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.... Evyapiotics

Koatd avtiotoyio pe 1oV QOTIGUEVO OPKO TOV WOG KANPOVOUNGE O
Inmokpdtng, Oa Mrov peydAn mapdiewym vo unv avaeepbod oTovg
avBpdmovg mov gyyvnOnkav pe ™ cofapdtnTa, TV APOCi®SN Kol TNV

GUVETELDL TOLG TNV EKTOVION GVTNG TNG S1O0KTOPIKNG SLoTPIPNG.

[Ipota om’ OAa, evyoaplotd Bepud ko elkpva v Kvpion TCoptldxm
ELlévn mov pe otpiée, mapakorovOnce kot kabodnynoe Prina tpog Prina
1060 TO TEPAUATIKO OGO KOl TO GLYYPOPIKO KOUUATL TOL atontOnke yuo
™ Saktopikn owTpPn avt. Eivar auétpnt n Ponbeta ko n ompién
G Kol SVCKOAO va Katopuetpnlel Aentopepds. Qo TEPOPIGTAO GTO VO
EKPPACH TG TNV EVYOPIGTO TOL MTOV TAVTO EKEL YEVVOLOIMPO KAl LUE
aVIOLOTEAELD OTTOTE YPELACTNKA-TOAAEG POPES Kal TPOToV TO {NTHom- Vi

KOTOPVY® 6T GUUPBOVAN TNG.

Evyoapiotod eniong tov kabnynt pov, kopro Ziapako Niko wov cuvEPaie
GTNV 0PYAVMOT) TOL KAWVIKOD GKEAOLG TNG daTpIfn)g TS Kot ywpic tnv

KaBod1yNnomn Tov omoiov dog Ba NTav EPIKTN 1) OLOKANP®OT TNG.

X1 ovvéyeln evyoplotd TNV Kupio Xyila Xogia kot Tov Khplo XovpPivo
[Mopyo ot omoiot pe kaBodNynocov pHe CLVEREW GTNV GLYYPOEN TNG

datpiPrg owTng.

Oa Mtov emiong TOPAAEYN VO PNV EVYXOPIOTIO® TOV KVUpPlo ZépPa
Elev0épro, mv xupia PoPiva NikoAéta kot v kvpia ['kdyka Miva mov
pog Pondncov KOTOANKTIKE GTNV GLAAOYY TOL ATOPAiTNTOL OPOUOY

acBevav pe doOua.



Evyapioto axopa toug cvuvepydtec Neopvtov Epnvn, ZovAiuln Niko,
oL TPdSPepay TN PorBeld Tovg Ko To ¥POVO TOVE Yo TV enelepyacia
TOV OEYUATOV TOV TPOKANTOV TTLEAMV TOV OTOU®MY TOV GLUUETEL OV

GTN UEAET QLTY.

Eniong evyoapiotd v xvpia Aéomotva Mwpattdkn yio tnv Bondeid g

amd TO EPYAGTI|PLO CTIPOUETPNCEMV.

Evyapioto tig xupieg Eipnivn Poyddxm kot Péva Muyyaldakn mov sivar

nhvta Tpoduuec va fonbncovv.

X10 TéA0G, OAAG pe e&loov peydAn omovdaiotnta, Oo Mo va
EVYOPLOTHOM TNV OKOYEVELD LLOV TTOV VTOGTNPILEL pe T 6TabepOTNTA TNG
Kot v o) epydy®mon mov Hov TPOGEEPEL KAOE KpPO 1 HeYAAO

TPOGOTIKO PriLLaL.
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1.BIOI'PA®IKEX TAHPO®OPIEX

Ovopotenmvopo

Ovopa matpog

Ovopo untpocg
Huepounvia yevvnoemg
Tomog yevvnoemg
OwoyevelokT| KaTAGTOO
Ynnkootnta

Atevbvvon kortowciog:

TnAépmva emkotvoviog:

HAextpovikn d1evbuvon (e-

mail)

ABavacio ITpoxiov
Kootag

XTEPYLOVT

10/08/1976

Apapa, Apdpog
Yvvelevyuévn, 600 oLl
EXAnvucn

KAeopévn 4, Ay. lodvvne, Hpaxielo 71409,
Kpnm

6974801355

281021439

proklath@yahoo.gr
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I'\dooec e EAnvikn( Mntpikn)
o Ayyiu(First Certificate University of
Cambridge)
e BovAyapikn (Antaiotn yvoon)

2. EKITATIAEYXH

o. Baouwm ekmaidgvon
1982-1991 [Tpwtofada, Podorifog Xeppav

1991-1994 AgvtepoPdadua, PodoArifoc Zeppmv

B. llavemotTnuioK] EKTaidogvon
1996-2002 latpikn Zyoin Iavemomuiov Plovdiv, Bulgaria
v. Meteknaiogvon

2006- 2007 12° Etfoto Metekmandevtiko Ipoypappio:
Enetyovcag IIpovocokopetoknc latpikng tov

EKAB , Hpdxgto.



2009

2008 — 2015

3. AIITAQRMATA

2002

2004

PreHospital trauma Life Support-Advanced Course,
NAEMT, Hellenic National Centre, Heraklio, Crete.

Exmovnon didaktopikng dtotpipng oto
[Mavemotquio Kpnng, Tuqua latpikng XyoAng.

[Trvyio Tatpung (dprota 5.6/6), latpikn

Yyol [avemomuiov Plovdiv, Bulgaria.

[Ipdén Avayvaopiong Tithov Zmovdwv-
AIKATZA ( Alov KaAag 6.84/10).

4. AAEIEX AXKHXHY ETAITEAMATOX

Mdptiog 2004

Iobviog 2014

Adelo AGKNOMG 1TPIKOD ETOYYEALOTOG

Tithog e1dwottog [Tvevpovoroyiag,

[Tovemomuokd Nocsokopeiov Hpakieiov,



5. KAINIKO EPI'O- HPOYIIHPEXIA

a. Khvikn

2001-2002

Madpriog 2007-
Mdptiog 2008

Tovviog 2004-
YentéuPprog 2004

Yentéupplog 2004-
OxtoPprog 2005

Maprtioc 2008-

Iportoytoxn

ZVUUETOYN] OTIC OpOoTNPOTNTEG KOl TIS €PMUEPIES NG
I'evikng XePpovpykne, OWPaKOYEPOVPYIKNG,
[TaBoroyknc, OpBomadikng, Kapdoroyikrg,
[Naotpevteporoyikng, Nevporoywkns, QPA, Yuylatpiknig,
KAwviknig tov  Tlavemotnuiokod voocokopeiov Pvovdiv,

Bulgaria.

Yopupetoynn  oto  loatpeio Awopécov  Noonudrtov,

[Tvevpovoroywn KAwvikn Mol NH.
Metamtoyox)

Exminpoon  tplunvng  vmoyxpeotikng  ekmoidsvong
(ITaBoroywcm, Kapdoroyikr,, EKAB «or Xeipovpyikn
KAwikn) oto  «Beviléhero-Ilavdveio»  Nocokouegio

Hpaxieiov Kpnng

Exminpoon vroypewtikng vmnpecioag vmaibpov, ¢
aypotikny wtpog oto ILL  IIopyov, K.Y.Xdpoxka,
Hpaxieiov Kprnc.

Ewwevopevn  latpdg,  Ilvevpovoroywkng — KAiwiknig



Iovviog 2014 [Mavemomuokod T'evikod  Nocokopeiov  Hpoaxieiov

(ITaI’NH)
B. Epyootnploki
I pomTvyraxn
Mdptiog 2007- Epyaoctpio Mopokng kot Kvtrapikng Ilvevpovoroyiag,
Mdaprtioc 2008 [Tavemotuo Kpnng
Metamtoyox)
2008 — 2015 Exnévnmon dwaxtopikng owrpipng oto Ilavemotio

Kpnng, Tunpo latpikng Zyoing

6. EIINIXTHMONIKO EPI'O

YIIOTPO®IEX



2008

2009

2009

2010

Epgovntuc] vrotpogio pe 0épa: Oedmtikn PAGPN tov
DNA oto AcOua, Epguvntikd BpoaPeio ITvevpovoroyiog
Glaxo-Smith-Kline

ERS Lung Science Congress Bursary to F. Economidou,
K. Antoniou, G. Soufla, A. Proklou, R. Lymbouridou, H.
Papadaki, N.Siafakas. Oral presentation: Increased CXCR4
expression and short telomeres in bone marrow
mesenchymal stem cells of patients with idiopathic
pulmonary fibrosis . Lung Science Conference, Estoril,

Portugal.

Bpapeio Epevvnrikig Yrotpooiog ‘IIénn Aaron’ EIIE-
Clinical Research Award for 2009. Phenotypical and
molecular characteristics of Bone Marrow Mesenchymal
Stem Cells in Rheumatoid Arthritis associated Interstitial
Lung Disease (RA-ILD).

ERS Lung Science Congress Bursary to K. Karagiannis,
K. Antoniou, R. Lymbouridou, C. Kalpadaki, E. Vassalou,
I.Lasithiotaki, A. Proklou, N. Siafakas, N. Tzanakis. Does
cigarette smoking influence bone marrow
microenvironment? Downregulation of CXCR4 expression
in bone marrow-derived mesenchymal stem cells
(BMMSCs) in patients with chronic obstructive pulmonary
disease (COPD): preliminary results, Lung Science

Conference, Estoril, Portugal
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BPABEYXEIX

2009

Aexéppprog 2007

2009 180 IMTaveArnvio
Yuvédplo Noonudtmv

Oopaka-

180 [TaveAnvio

>uvédplo Noonudtmv

ERS Travel Award to A. Proklou, A. Proklou, K.
Antoniou, G. Gvazava, G. Soufla, K. Christina, R.
Lymbouridou, K. Karagiannis, I. Lasithiotaki, N. Siafakas.
Phenotypical and molecular characteristics of bone marrow
mesenchymal stem cells in rheumatoid lung. ERS Annual
Congress, Viena, September 12-16, 2009. ERJ 2009;34(sup
53): 18s °

Mpohto BpoPsio Yo oloxinpopivy cpyasio oto 16°
Havelinvio Xvvéopro Noonpdtov Oopakog, pe Titho:
Avéivon g ékepaong tov ProAoyikov dEova SDF-
I/CXCL12 xou tov vrodoyéa CXCR4 ce peceyyvpotikd
KOTTOpa. Lol Tov ootdv — wokvttapa (fibrocytes) kot
TVELUOVIKO 16TO acBevav pe Idtomadn [Tvevpovikn Tvoon.

ABMva 2007

20 BpaPeio ohokinpopévng gpyoacios: K.M. Avtoviov, A.
IIpoxiov, K. Kapayiavvng, P. Avurovpidov, E. Bacsdarov,
[. Aaonbwwtékn, M.X. Kaotwvdkn, N. Tlavakng, A.
Yravtioog, E.A. TTamaddkn, N.M. Zwedkag. Algpedhvnon
0V Proroywkov aova CXCR4/SDFla cto pecseyyvlotikd,
KOTTOPO. HVEAOD TV 00TAOV GE O0HEVEIC LE PELUOTOEION
apBpitido kot Owdpeon mveELHOVIKY  ovuueToyn. 180

[MaveAlvio Xuvédpio Noonudtov Ownpaka, Oeccalovikn

20009.

lo BpaPeio avaptnuévng epyaciog: K. Koapayrovvng,
K.M. Avtoviov, I. Mapyaprtotovrog, ©. Owovouidov, E.

11



Owpaxa- 2009

19° ITavelAfvio
>uvédplo Noonudtmv

Owpaka -2010

150 Iaykpntio latpikod
2uvédplo- latpikn

Erapeio Xaviov,2010

Kovtolrd, I. Aaonbiwtdxn, A. Ipékiov, P. Avumovpidov,
A. Mopartakn, N.M. Zwoedkas. ‘Exepoon tov toll-like
receptors oTIG WOTIKEG 1omadeic OBLETEC
TVELLOVOTAOEIEG-TPOKATAPTIKA OMOTELEGLLATOL. 180

[HaverAnvio Zuvédplo Noonudtov Ownpoka, Ocscarovikn,

20009.

1° PBpapeio oloxkinpopivig epyocios: A.Ilpoxlov,
K.Koapaywovvmg  I'Mapyapitonovrog, K.Zauapd,
E.Bacodrov, [.Aaonbiwtdkm, I'Xovpra, P. Avumovpidov,
M. X.Kaotpivékn, A.Xravtidog, E.ITomaddkn,
N.M.Zwgpdkac, K.M. Avtoviov. Atepgdvnomn g EKQpaonc
TG TEAOUEPAONG KOl TOL UNKOLG TEAOUEPLOIOL OTNV
aVTOAVOCT] KOl 10107001 TVELUOVIKT tveon ot TPOOpoL
HecEYYLUOTIKG — KOTTOPO HveEAoy TV ootwv. 190

[TaveAlvio Zuvédpro Noonudtov Oapaka, Pdoog, 2010.

Bpapeio KOAOTEPNS gpyooiog: A.Ilpoxiov,
K Kapaywavwng,  I'Mapyoapitémovroc, K Xapapa,
E.Bacodiov, [.Aaonbwtaxn, I'.Zodera, P. Avumovpidov,
M.X.Koaotpwvakn, A Zravtidog, E.ITomadaxm,
N.M.Zwpdakag, K.M. Avioviov. Aigpedvnon g EKQPocS
™G TEAOUEPAONC KOl TOL UNKOVG TEAOUEPIOL OTNV
aVTOAVOOoT| Kol 1010mabn TVELHOVIKY Tvaom ota TPOOPOLLL

LLEGEYYLUATIKE KOTTOPO LDEAOD T®V 0CTMV.

12



Noéupprog 2011

220 TTaveAdqvio
[Tvevpovoroyiko

Yvvédpilo, AOnva, 2013

AHMOXIEYXZEIX XE
EENOTIAQXXA
INEPIOAIKA

Bpapeio ITavayiotn Xoptn o€ mpo@opikn avoKoiveon
pe titho: Aepedvnon tov acova Telopepaong /Tehouepav
G€ UECEYYVUOTIKA KUTTAPO HVEAOD TOV 00TAOV aclevov pe
pevpatoedn mvevpova. [Mopyog A. Mapyaprtdmovrog,
ABavacio IIpoxiov, Kootoag Kapayidvvne, Iounqvm
Aoaonbwtdinl,2, Tavvodra Zoveprd, Mapio Xpiotiva
Kaotpwvakn, Anuntpog A. Zmoavtddg, EAévn Al
[Moamaddkm, Nwoloaog M. Zweaxkog, Koatepiva M.
Avtoviov. 200 TloveAdqvio Xvvéopio  Noonudtov

Oopakoc. ABnva 24-27 Noeufpiov 2011.

2° BpoPsio Kalotepne onpocicopévne spyaciog og
oedvi] meprodikd otovg Athanasia Proklou, N. Soulitzis,
E.Neofytou, N. Rovina, E.Zervas, M.Gaga, N.M.Siafakas,
E.G.Tzortzaki. Granule Cytotoxic Activity and Oxidative
DNA Damage in Smoking and Nonsmoking Patients With
Asthma. 220 Iloavedvio IIvevpovoloywkd Xvvédpro,
ABnva, 2013.

1. Antoniou KM, Soufla G Proklou A,
Margaritopoulos G, Choulaki C, Lymbouridou R,
Samara KD, Spandidos DA, Siafakas NM. Different
activity of the biological axis VEGF-FIt-1 (fms-like
tyrosine kinase 1) and CXC chemokines between
pulmonary sarcoidosis and idiopathic pulmonary
fibrosis: a bronchoalveolar lavage study. Clin Dev
Immunol. 2009; 537929.

13



2. Protopapadakis C, Antoniou KM, Woloudaki A,
Samara K, Proklou A, Margaritopoulos G, Siafakas
NM. Rituximab-induced non-specific interstitial
pneumonia like reaction in a patient with idiopathic
thrombocytopenic purpura. Respiratory Medicine
CME 2009; 2(4): 176-178

3. Margaritopoulos GA, Antoniou KM, Soufla G,
Karagiannis K, Proklou A, Lasithiotaki I, Tzanakis
N, Spandidos DA, Siafakas NM. Upregulation of
stromal cell derived factor-lalpha in collagen
vascular diseases-associated interstitial pneumonias
(CVDs-IPs). Pulm Pharmacol Ther. 2010 ;23(2):115-
20.

4. Economidou F, Antoniou KM, Soufla G, Lasithiotaki
I, Karagiannis K, Lymbouridou R, Proklou A,
Spandidos DA, Siafakas NM. Role of VEGF-stromal
cell-derived factor-lalpha/CXCL12 axis in pleural
effusion of lung cancer. J Recept Signal Transduct
Res. 2010;30(3):154-60.

5. Tzortzaki EG, Proklou A, Siafakas NM. Asthma in
the Elderly: Can We Distinguish It from COPD? J
Allergy (Cairo). 2011;2011:843543.

14



6. Margaritopoulos GA, Proklou A, Lagoudaki E,
\Voloudaki A, Siafakas NM, Antoniou KM.
Sarcoidosis in a 65-year-old woman presenting with
a lung mass and pericardial effusion: a case report. J
Med Case Rep. 2012; 6(1):259.

7. Antoniou KM, Margaritopoulos GA, Proklou A,
Karagiannis K, Lasithiotaki I, Soufla G, Kastrinaki
MC, Spandidos DA, Papadaki HA, Siafakas NM.
Investigation of Telomerase/Telomeres system in
Bone Marrow Mesenchymal Stem Cells derived
from IPF and RA-UIP. J Inflamm (Lond). 2012
:9(1):27.

8. Athanasia Proklou , Nikolaos Soulitzis , Eirini
Neofytou , Nikoletta Rovina , Eleftherios Zervas ,
Mina Gaga ; Nikolaos M. Siafakas, Eleni G.
Tzortzaki. Granule Cytotoxic Activity and Oxidative
DNA Damage in Smoking and Nonsmoking Patients
With Asthma. CHEST 2013; 144(4):1230-1237.

9. Margaritopoulos GA, Antoniou KM, Lasithiotaki I,
Proklou A, Soufla G, Siafakas NM. Expression of
SDF-1/CXCR4 axis in Bone Marrow Mesenchymal
cells derived from Rheumatoid Arthritis-Usual

15



AHMOXIEYXEIX XE
EAAHNIKA
HEPIOAIKA

Interstitial Pneumonia. Clin Exp Rheumatol. 2013
Jul-Aug;31(4):610-1.

. I. Tlamadomovrog, A. Mrpiung, A. IIpoxiov, M.

Mavpoylavvakn :  Ilepiototikd  KakonBovg
HEAOVOUOTOG. AVTILETOMION Kol Sl eipton Tov
acBevoig and 1o I'evikd yuarpd. Ilpotofaduia

dpovtida Yyesioag Topog 17, tetvyog 2, 80-82, 2005

I'. ITamadomovAiog, A. Mapiung, A. TletpovAdkn,
A. HIpoxiov, X. Toxatiidov, N. Apokwvaxng :
[Tepintmon axovhokvTTapUKon KopKivov
TVELLOVO.  AVTIUETOMION Kol Sloyeipton  Tov
acBevoig oty mwpwtoPdOuia epoviida vyeiog.
[Tpwtofada povtida Yyesiog Topog 18, Tevyog
4,192-197, 2006.

. I [Toamwaddmovrog, A. Mrpiung, A. Ilpoxiov, A.

[TetpovAdxm, A. XovAdxm, H. XZaiodotpoc.

Avagoro&io oty TpotoPdduia epovtida vyeiog-

16



po. emelyovco KATAGTOGT  MOL  KOAEiton vo
OVTILETOTIOEL  (QUESH O  YEVIKOC  YOTPOG.
[Tpwtofada dpovtida Yyeiag Topog 18, tevyoc
2,91-94, 2006.

4. A Proklou, F Economidou, KM Antoniou, EG
Tzortzaki, A \oloudaki, K Malagari, NM
Siafakas. Clinical, radiological and molecular
effects in three patients with idiopathic pulmonary
fibrosis after long-term treatment with interferon
gamma-1b. Pneumon Vol 22, No 2, 2009.
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XYMMETOXH XE XYT'PAMMATA

1. A. Ipoxdrov, I. Mntpovoka. Zvyvég epmtoelg otnv I[lvevpovoroyia:

[Tvevpovikn Aptmprakn Yméptaon- epotioeic-anavinoels. Exd. EAA.

[Tvevp. Et. 2010

2. E.TCwptlaxm, 1. Mntpovoxka, A. Ilpokrov, E. Ztapatakn. H EAAnviky

eunelpio amd v Anti-IgE Oepaneia oty avietd®mion Tov cofapov

aAlepykov doBuatog. 2010.

ANAKOINQYEIX XE
YXYNEAPIA

1. ®. Owovouidov, K. Avtwviov, I. XZoverd, E.

TCwptlaxn, A. IIpoxiov, E. Aaumipn, N. Ziaedxog :
Mehétn  éxppaong oe  eminedo MRNA  tov
AYYEOYEVETIKOV  auENTiKOV  mopayoviov  VEGF,
TGF-B1, FGF2, IGF-1, oe mvevpovikod 1016 acevav
ue Ilvevpovikn Tvoon. 160 IMoaveAdnvio Zvvédplo
Noonuatwv Ompakog. ABnva 2007.

. @©. Owovopuidov, K. Avtwviov, E. TCwptlakn, N.

Tlavaxng, A. IHpokrov, A. Mopaitakn, I.
MoAtelxng, N.  Zwpdxog : Khawvid
YOPAKTNPIGTIKA KOl HOPlOKO gLupNHoTo UETE amd

uakpoypoévia. yopnynomn Iviepeepovng —y-1b oe
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aocBeveic pe Ioomadn Ilvevpovikny Tveorn. 160
[TaveArnvio Zuvédplo Noonpdtov Owmpokoc. Adnva
11/2007.

. Antoniou KM, Soufla G, Proklou A, Samara K,
Lymbouridou R, Economidou F, Choulaki C,
Spandidos D.A, Siafakas NM : Differential activity
of the biological axis VEGF-FIt-1 between
granulomatous and fibrotic disorders:a
bronchoalveolar lavage fluid. 13th World congress
on advances in oncology, and 11th International
symposium on molecular medicine. Hersonissos,
Crete, Greece, 2008. S86.

. Antoniou KM, Soufla G, Kastrinaki MC,
Economidou F, Damianaki A, Proklou A, Spadidos
D, Papadaki HA, Siafakas NM : Investigation of
Telomerase  expression in  bone  marrow
mesenchymal stem cells (BM-MSCS) and lung tissue
from patients with ldiopathic Pulmonary Fibrosis.
9th WASOG Meeting and 11th BAL International
Conference. Athens, 2008. PP66.

. Maragaritopoulos G, Antoniou KM, Soufla G,
Economidou F, Choulaki C, Proklou A,
Lymbouridou R, Lambiri I, Tzanakis N, Siafakas
NM : Increased expression of stromal cell derived
factor-1/CXC  chemokine  receptor  4(SDF-

19



1/CXCL12-CXCR4) biological axis in Interstitial
Pneumonias associated with Collagen Vascular
Disease: a bronchoalveolar lavage fluid study. 9th
WASOG Meeting and 11th BAL International
Conference. Athens, 2008. PP82

. Economidou F, Antoniou KM, Sougla G, Proklou A,
Samara K, Choulaki C, Lymbouridou R, Siafakas
NM : Impaired VEGF Receptor-1, FLT-1 expression
in bronchoalveolar lavage fluid in patients with
Pulmonary Sarcoidosis. 9th WASOG Meeting and
11th BAL International Conference. Athens, 2008.
PPO1

. G- Margaritopoulos, K.M.  Antoniou, R.
Lymbouridou, G. Soufla, F. Economidou, A.
Proklou, I. Lambiri, N. Tzanakis, N.M. Siafakas :
VEGF Expression in Bronchoalveolar Lavage Fluid
(BALF) in Patients with Fibrotic Interstitial
Pneumonias: Idiopathic Versus Collagen Vascular
Disease Related Subtypes: Preliminary Results. ATS-
2008 Toronto, USA . A742.

. G. Margaritopoulos, K. Antoniou, G. Soufla, F.
Economidou, C. Choulaki, A. Proklou, R.
Lymbouridou, 1. Lambiri, N. Tzanakis, N. Siafakas.
Differential expression of stromal cell derived factor-
1/CXC chemokine receptor 4 (SDF-1/CXCL12 -
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CXCR4) Dbiological axis between idiopathic
pulmonary fibrosis and interstitial pneumonia
associated with collagen vascular disease: a
bronchoalveolar lavage study;. ERS 2008 Berlin,

Annual Congress, Germany.

9. Proklou, K. Antoniou, G. Soufla, F. Economidou, K.
Samara, M. Manousakis, I. Drositis, D. Spandidos,
N. Siafakas. Expression of angiogenic growth factors
and stromal cell derived factor-1/CXC chemokine
receptor 4 (SDF-1/CXCL12 - CXCR4) biological
axis in idiopathic pulmonary fibrosis: a lung tissue
study; ERS 2008 Berlin, Annual Congress, Germany.
p 8s

10.F. Economidou, K. Antoniou, G. Soufla, A. Proklou,
R. Lymbouridou, G. Maltezakis, N. Tzanakis, N.
Siafakas. Increased expression of angiogenic growth
factor stromal cell derived factor-1 (SDF-1/CXCL12)
in pleural fluid of patients with lung cancer:
preliminary results. ERS 2008 Berlin, Annual
Congress, Germany. p 459s.

11.F. Economidou, K. Antoniou, K. Samara, G. Soufla,
C. Choulaki, A. Proklou, I. Politis, D. Moraitaki, N.
Tzanakis, N. Siafakas. Angiogenetic profiles (VEGF
and VEGF receptor-1, Flt-1) in bronchoalveolar
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lavage fluid in patients with interstitial lung diseases;
ERS 2008 Berlin, Annual Congress, Germany. p
318s.

12.KM Antoniou, G Soufla , F Ekonomidou, A
Proklou, R Lymbouridou, H Papadaki, NM
Siafakas: Increased CXCR4 expression and short
telomeres in bone marrow mesenchymal stem cells
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Bemv 6tT1 Bo eKTELEG® KOTE TN SVVOUN KoL TNV KPIGT LoV TOV OPKO aLTOV
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va adiknow. Ovte Ba dive Bavatneopo eapuoko 6e kdmwolov mov Ha pov
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yovaikec, ehevBepoug Kar 000A0VG. Kat dca tuydv PAET® 1 aKov® KoTd
™ owpkewr ¢ Oepameiog 1 kol wEPO Omd TIG EMAYYEAUATIKEG OV
aoyoMeg oty KaOnuepvn pov Lon, avtd Tov 0ev mPENEL va. LabeuTovy
napasEm oev Ba o Kowvomolw, Bewpovtoc ta Bépuata avTd puoTikd. Av
PO TOV OPKO OVTO Kol OEV TOV TOPAfd, 0 Yoip® TEVTOTE VTOANYEMC
aVAUESO GTOVG avOpdTOLS Yo T LN Ko Yo TV TEYVN Hov. AV OU®G

TOV TOPAP® KOl EMOPKNO®, 0g TAm T ovTifeTa.
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EAMvikn wepiinyn €101Ko0 péPovg

Ewoyoyn: H ofewdotkn PAAPN tov DNA kot 0 omont®TiKOg
UNYOVIoUOG HEC® NG ameAeLOEpmang mepPopivng Kat YKpaviLUDV oo
TO. KUTTAPOTOEIKA KOTTOPO, OTOTEAOVV UNXAVIOUOVS TOL MOM EXOuV
anodeyfel oe acOeveic pe Xpovia Amogpoktikny I[IvevpovomdBeio
(XAI).

[Tapouotor unyoavicpol motdco dev Exovv depevvnbel oe acbeveig pe
GoBua Kot E101KOTEPA GE KATVIOTES ACOULATIKOVG.

Ykomog: O TPocOOPIGUOG EMITEIMV TNG TEPPOPIVNG , TV YKPaAVILUOV A,
kot B ko g 8-OHAG o710 vrepkeipevo ntvéhmv acbevov pe o kot
HETPLO emuévov oo (KamvioTdv Kol U KOmvVIGTOV) GE GUYKPLON UE
VYIEIC (KOTVIOTEG KOl U KOTTVIOTEG).

Mé0ooor: Tig wOplec opddeg perétne amotédecov 50 acBeveic pe
dyvoon Xpoviov Bpoyyikod AcOuatog pe Pdomn to kprriplo Kot tnyv
ta&wvounon tov IHaykoocuiwv Odnyidv yio. to AcBua, (GINA), kabdg kot
po Kopro opddo EAEYY0oV, 20 VY1V LapTOP®V.

H opddoa tov acBuatikov omotedovviav omd pwoe vrmooupdda 20
KATVioT®V acOpatikav, nhkiog 41.3 £ 11.6 £t kot puo vroopdda 30 un
KOTVIGTOV pe acpa, nlkiog 47.4 £ 21 €.

Tnv oudoda eréyyov amotélecav déka evepyelg KAMVIOTEG KoL O€ka Un
KATVIOTEG LYLElg €0ehovtéc yoplc  YVOOTH VOGO 0EPAYOYDV KOl E
(PLGLOAOYIKEG AELTOVPYIKEG OOKIUOGIEG TVEVLOV®V.

Y& OAOVG TOVG UETEYOVTEC OTN UEAETN TPOYUATOTOMONKOAV AEITOVPYIKEG
dokpacieg mvevuovov. Emmiéov €ytve Aym enaydpevov TToéAmvV 6To
VIEPKEIUEVO TOV OTOIWV HEAETNONKAY Ta EMimEdQ EKPpaong TEPPOPiv,

ykpavioung A, B kot 8-OHAG pe doxypacio ELISA.
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AmoteréopnaTo: XTOTIOTIKO ONUavTikKd avEnuévn Ppébnke n ékppoon
™G TEPPOPIVIG GTNV OUEdN TOV KOTVIGTOV OGOUATIKOV GUYKPITIKO LE
OAeG TIC VTOAoEG TpElC opdioeg (p=0,015).

2ToTIoTIKG onuovtikd avénuévn Ppednke n Ekppaon g ykpavidung A
(p=0.049) xou ¢ ykpavloung B (p =0.028) otovg acOHuatikodc oe
GUYKPION HE TOLG VLylelg pdptupes. EmumAéov, oTOTIOTIKA OMUAVTIKN
dapopd Bpédnke dGov apopd ota emimeda Ekppaocng g yYkpavioung B
(p = 0016), ¢ mepeopivng (p =0,026) ko g 8-OHAG (p = 0,021)
HETOED TV 0cOUATIKOV KOTVIGTOV Kol TOV UN KOTviotov. TEAoG,
OTATIGTIKO OMUOVTIKY] o1opopd Bpédnke LOvo ota emimeda EKPPAONS TNG
ykpavioung B (p=0,014) petald tov KanvioT®V 6E GUYKPIOT LLE TOVG UN
KOTVIGTEG TNG OUAO0G EAEYYOV.

v avilvon Katd oTtpopata, oavEnuéva Ppébnkoav ta mOG0ooTA
Exppaong g neppopivng oto 40-45% tov detyudtov 6T 2 opddES TOV
Kamviopatog, kot uoévo oto 7% otovg acbeveic ue asbua (p 0,004). Xe
avtifeon, ta enineda tov ykpoaviouov A kot B frav avénuéva oe dAeg
TIG TPEIS OUAOEC, OV KOl TO TOGOGTO TOV KOAMVICTAOV ACOUATIKOV e
avénuéveg TIHEC ATV EAPPDOE LYMAOTEPO amd OTL 6TOVG acOeVeElS e
doOpua.

Téloc, ta emineda g 8-OHAG Mtav avénuéva oto 35% TV KAmVIoTOV
acOUoTIKOV Kol GE  YOUNAOTEPO TOGOCTE GTOVG UN  KOTVIOTEG

acOpoticovg Kot 6tovg kamvietég (10% kar 20% avtictorya).

Yopumepdopota: XOUQOVO HE TNV apykn poc vredbeon, osiape 0Tl TO
dobuo  otovg  KomVioTEC  eU@avilel  OMPOPETIKY]  KLTTOPOTOEIKN
dpaoctnpota and to AGcOuo otovg pn komviotés.  [Iponyovueveg
HEAETEC avoeépovv  avénuévn  dpaoctikdétta toov CDS +  T-

AELPOKVTTAPOV KOl TNG TEPPOPIVIG GE OELYLOTO TTVEA®V KOTVIGTAOV LE
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N xopic XAIl oe cvykpion pe vyieic un kanviotés. Emmiéov, mpoceateg
peAéteg avédelEav avinuévn oEedmtikn PAGPN tov DNA oe acBeveic pe
XAIL

Ta amoteléopatd pog £0€1&av 0Tl 1| KLTTAPOTOEIKT OPASTIKOTTU GTOVG
TVEVIOVEG TOV KOMVIGTOV acOUoTiKdv avédvetal poali pe tnv 0EE0mMTIKN
BAGPN tov DNA, kdti mov mapatnpeiton kot otnv XAIL

Ev xoatox)ieidol, odeiEope oOt1, o1 komviotés acOuatikol ¢oaiveton va
TOPOVGLALOVY U0l OLOPOPETIKT OTTAVTNOT), LE TI) CUUUETOYN Ol LOVO TV
ykpaviopav aAAdd kot tng tepeopivng kat g 8-OHAG npocsopotdlovtog
TOLG UNYAVIGHOUG NG XAIL
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Abstract

Background: Lung cytotoxic mechanisms trigger the release of perforin
and granzymes, causing oxidative DNA damage that ultimately leads to
apoptosis. These effects, although demonstrated in COPD, have not been
investigated in patients with asthma and in particular in patients with
asthma who smoke. Our aim was to measure perforin, granzyme A,
granzyme B, and 8-OHdG expression in sputum from smoking and
nonsmoking patients with asthma, compared with smoking and

nonsmoking control subjects.

Methods: Perforin, granzyme A, granzyme B, and 8-OHdG expression
levels were detected by enzyme-linked immunosorbent assays (ELISA) in

induced sputum specimens.

Results: Perforin expression was increased in 40% of smokers and 45%

of smoking patients with asthma and in only 7% of nonsmoking patients
with asthma (p=0,004), compared with control subjects’ values. In
contrast, granzymes A and B levels were increased in  40% of patients in
all three groups vs control subjects. Finally, 8-OHdG levels were elevated
in 35% of smoking patients with asthma, in 20% of smokers, and in only
10% of nonsmoking patients with asthma. Statistical analysis revealed a
positive correlation between granzyme A (p=0,001) and granzyme B (p=
0,006) expression levels and the number of pack-years in smoking
patients with asthma.

Conclusions: Asthma cytotoxic immune response is mainly represented
by granzymes A and B, whereas in smoking patients with asthma perforin
and 8-OHdG are additionally involved, resembling the immune response
in COPD.
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I. TENIKO MEPOX

Bpoyyiko AcOna

Ewayoy-Opwopdg To doBuo  oamoterel  odueovo pe  TIG
tpomomomuéveg véeg oonyiec katd GINA 6mwg avtég dnuocievdnkav to
2014, <<ua ypdvia. eAEYLOVDON VOGO TOV aepay®y®V. XapoktnpileTon
and 16TOPIKO GUPITTOVGOS AVATVONG, dVGTTVOL0S, GPIEIHATOC 6TO 6T 0O0C
Kol Bryo mov kvuoivovtal o€ €viaotn Kol cuyvotnto EUEAVIONS, Kot
oLvodEHOVTOL OO TOKIAOVE évtaong amdPPouENG TV aepaymYdV».(1)
Oa wpémel va SIEVKPIVIGTEL GTO GNUEID WTO OTL 1] TPAYUOTOTOINGT TG
UEAETNG MHOC €yve Kol OAOKANP®OONKE TPy oamd TNV £€KS0om TMV
avafempnUEVOV OpIGHAOV Kot 001 Y1V Tov 2014, sopemva pe Tig 0dnyieg
tov 2009, 6mov w¢ AcOBua opilovrav «uia ¥poOVio. PAEYUOVOONG VOGOG
TOV  OEPAYOY®Y OTNV Oomoio. GULUUETEYOLV TOAAL  KOTTOpO Kot
puecorapntés. H gAeypovn avt cuvodedeTon omd VIEPAVIIOPACTIKOTNTO
TOV 0EPAYOYDV KoL 00NYel 6€ emavalapBavopeva ETEIGOO10 GLPITTOVCOC
avamvong, ovomvolas, cei&ipatoc oto otbog kot Prixa Wwoitepa TIg
VOYTEPIVEG DPEC N VOPig T0 TTpwi. Avtd Ta €MEGOd0. GLVIVALOVTOL UE
AmOEPOEN TOV CEPOUYMYDV TOL GLYVE AVOCTPEPETAL UE, 1| OKOUO Kot
yopic, Oepameion.(2) To aobua amotelel pio TOAD GLYVN OVOTVEVGTIKN
v6G0 mov apopd 610 1-8% ToL YeViKoh TANOLGHOV GE SAPOPES YDPES.
Amo dobua macyovv TovAdyiotov 300 ekatoppdplo dvOpmmor OAwV TwV
NAKIOV Kol 0 aplBuog avtodg avoauévetatl vo avénbel. O emmoAacuog Tov
doBpotog éxet dOumhaciactel v televtaio 10gtia, Wiaitepa otor TONdA,

OTIC TEPLGGOTEPEC YDPES TOV KOGHOV. (1)
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AcOpo kol kanviopo

O emmoAacpog tov kamvicpatog otnv Evponn avépyetor e 31% tov
mAnBvopov, evd pe otoyeia ¢ Eurostat ywo to 2003, 600 otovg TpElg
‘Exnveg (58,1%) kou pio otig tperig EAAnvideg (32,2%) xomviCovv.
Yvvolikd, to 44,9% tov mAnBuopod g EAAGSaG elvan komvioTég ko
omv E.E. xatéyouv v mpotm 0éon oto xamvicuo. H IMaykocua
Opybvoon Yyeloc (ITOY) exktipud 611 10 éval Tpito TOL TAYKOGLLOV
mAnfoopov, OmA. mepimov 1,25  dwoekotoppdplo  dvOpwmor, givor
KOTTVIOTEG, e To. 000 Tpita mepimov vor {OVV € OVOTTUGGOUEVES YDPEC.
YTIG OVEMTLYUEVEG YMPES, TOVAAYIOTOV EVAG GTOVG TEGGEPIC EVNAIKEC
Kamvilel, LE TO GLVOAKO TOGOGTO TV KATVICTAOV VO TOWKIAAEL HETASD
tov Evponaikov yopov kot tov Hvouévov TloArteidv g Apepikng
(m.y. 26% otv Ayyha, 38% ot I'eppavia, 30% ot F'aAdia, 29% otnv
Itaria, 18% ot Zoundia, 25% otig HITA). 211 avamtueoOUeEVES YDPES
KOl YEVIKOTEPO OTIC YOPES HE YOUNAO KOTO KEQOAN €GOOMUA, O
EMMOAACUOC TOV Komvicpatog eivor peyordtepog. Ta otoyeion mov
VILAPYOVV YL TOVG EVAAIKEG e doBua mov kamvilovv eivar modd Alya.
I'evikd Op®G, T0 KATVIGHO GE ATV TNV Opdda achevav gival cuyvd Kot
TANGLALEL GE GLYVOTNTA OVTHV TOL YEVIKOU TANOLGHOV. Xtoryeio OV
vrdpyovv and To Hvopévo Baciielo ko 1ig HITA oyetikd pe ta mocootd
Kanviocpatog otoug acheveic pe dobua divouv m0ocooTd KAmTvicuatog mov
Kopaivovtatl and 17-35%. Yyniog sivan ko 0o aptfuog towv aclevav pe
doBpo Tov NTOV TPONV KAMVIGTEG, UE TOGOGTO OV Kupoivetal amd 22
€wcl29 43%. Etol, 611G mEPIOGOTEPES AVEMTVYUEVES YDPES, TOVANYIGTOV
ol pool amd tovg eviikeg acbevelg pe doBua eivor mbovo va etvan

KOTVIOTEG | TPONV KOmVIoTéC. (3-7)
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IMaBoyeveTikol pnyoviopol

H ¢Aeypovn tov agpayoydv oto dcbua eivor exipovn mopd 10 yeyovog
OTL TO OCLUTTOUOTE €YOVV  GLYVA EMECOOKO Kol OloAeimovta
yopaktipa. H ovoyétion avauesa otn Papvutnta tov dobuotog Kot tnv
Bapvtnta g eAeypovig oev €xel mANpwg Eekabapiotel. H gAleypovarong
depyosio TOV aepay®Y®V £XEL KOWA YOPOKTINPIOTIKO Ta omoio givor
aveCaptnta maboyévelag Kot nAkioc. Toa pootokdTTopa, To NOCIVOPIAQ,
T T-Aepgoxvttapo, ta INKT «dttopa, To pokpo@dyo kot T,
0VOETEPOPIAD.  amEAELOEPOVOLY  PAEYHOVAOOELS UECOAAPNTES, OTMC
KUTTOPOKIVES, YMNUEIOKIVES, AEVKOTPLEVIO KOl OVENTIKOVE TOPAYOVTES KOl
cuuBdAiovv oty St pnon e eAeypuovns. H mopaywyr kuttapokivav
Kol GAAOV LEGOAAPNTOV OO OOMIKE KOTTAPOU TOV OEPAYDYDY OT®G Ol
woPAdoteg, ot pvowvoPrdotes, T Aston pLiKE KOTTOPW, TO. EVOOONALOKE
Kol T emOnMaKkd Kottapo Oewpeitor oNUOVTIKN Yio, T S1IT)pN o™ TG
eAeypovng(8). Extoc amd ) @AEyUOV®OIN amdvinon 6Tovg aoduotikone
acBevelc oLVLTTAPYOLY KOl YOPOKTNPIOTIKEG OOMKES OAAOYEC TOV
OUVOMKG, TEPLYPAPOVTAL MG AVASIOUOPP®CT OV depaymYdV (airway
remodeling). H andéntwon tov embniiov, n vaepmhiacio tov Agiov
HOIKOV wvav, 1 mayvven g Pactkne pepPpdvng kot o avénuévog
aplBpdg TOV KAAVKOEW®Y KLTTAP®MV KOl T®V VTOPAEVVOYOVIOV 0OEVMV
ue vepékkpion PAEVYNG elvar ot kKupldTtepeg dopukég aArayég(9,10). O
aAAOYEC QVTEC EVOEYETAL VO TAPIGTOVV S10PHMTIKY AmAvING™ 6T YPOVIa
eAeypovn. Optopéveg and avtég oyetilovion pe ) Poapvunta ™ vOGov
KOl Umopel voo 00MYNooLV G€ GYETIKE UN avaoTpEYLUN and@paln Twv
agpaywy®v. H Bpoyyikn vrepavtidpacTikdOTNTe Kol 1 GTEVOON TOV
aEPAYWYMV Eivon 01 OLVO KVUPLEG auTieG TNG OTAPAYNG TNG TVEVHOVIKNG

Aertovpyiag oto Ppoyywkd doBua. H Ppoyywm vrepovtidpoctikdtnto,
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elvar 1 ekoeonuacuévn PPoyYOCUOTACTIKY OMAVTNOCT OE TOKIAL
epebdiopdtov mov dev TPOKAAOVV Kopio ovtidpaon o€ £va pUGLOAOYIKO
dropo. To @avdpevo g PBPoyykng VIEPAVIIOPACTIKOTNTOS OV Kol
yopaktnpilel to Ppoyywkd acOua, €xel meprypopel Ko o€ ATopa e
aAAEPYIKT pviTda, YPOVIO. OTOPPOKTIKY] TVELUOVOTAOED, KLOTIKN
tvowon. Ta epebiopota mov umopel va  mpokaAéoovv  Ppoyyikn
VIEPAVTIOPACTIKOTNTO,  €lvol  pecoAafntéc  Omw¢ m  oTouivn,
(QOPUOKEVTIKEG ovoiec Ommg M petayoAivn, euoikd epebicuata dmme M
doknom, o ENPOg aEPAC, 0 VIEPAEPIGUOG Katl un edtova daivpata. Ot
UNYXOVIGHOL NG PBPOYYIKNG VIEPAVTIOPACTIKOTNTOS OeV &lval TANP®G
KatavonTol, av Kol gaivetor va oyetifeton 1060 e TN PAEYUOVH] OGO Kot
HE TNV OVASIOUOPPOGCT] TOV OEPAYDYDV KO EIVOL LEPIKDG OVOGTPEYIUN
ue t Bepameio. Ta KOpTIKOEWDY], TOV PBEATIOVOLV TO GLUTTOUOTO TOV
GoOLOTOC KOl LELOVOLV TNV GAEYLOVY] TOV AEPAYOYDV, £XOVV GTLOVTIKT
emidopacn ot PPoyyiKn VIEPOVTIOPACTIKOTNTO, YWOPIC OU®MS Vo TNV
EMAVAPEPOLY GE PLGLOAOYIKA emineda. H axpipnc cvoyétion avaueca
o1 Ppoyykn vrepavTopacTiKOTNTA, TN PopdTnTa Tov AcOUATOg Kot ™

QAeypHovn givon mepimlokm kat Oyl emaxpiog drevkpviopévn(11,12).
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Environmental factors

IL-13, TNF-q)

Environmental factors and

Dendrnitic cell
Inflammatory products

: ! mucus \ mﬁ >
B lymphocyte ‘ T lymphocyte Alnway Effocta - X iti s
Alrway efifects aa ’ <
IgE
= g L 1L Bronchospasm 3
S IL-3. L4, GM-CSF Acute Inflammation 3
AN Persistent Inflammation 2
: TNF-c Remodeling =3
z :
o 3
Waatcel Eosinophil @ ’ Propagation 2
Smooth muscle O s
Blood vessels
Neutrophil
Acute Inflammation Persistent inflammation and

development of remodeling

Key: GM-CSF, granulocyte-macrophage colony-stimulating factor; IgE, immunoglobulin E; IL-3, interleukin 3 (and
similar); TNF-«, tumor necrosis factor-alpha

St.Holgate. A look at the pathogenesis of asthma: the need of a change in direction. Disc.
Medicine. 2010

Ye amoxpon o€ Odpopeg mePPArAAOVTIKEC TTPOGPOAES, OmmG €ivar O
KOTVOG KOl TO OAAEPYLOYOVO, Ol TVEDUOVEC ONAVIOUV WECH TNG
EVEPYOTOINONG  KLTTOPOTOSIKMV — UNYOVICULOV ¢ upioe  and  Tic
OVOGOAOYIKEC OTOKPIOELS 0TO OTPES, cvumeptiapPavopévov tov CD8
T+ Aeppoxvttapwv, Tov NK kuttdpov (puoikd kdttopa S0Ao@ovot), Kot
TOV QUGIKOV PoviKaV T-kuttdpwv(13,14). Mia Booikn Aertovpyio TV
KUTTOPOTOEIKAOV  AEUPOKVLTTAP®V €lval v ovViYVEDEL KOTECTPOUUUEVA
KOTTOPO TAPUKIVOVTOS TOLG VO VTOPANO0VV 6e amdmTwon. X10 TAAIG10
TOV UNYaviopov emitnpnong, to kuttapotoéikd T-Aeppokvtropa (CTLS)

anelevbepmvovv mepeopivn kot ykpovivues (GRZ)(15-21).
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Kvtrapotoikoi pnyoaviepoi
1. Ilep@opivy

H meppopivn eivan pérog tnge MACPF owkoyévelag mpmteivav, 1 omoia
Exel mive amd 500 uéAn(22). Ipoéceata, ot KPUOTOAAIKES dOUES TV
piov  mpoteivov  MACPF  gnilvOnkav, wor mapd v €MAewym
ONUOVTIKOV OUO10THTOV okolovBiag, emédeiov astoonueimm dopukn
opowTNTA  UE  TIC Baktnplaxég — YOANCTEPOLOEEAPTMOUEVEC
KuttapoAvoives.(23-26) H meppopivn sivor pio wpmTeivn, peyédovg
60-kD, n omoia mapdyetor amd o NK xottapa, to yaupo / 0éita (g / d)
Kuttapa, to Kuttapotolikda CD8 T-Asppoxvttdpa, kot and ta CD4 T
Aepgorkvttdpa. ‘Exet doukéc kot Aetovpylkéc OHOLOTNTEG UE TO
ovotatikd 9 1tov cvunAnpopatog (C9). Onwg kot to C9, dnuovpyet
StapeuPpovikd KovaAlo, odnNym®VIOG o€ Un — €101K] OOUOTIKN Avon
uioc oepdc KuTTdpov-oTtOY®V. AToTtelel Mo amd TIC KUPLEG
KUTTOPOAVTIKEG TPAOTEIVEG TOV KVTTOPOAVTIKOV KOKK®V, OPOVTOS MG
éva Paockd popo vy v kvttapoivon pécom tov T kot NK

KLTTApOV.(27)

Onwg £xel NON eavel amd TPOoNYoOVUEVEG LEAETEC O GYNUATIOUOC TTOPOV
Exel odpetpo mepi to 20 nm. (28) Eivar pio dwadikacio eaptopevn
and 1o acPéotio mov Paciletar oe pio GePd omd MAEKTPOCTATIKEG
OAANAETIOPAGEIG HETOED TV HOVOUEPDY TNG TTEPPOPIvNC.(26,29) Avto
10 péyebog elvor meplocdTEPO MO OPKETE peEYAAO Yoo TV dAvetn
diéievon tov GRZ povopepn M oepn. Avtiy m mopatipnon eivol
ocOUEMOVN HE KAOe pol amd TG OVO LIOBEGES TOV MG M TEPPOPivN
napadidel Tic GRZ 610 KuTOGOAMO KLTTAPOV-GTOHYOV. ZOUPMOVO LE [
vmobeon, N omekevBépwon G mpwTEOYAVKAVNG oepYAvKivng (SG)

€VTOC NG OVOCOTOMTIKNG cUVOYNG okoAovBeital amd To GYNUATIGUO
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TOP®V Y. TNV TEPPOPIVY] OTNV  KLTTAPIKY UEUPPAVN-GTOYO OV
dlevkoAbvel TV dpeon mpoomontOTKn €icodo tov  GRZ oto
KvtoodA0. Exel, ot GRZ daomovv ta evooyevr| evookuttdpia 1 10YEVN
VTOGTPAOUAT, OONYDVING GE U1 TPOYPOUUOTICUEVO OTOTTMOTIKO
KLTTOPIKO BAvaTo 1 / Kot ot dlakomh g ovorapaywyng tov 10v.(30)
Mio evaliaxtikr] vroBeon mpoteivel 6tL M mepeopivn ko or GRZ
Bpiokovtolr 6to. VOOKLTTOPIKA KLOTIOW €VIOE TOV KLTTAPOL-GTOYOV,
KOl 0T GUVEYELD 1] TEPPOPIVI ADEL "amd TO E6MTEPIKO", LETAKIVAOVTOG
11 GRZ 670 xvTo0cdA0. (31,32) Zoupmva pe ovti ) Bempia, ot GRZ
umopel  vo  mopapévouv  oe €va €VOOKLTTOPIKO  SlOUEPICUOL
Aertovpyvtag pe €va vwodoyxEa-aveEdpTnTo TPOTO, KOl TO KOTTOPO-
OTOY0G VO TOPAUEVEL VYIEG Yopic TV vmapén mepeopivic.(31,33,34) Ze
avtifeon, éyel mpotabel TpoOGPaTA OTL 01 TOPOL TG TTEPPOPIVNG Elvart
TOAD uKpol Yy va. €16EPYOVTAL Ol YKpaviDUES, KOl OVT OVTOV, O
GYNUOTICUOC TOVG EVEPYOMOlLEL GTO KLTTOPO-GTOYO TO HUNYOVIGHO
EMOKELVNG NG MEUPPAVNC LIO TN HOPPN TNS EVOOKLTTAPMONC,
J1EVKOAVVOVTOG £TOL TNV TPOSANYN TV YKpoavivpmv.(32) Qotdco, dev
elval copég TG o1 YKpoavivUeS ameAenfep®@VovVIoLl 6TO KLTOGOAO amd

TOV QWAO AVTAOV TOV VTTOOETIKDOV KLOTIOIWV.
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Adapted from: https://www.fmhs.auckland.ac.nz/en/sms/about/our
departments/auckland-cancer-society-research-centre/research
groups/medicinal-chemistry/inhibition-of-perforin.html
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2.I'kpaviopes (GRZ)

Ov  ykpoavQdpec elvor  po0  OIKOYEVELWD — GEPIVOTTPMOTENACHV  TTOL
amodnkevovtal evtdg TV  KLTTOPOTOEIK®OV  Agupokvttdpov (CLS).
Ynrdpyovv 5 €idn ykpoaviopdv mov exkppdlovion otovg avBpomovg: A, B,
H, K ka1 M, xon 11 oe movrikovg (A, B, C, D, E, F, G, K, L, M «at N).
(35)

. TI'kpavioun B

H yxpavloun B (GrB), éyxet extevig pueretnBel xotd tn Sdpkeln twv
TEAELTOUMV 0V0 OEKAETIOV. AVOKOAVPONKE Y10 TPDOTN POPA GTO LEGA TNG
dekoetiag Tov 1980, 6mOV TOAAEG OUAOES OVEPEPOV TNV TOPOLGIO TNG
npmwTedong oe kKokkovg péoo oto CLs. (36-39) H GrB eivon pia 32-kDa
npwtedon cepiving mov potdlel pe yopobpuyivn, kot eival yvoot) og
ykpavioun 2 1 oepivn eotepdong tov kKuTtapotoEtkon T-AeppokdTTapov-
1. To yovidio mov v kmdikomotel £yel uqkog B3500bp , mepiéyel mévte
e€Ovio Kot TEGGEPU VTPOVIK, Kot ¥apteg oto ypopdcouo 14. (40) Onwng
ovuPaivel ko pe T Kaondoeg, n GrB eivar vrevbvvn yio T drdloTOoN
TOV TENTIOIOV OV dpeca YELTVIALOVV HE TO KOTAAOUTO TOV OGTOPTIKOV
(Asp) . (41,42) Avti 1 eMAEKTIKOTNTO OPEIAETOL GTN dOUT TNG OPAGTIKNG
0éong g GrB, n omoia mepiéyet o apywivn (Arg). To goawvouevo g
aAnienidopaong peta&d Asp ot 0éon Pl tov vrmootpdpaTog Ko NG
Arg evtog g dpaotikng Béong eivar 1o KAEWL Yo aAANAOETIOpaAOT] TOL

ev{OIoL Ko ToOL VTOGTPOUATOC. (43)

H éxppaon g ykpavldung ennpedletar amd TOALOVG TOPAYOVTEG TTOV
dieyelpovv NV €vepyomoinomn  TOL  AvOcOTOmTIKOV  Kuttdpov. H

petaypagikn evepyomoinon ¢ GrB evtog tov  T-Aeppoxvttdpov
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EUTAEKEL TNV €VEPYOMOINoT TOL LIWOJdOYEN TV KLTTtdpwv T Kot
di€yepon tov kKutokivav. (44) ‘Olot oL Topdyovteg LETOYPUPNG OPOLV
pnalt yoo ) pvluon e ékepoaonc g GrB,. Eivon cagéc 6t1 kabe
UETOAAGEN € OTO0ONTOTE TOPdyovTa Bol KOTOPYNGEL TV KPP TNG
GrB.(45,46) Zto T- Aepgpoxvttapa kot to NK kdttapa, torlhoi amd tovg
eEOKLTTAPIOVG TOpdyovteg mov Oleyeipovv v evepyomoinon tov T
KLTTAPOV, av&dvouv emiong mv EKQpoon ™me GrB,
ocouneptloppavopévng g ocvvBeons g KLToKivig, TN OECUELGON TOV

VIOd0YEN, KAl TNV Topovsio Twv Bondntikdv N twv pvoctikov CD4+

T xuttdpav. (44)

/ (2 Granzyme B
| @ Hlperforin

Granzymek.Bl
rocasiase-3 Activated Caspase-8

Cytochrome C

!

s A Procaspase-9
Caspase-3 poptosome
CAD -_—

Intracellular versus extracellular granzyme B in immunity and dlsease challenging the

dogma. Wendy Anne Boivin, et.al Lab Invest. 20009.
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Il. TI'kpavlopun A

H yxpavidun A evepyomoiel tov «Kvttapwkd Odavato pécw  €vOG
unyoviopov aveEdptmto tov kaomacwv. H ykpavldun A (GrA)
CLUUETEXEL OTO (QUIVOUEVO TNG OMOTTMONG, GLUTEPIAAUPOVOUEVIC TNG
SOYKMOONG TNG KLTTOPIKNG HEUPPAVIG, TNG OTOAELNG TOV UITOYOVIPLAKOV
SLVOLIKOVD, TOV KOTOKEPUOTIOUO TOV TLPNVO KOl TN GUPPIKVOGCN TNG
ypopotivng. H GrA mpokoaliel pio xopoktnpiotikn popen g PAABNG tov
DNA mov eivar povokiovikny kot Oyt T0 GLVRON  OmOTTOTIKO

katakepuatiopnd Tov DNA dutding élkoc. (47)

[Ipoo@ateg Epevveg Exovv dei&el OTL KOTA TNV ENAYWYN TOV KLTTOPUKOV
Bavdtov, n GrA otoyevel éva, GOUTAOKO TOV EVOTAAGULATIKOD OTKTVOL
(EA) , yvootd og SET ovvOeto, to omoio mepiéyel dvo mpwteiveg
KotaotoAg Oykov, v pp32 kor v GAAD (Granzyme-A-Activated
DNase) / NM23H1 «at tpio vrootpdpota g GrA, v mpoteiviy Tov
ocvundokov SET, v DNA-decuevtikn tpoteivny HMG2(High-Mobility
Group Protein-2) kot to £évlopo emiokevng APEL  (amovpwvikny /
amupydvikn evéovovkiedon-1). H GrA «kataotpépel TIC YVOOTEC
AE1ITOVPYIEG OVTAOV TOV VITOGTPOUATOV. AV KOl 1] PLGIOAOYIKT AElTOLPYIN
0V cvumAdkov SET moapapével dyvootn, €xel mpotabel 0TL dievkoAHvel
TNV EVEPYOTOINGN TN UETOYPOUPNC KO TNG UETAYPAPNG OV oyeTilovion
pe v emdwpbwon tov DNA oe amdkpion o6t0 0EEWOMTIKO OTPES.
[Tpdyupatt, o1 mpwteivec o€ VTO TO GLYKPOTNUO LETOTOMILOVTOL TOYXEMC
GTOV TUPNVO G amAvINon o€ po ovEnon tov emmedov v ROS
(Reactive Oxygen Species) kot petd and gvepyomoinon g GrA kot g

neppopivne. H GrA «xataotpéper tpio péAn tov ovumidkov SET,
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ocvumeptlappavopévng g tpwteiviig SET | 1o évlvpo emokeung APEL
kat v HMG2. Otav avtég o1 TpmTeives KATAGTPEPOVTAL, 1| TPMTEIVN
NM23H1 etvar eiebBepn va kotokeppaticet to DNA yopig va
akolovOnoet emokev). H NM23H1 eivar 1 GAAD kot 1o SET givan o
avaotoAréag g, IGAAD (avactoréag tnge GAAD). (48)

EmnpoécOeta, n GrA otoyedel kot o€ GALEC ONUOVTIKEC TLPNVIKEC
npwteives. 'Etotl, n avactaltikn opdon g Evavtt g lotovne-1 evioyvet
tov kotakeppoticpd tov DNA, xor emdysr v KataoTtpopn TV
TUPNVIKOV AQUIVOV, TO PBAGIKO GUGTATIKO TOV EVOLOUEGOV VIUATION TOV
mopnva, ot omoieg eEacariilovv v mupnvikY akepordtnta. Metd v
evepyomoinon g GrA pe v mepeopivr, 01 KAGTAGES OEV O10GTOVTIOL 1)
evepyomolovvtol. To wvtdypopa -C dev ameievbepdvetar amd To
HITOYOVOPLO, OV KOU 1) UITOXOVOplokn UHeUPpdvn Kot to ptoyovopio,
yivovtar SLGAEITOVPYIKE, OTTWG Qaiveton omd To avénuévo eminedo T®V
ROS. EmimAéov, o emayouevog wkvttopikds 0dvatog amd 1 GrA odev

Voo TEALETAL OO TNV LIEPEKPpPact Tov BCL2. (49)
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Nature Reviews | Immunology
The ABCs of granule-mediated cytotoxicity: new weapons in the arsenal Judy

Lieberman. Nature Reviews Immunology, 2003
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3. 8-vopo&v-de0évyovavoasivy (8-OHAG)

Agdopéva amd mpornyovuevee pehétec €yovv 0eifel 0Tt M 0EE1OMTIKN
BAGPN ovpPaivel povipa ota Ao TOV KLTTOPIKAOV UEUPPOVOVY, TOV
mpoteiviov koau tov DNA. Mia amd t1g kuplopyeg Hoppés erevBépwv
pllov mov elevBepmvetal amd 0EEWMTIKEG PAAPBEC GTO TLPNVIKO KO
utoyovoplakd DNA eivar . 8-vdpo&v-deo&vyovavooivny (8-OHAG) 1 8-
o&odvyovavooivn (8-0x0dG) kat Y1 avtd £yl ypnotpomondel vpEG MC
B1odeikTng 0EEWMTIKOD GTPEG KO 6TV KapKivoyEveon. Meléteg £dei&av
ot pétpnon ¢ 8-OHAG oto ovpa omoteAel £va kokd Brodeiktn yia
v aSloAOyNoen Tov KIvOOVOL T®V JpOp®Y LOPE®V KOPKIVOL Kot

eEKQLMOTIKOV acbevelwv.(50,51)

Qc  Prodeixtng, n 8-OHAG  éyer ypnowonombei o¢ deikng yo
puétpnon g emidpaong g vooyevoug oEedmTikng PAEPNG oto DNA
KOl ®C Tmopdyovtog Yo TV €voapEn kKol TNV mpodbnomn g
Kapkwvoyéveons. Emmiéov éxel ypnoonomOel yio va extiun0eti n BAGPN
tov DNA g avBpdmovg petd and ékbeomn oe KapKIVOYOVEG OVGIEC, OTTMC
0 Kamvdg, ot tveg aprdvtov, to Poapéa PETOAAD Kol Ol TOAVKLKALKOL

apopotikoi vopoyovavOpaxeg. (52)

Oxadative Stress

[¥]
|
o N M —,
- HH HH
L 2 ’L | ‘> /L;‘ | f)—-—un )
T /.'1 N N M HyH N - I—
o H — Criclation sihe
o — 0. HOH;C
Iy HOH,C
Y
\ ",

\\ HG Ho

I'\ Deouyguanosing S -0OHAG

Adapted from Dr Marrota

54



4.0&e10mTIKO Stress

To ofedmtikd Stress gaiveton va amotedel Eva CNUOVTIKO UNYOVIGUO
evioyvong g eAeyuovnc. Tlponyovueveg peréteg oe aobeveic pe Xpovia
Amogpaxtik] [Tvevpovormdbeio Exovv Mon Ppet avENpévous Tovg OeikTeg
oL 0&E1OMTIKOV Stress ( vepo&eidlo Tov VOPOYOVOL, 8-1GOTPOGTAVIO)
OTO. TTTVEAD, TO EKTVEOUEVO GUUTVKVOUO TNG OVOTVONG OAAG Kol GTNnV
ocvotnpatikny kokhoeopia.(53) O kamvog Tov Te1ydpov 0 omoiog ival O
KVPLOTEPOC TEPPOALOVTIKOS PBAATTIKOG TOpdyovTas, TEPLEXEL APOOVEC
nocotNteg eAeV0epmv prlav olvyovov, vrepoleidia kot mepolvvitpitn,
o omoiol £YOVV MG OmMOTEAESUO TNV TPOKANGCT GOoPapol 0EEIOMTIKOV

stress otovg mvevpoves.(53-56)

Ot ovvéneteg 1o 0&edmTIKOD stress Ommg 1 ynuelotosio Kol 1 oyvpn
TPOGKOAANGN TOV AEVKOKLTTAPMOV £YOVV GOV OMOTEAECUO TNV Evapin
m¢ Jwdwaciag ™™g oeAesypovis. H  otpatordynon  ¢oAeyuovodmv
KUTTAPOV OMMC TO EVEPYOTOMUEVE, LOKPOPAYO KOl TO OVOETEPOPIAQ
emiong cLVEIGPEPEL GTNV 010 dIKOGIN TNG 0EEIDMONG HECH amEAELOEPMONC
ewikov evldpmv.(57) '‘Etor 0 komvOoc TOv TOLyGpov Kol 1 TOMIKN
anelevBEpwon 0EEOMTIKAV Topaydvtov BETel € Agttovpyia Evav GadAO

KOUKAO 0 0mo10g podyetl o TaBoAOYIKT) AEYLOVMOIN OTdVTNOT).
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Havemotmiuio Kpfitg

TLatpuc Xyoin

EIAIKO MEPOX THX AIAAKTOPIKHX AIATPIBHX THX
YIHOYH®IOY AIAAKTOPA

IHPOKAOY AGANAXIA

<<O&e1dmtikn PAAPN tov DNA oto AcOua>>
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Ewayoyn

210 YEVIKO E10aYOYIKO UEPOC TNG EKTOVNONG OLTNG NG OTpiPig
avagEpOnke OTL 11 GLYVOTNTO TOV KOTVICUATOS GTOVS EVAMKEG Ie AoOpa
etvor vymAn (17-35%) ko mAnoudler avty tov yevikov mAnbvopov.(1)
[Tponyodueveg perétec amodekvhouy OTL GUYKPITIKA [E TOVG acOEVEIC
mov dev kamviovv, toco 1 Bvntotnra, 660 Kot 1) voonpdtnta avéavoviot
otovg acbeveig pe dobua mov kamviCovv. Ot acOuaTIKol KOTVIGTEC EXoVV
Bapitepa cvountoOUaTo AoOUATOC, UEYOADTEPN OVAYKN Y0 QEPLLOKO
AvVOKOVPIONG Kol XEPOTEPOVS deikTeG PapuTNTOC TNG VOGOV GLYKPITIKA
HE TOVLG WUN KOTVIoTES aoBuatikovs. Exovv taydtepo pvbud emotag
éxntowong tov FEVI ko emmAéov o emokéyelg ota enetyovra atpeio
TOV VOCOKOUEIMV KOl Ol E160YMYEC OTO VOCOKOUEIO M OTIG WOVAOEC
EVTATIKNG Oepameiag a@opovv cuyvOTEPO GTOVE PapOTEPOVS KOTVIGTEG |UE
aoOua.(2,3) Télog, ailel va onueimbel 611 ot acbeveic pe dobua mov
kamviCovv avoamtdcoovy Kdmowo €10o¢ aviiotaong otn Oepomeion pe
KOPTIKOGTEPOEWDT] TOPOAO 7OV Oev €YOLV JEVKPIVIOTEL TANPW®S Ot
VIoKeipeEVOL pnyaviopol avtiotoong oe avtd.(4,5) H moabogpuoioroyio
TOV OEPAYOYDY 6TOVG aobevels pe dobua mov komviCovv gaivetol va
dlopopomoteiton amd TNV mopeio TG  PAEYUOVAG KOl OVOOLOLUOPPMOTC
TOV TTAPOTNPEITOL GTOVG LTOAOITOVG AoHEVEIC e AoOpa Ko 1) dlepevvoN
TOV O0UTEPOTNTOV ALTOV TOAVAOS va. Bondfcel otV KaTOVONon TOV
UNXOVIGULAOV 0VTIGTOGNG OTO KOPTIKOGTEPOEWN OAAG Kot 6TV avalnTnon
VEOV  OEPATEVTIKOV  EMAOY®V, 7O GTOYXELOUEVOY Kol Gpo  To

amoteleouatikov.(4,6,7)

Ye k0be mepinton 1N TOVTONTOINON TOV AGOUATIKOV QOVOTOTTOV gival

TOAD  ONUOVTIKN] OTN  oLYYPOVN OVIIHET®OMTION Tov  AGoBuatog. O
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QovOTLTTOG aVTOG pmopet vo diepevvnBel pe pn emepPatikée pebodovg,
EMTPEMOVTOG £TGL TN O0TOYELOUEVT] — eEaTokevéV Bepameia, N omoia
elval mTOAD o amoteAecUaTK) 6T0 cofapd dobBua. EMuepo pEYAAn
oAl HeBOd®V Kot PLOAOYIKAOV OEIKTOV Un EXeUPATIKNG AE10AOYNONG
™G PAEYHOVIG TV aepayay®v sivor dwbéoyiec. O Proroywkol avtol
delktec mov ypnotpomotovvtal yio tn un emepPotiky] agloAdynon g
QAEYHOVIC UmopovV va cLAAEYBoOV e motkileg pneboddovg amd drdpopa
BloAoyikd VAIKA, cLUTEPIAOUPOVOULEVOY TOV TPOKANTMOV TTLVEA®MV, TOV
GUUTVKVOUOTOS TOV EKTVEOUEVOL 0EPC, TOL TEPLPEPIKOV OIUATOC KOt

TOV 0VPOV.

O emepPaticég péBodor OTMMG 10 PPOYYOKLYEMOIKO EKATLHO KO T
Swppoyyikn  Poyio  Exovv  mepopiouévy xpPNOWOTNTA  OTNV
mapakorovnon 1ov  doBuatog, dedouévov 0Tt O  UmOPOVV Vo
YPNOLOTOINBOVV KT’ EMAVAANYM. ZVOVETMC, Ol un enepPartikés pébodot
avOTTOYOMNKOY Y10 VO KOADWOoUV Kot ouTth TV avdykn. Ot HETpNGELS TV
TEXVIKAOV 0VTOV TEPIAAUBAVOVY TPOGIOPICUOVS KVTTAPIKDOV TANOLGUDV

Kol uecorafntav oe froloyikd vypd.

Ipoxinta nTvErO

Ta mwpoxintd mroeha Oewpoldvionr o eldyloto emepPatikn péBodog
GVAAOYNG Proroyikol delypatog, ac@ailm®s MYOTEPO EMEUPATIKN OO TN
Bpoyyookommon pe Anym PpoyyxokvyeAdkov ekmAvpatog (BAL) xou
Boyidv.(8) Kartd  yevikp omodoyn to  TPOKANTA  TTOEAQ
KOTIYOPLOTTO100VTAL OTIC U EMeUPatikéc pebodovg Kot ypnoomtotovvIon
YL TN HEAETN TOV YOPOKTNPIOTIKOV KOl TNG EVINONG TNG PAEYLOVIG TOV
KOTOTEPOV AePAYOYDOV 6T0 GoBua. To KuplOTEPO LEIOVEKTUATO TOV

TPOKAMNTAOV TTLEA®V €lval OTL Ta OomoTEAEGHOTO Ogv  €lval Aueca
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dwbéoia Kot OTL 1 0vAALGT TOVG amOLTEL €101KO €PYOSTNPLO. ATO TNV
enelepyosio TV TTLEA®Y HmopovuEe va AdBovue TANPOPOPIES Yoo TOVG
KUTTOPIKOVS LTOMANOVGHOVE KOl VO DTOAOYICOVUE TIG TOGOGCTINIES
OVOAOYIEC TOV NOCIVOPIL®Y KOl OVOETEPOPIA®MY KVTTAP®V.(8) Agdouévou
OTL M TTPOKANGY| TTLEA®Y TPAYUATOTOlEITON PE TNV EmavAAaUPovOpevn
glonvon vréptovov StaAvpatog NaCl, mpémer vo AneBovv avotnpéc
TpoPLAAEELS OTav Tpayuotomoleital n dokipacio eoutiog Tov mOovoL
é&viovov Bpoyyodomacuov oe acbevelc pe Bapv dobua kot younid FEVL.
H younAn tywnq tov FEV1 amotelel oyetwkn aviévoelln ywo v
TPAYUOTOTOiNon TG TPOKANONG TTLEA®Y o€ acOuatikovg acbeveic. H
néBodog de pmopet va gival amOAVTA AcPAANG, 0EOOUEVOL OTL ETEIGCOI0
a1pvidtov kot cofapod Bpoyydoracuov propel vo coufel akdpo kot 6
acBeveilc UeE QUOIOAOYIKT] OVOTTVELCTIKN AElTOLpYio oL €yxovv AdPet
TPOPLVAOKTIKA €16TTVEOUEVOVS B2-ayvioTéC mptv T dokpacio. H opdda
epyaciac tov ERS cuviotd v évapén ue oteipo ddivua NaCl 0,9% xou
dapkela g dokpaciog emaywyng 30 devteporenta, 1 Aentd Kon 5 Aentd
(netpovtag tov FEV1 petd amd «édbe mepiodo yoprynomng). Edv odev
EMTUYEL N TPOKANON UE ADENGN NG GVYKEVIPp®ONS 610 3%, akolovdel
avénomn tov ypdvov mpokinong yw 30 devtepdrenta, 1 Aemtd ko 2
Aemtd. Edv eEaxolovBel va unv vmdpyer oamotéAecuo  avEAVOLLE
nepotéP® TN ovykévipwon oto 4,5% vy 30 devtepdrenta, 1 Aento, 2
Aemtd, 4 Aemtd ko 8 Aentd. Edv o acBevic oe pmopet va vtoPAndel ot
dwdwoacio g mPOKANoNG, umopodv  va  ypnoipomombodv  ta
ATOTELEGLOTO TOV OVTOUAT®OV OEIYUATOV, TOPOAO TOV 0€ GLVIGTATOL 1
YPNON OEYUAT®OV OVTOUOTNG OmOYPEUYNG, EEOTIOG TOL LUKPOTEPOL
aplBpod {ovtovov KuTtipov Kol TG YOUNAOTEPNG TOOTNTOS TOL

delypartog o GUYKPLoN UE TO TPOKANTA TTveAa (9).
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Kvttapotofikotnro kov ofewdmtikn Prapn 1ov DNA  oTovg

aoOpatikovg
MEGOAOAOITA
Atopo peréTNg

To dtopa mov eonydnoav otn UHEAETN TPOEPYOVIOL amd Lo HEYEAN
opudda acOevdv Kol VYOV aTOU®Y OV TapaKoAovBovvTol amd To
eEotepikd 1atpeion doBuatog g Iavemomuoxng Ivevpovoloykng
KAiwvwune g latpikng Zyoing Kpnng, to 1o Iovemotuiokd Tunquo
¢ [Ivevpovoroyumg Kivikng, kot tnv 71 [lvevpovoroywn Kiwvikn tov
Tunuatog & Kévipov acOuatog kot Noonudtov Ownpakoc, Nocokopeio
«Zompioy, AONva, pHeTd amd OGoTNUO TOPAKOAOVONONC TOVALYICTOV
dvo etwv. H ddyvoon tov doBuatog emPePoarddnke coupova pe to
kprepta. g Haykoouag Ipmtofoviiag yio to AcOBua (GINA).(10) Tig
ouddeg amotédecav acbevelg pe emipovo, MmO £€wg pétpro dodua,
ocopeava pe to kprenpla g Haykoouog Ipotofoviiog yio to AcHua
(GINA).

Svppeteiyav ot pedétn 20 acBuoticol Kamviotés, nlkiog 41.3 = 11.6

etV ko 30 pn Kamviotég acOpatikoi acOeveic, nAikiog 47,4 + 21 etdv.

EmmAéov, mepunednkav ot perétn 10evepyeic kamviotég ko 10 un

KATVIoTEG vylelc €Beloviég, yoplc YvooT) VOGO 0EPAYMYDV KOl E
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(PLGLOAOYIKES AEITOVPYIKEC doK1pooieg TV TVELUOV@V.
ZUVOALKOC aplBuoC
HETEXOVTWY
(n=70)
AcOeveic pe aoBua Opada eAéyyou
(n=50) (n=20)
] ] ] ]
Kamnviotég Mn KQIVIOTEG Kamnviotég Mn KQIVIOTEG
(n=20) (n=30) (n=10) (n=10)

Olot o1 acBeveic pe dobua Adupavov otabepr| Oepaneio pe elomvedueva

KOPTIKOGTEPOELON).

To kprtiplo e10ay®yNg 6T HEAETN TeplelduPavay:

e nAio >18 &,

e Jyvoon nNmwov €og pETpov  acluotog cOUE®VE e TNV

tavounon kata GINA,

® &Vl MG KATVIOTEG opiotnkav ot acbevelc mov elyav KATVIoTIKO

16TopKO TovAdyIoToV 10 TTaxéTa/EToc.

To KOpro KpLITNPLOL ATOKAEIGLOV NTOV:

e FEVI <1,2 Aitpa,

® POV OTTOPPOKTIKN TVELUOVOTTAOELD,

e Bpoyyextaoieg,

® (AMN

GoPapn

GLVOCT|POTNTA

KOPOIOKT)/NTOTIKN/ VEPPIKT] OVETAPKELX,

On®WG

KakonOeia,
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® LAOIHMEN TOV AVOTEPOL AVATVELCTIKOD GLGTHUATOS 1/KOL Ypnom
aVTIBOTIKOV 1) KOPTIKOGTEPOEWMV OO TO GTOUO 2 UNVEG TPV Od

Vv évtaén otnv UEAETT).
OMlot ot cuppeTéyovteg O&yTNKAY €YYPAP®MG TN CULUUETOYN] TOVG OTN
pEAETN HETE amd KATAAANAN evUEP@OT). Ol EMGTNUOVIKEG ETITPOTES KO
Tov O00 vocoKoueiowv ota omoion vmdyoviar ot Ilavemotnuokéc
[Tvevpovoroyikés Khvikég evékpvav tn O0eaymyn e mopovcag

UEAETTG.

Hpoxint) andypepyn

H mpoxint andypepyn €ywve pe Baon 1non oNUOGIELUEVO TPOTOKOAAN
uebodoroyiag.(11) H dadikacio mpokAnong mtuéAmv Tpoyuatorotdnke
HEC® €L6TVONG €VOG 0EPOADLOTOG VITEPTOVOL adatovyov (3% Emc 5%),
and éva vrepmmrikd exvepmt (Ultraneb 2000, DeVilbiss Healthcare

LLC) cbppwva pe ta TpotdKoAra Tpotumov. (12)

To odelypo tov pokAntdv mtvélmv Bempnnke kotdAAnio Otav &iye
O0YKo TovAdyoTov 2ml Kot OTaV To EMGTPOUEVO HE KVTTAPIKO TANOGLGLO
mhokidw meplelyav emOniakd kuttapa oe mocootiaio avaroyio <10%
TOL GLVOALKOD aPlBUOL TV KLTTApWV. Ta emieyuéva Boouata TTLEA®V
emmaoctnkov ywo. 15 min pe éva oyko 0,1% dbs00pcitorn (DTT)
(aporopévn o alotovyo pLOHCTIKO SWIALHN POGPOPIK®YV ) {60 LE
1€60ep1g PopéG 10 Papoc tov delypotos. ‘Evag icog dykog ahatovyov
Pmopopikov pvhutotikov daiduatog (PBS)  mpootébnke oto piyua,
akoAovBoduevo amd pio mepotépw TEPI000 EMMACEMS 5 AemTt®V. XTOl

endueva Pruato mepthapPdvovioay  QIATPAPICUO TTPOS OTOUAKPLVOT
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CUVIPIUUIOV KOl DTOAEWPATOV  PAEVVIG, KOl QULYOKEVTIPNOY YO TO
SO WPICUO TOV KVTTAP®V oo TV vypn @don. Ta detypata ntvélmv pe
Buwodmra tov kuttapov > 80% Beswpnnkoav kotdAAnio  yuo
TEPOUTEP® OVAALGY. XTO TEAOG NG emefepyaciog Tov SelyuaTog To
VREPKEIUEVO TOV TPOKANTAOV TTLEAMV OmoONKELTNKE ©E TMAUGTIKA

eloAidte otoug -80 ° C yia peTayeveésTeEPN EPELVOL.

Ao v telkn emefepyacioa Tov mTvEAV mpocodlopicape Vv %
AvOAOYiOl TOV PAEYHLOVOODV KLUTTAP®Y KOl OO TO VTEPKEIUEVO OVTO TMOV
TTVEA®V  voAoyicaue to  emimeda Tovg. Metd amd  KOTAAANAN
enelepyocio Tov delypotog, o€ KéOe mAakidoo petpnOnkov TovAdyioTov
500 xuttapa. O cvvolKkdg apludg Kuttdpov ekepacinke wg apBuog
kotthpov x  10° . To @leypovodn koTTope TOV TTLEAMV IOV
avayvopiomkay kot petpnnkov ekepdoOnkoav og % ovoroyio oto
GUVOMKO 0plOUd KLTTAP®V Kol MG OmOALTOS aplOuds KuTTdpov (X
10%/ml).

IIvevpovikn Aertovpyia

Ye OAOL TG ATOMO. OV GLUUETElYOV ©Tn HeAéTn extyunOnke o Piona
ekmveduevog oykog to 1° devtepdiento (FEV1), n {otiky yopntikdTo
(FVC), o peta&d tovg Adyoc (FEV1I/FVC), mpo xor petd tm yopnynon
pg doong  Ppoyyodiactartikov  @oapudkov. Ot petprioelg  Eywvav
ocoppmva pe T odnyieg g Apepwavikng Ertapeiog Ompakog (ATS)

YPNOLOTOIMVTAG TN cvokeLn Jaeger, Master Laboratory 2.12.
Evlopiki avoconmpocpoentiki dokipacio aviyvevons (ELISA)

o v pétpnon g 8-OHAG ypnowomombnke to OxiSelect Oxidative
DNA Damage ELISA Kit (Cell Biolabs Inc). H teppopivn petpndnke pe
1o Perforin Human ELISA Kit (Abcam plc). Ta enineda Granzyme A
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ka1 B mwpocdiopicOnkav pe to Human Granzyme A Platinum ELISA kit
kot Human Granzyme B Platinum ELISA Kit, avtiotoyya (eBioscience,
Inc). H ovokevy ELx808 Absorbance Microplate Reader (BioTek
Instruments Inc) ypnowomomOnke axolovbdVIOG TO. TPOTEWVOUEVO

TPOTOKOALN .

Y1ToTIoTIKI] AvadAvoT

O1 dpopég Ekppaong g meppopivng, granzyme A kot B, kot 8-OHAG
peta&d  twv  1e00OpOV  OHdO®V  UEAETNG  TPOGOlopicTNKOV
YPNOWLOTOIOVTAG TN OoKiacio t-test, kot pe tn Ponde tov Mann-
Whitney U-test yio T1g petaPpAntéc ot omoieg dev eppdvifov Kavovikn
Katavoun kabog ko pe ) dokun Kruskal-Wallis H. T ) ovoyétion
e T ovveyeig petafantés (mikio, AME, moakéta/étn, CmPOUETPIKEG
TInéG) ypnopormombnke m Pearson 1 m un mopoueTpikny Spearman
katavoun. Télog, n doxkiun ¥2 ypnoomomdnke yioo TV GOVOEST] TOVG
pHe TG owpopec KAwikéG moapopuetpove. Tyég p<0.05 Bewpnnkav
OTOTIGTIKA ONUOVTIKEG 6To eminedo Tov 95%. H ortatiotikn avdivon

&ywve pe 1o mpoypaupo SPSS 11.5 (IBM) kot rav 800 dyemv.

AIIOTEAEXMATA MEAETHX

ANNOYPOPIKA YOPUKTPLOTIKA

To ONUOYPAPIKA YOPAKINPIOTIKE TV ATOU®V TTOL GUUUETELYOV OTN
perétn ovvoyilovtar otov [ivaxa 1. Okeg o1 e€etaldpevec opadeg eiyov
mv 01 mepimov nmikio (p=0,85). O Pabudg éxbeong oto Kamviouo,
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HETOED TOV KOTVIGTAOV 060evav pe dofuo Kot Tov “uyidv’’ KomvieTov
nrav  mapoupowog (p= 0,37). Emumiéov, kot ot dvo ouddec dobuatog
vmofAnkav  oe  ayoyn pe upéon 060N  TOV  EIGTVEOUEVOV
KOPTIKOGTEPOEWDV. Q0THG0, 01 000 OUAdES AoBLUTOG MTOV TEPIGTOTEPO
ToyvoapKol omd O, TL ot 000 «vyteigy opddeg (P =0,035) ko eiyov

younAotepo FEV 1/ FVC (p =0,003).

Mivokog 1. AvOpOTOUETPIKG YOPOKTNPIOTIKA KOl GTIPOUETPIKA

O0E00UEVE TMV TEGTAPMOV ONAOMV HEALTIC.

Smoking Patients With ~ Nonsmoking Patients

Characteristic Asthma (n=20) With Asthma(n=30)  Smokers(n=10)  Nonsmokers(n=10) P Value:
Demographic data
Sex. male (female) 9(11) §(29) 3(8) 6(4) 14
Age,y 413+116 474210 410+87 £03+28 85
Smoking, pack-y 161125 19.0£96 » 3
BMI 276+63 303257 M1+21 U110 035
Spirometric measurements
FEV,, % predicted 881189 88020 1041285 [015£43 12
FVC, % predicted 1015+170 100.7£225 1065102 1006:+30 8
FEV/FVC, % 126+69 11108 83950 $H1£29 003
Reversibiity, % 1243 16+4 §+1 51 04

All values are presented as mean = SD. P values refer to the simultaneous comparison of the four study groups.
Kruskal-Wallis H test
" Test,
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Kvtrapotofikotnra ko oEeriomtikn prafn tov DNA

Ot xomviotég acOpatikol

EUQAVICOY aVENUEVO emimeda OAOV T®V

TPOTEIVOV TOL HeEAETNONKOV GE CULYKPION LE TOLG WU KOTVIOTEG

acOUaTIKOVG, TOLG KOMVIOTEC Kot TNV oupdda eiéyyov. (IMivaxag 2)

Qc1060, HOVOV M £KQPOCT TNG TEPPOPIVIG NTAV CTATIGTIKO GTUAVTIKA

SoPopeTIKN UETAED TV TECTAPOV OpAdwV peAétng (p= 0,015).

Mivaxag 2: Twég Mepeopiviyg, I'kpaviopng A kot B, kot 8-OHAG

OTIG TEOOEPLS ONAOES NEAETTG.

Smokng Pt Vi

Nonsmolig Paiets Wit

Proten Ashma =) Amafn=)) Smokers (=10~ Nowsmolersn=10) ~ PVae
Pertonn N34 Bl 290201 022111 5
1 O M0+ f07+44 3174003 I}

(el 732478 13023 18121 DA I
BOHAC 16249 {376 f7:104 {52148 (]

Al vles e s s men = EM. P e et the sl aeou comparisonfthe o sty groups.
K puskal- Wl H st
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H xotd Cevyn avdivon oamokdilvye OTL o1 kamviotéc acOuotikol
Topovcialoy  OTOTICTIKA ONUOVTIKY  avénuévn  éKepacn Yoo v
nepeopivny (p=0,003) ot v 8-OHAG (p= 0,046) ce oOyKpon pe to
emimedo  EKEPOONG OTOLG MU Kamviotég achuatikovg (Zynuo 1).
[Tapouoleg otaTIoTIKEC GLGYETIOEIS OV TopaTNPNONKAV oTO EMimeda
EKQpacNS  TOV TPOTEIVOV Tov peAethOnkav  peTad  KATVIGTAOV
ACOLLATIKOV KOl TOV KOTVIGTOV TNG OUAd0G EAEYYOV.

Emmléov, otatiotikd onuoavtikn dwgopd Ppédnke O6cov agopd ota
enineda Ekppaong e ykpavioung B (p = 0,016), tg meppopivne (p
=0,026) ko ¢ 8-OHAG (p = 0,021) petald tov acOUATIKOV KATVIGTOV
KOl TOV U1 KOTVIGTOV.

Agv mapoatnpnOnkov oTATIGTIKO OMNUOVTIKEG OPOPES oTo  EMimeda
EKQPAONC TOV TPOTEIVOV TOV HEAETHONKAY HETOED TOV ACOUATIKOV Kot
TOV  KOTVIGTOV. XTOTICTIKE ONUOVTIKY  ovénuévn  €K@poocT TG
ykpovioune A (p = 0,049) xar g yxpoviounce B (p=0,028)
TopatnpnOnke 6ToVG AcHUATIKODG GE GUYKPION LLE TOVS VYLES LAPTLPES.
Télog, otatioTikd onuavtiky oweopd Ppeédnke povo oto emimedo
ékppaong ¢ ykpavioung B (p=0,014) HETOED TV

KOTTVIGTOV GE GUYKPIOT LUE TOVG UN KOTTVIGTEG TNG OUAdNG EAEYYOV.
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Yypo 1: Erinedo ék@paong mepeopivng, granzymes A kot B, ko 8-

OHAG petald TOV TEGGAPOV ORAOMV MEAETNG. A: KOTVIGTAOV

acOevov pe aoOpa évavri pun KoavietOv acdevov pe aolpo ko

EvavTl TG opnadag eAéyyov. B: pun konviet@v aclevov pe aoOpa vs

opaoag el&yyov. C: KamvioTEG Vs opdoo ALYy 0.
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YTpoporomonuévi) avaivon

Metd v €Qappoyn GTPOUATOTOMUEVIS AVOAVGNG TOPOTNPNCAUE, TNV
Oapén avENTIKNG TAoNG 6T EMIMEdN EKPPOCTS TOV L0 UEAETN HopimV
uetald tov acbevov pe acbuo Kot ToV Komviet®v acbevov pe acoua,
aAAd ot TéG Tumikng amokAong (SD) frav apketd peydres. o va
Eemepaotel avtd To TPOPANUO, BEcape Ta emimeda EKEPUONS TNG OUAOOC
EAEYYOV MG TO AVMOTEPO OPLO TNG KAVOVIKNG Ekepacng (meppopivn < 50
pg / mL, ykpavloun A < 100 pg / mL, yxpavioun B < 100 pg / mL, kot
8-OHdG < 100 ng / mL). Ztn cvuvéyelo TposdlopiGaE TO TOCOGTO TOV
detyparog mov Ntav Tave amd o Oplol aVT OTIG AAAES TPELS OUAOES TNG
UEAETNG. XN GLVEYEWD TPOGOIOPIGAUE TO TOGOGTO TOV OEIYUOTOS TTOV
ATV AV om0 TO OVAOTEPU QUGIOAOYIKA EMIMEdN EKOPAUONG OTIC

VLOAOEG TPELS OUAOEG LEAETNC,

Avénuéva Bpénkav ta mocootd Ekppaong g tepeopivng oto 40-45%
TOV OEYUATOV OTIS 2 OUAOES TOV KATVIGUOTOG, Kol LOVO 610 7% GTOVG

acBeveig pe dobua (p = 0.004) (ITivaxag 3).
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IMivakoag 3: Avédivon oyeTIKNG £KQPAOSNS TEPQOPIVNS, YTKPAVEOUNS A

ko B, 8-0HAG o¢ kamvietég pe aolpa, pn komvietég pe dodpo, kot

KOTTVIOTEG,

Protein Smoking Patients With Asthma (n=20)  Nonsmoking Patients With Asthma (n=30) ~ Smokers(n=10) P Values

Perforin 004
Normal [1(35.0) 251(93.3) 6 (60.0)
Elevated 0(450) 2(67) 4(400)

Cranzyme A [
Normal 9(4.0) 17(5.7) 6 (60.0)
Elevated 11(350) 13(43.3) 4400)

Cranzyme B bl
Normal 7(35.0) 12(400) L{10.0)
Elevated 13(65.0) 18 (60.0) 9(90.0)

§-0HdC 10
Normal 13(65.0) 27(90.0) §(80.0)
Elevated 7(35.0) 3(10.0) 2(200)

Data are presented as No. (%), Upper limits of normal values: pel'{imn <30 pg/mL; granzyme A <100 pg/mL; granzyme B<100 pg/m;
§-OHAG <100 ng/mL. P values refer to the simultaneous comparison of the three groups
o2 Test

Ye avtifeon, n ékepaon Tov ykpoviouov A kot B tav avEnuévn o éva
HEYAAO TOCOGTO TOL OElYHATOG GE OAEG TIG TPES OMAOES, OV KO TO
TOCOGTO TV KATVIGTOV acOevav pe dobua pe avEnuéveg tipuég frov
EAOQPMG VYNAOTEPO OO TOVG UN KOTVIoTEG acBevelg pe acBua. Téhog,
to emineda €kppaong g 8-OHAG ntav avénuéva oto 35% tov

KOTVIGTOV ac0evav pe acuo kot og YoauUnAOTEPO TOGOGTE GTOLS UN
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Kamviotéc aoBeveic pe dobpa kot otovg koamviotés (10% war 20%,
avtiotoya) (Zyua 2). EmumAéov, mapatnproope 0Tt GTOVG U KOTVIGTEG
acBevelg pe doBpa ovolaoTiKd VITEpeKPEPAlovTal Lovo ot ykpavidues A
Kol B, ev®d 6T00¢ KOTVIGTEG KOl TOVG KOTTVIOTEG acOpatikovg acbeveic
VrEPEKPPALovTal T0 cOVOAO TV eetalduevoyv Hopimv e Eva TopOUO10

potifo cvv-Ekepaonc.

Yympa 2: etk avaivon g EKepoong T mepeopivng (kitpivo),
ykpovioung A (ké0xkkvo), ykpavioung B (mpdaoivo), kar 8-OHAG (pol)
o€ KOnvioTéG ao0gveic pe doOpo, pn koaviotéc acleveic pe asOpa,
Kol kKanmtviotés. To péyeBoc tov kaBe KOKAov gival avaroyo pe to
OGOGTO TMV OEYHATOV NE TIHES EKQPOCNS VYNAOTEPES OO TO
KOVOVIKO (emiong @aivetor omd TNV TP OT0 E0OTEPIKO KAOg
KUKA0V). Ov KOKAOL ovvoéovror Otav 0600 amd To popwo TOv
peietOnkav vrepek@palovral TovTOYPOve 6€ TOVAGLoTOV 1% TOV
ac0evov o kaBe opada. To may0g TOV YPUPUPOV GUVOEGEMS Eivar
avALOYN TPOS TO TOGOGTO TMWV EIYUATMV TOV GLV-VAEPEKPPALOVY TA,

e€etalopeva popuro.
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Smoking Patients Nonsmoking Patients

with Asthma with Asthma Smokers
(n=20) (n=30) (n=10)

O O O O

Granzyme A Granzyme B Perforin 8-OHdG

— 1-10% —11-20% — 21-40%

YV06YETION NE KMVIKES TOPOUETPOVG,

H otatiotik  ouoyétion TV omOTEAECUATOV HE TO KAWVIKA Kot
OTIPOUETPIKA  YOPOUKTNPIOTIKA TV ocOevav  amokdAvye Oetikn
CLGYETION HOVO UETOED TV emMmedwV Ek@paons TG ykpavioung A (p
<0,001) wor g ykpavloung B (p = 0.006) xor tov opOud twv

TOKETWV/ETOG GTOVG KATVIOTEG AoOaTIKOUS (Zymua 3).
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Yympa 3: A: LTOTIOTIKA CNUOVTIKY] GUGYETION EMUTEOMV EKQPPAGG
pnetao ™S YKpaviOung A pe To KamvioTIKO 1etopiko (pack years) oe
KoTvioteg acleveig pe aobpa. B: XtatioTikG onpavtiky] cvoy£Tion
emmEdV Ek@Ppaong petalv g YKpovioung B pe to komvieTiko

w6Topko (pack years) oe konvieTic ao0eveic ne ascOpa.

B
1100 r=0,727; p<0.001 200 r=0.632; p=0,006
10004 : ol .
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~ 700, = o
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Yvinton

SOUQOVO UE TNV apyIKn Hog vmobeorm, @edvnke  OTL Ol UNyYoviGuHol
KUTTOPOTOEIKOTNTOS OTOVG KOAMVIOTEG ACOUOTIKOVG  OlpEPOVY  TTO
exetvoug otovg un kamviotég acBeveig pe ypovio Ppoyywod acOua. Ot
KAmVioTéG aoBeveic pe aobua mapovsiocay avEnuéva eTinedn EKPPAoNG
TOV OEIKTOV KLTTAPOTOSIKOTNTOS GE GUYKPION UE TOVUG UM KOTVIOTEC

acBeveig pe dobua, Toug <<vyleic™>> KamvioTEg, Kot TNV opdda EAEYYOV.

Emnpdcbeta, acohoynoape v Ekppaon ¢ 8-OHAG, mov amotehel
deiktn ¢ 0&edmTikng PAAPNC Tov DNA, delyvovtac onuavTiky otopopa
EKQpaonS 6Tovg Kanviotég acleveic pe doOua. O Kamvog Tov Teryapov
Exel Vv wKavotnta vo PAdyel to Ppoyyikd emBNAl0 pe dAPOPOVC
TPOTOVG, ocvumepropufovouévng g dueong Toélkng dpdong otd
Bpoyywd embnAtokd wottapa, v ofedwtikn PAEPN, Tov KLTTAPIKO

Bdvarto, Kol TNV TPoay®mYN TG PAEYUOVIG 6TOVG aepaywyovc. (13-15)

To doBpo cvvdéetan kKvping pe v Khoowkry Th2 timov erleypovddovg
amdvinonc.(16) Mo oelpd  KVTTAp®Y, GUUTEPIAAUPOVOUEVODY  TOV
AELKOKLTTAP®V, 0VOETEPOPIAMV, NOCIVOPIL®V, Baceopiimv,
HOVOKVTTOPO, HOKPOPAYQ, UOCTOKVTTOPO, OevOpPITIKA KOTTapa, T
Kouttopo, B kottopo, Kol to QUOKO KOTTOPA POVEIS €VEPYOTOLOVV
EVOOKVTTAPIOVS  UECOAOPNTEC KOl EVEPYOTMOOVV TNV  OVOGOAOYIKN

amdvinon.(17,18)

Ta kvutrapotolikd T-AepeokOTTOPO ATOTEAOVV GNUOVTIKEG CUVIGTMGES
TOL  OVOGOTOMTIKOD  GUGTNUOTOS TOV  EEVIOTN] MOV  GTOYEVOLV
TPOTOMOMUEVD, UOAVGUEVA, T VEOTMAOGUOTIKO KOTTOPO UE TNV
ameAevBEPOON  KLTTOPOTOEIKAOV  Hoplov  OTOG  mePPopivig Kot

ykpaviopav (A kot B). Qc61060, 1 enintmon avt®v TV Hopiov 6Toug un
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Kanmviotéc aoBeveic pe dobua 1 oe acbeveig pe dobuo pe éxbeon otov

Kamvo oev €xel dlepevvnOel.

[Tponyodueveg peréteg €xovv Ppet awénuéva T-Aepgoxvttapa (kvupimg
CD8+) ka1 meppopivn, oe Oelypota TTLEA®MY KOTVIOTOV UE N YOPIG
Xpévio Amogpaxtikny TIvevpovomddewo (XAII) oe oOykpion pe vy
aropa. (19,20) Emumiéov, mpoopotec peAéteg emédeiov  avEnpévn
o&edmtikn PAAPN Tov DNA ot acOeveic pe XAIL(21)

To amoteAéopata TG OIKNG HOG LEAETNG €0€1EAV GTUTIOTIKA GMUOVTIKEG
dlpopés  Ekppaong G  mepeopivng kot ¢ 8-OHAG  petald
KanviLoviov acevav pe aclua kol un kanviotav aclevov pe dobua, to
omoio pmopel vo onuaivel 0Tt 11 KLTTAPOTOEIKT OPAGTNPIOTNTAS GTOVG
TVEVHOVEG TOV KAMVIGTOV acBevav pe doBua avédvetar pali pe v
oemtikny PAEPN tov DNA, e éva punyoviopd mopdpolo KEtvov g

XAIT (ZyMua 1).

Evolapépov amotedel n mapatipnon 0ti, o1 Kanviotég acbeveic pe dobua
G€ GUYKPIOT UE TNV OUAd EAEYYOL £0€1E0V EMTIONG CTATIGTIKA GMULAVTIKN
avénpévn Ekepacn Tov Ykpavioudv, e mepeopivng, kot e 8-OHdG,

EVOD 0EV JEPEPOV OO TOVG KATVIOTES.

Ta otoyelo avTd £pYovTol GE CLUEOVIO LE TPONYOVUEVES AVOPOPES,
YE€YOVOG OV LTOONAMVEL OTL TO KAMVIGUO UTOPEL VO EVEPYOTON|GEL TOV
KOTOPPAKTN KLTTAPOTOEIKOTNTOG TV KLTTOPOTOEIKADV T-
AepeoxvTTapmV. ATO TNV AAAN TAELPA, TO ATOTEAECUATA oG £OE1EAV Y10
TPAOTN Gopd, OTL oL un Kamviotég acbeveic pe acbuo mapovciocov
avénuévn Ekppaocn tov ykpavivpumv A kot B, oe cuykpilon pe v opdda
eréyyov. M mBavr) €€nynom umopel va givor 01t 6t0 GoBua, ot
ykpavOOpeg pmopel va amedevfepwBoiv amd dAAeC KLTTOPIKES TN YEG,

OMMG T TAAGLOTOKLTTOPOEWN devoprtikd kbtTopa.(22) Eival mbavo oti
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n yxpoavldun B mov amelevbepdveton omd To TAAGLOTOKVTTAPOELON
JevopITIKG KOTTOPU VO EUTAEKETOL OTNV AVOSLUOPP®GCT] TOV 10TOV
emnpedloviag 1o emBnMo NG avamveLSTIKNG 000V. EmutAéov, 1
OTOTIOTIKN avAAVLOT HETOED TOV KAMVIGTOV Kol TNG OUAdg  EAEYYOV
€0€1EE ONUOVTIKT S10POPA LOVO GTO EMmEd EKQpaoNS NG YKpovivuUNg
B, vrodnAdvovtag 6t to Kdmvicpa amd povo tov Bo Lropovce v HEPEL
Vo EVEPYOTOMCEL TNV TpoavapepHeica KLTTOPOTOEIKT 000 GE «LYIElQ»

KOTTVIOTEG, Y®pPig KAvika £kdnAn XAIL.

[Tapd t0 yeyovoc otL 1 ykpovioun B amotteiton yio tov amotelespatiko
anontOTikKd 0dvato Tov Kuttdpwv, N ykpavloun A eivar oe Béom va
EMTUYEL TO 1010 amoTéAeosa, OAAE Oyl LE TNV 1010 ATOTEAEGLATIKOTITO )
tayvtepa TG Ykpavidung B. H ykpavidun B mov @aiveton va eumiéketon
oV VOPOAVOT TOV CLOTOTIKGOV TOV eEmkuTTdptov Matrix xotd
SLAPKELD TNG UETAPOPES AEVKOKLTTAP®Y, umopel emiong vo e16€EA0EL 6TO
KOTTOPO-GTOYO, YWPIC TNV avAyKn VTOPENG KAVOAMOD oo TV TEPPOPIVT.
Avtd ocvpPaivel TBavag pEGm TG oHVOECNC TNG LE TOV LITOdOYED 6-
QeOoPOPIKN  povvoln /  wveovdivry avEntikov  mopdyovia II, mov

aKoAovOeiTon amd EVOOKLTTAPMO.

ATO TNV avAALCT TNG GYETIKNG EKPPACTC TNG TEPPOpivne emPBePaimOnke
N avénon oto 40% Emc 45% TV KOTVIGTOV Kol TOV KOTVIGTOV aclevmv
pe dopa, LTOOEIKVOOVTOG TN CLGYETIOT TNG TEPPOPIVNG LE TO KATVIGHA
Emua 2). And v GAAn Tievpd 1 ykpavloun A cg oyxéon pe tnv opdoo
eléyyov awénbnke oto 40%, 43%, ko 55% TV KOTVIGTOV, Un
Kamviot®v oclevav pe dobua, Kot Komviotdv acBevov pe dobuo
avtiotoya (ITivaxag 3). Opoiwg, n ykpavioun B Ntav emiong avEnuévn
010 60% Ko 65% TV un KamviCoviov achevov pe achua Kot KaTvioTdv
acBevov pe dobuo, avtiotoyo, Kot o€ OAOVE GYEOOV TOVG KOTVIOTEG

(90%). Baocilouevol ota mopoandve 0o pmopodooue va vrootnpiEovpe
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TN GLOYETION TNG OVOCONTOKPIoNG UECH TNG 0000 NG Ypavidung g

amAVINGT GTO KATVICUO Kol TO AoOUa 6 KOTVIGTEG 1] UN).

Emmiéov, oeiape 6t1 10 35% tov xomvictov acBevov pe dobua
napovciacay avénuéva enineda Ekppaong otnv 8-OHAG e 6Oykpion pe
™V opdoa eréyyov. A&oonueimto eival 1o yeyovog ott 10 20% TV
KOTTVIGTOV HE Topouotle EK0ecT oTov Kamvd e EKEIVI TOV KOTVIGTOV
acBevov pe aoBua kol povo to 10% tov pn kamviloviov acbevav pe
acOua eppdvicav avénuévo enimedn 8-OHAG, yeyovoc mov vrodnimvet
0Tt TaPOAO OV TOGO TO KATVIGUO KOl TO AcOuo Tpodyovuv 0EEWMTIKN
BAraPN oto DNA, o cvvovacudg toug 0pa cuvepykd Kot afpolotikd
odnymvtag otov koatokepuotiopd tov DNAEyMuo 2, Iivaxog 3).
EmmpodcOeta, n ykpavldun A, pe v aAinienidpoaon g meppopivig,
odnyel og TUNUOTIKEG omooyicels Tov povokAwvikov DNA mapd oe
KaTokepUOTIOUO TOov. O emayOuUevog KLTTapkOC Bdavatoc cvpPaivel pe
Ho 080 aveEAPTNTN OTO TNV EVEPYOTOINGT) TOV KOGTOCMV. X1Ueio KAl
armotelel M prtoyovolokn PAAPN, KATOGTPEPOVIOG TNV ECOTEPIKN

utoyovoplakn pepfpavn kot odnydvtag otny topaymyn ROS.(23-25)

Amo TV AAAN TAgvpd, N ykpoavioun B mpokaiel tov Bdvato kuttdpov-
oTdHYOoV, UECH JPOP®Y UNYOVIGUOV, OTwg N Ttapaywyl ROS péow ¢
EVEPYOTOINONG TV Kaomaochv 3/7 kot 1 ameAevfépmwaon kutoypouatog C,
eoutiog g dudomaong Kot evepyomoinong tov Bid, Bak ka1 Bax , kot pe
TIg 000 0000¢ vo 0dNyohV OTNV OMOAEW TNG OPACTIKOTNTAS TNG
prtoyovoplokng peuppdvne. H ykpavldun B pe ™ ovvepyeia g
TEPPOPIVIIG, CLGCMPEVETAL GTOV KLTTOPIKO TUPNVOA, TPOKOADVTAG TOV
katakeppationd tov DNA. (26,27) Y7o diepedvnon mopapuéveL akoun To
epOTNUO. Kot 7OGOo N emoyouevn kotdtunon tov DNA - eivon
TPOGTATEVTIKT 1] OVTAVAKAG TO BAVOTO T®V KLTTAP®V TOL emONAiov TV

TVELUOVOV.
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Me v mpaypotonoinon avdivong cuveéKepaong osiape 0Tt ol acbevelg
pe aolua cvv-vmepekepalovv ykpovidues A kot B. Ot kamviotég kot ot
acBevelg pe aoBua pe KamvioTik] cvvifelo cuv-vIePEKPPAlovY TO
OUVOAO T®V popiv mov eEetdotnkoy  UE €vo mopdpolo  HoTifo
CUVEKPPOGT], YEYOVOC TTOL VLIOONAMVEL OTL Ol KOMVIOTEC acOevels e
dolpo £xovv TEPIGGOTEPEG OUOLOTNTEG LLE TOVG KATVIGTEG Kol TOAVADG e
tovg acbeveic ue XAIl moapd pe toug un xkomviotéc pe dodbua. Emumidov,
N OTOTIOTIKI] OLGYETION UE TO KAWIKA otoreio Ttowv oacbevov
armokdAvyay g 0Tk cvoyétion peTad g Evtaons EKQpPAcNS NG
ykpoviOung A kot B kot tov Kamviopotog otoue Kamviotés acheveig pe
doBua, To omoio evioyvel v voBeon pag Ot 1 KutTapoTolikn dpdon

EMOEVOVETOL GTOVG KATVIOTEG aoBeveig pe doBua (Zynua 3).

Ev xoatoxAeidry, odei&ope Ot or pn komviotéc oacBevelg pe dobua
eppaviCovv KUTTOPOTOEIKT 0VOGOAOYIKT omTdvTNon oL
AVTITPOCOTEVETOL KLPIWG oo TIC YKpavivues A ko B, evd o1 Kamviotég
acBeveig pe doBuo mapovclalovv o SPOPETIKY OTTAVINGT), UE TN
GUUUETOYN OYL LOVO TV YKPAVILUOV OALL KO TNG TEPPOPIVINE Kot TNG 8-
OHdG, ppoduevn oe peydro Pobud tovg maBoELGIOAOYIKOVC
unyovicpovg g  XAIL Qot6c0, ypetdlovior TEPUITEP® UEYOAVTEPES

UEAETEG Y10 VO O1EVKPIVIOTEL N VITOBEST VTN
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Granule Cytotoxic Activity and Oxidative

DNA Damage in Smoking and Nonsmoking
Patients With Asthma

Athanasia Proklou, MD: Nikolaos Soulitzis, PhDD; Eirini Neofytou, PRI

Nikoletta Rovina, MDD, FhD; Eleftherios Zervas, MD, FhD; Mina Gaga, MD, PhDD;
Nikolaos M. Siafakas, MDD, FhID), FCCF; and Eleni . Tzortzaki, MD, FhD, FCCP

Background: Lung cytotoxic mechanisms trigger the release of perforin and gransymes, causing
oxidative DNA damage that ultimately leads to apoptosis. These effects, although demonstrated
in COPD, have not been investigated in patients with asthma and in particular in patients with
asthma who smoke. Our aim was to measure perforin, granzyme A, granzyme B, and 5-0HdG
expression in sputum from smoking and nonsmoking patients with asthma, compared with smoking
and nonsmoking control subjects.

Methods: Perforin, granryme A, granzyme B, and 5-0HdG expression levels were detected by
enzyme-linked immunosorbent assays in induced sputum specimens.

Results: Perforin expression was increased in 40% of smokers and 45% of smoking patients with
asthma and in only 7% of nonsmoking patients with asthma (F = .004), compared with control
subjects’ values. In contrast. granzymes A and B levels were increased in = 40% of patients in all
three groups vs control subjects. Finally, 8-0HdG levels were elevated in 35% of smoking patients
with asthma, in 20% of smokers, and in only 10% of nonsmoking patients with asthma. Statistical
analysis revealed a positive correlation between granzyme A (P-<.001) and granzyme B (P =.006)
expression levels and the number of pack-years in smoking patients with asthma.

Conclusions: Asthma cytotoxic immune response is mainly represented by granzymes A and B,
whereas in smoking patients with asthma perforin and 8-0HdG are additionally involved, resem-

bling the immune response in COPD.

Abbreviations: CTL = cytotodc T hmphocyte; ROS = reactive oxygen species

CHEST 2013; 144(4):1230-1237

Asthma is a complex disorder characterized by revers-
ible airflow obstruction, airway inflammation, and
bronchial hyperresponsiveness to various environ-
mental stimuli.t The presence of airway inflammation
has been demonstrated even in patients with newly
diagnosed, mild, or intermittent disease. Genetic and
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environmental interactions play a major role in the
expression of the disease, influencing its clinical man-
ifestations, leading to various asthma phenotypes.'-
In response to environmental insults, such as ciga-
rette smoke, reactive oxygen species (ROS), and aller
gens, the lungs evolved cytotoxic mechanisms as one
of the immune responses to stress 27 comprising three
main classes of human killer cells (CD8+ T lympho-
cytes, natural killer cells, and natural killer T cells). A
key function of cytotoxic lymphocytes is to detect
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damaged cells by inducing them to undergn apoptosis,
As part of the surveillance mechanism, cytotoxic T
hymphoecytes (CTLs) release granzymes and a pore-
forming tein, perforin.®™® Perforin permeates the
target cel membrane allowing granzymes to enter
and induce apoptosis through various downstream
effector pathways, such as DN A fragmentation.t1-12

The previously mentioned intracellular pathways are
activated in COPD due to smoking. Previous studies
have shown that cigarette smoke exposure in COPD
can lead to an enhanced inflammatory response, induoc-
]'ng CTL proliferation and release of perforin and

zymes, leading to increased oxddative DNA damage. ==

A ma.d:er of oxddant-induced DNA damage is 8-0OHdAG,
which is excreted in vivo during the repair of dam-
aged DNA and has been detected in the sputum of
patients with COPD, ==

Exposure to tobacco smoke in patients with asthma
adversely affects an already accelerated decline in lung
function, increases asthma severity, and decreases the
response to treatment. =% Moreover, in asthma inflam-
matory cells are recruited, which on activation release
more oxdants, causing direct toxicity of the bronchial
epithelium, apoptosis, oxidative DNA damage, and
somatic mutations »2=2-27

Cur working hypothesis was that smoling asthma
and COPD are similar in certain cytotoxic and DNA
damage biomarkers. To investigate this hvpothesis,
we measured the expression levels of Perl'::rin gran-
zyme A, granzyme B, and 8-0HdG in induced spu-
tim fra-rn smoking patients with asthma, nonsmoldng
patients with asthma, smokers, and a control group of

nonsmokers.

MATERIALS AND METHODS

Study Sulyects

Twenty smoking patients with asthma, aged 41.3 + 11.6 vears,
amiﬂ»ﬂnunsnmhngmuemsuﬂasﬂrm&agedér 4+ 21.0 years,
were recruited from the Outpatient Clinic of the Department
of Thoracic Medicine, University of Crete, the first University
Department of Respiratory Medicine, and the seventh Respiratory
Medicine Department and Asthma Centre, Chest Diseases Hos-
pital “Sotiria” Athens. The asthma groups consisted of patients with
persistent, mild to moderate asthma that was diagnosed and classi-
fied acoonding to GINA (Global Initiative for Asthma) In addition,
10 current smokers and 10 control subjects (nonsmoking healthy
subjects, without knmam airway diseases and with normal hing func-
tion) were included in the study. Anthropometric characteristics
and spirometric values of all study groups are reported in Table 1.

Smokers were defined as subjects who had a history of at least
10 pack-vears of ciparette smoking. The main exclusion criteria
were FEV 1.2 L, COFD, bronchiectasis, upper respiratory
tract infection, andior use of antibiotics or oral corticosteroids
within 2 months prior to inclusion in the study. The Research
Ethics Committee of the Medical School, University of Crete
approved the study (approval number: 2011318/Feb-12-2008),
and informed consent was obtained from all participants.

journal pubbcations.chestnat om

Pulmomary Function and Sputem Induction

Spirometry, inchuding a bronchodilation test, was performed in
all subjects using a computerized system (Master Laboratory 2.12;
Jaeger).t Sputum was induced via inhalation of a hvpertomc'
saline aerosol (3% to 5% ), generated by an ultrasonic nebulizer
{Ultraneb 2000; DeVilbiss Healthcare LLC) according to stan-
dard protocols ==
Sputum Processing

After sputum samples were weighed, sputum plugs were selected
and incubated for 15 min with a voelume of 0.1% (diluted in phos-
phate buffer saline) dithiothreitol equal to four times the sample
weight. An equal volume of phosphate-buffered saline was added
to the mixture, followed by a further 5-min incubation period.
Subsequent steps included filtration to remove debris and remain-
ing mucus followed by centrifugation to separate the cells from
the fluid phase. Sputum samples with cell viability = 50% were

considered adequate for further analysis. The supematant was
stored at —80°C for later investigation of soluble markers ==

Enzyme-Linked frmunosorbent Assay Detection

Quantification of S-0HAG was carmied out using the OxSelect
Oxidative DNA Damage ELISA Kit (Cell Biolahs Inc). Perforin
was measured with the Perforin Human ELISA Kit {Abcam plc).
Cranzyme A and B levels were determined with the Human
Cranzyme A Platinum ELISA kit and Human Cranzyme B Flat-
inum ELISA kit, respectively (eBioscience, Inc). Plates were read
on ELxS08 Absorbance Microplate Reader (BioTek Instruments
Inc) at the wavelengths each protocol suggested.

Statistical Analysis

Differences in perforin, grancyme A and B, and 8-OHAG expres-
sion among the four study groups were determined using Student
t test or its nonparametric equivalents, Mann-Whitney [7 and
Kruskal-Wallis H tests. Pearson or the nonparametric Spearman
rank correlation was used to examine their association with con-
tinuous variables (age, BMI, pack-years, spirometric values). Finally,
the »* test was used to examine their association with the various
clinical parameters after stratification. Statistical analyses were
two-sided and performed with SPSS 11.5 (IBM ). Statistical signif-
icamnce was set at the 99% level (P - 03).

REsSULTS
Clinical Characteristics of the Study Groups

As shown in Table 1, subject groups were of approsi-

malelvthesameag&f? 85}, Smoking exposure among
smoking patients with asthma and smokers was also

similar (F=_37). In addition, both asthma groups were
treated with medivm dose of inhaled corticosteroids.
However, both asthma groups were more obese than
the other two “healthy” groups (P = .0353) and had
lower FEV /FVC ratio (P=.003).

Granule Cytotoxic and Oxidative DNA Damage
Molecules

Table 2 demonstrates the raw detected values of
the examined molecules in the study groups. Although
smoking patients with asthma had increased levels
of all studied proteins compared with nonsmoling
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Table 1 —Anthropometric Characteristics and Spirometric Values of the Four Study Gro

: Smoking Patients With

Asthma, Nonsmoking Patients With Asthma, Smokers, and ]

Smoking Pattents With

Nonsmoking Fatlents

Characterisiic Asthma (n =20} With Asthima (n = 30) Smokers (n= 10} Nonsmokers (n= 10 F Valne®
Demographic data
Sox, male {femala) a1 2(8) 6(4) J14e
Age, y 41.3x 116 474210 41087 40328 g
Smoking, pack-y 161125 19096 a7
BEMI ATET6D an3xlT M1+2] 24110 A
Spirometnc measuremes
FEV,, % predicted EE1x]189 B350 = 250 1 =85 10lS+43 A2
FWVC, % prediced LS 1T 1007 2253 LS = 102 LG = 3.0 k-1
FEV /FVC, % T2HE 69 T21x 108 83930 83129 ELIA
Reversibility, % 12+3 164 §5=x1 a3x1 024

All values are presented as mean = S P values refer o the stimultaneous companison of the four study groups.

sKmuskal-Walls H tese
by ® Test.

patients with asthma, smokers, and control subjects,
crnl:,fperﬂ:rnn expression was statistically different among
the four study groups (P =.015).

Pairwise analysis revealed that smoking patients with
asthma had statistically significant increased perforin
(P=.003) and 8-0OHAG (P = .046) expression levels
compared with nonsmoking patients with asthma.
Interestingly. no statistical associations were observed
in the expression levels of the studied molecules between
smoking patients with asthma and the smoking con-
trol group, whereas granzyme B (P = 016), perforin
(P=.026). and 5-0OHdAG (P= 021) levels differed sta-
tistically between smoking patients with asthma and
nonsmokers (Fig 1A). Nonsmoldng patients with asthma
also did not e.x]'nblt statistically significant differences
in the expression levels of the studied proteins com-
pared with smokers, whereas they had statistically sig-
nificant increased expression of granzyme A (P = .049)
and granzyme B (P =.028) compared with control
subjects (Fig 1B). Finally, statistical analysis between
smokers vs nonsmoker control groups revealed statisti-
cally sipnificant differences only in granzyme B levels
(P=.014) (Fig 1C).

Stratification Analysis

As observed, there was an upward trend in the
expression levels of the studied molecules among

patients with asthma and smoking patients with asthma,
but the 51 values were quite large. To overcome this
problem, we set the expression levels of the control
group as the upper limit of normal expression (per-
forin =2 50 pg/mL, granzyme A < 100 pg/mL., gran-
zyme B << 100 pg/mL, and 8-OH4G < 100 ng/mL).
We then determined the sample percentage that was
above these thresholds in the other three study groups
{Table 3). Perforin expression was increased in 40%
to 43% of samples in the two smoking groups and
only in 7% of samples in nonsmoking patients with
asthma (F = .004). In contrast, pranzyme A and B levels
were elevated in a large sample portion in all three

ups, although the percentage of smolkin tients
E:O'thajﬂ'lmﬂ '.v"lgﬂl mcrgased v:l]%les was sllgh%ml'u@er
than nonsmoldng patients with asthma. Finally, 8-OH4G
levels were elevated in 35% of smoking patients with
asthma and at lower percentages in nonsmoking patients
with asthma and smokers (10% and 20%, resgel?:ﬁvel}-']
{Fig 2)

Fglgure 2 also exhibits the percentage of patients
who simultaneously overexpressed two of the studied
molecules (represented by the connecting lines between
each two molecules, with its thickness being propor-
tional to that percentage). We observed that nonsmok-
111}5 patients with asthma essentially co-overexpressed

v granzymes A and B, whereas both smokers and
ﬂnulﬂng patients with asthma co-overespressed all of the

Table 2—Valuez of Perforin, Granzymes A and B, and S-OHdC Expreszion Levels in the Four Study Croups

Smoking Pavents With Nonsmoking Pavlents With
Proten Asthma (n= 20} Asthma (n =30} SmokeTs (n= 10} Nomsmaokers (n = 10) F Valnes
Perforin 1335 4381 31367 3289301 182x1L1 Kilh]
Cranzyme A DS = 31N 22N ET42 S0.Tx34.4 3T =200 13
Cranzyme B TATA 28T A6 =510 158.1+212 AHEx 18T AT
SO 93699 3 =TH6 2T 194 4153 148 A

All values are presonted as mean + SEM. F values refer wo the stmultanaous compantson of the four stady groups.

“Kruskal-Wallis H test.
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FICURE 1. Column bars depicting statistically significant differences in the expression levels of perforin,
granzymes A and B, and 5-0HAG among the four study groups. A, Smoeking patients with asthma
vs nonsmoking patients with asthma and vs control subjects. B, Nonsmoking patients with asthma
vs control subjects. C, Smokers vs control subjects. Error bars represent SEM.

examined molecules and with a similar co-expression
pattern.

Correlation With Clinical Parameters

Statistical analysis of the results with patients’ clin-
ical and splrom{-tnc values revealed a positive cor-
relation only between granzyme A (F = .001) and
Enmnme B (P=006) expression levels and the num-

er of pack-years in smoking patients with asthma
(Fig 3). No other statistically sipnificant associations
were abserved.

IDnscussioN

In accordance with our initial hypothesis, we dem-
onstrated that smoking asthma is different from non-
smoking asthma regardmg the granule cytotoxic activity.

jpumal. publications chestnet.org

Smoking patients with asthma exhibited increased
expression levels of the granule cytotoxic molecules
in comparison with nonsmoLung patients with asthma,
smokers, and control subjects. We additionally evalu-
ated the expression levels of 8-OHdG. a marker of
oxidative DNA damage, showing significant difference
in smoking patients with asthma. ngarel‘t{- smoke has
the capacity to damage the bronehi in a number of
ways, including direct toxicity to the bronchial barrier
eplﬂ'leh,al cells, oxidative dam.age cell death, and inflam-
mation in airway mﬂ,a.mmatc:rn diseases, 1240
Asthma is mainly associated with the classic T helper
cell type 2 evtokine-mediated inflammation ® In asthma,
a variety of cells, including leukocytes, neutrophils,
eosinophils, basophils, monocytes, macrophages, mast
cells, dr-ndntlc cells, T cells, B cells, and natural killer
cells trigger intracellular mediators and activate immune
responses 2% The CTLs are important components
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Table 3—Relative Expression Analysiz of Perforin, Granz
Asthma, Nonsmoking Patients With Asthma, and Smokers W

A and B, and 8-0HdC in Smoking Patients With
Compared With the Normal Values Derived From the

Nonsmokers Control Group

Frotemn Smoking Pavents With Asthma (n=20] Nonsmoking Patsents With Asthma (n=30) Smaokers (n=10) FValues
Parforin i
Normal L1 (3500 25 {93.3) 6 (6000
Elevated 9 (43.00 2{6.T) 4 (4040
Cranzyme A R
Normal 9 (43.00 17 {36.7} 6 (6000
Elevated L1 (3500 13 {433} 4 (4040
Cranzyme B 2
Normal T (a0 12 {400} 1 (10}
Elevated 13 (65.00 15 {600} & (9000
S0OHdC 10
Normal 13 (65.00 27 {900} 5 (80.0)
Elevated T (Eam 3100} Z(204m

Data are FH'DSF[II!'(] as No. (%). Upper limits of normal values: metmn

<30 pgml; granzyme A < 100 pg/ml; granmyme B-< 100 pgiml;

E-OHAC < 100 ngml. F valuss refer (o the stmultansous Companson of the thres groups.

=2 Tiast.

of the host immune systemn that target altered, infected,
or neoplasmatic cells bry releasmg cytotoxde molecules
such as perforin and granzymes (A and B). However,

Previous studies have reported increased T lympho-
cytes, mainly CD8+ cells and perforin, in sputum
samples of smokers with or without COPD compared

the implication of these molecules in nonsmoking
patients with asthma or in li?:Emnts with asthma under
cigarette smoke exposure not been investigated.

with healthy individuals 5# Moreover, recent studies
exhibited increased oxidative DNA damage in patients
with COPD =

Smoking Patients Nonsmoking Patients

with Asthma
(n=20)

with Asthma
(n=30)

Smokers
(n=10)

\/ )
fa cA

O O O O

Granzyme A Granzyme B Perforin 8-OHdG

— 1-10% — 11-20% m— 21-40%

FICURE 2. Relative expression analysis of perforin (yellow), granzyme A (red), granzyme B (green), and 8-OHAG (pink) in smoking patients
with asthma, nonsmoking patients with asthma, and smokers. The size of each circle is proportional to the percentage of samples with
expression values higher than nommal (also shown by the valee inside each drele). Circles are connected when two of the studied molecules
are simultaneously overexpressed in at least 1% of patients at each group. The thickness of the connecting lines is proportional to the per-
centage of samples that co-mverexpress the linked molecules.
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FICURE 3. A, Statistically significant correlation between granzyme A expression levels with pack-y of
smoking in smoking patients with asthma. B, Statistically significant correlation between granzyme B
expression levels with pack-y of smoking in smoking patients with asthma.

Our results showed statistically significant differences
in perforin and 8-OHdG expression levels between
nonsmoking patients with asthma and smoking patients
with asthma, which may imply that the cytotoxic activ-
ity in the lungs of smoking patients with asthma is
increased along with oxidative DNA damage. resem-
bling that in COPD (Fig 1A). Interestingly, smoking
patients with asthma compared with control subjects
also showed statistically significant increased expres-
sion of granzymes, perforin. and 8-OHdG. whereas
they did not differ from smokers (Fig 1A). The pre-
vious data are in agreement with the current scien-
tific knowledge. suggesting that smoking may activate
the granule exocytosis of CTLs.

On the other hand, our results showed for the first
time, to our knowledge, that nonsmoking patients with
asthma exhibited increased expression of granzymes
A and B when compared with control subjects (Fig 1B).
A possible explanation could be that in asthma. gran-
zymes can be released by cellular sources other than
CTLs, such as plasmacytoid dendritic cells.® It is
possible that plasmacytoid dendritic cell-derived gran-
zyme B is involved in asthma tissue remodeling by
affecting the airway epithelivm. Furthermore, statis-
tical analysis between smokers and control subjects
showed significant difference only in granzyme B
levels (Fig 1C). implying that smoking by itself could

ially activate the previously mentioned cytotoxic
pathway in “healthy” smokers without clinically rele-
vant COPD.

Although granzyme B is required for efficient apo-
ptotic killing of cells, granzyme A is able to achieve

the same effect, but not with the same efficiency or as
rapidly as granzyme B. Granzyme B, which seems to
be involved in the hydrolysis of extracellular matrix
components during leukocyte diapedesis, can also
enter the target cell without the need for a perforin
channel. This possibly occurs through its binding to
the mannose 6-phosphate/insulin-like growth factor
11 receptor. followed by endocytosis. -

The previously mentioned results were also con-
firmed by relative expression analysis (Fig 2). Perforin
expression was increased in 40% to 45% of smokers
and smoking patients with asthma, indicating mainly
an association of perforin with smoking. Granzyme A
expression relative to the control group was increased
in 40%, 43%, and 55% of smokers, nonsmoking patients
with asthma, and smoking patients with asthma. respec-
tively (Table 3). Similarly, granzyme B relative expres-
sion was also increased in 60% and 65% of nonsmoking
patients with asthma and smoking patients with asthma,
respectively, and in nearly all smokers (90%). indi-
cating that in all three conditions (smoking, asthma,
smoking asthma) the immune response involves the
granzyme pathway. Moreover, we have shown that 35%
of smoking patients with asthma exhibited increased
8-OHdCG levels compared with the control group.
Interestingly. 20% of smokers (with similar smoking
exposure to smoking patients with asthma) and only
10% of nonsmoking patients with asthma exhibited
increased 8-OHAG levels (Fig 2, Table 3), suggesting
that although both smoking and asthma cause oxida-
tive DNA damage, their combination has a synergis-
tic and aggregating effect on DNA fragmentation.
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Cranzyme A, in synergy with perforin, stimulates
single- stranded DNA nicks rather than DNA frag-
mentation. The granzyme A-induced cell death occurs
independenﬂﬁeui caspase activation, with mitochon-
drial damage o its key feature. Although granzyme
A fails to disrupt the mitochondrial outer membrane,
it damages the inner mitochondrial membrane and
leads to the production of ROS.

Omn the Dtﬁer hand, granzyme B induces target cell
death via various mechanisms such as ROS produc-
tion through direct activation of caspases 3/7 and cyto-
chrome ¢ release, due to cleavage and activation of Bid,
Bak, and Bax. with both pathways leading to the loss
of mitochondrial membrane potential. Cranzyme B,
in the presence of perforin, can efficiently target and
accumulate in the nuelens, inducing DNA fragmen-
tation.® The question remains whether the induced
DNA fragmentation is actually protective or reflects
the cell death of lung epithelivm.

Coexpression analysis (as exhibited in Fig 2) showed
that asthma patients co-overexpress granzymes A and B,
whereas both smokers and smoldng patients with asthma
co-gverexpress all of the examined molecules, and with
a similar coexpression pattern, suggesting that smok-
ing patients with asthma are more similar to smokers
and possibly to patients with COPD than to non-
smoking patients with asthma. Additionally, statistical
analysis with patients’ clinical data revealed a posi-
tive correlation between granzyme A and B expression
levels and the intensity of smoking in smoldng patients
with asthma, which strengthens our assumption that
the cytotoxic actu-lt{ is aggravated in smoking patients
with asthma ( Fig 3]

In conclusion, we showed that nonsmoking patients
with asthma exhibited a cytotoxic immune response
mainly represented by granzymes A and B, whereas
smoking patients with asthma exhibited a different
response, invelving not only granzymes but also per-
forin and 8-OHdG, imitating at large COPD. How-
ever, further larger studies are needed to clarify this
h}-‘pcrlilesl's.
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