOIVOPINIKAG PAEYO-
VAG 0TO 0XeSIA0UO TOUG Kal £0€L&av 6T1 0 TTPOTSIOPIoUOS
kat n Slaxeipion TNE NWOIVOPIAIKNAG GAEYUOVAC UITOPEi va
obnynoouv og BeAtiwpéva anoteAéopata. AUO, EupEeiag
KALOKOG HOKPOXPOVIEG LENETEG £XOUV OUYKPIVEL TIC Bact-
Kéc kateuBuvnplec odnyieg Bepaneiag pe pia BepameuTikn
TPOGEyylon avaloya Ue Tov aplOud Twv NWovogilwyv
oTaTTUENO?>%, ZTNV MPWTN UEAETN, N omoia mepINdUBave
nepiodo Bepamneiag evog £Toug, n BepareuTIKR TTPOCEYYION
aQOPOUCE OTNV UEIWON TOU apIBPOU TWV NWCIVOPIAWY
OTATITUENA GE TTOCOOTO MIKPOTEPO TOU 3% TOU CUVOAIKOU
TANBUOHOU TWV PAEYHOVWOWV KUTTAPWV. AUTO 061 ynoe
oe \yotepeg ooPapég mapo&Uvoelg AoBuatog, xwpig ou-
olwoén Slagopd TG S0ooAOYIAg TWV KOPTIKOOTEPOEIOWV
OUYKPITIKA JE TNV TIPOCEYYION CUM@PWVA HE TIC BACIKEC
katevBuvTripleg 0dnyiec. 161a cupmepdopata mpogkuav
Kal amé tn SeUTEPN €UPEIAC KAPAKAG LEAETN.

Ot unxaviopoi TG NWoIVOPIAIKAG GAEyHOVH G Sev gival
EMAPKWCE KatavonToi. MoAovoTi n IL-5 kat n eota&ivn amo-
TENOUV SUO MAPAYOVTEC LE NWOIVOPINIKOTAKTIKA Spdon
Kat éxouv Bpebei aufnuévol oto AoOua, peréteg édei€av
OTI N OTOXEVMEVN HEIWON TWV TTPOPAEYUOVWSWV AUTWV
pecorafnTwv Sev ouvOUACTNKE HE avaAoyn KAVIKNA
BeAtiwon®?®4, EvtoUTolg, TpOoQATEG LENETEG OTOXEUUEVNG
Bepamneiag pe mepolizumab, éva avBpwrelo LOVOKAWVIKO
avtiowpa (mAb) pe cofapég avti-IL5 1816TNTEC, TO OTTOIO
800nke o€ aoBeveic ue nwaovoPIAikd acBua, é6e1€av ot
EKTOG ammd PEiwon Twv NWOoIVoPiAwy, TapatnprOnke Kal
peiwon Twv mapo&uvoewv®>, Emouévwe n Bepareia pe
mepolizumab Ba pmopoloe SuvnTikd va anoTeNEoEL pia
Bepameia yia TV NWOIVOPIAIKK VOGO GTO PENNOV.

OYAETEPOOIAIKO AZOMA

To cofapd dobua umopei, emiong, va cuvdéetal pe
oubeTEPOPINIKN] PAEYHOVN'®?7, aANA O akpPIBNG POAOG
TWV oudeTepoPilwy Mapapével adleukpivioTod. MoAhoi
acBeveig pe oudetepo@IAkn PAeypovh evdéxetal va
gp@avifouv cuVUTIAPXOUCA NWOIVOQPIAIKY GAEYHOVN,
Siamotwpévn o€ BloYia 1I0ToU, VW TAUTOXPOVA amtd TNV
£€£€Ta0N TWV TTUEAWV TOUG VA TIPOKUTITEL UTTEPOXTH OUdE-
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TEPOPIAWV N NWOIVOPiIAwV, To oudeTePOPIAIKO doBua
ouvavtdrtal ouviOw¢ og acBeveic ue oofapry mdbnon
Kat €xel SlamotwOei oe vekpoTopEG aoBevwy, ol omoiol
méBavav auéowe Petd amd pia ooPapn mapoguvon®.

H attia T¢ oudeTEPOPIAIKNAG PAEYHOVIG OTO AcBua
Sev givat minpwg katavonTr. H cuoxétion pe 1o cofapd
aoBua iowg amodidetal otn Bepaneia pe vPnAég SOOEIG
KOPTIKOOTEPOEISWY, TA OTTOIA PEWWVOUV TNV aménTwon
TwVv oudeTePOPiAWV in vitro®. H oudetepoihia pumopei va
gpgaviletal we pia adtakorn Sindnon KUTTAPwWVY armod TNV
QIHATIKA KUKAO®@Opia e€altiag Tou ouveXoUg avTyovikoU
gpeBIopOU TV Ppdyxwv 1 e€artiag Twv VYPNAWY CUYKE-
VIPWOEWV TwV oTePOEdWV. Oplopévol pecolafnTEg,
ouvdeopevol pe Ta ouSeTepOPINa (AeukoTplévio (LT)B4,
wvtepAeukivn (IL)8, evepyomoldg mpwteivn (AP)1a, TNFa)
@aivetal 6T1 ivat avénuévol oto gofapd acOua®. Ot pe-
ocohafntég autoi mpokalouv xnuetotaéia, evepyomoinon,
avénon ¢ empiwong oudetepoPilwy Kal evepyoroinon
Twv popiwv evboBnAiakng mpookdAAnong. O urtodoxéag
Tou emOnAakoL avéntikov mapdyovta (EGFR), évag S¢i-
KTNG TNG emONnAaknS PAARNG, eivatl auénuévog avaloyika
pe TN Baputnta TNG vooou. H ékppaon tou EGFR oto
Bpoyxikd emBrAo cuvdéetar pe tnv IL8, umodeikviovtag
€101 611 0 EGFR pmopei va ouvelo@épel otn dtatrpnon g
OUSETEPOPINIKNAG PAEYHOVNG'®,

O oubEeTEPOPINKOC PAIVOTUTIOC PAIVETAL VA AVTATIO-
KPIVETAI MYOTEPO OTA KOPTIKOOTEPOELST, ATIO TOV NWOIVO-
@IAKO @avoTunio'™!, Avti-oudetepo@IhikéG Bepareieg Sev
€XOUV CUOTNUOATIKA PEAETNOEL, emopévwg Sev undpyouv
MENETEC TTOU eMITUXNUEVA OTOXEVOLV OTn Beparneia Tou
OUYKEKPLUEVOU QAIVOTUTIOU.

QAINOTYMOX AXOMATOX ME AMNMOYZIA
AY=HXZHX KOKKIOKYTTAPQN

To doBpua anoé 30stiag Touhdylotov, Bewpeital wg
PAeypovWENE TTABNON, OpWC TTOANEG peNETEG Seixvouv OTL
UPioTATAl A0OUATIKI KATAOTAON E Amousia avayvwpl-
OUEVNG EICPONC PAEYHOVWSWV KUTTAPWYV OTTWE NWOIVO-
@ilwv, oudetepoilwv N Aep@okuTTapwv®, H pAeypovr
pmopei va epgavifetal pue Aiyotepo cUVABEIC XOPAKTAPEG,
mOavwg, Adyw evepyomoinong Twv evOOYeVWV KUTTApWY
TOU TIVEUOVA OTIWE TWV LACTOKUTTAPWY, EMONAIOKWVY )
MUTKWV KUTTAPWV. AUOTUXWG, V1A TO GAIVOTUTIO QUTO TOU
aoBuaroc, Sev éxouv mpoaodloplobei Blohoyikoi SeikTec.
Qaivetal amd pePIkES peNETEC OTL 01l aoBeveic auTtou Tou
TUmou Sev avtanokpivovTal 0Ta KoPTIKOEISN Kal avtifeta,
N HEIWON TWV KOPTIKOEIOWY UITOPEL va €ival amoTeNe-
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opatikdtepn 2 OnwodrmoTe OUWC, TIPETEL VA upioTaTal
avénon g YAeypoViG 0Toug aoBeveic autoug Katd Tn
Sidpkela evdg aoBuatikoL mapofuopou 1 we anavtnon
0TN MEiwon TwV KOPTIKOEIOWY £TOL WOTE, TEAIKA, auTtoi
ol aoBeveic va mapouaciacouv apydtepa avénon Twy
KOKKIOKUTTAPWV TOUG.

FONIAIA KAl AZOMA

Oplopéva yovidia mou 6N €xouv avayvwploTel, mepLé-
XOULV TTOAUHOP®IOPOUG TToU eMnpedlouv TNV avdamtuén Tou
QAVOOOTIOINTIKOU KAl AVATTVEUCTIKOU GUOTHATOG KABWE
Kal TNV amavinon otnv ékBeon og mepIBAroOVTIKOUG
mapayovteg, avdvovtag €tal Tov Kivduvo avantuéng
acBpatog. MNavw amd 100 yovidia éxouv avagpepOei va
ouvoéovTal e To AoBUA Kal OXETIKOUE PaVOTUTIOUC OTTWG
m.x. Ta NOS3, FCER1B, IL4RA, ADAM33, GRPA, SPINKS5,
ORMFL3, MYLK, ECP, CYLTR1, CD14 kalt pepIKoi amo Toug
Toll-like uodoxeic.'®'% To 2006-2007 pdvo, uriripxav 53
urioyriplol cuvduacpoi yovidiwv otn BipAloypagia’s,
STIG LEAETEC TIPOTEIVOVTAL CUYKEKPIUEVOL YOVOTUTIOL TIOU
evdéxetal va oxeti(ovtal pe To AoOpa TToU EPPEVEL OTNV
evAAIkn {wn. Mia pelétn €6&1€e 6L acBuatikoi aoBeveic
opoluywteg Arg16-Gly27 gixav tdon va epgavifouv
gnmavalappavopeva enelcddla OTUPITTOVCAC AVATIVONG
W¢ eVAMIKEC. EvTouTolg, autdc o Tumog mapouotddel pikpn
ouxvoTnTa (3%) 0Toug ACOUATIKOUC eVANIKEC'®, EmmAéov
0 TUToC¢ Tou Yovidiou Tou adpevepyikol urtodoxéa 2
€MNPEACEL TN HAKPOXPOVIA AmTAvTNoN 0Toug B2 SleyéPTEG
Kal ol acBeveic mou &ival ouolUYWTEC OTIC HETANNAEELG
Arg-Arg, iow¢ Ba émpere va amo@elyouv Touc B2 SleyépTeg
otn Beparneia Tov AcOuaATog Toug' .

H yevetikr Siepelivnon tng mpodiabeong docbuatog
givat ouvBeTn. Mepikég popég o idlog yovoTumog eubu-
VETAIL yla mpooTacia f kivbuvo dobuatog, avdloya ue
TIG EKAOTOTE TIEPIBANNOVTIKEC EMOPAOELC.

MOPIAKOXZ KAOOPIZMOX OAINOTYNQN TOY
20OBAPOY AZOMATOX

‘Exe1dn avapepOei mapamdavw 0TI TOUAAXIOTOV PEPIKOL
aoBeveic pe coPfapo acbua xapaktnpiovtal Katd KUplo
AOyo €ite amd oubeTEPOPIAIKN EITE ATTO NWOIVOPIAIKN
@Aeypovn otic evdofpoyxikég Blogiec™E, OL aoBeveic
HE NWOIVOPIAIKO AoBua, EIBIKOTEPA AUTOL UE TTPWIUN
€vapén vOoOU Kal GXETIKI avadlapoppwaon agpaywywy,
gp@avifouv avénuévn enimtwon oxedov Bavatneopwv
ouppaupatwv. Qotdoo, gival Suvatov va PNV UTTAPXOUV
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S10¢popéC PETA&Y TWV NWOIVOPIAIKWY KAl TWV PN NWOol-
VOQINKWV PavoTUTwv?, Zuvdua{OEeVEC AUTEG OL TTapa-
penoelg umodnAwvouv 6Tt To coPapd acbua eival pia
lOTONOYIKA eTEPOYEVAC Slatapayn yia Tnv oroia dev €xel
BpeBei akduN pia avTtikelpevikr péBodog Slagopomoinong
TWV CNUAVTIKWY KAIVIKWY UTTOTUTIWV.

Ot aoBeveic pe coBapod dcbua dev epgavifouv ma-
VTOTE TIG iO1EC PAeypovwdelg Sladikaaiec, yeyovog mou
urodnAwvel 6Tt iowg ekppdlouv Kal 181aiTEpoUC TUTTOUG
KUTTOPOKIVWV OTOUG AEPAYWYOUE TOUG, OUYKPIVOUEVOL
pe aoBeveic pe un coPfapd acbua. H opdda twv Brasier
et al.2 epevvnoe TNV uT6O=0N AUTH CUYKpPivovTaC PE
e€e1dIKkeupEVEG UEDOOOUC TNV EKPPACN TWV XOPAKTPWV
TWV KUTTOPOKIVWV TWV AEPAYWYWV OTO BPOYXOKUYEAL-
S1kd ékmAupa (BAL) duo 10060vapwy opddwv acBevwy
pe ooPapd kat pn coPapd acOua. H tehiki mpoBeon twv
EPELVNTWY NTAV Va KaBopicouv eMapKWE Toug acBua-
TIKOUG @avéTuioug emi Tn BACEL TWV HOPLOKWY Xapa-
KTApwvV Touc. Ta amoteAéopata Tng HeEAETNG €6e1av Ot
4, ave&dptnteg Bepaneiag, opadeg (G1-G4) aoOuatikwv
@aVoTUNWV UImopolcav va avayvwpeloTOUV OTATIOTIKA.
H oclykplon Twv opddwy autwyv petadL Toug €de1€e 6Tl
olouddeg Siépepav o€ TEPIOOOTEPEC ATTO 15 PETABANTEC
ME ONUAVTIKOTEPEC TOV KUTTAPIKO MANBuoud Tou BAL
(NWowoEINg, KUPENSIKA HaKPOPAYQ) KAl TIG LETPHOELG
NG VeUUOVIKAG Agrtoupyiag. H opada G1 mepieAdppave
0a0BeVEiC ue onuavTiKA pelwpévn FEV1, FVC katavaotpe-
PiudTnTa Pe T BpoyxodlacTolr KaBwe Kal UPNAEC TIUES
IL2 mou kaBopicOnoav w¢ acBeveic pe coapd dcbua
oUP@wva Pe Ta Kpitripla Tng ATS. AvtiBeta, n opdda G2
Tepleixe aoBeveic Ue TIG KOAITEPEG TIMEG TIVEUUOVIKIAG
Aerroupyiag kat upnAéc Tipéc IL-1Ra mou kaBopicBnoav wg
aoBeveic e un coPfapo acBua cUUPWVA LE TA KPITHPLA
ATS. H opdda G3 €ixe acBeveic pue uPnAég TIpéG IL10 evw
n opdda G4 gixe aoBeveiq pe avénuéva emimeda IL-2R kat
AAEC KUTTAPOKIVEC. Q¢ TIPOYVWOTIKOI TTAPAYOVTEC TNE YA
v opdda tou coPapou dobuatog (G1) avayvwpioTnkav
a6 Tn YeAéTn Twv Brasier et al. 6éka kuttapokiveg mou gival
OLTIAPAKATW AVAAOYA PIE TN ONUAVTIKOTNTA TOUG : IL-1Ra,
MIP-1a, MIG, IL-15, IL-2R, IP-10, IL-4, IL-6, MCP-1 kau IL-2.
Emiong, otn peAétn autn, n otatioTikr Siepelivnon édeiée
OTITTPOYVWON TNG AuéNUEVNG ATTAVTNONG OTN JETAXOAIVN
pmmopoUoE va yivel pue 88% akpifela. Ot KUTTAPOKIVEC Ol
OTI0IEC XpNolpomolOnKkav oTo povtélo autod tav ot IL2,
IL4 kat IL5. Baoel autng Tng tagivopnong, 3 EexwploTég
OMASEC UE auENUEVN ATAVTNON OTN UETAXOAIVN, EUPAvIcav
S1a@opéc oTov NWOIVOPIAIKO TANBuoS Tou BAL kat otn
PC20 petayoAivng.

AuTi n peNétn mapeixe Tnv mPWtn anodeién ott ou-
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YKEKPIMEVOL TUTTOL KUTTAPOKIVWY UTTOPOUV VA AVIXVEUTOUV
Kal va epunveuTouv oto BAL acBuatikwy acBevwv kalva
OUVEIOPEPOUV €TOL QVTIKEIUEVIKOTEPA OTNV TA&IVOUNON
NG MABNoNC. O1 CLUYYPAPEIC EPUVELTGAV AUTA TA ATTOTE-
Aéopata mpoteivovTag ol aoBeveic e mapopola KAIVIKA
XOPOKTNPIOTIKA VO OTTOTEAOUV CGUUTTAEYHO ETEPOYEVWIV
UTTOTUTIWV O1 OTIO{0L UTTOPOUV VA S1aXWPLOTOUV TIEPAITE-
pw i TN BACN TWV XAPAKTAPWY TWV KUTTAPOKIVWY TOU
BAL. Qaivetal emopévwg, 0TI OTIC AVATIVEUOTIKEG EKKPIOELG
avayvwpifovtal VEeg ONUAVTIKEG SIAYVWOTIKEG KAl TTPO-
YVWOTIKEG TTANPOPOPIEC TTOU SEiXVOUV OTL N LENAOVTIKN
€PEUVA YIa TNV KAAUTEPN TAUTOTTIOINON TWV BlOAOYIKWV
Sektwv Ba givarl e€alpeTikd fondnTikn.

ZYMNAETMATA OAINOTYNQON

Ot aoBeveig mou macyxouv amo dcBua epgavifouv
XOPAKTNPLOTIKA Sl0QOpWV GAIVOTUTIWY, YEYOVOC TTIOU
Snuioupyei SuokoAieg otnV amoAuTn emAoyry acBevwv
YO GUMHETOXH OE EMIONUIONOYIKES 1) EPEVVNTIKEG UENE-
TEG APEVOG, KAl OTNV EPUNVEIQ TWV ATTOTEAECUATWY TWV
MEAETWV AUTWV, APETEPOU. POCPATEC TTEPIYPAPEC TWV
aoOUATIKWY QavoTUTTwV TTEPIoPIfoVTaL ATTO UTTOKEIUEVIKO-
™ra kal mtwyr ouvoyr. EmBaietat houmdv n dSnpioupyia
€VOC OUYKPOTNUEVOU CLUOTHMATOC Talvounong Tou va
aloloyei Tnv moAudidotatn @uon Tou AcBUATOC €101
woTe va poodiopilel ummoopdadeg acBevwv e ta idla
XOPAKTNPEIOTIKA vOooou'', Mia onpavTiKn LEAETN amo
Toug Haldar kai ouvepydtec''?, €xel mpoTeivel TNV avaluon
TWV AoOUATIKWY TTANBUCUWY CUUPWVA PE CUUTAEYUATA
@avotunwv (clusters) mou mepthapBdavouv umoouddeg
Sla@OPWV XAPAKTNPIOTIKWY Tou AcBUATo , Ue OKOTIO TNV
aPTIOTEPN EPUNVEIA TWV SIAPOPWV TTOU TTApATNEOUVTAI
oTa amoTteAéopata TG Bepamneiag Tou AoBuaToC. X' autnv
N MENETN, opadeg acBevwv pe kab'umepoyn Ra TPOG
uétpla véoo, ol omoiec mapakoAouBouvTtav oTn TPWTO-
BaBuia @povtida vyeiag, cuykpiBnkav pe acBeveic pe
Suokolo otn Beparneia doBua mou avtipeTwrmi(oviav
otn 6eutepoabuia gpovtida uyeiag. ZUPMANPWUATIKA
Ol CUYYPOAQEIC AUTAC TNG LEAETNG, CUVEKPIVAV SIOPOPEC
OE TTAPAUETPOUC TOU A0OATOC (CUXVOTNTA TTAPOEUVOEWY
Kal peTaforéc otn 66on Twv KOPTIKOOTEPOEISWV o€ 12
MNVEC) o€ pia AN opdda acBevwv pe SUoKoAo AcOua,
€iTE ENAXIOTOMOLWVTAG TNV NWOLIVOPIAIKY GAEYHOVH OTa
ntUeNa (OTpaTnyIk Bepamneiag kaBodnyoupevn amod tv
@AeyPOVI) EITE PE TNV KAAGIKH KAVIKI QVTILETWITION TNG
VOOOU. ZUUQWVA E TN MEAETN, 2 AVOTUTIOL (CUUTAEYHATA
XOPAKTNPIOTIKWYV - clusters), To mpWIUNng évapéng atomko
aoBpa kat To acOpa MaxvLoaPKWV AcBevWY Pe amouaia
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NWGoIVoPiAwv ATAV KOIVA Kal 0TouS TTANBUGCHOUG UE 1TTIO
n/kal HETplo doBua kat otnv opdda tou SUCKOAoOU GTN
Bepamneia doBpatog pe TN Siagopd oTL n fapuTnTa TWV
XOPAKTNPIOTIKWY Tou doBuatog kabe opddag ftav avd-
Aoyn ¢ Baputntag Tou doBuatoc. AvtiBeta, SUo Aot
@awoturol (clusters) mou xapaktnpifovtav améd onuavTikh
ACUUPWVIa aVAPESO OTNV EKPPACT TWV CUUTITWHATWY
KO 0TNV NWOIVOPIAIKI GAEYHOVH TWV AEPAYWYWV, OTIWC
€ival To mMpWwiung évapéng atormikd acOua kat 1o kabuoTte-
pnuévng évapéng doBua pe urrepoxr TNG AEYHOVIAG TwV
agpaywywy, nTav e1d1koi yia 1o SUokoAo dobpa. H kabo-
SnyoUuEevVN a6 TN GAEYUOVH OTPATNYIK AVTILETWITIONG
NTAV ATTOTEAEGUATIKOTEPN Kal GTOUG SUO AUTOUC TUTTOUG
aoBpatog: peiwon TnG ouxvoTNTAC TWV TAPOEUCUWY
0TO AoBua pe auénuévn QAEYUOVH TWV AEPAYWYWVY KAl
peiwon ¢ 660N¢ TwV KOPTIKOOTEPOEISWY 0To AoBua
UE UTTEPOXNA TWV CUMMTWHUATWV.

Ma mapdadetyua, XPNOILOTIOIWVTAG IA TTIPOGEYYION TNG
vooou kabBodnyoupevn amo tnv umapén eAeypovwdwv
KUTTAPWV 0Ta TTUENQ, 0TNV TTEPITTTWON TOU TTAXUGAPKOU
HN NWOIVOPIALKOU PAIVOTUTTIOU, O OTTOI0C 0T UEAETN TWV
Haldar et al. nTav kowvég kal otoug SUo MAnBuouoUG Tou
AoV TTPOG METPLO AoBua Kal Tou cofapol dobuatog,
TA CUUTTTWHATA SEV CUOXETICOVTAV PE TNV NWOLVOPIAKA
PAeypovA TwWV agpaywywv. Aedopévng Tng avayvwplopé-
VNG ouoxétiong Petadl TG NWOIVOPIAIKNAG GAEYUOVAG Kal
NG AvTanmOKPIoNG OTA OTEPOELSN 0TO AGOUa, N avaQe-
POUEVN aVTIOTAON OTA OTEPOELSH OTOUC TTAXUOAPKOUG
a00eveic'' umopei ev uépet va e€nynBei amo tn un umapén
nwowvo@ilwv ota ntuela. Emopévwg, xpnotpomolwvtag
N oupPatikr KAWVIKA OTPATNYIKN AVTILETWTTIONG TOU
aoBpatog, Xwpig EAeyxo TOU TUTTOU TNG PAEYHOVIC TWV
aEpAywywy, urmopei va undpéel auénuévn xprion KopTi-
KOOTEPOEIOWV YLa TNV AVTIMETWITION TNG TTABNONG XWPIC
OUCLOOTIKN BEATIWON TWV CUUMTWHATWY VW, TMOAVWC,
OTPATNYIKEG TTOU BEATIWVOULV TN CUUMOPPWON oTn Bepa-
nieia Ba prmopoucav va €Xouv KAAUTEPO ATTOTEAECA.

To akoAouBo ke@dhaio: “XapaktnploTika acBevwv” Ba
pmopovoe mbavotata va €nynBei amd tnv mapamdvw
Ta&lvéunon Twv acOuatikwy acBevwv Kal S1a@opETIKOI
TPATOL AVTIPETWITIONG Ba urmopoucav va Snuoupyrnoouvy
peyaAuTepo BepameuTiko amotéheopa. Mepaitépw épguva
amnarteitat yia va ewtiobouv ot Suokolieg oTov mpoadio-
PIOUO TWV PAIVOTUTIWV.

XAPAKTHPIZTIKA AZOENQN

Oneploootepol acBuatikoi aoBeveic Sev akodouBolv
TO XOPOAKTNPIOTIKA €VOG Kal LOVOV pAIVOTUTTOU aANA

[INEYMQN Tedxoc 30, Téuog 230¢, lovAiog - ZemtéufBpiog 2010

TIEPIOOOTEPO TaAIPIAloUV PE TTOANOUG pavoTuTIouG. Auo
TIEPIMTWOELG A0OEVWV amd TNV TIPOCWTIIKA HAG EUTTEIPIa
avadelkvlouv autr TNV aAANAeEAPTNON @AIVOTUTIWV.

H mpwtn mepimtwon gival pia EAAnvida mou yevvi-
Onke mpdwpa 10 1964 pe UIKPS BAPOC KATA TN Yévvnon
(1,5kg). Exel wa povoluywtikry adeAen pe dobua. Agv
KATIVIOE TIOTE Kal €XEL UN aToTiko doBua kat pivitida ano
™ oAU apxiki maidikn nAkia. H aoBevrc epydacOnke
emi 15 xpovia oe epyootdoio enefepyaaciag PappBakog
amné émou otapdtnoe to 2000 Adyw évtovng SuoTvolag.
Ydpxouv O0TO IOTOPIKO TNG Kal OUVeEXI{OUV Ol CUXVEG
E100YWYEC OTO VOOOKOLIEIO KAl Ol ETTEIYOUOEC EMOKEYPEIG
yla cof3apoug acBuatikolg mapo&uopolc, Xwpig, OPWG,
moTé va £xel SlaowAnvwBei. Mapouoidlel kabnuepiva
a0BUATIKA CUPTTTWHATA PE CUPITTOUCA avanvory, Brxa
Kal o@iélpo oto oTrBog mouv yivovtal eviovéTtepa KaTd
TNV EI0TIVON KPUOU a€PQ, KATIVWV A KATA TNV EMOXA TNG
(0N KaBWC¢ eMioNg KAl UE TIC AVATIVEUOTIKEC AOIUWEELC.
Me tnv mapodo Tou Xpdvou avEMTuEe yaoTpooloopayl-
KN maAlvépounon Kal amo@paKTIKA amvola atov UTvo,
av€nbnke to Bapog TN kat amd to 2002 SamoTwdnkav
pIvIKoi TOAUTTOSEC Kal lypopitida. Agv UTTOPE( VA EIWTEL
N peBUATTpedVICOAOVN KATW amrd 24mg/npuépa Xwpic va
maBe1 Mo cuxvoug acBuatikoug mapo&uopouc. Ektdg amo
N HeBUATIPESVICONOVN, N Bepaneia TnG mephapuPavel
uPnAéc 8ooelg cuvduaopoU KoPTIKOEIGOUG Kal 32 Sie-
YEPTWV HaKpAg Spaong, B2 taxeiag Spaong kat'emikAnon,
QAVTI-AEUKOTPLEVIKO, OUETPAlOAN Kal acPBéoTio. Ta eloTTvE-
OHEVA KAl CUOTNUATIKA OTEPOELSN EEKIVNOAV TOUAAXIOTOV
30 xpovia petd tnv évapén tou acOuatog tne. To 2005
£UEIVE 2 POPEC £YKVOG OANA e amToTéNeOHA TTAAivOpopo
KUNon o@eNopevn o€ XapunAo PO, kat kopeopo HbSO,. H
IgE TG gival xapnAn, kat étot dev pmopei va Aapel avti-
IgE Bepaneia. To 2006 mapouaciace UEPBUPEOEISIOUO,
o omoio¢ avtipeTwrtiCeTal amoteAeopaTiKA pe Bupolivn,
Kat KataBApn yia tnv omoia dev déxetal va mAPEL TAKTIKN
aywyn. Xt1a e§wTtepIKA aTpeia eAéyxetal ava fdopada
n MNVIaiwg.

H e€étaon €6e1€e éva rymio cushing mpoowmeio. H ao-
VIKA Bwpakog Seixvel Bpoyxektaaieg, Oev €xel AMNEPYIKA
Bpoyxomveupovikr acmiepyiMwon (RAST yia aomépyihho
apVvNTIKO, aVTIoWHATA apvnTIkA) kat Sev €xel, emiong,
ouvdpopo Churge-Strauss. Mpoo@ata, n ompouéTpnon
Seixvel amo@pakTikd cuvépopo ue FEV10.67L (34% tng
avapevouévng) kat FEV1/FVC 62% tng avapevopévng
TIMAG Xwpic amdvtnon otn BpoyxodlactoAn. H PO, ival
58mmHg kai n PCO, av€avel ae 50mmHg (6.7 kPa). Xpnot-
porolei O, kaBnuepva. Agv pumopei va eKTeAel EUKOAA TIG
KaBnuepvéC TG SpaoTnPIOTNTEG, £XEL coPapr lypopitida
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Kal Tuwdn amoxpeuPn otnv omoia €xel KAAgpynOei
OTPENTOKOKKOG 1] AIOPIAOG KAl VOONAEVETAL 3 POPEG
TO XpOVoO.

To doBua autng TG aoBevolc eival KopTIKoeEapTw-
pevo mou amartei VPNAEC SOTEIC KOPTIKOEIOWY Ao TO
oTéHa av Kal EAeyXog Tou doBuatog dev emTuyxdveTal
TOTE TANPWG. Agv €xel auénuéva nWovo@IAa oTo aiua
NG, N omoladnmoTe, OPWC, MPOOTADELa UEiwoNg TwV
KopTIKoeldWv Sev gixe emtuyia. EmmAéov, To dcOua autng
NG aoBevoug mapouctalel XapaKTNELIOTIKA Kal AANwV gal-
VOTUTIWV OTIWG TOU (PAIVOTUTIOU LIE CUXVEG TTAPOEUVOEIG N
HE HOVIUO TIEPIOPICUO TNE PONG KABWCE Kal EMAYYEAUATIKY
€kBeon og evdoToivn Tng okovng Tou BApBakog mmou mi-
Bavwtata emoeivwoe Ta CUPMTWHATA TNG. Ot epyaldpevol
o€ ene€epyaoia BauPakog emi meplocdTepa amd 10 xpdvia
mapouctalouv PaKPoXPOVIA ATTWAELA TNG TIVEUUOVIKAG
Aerroupyiag kal mMBavwe YovIUn cofapr avanveuoTIKN
avemapkela'*+1">, H acBevric autn givat cofapd katabA-
TITIKA XWPIC KATAANNAN Bepaneia kat 0w avapépOnke
TPONYoUUEVWG, N Yuxoloyikn SucAeltoupyia Bewpeital
€vag armo TOUG TTAEOV ONUAVTIKOUG EMBAPUVTIKOUC TIa-
PAYOVTEG YlO GUXVEG TTAPOEUVOEILC.

Map' 6Aa autd, dev eival 6Aol ol acBeveic pe cofapo
acBua otnyv idla katdotaon. O dgutepog acbevi¢ ival
‘EAAnvag avdpag 53 €TWV TTOU TAPOUCIACONKE O€ JaG UE
oofBapo emuévov dcBua kat nBele va Aafel pépog oe
EPEVVNTIKI LEAETN Yia TO ACOUa. Agv £XeEL KATIVIOEL TTOTE
Kal To doBua tou Eekivnoe otnv NALKia Twv 40 Xpovwv.
Agv S1a0wANVWONKE TTOTE KAl TA{PVEL ATTd TOU OTOUATOC
KOPTIKOEIOH yla éNeyxo Tou aoBuatog amnd 4etiac, Teheutaia
aloBdavetal oupitrouca avamnvor) Kat oo oto otr0og
OKOMA Kal YE TNV ENAXI0TN KOTTWon. H BepameuTikn Tou
aywyn mepAappavel cuvSuacuod uPpnAwv 66oEwv oTepPO-
10wV w¢ Beparmeia cuvtripnong kat avakol@iong. H FEV1
givat 0.70L (35% tn¢ avapevopévng) katn FVC 1.4L (60%
NG avapevopévng TIpRG) Xwpig amdvtnon otn Bpoyxodia-
oToAr. H Staxutikr ikavdTtng itav uotohoyikr). O acBeviig
gmiong, mapouctddel amo@PAkKTIKr Amvola oTov UTIVO
amno 1o 2004 kat xpnotpormolei C-PAP, n PO, ival cuvnbwg
nepimou 68mmHg xwpic avénon PCO, kal mapouaotalel
évav BapL acOBuatikd mapo&uouod avd 2 €tn, mepimou.
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Xpetaletal kabnuepva oTePoEId amod Tou GTOUATOG YiA
amo@uyn emoeivwong Xwpic Opwe, va BeXTiwvovTal oute
TO NMEPNOLA CUUTTTWHATA OUTE N TIVEUHOVIKA AglToupyia
META pakpoxpovia Xopriynon. Emouévwg, o aoBevnc avrikel
OTO QAIVOTUTIO ME MOVIUN amdepaln TG Porg OQEINS-
pevn mMOavwe o€ HEPIKN avTioTAoN 0TA KOPTIKOEISN Kal
emmAéov €xel AoBua oPiung évapéng.

O aoBevrig autog, av Kat polpdletal Kowva XapakTnet-
OTIKA UE TNV TTPONYoUpEéVN acBevr, Sev éxeltnv emBapu-
VTIKH EMAYYEAUATIKE €KBEON Kal Sev gival EMPOPTIOUEVOC
Yuyoloyikd. AvtiBeta, (et pia oxedov gualohoyikn (wr
Xwpic ocoPfapd empPapupévn moloTNTA.

2YMIMEPAZMATA

MoANoi @avoTuTIol TOU ACHUATOC £XOUV TIEPLYPAPEI.
‘Opwg autég ol meplypagég dev PBaoilovtal oe amoAuTn
katavénon tn¢ maboflohoyiag Twv avoTumwy. Zuviowg,
givat 5UokoMo va ouvdeBoUV 1y va cuykplBouv ol S1dPopeg
peléteg mou mepthapBdavouv gavotumoug doBuatog oxt
KOAAQ S1a¢popOoToINUEVOUC. ZNUAVTIKN TTPO0SOC EXEL YiVEL
oto Mpda@ato MapeA\BoOvV og oxéon e TNV Katavonon
¢ mabofloloyiag Tou doBuatoc. Me tnv UMapén véwv
Bepamelwv onuavTik mTPoomdbela TTPETEL VA YiVEL TTPOG
TNV KateLBuvon TNG AVAYVWPLIONE TNG ATTOTEAECHIATIKO-
NTac Kabe BepameuTiKig mMpoaoéyylonc. H mpoodog Tng
£€PELVAC ETTI TNG CUOXETIONG YEVETIKWY KAl TTEPIBANNOVTI-
KWV TTApayovTwy Kabwe Kal n CUCXETION YOVOTUTIWV Kal
@AIVOTUTIWV WG TTPOG TNV aboBloloyia Tou doBuatog
TIPooPEépel TIEPIooOTEPA Sedouéva WOTE va TPoadlopl-
060UV KaAhitepa ot S1APOPOL PAIVOTUTIOL ITN CUVEXELQ,
auTto Ba 0dnyrioel oTnv Tautomoinon BloAoYIKWVY SEIKTWV
Tou Ba TIPOCPEPOUV aKOUA HEYOAUTEPN aKpifiEla oTov
TIPOGSIOPIoUO TWV PAIVOTUTIWV HIE TEAIKO ATTOTENECUA
00@ANECTEPEC KAl ATTOTEAECUATIKOTEPEC Beparneieg yia
T0 4cOua.

BIBAIOTPAQIA

(BAéme ayyAIKo Keipevo)
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SUMMARY. The correct diagnosis of asthma is usually made easily
and most patients with asthma respond to therapy. Approximately
5-10% of patients with asthma, however, have disease that is dif-
ficult to control despite administration of maximal doses of inhaled
medications. It appears that asthma is a heterogeneous disorder
which presents not as a single disease but rather as a complex of
multiple, separate syndromes that overlap. Although the various
different phenotypes of asthma have been long recognized, they are
still poorly characterized. Improved phenotypical characterization
and understanding of the underlying pathobiology are necessary for
linkage of specific genotypes with clinical disease manifestations,
for possible development of biomarkers and for devising advanced,
phenotype-targeted asthma treatment. This review reports on the
asthma phenotypes that have been best described and analyses the
methods used to define them. Pneumon 2010, 23(3):276-292.

INTRODUCTION

Asthma is a chronic inflammatory disease of the airways characterized by
recurrent episodes of symptomatic airflow obstruction and various degrees
of hyperreactivity of the airways to non specific stimuli. The recognition that
the disease has a chronic inflammatory component has directed treatment
towards the early use of inhaled glucocorticoids, which typically produce
significant reduction in inflammatory markers and improvement in pulmo-
nary function. A subset of patients, however, in the range of 5% to 10%, with
severe or refractory asthma' does not respond to glucocorticoid treatment.
These patients account for 40% to 50% of the health costs of asthma and
incur significant morbidity and decrement in their quality of life?>.

A phenotype is defined as“the observable characteristics of an organism
resulting from the interaction between its genetic make up and the environ-
ment”. Asthma probably consists of a collection of different phenotypes,
rather than one single disease. These phenotypes are all generally categorized
under the broad umbrella of “asthma”because they meet the simple criteria
for clinical diagnosis of this disease. Studies now suggest that identifica-
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tion of the phenotype of asthma in a specific patient can
assistin individualized management and treatment. The
better understanding of a phenotype is accompanied by
improved insight into the genetic and environmental
factors involved in the presentation of complex diseases
such as asthma. The objective of this review is to define,
through characterization of phenotypes, novel points at
which immunological and pharmacological interventions
can be introduced in the treatment of asthma

THE DEFINITION OF SEVERE ASTHMA

Severe asthma affects a small, but clinically and eco-
nomically important, proportion of patients with asthma,
who experience frequent and/or debilitating symptoms
and limitation of their activities. These patients have fre-
quent exacerbations and hospitalizations and account for
over half of the costs of the disease and most of its mortal-
ity**. According to the definition of the Global Initiative
for Asthma (GINA), patients should be classified as having
severe persistent asthma when they experience daily
symptoms, frequent exacerbations, frequent nocturnal
asthma symptoms, limitation of physical activities, and
forced expiratory volume in 1 sec (FEV;) or peak expira-
tory flow (PEF) <60% predicted and PEF or FEV, variability
>30% before initiation of treatment**. The GINA definition
of severe asthma is imprecise, rendering the guidelines
not particularly useful for most research purposes, with
the result that investigators have developed more rigor-
ous working definitions for severe asthma that can be
implemented consistently in clinical studies. Several dif-
ferent working definitions of severe asthma have been
employed in recent studies®.

The American Thoracic Society (ATS) in 2000, through
an expert workshop, developed a working consensus
definition of severe asthma, which although not perfect,
remains the“state of the art”in the field. According to the
ATS recommendations, up to 10% of asthma patients may
be classified as severe, based on the consensus definition
of persistent symptoms, air-flow limitation, emergency
care visits and treatment (Table 1)72.

The Epidemiology and Natural History of Asthma:
Outcomes and Treatment Regimens (TENOR) study® used
a working definition of difficult-to-control asthma. TENOR
subjects were considered to have severe or difficult to treat
asthma based on their physicians’ diagnosis. Thus, even
patients with mild or moderate asthma were eligible for
inclusion in the study if their treating physicians consid-
ered their asthma difficult to treat and they met all the
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TABLE 1. The American Thoracic Society workshop consensus
for definition of severe/refractory asthma

Major criteria

« Treatment with continuous or near-continuous ( >50% of year)
oral corticosteroids

« Requirement for treatment with high-dose inhaled corticos-
teroids

Minor criteria

« Requirement for additional daily treatment with a controller
medication,

« Asthma symptoms requiring short-acting -agonist use on a
daily or near-daily basis

« Persistent airway obstruction (FEV; <80% predicted; diurnal
peak expiratory flow variability >20%)

« One or more urgent care visits for asthma per year

« Three or more oral steroid bursts per year

« Prompt deterioration with <25% reduction in oral or inhaled
corticosteroid dose

« Near-fatal asthma event in the past

Severe asthma requires one or both major criteria and at least

two minor criteria

other inclusion criteria, namely care from their physician
or healthcare provider for at least 1 year and increased use
of the healthcare system (i.e., 2 or more unscheduled care
visits for asthma or 2 or more oral steroid bursts) and/or
high use of antiasthma medication (i.e., currently requir-
ing 3 or more medications to control asthma, the need
for high doses of inhaled steroids or current use of oral
prednisone >5mg/day) in the previous 12 months. This
approach may have a closer link to the clinical practice
of asthma management, but has the disadvantage of
variation, or inconsistency in implementation. Despite
this limitation, the TENOR study showed that healthcare
resource utilization among patients with asthma patients
was highest in those who had severe asthma, suggesting
that by adding measures of healthcare utilization to the
traditional measures of asthma severity, further under-
standing of disease activity will be achieved.

According to the ENFUMOSA study'®, the definition of
severe asthma was based on use of high-dose corticos-
teroid treatment and one or more exacerbations in the
last year. Requirements for additional treatment, abnor-
mal lung function, or specific measures of daily asthma
control are not included in the definition. Consequently,
the populations of patients with severe asthma enrolled
according to the ENFUMOSA definition, although similar
in steroid requirements, were different from those enrolled
in studies according to the ATS consensus definition.
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It is apparent that, at present, the picture of the di-
agnosis of “severe asthma” or “severe refractory asthma”
is complex. No single measure is a valid discriminator
and even two or three variables in combination fail to
differentiate moderate from severe asthma. The latest
definition, given 2 years ago, is as follows: “severe asthma
is diagnosed in patients with refractory asthma that remain
difficult to control despite a thorough re-evaluation of the
diagnosis and after >6 months of close follow-up by a physi-
cian specializing in asthma™".

Recently, guidelines have started to move away from
the concept of severity of asthma and focus on monitor-
ing and treatment according to levels of control. Asthma
control represents the extent to which the clinical mani-
festations of asthma have been removed or reduced by
treatment. Asthma severity is defined by the intensity
of treatment required to achieve good asthma control
and therefore should always be assessed only during
treatment®.

RISK FACTORS FOR SEVERE ASTHMA

Epidemiological studies have examined the relation-
ship between possible risk factors and asthma severity.
The Leiden Group (ten Brinke et al)'?, conducted a study in
which 13 clinical and environmental factors, all potentially
associated with recurrent exacerbations, were investigated
in 136 patients with severe asthma. The results showed
that frequent exacerbations in difficult-to-treat asthma
are strongly associated with psychological dysfunction
(OR 10.8), recurrent respiratory tract infections (OR 6.9),
gastro-oesophageal reflux (OR 4.9), severe paranasal sinus
disease (OR 3.7) and obstructive sleep apnoea (OSA) (OR
3.4). It was also found that atopic patients, in particular
those with specific IgE to house dust mite or cockroach,
had >10-fold increased odds for frequent exacerbations
compared with nonatopic patients. Identification and
management of these specific factors might result in
reduction of exacerbation rate, improved quality of life
and better control of the disease.

The ENFUMOSA study showed that female sex, obesity
and the lack of atopy were associated with more severe
disease expression, while no childhood risk factors were
identified'®'3. More recently, data from the TENOR study
showed that factors associated with increased risk of exac-
erbation and hospital admission were younger age, female
sex, non-white race, BMI =35 kg/m?, post-bronchodilator
FEV: <70% predicted, a history of pneumonia, diabetes,
intubation for asthma and three or more steroid bursts
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in the previous 3 months'. A final risk score ranging from
0-18 was derived from the logistic regression model in
this cohort, which was highly predictive of hospitaliza-
tion or emergency department (ED) visits. Scores of 0-4
represent low risk, scores of 5-7 moderate risk and a score
of >8 represents high risk (Table I1)".

TABLE II. TENOR risk score for severe asthma exacerbations

Points Variables

w

Ageyrs
260
50-59
35-49
18-34
Sex
Male
Female
Race/ethnicity
White
Non-white
BMI (kg/ m?)
<35
>35
Lung function
Post % pred FVC >70
Post % pred FVC <70
Previous history of pneumonia
No history
Previous history
Currently has diabetes
No
Yes
Currently has cataracts
No
Yes
Ever intubated
No
Yes
Steroid bursts in last 3 months
0 steroid bursts
1 steroid bursts
2 steroid bursts
>3 steroid bursts
Nebuliser ipratropium bromide
No
Yes
Systemic corticosteroids
Less than every other day
At least every other day
Total possible score

SOE R WNTOWL,O =R 20220220 =2NONO=NONO =W 2O

-
(-]

BMI: body mass index; FVC: forced vital capacity.
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In contrast to the ENFUMOSA patients, the TENOR
cohort had a very high rate of skin test positivity for
allergy’'é, and an association of IgE levels with asthma
severity among younger patients'. In female children
and adolescents, increased body weight was found to
be associated with asthma severity'.

Compared with low risk scores (0-4 points), aTENOR
risk score of moderate magnitude (5-7 points) reflects a
3.5-fold higher risk of an emergency department visit or
hospitalization; a high value (>8 points) reflects a 12-fold
higher risk™.

PHENOTYPICAL CATEGORIES OF SEVERE
ASTHMA

Numerous classifications of asthma have been made,
based on cause (allergic, nonallergic, occupational), pa-
thology (eosinophilic, noneosinophilic), severity and
physiological parameters (type | brittle, type Il brittle)™.

Allergic and non-allergic asthma are probably the best
known and most commonly discussed phenotypes, but
the determination of additional phenotypes has recently
been considered necessary in asthma control. Asthma
phenotypes based on age of onset, type of inflammation,
pattern of severity and various other clinical characteristics
have been recognized and used in clinical management,
but they are poorly characterized and the underlying
pathobiology is not well-defined.

A multiplicity of reviews or original studies have been
published which report and analyse the broad categories
of phenotypes®'©222, A systematic review by S. Wenzel?
proposes the classification of phenotypes into three cat-
egories: phenotypes defined by clinical or physiological
criteria (severity-defined, exacerbation-prone, defined by
chronic restriction, treatment-resistant, defined by age
at onset), phenotypes related to specific triggers (aspirin
or non-steroidal anti-inflammatory drugs, environmental
allergens, occupational allergens or irritants, menses,
exercise) and phenotypes defined by their pathobiol-
ogy (eosinophilic, neutrophilic, pauci-granulocytic). This
categorization is not intended to imply that there is no
overlap between these groups; on the contrary, there is
substantial interaction among the groups, as is shown from
the common clinical picture of patients with asthma.

The aim of this review is to describe some of the char-
acteristic features of the severe asthma phenotypes.

Severity-defined asthma

It has been suggested that definitions of asthma
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developed on the basis of lung function, symptoms and
use of medication are not adequate for predicting either
the course of asthma, the control of the disease or the
response to treatment?*?. Treatment can significantly
reduce asthma symptoms to a point where they are no
longer troublesome. The term severe-refractory asthma
is applied when there is inability of the appropriate treat-
ment to reduce the symptoms to a sufficient degree for the
patient to achieve good asthma control. For this reason,
the severity of asthma must be evaluated only after at
least six months of adequate treatment, but also after
effective management of possible co-morbidities (rhinitis,
gastro-oesophageal reflux, psychological dysfunction
and others) and exacerbating environmental factors (al-
lergens, occupational exposure)?. Poor compliance with
treatment is also an important factor in patients with
refractory asthma and must be taken into consideration
before applying the phenotype of severe asthma to a
specific patient.

Asthma severity may be influenced by the underlying
disease activity and by the phenotype, both of which may
be further described using pathological and physiological
markers. These markers can also act as surrogate measures
of future risk. Many biomarkers have been proposed for
distinguishing between mild and severe asthma, but few
have been confirmed by multiple studies. Such possible
biomarkers include transforming growth factor g (TGFp),
interleukin (IL) 11, tumour necrosis factor a (TNFa), and
IL-82732, Results from recent studies indicate that specific
patterns of cytokines can be detected in bronchoalveolar
lavage (BAL) from patients with asthma, which may in the
future provide information for the more objective clas-
sification of asthma phenotypes, but this needs further
investigation. This approach indicates that important
new diagnostic and prognostic information is available
in airway fluids and that future research in biomarker
identification is likely to be fruitful.

Exacerbation-prone asthma

Almost all patients with asthma will have at least one
moderate-to-severe exacerbation, but some patients with
asthma appear to be predisposed to frequent exacerba-
tions, which can be very severe. This exacerbation-prone
asthma phenotype accounts for more than 40% of the
patients with severe asthma in the Severe Asthma Re-
search Programme (SARP) Database sponsored by the US
National Heart, Lung, and Blood Institute®. Since exacer-
bation-prone asthma is a hallmark of severe disease and
poor outcome, the identification ofimmunopathological



280

factors that distinguish this phenotype is important. In
studies from SARP, logistic regression analysis results
suggested that several factors independently contribute
to the severe exacerbating phenotype, including low
FEV,, African race, early age at onset, and a history of
exacerbation in response to aspirin or non-steroidal anti-
inflammatory drugs, or before menses®*. Other researchers
have suggested that psychological disorders, including
depression and anxiety, contribute to non-compliance
and affect the frequency of exacerbations®. Patients with
exacerbation-prone asthma appear to have a blunted
dyspnoea response to worsening of airway obstruction,
which can cause delayed recognition of symptoms363’.
This blunted dyspnoea response has been associated with
anincrease in eosinophilicinflammation, but conversely,
other studies suggest that chronically high numbers of
eosinophils in the airways are associated with increased
susceptibility to exacerbations and with increased aware-
ness of dyspnoea®.

In the study of ten Brinke et al.”?, which was one of the
most important studies on severe asthma with frequent
exacerbations, the patients with frequent exacerbations
experienced a total of 186 severe exacerbations, 37 hospital
admissions, 335 hospitalized days and 69 emergency visits,
in comparison with 24, 1, 10 and 15, respectively, in the
control group with only one exacerbation in the last 12
months,. The patients with frequent exacerbations were
significantly younger (mean 38 years vs 47 years) and had
shorter asthma duration (median 12 years vs 24.5 years),
and more often had a positive family history for asthma
and a positive atopic status. No significant difference was
detected between the groups in the daily dose of inhaled
corticosteroid or smoking history. Bronchodilator revers-
ibility and airway hyperresponsiveness were increased in
the patients with more than three exacerbations compared
with the control group, but this difference disappeared
after correction for age and asthma duration.

Fixed airflow limitation (chronic airflow restriction)

Some patients with asthma present with marked air-
flow restriction but do not have serious symptoms or fre-
quent exacerbations. Studies from the US National Heart,
Lung, and Blood Institute Children’s Asthma Management
Program (CAMP) suggest that only a fraction of patients
with childhood-onset asthma develops progressive loss
of lung function over a 5-year period*®. These children are
more likely to be boys and are less allergic and less pre-
disposed to exacerbations than the children with asthma
who have no loss of lung function. Similar outcomes have
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been seen in the TENOR study of more than 4,000 patients
with severe or difficult to treat asthma.

The findings of both CAMP and TENOR studies sug-
gest that allergic features in asthma are more likely to
be associated with exacerbation-prone or difficult to
control asthma than with the phenotype associated
with persistent severe airflow restriction. Whether or not
allergic processes protect against profound loss of lung
function is not known. No reported studies have differ-
entiated patients with progressive loss of FEV; from those
without, in terms of lung pathology, partly because there
have been few longitudinal studies of asthma. Genetic
studies have identified single nucleotide polymorphisms
in ADAM33, IL-4, IL-4R and TGFf1, each associated with
lower than normal lung function. IL-4 single nucleotide
polymorphisms have also been associated with near-fatal
exacerbations of asthma.

Fixed airflow limitation is attributed to airway remod-
elling; a process that includes subepithelial basement
membrane fibrosis, epithelial goblet cell hyperplasia,
increase in blood vessels and proliferation of airway
smooth muscle, along with increased mass because of
hyperplasia and hypertrophy*, and has been associated
with the ADAM33 gene*'. Observations suggest the
presence of heterogeneous fibroblast types in asthmatic
airways and distal lung*.

A large subset has been identified of patients with
severe asthma who manifest chronic airflow obstruction.
The specific definition of chronic airflow obstruction var-
ies, however; for example, ten Brinke et al** used a cutoff
point of postbronchodilator FEV; <75% predicted, whereas
Bumbacea et al** used a value of postbronchodilator FEV;
<50% predicted. In both of these studies patients with
chronic airflow limitation were older and had longer
duration of disease. They also had elevated residual
lung volumes consistent with air trapping, but normal
diffusion capacity which is not suggestive of emphy-
sema. Bronchial wall thickening seen on high-resolution
computed tomography (CT) scan was associated with
chronic airway obstruction. Patients with fixed airflow
obstruction are often grouped under the heading of
chronic obstructive pulmonary disease (COPD),and some
international guidelines recommend classifying asthma
with fixed airflow obstruction as COPD. Indeed, both
COPD (induced by smoking or other noxious agents) and
asthmamay be associated with a decline in lung function
that causes fixed airflow obstruction. Subjects with a
history of asthma were found to have significantly more
eosinophils in peripheral blood, sputum, BAL, and airway
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mucosa; fewer neutrophilsin sputum and BAL; a higher
CD4+/CD8+ ratio of T cells infiltrating the airway mucosa,
and a thicker reticular layer of the epithelial basement
membrane. They also had significantly lower residual
volume, higher diffusing capacity, higher exhaled nitric
oxide (NO), a lower high-resolution CT scan emphysema
score, and greater reversibility to bronchodilator and
steroids. Thus, despite similar fixed airflow obstruction,
subjects with a history of asthma have characteristics
distinct from those with a history of COPD, and should
be identified and treated*.

Treatment (Steroid) resistant asthma

In most patients with asthma, glucocorticoid therapy
influences inflammatory and structural cells benéeficially,
targeting sources of airflow limitation, including airway
smooth muscle contraction, mucosal oedema, airway
inflammation, increased mucus secretion and airway
remodelling. Up to 10% of patients with asthma, however,
demonstrate poor response to glucocorticoid therapy
and experience frequent exacerbations and limitations
of everyday activity and quality of life*. Corticosteroid-
resistant or poorly-responsive asthma can be seen at all
levels of asthma severity, but usually this phenotype of
asthma is expressed in severe asthmatics, since the main
treatment for asthma, the steroids, are not effective. Steroid
resistant asthma was believed to be due to a defect in the
response of the patient to corticosteroids that diminishes
their anti-inflammatory effects. However, there are many
different mechanisms for steroid resistance, as shown in
recent studies, including decreased glucocorticoid recep-
tor (GR) density, distorted affinity of ligand for the GR
receptor, diminished capacity of the GR to bind with DNA,
and increased expression of inflammatory transcription
factors, e.g. NF-k(3 and activator protein-1, that compete
for DNA binding®.

Increased gene transcription is associated with an
increase in histone acetylation induced by histone acetyl-
transferase®®, while hypo-acetylation is correlated with
reduced transcription or gene silencing which is controlled
by histone deacetylases (HDACs). HDAC2-mediated GR
deacetylation enables GR binding to the NF-kf3 complex,
thus reducing inflammatory gene transcription induced by
NF-k(3*. A defect of GR deacetylation caused by impaired
HDAC 2 has been proposed as a molecular mechanism
causing glucocorticoid insensitivity through NF-kp me-
diated gene expression. Loss of HDAC2 did not reduce
GR nuclear translocation, GR binding to glucocorticoid
response element (GRE) on DNA, or GR-induced DNA or
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geneinduction, butitinhibited the association between
GR and NF-kB*°. HDAC activity and HDAC2 expression
are decreased in lung macrophages and peripheral lung
tissue obtained from patients with COPD, a disease rela-
tively insensitive to steroids, and this reduction correlates
with disease severity®'. Ito et al., in 2006*° showed that
overexpression of HDAC2 was able to restore glucocor-
ticoid sensitivity in steroid insensitive diseases such as
COPD. Theophylline has been shown to restore HDAC
activity and reverse steroid insensitivity in COPD>2 Th-2
cytokines have also been proposed to play a part in se-
vere corticosteroid refractory asthma with CD4+ T-cells
from Patients with refractory asthma being less able to
produce the anti-inflammatory cytokine IL-10 in response
to dexamethasone than cells from patients sensitive to
corticosteroids?.

The types of inflammatory cells in the airways of some
patients may predict responsiveness to glucocorticoid
therapy®.The absence of eosinophils, as indicators of in-
flammation, predicts reduced response to corticosteroids.
Multiple regression analysis revealed that sputum eosi-
nophilia and FEV, were independent significant predictors
of FEV; increase after treatment. Conversely, the FEV; and
PD20 of asthmatics with low sputum eosinophilia were not
positively affected by inhaled corticosteroid treatment.
Neutrophil counts were higher in those patients with low
baseline airway eosinophilia. Increased sputum neutrophils
indicate poor response to steroids. These studies could
possibly explain the poor response of people with asthma
who smoke to corticosteroid therapy, since smokers are
likely to have higher sputum neutrophil counts®*. Other
types of cells that are involved in steroid resistance are
the peripheral blood mononuclear cells (PBMCs) and
alveolar macrophages (AMs). These cells from patients
with severe asthma are less sensitive to inhibition by dex-
amethasone of pro-inflammatory cytokines release, when
compared with cells from patients with well-controlled
non-severe asthma>>°%, The mechanisms underlying this
poor suppressive response to corticosteroids in severe
asthma are unclear, but AMs from patients with severe
asthma demonstrated a greater degree of activation of
p38 mitogen-activated protein kinase (p38 MAPK). This
serine-threonine kinase acts on a variety of substrates,
including transcription factors, such as nuclear factor
(NF)-B and activator protein-1, and has been implicated
in inflammation, cell proliferation and cell death relevant
to asthma pathophysiology®’. Recent findings suggest
that anti-IgE might benefit patients with glucocorticoid-
resistant asthma®t. On the other hand, strategies using



282

anti-TNFa have produced conflicting results®, while a
recent study by Wenzel et al*® showed very disappointing
results concerning this type of asthma. Further research
is needed to identify additional and perhaps better non-
invasive biomarkers related to this phenotype in order to
move in the direction of targeted therapy.

Asthma defined by age at onset (occurrence through
the lifespam)

The age at which a patient develops asthma differen-
tiates phenotypes. Early onset or late onset asthma can
both be associated with exacerbation-prone asthma,
thus participating in the group of risk factors for severe
asthma®'. Asthma can begin at anytime during life; how-
ever, recent evidence indicates that most patients with
asthma experience their first symptoms before the age
of Syears.

The origins of childhood asthma lie in a complex in-
terplay of genetics, environmental exposure and immune
and pulmonary system development. Children with early
onset asthma usually have a family history of atopy and/or
asthma and a history of eczema. The maternal history is
most strongly associated with susceptibility in the child,
implying both genetic and environmental components®.
Clearly, environmental exposures play a critical role in
determining early disease susceptibility. Most ‘early-onset’
asthma, defined as onset before the age of 12 years, has
an allergic component and patients develop symptoms
after exposure to triggers®. Conversely, intrinsic asthmat-
ics are probably a population with a great number of
patients with late onset asthma“*. Generally, early-onset
asthma seems to be a more homogeneous disease than
late-onset asthma, to which a mix of allergic, infectious
and other factors contribute®*®'.

In many children, symptoms of asthma and wheez-
ing improve with age, but 30% - 40% continue to have
recurrent episodes as adults. Despite their longer disease
duration, people with early-onset asthma appear to have
marginally better lung function than those with late-
onset disease. Miranda et al®? reported findings in adult
patients with late onset asthma who showed marginally
worse lung function than those with early onset disease,
despite a shorter overall duration of disease. In the study
by Jenkins et al3, the disease severity in children and
adults whose onset of asthma occurred in childhood
was related to disease duration, but this did not apply to
patients with onset of asthma in adulthood. Burrows et
al** noted that patients with adult-onset asthma display
a steep loss in lung function soon after the diagnosis is
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made, followed by relatively stable lung function there-
after. The mechanisms involved in the apparent rapid
decline in lung function among the adult-onset asthma
patients are presently not understood. It is possible that
some of these patients may have had unrecognized
asthma for years, the diagnosis being made only after
a significant degree of lung function loss. Alternatively,
according to Jenkins et al®?, adult-onset asthma may be
associated with a greater degree of airway inflammation
and/or more repair processes, resulting in rapid airway
remodelling. Ten Brinke et al* found that adult-onset
asthma was a significant risk factor for chronic airway
obstruction [odds ratio (OR) 3.3], and that patients whose
asthma was late in onset were less likely to be atopic on
skin testing, tended to have lower IgE levels, and had
fewer symptoms with allergen exposure. These findings
suggest that there may be significant pathophysiological,
and perhaps mechanistic, differences between early-onset
and late-onset asthma.

Allergic asthma

Allergic sensitization is the basis of allergic asthma
and is one of the most common asthma phenotypes. The
presence of allergic characteristics can be associated with
better overall lung function, but with more exacerbations
than non-allergic asthma. It is particularly common in
childhood asthma, but is also frequently found in adults®.
By 10 years of age, allergic asthma is the dominant form
of the disease. A family history of asthma and early expo-
sure to allergens are probably important in the initiation
of allergic asthma, but the mechanisms by which some
children develop asthma, while others have non-respira-
tory allergic manifestations are not understood®. The age
of exposure to specific allergens is possibly critical in the
process of developing asthma later in life; early exposure
could be more relevant than later exposure. The findings
of studies on exposure to high concentrations of cat al-
lergen up till the age of 3 years imply that an immune
response, not associated with asthma symptoms, can be
induced and this situation should be considered to be a
form of tolerance. There is evidence that children raised
in a house with a cat are less likely to become allergic
to cat allergens or to the development of asthma®&,
Also, early sensitization to dust mite allergens is more
significant in relation to asthma than sensitization after
3 years of age®®7°,

The early phase of the response is triggered when an
atopic individual encounters the allergen, and is character-
ized by release of both preformed and newly synthesized
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mediators, such as leukotrienes (LT), histamine, prostag-
landins and cytokines, which induce bronchoconstriction
and oedema. The late phase is characterized by the influx
and activation of lymphocytes and other inflammatory
cells that, in turn, increase production of pro-inflamma-
tory cytokines.

It appears that the immune response in allergic and,
perhaps, in other forms of asthma, is heterogeneous,
which probably contributes to heterogeneity in clini-
cal phenotypes. Over 100 genes have been implicated
in allergic asthma, but the genetics of the disorder are
complex and are modulated by environmental exposures.
None of the genes have been shown to contribute to risk
in all populations.

Targeted therapies, such asimmunotherapy or mono-
clonal antibody treatment, are available for the treatment
of asthma. In studies of the IgE antibody, omalizumab,
an allergic phenotype was defined only by the presence
of allergen-specific IgE measured by skin-prick or serum
testing’%3. Analysis of these and other trials, as well as
clinical experience, suggests that not all people with al-
lergic asthma diagnosed by these tests respond to anti-IgE
therapy. Whether a better definition of allergic asthma or
its biomarkers could enhance the ability to identify patients
who will respond to this treatment, is not clear.

Occupational asthma

The occupational asthma phenotype might account for
up to 15% of adult-onset asthma and can cause frequent
severe exacerbations'. Occupational asthma does not
differ in its clinical and pathological features from non-
occupational asthma, but it has several sub-phenotypes
which result from both immunological and non-im-
munological mechanisms. Immunologically mediated
occupational asthma appears after a latency period of
exposure necessary for the worker to acquire immu-
nological sensitization to the causal agent. This type
encompasses both occupational asthma that is induced
by an IgE mechanism (most high- and some low-molecu-
lar-weight agents), and occupational asthma in which an
IgE mechanism has not been demonstrated consistently
(low-molecular-weight agents, such as diisocyanates,
western red cedar, and acrylates). Nonimmunological
occupational asthma is characterized by the absence of
a latency period. It occurs after accidental exposure to
high concentrations of a workplace irritant. This clinical
entity has been defined as irritant-induced asthma. The
most definitive form of irritant-induced asthma is “reac-
tive airway dysfunction syndrome” (RADS) which occurrs
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after a single exposure to high levels of an irritating va-
pour, fume, or smoke. In addition, work-related asthma
encompasses variant syndromes, including eosinophilic
bronchitis and asthma-like disorders caused by exposure
to organic dusts”.

The airway inflammation in immunologically mediated
occupational asthma is characterized by the presence
of eosinophils, lymphocytes, mast cells and thickening
of the reticular basement membrane’. In contrast, in
occupational asthma caused by irritant chemicals, the
pathological changes consist of fibrosis of the bronchial
wall and epithelial denudation and fibrino-haemorrhagic
exudates in the submucosa, without eosinophilic inflam-
mation”®, Although this type of occupational asthma can
retreat if the patient promptly discontinues exposure
to the offending agent, once the process is established,
immunological phenotypes can continue independently
of exposure’,

Aspirin-induced asthma

Asthma that is induced by aspirin and other nonster-
oid anti-inflammatory drugs is commonly referred to as
aspirin-sensitive asthma (AS-asthma). It is among the most
easily identified phenotypes because of the specificity of
the trigger. Estimates vary, but prevalence is likely to be
approximately 10-20% of the adult asthma population’.
AS-asthma patients are likely to be female and suffer from
more severe disease. It is associated with raised airway
leukotrienes, and high numbers of eosinophils in both
tissue and blood, but little evidence of atopy’”. The most
clinically distinctive patterns associated with aspirin
sensitivity are severe rhinosinusitis and nasal polyps, and
adult onset asthma. Nonsteroid anti-inflammatory drug
sensitivity does not appear to be mediated by IgE, but is
related to altered eicosanoid metabolism. Increased levels
of cysteinyl LT and increased expression of CYSLTR1 are
characteristic findings associated with this phenotype,
suggesting that its pathogenesis may be related to an
enhanced inflammatory response due to overexpression
of cysteinyl LT and CYCLTR172.

Although this phenotype is very distinct clinically
and pathologically, the underlying pathogenesis remains
poorly understood. Genetic studies have shown that
mutations in the LT synthesis pathway affect this phe-
notype, but these distinctions alone are not sufficient to
explain the adult onset of the disease, which suggests
an additional environmental (perhaps viral) element in
its pathogenesis?. Recent studies have also suggested
alterations in cyclooxygenase-2, prostaglandin E2 and
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lipoxin metabolism. A number of single nucleotide poly-
morphisms (SNPs) have been identified in the leukotriene
C4 synthase, 5-lipoxygenase, CYSLT1 and -2 genes, TBX21
(which encodes the transcription factor Tbet), and pros-
taglandin E278. The cyclooxygenase-2 and thromboxane
A2 receptor genes, while not associated with AS asthma
per se, may all have functional effects.

The asthma in aspirin sensitive patients can be diffi-
cult to control, as it frequently does not respond well to
corticosteroids. LT receptor antagonists can be helpful,
but, as with other asthma phenotypes, not all patients
respond well to this treatment option.

Peri-menstrual asthma

Hormonal disturbance is a risk factor for frequent
severe exacerbations. Menses-related asthmais the least
well characterized of the trigger-induced subtypes. It
probably only occurs in a small proportion of women
with asthma, but it can be severe. There is no generally
accepted definition of perimenstrual asthma (PMA) and
most authors have generally relied on self-reported
worsening of asthma symptoms in the perimenstrual
phase. Currently, PMA is defined as an increase in asthma
symptoms or a decrease in lung function immediately
preceding or during the menstrual phase of the female
cycle. Perimenstrual worsening of asthma has been docu-
mented in 30% to 40% of asthmatic women”.

Although a role of sex hormones in asthma pathogen-
esis has been assumed for some time, the actual hormonal
mechanisms for these effects are not clear. Depending on
the environment, both oestrogen and progesterone have
the potential to act as proinflammatory or anti-inflam-
matory hormones.2® Female sex hormones exert effects
on several inflammatory mediators, on neutrophils, IL-8
and on monocyte chemotactic protein. An intriguing
possible explanation for cyclic changes in the severity
of asthma is that the TH1/TH2 balance varies with the
menstrual phase, shifting more toward the TH2 profile
in peripheral blood perimenstrually™.

Oestrogens have been shown to alter cortisol produc-
tion, clearance and metabolism. Progesterone exerts a
competitive action with cortisol for the binding site of the
corticosteroid-binding globulins, and oestradiol enhances
corticosteroid-binding globulin production. Significant
variation in theophylline levels caused by higher clearance
during the menstrual phase compared with that during
the follicular phase has been demonstrated.”#'

The following patient characteristics are associated
with PMA: 1) longer menstruation, more pronounced
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premenstrual tension, and a higher incidence of allergic,
infective and psychological factors, 2) increased severity
of asthma (more symptoms, rescue medication, lower
PEF and FEV4), 3) up to 3 times more frequent visits to
emergency departments for their asthma than men, and
this is linked to the perimenstrual phase of their cycle, and
4) PMA attacks have also been associated with frequent
hospitalizations and even mechanical ventilation.”®®!

Inflammatory phenotypes

The understanding of asthmatic inflammation is per-
haps the most important advance in elucidation of the
pathogenesis of the disease and in deciding the appropri-
ate treatment for asthma. This led to the widespread use
of inhaled corticosteroids and their position as the gold-
standard for asthma treatment. Inflammatory phenotypes
of severe asthma can be characterized by persistence of
eosinophilic or neutrophilic infiltration, although in some
cases, no inflammatory infiltration is noted (paucigranu-
locytic).” These phenotypes are becoming increasingly
associated with distinct clinical and physiological inflam-
matory and repair processes.'>38

Usually, inflammatory cells are present and activated
in the airways of patients with severe asthma and persist
despite treatment, but their relevance to the control and
severity of the disease is largely unknown. These cells
include not only eosinophils and neutrophils but T lym-
phocytes, mast cells and macrophages, while structural
cells are also involved in the inflammatory reaction and
remodelling in asthma.

Eosinophilic asthma

Eosinophilic asthma is the best studied pathological
phenotype. Eosinophils have been reported, in various
numbers, in the sputum, BAL and endobronchial biopsies
of many people with asthma. Studies that have defined
an eosinophilic phenotype by sputum or biopsy testing
in patients with varying severities of asthma consistently
show that around 50% of patients have eosinophilic
involvement.®®

Eosinophils may be an important biomarker of some
key features of severe asthma. For example, Bumbacea et
al.®® related the presence of chronic airway obstruction
with an increase of eosinophils in both the sputum (>2%,
OR=7.7) and the blood (OR=6.3). Using criteria initially
suggested by Wenzel and Busse,” severe asthma can be
characterized as eosinophil positive (EOS +) or negative
(EOS -), according to the presence or absence of eosi-
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nophils in endobronchial mucosal biopsy; EOS- biopsies
tend to be neutrophils enriched. The eosinophil, with its
capacity to release a range of inflammatory mediators,
is often seen as the principal inflammatory cell linked to
airway dysfunction in asthma. Some researchers have
suggested that eosinophilic inflammation increases with
the severity of disease, but recent findings question the
pivotal role of the eosinophil in asthma pathogenesis.?2#
Persistent airway eosinophilia and T-cell activation in the
presence of corticosteroids has been found in studies of
chronic asthma3®*#38> implying that corticosteroids are
not adequately suppressing the inflammatory process.
The ENFUMOSA study,'® although unable to demonstrate
significant differences in the circulating eosinophil count
between the patient groups, found that the persistence
of eosinophils in induced sputum and the presence of
increased urinary LTE4 and EPX, despite inhaled and oral
corticosteroid treatment, show that the inflammatory
response in severe asthma is inadequately controlled.
Miranda et al.®* showed that 2/3 of the severe asthmatic
patients in their study had biopsy evidence of eosinophil
infiltration, in spite of long-term high-dose oral corticoster-
oid treatment, which suggests resistance to the beneficial
anti-inflammatory effects of inhaled and oral steroids.

Persistent eosinophilicinflammation in severe asthma
is often associated with adult-onset disease and with as-
pirin sensitivity. Patients with eosinophilicinflammation
frequently have more severe symptoms, worse disease
control, and a greater risk of exacerbations than patients
with other pathological phenotypes of asthma.?#¢

The mechanisms of eosinophilicinflammation are not
well defined. Identification of an eosinophilic phenotype
has traditionally been made by sputum analysis or endo-
bronchial biopsy. Additionally, exhaled NO concentration
has been proposed as a tool for identifying patients with
persistent eosinophilic inflammation.®’#® Generally, the
exhaled NO concentration correlates with the number of
eosinophils in sputum or biopsy samples, even in patients
on high doses of corticosteroids®. Treatment strategies
that use exhaled NO to control steroid dosage have
been controversial in the past®, but recent studies have
produced satisfactory results on this issue®®?',

Whether eosinophilia is a permanent phenotype or
one dependent on the current treatment and level of
disease control remains to be seen. Despite the evidence
in support of a persistent eosinophilic phenotype in a
proportion of patients with moderate-to severe asthma,
two studies suggest that eosinophilic inflammation might
be present in a greater proportion of patients with asthma
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than previously believed, since this inflammation could be
presentin a distal portion of the lung that is not assessed
by standard methods. In one study, about 50% of patients
with severe asthma that had previously been identified
as non-eosinophilic were found to have eosinophilic
inflammation in the distal lung?*2,

Perhaps the greatest validation of the importance
of defining a specific phenotype is that phenotypic as-
sessment improves treatment. Studies that selected an
eosinophilic endpoint in their design support the idea
that identification and modification of the level of eosi-
nophilic inflammation can lead to improved outcomes.
Two large-scale, long-term studies have compared a
basic “guidelines”approach to therapy with an approach
in which the sputum eosinophil count dictated which
intervention was used.?>* In these studies, treatment
was designed to lower the number of sputum eosinophils
to less than 3% of the total inflammatory cells. This led
to fewer severe exacerbations of asthma and no overall
change in the corticosteroid dose compared with the
“guidelines”approach.

The mechanisms of eosinophilic inflammation are
not well defined. Although both IL-5 and the chemokine
eotaxin, both of which have eosinophilotactic activity,
have been reported to be increased in asthma, studies
that aimed to inhibit these pro-eosinophilic mediators
were not accompanied by clinical efficacy.?*** Recent
studies of targeted therapy, however, such as those us-
ing Mepolizumab, a humanized monoclonal antibody
(mAb) with potent IL-5 neutralizing effects, performed
specifically in a cohort with eosinophilic asthma, showed
that in addition to reduction of eosinophils, a reduction
of the number of exacerbations has also occurred.®>*
Mepolizumab therefore, could be a potential treatment
for eosinophilic diseases.

Neutrophilicasthma

Severe asthma may also be associated with neutrophilic
inflammation,'®” but the precise role of neutrophils re-
mains to be determined. Many patients with neutrophilic
inflammation have concomitant eosinophilic inflammation
seen on tissue biopsy, while sputum assessment might
show a clear predominance of either neutrophils or eosi-
nophils.3® Neutrophilic asthma is seen most commonly
in patients with severe disease and has been reported in
autopsies of patients who died soon after the onset of a
severe exacerbation.®®

The cause of neutrophilic inflammation in asthma is
not well understood. The association with severe asthma
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could be caused by treatment with high doses of corticos-
teroids, which have been shown to decrease the apoptosis
of neutrophils in vitro.** Neutrophilia may represent a
continuous influx of cells from the bloodstream due to
continuous antigenic stimulation of the bronchi, or it may
be influenced by high levels of steroid treatment. Several
mediators linked to neutrophil LT B4, IL-8, macrophage
inflammatory protein-1a and TNFa) have been shown to
be increased in severe asthma®. They induce neutrophil
chemotaxis, activation and survival and upregulate en-
dothelial adhesion molecules. Epidermal growth factor
receptor (EGFR), a marker of epithelial stress/damage,
is increased in proportion to disease severity. EGFR ex-
pression in the bronchial epithelium correlates with IL-8
indicating that EGFR can also contribute to this sustained
neutrophilic inflammation™®,

This phenotype seems to be less responsive to corti-
costeroid therapy than eosinophilic asthma.’”’ Anti-neu-
trophilic treatment has not been systematically studied.
Thus no studies have successfully targeted treatment of
this pathological phenotype .

Paucigranulocytic asthma

Asthma has been thought of as an inflammatory
disease for the past 20-30 years, yet studies suggest
that asthma can present in the absence of an identifi-
able influx of inflammatory cells such as eosinophils,
neutrophils, or lymphocytes®. Inflammation might take
less traditional forms, perhaps caused by activation of
resident cells, such as mast, epithelial, or smooth muscle
cells. Unfortunately, no biological markers have been
identified for this paucigranulocytic phenotype. Some
studies suggest that these patients do not respond to
corticosteroid therapy, and might benefit from reduc-
tion in their corticosteroid dose'®, but the inflammation
mightincrease during exacerbations in these patients or
in response to corticosteroid dose reduction, resulting in
the asthma becoming granulocytic in phenotype.

Genes and asthma

A number of genes have been identified that contain
polymorphisms which influence immune or pulmonary
development and response to environmental exposures,
perhaps increasing the risk for development of asthma.
Over 100 genes have been reported to be associated
with asthma or related phenotypes. Among these are:
NOS3, FCER1B, IL4RA, ADAM33, GRPA, SPINK5, ORMFL3,
MYLK, ECP, CYLTR1, CD14 and some of the Toll-like recep-
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tors, among others.'1% |n the period 2006-2007 alone,
53 novel candidate gene associations were reported'®,
It has been suggested that certain genotypes may be
associated with asthma which persists into adulthood.
One study found that Arg16-Gly27 homozygotes are
more likely to have recurrent wheezing as adults; how-
ever, this genotype is of low frequency (3%) in wheezing
adults'®. Furthermore, the genotype of 32 adrenergic
receptor affects the long-term response of 32 adrenergic
agents and patients homozygotic to Arg-Arg mutations
should possibly avoid 2 agents for the treatment of
their asthma''?. The genetics of asthma susceptibility is
complex, with the same genotype sometimes confer-
ring protection and sometimes risk depending on the
environmental exposures.

Molecular phenotyping of severe asthma

It has already been mentioned above that at least some
patients with severe asthma have been characterized by
endobronchial biopsy as having either neutrophil-pre-
dominantinflammation or increased tissue eosinophils.'
Eosinophil-positive patients, especially those with early-
onset disease and associated airway remodelling, have
been shown to have an increased incidence of near-fatal
events, although other studies have found no clinical dif-
ferences between the eosinophilic and non-eosinophilic
phenotypes?. Together, these observations suggest that
severe asthma is a pathologically heterogenous disorder,
and an objective method for distinguishing clinically
significant subtypes is still lacking.

The findings that patients with severe asthma have
distinct inflammatory processes suggest that they may
also express distinct airway cytokine profiles compared
with patients with responsive asthma. Brasier AR, et al*
investigated this hypothesis by examination of airway
cytokine expression patterns in BAL from a matched group
of patients with non-severe and severe asthma by using
bead-based multiplex cytokine arrays (Luminex xMAP).The
final intent of the researchers was to accurately define the
asthmatic phenotypes, based on molecular profiles that
may facilitate clinical investigation on the pathogenesis
and treatment of asthma. Statistical analysis identified 4
groups, labelled G1 to G4, that differed between each other
in more than 15 variables. These variables included the
cellular features of BAL (pulmonary eosinophils, alveolar
macrophages) and lung function measurements (lung
function values, FEV; response to bronchodilation and
sensitivity to methacholine). Patients in G1 had a signifi-
cantly reduced FEV,, FVC, and FEV; improvement after
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bronchodilator therapy and high levels of IL-2 compared
with the other groups, and a high proportion of asthma
classified as severe by the ATS criteria. G2, the group
with the best preservation of lung function was high in
patients with non severe asthma according to ATS criteria
and had high levels IL-1Ra. G3 had high levels of IP-10 and
G4 had high levels of IL-2R and many other cytokines. The
study by Brasier et al. identified 10 cytokines as being
most important for identification of the G1 severe group.
The rank order of these cytokines (from the most to the
least informative) was IL-1Ra, MIP-1a, MIG, IL-15, IL-2R,
IP-10, IL-4, IL-6, MCP-1, and IL-2. Classification methods
for predicting methacholine sensitivity were developed,
and hyperresponders could be predicted with 88% ac-
curacy. The cytokines that contributed to this model were
IL-2, IL-4, and IL-5. On the basis of this classifier, 3 distinct
hyperresponder classes were identified that differed in
BAL eosinophil count and PC20 methacholine.

This study provided a first proof of the concept that
informative patterns of cytokines can be detected and
interpreted in BAL from patients with asthma and may
contribute to more objective classification of disease
type. The authors’ interpretion of these findings is that
patients with asthma with apparently similar clinical
characteristics are in fact composed of heterogeneous
subtypes that can be further distinguished on the basis
of BAL cytokine profiles. It appears that important new
diagnostic and prognostic information is available in
airway fluid, indicating that future research in biomarker
identification will be informative.

Clustering of Phenotypes

Each patient with asthma shows characteristics of dif-
ferent phenotypes; this creates difficulties in the accurately
selection of patients for participation in epidemiological
or investigational studies, and for interpretation of the
effects of different therapeutic strategies. Current descrip-
tions of asthma phenotypes are limited by subjectivity
and poor coherence. A robust system of classification
that incorporates the multidimensionality of asthma is
needed to identify subgroups with consistent patterns
of disease'"'. An important study by Haldar et al."'? has
suggested that cluster analysis of asthmatic populations
explains better the differences seen in the effects of treat-
ment. In this study, clusters of a population managed in
primary care with predominantly mild to moderate disease,
were compared with a refractory asthma population man-
aged in secondary care. Differences in asthma outcomes
(exacerbation frequency and change in corticosteroid
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dose at 12 months) were compared between clusters
in a third population with predominantly refractory
asthma, either minimizing eosinophilic inflammation in
the sputum (inflammation-guided strategy) or apply-
ing standard clinical care. According to this study, two
clusters (early-onset atopic and obese, non-eosinophilic)
were common to both refractory and mild to moderate
asthma with greater severity of characteristics. Two other
clusters characterized by marked discordance between
symptom expression and eosinophilic airway inflamma-
tion (early-onset symptom predominant and late-onset
inflammation predominant) were specific to refractory
asthma. Inflammation-guided management was superior
for both discordant subgroups, leading to a reduction in
exacerbation frequency in the inflammation-predominant
cluster and a dose reduction of inhaled corticosteroid in the
symptom-predominant cluster. Using the sputum guided
care, the obese, non-eosinophilic phenotype, for example,
in the Haldar et al. study, common to populations of mild
to moderate and refractory asthma, was characterized
by symptoms that were not associated with eosinophilic
airway inflammation. Given the recognized association
between eosinophilic airway inflammation and steroid
responsiveness in airway disease, the reported steroid
resistance of asthma in obese patients may in part be
explained by the lack of presence of eosinophils''3. Using
the conventional clinical strategy care, without examin-
ing the type of airway inflammation, overtreatment with
corticosteroids for symptom improvement may be given,
whereas, possible strategies for improving compliance
could have a better effect.

The following section on specific patients’ charac-
teristics could possibly be explained by the above clas-
sification of asthmatic subjects and it is probable that
different ways of management could have led to more
effective treatment of asthma in these patients. Further
investigation is needed for clarifying the difficulties in
identification of phenotypes.

Characteristics of individual patients

Most asthmatic patients do not follow the characteris-
tics of a single phenotype, but fit into many phenotypes.
Two case studies are presented to illustrate this phenotype
interrelationship.

The first case is that of a Greek woman who was born
preterm in 1964 with low birth weight (1.5kg). She has
a monozygotic sister with mild asthma. She is a lifelong
non-smoker with asthma and rhinitis since infancy. She
worked in a cotton mill from 1985 to 2000 when she
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stopped because of difficulty in breathing. Her course was
notable for frequent hospitalizations and emergency room
visits for severe asthma attacks, but she has never required
intubation. She experiences typical asthma symptoms of
wheezing, cough and chest tightness in response to cold
air, hot weather, fumes, and upper respiratory infection.
Over the years she has developed significant GERD, OSA
and weight gain, and since 2002 she has had nasal polyps
and sinusistis. She is unable to taper methylprednisolone
below 20mg/d without having more frequent asthma
attacks. Besides methylprednisolone, her medication
includes high-dose combination of steroids with long-
acting 32 agent, salbutamol, a LT modifier, omeprazole,
and calcium. Inhaled or systematic steroids were intro-
duced at least 30 years after the start of her asthma. In
2005 she had 2 pregnancies that terminated early with
embryonic death due to low HbSO2. She has normal IgE,
so anti-IgE therapy is not an option. In 2006 she developed
hyperthyroidism which is managed with thyroxine tablets
and she became depressed but did not accept regular
medication. She is seen weekly to monthly.

On examination, she is mildly Cushingoid. Chest CT
scan has shown bronchiectasis. She does not have the
Churg-Strauss syndrome. Recent spirometry shows FEV,
of 0.67 L (34% predicted) and FEV:/FVC 62%, with no
bronchodilation response. Her PO, is 58 mmHg and PCO,
rises to 50 mmHg (6.7 kPa). She uses O, every day. She
is unable to perform everyday activities or walk freely,
she has severe sinusitis and produces purulent sputum
(culture shows Haemophilus and Streptococcus) and she
is hospitalized 3 times /year.

This patient’s asthma is corticosteroid-dependent,
requiring high doses of oral corticosteroids, although
control is never fully achieved, suggesting that she may
have an element of corticosteroid resistance. Circulating
eosinophils are not increased, but any effort to reduce
steroids has been unsuccessful. This patient’s asthma
also belongs to the exacerbation-prone phenotype, as
well as the fixed limitation of airflow phenotype and also,
her occupational exposure to the endotoxin of cotton
dust possibly aggravated her symptoms. Cotton work
with long employment is associated with irreversible
symptoms, longitudinal loss of lung function (decline of
FEV: 32.3ml/year and of FVC 20.1ml/year) and possibly
severe pulmonary disability.”*'"> This patient is seriously
depressed, without appropriate medication and, as docu-
mented above, psychological dysfunction is considered
as one of the most important risk factors for frequent
severe exacerbations.
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The second case is that of a 53yr-old caucasiane man
who presented with severe, persistent asthma asking to
participate in a clinical research study on asthma. He is a
lifelong non-smoker with asthma since the age of 40 years.
He has never required intubation, but has required oral
corticosteroids since 4 years ago to control his asthma. He
currently complains of wheezing and chest tightness on
minimal exertion. His medications included a combina-
tion of high dose steroids and LABA for maintenance and
relief. Spirometry showed FEV; of 0.70 L (35% predicted)
and FVC of 1.4 L (60% predicted). There was no response
to bronchodilation. The diffusing capacity was normal. He
also has OSA since 2004 and he is using CPAP, His PaO,
was 68mmHg and he experiences serious exacerbations
once a year. He requires daily oral steroids so as not to
experience exacerbation, but after long term treatment
with steroids there is no improvement in symptoms or
change in lung function, suggesting a phenotype of fixed
airflow obstruction due to asthma and possibly steroid
resistance. This patient has late onset asthma, but shares
many common characteristics with the previous female
patient, although he had no aggravating occupational
exposure, but he is not psychologically burdened or seri-
ously depressed. He leads an almost normal life a quality
not seriously impaired.

CONCLUSIONS

A number of asthma phenotypes have been described;
however, these descriptions are not based on a clear
understanding of the pathobiology of these phenotypes
and it is often difficult to combine or compare studies,
due to lack of a common definition or well-characterized
description of the phenotype being studied.

Considerable progress has been made in recent years
to define and understand the pathophysiology of asthma.
As new treatment modalities for asthma become available,
substantial effort is needed to define and understand
which patients will respond to which treatment. Ongoing
research efforts provide more insight into the relationship
between genetics, environment, genotype-phenotype
relationships and the pathophysiology of asthma; thus
it should be possible to define more precisely clinical
phenotypes based on pathological mechanisms and
genetics. Targeted approaches will aid in the identification
of better biomarkers for certain phenotypes.

The description of pathological phenotypes of asthma
is in its infancy. In the future, more phenotypes will be
identified and characterized through specific biomarkers.
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By identifying asthma phenotypes, the application of more
appropriate, more effective, and safer forms of treatment
of each phenotype of asthma will be possible.
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MEPIAHWH. H avantuén tng texvoloyiag cuvéBale atnv gupeia
XPoN VEWV 0VCIWV OTIG MapaywyLKEG Sladikaoieg. AuoTuxwe, n
ayvola Twv emépAcewv TouG oTNV UYEia, 6 GUVSUAGHO PE TRV
amouacia METPWVY ATOMIKAG MPOOTaCiac, 08ynoe atnv avamtuén
petagd Twv epyalopévwv voowv méPa amo TIG <KAAGIKES» S1ApETEG
enmayyeApatikég mveupovonadeleg. H ékBeon o€ SlakeTUALo umopei va
odnynoel otnv npdkAnon ano@paktikiG BpoyxtoAitidag («mvevpovag
pop-corny), evw S1decEC mveUpovonadeleg umopei va mpokAnBouv
akopn Aoyw €k0eong o€ iveg vailov, og XpwoTikry Acramin-FWN
(ouvbpopo Ardystil), o€ 0&gidio ivolou-kaooitepou kKaBwWG Kat Aoyw
evamoBeonc vavoowpatidiwv kat kavang Blopalac. Emméov, nveu-
povitiba amd unepevatodnaoia pumopei va mpokAnOei Adyw ékBeong
o€ TpooBeTikd (WoTpoPwv. TENOC, YVWaToi mapdyovTeg Kivoivou
HEOW VEWV EQUAPUOYWY UTOPEL VA TIPOKAAEGOUV EMAYYEAUATIKEG
Slapeoeg mvevpovondbeieg. Mvevpwy 2010, 23(3):293-296.

EIZATQrH

O 6pog «eMAYYEAUATIKEG SIAPECES TTVEVIOVOTIADELEGH TTOPATTIEUTTEL OTIC
YVWOTEG aTTO TOV TTPONYOUHIEVO ALWVA TTVEUIOVOKOVIWOELG, Ol OTIOIEG ApO-
pPOoUV TNV TTPOKANGN SIAECNG TTVEVLOVOTIABELAG UETA amTd €KBECN O€ OUTIEC
OTIWE 0 AMiaVTOC, TO TTUPITIO K.A. H KaTavénon Twv BIOAOYIKWY EMIMTWOEWY
NG €kBeong oTouG TAPdyovTeG AUTOUG 08ryNOE OTOV TIPOANTITIKO EAEYXO
Twv gpyalopévwy Kat oTnv Tautoxpovn Afyn péTpwv mpootaciag (ato-
MIKWV KAl CUAOYIKWVY) OTO XWPO £PYACIAC, KAl EYTACE OTNV amaydpeuon
NG XPHoNg ouctwy (apiavTog) epdoov Sev €yive EQIKTH N TPOOTACIA TWV
EKTIOEUEVWV ATOUWV.

Ouoigg mou xpnotpomotriBnkav yla mpwtn @opd ta TeAevTaia Xxpovia,
YVWOTEC OUGIEC TTOU BPrKAV VEEC EQAPUOYEC, CUVEEBNKAV e TNV TIPOKANON
Slapeowv veupovoraBelwv'. Ta TPWTA TEPIOTATIKA, TTPIV CUOXETIOTOUV UE



294

v emayyeApatikn ékBeon (e§attiag Kupiwg TG cuPPONC
'Kpououdtwy’ oto idlo mepiBdilov epyaciag), OewpnOn-
Kav wc 18lomabeic S1ApecEC TTVEVOVOTIABELEC, YEYOVOC
mou Tovilel TN onuacia TG AP KaAoL I0TOPIKOU aTto
TOV KAIVIKO YLaTPO, TTou ipémel va iepIAapBdvel oTolxeia
ETTAYYEAUATIKNAC €KBeoNC.

>Tnv mapovoa avaokonnon mapoucidlovratl ot d1a-
HECEC TTVEULOVOTIABELEC, TTOU OPEINOVTAL OTN XPrON VEWV
OUCIWV OTNV TTAPAYWYH A OTNV EL0OYWYN VEWV EQAPUOYWV
0€ YVWOoToUG TTApAyovTeC KIvOUVOU, OTIWE TTAPOUCIACTNKAV
otn 81eBvn BiBAloypagia ta TeAevTaia €TN.

1. Amo@paxTiki Bpoyxtohitida amod draketoho

To S1aKeTUAIO €ival HIKPOU HOPLAKOU BAPOUG XNMIKNA
ouacia, n omoia XPNOIUOTIOLEITAL Y1 VA TIPOCOWOEL TEXVNTA
Tn yeuon Boutvpou o€ didpopa Tpod@Iua. MpdopaTeg
avagopég ouvdéouv TV ékBeon 0To SIAKETUAIO PE TNV
MPOKANON amo@PaKTIKNAG BpoyxtoAitidag, yvwotn Kat
W¢ «TVeLOVAC TToT Kopv» ("pop-corn lung"), emeldn n
TIPWTN TIEPLYPAPOEVN GUPPON TIEPIOTATIKWY CNUEIWONKE
peTal epyalopévwy oTnv avauelfn Kalt CUCKELAGia Tou
TIOTIKOPV?, OUWC TTEPIOTATIKA TTVEUMOVIKAS PAGBNC Sari-
otwONKav Kal o AANeC Katnyopiec epyalopévwy, OTwE
yla mapddetypa otn (axapomiaotikri*4. H mopeia tng
vOooU SIaQEPEL ATTIO TNV EIKOVA ATTOPPAKTIKNG Bpoyxlo-
Aitidag mou meptypdgetat wg "silo fillers’ lung" kat n omoia
ouVNBWG aVTamOKPIVETAL GTN XOPHYNON OTEPOEIOWV. X €
avtiBeon, n amo@pakTikh BpoyxtoAitida and dtakeTUAIo
£XELTTIO «UTIOUAN» TIOPEIQ, KA UTTOPE( va KaTtaAn&eL o€ po-
VLN TTEPLOPLOTIKOU TUTIOU TTVEUOVOTTIABELD, ATTAITWVTAG
QKON Kal LETAPOOXEUON TIVEUUOVWV.

MNépa anod tnv ékBeon oto SlakeTUAIO TPOKANGCN
amo@PAKTIKAG BpoyxloAitidag avagépeTal BipAoypagikd
Kal PeTa amo nepiBarlovTikn ékBeon oto Botavo Sau-
ropus®, kaBwg kat otn xprion fiberglass otn Blopnxavia
KOTAOKEUNG AEpPBwVe,

2. Aidpeon mvevpovonddeia amo iveg vathov

H mpwtn avagopd Tou cuvdpopou éylve petadu
epyatwy pe ékBeon ot ivec flock, SnAadry ToAU KovTég
ouvBeTIKEC iveg vahov (nylon flock) Tou xpnotuomotouvTal
OTN KATAOKEUT UQACUATWY e v Tadxag 1 BeAolSou’.
2TNV TIPWTN TIEPLYPAPH TNG VOOOU £ylve AOYOC Yla aro-
@OoMSwTIKN Tveupovia® n omoia amododnke og ékBeon
og anpoodidplotn Toéivn Kat dx1 oTIG iveg vailov. Me Tnv
TEPAUTEPW EUPAVION VEWV TIEPIOTATIKWY, TA TTaBoAoyoa-
VOTOUIKA EUPAUATA XOPOAKTNPICTNKAY WG AEUPOKUTTA-
pIkn BpoyxioAitida kat mepipoyxtoAitida. EKTog Opwe
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amo TIG iveg vAlhov ava@popd yla TEPIOTATIKA VOOOU EXEl
Yivel kal HeTa amo ékBeon og iveg amd moAualBuAévio,
TIOAUTTPOTTUAEVIO Kal peYIOV® !, Kolvdg autiomaboyeve TIKOC
MUNXAVIOUOG €ival TO HIKPO MAKOC TWV CUVOETIKWY VWY,
ave&dptnta amd Tov TPOMO KOTTAG TOUC, KAl Ol EPYACIEC
TIOU TIPOKAAOUV gloTvor} cwpatidiwv (m.y. kaBaplopodg
TOU UPACUATOG PE NAEKTPIKI) OKOUTIQ).

O xpdvog EPYAVIONG TNG VOOOU KUMAIVETAL AT Afyoug
MAVEG LEXPL APKETA £TN ATTO TNV €KOEON Kal EKONAWVETAL
w¢ mpoodeuTikd emdelvolpevn duoTvola, ENpdc Brxag
KOl CUCTNMATIKA CUUTITWHATA. X€ KATmoloug aoBeveic Ta
CUUTTTWHATA EMSEIVWVOVTAL OTO XWPO £pYACiag, IOIKA
otnv apxn’ . Ot Aettoupyikég SoKIpaoieg ivat evOeIKTI-
KEC Yla TIEPIOPIOTIKOU TUTOUL Slatapayn UeE EANATTWHEVN
Sidyuon. To mo koo evpnua otnv HRCT Bwpaka gival
Sldyuteg mveupovikég SinBnoelg Tumou ground glass kat
kevtpolofidiakd olidla (elkdva avtioTolyxn TNG MVEURO-
vitidag ané unepevaiodnoia)'®. Q¢ Bepamneia mpoteivetal
N amopdKkpuveon amo Tnv €ékBeon Kal N CUCTNHATIKA
XOPNYNoN KOPTIKOOTEPOEISWV'? 4,

3. 2uvépopo Ardystil

To ouvdpopo Ardystil givar pia faptd poper opyavou-
MEVNG TTVEUHOVIOG TTOU TTPWTOEKONAWBNKE OE EpyaTeq oTNV
ugavTtoupyia ol omoiol ekTéBNKav o€ Bapr Tou Tiepleixe
Tnv oucia Acramin-FWN o€ popor onpél>'6, H guumntw-
patoloyia Eekivdel 1 priva péxpt 1 €tog amod tnv ékBeon
katmepthapPavel emiotan, Suonvola, frixa kat Bwpakikd
aAyo¢'”'8, H HRCT Bwpaka €xel EuprHATA OPYAVOUUEVNG
mveuvpoviag. H mopeia tng vooou pmopei va ival Kakn
TIAPA TN CUCTNMATIKN AP KOPTIKOOTEPOEISWV (€XOUV
avagepBOei 6 Bdvatol amod to cuvépoo)".

4, hiapeon nvevpovonddeia amo oéeidio ivdiou-
Kaoottépou

H ékBeon og oeidlo ivdlou-kaooitépou (indium-tin
oxide-ITO), kpapa MOV XPNOIUOTIOLEITAL YIO TNV KATA-
okeur 08ovwv uypwv KPUSTAMwWV 1| 0Bovwv plasma éxel
ouvleBei pe kuPeSiTida Kal TTVEVHOVIKY (Vwon oToug
£PYATEG TAPAYWYAC'. Ol TIPWTEG TTEPLYPAPEG TIEPIOTATIKWV
€ytvav 1o 2003 kal mpogpyovTal amo tnv lanwvia, émou
Kal BpiokovTal ot PeYAAeG TTOPAYWYIKEG LoVASEC 2, aANd
untapxeL N mepimTwon va ekdnAwBouv avtiotoixeg PAAPEG
META amo €KOeon KATA TNV AVAKUKAWGN TWV CUCKEUWV
autwv. NMapdAAnAa, uTTapyEL Hia OXETIKA TPOOEPATN aAva-
popa amo tnv ToupkKia MEPIOTATIKWY SIAPECNG TTVEUOVO-
aBelag o€ Bropnyavia eMKAANVPNG XAAKIVWY OKEVWVY UE
kaooitepo?'. Mapd 1o yeyovog 0TL N ékBeon o€ KAoGiTEPO
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ouvodeveTal amd TTVEVHOVOKOVIWON, N CUYKEKPIUEVN
OElpd TeploTaTiKwy €ixe euprjpata otn HRCT Bwpaka
avVTIoTOLKA UE AVATTVEVOTIKN BpoyxloAitida [respiratory
bronchiolitis- interstitial lung disease (RB-ILD)].

H epgavion tng vooou kabuotepei katd 1 pe 5 €tn
HeTA TNV ékBe0N Kal UTTAPXEL EpPavig oxéon d6ong ékOe-
ongG anoteAéopatog, kabwg n cofapr véoog cuvdEdnke
ME paKpoxpovia €kBean kal upnAoTepa emineda vdiou
otov opd Twv aoBevwv. Ta eupruata otnv HRCT Bwpaka
niepAapBdavouv allowwaoelg Tumou ground glass, kevtpo-
MoPBidtakd olidia kat eppuonua’®?°22, MlaBoAoyoavatoul-
K4, aveupioketal mePIBPOYXIKN ivwaon, YlyavtokuTTapa
TUmou ££Vou OWHOTOG Kal EVOOKUWPENSIKN CUYKEVTPWON
MAKPO@AYWV TTOU TIEPIEXOUV KAOTAVOXP WA CWHATIOI
ME ivS10222,

5. Midpeon mvevpovonadeia amd vavoowpatidia

YTAapyel YEVIKOTEPN avnouyia yia Ti¢ mbavég BAAPEC
oTNV LyEia amo T vavoTexvoloyia Kal eI8IKOTEPA Ao Ta
vavoowpatidlo?, 1dlaitepa HETA TNV EUPAVION KPOUOUA-
Twv dldueong mveupovorddelag mou ouvoSeVTNKE armd
uTe(WKOTIKN 1} TIEPIKAPSIAKT GUAAOYH KOl KOKKIWHIATW-
6n avtidpaon Tumou £évou CWUATOC O EPYATPIEC TTOU
EKTEDNKAV 0€ AEPOAUMA HiYHATOC TTOAUAKPUAIKWY Kal
oTI¢ omoieg n maBoAloyoavatouikn e€€taon £é6eiée evamo-
Beon vavoowpaTidiwy ota emOnAlaKd Kat pecoBnAlakd
KUTTApPA, aAAd Kat 0To uTTe(WKOTIKO LYPO*.

6. Aidpeon mvevpovomddeta amod kaven Bropdlag

Eival yvwoTtn n ouoxétion petadu ékBeong og kavolua
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Blopddag kal otnv MPOKANCN Xpoviag AMOQPEAKTIKAG
MveupovoTIABEING OE YUVAIKES - N KATIVIOTPIEG 1} OTNV
EUPAVION AOIUWEEWY KATWTEPOU AVATIVEUCTIKOU OF [I-
Kpa maidia?. YIApXouv woTOo0 avapopEG yid avantuén
Siapeong mveupovonddelag deutepomabwe petd and
ékBeon o kavon Blopdlag pe amotéeopa tnv avantuén
NG MaBoAOYIKNG KATAoTAoNC, YVWOTHG Kal w¢ “hut lung”
otn &1ebvn BiBAoypagia? . MaboyvwHUoVIKO XapaKTn-
PIOTIKO €ival n avelpeon Heydlou aplBuol knAidwv
avBpaka oToug agpaywyolg KaTd tn Bpoyxookonnon
(nakpookomikd), aAAd kat oTo Slapeco 1016 (maboAoyo-
avatouikn €€taon). Ot acBeveic epgavifouv otadlakd
SuoTvola Kal Brxa, VW ol avamveuoTIKEG SOKIPAOIES
Tou mvevpova Seixvouv Statapaxr pikTou tumouv?. H
akTivoypagia Bwpaka deixvel Siktuoolwdelg ) olwdelg
SINBRoeIg XWwpic ENATTWON TWV TTVEUUOVIKWY OYKWVZ.
>tnv HRCT Bwpaka, ot 6ol €xouv kevipolofidlakn Ka-
Tavoun?. Ze mpoxwpnpévn vooo mapatnpeital ivwon Kat
TIVEUMOVIKNA Kapdia??,

7. Nvevpovitida ané vnepevaiodnoia Aoyw ékBeong
oc (wotpoPéc

Yndpxel avapopd oTnv mpoKAnon mveupovitidag amod
unepevaloBnoia Aoyw ékBeong oo phytoset, éva oxeTika
VEO TTIPOOBETIKO OTIC {WOTPOPEC?.

8. Néec 0doi ékBeong amd yvwaTou¢ mapdyovteg
Kivdovou

Ouoigg mou éxouv 6N evoxomotnBei oTnv TpoOKANon
EMAYYEAUATIKWV SIAPECWY TIVEUUOVOTIABEIWY QaivVETAL

MINAKAZX I. Neogppavi{OpeveC SIAMETEC TTABNOEIC TOU TIVEUOVA EMTAYYEAUOTIKNG AITIOAOYiIAG

Aitio Nooog

Katnyopieg epyalopévwv

AlaKeTUNIO

Ivec flock (vahov, moAuaiBuleviou,
TIOAUTTIPOTIUAEVIOU, PEYIOV)

Acramin-FWN (ouvBetikn Baer)

O¢&gidlo ivdlou- kaooitepou

Navoowpartidia
Kavon Bropadag Mveupovikn ivwon

Phytoset (MpocBetikd oTiq {wOoTPOPEQ)

Appog Awdpeon mveupovondBeia (Mupttiaon)

Amo@paKTIKN BpoyxloAitida

Nep@okuttapikn BpoyxtoAitida

Opyavouuevn niveupovia (XuvSpopo Ardystil)

Kupehibitida, mveupovikn ivwon

MveupoviK ivwon pe ume(wKOTIKT cUANoYR

Mveupovitida amé umepevatodnoia

Biopnyavia tpo@ipwv- mapaokeun
popcorn-{axapomA\aoTIKN

Yoaopatormolia (todxa)

Yopavtoupyia

Kataokeur} 0Bovwv
(uypwv KpuoTAMwV f plasma)

Xprion vavotexvohoyiag
OIKlaKn xprion yla Bépuavorn, Jayeipikn
Extpogeic (wwv

Bloteyvieg évbuong
“metpomAupéva’ jeans
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OTI Bpiokouv véeg epapuoyEg, e€akoAouBwWVTaG PE ToV
TPOTO AUTO va TTPOKAAOUV KpoUouata, Kal paliota
o€ PeYAAeg oglpéc epyalopévwv. Na mapadetyua, map’
OMo mou n mupiTiaon gival yvwotn véoog Kal Bewpeital
OTL umopei mMAéov va TpoAneBei mMAripwg, dnuooielTnKe
TTPOCPATA Hia GEIPA VEWV TIEPICTATIKWY O€ £pYAlOUEVOUC
otn Blounxavia évéuong otnv Toupkia mou acxolouvTtav
OTO TTAUGIHO UE A0 TWV TTAVTEAOVIWV T(IV WOTE VA TOUG
SWO0UV TO XAPAKTNPIOTIKO XPWHA Kat uenR®.

2YMNEPAZMA

H epgavion piag Sidpueong mveupovomdbeiag pmopei va
opeileTal o€ €KOEON O€ VEOUC, OXL AKOUN EUPEWE YVWOTOUG

[INEYMQN Tetxoc 30, Téuog 230¢, lovAiog - ZemtéufBpiog 2010

mapayovteg kKivduvou oTo Xwpo gpyaciac. H Stayvwon
eMopEVWC amaitei UPNAS Babuo kKAVIKAG urToPiag, alAd
Kal ANYPn AEMTOUEPOUC IOTOPIKOU ETMAYYEAUATIKNG KAl
nepIBallovTtikng ékBeong. Ot BepameuTiKEG eMIAOYEC Sev
Slapépouv ouvnOwe amod auTég Twv IS1omabwy SIAPEcWY
TIVeupovoraBelwy, aANA cuumepIAaBAavouy amapaitnta
Kal TNV amopdkpuvon amod tnv nyn ékBeong. Znuavti-
KOTEPN €ival, WOTOCO, N TTPWTOYEVAC KAl SEUTEPOYEVIC
MEOANYN, WOTE VA ATTOTPATIE N EUPAVION KPOUCUATWY
peTall Twv epyalopévwy.

BIBAIOTPAQIA

(BAéme ayyAikoé Keipevo)



Brief Review

Beyond pneumonoconiosis:
Recently described occupational
interstitial lung diseases

Evangelia Nena',

Paschalis Steiropoulos?,
Theodoros C. Constantinidis’,
Demosthenes Bouros?

'Laboratory of Hygiene and Environmental
Protection, Medical School, Democritus
University of Thrace, Alexandroupolis, Greece
2Department of Pneumonology, Medical
School, Democritus University of Thrace,
Alexandroupolis, Greece

Key words:
- occupational interstitial lung disease
- work-related pulmonary fibrosis

Correspondence to:

Evangelia Nena, MD, PhD

Occupational Physician, Laboratory of Hygiene and
Environmental Protection, Medical School, Democritus
University of Thrace

68100, Alexandroupolis, Greece

Tel: +306944772364

E-mail: enena@med.duth.gr

SUMMARY. Recent technological innovations have resulted in the
introduction of new substances in different manufacturing proce-
dures. Unfortunately, lack of knowledge of the adverse effects of
some novel substances has led to the development of interstitial
lung disease (ILD) among exposed workers. Exposure to diacetyl
can cause bronchiolitis obliterans (“popcorn lung”), while exposure
to nylon flock, Acramin-FWN, indium-tin oxide, biomass fuels or
nanoparticles is associated with ILD. In addition, hypersensitivity
pneumonitis can occur after exposure to additives in animal feed.
Finally, new applications of substances already known to be hazard-
ous can result in the occurrence of ILD in exposed workers. Pneumon
2010, 23(3):297-300.

INTRODUCTION

The term ‘occupational interstitial lung disease’ usually refers to a number
of pneumonoconioses, i.e. interstitial lung disease (ILD) due to exposure to
inorganic substances, such as asbestos, in the workplace. The identification
of hazardous substances and the understanding of the biological conse-
quences of exposure resulted in a significant reduction of the prevalence
of these disorders. The development of new technologies, however, has
resulted in the introduction of new substances, or new applications of sub-
stances already known to he hazardous'. At first, new cases of ILD were often
considered to be of idiopathic origin, which emphasizes the importance of
seeking information about the occupational and environmental exposure
to possibly hazardous substances in the medical history.

This review explores all recent reports of ILD of occupational origin, the
occurrence of which was associated with exposure to novel substances

1. Bronchiolitis Obliterans due to diacetyl exposure

Diacetyl is a chemical of low molecular weight, used as a food additive
to give a flavour of butter. Recent reports have associated diacetyl use with
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bronchiolitis obliterans, a condition frequently referred
to as “popcorn lung” because the first outbreaks of cases
were reported among workers involved in the mixing and
packaging of that product.? Individuals with other diacetyl
exposure scenarios, such as work in confectionery, also
appear to be at risk.>4

The prognosis differs significantly from the bronchioli-
tis obliterans of the “silo-filler’s lung”, which is reversible
and responds well to early treatment with steroids. In
contrast, the prognosis in diacetyl-caused bronchiolitis
obliterans is much worse, as a more insidious constrictive
pattern develops, resulting in a condition that can be life-
threatening and may require lung transplantation.

Apart from diacetyl exposure, bronchiolitis obliter-
ans can be caused by an Asian herbal medicine derived
from Sauropus.® In addition, an outbreak of bronchiolitis
obliterans was recently reported among small craft boat
builders who were using styrene containing “gelcoat” as
a coating for fibreglass hulls®.

2. Flock-associated ILD (‘Flock-Workers Lung’)

Lymphocytic bronchiolitis of occupational exposure
was first reported among manufacturing workers heavily
exposed to nylon flock (i.e., very short synthetic nylon
fibres used in nonwoven applications)’. The first cases
to be reported were initially described as desquamative
pneumonia® and were attributed to an unspecified toxin
exposure, rather than to the flock fibres. As subsequent
cases emerged, the pathological findings appeared to
be better characterized as lymphocytic bronchiolitis
and peribronchiolitis, and were linked with exposure
to flock.

Workers exposed to flock made of polyethylene,
polypropylene, and rayon are also at risk of developing
lymphocytic bronchiolitis®"". The predominant risk fac-
tors are the short length of the synthetic fibres and the
performance of work processes that generate substantial
concentrations of airborne fibres.

The latency of flock-workers’ ILD ranges between a few
months and several years. It usually presents with gradu-
ally progressive dyspnoea, dry cough and constitutional
symptoms. Some patients also demonstrate work-related
symptoms, especially early in the process”™. Pulmonary
function tests typically reveal restriction and reduced
diffusion. The most common findings on high resolution
computed tomography (HRCT) of the chest are diffuse
ground glass changes and centrilobular nodules giving
an overall appearance very similar to hypersensitivity
pneumonitis'*Removal from exposure and corticosteroids
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comprise the recommended treatment'?',

3. Ardystil syndrome

Ardystil syndrome is a severe form of organizing
pneumonia that was first described in textile workers
exposed to a certain spray paint containing the chemical
Acramin- FWN'¢, The syndrome latency ranges from one
month to one year. Typical symptoms include epistaxis,
dyspnoea, cough, and chest pain'’*8. The prognosis is poor,
as the lung disease is often severe and progressive, despite
steroid treatment, leading in some cases to death".

4. ILD due to indium-tin oxide

Exposure to indium-tin oxide, a metal alloy used in
the manufacture of liquid crystal or plasma flat panel
display units, has been linked to alveolitis and pulmonary
fibrosis among production workers.” The first reports
of this novel form of pneumoconiosis came from Japan,
where the majority of such manufacturing industries is
concentrated,”*?° but additional cases can occur through
exposure during the recycling of these devices.

A recent report from Turkey describes the cases of
interstitial lung disease among cottage industry work-
ers lining copper pots with tin?'. Although tin exposure
is linked to a “benign” pneumoconiosis, this case cluster
had CT findings suggestive of respiratory bronchiolitis-
interstitial lung disease (RB-ILD).

The reported latency ranges from one to 5 years.
Longer exposure and higher serum indium levels have
been linked with more severe disease. HRCT findings
include ground glass appearance, centrilobular nodules
and emphysema'@?%22 Histopathological examination
reveals peribronchiolar fibrosis, foreign body giant cells
and intraalveolar accumulation of macrophages contain-
ing brown particles composed of indium?22,

5. LD due to nanoparticles

There is rising concern over the potential human
respiratory health effects of a spectrum of engineered
nanomaterials, particularly nanotubules and nanopar-
ticles?®. The seriousness of this potential new threat has
been confirmed by a recent outbreak of severe pulmo-
nary-pleural disease, with histopathologically confirmed,
nanoparticle-laden epithelial cells, in factory workers
who were heavily exposed to an aerosolized polyacr-
ylate mixture. The histological examination revealed
nanoparticles in the epithelial and mesothelial cells and
in the pleural fluid®.
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6. ILD due to biomass fuels

Itis already known that use of biomass fuels results in
the occurrence of chronic obstructive pulmonary disease
(COPD) in non-smoking women and lower respiratory tract
infections in children?>. There have also been reports of
development of ILD after exposure to burning of biomass
fuels, a condition known as "hut lung".2>?% Bronchoscopy
reveals a large number of anthracotic pigments in the
airways. These pigments are also found in the interstitial
tissue on histopathological examination. The patients
develop progressive cough and dyspnoea, and their
pulmonary function tests indicate a mixed disorder?. The
chest X-ray shows reticulonodular or nodular infiltrates
with preservation of the lung volume?. On HRCT the
distribution of the nodules is seen to be centrilobular®.
In advanced disease, massive lung fibrosis and cor pul-
monale develop%.

7. Hypersensitivity pneumonitis after exposure to
animal feed

Phytoset, a relatively new additive in animal feed has
been reported to be responsible for causing hypersen-
sitivity pneumonitis®.
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8. Novel routes of exposure for established causes of ILD

Numerous substances of which the adverse effects on
the respiratory system have been known for a long time
continue to have novel applications, resulting in the occur-
rence of different lung disorders. An example of this is the
epidemic of silicosis (which is considered a preventable
disease) in Turkey among workers in jeans-manufacturing
companies due to the sandblasting procedure that gives
a “distressed” look, popular for consumer retailing®.

CONCLUSIONS

Clinical physicians play an important role in diagnos-
ing the abovementioned novel conditions; they should
always be aware that the development of ILD may be
due to workplace exposure to a hazardous substance.
The diagnosis requires a high degree of clinical suspicion,
and a detailed occupational and environmental history.
Pharmaceutical treatment is similar to that for other
forms of ILD, but in this case of occupational exposure the
management includes removal from further exposure.
What is more important though, is for measures to be
taken for primary and secondary disease prevention, in

Table I. Recently described interstitial lung diseases of occupational origin

Risk factor Disease

Occupational exposure

Diacetyl

Nylon, polyethylene, polypropylene,
rayon flock fibres

Acramin-FWN (synthetic spray paint)
Indium-tin oxide

Nanoparticles

Biomass fuels

Phytoset (Additive in animal feed)
Sand Silicosis

Bronchiolitis obliterans

Lymphocytic bronchiolitis

Organizing pneumonia (Ardystil Syndrome)
Pulmonary fibrosis, alveolitis

Pulmonary fibrosis with pleural effusion
Interstitial lung disease

Hypersensitivity pneumonitis

Food industry (especially popcorn
manufacturing)

Synthetic flock manufacturing

Textile workers

Production of flat panel display units
Nanoparticle aerosols

Domestic use for heating, cooking
Animal breeding

Blue jeans manufacture
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order to stop the occurrence of these diseases among
the working population.
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SUMMARY. An 18 year-old male who had smoked cannabis for four
years presented with a spontaneous pneumothorax and was treated
by apical bullectomy. The surgical and histopathological findings
were characteristic of “bong lung”. This patient is the youngest
reported in the literature and the case highlights the fact that the
disease can occur even in adolescents after a few years of smoking
cannabis. Pneumon 2010, 23(3):301-303.

HISTORY:

In August 2006, an 18 year-old male was referred for management of
spontaneous left pneumothorax which had occurred the previous day,
presenting with chest pain and dyspnoea. His general health had been
good, apart from an episode of depression at age 14 years for which he had
been hospitalized under the care of a psychiatrist and for which he was still
taking venlafaxine hydrochloride 450 mg/day. There was no past history of
lung disease. However, he had smoked marihuana heavily since the age of
14 years and was consuming, on average, one ounce of marihuana mixed
with two ounces of tobacco weekly, or about four to five cones daily.

On examination, he looked well, he weighed 62 kg, his height was 185
c¢m and there were no physical findings apart from reduced breath sounds
in the left apex. He was not Marfanoid.

RADIOLOGY:

Chest X-ray on 17 August 2006 showed a left pneumothorax. Chest com-
puted tomography (CT) on 21 August 2006 (high resolution non-contrast
16 slice axial spiral scans, Tmm thick axial scans at 10mm intervals slices)
showed thin-walled bullae in the left apex, the largest of which was 2.8 x
2.1 cm. Several smaller bullae were present in the right apex. There were
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no other abnormalities (Fig. 1).

TREATMENT:

On 24 August 2006, he underwent video-assisted
thoracoscopy, with apical bullectomy and stapling of
the bullae in the left apex, and abrasion pleurodesis
(Fig. 2).

SURGICAL FINDINGS:

The appearance of the lung differed very little on the
outside from what is seen in the usual young pneumo-
thorax patient who is a smoker. However the appearance
of the cut edge of the lung parenchyma after the cutting
and stapling device had been fired was quite different.
The tissue was both thickened and “juicy”, and very brown
and tarry. The apical blebs or bullae were more prominent
than the usual “bubble-wrap” appearance, but this is not
pathognomic; it is the appearance of the cut edge which
gives the clue to “bong lung”.

PATHOLOGY:

The resected lung showed classical features of “bong
lung”. There were subpleural blebs/bullae and subpleural

FIGURE 1. High resolution CT scan of the thorax, showing apical
bullae in the left lung.
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emphysematous changes (Fig. 3), and immediately adja-
cent, numerous heavily pigmented smokers’ macrophages,
giving a desquamative interstitial pneumonia (DIP)-like
effect (Fig. 4). These changes have been described in

"

“bong lung”.

DISCUSSION:

“Bong lung” was first described by Johnson et al in
2000 when they published four cases ranging in age from
27 to 46 years, with smoking of tobacco combined with
marihuana common to all cases.! All had upper lobe bullae
of varying severity, with essentially normal parenchyma

FIGURE 2. Video-thoracoscopy showing apical bullae in the
left lung.

FIGURE 3. Histological section (x 20, H & E stain) showing
subpleural bullae.
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FIGURE 4. Histological section (x 100, H & E stain) showing
desquamative interstitial pneumonia (DIP)-like reaction with
massive intra-alveolar accumulation of heavily pigmented
macrophages (“smoker’s macrophages”) and associated inter-
stitial scarring.

below and were much more extensive than in the case
reported here. The duration of marihuana smoking was
considerably longer although not necessarily heavier than
in the present case, and one had suffered a spontaneous
pneumothorax. Of note was the finding that the amount of
tobacco smoked was much less than would normally cause
bullous lung disease. The authors concluded that “Bong
lung should be considered as one of the many causes of
spontaneous pneumothorax especially in young males.
When a smoking history is taken, this should specifically
include the smoking of marihuana”.

The following histological features are strongly sup-
portive of a diagnosis of use of cannabis (and other
illicit drugs including “crack” cocaine): a DIP-like pattern
in histological sections of apical lung specimens from
resection for pneumothorax, characterized by massive
accumulation of heavily pigmented macrophages (in
excess of that seen with even heavy tobacco smokers),
combined with the presence of pulmonary apical cystic
disease.? What distinguishes DIP from “bong lung” is the
combination of prominent interstitial scarring and bullous
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disease in the latter. In addition, in patients with “bong
lung”, there is no radiological evidence of interstitial
lung disease. The other disease to be considered in the
histological differential diagnosis is respiratory bron-
chiolitis-interstitial lung disease (RB-ILD). In contrast to
this disease, “bong lung” macrophages contain a coarse
brown pigment and are not exclusively centred on the
respiratory bronchioles.

Marihuana smoking is associated with deeper inhala-
tion and longer holding of the breath than occurs with
tobacco smoking and which may be sufficient to cause
barotrauma.' This patient is the youngest reported in
the literature and the case highlights, yet again, the fact
that marihuana smoking is not an innocuous habit.>* The
potential for cannabis to cause such severe lung damage
in a relatively short time in young smokers should be
emphasized in public health initiatives aimed at reduc-
ing the acceptance of cannabis smoking by the pubilic,
particularly the young.
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To cavatdpto tn¢ Ayia¢ EAeovaoac:
Eva¢ onnavtikog otabuog otnyv iotopia
¢ NMvevpovoloyiag oto vnai tne Padou
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'Eid1keuduevn Mveupovohoyog, "
Mveupovoloyikn KAVIKN, Ziopavoyleio
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ANnoypagia:

Avdpiava | Mamaiwdvvou

I" Mveupovoloyikn Khvikr T.N. «ZiopavoyAeion,

YiopavoyAeiou 1, 15126, Mapouot Abrva
TnA: +30 210 8039422
E-mail: andriana78@vodafone.net.gr

To Zavatodpto Tng Ayiag EAeovoac (Eikova 1) ATav To KUPLo VOGNAEUTIKO
i6pupa yla Tn voonAeia acBevwv pe pupatiwon ota Awdekdvnoa yia 23
Xpovia (1947-1970). Zekivnoe tn A&itoupyia Tou Tov AlyouoTo Tou 1947, ota
ItaAika kTipla Tou otkiopou uhotopwv Campo Chiaro, pe apyikry Suvapn 80
KAIVWV Kal armaoXoAoUUEVO TTPOowTTIKO 54 dtopa. Mapd 1o yeyovdg oti, amd
KAlLaTOAOYIKAG amoyng, n TomoBeaia dev tav Idavikn, Kabwg n mepLoxn
BaAAeTal amod 10XUPOUC Kal PUXPOUC AVEUOUC, TO MEPOG ETMINEXONKE KUPIWG
ASYW TNC avayKaldTNTAC Yia amopdvwon Twv acBevwy Je QuuaTiwon.

Ot mpwTol aoBeveig Tou cavatopiou ATAv TACXOVTEG amd QuUATiwoN,
ol omoiol péxpt ToTe voonAevovtav oto Noookopeio “Oépual” 0To KEVTPO
NG MOANG TG PAdou kat otn BiAa Macd oto xwptd Kpepaotn. Kevipikd
TPOOWTO CTNV TTOPEIA TOU CavaTopiov ATAV o 1aTPO¢ MNveupuovoldyoc-
Qupatiohdyog EppavounA I Kwotapidng (Eikéva 2), o omoiog SieTéece
Emotnpovikog AleuBuvTrig Tou I0pUUATOC KATA TO peyallTepo SildoTnua
Twv 23 eTwv TNG Aettoupyiag tou. O idlog SieTéNeoe AloIKNTIKOG AleuBuvTrg
ylanepioodtepa amo 15 xpovia, evw yla peydio S1aotnua Rtav o Hovadikog
1aTPOG TOU cavatopiou.

H kUpta SuokoAia otn Aettoupyia Tou Zavatopiou Tav n Heyain amo-
otaon amoé tnv mMOAN Tng PéSou, yeyovog mou kabiotouoe moAy SUCKOAO
1600 TOoV avepodlacud Tou, 600 Kal TNV TTPOCGEAKUOT £€EIOIKEVEVOU
npoowikoL. O Ap. Kwotapidng aywviotnke akoupaota mpoomadwvTtag
va Bpel AUOEIG TOOO OTA AVTIKEIPEVIKA TTpoArjuata mou oxetiCovTtav e
TNV anéoTtaon Kal TNV EAAEWPN €pyaoTNEIOKAG UTTOSOUNE OTO 0avatoplo
000 Kal O€ TIOIKIAQ Ypa@EIOKPATIKA TTPoBARaTa’.

H OPONTIAATQN AXOENQN ME OYMATIQXH

TameplocoTEPA XPOVIA N TTApaKoAoUBNon Twv acBevwy oTo Zavatdplo
ywvétav and 2 euUATIOAOYOoUC lOTPoUC, To AleuBuvTr Kal évav EmueAntn.
To idpupa S1€0eTe £va HIKPO HIKPOPBIOAOYIKO EPYACTHPLO OTO OTIOIO EKTE-
Aouvtav Baoikég e€etaoelg (€€€Taon MTUEAWY yia aveupeon Bakilou Tou
Koch, TKE, yevikn e€€Taon oUpwv), v ol uTTOoLTIEG EEETATEIG TIPAYMATO-
miolovvtav oo levikd Noookopeio Pédou. EAeyxog TnG evalcOnaoiag Tou
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EIKONA 1. To KevTpIKO KTiplo Tou Zavatopiou 6mw¢ Slacwletal orpePa.
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EIKONA 2. O MNveupovoloyos-Oupatioddyog EupavounA T
Kwotapiéng.

Bakilou ota avtipuUATIKA GAPUAKA APXIOE VA TIPAYO-
Tormolgital To 1964 oe Seiypata mou anmooTtéAAovTav 0To
Noocokopeio “Xwtnpia“. To Zavatoplo Siébete emiong

OKTIVOAOYIKO EPYAOTAPIO YA OTTAEG OKTIVOYPAPIEG KAl
OKTIVOOKOTIOELG.!

H Bepamneia Twv acBevwv Ta TpwTa Xpovia TG AElToup-
yiag Tou Zavatopiou mepIAAPPAVE TN XOPHYNON TWV TOTE
S106£01 WV AVTIQUUATIKWV QAPUAKWY (OTPETTOMUKIVN,
PAS), kaBwc¢ kal agpoBeparneia, acfectobeparneia, kat
“YEVIKN TOVWTIKN", EVW) ONUAVTIKN BepameuTiki mapép-
Baon amotehovoe n “oupntuloBepansia” pe epappoyn
TeEXVNTOL veupoBwpaka?. Na peydhec Bwpakoxelpoupyl-
KEC emeBAoelC (X, BwpaKOTAACTIKN) Ol a0BeVE(C peTa-
@épovtav 0to NOCOKOUEID «ZWwTnpiax»®, eV MIKPOTEPES
EMEUPATEIC - OTIWCG GUUPUCIONDTEIG — TTPAYHATOTTOlOUVTAV
Bwpakookomikd oTo idpupa.

To Xavatoplo unipée amod ta mpwta 1OpLATA TNG
XWPAG OTTIOU XPNOIUOTIOINONKE TO «VEO» PAPUAKO EKEIVNG
¢ emoxng, N oovialidn. O Ap. Kwotapidng, éxovtag
£€vTovo To aioBnua Tng eubuvng otov acBevr) aAld Kal
NG EMOTNHOVIKAG avaliTnong, AVTIUETWTIOE TN XOPNH-
ynon tou véou @appdkou pe dlaitepn mpoooyxH. O idlog
AVOAPEPEL OTA KEIPEVA TOU OTL «...ylA TNV EPAPHOYH AUTOU
TOU VEOU pappaKou xpelalotav ouvexng mapakohounon
TwV aoBeVWY, KAIVIKN, AKTIVOAOYIKI KAl EpYA0TNEIAKD,



306

Sedopévou OTL EMPOKEITO TTEPT PAPUAKOU TOU OTToiou dev
NTav aKOUN YVWOTEG Ol EVEPYELEG KAL Ol TIAPEVEPYELEGY.
Ma to Adyo autd, n woovialidn xopnynoOnke apxika os 3
amno Toug Baputepa mAoxovTteg acBeveig Tou Zavatopiovu,
untd oTeVH mapakoloubnon'.

Ta mAeovekTrnata TG Bepameiag pe 3  meploodtePa
AVTIQUUATIKA @Appaka gixav Adn apxioet va yivovtal
YvwoTd Kat o Epp. Kwotapidng mapatripnoe amo vwpic
OTL ol BepaTeVTIKEG AMOTUXieC ATAV TTEPLOOOTEPEC OE
aoBeveic ol omoiol gixav mponyoupévwe uoAnOei oe
MANUUENR Bepareia, éva cuxvd @alvOuevo TV €Moxn
eKeivn*®. ZOPQWVA HE HOPTUPIEC TWV a0BEVWY Kal TWV
oUVASEAPWV TOU, AVTIHETWTI(E TOV AVOPWTIO 0av oAOTNTA
YUXIKNA KAl OPYaVvIKH, EVW avayvwplle Ta KOIVWVIKA Kal
OIKOVOUIKA TTPOBAR LaTA TTOU TTPOKAAOUGE N VOGOC OTOUG
aoBeveic kal mpoonabouce va Toug fonbroel pe Tov
KaAUTEPO SuvaTtd TPOTo, TPpooTATEVOVTAC TTAPAAANAQ
TO KOWVWVIKO GUVONO'.

H AEITOYPIIA EZQTEPIKOY ANTIOYMATIKOY
IATPEIOY

2T0 6avatoplo Asltoupyoloe 3 popéc Tnv fSoudda
e€wTePIkd AvTIQUUATIKO latpeio, evw AANEC 3 POpPEC TO
latpeio auto mpaypatomnolovtav oto levikd Noookopeio
P660ou. Xkomdg Tou 1aTpEiou auTtou ATAv N KAWVIKN, Epya-
OTNPLOKI KAl OKTIVOAOYIKH TIapaKoAouBnon Twv acBevwv
oL €malpvav €T PLO Ao To ZavaTtoplo, N Slaoealion
TNG OUVEXIONG TNG AYWYNG, N €€Taon Tou EPIBANAOVTOC
TWV acBevwV Kat n xopriynon XnUEompo@uAaéng, kabwg
Kal N evNuéPWOon TwV TTOAITWVY TOU vNnolov yla Tn vooo.
To mpoowmikd Tou latpeiou katéBaile kdOe duvatn
TIPOOTIABEL YA TNV ETITUXIA TOU AVTIQUUATIKOU aywva
OTNV MEPLOXH, EMEKTEIVOVTAG TN OPACH TOU KAl EKTOG TWV
TELXWV TWV VOONAEUTIKWY IOPUUATWY, UE EMOKEPELG OTA
OXOA€ia TOU vNOLoU Yla TNV TTPAYHATOTTOINCN QUUATIVO-
avTtidpaonc¢ Mantoux Kal TNV EQAPPOYH AVTIQUUATIKOU
guPBoliacpoy’.
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ZYNEXHZ ATQNAZ KATATHZ OYMATIQXHZ

Mapd tTnv emTUXia TWV VEWV QVTIQUUATIKWY QaApUA-
KwyV, o Eppavoun Kwotapidng mpoéBAeye pe peyain
SlopatikdTnTa TNV avAantuén avOEKTIKWV OTEAEXWV TOU
pukoBaktnpidiou, ouvdéovTtag To yeyovdg autd e TNV
EMMOAAIN AVTIPETWTTION TNG VOOOU, YEYOVOC MOV ival
TIAéoV amOSESEIYUEVO OTIC MEPEC MAG. XOPAKTNPIOTIKA
SnAwve O0TL N Quuatiwon gival évag peyalog ex6pog o
omoiog «apyiCel LETA Ta TTAYUATA VA CUVEPXETAL KAl VA
eTolAlel TNV avTeMiBeon Tov, UE TO va YiveTal, £0TW aKO-
pN KAmwe SeINd, avOekTIKOC»®. To 1964 To oUVONnua Tou
Maykéopiov Opyaviopou Yyegiag ntav «Oudepia avamavia
OTOV AYWVa KATA TNG PUUATIWONG» KAl To oUVONUa autd
XPNolpomoinoe Kat o iS10G TTPOKEIUEVOU VA EVNEPWOEL
NV Kowvr yvwun tng Pédou pe Slahé€elc kat opihieg pe
B¢pa Tov avTipuuaTikd aywva'.

To cavatoplo €kAeloe Tov AlyouoTo Tou 1970, evw To
AVTIQUUATIKO laTpeio AelToupynaoe HEXPL To AekéufBplo
ToU 1971, ondTe oTAPATNOE TN AslToupYia Tou pe TN AREN
¢ Onteiag Tou AleuBuvtou 1atpov. ExovTtag cuvolika
voonhevoel 1.581 aoBeveic amd Sidpopa pépn Tng EA-
Aadag kal €xovtag CUUPBAAEL OUCLACTIKA OTOV AYWVA yld
TNV EVNUEPWON TOU KOWVWVIKOU GUVOAOU eVAVTIA OTN
Qupatiwon, To cavatoplo tng Ayiag EAeovoag amotelei
€va onuavTiké otabud otnv Iotopia tng NMveupovoloyiag
otn Awdekdavnoo.
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INTRODUCTION

The Sanatorium of Saint Eleousa was the main institution for the in-
hospital care of patients with tuberculosis in the Dodecanese for 23 years
(1947-1970). It started functioning in August 1947 in the Italian buildings
of Campo Chiaro and initially had a capacity of 80 patients and 54 staff
members. Although the village of Saint Eleousa was not ideal from a
climatic point of view, since the area is exposed to strong cold winds, the
selection of this site was determined by the need for quarantine of patients
with tuberculosis.

The first patients of the sanatorium were patients with tuberculosis
who until that time had been hospitalized in the “Thermai” Hospital in the
centre of the town of Rhodes, or in a small hospital called “Villa Passa” in the
village of Kremasti. The central personality in the history of the sanatorium
was the respiratory physician Emmanuel G. Kostaridis (Figure 2), who was
the scientific director of the institute for the greater part of the 23 years
of its operation. He was also the administrative director for more than 15
years and for a long period of time he was the only physician working in
the sanatorium.

The main operational difficulty of the sanatorium was its long distance
from the town of Rhodes, which caused problems for both the replenishment
of supplies and the recruitment of specialized staff. Dr Kostaridis worked
untiringly to solve the problems of the institution, trying to provide solu-
tions for not only the practical difficulties related to the long distance from
the town and the lack of basic laboratory support, but also the multiple
bureaucratic obstacles'.

THE MANAGEMENT OF PATIENTS WITH TUBERCULOSIS

Two doctors with a special interest and special training in tuberculosis,
the director and a consultant, were responsible for the management of care
of the patients in the Sanatorium. The institute had a small laboratory in
which basic examinations were performed (sputum stain for Koch’s bacil-
lus, EST, urine examination), while the rest of the laboratory tests required
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FIGURE 1. The main building of the Sanatorium of Saint Eleousa the way it stands at the present time.

R

FIGURE 2. Dr Emanuel G Kostaridis, Respiratory Physician.

were performed in the General Hospital of Rhodes. Tests
on the sensitivity of the Tb bacillus to antituberculous
drugs was started in 1964, on specimens that were sent
to the “Sotiria” Hospital in Athens. The sanatorium of Saint

Eleousa had also a Radiological Department where simple
chest X-rays and fluoroscopy could be performed'.

The management of patients during the first years of
operation of the sanatorium included administration of
the drugs that were available at that time (i.e., streptomy-
cin and PAS), an abundance of fresh air, bed rest, and a
well-balanced diet rich in vitamins and minerals. In those
early days a surgical procedure with the application of
iatrogenic pneumothorax was a very important aspect
of the management of patients with tuberculosis?. For
major thoracic surgical procedures (e.g. thoracoplasty)
patients were transported to the “Sotiria” Hospital in
Athens3, but minor procedures, such as symphysiolisis,
were performed thoracoscopically in the Sanatorium of
Saint Eleousa.

The sanatorium was one of the first of the therapeutic
institutions in Greece where isoniazid, the “new” drug for
that time, was used. Dr Kostaridis, having a great sense of
responsibility towards his patients, along with an instinct
for scientific research, handled the administration of this
new drug with great caution. In his manuscripts he notes
“...for the administration of that new drug we needed to
observe the patients very closely and perform serial clini-
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cal radiological and laboratory tests because the adverse
events of that drug were not yet known”. This was the
reason why isoniazid was given initially to 3 patients in
the sanatorium with the most advanced disease, under
close observation'.

Dr Kostaridis recognized early on the advantages
of the simultaneous administration of 3 or more drugs
and he observed that treatment failure was more com-
mon in patients who had previously been treated with
inadequate dosage and/or an interrupted therapeutic
regime, something common in those days*>. According
to the testimonies of his patients and colleagues, he
treated each patient holistically, as a mental and physical
entity. He was able to identify the social and economic
problems that the disease caused to the patients and he
did his best to support them, aiming at the same time at
the protection of the community’.

THE OUTPATIENT ANTITUBERCULOSIS CLINIC

An outpatient antituberculosis clinic was held 3 times
weekly in the Sanatorium of Saint Eleousa and a further 3
times weekly at the General Hospital of Rhodes. The main
aim of this clinic was the clinical, laboratory and radio-
logical follow-up of patients who had been discharged
from the sanatorium, verification of the continuation of
treatment, administration of chemoprophylaxis to close
contacts of the patients and education of the community
of the island about tuberculosis. The staff of the clinic was
working constantly for the success of the battle against
tuberculosis on the island of Rhodes. Ultimately, the
outpatient antituberculosis clinic broadened its activity
outside the hospital and started visiting schools in the
town of Rhodes and the villages on the island, performing
tuberculin skin testing of the children and vaccination
against tuberculosis’.

THE CONTINUOUS BATTLE AGAINST
TUBERCULOSIS

Despite the initial impressive effectiveness of the new
drugs against tuberculosis, Dr Kostaridis predicted the
development of bacilli resistant to medication, linking the
emergence of resistance to the incorrect and inadequate
administration of drug treatment, a phenomenon that has
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been confirmed nowadays®. He stated that tuberculosis is
a powerful enemy which “starts recovering after the first
wounds that are achieved and prepares its counterstrike
by becoming resistant to treatment”. In 1964 the key-
note address of the World Health Organization was “No
reprieve in the fight against tuberculosis”. Dr Kostaridis
always used these precise words in his attempts to keep
the Rhodian community well informed with his speeches
about the war against tuberculosis’.

The Sanatorium of Saint Eleousa was closed in August
1970, but the outpatient antituberculosis clinic continued
functioning until the December of 1971, when its opera-
tion was terminated after the retirement of its director.
Having hospitalized 1,581 patients in total from various
different regions of Greece, and having informed and
educated the community about the prevention and
therapy of tuberculosis, the Sanatorium of Saint Eleousa
represents an important part of the history of respiratory
medicine in the Dodecanese.
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H 27 Ek6oon tou BifAiov Pleural Disease, e unelBuvo ékdoong Tov
KaBnyntA K. AnpocBévn Mmoupo amd 1o Anpokpitelo MavemoTAiuio Tng
OpAKNG, TTOU £PXETAL VIO VA PAG TIPOCPEPEL CUYXPOVEG TTANPOPOPIEG TTAVW
070 €UPL Tedio Twv MaBroewv Tou UTECWKATA, ATTOTENE TN CUVEXELA TNG
TOAU emTuxnuévNg 1 ékdoong mpiv amo 6 1. To YVWOTIKO AVTIKEUEVO
TTOU KAAUTITETAL ATTO AUTO TO BIPAIO EVOWUATWVEL UEPIKA ATTO TA TTIO CUXVA
KAWVIKA TpoPARpata oTnv doknon tng olyxpovng KAIVIKAG Mveupovoloyiac.
Eivat18laitepa evdlagpépov 1o yeyovoc 6Tl pia avalntnon oto PubMed oTig
apxég Tou louliou Tou 2010 oo Bpa “pleural disease” avédei€e meplocoTEPEC
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armé 50.000 dnuoolevoelc, Tou HewBnKav o€ évav aptdud
MOAIC KaTw amo Ti¢ 30.000 dtav xpnotyomnolndnkav ol ie-
plopiopoi “human” kat “English”. To BiBAio mepthappavet
45 ke@ahala oTI¢ 816 oeNide¢ TOU, TTOU KAAUTITOUV OAd TA
Bépata Twv mabricewv Tou UTTE(WKATA TTOU UTITOPE( VA EV-
Slapépouv kaBe Mveupovoloyo, aAAd Kat laTpoUE TTOAAWY
AaN\wv e1bikoTrTwy, 6TIWG ot MaboAdyol, ot Kapdioladyol,
o1 Oykoloyol, ot AKTIvoAdyol, ot EvtaTikoAdyol, ol Owpa-
Koxelpoupyoi kal ol Maidiatpol. Emmpdobeta, Sedopévou
OTL KAAUTITEL OAOKANPO OXeOOV TO PACHA TWV MABHCEWV
Tou une(wKATA, UTTOPEL va PAVEL XPriOIO O€ EPEVVNTEC,
KaBw¢ Kat o€ e161KEVOUEVOUG 1] POITNTEC.

To BiAio akolouBei pia cagry kat Adoyikry aAAnAouxia
otn dopn tou. ApxiCel Le TIG BACIKEG EVVOILEC TTOU UTTOPE(
va €ival XproIUES YIa TNV KATavonaon Twv BaciKwy unxa-
VIOUWV TOoU UTIECWKOTA OE PUGCIOAOYIKEG KAl TTAOOAOYIKES
KATAOTACELG KAl OUVEXICETAL UE TIG ATTEIKOVIOTIKEG HEBO-
doug, pe 1blaitepn €ugacn oTo Taxéwg eEENIOCOUEVO
QVTIKEUEVO TNG UTTEPNXOTOUOYPAPIAG TOU uTECWKOTA.
AkoAouBoUv o1 BacikEG S1aYVWOTIKEG KAl ENAXIOTA ETTE-
Batikég TexVikEC, Tou TeEpIAauBAvouy oAU evllagépovTa
KEPANALA TTAVW OTNV EMEUPATIKE AKTIVOAOYIQ KAl TN [N
XElpoupyikr Bwpakookomnnon (medical thoracoscopy),
TO00 amo TN SlayvwoTIKA 000 Kat and Tn BepameuTikn
okomid. Ta emopeva Ke@AAala amoTeAoUV TIG BACIKEG
YVWOELC yIa KABE KAIVIKO 1aTpS TTOU ACXOAEITAL PE UTTE-
C(WKOTIKEC TABNOELC, Ue 181aiTEPA ONUAVTIKO EKEIVO TTOU
éypaye o Richard Light yia tnv “avtipetwmion tng adt-
ayvwoTtng gppévouoac ure(wkoTiKAG oLUANOYAC”. Eva
onpavTikéd pépog tou BiAiou aoyoAeital Pe TIG AOLHWOELS
Kal KaKoNBe1g uTTE(WKOTIKEC CUANOYECG, avaAlovTag OAEG
TI OUYXpPOVEC PeBOSoUC yia T Sidyvwon Kal AVTILETWTTI-
on Touc. O1 Owpakoxelpoupyoi kat ot MNveupovoloyol Ba
Bpouv oAU XprioIua Ta KEPAAALA VIO TIG METEYXELPNTIKEC
uTECWKOTIKEG CUNNOYEG, TN XELPOUPYIKH AVTIHETWITION TOU
EUTTUNMATOC KA TNG EEWTTVEUOVIKIC TIVEUOVEKTOMNG YIa
S1dxuTo kakonBe¢ pecoBnAiwpa apyikou otadiou, ou
TIPAYUATEVOVTAL OTTAVIA AAAG SUGKOAA TTPORBANATA 0TV
KaBnuepv KAWVIKN TpAa&n. AANAEC TTVEUHIOVIKEG TTAONOEIC
Tou emmAéKovTal amd mabroelg Tou ue{wKOTA, OTIWE
01 SIAUECEC TTVEUOVOTTABELEC KA N TIVEUUOVIKI EUBOAN,
€xouv Kahu@Bei Aemtopepw . Exouv KaAu@Oei emiong
OAEG 01 OLYXPOVEC SIaYVWOTIKEG SoKIpaoieg, alAd Kat ot
VEOTEPEG XEIPOUPYLKEG KAL PN XELPOUPYIKEG TEXVIKEG YIa
™ Sldyvwon Twv unme{WKOTIKWV MABRCEWY, OTTWE N KN
XELPOUPYIKN BWwPAKOOKOTNGCN, TO UTTE(WKOTIKO €KTTAU-
pa, n evéoUme(WKOTIKA XPrion VwOOAUTIKWY OUGLWVY, N
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£1l0aywyn HIKPoUL e0POUG KABETAPWV UTIO ATTEIKOVIOTIKN
kaBodriynon, n m\eupomepitovaikn TApoXETELON Kal N
unofonBoluevn amo Bivteo BwPAKOOKOTIIKN XELPOUPYIKN
(video-assisted thoracoscopic surgery, VATS).

MoAAG amd Ta ke@AAala gival Xpriolpa yia toug Mevi-
koU¢ latpoU¢ aAAd Kalt yia Toug EvtatikoAdyoug, Kabwg
£€XouV KAAUQOEl TPAKTIKA OAA TA AiTIA EEWTTVEVHOVIKWY
atiwv ume(WKOTIKNAG CUANOYNG HE Hia KAAd Sopnuévn
Talvounon, mou mepIAapPAvel TIG UTTECWKOTIKEG OUA-
AOY£C O€ AIUATONOYIKEG, KAPSIOAOYIKECG, YUVAIKONOYIKEG
Kal yaotpevTteplkéC mabrioeic. E€etalovtal emiong ou
unte{wKoTIKEC TaBNoEIg 0g aoBeveic pe HIV Aoipwén, éva
ouXVO TIPOPANUA O TTOANA €PN TOU KOOHOU OTIG MEPEG
pag, kaBwce kal ot UTTE(WKOTIKEG CUNNOYEC Og aoBeveic
voonAgudpevoug o MEO Kal O UETAPOOXEVUEVOUG
acBeveic. OtNaidiatpol Oa avalntricouv anavtnoelg yia
TouG aoBeveig Toug 6To Ke@AaAato 39 TTou avapEpPETal OTIC
une{wkoTIkEC TaBnoel¢ oTa maidid. Ta KAvVIKA TpoAnpata
Tou TIveUpHoBWPaKa, Tou aipgoBwpaka kat Tou Xuhobwpaka
e€eTalovTal EKTETAUEVA OTA AVTIOTOLXA KEPANALD, EVW TO
B1BAio oAokAnpwveTal pe SUO KEQAALA ATTO IATPOYEVEIG
unte{WKOTIKEG TABAOEIG: EKEIVEC TTOU TTpOoKaAoUvVTalL amd
aKTIVOoAia Kal TIC UTTONOITIEC LATPOYPEVPEIC KAl OTIAVIES
madnoelg, wote va pag vrevBupioouv tn Bacikni apxn
ToU “w@eléev 1 un BAanTtav”. Téhog, Oa ntav adiko va
MNV TOVIOEL KaVeic Ta S1apKr EVAUCUATA TTOU TTIAPEXEL TO
BiBAio auTtd oTouC EPELVNTEC e I81aITEPO EVEIAPEPOV OTIC
madrioelc Tou unelwkoOTa, KABWC MAPEXEL TTANPOPOPIES
yia BroloyikoU¢ deikteg kal Bépata poplaknic froloyiag
ME XOpAKTNPLIOTIKOTEPO TO Kepdhato 12 (“Translational
Research in Pleural Disease”).

‘Exovtag katopBwoel va CUAAEEEL Ll CUYYPAPIKN
ouada S1EBVwE avayvwpIoHEVWY EISIKWY TTOU TIAPEXOUV
Tn SlopaTikn Toug droyn, To BIPAio autd amotelei pia
amd TIC TTIO TIEPIEKTIKEC CUANOYEC TTANpoopiag mavw
oTI¢ uTTe(WKOTIKEG TTABNOELC OTIC Pé€PEC Hag. H mapouoa
Aeutepn ExkGoon tou BiAiou ival avavewpévn Kat TTARPWE
EVNUEPWUEVN, WOTE VA CUUTIEPINAREL TIC TEAEUTAIEG ETTI-
OTNMOVIKEC Kal TEXVOANOYIKEG €eNiEelc oTn Sidyvwon Kal
Beparmneia Twv UTTECWKOTIKWY TTABACEWV Kal Ba armoTeAETEL
€va TTOAUTIUO BoriBnua yia Tov KAIVIKO Kal TOV EPEUVNTH
ylata emopeva xpodvia (mbavotata péxpt pia Tpitn ékdoory
Tou). To yeyovog 0Tt auTn n mpwTtoBoulia Eekivnoe amo
Vv eppépela Tng EAMAdag yia va kataAn&el 6To KEvipo
Twv e€eAiewv TNg ovyxpovng Mveupovoloyiag, amid pag
KAVEL AKOUN TIEPIOCOTEPO UTTEPAPAVOUC.
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Pleural Disease. Demosthenes Bouros, editor. (Lung Biology in Health and Dis-
ease series, volume 229, Claude Lenfant, executive editor.) New York 2010 Informa
Healthcare; 2nd edition. Hard cover, illustrated, 816 pages.

Pleural Disease 2" Edition, edited by Professor Demosthenes Bouros
of the Democritus University of Thrace, provides updated information in
the wide area of pleural disease, as a continuum to the successful 1% edi-
tion of six years ago. The area covered by this book incorporates some of
the most common problems in respiratory clinical practice and some of
the most intriguing research aspects in modern respiratory medicine. It
is of interest that a PubMed search in early July 2010 revealed more than
50,000 items on “pleural disease” that were reduced only to a little under
30,000 items when the limits “human” and “English” were used. This 816-
page book that includes 45 chapters covering all aspects of pleural disease
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will be of great interest to every respiratory physician,
but also to various other medical specialists, including
general internists, cardiologists, oncologists, radiologists,
intensivists, thoracic surgeons and paediatricians. As it
covers practically all the aspects of pleural disease, it can
also be useful to researchers and young physicians and
students in training.

This book follows a clear and logical sequence in its
structure. It starts with the basics that may be necessary
for the understanding of the underlying mechanisms
of the pleura in health and disease (physiology and
pathophysiology of the pleura) and moves on to the
imaging modalities, including the rapidly evolving area
of ultrasonography of the pleura. The basic diagnostic
and minimally interventional procedures follow, including
very interesting chapters on interventional radiology of
pleural disease and medical thoracoscopy (covered from
both the diagnostic and the therapeutic point of view). The
chapters that follow provide the basics for any clinician
who is involved in the management of pleural disease,
including the evaluation of the most common types of
effusions, with notably a chapter on “Management of the
Undiagnosed Persistent Pleural Effusion” by Richard Light.
A significant section of the book deals with the infectious
and the malignant pleural effusions, including all the
contemporary modalities for interventional management.
Thoracic surgeons and respiratory physicians will find at-
tractive the chapters on “Post Surgical Pleural Infection”,
“Surgical Management of Empyema”, and “Extrapleural
Pneumonectomy for Early-Stage Diffuse Malignant Me-
sothelioma”, which deal with uncommon but difficult
problems in everyday practice. Other pulmonary disorders
that are complicated by pleural disease have also been
covered in detail, including interstitial lung disease and
pulmonary embolism. All the modern diagnostic tests
along with new surgical and non-surgical techniques for
identifying and diagnosing pleural diseases have been
covered, including medical thoracoscopy, pleural lavage,
intrapleural use of fibrinolytics, image-guided insertion
of small bore catheters, pleuroperitoneal shunt, and
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video-assisted thoracoscopic surgery (VATS).

Several chapters are particularly useful for general
practitioners and internists, as practically all areas of
extrapulmonary causes of pleural effusion have been
covered, with a well-defined classification, including
pleural effusions in haematological, cardiac, gynaecologi-
cal and gastrointestinal diseases. Pleural disease in HIV
patients, a common medical problem in several parts of
the world at the present time has also been covered, as
well as pleural effusions in critically ill patients in the ICU
and in recipients of organ transplantation. Paediatricians
will find answers for their challenges in clinical practice in
Chapter 39 on “Pleural Effusions in Children”. The clinical
problems of Pneumothorax, Haemothorax and Chylotho-
rax-pseudochylothorax have been extensively reviewed
in the corresponding chapters and the book is completed
by two chapters dealing with iatrogenic pleural diseases,
namely those caused by radiotherapy and the rest of the
iatrogenic and rare effusions, just in time to remind us
of the essential principle of “primum non nocere” (“first
do no harm”). Last but not least, it would be amiss not
to stress the continuous hints that this book provides to
the researcher with special interest in pleural disease,
providing information on biomarkers, proteomics, and
molecular biology, and even dealing with “Translational
Research in Pleural Disease” in Chapter 12.

Involving an internationally recognized panel of ex-
perts each of whom provides a particular insightful view,
this book represents one of the most comprehensive
collections of information on pleural disease of our day.
Updated to reflect the latest scientific advances and
technologies in the diagnosis and treatment of pleural
diseases, this Second Edition of Pleural Disease will be an
invaluable tool in the hands of both the clinician and the
researcher for the next few years to come (probably until
its Third edition). The fact that this initiative comes from
the periphery of Greece to target the centre of develop-
ments in a wide area of modern Respiratory Medicine is
truly a cause for pride.
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‘Otav ipv ané 30+ xpovia yupvaya aro tn DINadEAPELA e Eva EVKAUTTTO
[BpOYXOOKOTIO OTIC ATTOOKEVEC OV, YVWPL{a KaAd oTL épepva padi pou éva
Bnoaupd, éva moAuTIHo epyaleio omou Ba Eexwpilel Tov MNveupovoldyo Kat
Ba Tov ékave amapaitnTo Kal oefacTd OTIC ANNEC «OUOPEC EISIKOTNTEC.

Aev pavtalopouva opwe 6Tt Ba €BAema kdmote EAAnveg NMveupovoldyoug
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(Eotw «Mabo-TVELUOVOAOYOUG») EKOOTEC EVOC TTAYKOOUIAG
euPéNelag, eykupotatou BipAiou yia Bpoyxookdmnon.

0 38°<1ép0g hoirmov TnG oelpdg Progress in Respiratory
Research tou EkdoTikou Oikou Karger pe TitAo «Paediat-
ric Bronchoscopy» €xel wg ekddteg Toug K.K. K. MpigTn,
M.A. AvBpakdmoulo, E. Eber, A.l. KoupmoupAr kat R.E.
Wood dnhadn kupiapxo EAANVIKO xpwua. Na va cuvel-
dnromolnoeTe KAAUTEPA TO HEYEDOC TNG EAANVIKAC AUTIG
ETITUYXIAG AVAPEPW OTLOTOV TTPO-TIPONYOUREVO TOHO Yia
«Mabroelg Slapéoou MVEUPOVIKOU 1oTOU» eKSOTEC ATAV
o K. U. Costabel kat o R. DuBois. O TOpo¢, Aéve e OEUVO-
nTa o1 €kdOTEC Sev eival «textbook» gival meplocodTepO
Mia «state of the art review». Eivat kat ta 800, kat A peg
BiBAio avagpopa (textbook) kat amoAuTa evnUEPWHUEVO
pe BiBAloypagia £éwg kat To 2009,

Mepiéxel éva evpuTato eacua Bepdtwy, and MPAKTIKA
(m.x. amapaitnto g§omAiopo, avaicbnoia) éwg Bépata
KaBnuepvrg KAVIKAG Tpaéng (xprion Bpoyxookomiou
yla BAL, xprion o€ MOIKIAEG KAIVIKEG OVTOTNTEG OTTWG
aoBpa, ateAektaoia, ouvOpopo Péoou Aofou alld Kal
o e€e(NTNUEVA OTIWG UETAUOOXEVTELG TTIVEUIOVA, XProN
oe madlatpikn MEO, k.a.).

Meydaho evliagpépov Bprika ota KEQAAALA TTOU CU-
YKpivouv/ouoxeti(ouv Tn BpoyXooKOTNoN UE EVKAUTTTO
BPOYXOOKOTIIO PE «aVTITTOAEG» TEXVIKEG OTTIWG AUTH UE
AKAUTITO BPOYXOOKOTIIO 1 TNV €IKOVIKN (virtual) Bpoy-
xookomnon, deixvovtag kabBapd ot Sev mpodKeltal yla
«AVTIMAAEG» AANA Y1 AAANAOGUUTTANPOUUEVEC TEXVIKEC.
Na éva mpwto «Sidaypax: Tautdxpovn Xprion AKAUTToU-
€VKaMTOU amo maidomveupovoldyo kal QPA latpd cuy-
XPOVWE. ANMWOTE 0 €K TWV «YKOUPOU» TNG TAISIATPIKAG
Bpoyxookomnong kat senior editor Tou topou R.F. Wood
(Cincinnati, USA) ava@épetal wg Kabnyntg Maudiatpikng
Kat QPA kal ava@EPETAL 0T LAKPOXPOVIA CUVEPYATia TOU
(wgmaidomveuvpovoldyoc) pe Tov QPA R. Cotton AKpIBw¢
onw¢ otnv EANGSa 6nAady . ..

O R.F. Wood éxel ypayel éva amo ta Suo kepdalala
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«Bnoavpouc» Tou Topov, Tov emihoyo «A four-decade
perspective on paediatric bronchscopy - Where have
we come from, and where are we going?». To aA\o &i-
val n eloaywyn and tov dANo «ykoupou», Tov A. Bush
(Brompton H. London, U.K.). Xta 600 autd kepdlaia
SiveTal pia ouvoAikn €lkéva TnG onuePIvE Béong Tou
€UKAUTITOU BpoyxookoTiou ota maidid ahAd kat n aywvia
Yla TNV avanTuén Twv TEXVIKWVY Ta TPWTA Xpovia Kal o
gvBouolaoudg yia To BEPRato Aaumpd péAov Tne. Omwg
Ba ypagape dnA. epeic ol Mveupovoldyol/Bpoyxookomol
nipwv 10-20 xpovia.

" autd, o 1épo¢ dev ameubuvetal poévo oe Maido-
TVeUPOVOAOyouc/Bpoyxookdmoug. AmmeuBuvetal kat’
apxnv og 6Aou¢ toug MatdiaTtpoug mou €xouv KAamola
aywvia va mave éva Briua o UmpooTd otn gpovtida
ToUu dppwaoTou maldiov. Narti mpénel va yvwpilouv Tig
HEYAAEG SuVATOTNTEG AUTNG TNG TEXVIKAG KATL Tou Ba
BonBnoet kat otnv avantuén tng MNaidomnveupovoloyiac.
AmeuBuveTal OpwC emiong otoug Mveupovolodyoug, Tou-
AAXI0TOV QUTOUC TTOU ACXOAOUVTAL UE BPOYXOOKOTNON
kal §6&a Tw Bew eival onuepa (botepa amd 30 xpovia
Spdon nuWv Twv apxatotépwy) mapd moAloi. AdTl ol
MveupovoAldyol/Bpoyxookdmol Ba Bpouv oAU evdlapépov
oTIC S1aPOPEC KAL OPOIOTNTEG TNG XP{ONG TOU EUKAUTTTOU
oe maidld kal og eVAAIKECG Kat Ba Tapouv véeg 16£€C. Towg
OoKe@OOULV LY. VO CUVEPYAOTOUV UE ANAEC EISIKOTNTEC
TTOU KAvVouv BPoyXoOoKOTNOELG (1m.X. QPA/AKaumTo, OKTI-
VOAOYO/ElkoVIKN Bpoyxookdmnan). Kat yia évav akopn
(«eywioTIKO-UOTEPOBOUNO») Adyo. AtoTi péxpt va unidpouv
apketoi NMaidomveupovoldyol/Bpoyxookorol o€ 6Aa Ta
peydia Noookopeia, eugig ot MVEUIOVOAOYOL UTTOPOULE,
Qv KATéXOUHE KAAA TN BpoyX0oKOTTNoN VA KAOAUYPOUE TO
KEVO, TOUAAXIOTOV OoTa peydha maidid. Exw mpoowmika
Byalel apkeTég popég Enpolg kapmoUg Kal karmdkia Bic
amno peyalo Bpdyxo peydhou maidlov evw) To agpoTAdvo
yia Stakouidn and ta Navveva otnv ABriva nepipieve oto
agpodpduio. ..
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| envy them!

A little over 30 years ago, returning from Philadelphia with a flexible
bronchoscope in my luggage, | was fully aware that | was carrying a treas-
ure, a valuable tool that would distinguish pulmonology as an essential
and respected medical specialty. Little did | know, however, that one day |
would witness Greek pulmonologists (or paediatric pulmonologists) edit-
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ing a medical book with international acceptance and
validity about bronchoscopy.

The 38" volume in the series “Progress in Respiratory
Research”, entitled ‘Paediatric Bronchoscopy’, Karger Pub-
lishers, is edited by K. N. Priftis, M. B. Anthracopoulos, E.
Eber, A. C. Koumbourlis and R. E. Wood. The predominat-
ing Greek contribution is considered a great success for
Greek pulmonology, taking into account that a previous
volume “Interstitial lung disease” was edited by U.Costabel
and R.DuBois. This volume has been modestly described
by its editors as a state of the art review, rather than a
textbook. However, it serves as both a reference book
(or textbook) and a full updated review of the current
literature up until 2009.

Its subject matter ranges widely from practical issues,
such as the necessary equipment and anaesthesia, to eve-
ryday clinical practice, including use of the bronchoscope
for bronchoalveolar lavage (BAL), and for investigation of
various clinical entities, such as asthma, atelectasis and
middle lobe syndrome, as well as in other specialized
circumstances, such as lung transplantations, in paediatric
intensive care, etc.

| was particularly intrigued by the chapters comparing
bronchoscopy with a flexible bronchoscope with other
“competing” techniques, such as the rigid bronchoscope
or virtual bronchoscopy, which clearly demonstrate that
these techniques are not opposing, but complementary.
These chapters contain a novel “wisdom”, which is the
simultaneous use of flexible and rigid bronchoscopes by
a paediatric pulmonologist and an ear, nose and throat
(ENT) specialist. In support of this novelty, the “guru” of
paediatric bronchoscopy and senior editor of the volume,
R.F. Wood (Cincinnati, USA) refers to himself as professor
of both paediatrics and ENT and describes his long-last-
ing collaboration (as a paediatric pulmonologist) with
the ENT specialist R. Cotton. Just consider what happens
in Greece...
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Professor Wood has written one of the two most
impressive chapters of this volume, the final chapter “A
four-decade perspective on paediatric bronchoscopy
—Where have we come from, and where are we going?”,
while the other is the preface written by that other “guru”,
A. Bush (Brompton Hospital. London, U.K.). These two
chapters provide a complete overview of the current use
of the flexible bronchoscope in children, and describe
the initial concerns after the first years of its application,
and the ensuing enthusiasm about its bright future.
This is exactly what we would record 10-20 years ago as
pulmonologists specializing in bronchoscopy.

This volume is addressed not only to paediatric pul-
monologists and bronchoscopy specialists, but also to
paediatricians dedicated to improving the care of their
young patients, as through this volume they can become
acquainted with the vast potential of this technique and
contribute to the advance of paediatric pulmonology.
Moreover, this book is relevant for all pulmonologists
specializing in bronchoscopy, of whom there are now
significant numbers, after 30 years of effort. They will be
able to study the similarities and differences between the
use of rigid and flexible bronchoscope in children and
adults, which may possibly lead to the implementation of
new ideas. As an example, they could initiate collaboration
with other medical specialists who perform bronchoscopy
(e.g., rigid bronchoscopy in ENT, virtual bronchoscopy in
radiology). | consider this volume to be of great value for
one more, rather selfish, reason. Until there are adequate
numbers of paediatric pulmonologists/ bronchoscopy
specialists in all the major hospitals in Greece, we will
continue called upon as pulmonologists to fill the gap and
perform bronchoscopy on older children. | myself have
pulled nuts and pen caps out of a child’s bronchus on
many occasions, while a plane was waiting at the airport
to transport the patient from loannina to Athens...
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