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Advanced therapy, simple operation
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Editorial

The new ATS/ERS/JRS IPF Guidelines

Demosthenes Bouros MD, FCCP

Professor of Pneumonology, and Head,
Department of Pneumonology Democritus
University of Thrace,

Chairman, Department of Internal Medicine,
University Hospital of Alexandroupolis, Greece

Correspondence to:

Demosthenes Bouros MD, FCCP
Professor of Pneumonology
Department of Pneumonology
University Hospital of Alexandroupolis
681 00 Alexandroupolis

Tel. / fax: +30 25510 76106

e-mail: dbouros@yahoo.gr

After the ATS/ERS 2000 joint statement (guidelines) for the idiopathic
pulmonary fibrosis (IPF), a committee of international experts on IPF with
professor Raghu Ganesh as chair and Jim Egan and Fernando Martinez as
co-chairs, have been appointed by the American Thoracic Society (ATS), The
European Respiratory Society (ERS) and the Japan Respiratory Society (JRS)
to write evidence based guidelines for the management of IPF.

Given the scope of the magnitude that the task has evolved, the com-
mittee has expanded to include members from most of the regions of the
world actively involved in IPF studies. Therefore, 21 pneumonologists, 4
radiologists, and 4 pathologists are participating in this ongoing project
(Table 1). The committee met in Dublin last year, this year in Toronto and
last month in Modena (photo) to reach a final document.

Evidence based recommendations include diagnosis, treatment and disease
monitoring. Questions addressed regarding the diagnosis include:

Can high-resolution CT accurately identify UIP?

Can transbronchial lung biopsy accurately identify UIP?

Is pulmonary function testing required for the diagnosis of IPF?

Are autoimmune serologies required for the diagnosis of IPF?

Is bronchoalveolar lavage required for the diagnosis of IPF?

Is a multi-disciplinary approach important to the accurate diagnosis
of IPF?

oA wnN =

Questions addressed regarding treatment include:

1. Should patients with IPF be treated with corticosteroid monotherapy?

2. Should patients with IPF be treated with combination corticosteroid,
azathioprine, and acetylcysteine therapy?

3. Should patients with IPF be treated with combination corticosteroid

and immunomodulator therapy (e.g. azathioprine, cyclphosphamide)

or immunomodulator therapy alone?

Should patients with IPF be treated with acetylcysteine monotherapy?

Should patients with IPF be treated with anticoagulants?

Should patients with IPF be treated with interferon gamma 1-b?

Should patients with IPF be treated with pirfenidone?

Should patients with IPF be treated with bosentan or other endothelin

antagonists?

9. Is"no pharmacological therapy” an appropriate treatment option in
IPF?

© N U A
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TABLE 1. Members of the international experts committee.

Chair Ganesh Raghu (USA)

Co-chairs: Fernando Martinez (USA), Jim Egan (Ireland)

Pulmonary Juergen Behr (Germany), Demosthenes Bouros
(Greece), Kevin Brown (USA), Carlos Carvalho
(Brazil), Harold Collard (USA), Jean-Francois
Cordier (France), Ulrich Costabel (Germany),
Ron Du Bois (USA), Kevin Flaherty (USA), Dong
Soon Kim (South Korea) Talmadge King (USA),
Yasuhiro Kondoh (Japan), Joseph Lasky (USA),
Luca Richeldi (Italy), Jay Ryu (USA) Moises
Selman (Mexico), Jeffrey Swigris (USA), Athol
Wells (UK)

Radiology David Hansell (UK), Takeshi Johkoh (Japan),
David Lynch (USA), Nestor Muller (Canada)
Pathology  Tom Colby (USA), Jeffrey Myers (USA), Andrew

Nicholson (UK), Masahito Ebina (Japan)
EBM Gordon Rubenfeld (USA)
Task force members at the Modena 4-6 June, 2008 meeting.

Pharmacologic Treatment of Pulmonary Hypertension
(PH-IPF) topics include:

1. Should patients with PH-IPF be treated with silde-
nafil?
2. Should patients with PH-IPF be treated with prosta-

TINEYMQN Teuyog 1o, Topog 210¢, lavoudpiog - Mdptiog 2008

noid therapy?
3. Should patients with PH-IPF be treated with endothelin
receptor antagonist therapy?

No pharmacological treatment options included:

1. Should patients with IPF be treated with oxygen?

2. Should patients with IPF receive pulmonary rehabi-
litation?

3. Should patients with IPF undergo lung transplanta-
tion?

Monitoring addressed the following questions:

1. Should dyspnea and quality of life be measured over
time?

2. Should pulmonary function testing be measured
over time?

3. Should high-resolution CT be repeated over time?

4. Should exercise testing be repeated over time?

5. Should arterial blood gas measurements be repeated
over time?

6. Should biomarkers of disease be measured over
time?

The new statement is expected to be published mid
next year after review and official approval and will in-
clude practical evidence-based guidelines on all relevant
topics.
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Mia mpoomdBela cuoTNUATOOINONC YVWOEWY YUpwW amod to doBua. H mpo-
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Ol Kalvoupyleg ouvIoTWoeS? Katd mdéoo autég ayyl§av tov aocBevn Kal Tig
TIPOTEIVOUEVEC OEPATTEVTIKEC TIPOOEYYIOEIC?
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mepINapBavel Ti¢ mapo&UVoELS, TNV TTPOOSEUTIKY ATTWAELN AVATIVEUOTIKAG
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Aertoupyiag Kal Tig mMOavEC TOUG EMITTWOELG OTNV AANayn
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peiwaon mapouvoewy o€ XPOVo 3 TWV oTnV opada mou
Aaupave Bepamneia pe ICSE.

Daivetal Aotmév 0TI 0L KAVOUPYLEG AUTEG TIPOOEYYIOELG
avalnTtouv Tov EAeYXO0 TNG VOOOU PECW TIOAUTIAPAYOVTIKWY
TIAPAMETPWY, EVW aVTIOTOILKA Ol TIAAIEG TOV ayvoousav.
Evtehw¢ AavBaopévn tomoBétnon, amhd vnmootrpilav
OT1 0 €é\eYXOG TNG VOOOU TIEPVAEL ATTOKAEIOTIKA péoa amd
N Baputnta, mPdypa mou Sev CUPPBAIVEL OTIC TTEPLIOCO-
TEPEC TWV TIEPIMTWOEWVY. Oa gival OpW¢ peyalo AdBo¢
av ayvorjoOUE TNV UTTOKEIPEVN Baputnta, €18IKA 0TO
ocofapd dcBbua, 61ou amAd o €AeyX0G TNG VOOOU TIPETTEL
va e&eTAleTal TPOOEKTIKA TIPIV XOpaKTNPLoOEi n cofa-
potnta tn¢ Baputntac. Kat e161kd oto coPapd acBua 6
€Neyxog autog dev mpémel va gival TG00 oploBeTNUEVOC
Hia Kal TipETel va TEPIAARBAVEL CUVIOTWOECG 1) KAAUTEPA
ouvoonpotnTeg mou mbavd Ba tov ennpedlouv o€ TEToIo
Babud wote va un Bewpeital emapknic. 1owg o1 5-6 yvwoTég
OUVIOTWOEG TOU EAEYXOU Va NV €xouv 1dlaitepn aia edv
Oev éxel EekaBaploBei To Tomio w¢ mpog TV mapouaia
TTapayovIwy OTIWG N MAPOUCIia KATAOTACEWV OTIWG TO
oLVOpopo anvolwy Katd Tov Umvo, n FOMM, n katdbAwn,
N XPOvia TapaPIVOKOATTITION K.ATL,

NopiCw Aotmov 6Tt oto B€pa Tou eAéyxou ol 0dnyieg
Katagepav va aAa&ouv ta péxpl twpa Sdedopéva Kat va
avVaTTPOCaPOOOoUV TN PIA0cOPia Tou AcBuaAToC TTPOC
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Tov é\eyX0 TNG VOOOU Kat 0xl 0Tn faputnta autnc. Bripa
TIPOG TA EUTTPOC? ZaEoTaTa val. € Hia Ouwg xpovia
@Aeypovwdn Sadikacia 6mwe To acBua yiati Aginel n
TTAPAUETPOC TNG PAEYUOVIC ATIO TOV ENEYXO TNG VOOOU?
Mehéteg ummootnpilouv 0TI N BEPATIEVTIKN TTPOCEyYIoN
NG véoou étav yivetal e 0dnyd @AeyuovwdEeIC SeiKTEC
OTIWG Ta NWOIVOPIAA TWV TTITUEAWVE KAl TO EKTTVEOUEVO
NO [FeNQ]J° gival Tlo amoTEAECUATIKI O€ CUYKPION UE
auTA TWV KAIVIKWV Kal OTTIIPOUETPIKWY SelkTwv. Ot dvo
autoi pAeypovwdelg deikteg amoualdlouv dpwE amod
Vv a&loAdynon Tou gAéyxou Tou aoBpatog. lowg autd
opeiletal otn Xpovofdpa Sladikacia Tou £vog Kal oTn
ENeIPn e181kdTNTAG yia TN vOoo Tou dAou. Edw eival
KOL TO HEYANO KEVO TWV 0dNylWY, 0TNnV MPooTiddeld iowg
va unv ducapeoTtrioouv TNV MpwTtoRdduia epovtida
vyeiag otnv omoia kKupiwg ameuBuvovtal. O1 dvo autoi
Seikteg MOU ouolaoTIKA KaBopilouv un emepPfatika To
PAEYHOVWEEC PAIVOTUTIO TNG VOOOU €ival amapaitnto va
nepAapBdvovtal oTov EAEYX0 TNG VOOOU, iOWG EKEI TTOU Ol
KAwvIkoi SeikTeG - €161kA 010 0oPapd Acbua - Sev pmopouv
va ekabapioouv MApw¢ To PAeypovwdec umoabpo
¢ véoou. Eival a&lomepiepyo to mw¢ Oa pmopovoe n
@TWYXN avTamoKplon 0Ta OTEPOELSN Kal N avayvwplon
TOU un NWotvoPIAikoU doBuatog va a&lohoynBei amd
ToV 1atPo e BAon KAIVIKEG OUVIOTWOEG'?. AUCTUXWG N
mpwTtoPdbuia gpovtida Kat o un €161ko¢ Sev pmopei va
XEIPLoOEi To KABe popenrc doBua Kat va a&lohoyrnoel
EMOPKWGE TOV €Aeyxo. Xwpi¢ va uneptovifoupe Tnv adia
TWV TPITORABIWY KEVTPpWVY AcBuatog, PEMeL va mapa-
SexTolue OTI KATTOLEG HoPPEC AoBuatog Sev umopei va
eykAwpiovtal o€ OTPOUETPIKES Kal KAIVIKEG evOeielc.
AMWOTE Ol TTAYKOOUIEG AUTEG TTPWTOROVAIEG KATW amd
NV ovopacia "Odnyiec” mpoomabouv kabe popd va pag
EMPUAACOOULV KATL Kalvoupylo. Towg Aotrmdv n emopevn
avaBewpnor Toug va kpivel emPePAnuévn TNV aloAdynon
NG PAEYHOVNG O€ KATTOLEG HOPPEC AoBuatoc. H iotopia
amAd ouveyiletal...

BIBAIOTPADIA

(BAéme ayyAio Keipevo)



Editorial

Global strategy for asthma:

Searching for asthma control ....To be continued

Stelios Loukides', MD, FCCP
Konstantinos Kostikas2 MD, FCCP

'University of Athens Medical School, Editorial
Board “Pneumon’,
2University of Thessaly Medical School

Key words:

- Asthma

- Control

- Inflammation

Correspondence to:
Stelios Loukides

2 Smolika street

GR-166 73 Voula, Athens
E-mail: ssat@hol.gr

Asthma is a serious global problem. People of all ages and medical ser-
vices at many levels are affected by this chronic airway disorder. In 1993,
the Global Initiative for Asthma (GINA) was initiated to develop a network
of individuals, organizations and public health services for the dissemina-
tion of information regarding the pathophysiology, diagnostic procedures,
classification of disease severity and treatment related to asthma'. The 2002
GINA report stated: “It is reasonable to expect that in most patients with
asthma, control of the disease can and should be achieved and maintained”.
Four years later the GINA report of 2006, to meet this challenge, changed
the approach to asthma management, replacing severity with control as
the focus. The control-driven approach was also the central issue in the
guidelines of the National Institutes of Health (NIH), released in 2007 in the
USAZ2 The variables used for the classification of severity have now become
the variables for assessing the control of the disease. How important have
the above changes been? Which are the new control variables? How do
they affect the perspective and the treatment rationale of patients?

In the new GINA report and particularly the executive summary published
at the beginning of 20083, the main difference in the evaluation of control
can be clearly identified: It is the number of exacerbations. The validity of
this variable was further confirmed by the study of Bai et al*, published
one year after the 2006 GINA report. In this study the phenotype of severe
exacerbations was found to predict the excess lung function decline in
patients with asthma. In the recently released recommendations of the
NIH?, asthma control is evaluated in two domains. The first domain refers
to current impairment and the possible types of dysfunction expressed
as variables, including specific activities, nocturnal wakening, use of relief
medication, lung function [FEV,% of predicted (FEV:% pred) and PEFR] and
symptoms. The concept of targeting a “specific number”in the evaluation
process was introduced, using the ACT and ACQ questionnaires. The use of
such subjective measurements is important, to ensure patient participation
in the evaluation of control. The second domain refers to“future risk”, which
is a function of the risk of exacerbations, progressive loss of pulmonary
function or progression to a more severe form of the disease. This second
domain at first glance seems unrealistic, since it attempts to evaluate the
future with parameters of the present. One study that evaluated the profile
of asthma risk identified the pre-bronchodilator FEV,% pred as the variable
most predicative for exacerbations related to asthma?, but this finding is
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probably not realistic, as the study did not analyze, for
example, the effects of treatment on the predictive power
of the various parameters. Considering, also, the results of
the START study®, where patients under ICS treatment for
three years experienced a 44% decrease in exacerbation
rate, then the above conclusions might appear to present
a significant bias.

Examining these issues, it appears that the new rec-
ommendations focus on disease control, which the old
ones tended to ignore. Such a conclusion, however, would
be completely mistaken. The old guidelines suggested
that disease control is affected mainly by the underlying
severity, which is not the case in the majority of asthma
patients. However, ignoring the underlying severity, par-
ticularly in the case of severe refractory asthma, might
result in loss of control of the disease. In these specific
patients every single variable or co-morbidity has to be
considered very carefully [including chronic sinusitis,
sleep apnea, gastroesophageal reflux, depression, etc.].
These factors may not be part of the traditional approach
to control assessment, but their presence not only affects
asthma control, but may also give a false impression of
change in the underlying severity’.

The authors strongly believe that the control-driven
approach reflects progress in the evaluation and pharma-
cological care of patients. One major question remains,
however: In a chronic inflammatory process such as
asthma, what role does the evaluation of inflammation
have in the assessment of control? Many studies provide
evidence to support the concept that treating patients
with an inflammatory-driven approach, using either
sputum eosinophils® or exhaled nitric oxide [FeNOJ° as
measures, leads to better disease control compared to
the traditional clinical and functional approach. These
two valuable parameters are absent from control as-
sessment recommendations, possibly because of the
time-consuming procedure for sputum examination
and to the low specificity for FeNQ. In this sense, the
current guidelines have failed to include a valuable ap-
proach for inflammation assessment, probably in order
to be more easily applicable in the primary care setting.
These non-invasive procedures could help to identify the
inflammatory phenotype of disease and contribute to the
validity of the clinical and functional evaluation process,
which it appears would be incapable of assessing the
poor response to steroids in, for example, the specific
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phenotype of non-eosinophilic asthma'*?

Unfortunately, and for specific reasons, the primary
care setting and the non-specialist are not always in a posi-
tion to administer the asthma evaluation process. While
acknowledging their contribution, it must be admitted
that some asthma phenotypes cannot be fully evaluated
based on the clinical and the functional process alone.
Global strategies for asthma management and preven-
tion attempt to govern medical thinking and beliefs
under the term “Guidelines”. However every new set of
guidelines seems to leave room for some new challenge
for the clinician or the scientist. We hope that the next
new term will refer to inflammatory variables. So... the
story of guidelines is to be continued...
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MEPIAHWH. H peiwpévn mapoyrn o§uyovou atoug 1otolg (umoéia)
KIvNTOToLEl 514¢OPOUG aVTIPPOTTIGTIKOUG UNXAVIOUOUG, TO0O Katd
v oéeia 600 Kal Katd Tn Xpovia atépnon o§uyovou amo Ta KUT-
Tapa. O CNUAVTIKOTEPOL PNXAVICHOi MPOGTACiag cuVTENOUVTAL Ta
piroxovdpia, 6mou ot aAAay£g Tou mapaTnEoUVIalL 0T HETAPOPd
NAEKTPOVIWV Katd TNV 0EEISWTIKA QWOPWPEUAIWGH ATOCKOTIOUV
otnv eAdttwon NG Snuioupyiag eevBépwv pir{wv oguyovou Kat
oTn diatfipnon XapnAng GUYKEVIPWONG KUTTOPOTAACHATIKOU
acfBeotiov. MapaAAnAa, n xpovia évdela o§uydvou Kivntomolei mo
MOVIES METABOAEG TN AEITOVPYIOC TWV KUTTAP WV, HECW YOVISIAKWY
TPOTOTOICEWV TIOV APOPOUV TNV EMaywyn EV(UHIKWV avTiOpdoewy
armo LETAYPAPIKOUG TAPAYOVTEG, OTIWE O EMAYOMEVOC Ao TV unoéia
napdyovtag 1 (HIF-1). O181d¢popol avTippomGTIKOi PnXaVIGHOi Tou
ekdnAwvovtai og cuVONRKeG Xpoviag umogiag euBuvovtal o€ peyalo
TI0000TO Y0 TIG TEPIO0OTEPES KAIVIKES EKONAWOELG TOU “ouvSpopou”
™G XPOviag amo@pakTiKiG mveupovonabeiag (XA). H tpononoi-
Non Tou AyYEL0KOU TOVOU TNG GUOTNUATIKNAG KAl TNG TIVEUMOVIKIG
KUKAO@OpIiag, ot HETaBOAEC OTNV KATAKPATNON VATPIOU Kot VEPOU,
N Xpovia puUikn Kaxeia kat n ueavion piag Rmag @Aeypovwdoug
avtidbpaong, pavopeva ISlaitepa cuxva os acBeveic pe XAT, oxeTi-
Covtat pe éva moAUTTAOKO SIKTUO EVEOKUTTAPIKWVY KOl CUGTHHATIKWY
aAAnAemdpacewy, TIg omoieg n Pacikn épeuva Ta TEAEUTAID Xpovia
el apyioel va amokwOIKOTOLEL. ZKOTOG TNG MAPOoUCag avacKOmnong
gival n meplypa@n Twv MPOGAPHOCTIKWY UNXAVICU®WV oTnV utrogia
OTO KUTTAPIKO MIKpo-emimedo Kat akoAoLBwC, N cUVOEOH TOUG HE
TI¢ KAVIKEG ekOnAwaelg TG XA oto pakpo-emimedo oAOKAnpou
ToU opyavicpou. llveuuwv 2008, 21(2):123-133.

EIZATQrH

Ta anmoteAéopata TTOAWY TIEIPARATIKWY KAl KAIVIKWY EPELVWV €XOUV
Oeiel 011 SLaopeg Bloxnpikeég kat petafBolikég Siepyaaieg evéxovtal otnv
KUTTOPIKN TIPOOTACIA £vavTl TNG o&giag kal TG xpoviag umo&iac. To umoél-
KO TEPIBANOV TV avBpWIIVWV I0TWV XapakTnpeilel TIC TAEOV GUXVECG Kal
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emkivouveg vOoouG TG oUyxXpovng eMOXAG, 6Tiwg n XATT.
Mpokumtel Aoyw peiwong TnG mapoxnig o&uydvou ota
KUTTAPQ, € ATTOTEAECHA TNV EAATTWUATIKY KAAUYN TwV
peTaoAkwv Toug avaykwv. Aiel va onpelwbei Ti oL KUT-
TOPIKOL AVTIPPOTTIOTIKOI UNXAVIOWOI TTOU KIvNTOTToloUvVTal
o€ ouvOnKeg Xpoviag uroéiag S1apopoTToIOUVTAL OE OXEON
HE TOUG aVTIOTOIKOUG UNXAVIOHOUG TTOU TIPOKAAEL N oegia
ENewpn ofuydvou. Map’ dAa autd, Kpivetal amapaitntn
n mepypaen Twv emdpdoswv TG00 NG ofgiag 600 Kal
™G Xpdviag umoiag ota KUTTAPA, TTPOKEIPEVOU Va YiVEL
CaQEOTEPN N KATAVONON TWV TIPOCTATEVTIKWY AAAA KAl
TwV SUOTIPOCTATEUTIKWY UNXAVICUWY TTOU KIVATOTTOlOUVTAL
OUCTNUATIKA OTO TTAQICI0 CUVONKWV XPOVIAE OTEPNONG
ofuyovou Kkal eubuvovTal yld TIG KUPLOTEPECG KAIVIKEG
ekdnAwoelg Tng XAn.

KYTTAPIKEZ ENMINTQXEIX THX OZEIAX
KAI XPONIAZ YMO=IAZ

1. Kuttapompootateutikoi pnyaviopoi
EVEPYOTIOLOUpEVOL e TV UToSia

310 prroxovopla Aapfavouv xwpa eKEVEG Ot BLOXNMIKESG
Siepyaoieg mou oxeTi(ovtal amoKAEIOTIKA e TV emBiwon
1 Tov Bavato Twv KUTTdpwv and to oeldwTIKO stress
mou o@eiletatl oTnv urto&ia. Ot KUPIOTEPEC BIOXNMIKES KAl
METABOAIKEG TPOTTOTIOIACELG KIVNTOTIOIOUV CUYKEKPIEVA
ouoTHUATA HETAS0ONC ONUATWY, TA OTTOIA AE TN OEIPA TOUG
Sleyeipouv amavtroelg amd TOUG TTUPHVEG TWV KUTTAPWY
gvavtia oT1o ofeldWTIKS stress. Ta TeEAeuTaia Xpovia, €xel
npotaBei n Umapén evog‘aloOnTripa o§uyovou’ o omoiog
Slapecolafei pitoxovdplakn amdvtnon o€ ouVONKeG
Xpoviag kat o€eiag umro&iag'. Ynapyouv cofapéc evdeielg
OTL TA ITOXOVOPLAKA EVCUUIKA CUUITAEYHOTA HETAPOPAG
nAektpoviwv (electron transport enzyme complexes-
ETC) emnpedlovtal mpwTioTw¢ amd tn HeTABaANOUeVN
S100€01pOTNTA TOU HoPLaKOU 0§uyOVoU?,

H kuttoxpwuikn o&eiddon (COX) mou pecolaei otn
METAPOPA NAEKTPOVIWY ATTO TO KUTTOXPWHA C TTPOG TO
0&uyovo veioTatal LOPPOAEITOUPYIKEC TPOTTOTIOLOEIC O
ouvBrkeg umoéiag. X e mpwtn @Acn, n umoéia avaoTENAEL
TNV aAucida PETAPOPAC NAEKTPOVIWVY OTNV ECWTEPIKNA
prtoxovdplakn eEUBPAvN. Q¢ amoTéAeoUA, 08 CUVONKECG
ENepng ouyovou kabiotatal adlvatn N LETAPOPA TWV
TIPWTOVIWV Kal TTPOKAAEITAL LEIWON TOU YEURPAVIKOU ITO-
xovoptakou duvapkov. H Tehikr katdAnén tou mapamndvw
pNxaviopoU epAapBdavel Tnv EAGTTWON TNG TTAPAYWYNS
Tou ATP pe mapdAAnAn av€énon tn¢ SlaBatéotntag Tng ow-
TEPIKNG TOXOVOPLAKNAG HEPPPAVNG, N omoia 0dnyei oTnv
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ameAeuBEpwon aoBECTIOU KAl TOU KUTTOXPWHATOG C, UE TN
peooAdPnon Twv mpwTeivwv Bax i Bak. EmimAéov, umopei
va evepyormoinBouv Sidgopa éviupa Tou amokalouvTal
KAOTIAOEG Kal EVEXOVTAL GTOV TIPOYPAUUATIONEVO Bdvato
TWV KUTTAPWV (amémtwon)*4. EKTO¢ amo TNV EVEPYEIOKN
oTtépnon, N OPEINOPEVN otV uttoia amdnTwon Umopsi
va TTPOKANBEei kat amd tnv mapaywyn eAeuBépwv pr{wv
o&uydvou (ROS)® (Eikova 1). Mapd TIC TPOATTOTITWTIKES
emdpaoelc TNG umo&iag, Ta KUTTapa eVOEXETAL VA KATA-
oToUV avOeKTIKA oTnV TTPOKANCN AMOTITWONG KATA TN
Siapkela évdelag ofuydvou. MBavoloyeital w¢ artia n
aduvapia PeTaKivnong TS POATTOTITWTIKAC TTPWTEIVNG
Bax evtdc twv pitoxovdpiwv. MapdAnAa, n umoéia péow
TOU OXNMATIOHOU EAeLBEPWV pilwv ouyovou evepyoTolei
TOV PETAYPAPIKO TTapAyovTa “mupnvikog mapdyovtag kB’
(NF-kB), o omoio¢ e Tn oglpd ToU EMAYEL TNV €KPPACH
NG TPWTEIVNG” TTPWTEIVIKOC AVAOTOAEAC TNG ATTOTITWONG
2'(1AP-2)57,

Mapd Toug mapamavw pnxaviopoug BAABne numoéia
KIVNTOTTOLEL KOl QVTIPPOTIIOTIKEG ATTAVTHOELG 0TA KUTTAPA.
To 0&elbwTIKO stress kal N al&nNon TwV CUYKEVTPWOEWV

Mitochondrial injury or dysfunction
(Increased cytosolic Ca®*, oxidative stress,
lipid peroxidation)

b Y —
Cytochrome e Q@ 00 Mitochondrial
T membrane
) ) ) Cytochrome c,
Mitochondrial permeability other pro-apoptotic
transition (MPT) proteins
v
Apoptosis

@© Elsevier 2005

EIKONA 1. Mnxaviopoi pitoxovSplakig BAGPNng kata tnv
S1apkela Tou ofeldwTikov stress. H eAdttwon Twv emmédwv
Tou ATP givat umebBuvn yla Tnv auvénuévn SlamepatdTNTA TNG
EOWTEPIKNAC UTOXOVOPIAKNG MEUPPAVNE TTOU 0bnyei oTnv arme-
AevBépwon aoBeaTiou (MOPOC HETABOANC TNE UTOXOVOPIOKAG
SlamepatdTnTag-MPTP) Kal Tou KUTOXpWHAToC ¢. O TeEAeuTaiog
MNXOVIOUOG Hrmopei va 0dnynoEl GTOV TTPOYPAUUATIOUEVO
KUTTapIKS Bdvarto (amomtwon).



PNEUMON Number 2, Vol. 21, April - June 2008

Ca** katd tn didpkela TG umoéiag kai/n TnG IoXaIiag ena-
youv v mapaywyn vitpikou o&eidiou (NO) oto evdobrilio.
Kabwc¢ 1o NO gival aéplo, Staxéetal péoa ota ptoxdovopla
TWV KUTTAPWV Kat cuvoéeTal e TNV avayBeioa popery Tou
KUTTOXPWHATOG a; . H ouvdean agopd tnv idla meploxn
Kal TV id1a popen tou ev{Upou 0mou cuVOEETAL KAl TO
o&uyovo. Q¢ anoté\eopa, avaotéNeTal n SpacTikOTNTA
¢ COX UE TPOTO aVTAYWVIOTIKO WG TTPOG To 0§uyovo,
urmodnAwvovTag dpon TNG MAPATTAVW AVACTOAARG MOAIG
amokataotabolv ol GLUVONKEG 0EUYOVWONG. ZUUTEPACHIA-
TIKA, N TPokaAoupevn amd tnv untoia mapaywyri NO kat
N EMOKOAOUON HEPIKT KUTTOXPWHIKT AvaOTOAr 08nyouv
o€ petafolikn mpooappoyn Tou ev{Upou o€ CUVOrKEG
MEwpEVNS SlaBeoipudtnTag Tou poplakou o§uyovoud e,
EmmAéov, mpOoPaTEG TTEIPAUATIKEG LEAETEG GUVNYOPOUV
ot1o 6t11 10 NO €xel SImAo pOAO OTNV €V YEVEL UITOXOV-
Oplakn Asitoupyia KaBw¢ ag’ evog emnpedlel apvnTika
NV KatavdAwon ofuyovou Kal ag’ eTépou, au€avel Tnv
nmapaywyn O, eAaTtwvovTag TN por] NAEKTPOVIWY PECW
NG KUTTOXPWHIKNAG o&eldaonc. 18iaitepa og ouvOnkeg
unro&iag, To NO mpokalei mapodikr HETABOAR TOU HITo-
¥ovoplakoU puepfpavikol duvautkou, n omoia oxetiCetat
ME TNV mapaywyr eAeuBépwv pilwv ofuyovou. H pia tou
O, nen pdon Tng Sdtopoutdonc tou umepoéeldiou peta-
Tpénetal o€ untepoleidio Tou udpoydvou (H,0, ) To omoio
OTn oLVéxela emnPedlel BeTIKA, € AUETO 1] EUUETO TPOTIO,
™ dpdon AANWV KUTTAPOTIPOOTATEVUTIKWY ev{UUwV. Eva
amod Ta onuavtikétepa év{upa pe avdioyn dpdon ivain
KIvAon tng Movopwopoplknig adevivng (AMPK) n omoia
av€dvel Tnv KuTTapIKn TPSoANYN YAUKOING aAAd Kal TN
YAUKOAUTIKI) HETABOAIKT 060 0g CUVOINKEG EVOOKUTTAPIKIG
€vdelag 0&uyovou, AEIToupywVTaG £TOL TIPOOTATEUTIKA OTO
EVEPYEIOKO KUTTAPLKO tlooluylo'.

EvtouUtolg, mépa amod TI¢ evepYeTIKEG Opdoelg Tou NO
OTOV PITOXoVOPLaKS PETABOMOUO, N Ml paKpOv EkBeon
oe avénuéva enineda NO umopei va odnyroel o€ un
avaoTPEPIUN avaoTOAN Tou ev{UOU TNG KUTTOXPWHIKNAG
o&e1daong, kabBwg n aAnAemidpaor] Tou Ue TIG EAeVBEPEC
pilec unepoeibiou POKAAEI TOV OXNUATIOUO TOU TIEPOEU-
vitpitn (ONOO"). O teAeuTtaiog emAyel VITPOCUAIWON TWV
apvo&€wv Tupoaivng og S18PoPEC SOUIKES TTPWTEIVEC TOU
KUTTOPIKOU OKEAETOU, OTIWE N akTivn, Slatapdcoovtag tny
KUTTOPIKH APXITEKTOVIKI|. ZUMTTEPACUATIKA, N §pAon Tou
NO umopei va OswpnBei Sittry'2

Katd v o€eia @don tng otépnong o§uydvou mapatn-
peitatemmAéov pia eNdttwaon g dpaotikotntag tng Na/K
ATPAoNG, TTPOKEIPEVOU VA AVTIMETWTIIOTEL N EVEPYELOKN
évbela. H mapamdvw onpavtikn peiwon tng ev(UUIKAG
SpaoTikoTnTag (10%) dev emnpedlel TNV NAEKTPOXNMIKN
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SapepBpavikn Stafabpidwon Aoyw Tng avtiotoxng
eAattwong g pepPpavikng Samepatotnrag (channel
arrest)’.

Ektog and tnv mapaywyry Tou NO n unmoia emdayel
v amehevBépwon tn¢ adevoaoivng oto KuTToSIAAUUa
Kal TNV emakoAoudn evepyoroinon Twv uodoXEWV TG
adevooivng A1.Tooo n adevooivn 6oo kat to NO maifouv
ONMAVTIKO PONO OTNV KIVNTOTTOINGON KAl EVEPYOTIOINON TNG
pepBpavikng mpwreivokivaong C (PKC). Ztnv avevepyn
katdotaon n PKC Bpioketal o xahapr) cuvdeon e Ta
pepPBpavikd Aimidla. H evepyomoinon tng cuBANAel
otn otaBepdtePn ANANAEMIOPAOT) TNE PE TNV KUTTAPIKK
MeuBpavN. Ze umoéikéc ouvOnkeg GAot ot BAamTikoi Tapa-
yovTeg (mapaywyn eAeuBépwv ptl{wv, eEAdttwon tou ATP,
UTTEPPOPTWON IE AOBEDTIO) EVEPYOTIOIOUV TO 100€V(UO
™G PKC rou wao@opuliwvel opddeg oepivng kat Bpeovivng
TWV TIPWTEVWV TWV UITOXOVOPLOKWY KAVONWY, UE TEMKO
AMMOTENECHA TNV EVEPYOTIOINGN TWV €uaiocBNTWV oT1o ATP
KAVAAMWV KaAiou (K* arp ). APKETEG HEAETEC OUVNYOPOUV
0TO0 OTL TA MAPATTAVW KAVANA AGKOUV ONHUAVTIKO POAO
OTNV KUTTAPLIKN TTpocappuoyr o€ TepIBANoV Xpoviag
otépnong ofuyovou'+'6. H evepyomoinon Twv capkelAn-
HOTIKWV KAl HITOXOVOPLOKWY KAVOAWV K* s TTPOKOAET
Bpaxuvon tng Sidpkelag Tou Suvapikol evepyeiag, pe
ONMAVTIKN ENATTWON TN Elopori¢ Ca* Kal TEPLOPIoUO TNG
UTIERPPOPTWONG TWV HIToXovOpiwv e aoBéoTio. Mpémelva
ToVvIoTE( 181aiTEPA OTI ATTOSEIKVUETAL OAOEVA KAL TIEPIOTO-
TEPO N EUPAVIAC CUOXETION TNG EVOOYEVOUC TTOPAYWYNS
NO Aoyw uno€iag, pe tn dtdvolén Twv avwtépw KavaAlwy
kaAiou. Ot mapamdvw pnxaviopoi Bswpouvtal Idlaitepa
Kpiolpol otn puokapdlakr mpooTtacia Kat Tov ePLo-
PIOUO TNG €KTAONG TOU EUPPAYUATOC KATA TN SlapKela
e xpoviag unoéiac'” '8, EvrouTolg, Qaivetal 0Tl UTTAPXEL
karmola Siagopormoinon HETalL Slapopwy eIOWV, GXETIKA
HE TOUG TTPOCGAPUOCTIKOUG UNXAVIOHOUG KATdA TN Xpovia
uno€ia. Mia dAAn mBavr diacuvdeon peta&v didvoiéng
TWV KavaAwVv KaAiou Kat Tng xpoviag otépnong o§uyovou,
€161k oTa Kapdilaka KUTTapa, gaivetal va mepdapBavel
NV mapaywyn twv ROS™,

Ta kavdhia kaAiou kat acBeotiou Siadpapatifouv éva
Mo TTEPITAOKO POAO GTNV TaBoyéveon TNG TIVEUUOVIKIAG
umréptaong Katd tn StapKela TNG XPoviag KUYENSIKAG
unio&iag. Xe kuttapiko eminedo, n évdeia o§uyodvou mpo-
KOAEL HEUPBPAVIKN EKTTOAWON TWV TIVEUHOVIKWY apTnPl-
AKWV Agiwv HUTKwv KUTtdpwy (PASMC) Aoyw Pelwpévng
€kppaong Kat 6pacTIKOTNTAG TWV TACE0-EEAPTWHEVWV
KavaAlwyv Kahiou. H em@epopevn av€non Tou evookuT-
Tapikou K+ @aivetal, péow avaoToArg TNG andntwong,
va TTpodyel tTnv unepmiacia twv PASMC evw n mapah-
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AnAn avénon Tou evdokuttapikou Ca*" ouvteAei oTOV
avénuévo tovo Kal otnv avénuévn avtidpaoTikdTNTa
TWV TIVEUHOVIKWV AYYEIWV O€ ayYEIOOUOTIAOTIKA €PEBi-
opata. To evOoKUTTAPIKO acPéaTio peTaareTal pe SVo
TPOTOUC. 1. n eKTTOAWON emAyeL TNV aneheuBépwon Ca?*
arod To CAPKOTAACUATIKG SIKTUO PUECW TOU CUCTHUATOC
NG TPIPWOPOPIKNG IVOOITOANG (IP3) kat 2. n umoéia emdyet
€va oUVOAO SlaUEUBPAVIKWY TTIPWTEIVWY TTOU avapEépo-
vTal w¢ canonical transient receptor potential (TRPC), ot
omoieg av€dvouv tnv gicodo acPectiov ota PASMC pe
TEMKO ATTOTEAECHA TNV UTIEPTTAAGIO TOU HUIKOU XITWVA
TWV TIVEUHOVIKWV ayyeiwv?2',

2. Metapohéc tn¢ yovidiakng ékppaong: HIF-1 kat Aot
TapAyovTeC

EmmpooBeta, n KUTTAPIKA TPOocappoyr otnv unoéia
mepA\apPAvel kat AAAOUE PNXAVICGHOUE TTOU AgOPOUV
TIEPIOOOTEPO HOVIUEG METAPBOAEG TWV UETABOMKWVY A£l-
TOUPEYIWY, Slapéoou SIaPOoPETIKWY YoVISIOKWY pubuioe-
wv. O oNUAVTIKOTEPOC PUBUIOTIC TNG OOlOCTACIAC TOV
o&uydvou gival o emayopevoc amo tnv unoéia mapdyovtag
1 (HIF-1). H §paotikdtnTd Tou auédvetal o cuvOnKeg
EMNePnc ofuyodvou o dAa Ta eumupnva KUTTAPA, HECW
UETAUETAPPACTIKWY UNXAVIOHWY, EVW N ONuacia Tou
KpiveTal 18laitepa Kpiolun yla TNV TPOCAPOYT TOU Kap-
SlayyelakoU Kal Tou avamveuoTIKoU CUCTANATOG O€ UTio-
&ikég ouvOrikec. O HIF-1 gival pia eTepodipepric mpwteivn
miou amnote)eital and Ti¢ umo-opddeg HIF-1a kat HIF-14.
O HIF-1a puBpilel Tn petaypagn evog eupéou pAoua-
ToG yoviSiwv (YUpw ota 100), mepthapPdavovtag yovidia
oV oxeTi(ovTal PE TNV AYYEIOYEVEDN Kal TNV AYYELQKN
avadiapoppwon (remodeling), Tnv epubpomoinon, Tov
METABONONO, TNV amdTTWOoT), TOV EAEYXO TN TTAPAYWYNG
eAevBépwv pr{wv o&uydvou, Tov TOVO TWV ayYEiwv Kal
TNV AYYEIOKIVNTIKA £peBICIUOTNTA KAl TN PAeypovh?. O
HIF-1a tpomomolei TNV €kQPAoN TWV TAPATIAVW YoVISiwv
Méow SIUEPIOPOU UE TNV TTUPNVIKA Tpavolokdaon ARNT
A HIF -1B kat tnv emakoAouBn cuvdeor) Tou OTIG EIOIKEG
TIEPLOXEC TWV OXETI(OUEVWVY PE TNV uTtodia yoviSIaKwv
otolxeiwv andvtnong (HREs). To TeAikd amoTéAeoa gival
N LETAYPAPIKN EVEPYOTIOINGN, N omoia puBuileTal kal amd
Tov KivnTomoloupevo ouviiapayovta p300. O Kuplotepog
pNXaviopég mou cuvtovilel ta emimeda StaBeoipdtnTag
Tou o§uyovou kal Ti¢ emdpdaoelc Tou HIF-1a otn yovidiakn
Ekppaon, TepINaPPAVEL Hia HETAPETAPPACTIKN pUOUION
Twv emmédwv Tou mapdyovta HIF-1a. Xe cuvOnKeg puol-
OMOYIKWV OUYKEVTPWOEWV 0§uyovou, o HIF-1a ugiotatal
npomuA-udpofuliwaon, n omoia dnuioupyei pia Béon
ouvdeong mou avayvwpiletal amd TNV MPWTEvN von
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Hippel-Lindau (VHL). H VHL amotehei umoopdda tou
oupmAéyuatog Tng E3 Atykdong tng oupmikovitivng, To
oroio pe tn oglpd Tou aAknAemdpad pe Tov HIF-1a kat tov
KaB1otd uoPriplo yia amodOuNnon amod Ta MPWTEOCWHATA.
Y& ouvOnkeg otépnong o§uyovou, Sev Aapfavel xwpa n
mpomuA-uSpoUAiwon, Ye amoTéAeoua va punv cuvdésTal
n VHL mpwteivn pe tov HIF-1a. Q¢ amotéAeopa, autog
ouvdéetal pe TNV ARNT, aAnAemdpd e Ta oxeTi{opeva
pe Tnv umoéia yoviSiaka otolyeia amavtnong (HREs) kat
TPOTIOTIOLEL TNV €KPPAOT) TOUGH 2,

Ta televTaia Xpovia, TTOANEG TIEIPAUATIKEG UENETEG
é€xouv avadeiel Tn onuacia TG aAnAemidpaong Tou
NO pe tov HIF-1, 1600 0€ ouvOrKkeg emMdpKelag 600 Kal O
ouvOnkeg évdelag o§uyovou. ITnv mpwTn MEPIMTWOoN, To
NO aMnAemdpwvTtag e Tov Fe* Tou ev{UoU TN TTPOTTUA-
vdpofuldaonc (PHD) tnv adpavorolei kal otabepomolei
Tov HIF-1q, evw otn 6eUtepn, To anmotéAeopa e€aptdtatl
amno tn ouykévtpwon tou NO. X& XapnAEC CUYKEVTPWOELG
(<400 nM) mapatnpeital pia amootabepomnoinon Tou
HIF-1a evw o€ HeYAAUTEPEG CUYKEVTPWOELG AAUPBAVEL
Xwpa 1o avTiBeto @avopevo. Oaivetal TL n peiwon Tng
JItoxovOpIaKAG avamvor¢ o cuvBnkeg umo&iag avfavel
TN CUYKEVTPWON Tou 0&UyoOvou 0To KUTTOSIAAUA, HE
amoté\eopa emavaktnon Tng Spaotikétntag tng PHD kal
amodopnon tou HIF-1a oto mpwtedowpa. EmmAéov, o idlog
o HIF-1a agpevoc kataotéNAeL T toxovSplakn Aettoupyia
péow adpavomoinong TG mupouBIkig deldpoyevaong kal
Kot eméktaon Tou KUKAou tou Krebs, pelwvovtag étol tnv
KatavaAwon o§uydvou ota UIToXOvVOPLa, APETEPOU ETTAYEL
Tn ouvBeTdon Tou VITPIKOU 0&eldiou, CUMTTANPWVOVTAC
£101 évav KUKAO apvnTIKAG Blo-avadpaong®.

O HIF-1a aokei akdpn 1o mepimloko poho otn A&ltoup-
YIKOTNTA TWV pitoXovSpiwv kabwg emnpeddlel Tnv Kutta-
PIKN TIPOCAPUOCTIKOTNTA OTNV UTTo&ia HéCW auEnuévng
mapaywyng Twv ev{Ouwv ¢ Kivaong 1 t¢ mupouBIkig
6ebdpoyevaonc (PDK 1), Tng yahakTikric deidpoyevdong
A (LDHA) ka1 Tng COX4-2 ummo-opddag TnG KUTTOXPWUIKAG
oeidaonc. H PDK 1 péow pwaogpopuiiwong adpavo-
molel Tnv mupouPikry SelSpoyevaon Kal avacTéNEL TN
UETATPOT TOU TTUPOURBIKOU G€ aKETUAO-OUVEVIUUO A.
2& ouvbuaouod ue tn LDHA, n omoia petatpémnel to mu-
POUBIKO G€ YOAAKTIKO, ENATTWVETAL N TTAPAYWYN KAl N
nepartépw petapopd twv NADH kat FADH, otnv aAucida
NAgKTPOViwY Katd Tnv oldwTIKA PoPopUAiwan, Aoyw
MEIWHEVNG 100680V TOU aKETUAO-CUVEV(UOU A OTOV
KUKAO Tou Krebs. To TeAikd amotéeopa ival n EAATTwoN
mapaywync eAeuBépwv pllwv o§uydvou. Emmpdobeta,
o HIF-1a emdyel Tnv umo-oudda COX4-2 n omoia Peiti-
wvel T SpacTikdTNTA Tou V{UHOU TNG KUTTOXPWHIKAG
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o&elddonc o ouvOnkeg umoéiag, v MapAaAAnAa, péow
piag proxovSplakig mpwtedong, S1aomd tnv UTo-oua-
6a COX4-1 mou Aeltoupyei o€ OUVONKEC PUGCIONOYIKNG
ouykévtpwong ofuyovou?.

O HIF-1a oxetiCetal pe eMMAEOV TPOCAPUOCTIKOUG UN-
Xaviopoug katd tnv urroéia péow auénuévng ékepaong tou
auénTikou mapayovTta Tou ayyelakou evbobnAiou (VEGF)
TToU 0ONnYEi 0€ VEO-AYYEIOYEVEDT, TOU LETAPOPEA TNG YAU-
K6(Nn¢ 1 (GLUT-1) mou au€Aavel TV KUTTAPIKN TTPOOANYN TNG
YAUKOINC, TwV YAUKOAUTIKWV eV(UWV TTOU SIEUKOAUVOULV
Tov PETABOMOMO TNG YAUKONG KAl TNG EpuBpomolntivng
mmov au€Avel TNV algoTToinon Kat TV IKAvOTNTA LETAPOPAC
o&uyovou atouc 1oToUc (Mivakag 1)%.

3. Kuttapikdg Bdvatog kat xpovia @Aeypovwdng
avtidpaon

H xpovia unoéia emdyel Tnv TOTIKN TApAYwWYr} Tou
OUOTAMATOC pevivnc-ayyelotevaivng (RAS) og Sidpopa
opyava, OTw¢ ol VEPPOI, ol TTIVEUOVEG Kal n kapdid, Si-
apéoou TG puBUIoNG Twv Yovidiwy Tou oxetifovtal e
TNV €KPPACT TOU OYYELOTEVOIVOYOVOU KAl TWV UTTOSOXEWV
NG ayyetotevaivng AT 1 kat AT 2. H évtovn €k@paon Tou
SevTepou umo-Tumou umodoyéa eival umevBuvn yla T
av€non Tou KUTTapIkoL amonmtwTikou Bavdtou, A\oyw Tng
Siéyepong tng mapaywyng Twv ROS, péow tng auénuévng
SpaoTikotntag Tng NADPH o&e16don¢®3°. O HIF-1a pmopei
EMIONG VA TIPOKAAEDEL KUTTAPIK AMOTTTWON otabeporol-
WVTAC TO TIPOIOV TOU KATAGTAATIKOU YoVISiou TwV OYKwY
p53. Auti n mpwrteivn au€avel T anémtwon, pubuifovtag
™ SpacTikoTNTA TNS MPWTEIvNC Bax®é.
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‘ExeramodeiyBei 011 n umoéia Aertoupyei Slapéoou 0dwv
EVEPYOTIOINONG KOIVWV E AUTWV TIOU XPNOLOTIOIoUVTAl
amo tov TNF kat tnv IL-1. Kat ot 800 Kuttapokiveg peta-
Sidouv orjpata pHéow Tou KUKAOU TNG O@LYYOUUEAIVNG
(SM)-kepapidng, 6mou n devtepn mMpoépxetal amd n
pepBpavikn SM kat emdyovtag S1adoxIKA SlapopETIKES
KIVAOEG KAl QOPOMTTACEG 08NyoUV OTNnV EVEPyOTTOinon
Tou mapdyovta NF-kB. O TeAeutaioc amoteheital amo éva
etepodipepég p50-p65 Tou Mapapével 0To KuTtoSidhupa
ouvdedepévo pe Tnv mpwteivn IkB. H pwogpopuliwon Tng
TeAevtaiag og ouvOnkeg uno&iag, aAd kat n avénon Twv
ROS o6nyouv otn S1dcmach Tng amod 1o MPWTEGCWHA Kal
€i0060 ToU S1EPOUC P50-p65 GTOV TUPHVA TOU KUTTAPOU.
To amotéAeopa ival n evepyomoinon moAwv yovidiwv
TToU oXeTi{ovTal [IE TNV AVOCOAOYIKN AmAvVTNOon TOU 0pya-
VIGLOU, N TTapaywyr TTPOPAEYLOVWOWY KUTTAPOKIVWV Kal
N AUTOKPIVAC, TAPAKPIVAG 1| eVOOKPIVIIC SpAcn TOUG pE
TENIKS ATTOTENECHA TNV KIVATOTIOINGON MiOC CUCTNUATIKAG
@heypovn®'. Ze kuttapikod emimedo, o NF-kB Bewpeitat wg
mapayovtag emPiwong kabBwg Pmopei va avaoTeilel Tnv
AMOTTWON UECW TNG UTIEPEKPPACNG TOU AVTI-QTTOTITWTIKOU
napdyovta bcl-2 kal Twv avTl-amonmTWTIKWY TTPWTEVWY
IAP-1 kat IAP-2 fj va tnv endyel péow auénpévng EKppacng
Tou Fas Ligand (NF-Kb paradox), kdtt mou o€ onuavtiko
Babuo e€aptatal amd Tn UON TOoU EKAUTIKOU TapdyovTa.
EmmAéov, @aivetatl 6Tt n avaotoAn Tng Spdong Tou Tpv
NV £Qapuoyn Kamolou @Aeypovwdoug epebiopatog
AEITOUPYEL KUTTAPOTIPOCTATEVTIKA KAl TO TTAPATTAV®W
amotéAeopa amodideTal oTnNV avaoTaATIKR dpdon Twv
heat shock proteins (HSPs) emi Tn¢g ikavotntag ouvOeong

MINAKAZX 1. [vwoTtoi yovidiakoi otoxol (mpoidvta yovidiwv) tou HIF-1.28
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Tou oto DNA tou kutTtapikou uprva (HSP paradox)2
O ouykekplévog mapdyovtag gival emiong umelBuvog
yla TN MeTaypa@n Tng Kukho-ofuyevaonc-2 (COX-2), n
omoia emnpeddlel yoviSlakd tTnv mapaywyr TnG METAN-
Aompwteivaong 2 Tn¢ ewkuttdplag ovoiac®, H KAVIKN
OoNUacia TWV TTAPATIAVW UNXAVIOPWVY Ba pumopouoe va
oxetiCetal e TNV auénuévn kapSIakr, VEQPIKH KAl AKOUN
TayKpeATIKn BAABN AOyw amomTwTIKOU 1} VEKPWTIKOU
KUTTApPIKOU BavaTtou, o ouvONKeg xpoviag urogiag.

2YXTHMATIKEXZ ENINTQXEIX THZ XPONIAZ
YMOZ=IAZ XTH XAN

1. AN\ay£¢ 0T GUGTNATIKI) KOt TIVEUHOVIKN
Kukho@opia

H mAéov onpavtikr KAviKr katdotaon mou oxetietat
ME Xxpovia KuTttaplkr évdela o§uyovou gival n Xpovia
Amo@pakTikn Mveupovomddeia (XAMM). ZTi¢ ouVONKEG
MEIWMEVNC OUYKEVTPWONG 0EUYOVOU Kal UTTEPKATIVIOG
TToU Xapaktnpei{ouv Tn vOGo, N CUGTNMATIKK) KUKAOpOpia
eKONAWVEL Hia EAATTWPEVN ATTAVTNTIKOTATA UETA ard
pHaKkpoxpovia ékBeon og UTOEIKO epéBiopa. 2 aUTEG
TIG KATAOTACELG, N AAVTNON TWV ayyeiwv o€ xopriynon
QAIVUAEPPIVNG LEIWVETAL CNUAVTIKA, TOOO OE TTEIPAMATIKA
povTéNa 600 Kal o€ PeNETEG O avBpwmouc. Av Kal n ogia
uno&ia péow NG UTEPTTOAWONG TWV AYYEIOKWV Agiwv
MUKWV KutTdpwv (VCMs) mpokalei peiwon Tng el00dou
aoBeoTiOU PETA TN XOPriyNON QAIVUAEPPIVNG, KATA TN
S1dpkela TG Xpoviag urmo&iag Kat LETA TNV ATTOKATACTA-
on Twv anofnkwv Tou o§uyovou, N cUoTIAcN TwWV A&iwv
MUTKWV VWV TTapapével TpoBANUaTIKG >, Qaivetal 6T To
€vd00iAlo euBUVETAL YIa TNV UTTEPTTOAWGCN TWV AYYELAKWY
A€WV HUTKWV KUTTAPWV. AlA@opeg PeAéTeC uTTOBETOUV
OTI 0 ONUAVTIKOTEPOC AITIOAOYIKOC TTAPAYOVTAC Eival
n emaywpevn and tov HIF-1a mpwteivn ofuyevaon tng
aipung 1 (HO-1). H §paon tng mepihapfBavel tn Sidomaon
NG aipng Kat Tnv mapaywyn tng xohompaaoivng, mou Sia-
Bétel avTIoEEIOWTIKEC IKAVOTNTEC KAl TOU ovoeldiou Tou
avBpaka (CO), To omoio wg aéplo Slaxéetal Slapéoou Twv
HEUBpavwy Kal TTPOKAAEL ayyeloxaAaon, akpiBwg 6mwg
kal to NO*¥, Mapd tnv EAATTWHATIKN AYYELOGUOTIOON,
01 XpOVIEC UTOEIKEC KATAOTAOELG Sev SlapéPouv amo TIG
ouvOnKkeg @ualoloyikwv amoBnkwv ouyovou, o Ot
agopd TIG TILEG TNG HEONG APTNPLOKNAG TTieong. AuTo TO
HAAAOV avamdvteXo eUPNUA EVOEXOUEVWG TIPOKUTITEL WG
ATOTEAEOHA iN ViVO PNXAVIOHWVY TTOU ATTOOKOTIOUV OTNV
avTippdTTNON TNG HEWPEVNG EVAICONGIaG TwV ayyeiwv og
ayyeloouoTaoTika epebiopata. Qaivetal 6Tt Ta XapnAd
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enimeda ¢ Pa0, auavouv tnv evalcOnoia Twv mepipe-
PIKWV xnuelolmodoxéwv otnv umoéia kal euBuvovTal yla
TN oupmadnTIKr UTTEPSPACTNPIOTNTA TTOU TTAPATNPEITAL
o€ ouvOnkeg xpoviag évoelag ofuyovou. ANNot mBavoi
pnxaviopoi mephapfdvouv tnv avénpévn yroldtnta tou
aipatog, Adyw Tou uPnAoU ALHATOKPITN KAl TRV auénuévn
S6éopevon tou NO, we amoTtéheoua Twv VPNAWY CUYKE-
VIPWOEWV TNG Aloo@alpivnge2,

ExTOC amd TIC aVTIKPOUOUEVEC EMMTWOEIG TNG uTToEiag
o€ SLOPOPETIKA AYYEIKA SIKTUQ, PAIVETAL OTI N TIVEUUOVIKN
KukAo@opia emnpedadetal pe évav oapwg o TTEPITTAOKO
TpoMO. MoANA melpapatika edouéva ocuvnyopouv oTo
OT1 ekTO¢ amd Tov HIF-1a untdpyouv emimiéov ol TIpwTE-
iveg HIF-2a kat HIF-3a, pe mapopola alnhouyia pe Tov
HIF-1a. Ot ev Aoyw mpwteiveg oxnuatiouv dipepn e
Tov HIF-1B kai cuvdéovtal oTig idle¢ alnAouyieg Tou
DNA, 6mwc kat Ta eTepodSipepr Tou mepIAAUBAvVoUV TouC
mapdyovteg HIF-1a kat HIF-13. Av katl 0 poAo¢ Toug 0Tn
TIVEUMIOVIKK) UTTEPTAON TIAPAPEVEL A0APNG, QaiveTal 6TIN
umo&ia TPOKAAE EKTOAWON TWV TIVEUUOVIKWY APTNPIOKWY
Agiwv puikwy KuTtapwv (PASMC), site péow tou HIF-1q,
odnywvtag otnv adpavomoinon Twv PEUPPAVIKWY Kava-
Awv Ky kat otnv avénuévn gicodo Ca*™ , eite péow ToU
HIF-2a, o omoiog emdyel Tnv mapaywyn Tng evdoBnAivng
1 (ET-1) ota mveupovikd evdoBnAiakd kuttapa (PAEC). H
ET-1 ekkpivopevn amd ta mapamavw KUTtapa cuvdéstal
He Toug unodoxeic TG ev6oBnAivng TUTou A mrou evtori-
Covtai ota PASMC kat Sieyeipel Tn HepPpavikn eEkmOAwaon
Kal TNV urtepTPOo®ia Toug (Eikdva 2)%440,

Ektog and v ekmdéAwon twv PASMC n umoia emn-
pedlel ™ Sl1agopomoinon TWV MVEUOVIKWY ApTNPIOKWY
Agiwv HUIKWV KUTTAPWV EMAyovTag TNV KUkAo-o&uyevdon
TUmou 2 (COX-2), n omoia pe tn oglpd TG odnyei otnv
mapaywyr Twv avTi-UTTEPTTAACTIKWY TIpooTayAavSiviv
PGE, kat PGl,*'. H umep-oikoyévela (superfamily) Tou
METAROPPWTIKOU auéntikou mapayovta 3 (transforming
growth factor beta-TGF-bs) mepihappdavel Siapopeg mpw-
Teiveg, ol omoieg ekkpivovtal amod Ta PASMC og cuvOrkeg
évbelag o&uydvou. Npdoateg MELPAPATIKEG UENETEG EXOUV
empePaiwoel tov pdAo¢ Toug oTnv emaywyr] Tng COX-2 Kat
TNV MPOANTTIKA Tou¢ Spdcn oTnv avénuévn unepTPoPia
TOU AEiOU YUIKOU XITWVA TWV TIVEUPOVIKWY AYYEIWV TTOU
TIPOKOAEITAL aTTo TN Xpovia uno&ia*?. EmmAéov, o ouvdu-
aouo¢ TGF beta kat umoiag Aeltoupyei cuvepyLkd otV
mPSOKANoN andéntwong ota evdoBnAiakd KUTTapa®,

H xpdvia umoéia Sev mpokalei pdvo IVEUUOVIKE UTTEP-
Taon kat ayyelakn avadidtaén al\a emnpeadel emmiong Kat
Ta emimeda Tou KOATIKOU vatploupnTtikoL memtidiou (ANP),
To omoi0 £Xel AMOSEIXOEl OTI CUUTTEPIPEPETAL WG EKAEKTI-



PNEUMON Number 2, Vol. 21, April - June 2008

PAEC

129

HIF-2a — ET1
N\,

PASMC

Ymeptpo@ia «— HIF-1a —  AGEnan tou evookuTtapikol Ca?*
Meiwan g dpaaTikOTNTAS TWV Kavaiwy K,
MepBpaviki ekmoAwon

EIKONA 2. Yuppuetoyn twv mapayoviwy HIF-1a kat HIF-2a 0Ti¢ @UOLOAOYIKEG AmavTACELG TWV TIVEUUOVIKWY AyYEiwv KaTtd T Xpovia

umo€ia).?*

KOG mapdyovtag XAAaong Twv TIVEUHOVIKWV apTNPLWY,
avtaywvi{ovtag £101 Toug TABOYEVETIKOUG UNXAVIOHOUG
¢ ayyeloolomaonc. AlaQopETIKA TTEIPAUATIKA Sedopéva
éyouv amodeifel 6T N xpdvia uroia ENATTWVEL TNV EKPPA-
on Tou unodoxéa C Tou vatploupntikou mentidiou (NPR-C),
0 oroiog euBUVETAL YIA TNV KUTTAPIKI EVOWUATWON KAl
TNV emakdAoudn Aucocowikn arrodounon tou ANP, evw
AaMol epguvntéc ummooTtnpifouv auénuévn amedevBépwon
TOU ATTO TA KOATTIKA HUOKAPSIAKA KUTTapa*,

‘Eva dM\o gupéwg yvwoTo Bloloyiko mapddofo tng
TIVEUMOVIKNG UMIEPTACNG ApOopd TNV auénuévn Ekppaon
TWV loOpop@WV TNG ouvBeTdong tou NO (NOS), mapd tnv
Avod0 TNE TIVEVUOVIKIG TIIECNC KAL TN MEWWIEVN TTAPAYWYN
Tou vitpikou ofeidiou. Mpoopata, mapatnerbnke oTi o€
QUTEG TIG TIEPITTWOELG UTTAPXEL AUENON TNG CUYKEVTPWONG
€voc evboyevoug avaoTtoléa tng NOS mmou amokaheital
aoUppeTPN SipeBul-apyvivn (ADMA), eite A\oyw auénuévng
peBUAiwoNg Twv opddwy apyivivng oTi¢ TPWTEIVEC, gite
AOyw ehatTwpévou petaoAiopol tTng ADMA®,

2. H emibpaon ¢ xpoviag umodiag
otou¢ Xnpetoimodoyeic o§uyovou

H ékBeon o€ XAUNAEG CUYKEVTPWOELG 0§UYOVOU ETTAYEL
S14@opa avTavakAAOTIKA TWV XNUELOUTTOSOXEWV UE OKOTTO
™V avénon Tou agplopoU. e CUVONKEG Xpoviag Evaelag
ofuydvou n avénon Tou agPIoUOU Eival HEYAAUTEPN,
yta tov 610 abud umodiag, CUYKPITIKA PE KAOTAOTACELG
TIoU a@opoLV Hia oeia (Aemtd) eAdTTwon Tou ofuyod-
VOU OTOV 0pYaVIOHO. AUTO TO @aIlVOpEVO ammoKaAEiTal
EYKALLATIONOG TOU aEPIOPOU atnv umoéia (ventilatory
acclimatization to hypoxia-VAH) kal ogeiletan og S1a-
(POPOUG VEUPOPIOAOYIKOUG INXAVICHOUG TTOU ETTIPEPOUV
pia au€npévn TAACTIKOTNTA, TOOO OTO EMMeSO TWV TTE-

PLPEPIKWV XNHEIOUTTOSOXEWV OTA KAPWTISIKE CWUATLA,
600 Kal 0To €MiMed0 TWV AVATIVEUCTIKWV KEVTPWV OTO
Kevtpiko Nevpiko X0otnua (KNX). H mpoyevéotepn Oe-
wpia ocbpEwva pe Tnv omoia n petafoAr Tou pH tou
gykepalovwTiaiou uypou (ENY) emnpeadlel Tnv ekpdpTion
TWV KEVTPIKWV XNUEloDmodoxéwv Sev emPBePalwdnke
TEIPAMATIKA. AVTIOETWCE, TA TTEPLOCOTEPA TIEIPAMATIKA
Sedopéva ouvnyopouv yia pia avénuévn evaiodnoia Twv
KApWTISIKWY CWHATIWV 0T0 0§UYydVo G CUVONKEG XPOVIaG
unio&iac. Autr o@eileTal: 1. 0€ ONUAVTIKEG IOTONOYIKEG
METABOAEC, OTIWG TTX UTTEPTPOPIA TWV KUTTAPWY TUTTOU |
TWV KAPWTISIKWV CwHATiwV Kal avénon tou aptBpol Twv
Xaopatikwv Slacuvdécewv (gap junctions) peta&l toug,
katimou €xel amodelyBei 6T avéavel Tnv evalodnaia Toug
010 0€uyovo, 2. o€ PLETABOAEC TNC TTUKVOTNTAC Slagopwv
LOVTIKWV KAVOAIWY, OTIWG TLY. EAATTWON TWV KAVOAIWY
kaAiou, avénon Twv kavaiiwy vatpiouv Kat acfeotiov, pe
ATTOTENECHA TNV EUKOAOTEPN EKPOPTION TWV KUTTAPWV
TUmov | Kat petddoon Tou SUVAIKOU EVEPYEING UECW TOU
YAWOO@APUYYIKOU VEUPOU, GE AVATIVEUCTIKA KEVTPA TOU
KNZ, 3. otnv auénuévn ékppaon twv umodoxéwv ET-1 kat
ETa TnG evd0ONnAivng otnv em@dveia twv KUTTApwv | Twv
KOPWTISIKWY OCWHATIWY, UE ATTOTEAECUA TNV AUENUEVN
gicodo aoBeotiov ota KUTTAPA KATOTLV SlEyepang amd
NV evdoBnAivn Kat TEAIKA, TNV TaxUTEPN Kal LoXUpOTEPN
eKTTOAWON. EKTOC amd tnv avénuévn gvaiocbnaoia tng
meplpépelac, gaivetal 6t To KNX avtidpd eukoldtepa
o€ OLUVONKEC xpoviag umoéiag pe auénon Tou agpLopo,
kaBwc¢ n xopriynon dofampapng au€avel melpapatika Tov
QEPIOO CUYKPITIKA E KATAOTAOCELG 0&Eiag avemApKELQG
oe o§uyovo, xwpig va petafaiietal n dpdon Tng ota
KOAPWTISIKA CwUATIO,

Ta mapandvw dedopéva mMPETEL va XpnoIUOTIOLIN-



130

Bouv pe mepiokeyn yla Tnv e§aywyr] CUUMEPACUATWY O
aoBeveic pe XAIM, kaBwg mpoépxovtal amd SlapopeTIKA
TIEIPAMATIKA MoVTENA (Sla@opeTikA €idn melpapatolwwy),
N CUUTIEPLPOPA TWV XNMIKWY AVTAVOKAACTIKWY TOEWY
Slagopormnoleital peta acBevwy, v N MolkINopop@ia
Twv Slatapaxwv 0§uydvwong Kat UNXavikfig Tou mveupova
MTTOPOUV VA TIPOKAAECOUV [N CGUYKPIOIUES ATTAVTHOELG
amo TMAEUPAC TTEPIPEPIKWY XNUEIOUTTOSOXEWVY.

3. Nevpo-oppoviKEC TPoGappOYEC

X e aoBeveic pe XAl o Babuocg tng unoiag sivat avti-
oTPOPWC avaloyog He Ta emimeda TnG vopadpevalivng Tou
mAdopatoc. To id1o 1oxUEl avapopikd e T oxéon adpevahi-
VNG OTO WUIKTO PAEPIKO aipia KAl TOU apTNPIOKOU KOPEGHOU
o€ 0§uyodvo, uTToSNAWVOVTAC pia XPOVIA EVEPYOTTOINCN TOU
ouIABNTIKOU cUOTAMATOC®, MapdAAnAg, Ta emineda Tng
Balompeooivng (AVP) petafBdMovTal avTioTpoga o€ oxEon
ME TI¢ TInéG TNG PaO,, Ot avénuéveg Tipég Balompeaaivng
TIOPOATTEUTTOUV OE Hid TTPORANUATIKI IKAVOTNTA AMTEKKPIONG
0&atog Kal vaTpiou amd TouG VEQPOUECY. Z0U@wva Pe TNV
‘ayyelakn Bswpia’ mepi avantuéng tng 6e&1d¢ kapSlaKig
AVETAPKELAC KAL TOU TTEPIPEPIKOV OIONMATOC O€ AoBeVEig
pe XA, n xpovia umio&ia kat untepkanvia odnyouv o€ pia
TITWON TWV CUCTNUATIKWY TTEPLPEPIKWY AYYEIOKWY QVTI-
OTACEWV PECW SLACTOANG TWV TPIXOEISIKWY OPIYKTAPWV.
To teAikd amoTéheoua gival Hia OXETIKNA LTTO-OYKAIUia
(eNaTTwon tou 6pacTikol evdayyelakol GyKou aipaTog)
ME ouvémela tn Hadlkh KATaKpATnon vatpiou amod Toug
VEQPOUC, AOYW EVEPYOTIOINCNC TOU CUUMABONTIKOU CUOTH-
MATOG, TOU CUCTAUOTOG PEVIVNG-AYYEIOTEVOIVNG Kal TNG
MN-WOoPWTIKNAG Tapaywyng Balo-mpeoaivnc. MapdAnAa,
au€dvetal n CUCTOAIKN TTiECN TNG TTVEUHOVIKAG apTnpiag,
Tnv onoia avtaywvifetal n avnuévn amékKpion Tou KO-
KoL vatploupnTikoL moAunenTidiov (ANP). EvtouTtolg,
auTd TO POPLOo ETTAYEL Hio CUOTIACN TWV CUCTNMATIKWY
petatpiyoeldikwv eAeBISiwy, odnywvtag oe auénuévn
e€ayyeiwon kat SlatpixoelSIKn Slakivnon LypwV €V LECW
TWV OLAPOPETIKWY KUTTAPIKWY SlapePIoUdTwy (10laitepa
KaTd TN Sidpkela emelcodiwv Baptag umoéiag). Me Bdon
Vv napanavw Bewpia, eikaletal 6Ti n ‘Xpovia TVEUUOVI-
KN kapdia’ Sev amotelei pia mpwtomadry kapSlayyelakn
Swatapayn (n kapdiakr mapoxr Slatnpeital EVIumwaolakd
otabepr otn XAM) aAAd pia Katdotaon UTIEPOYKALMIAG
AOYw evepyomoinong TwV AVTIPPEOTIIOTIKWY UNXAVICUWY
KaTakpdAtnong vatpiou.

Ektdg and 1ig oppdveg mou oxetiovtal pe TNV Opol-
00Taoia TOU USATOC KAl TWV NAEKTPOAUTWYV PaiveTal OTL
n XA cuvdudletatl kal pe AANEG OPUOVIKEC HETABONEG
TTOU apOPOUV KUPIwG TN oxéon avaBoAikwy (auéntikn
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OPUOVN, TECTOOTEPOVN) Kal KATABOMKWY OpHOVWV (TTY
BupeoelSeiC OPUOVEC). Z€ UEPIKEC UENETEG EXEL TIEPIYPAPEI
pia kKataotoAn tou dova auénTikig opuévng (Growth
hormone-GH)-auéntikol mapdyovta TUou IVOOUAIVNG-1
(insulin-like-growth factor-1-IGF-1), evi) dA\oL epeuvnTEG
unootnpifouv avénon Tn¢ GH og unmo&aipikol¢ aoBeveic
pe XAr, n omoia amodidetal o€ pia pn €181kn amavinon
TOU OPYQVIOPOU GTO stress, ouvOualOpEVN PE UTIEPTPOPIa
¢ 8€€1A¢ KoINag O€ TapoUGia TTVEVUOVIKAG UTépTaong®.
ZXETIKA UE Ta emimeda Twv T; Kal T, OpHOVWY UTTOOTN-
pietan 611 ouoyetiCovtal Betikd pe tnv Pa0,, €161kd og
aoBeveic pe Bialo ekmvevoTikd dyko (FEV1) <50% Ttou
TTPOPAEMOUEVOU2. TENOC, XapnAd emimeda TEOTOOTEPOVNG
aveupiokovTal og ouvOnKeg xpoviag umoéiag, amodidopeva
O€ OUOTNUATIKA AP KOPTIKOOTEPOEISWY, OE AuénpE-
va eninmeda tou TNF-a kal og eAattwpéva emineda tng
Aentivng, mapayovteg mou avédvovtal oTo TAAIcIo piag
OUOTNMATIKAC PAEYHOVWOOUC ATTAVTNONG KAI TTIPOAYOUV
ToV KaTaoMopo®'.

4. otk ivwon-ayyelakn avadidraén

H xpovia unoéia au€dvel ta enimeda tou mRNA Tou
KOA\ayovou Tumou |V, TN QIUIMPOVEKTIVNG KAl TG Aapvi-
VNG NG e€wkKuTTApLag ovoiag. ISlaitepa, n oTEPAPATIKNA
okAnpuvon Kat n S1apeco-cwWANVAPIAKH iVwon CUVIGTOUV
€va ONUAVTIKO KAVIKO TIPOBANUA Katd Tnv €€€NIEN TG
VEQPIKAG vOoou Tehikol otadiou. O HIF-1 aveupioketat
o€ S1apopa evdoBnAiakd, OTIEIPAPATIKA KAl KUTTAPA TOU
S1dpecou 10TOU TWV VEPPWY aokwvTag pia dittr Spdon.
Agpevég emdyel tnv ékppaon Sla@opwv YovISIaKwyY TPoio-
vTwv mou auvéavouv tnv anddoon ouyovou, Ty epubporol-
Ntivn Kal a@eTépou, Mpodyel Tnv avantuén vwdoug 1oTou
Héow auénuévng EKPPacng Tou auéNnTIKou TapdyovTa Tou
OUVOETIKOU 10TOU (connective tissue growth factor-CTGF),
TOU I0TIKOU avaoToAéd TNG HETAANO-TIpWTEVAONC TUTTOU 1
(tissue inhibit-tor of matrix metalloproteinase 1-TIMP-1) kat
TOU OVAOTOAEQ TOU EVEPYOTIONNTI TTAAGLIVOYOVOU TUTIOU
1 (Plasminogen activator inhibitor 1-PAI-1)>3. EmmAéov, n
METANTWON TWV EMONAIOKWV O€ PECEYXLUATIKA KUTTAPA
(epithelial-to-mesenchymal transition-EMT) péow tou
HIF-1 amotelei évav unxaviopo mou €xel amoTeAéoel Ta
TeENeuTaia Xpovia TTedio eVTATIKNG €pEuVAC, KABWC EXeL
OUOXETIOTEI JUE TNV KOPKIVOYEVEDT KAl TNV auénuévn ivwaon
oTN XPovia vepplikn avemdapkela (XNA)>-,

Daivetal 6T n unoéia emayel éva cUVolo and emmAéov
avéntikou¢ mapdyovteg, 6mw¢ o TGF-B1 ota pecayyel-
KA KUTTOPA, 0TOUG SEPUATIKOUC IVOBAACTEC Kal oTa
nmatokUTTapa Kat n ooteomovtivn (OPN), n omoia pa
XNMUEIOTAKTIKE évavTl Twv PovoTTUPNVWV/UAKPOPAYWY
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KUTTAPWV OTOUG TOTTIKOUG 1oTouG. Tooo o TGF-B1 éoo
kat n OPN avaotéhouv tnv mapaywyri Tou NO kat Sie-
yeipouv TV kuttapiki avantuén, tn Slagopomoinon Kat
TNV mapaywyn e€wkuttdplag ovciac®. Tnv idla oTiyun, n
umro&ia avaoTéAeL T SlapKwE ekppalopevn evdoBnAiakn
ouvBetdon tou NO (eNOS) Kal TTpoAyEl TNV AYYEIOCUCTIA-
oTikr dpdon g evdoBnAivng 1 KAl TOU AIPOTIETAAEIOKOU
avéntikov mapayovta B (PDGF-B), Toug omoioug avtayw-
viCetai to NO, umo @uatoloyikég ouvOrkec. OLmapamavw
pnxaviopoi mpodyouv tnv ayyelakn avadiata&n kai tnv
UTTEPTPOPIA TWV AEIWV MUKWV KUTTAPWVS.

O auénTikd¢ mapdyovtag Tou ayyelakou evdobniiou
(vascular endothelial growth factor-VEGF) eivau évag akopun
TTOPAYOVTAC TTOU EMTAYETAL O€ CUVONKEC Xpoviag umoiac.
Mapdyetat we emi Tw mMAgioTov amd ta Agia puikd KUTTapPA
TOU TOIXWHATOC TWV ayyeiwv Kal aokei auéntikn mapa-
Kpvr) 6pdaon emi Tov evdoBnMiakwv Kuttdpwv. EvtouTolg,
@aivetal 0TI o ouVOrikec uo&iag emdyeTal n €kPPAcn Tou
VEGF ota idla ta evdoBnAakd KUttapa, cupfallovtac
£TOL € TTEPIOOOTEPO ATTIOTEAECUATIKO TPOTIO OTN VEO-AY-
yeiwon. Mpdopateg melpapatikég peAéteg umootnpiouvv
OTL 0 UNXAVICUOC auénuévng mapaywyng tou VEGF givat
TTIOAPOMOLOG E TOV AVTIOTOLXO HNXAVIOUO TTOU SIETIEL TV
nmapaywyn ¢ epuBpomointivng (EPO). MBavoloyeital
o1t n unoéia petatomilel Tov 6100&vr 6idnpo amod Tov
TTOPPUPIVIKO SAKTUAIO piag alpompwteivng, 'KAeldwvovTag
NV €101 o€ pia avayBeioa popen. H mapamndvw petafBoin
eMPEpeL auénuévn mapaywyr] aAAd Kal EKKpLon T0G0 TNG
EPO 600 kat tou VEGF. MapdA\nAa, n uno&ia avédvel tnv
ékppaon Twv umodoxéwv Tou VEGF ota evdobnhiakd
KUTTOPQ, EVIOXUOVTAG €101, HEOW auTtokpvoug dpdong,
N A&IToupYIKOTNTA TOU™,

5. Tovibiakég petarhaderg

O xpovieg UTOEIKEG KATAOTACELG LTTOPOUV ETTIONG VA
TIPOAYOUV Mia veoTAaoUaTIKN e€gpyacia péow yovidi-
OKWV JETARBOAWY OTA KAPKIVIKA KUTTAPA KAl EMMAOYNG
OUYKEKPIUEVWY KAWVWVZ, H umoia, pe ) xwpig emava-
o&uydvwon mpokalei aotdBela Tou YovISIWUATOC UECW
ONUEIOKWV UETAANAEEWY, YOVISIOKWY EVIOXUOEWV Kal
XPWHATOOWHIKWY avakatataéewv. H évdeia o§uyovou
pmopei emiong va odnynoet og petafolikég PAAPeC Twv
Baocewv tou DNA, avemapkn emdidpbwor Toug, Addn
KATA TNV avtiypa@n A kat 6Aha padi, Adyw tou o&eldwTikol
stress. H mmo ouyvn and autég Tig petaldéelg eival n ma-
paywyn tng 8-udpofuyouvavivng, n omoia éxel amodeiyOei
o1t ouvbéetal A\avBaopéva pe Tnv adevivn kat odnyei o
avaotpo@éc Tumou G:C mpog T:A. PA&elg Twv VoukAe-
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oTISIKWV aAUowv pmopei va cupolv we amoTtéleoua
avénuévng EKppaong piag evdoyevoug evOOVOUKAEAONC.
H kataAnktikn emidpacn Twv mPoKAAoUUEVWY aTIO TNV
uno€ia petara&ewv sival pia avénon otov aplOuo dia-
POPWV YOVISIOKWV TApAAAaywV TTOU aoKoUV pia loxupn
EKAEKTIKN TTIEON OTA KAPKIVIKA KUTTAPA®S>,

6. Muikn aduvapia kat amwAewa Bdpoug

H kaxe&ia Stapopomoleital and tn vnoteia Adyw Tng
EKAEKTIKAC AMTWAELAC TNG MUTKAC Hadag évavTi Tou Airmoug,
TOU TIPWTEIVIKOU UTTEPKATABOAICHOU Kal TNE amouaciag
andvtnong ToU opyaviopoL o€ OpenmTikéG TTapeuPa-
oe1c®. Méxpl mpooata n kaxe€ia oe aoBeveic pue XAl
npoodlopiovtav pe Baon Tov owpatiko Seiktn palag
(BMI <21 Kg/m?). EvtouTolg, n xprion tou deiktn kabapng
owpatikig palag (Lean body mass index-LBMI) gaivetal
meploooTepo adlémotn kabwce dev emnpedletal amod tnv
avaloyia AMimoug 0Tn GUVOAIKI cUOTACN Tou cwuatoc®'. To
YEYOVOG OTL u6vo 1 oToug 4 aoBeveic pe XA epgavifouv
ATTWAELA PUIKOU LOTOU TIAPATTEUTTIEL OTNV UTTAPEN KATTIOLAG
mBOavr¢ yeveTikng mpodiabeong yia tnv ekdAwaon Tou
ouVSPOUOU. NPOOPATEG EPEVVEG £XOUV CUOYETIOEL TNV
EUQEAVION TOAUMOPPIOUWY 0TO Yovidlo Tn¢ IL-1 kal Tou
unodoxéa tng Bpadukivivng pe Tnv avamtuén kaxe&iag®>+,
2Tou¢ MBavou TaBoYeVETIKOUG UNXAVIOUOUG TTEPIAAL-
BavovTtal kupiwg n aptnplakn umofalplia, N CUCTNUATIKA
@Aeypovi, T0 0&eIdWTIKS stress Kal SIAPOPEC OPLOVIKEC
MeTABONEC.

KaBe xpdvia vooog xapaktnpiletal amod v mapouasia
piag xapnAou Babuol umeppAeypovwdoug avtidpaong
mou cuvodevetal and avénuéva emineda oto aipa tou TNF
KOl TV IVTEPAEUKIVWV IL-6 ka IL-8. AUTEC OL KUTTAPOKIVEG
UTTOPOUV Va EVEPYOTIOIOOULV 1. TO CUCTNUA OUITTIKOU-
TiVNG-TTPWTEOCWHATOC, 08NYyWVTAC 0 KATABOAMOMS TwV
MUKWV TPWTEIVWV Kal 2. T mapaywyr) Tou NF-kB o omoiog
QAVOOTENAEL TNV £KPPACN TOU PETAYPAPIKOV TTapdyovTa
MyoD, mou Bewpeital amapaitntog yia tn dlagopomnoinon
Kal emdI6pOwaon TWV OKEAETIKWY HUWVSSS”, OL TIPO-QAEY-
MOVWEELC KUTTAPOKIVES UITOPOUV ETTIONC VA EMNPEACOLV
apvNTIKA T puikng pala, pEow TNG TAPAYWYACS TWV ENEV-
Bé¢pwv prlwv ofuydvou (ROS). H tpomomoinon Twv HUikwv
mpwteivwy amod Tn 6pdon twv ROS auédvel tn diaomaon
TouG 0To MPWTESGOWHA. MapdAAnAa, n xpovia uroéia oto
mAaioto Tng XAl cuvdudletal pe eENATTwon Twv emmédwv
TNG TECTOOTEPOVNG KAl TOU au€NTIKOU TTapdyovTta TUTTIou
wvoouAivne-1 (insulin-like-growth factor-1-IGF-1). Autoi
ol 8vo avaBolikoi mapdayovteg Sieyeipouv Tn clvBeoN
TWV HUOIVISIWV Kal aVOOTEANOUV TO CUCTN O OUMTTIKOU-
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ttivng-mpwteoowpatog. Oaivetal 6t n unofia 61d pécou
NG MAPAYWYNG TWV TTPO-PAEYHOVWO WY KUTTAPOKIVWV
avavel Ta emimeda TNG SEOUEVTIKAC TPWTEIVN Tou IGF-1,
n ormoia amoTteAEl PUOIONOYIKO AVACTOAED TOU €V AOYW
mapdyovta, umodnAwvovtag Tnv Umapén piag dtatapaync
otn oxéon avafolkwv Kal KATaBoMKWY HETABOAKWY
odwv (Eikova 3)58%°,

EmmAéov, n xpovia £vdeia ofuyovou, OTwe mapatnpei-
Ta1 o€ aoBeveic pe XAMN evdéxetal va 0dnynoel o€ eEAATTwoN
TWV KUTTAPIKWVY armoBepdtwy og avTio§eldwTIKEG OUaieC (Y
yAoutaBeiovn, Brtapivn E, Siopoutaon tou unepofeidiov,
kataAdon). O mapamavw PNXaviopog, o cuvouacud pe
TNV TTEPIOTACIAKA AuEnpévn QUOIKK) AOKNON UIMOPEL va
TPOKOAEDEL pia Tapodikn é§apon oTnv mapaywyn Twv
ROS, Tomikd i and ta meppePIKA HOVOKUTTAPA TOU dipa-
TOG Kal va 08Ny oEl 0 HUTKA MPwTeOALON Kal LETABOARA
OTNV IOTOAOYIA TWV MUKWV VWV 70,

Eid1kd o€ autr TNV Katnyopia acBevwy, mapatnpeital
Mia peTafoln Twv UKWV vwv Baptag alvoou (MyHC)
Tunou | og iveg Tumou llb atoug epLpepLkoUg PUEC, uTTo-
SnAwvovtag pia avénon ¢ YAUKOAUTIKNG IKavOTNTAG
Kal ENATTWon Tou 0&eIdWTIKOU PETABOAIGHOU, UE TTAPAA-
AnAn anwA&ld TNG IKAVOTNTAG Yia avtoxrj otnv KOTmwon.
Evtoutolg, oto Sidgpayua epgavifovtal ol avtioTpoPEC
Siepyaoiec pe petafoAn twv vwv tumou llb og iveg Tumou
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EIKONA 3. MBavoi pnxaviopoi kaye&iag oe aoBeveic pe XAr.
Yuotnuatikoi (TNF, auéntikoi mapdyovTeg) Kat Tomkoi ma-
pdyovteg (akivnoia, o&éwan) aAANAeMEPOUV TTPOKAAWVTAC
MPWTEVIKS KataBoliouod (8¢ To Keipevo yia eme€rynon).
Ub=oupmikovitivn, MHC=Bapid dAucoc puoaivng, TNFR 1 & ll=
Ynodoxeic | & Il tou Tumor Necrosis Factor, IGFR=unodoxéag
tou insulin-like growth factor).%®
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[, odnywvtag o avfnuévn IkavotnTa 0&eIOWTIKOL PETA-
BoAlopoU pe pia TEPIOOOTEPO AVOEKTIKN OTNV KOTIWON
OANA AlySTEPO TTIPOCAPHOOTIKA OTNV QapolOueVn TAoN,
AEITOUPYIKNA HUIKA pop@oAoyia’. EKTdC amd TiC PeTaBoAég
0TOoUC S1APOPOUC UMOTUTTOUC TWV MUKWV VWYV, TTpOo@paATA
nelpapatikd dedopéva @aivetal va cuvnyopouV UTIEP
piag avtiotpo@ng cuoxETiong PeTa&l Tou BMI KaxekTIKwv
aoBevwv pe XA kat S1dgopwv SEIKTWY ATTOMTWONG TWV
OKEAETIKWV HUWV, TTPOCBETOVTAC £TOL évav aKOuN MOavo
pnxaviopd avamntuéng tou cuvdpopou TG Kaxeiag o
ouVOKeg xpoviag umoiag’'.

Otmapamdvw peTaBoléc otnv oeIdWTIKNA IKAVOTNTA
KQlL TN MUTKI) 0UOTAON TWV OKEAETIKWV HUWV EXELTTIPOOPA-
Ta amodeixOei 0TI eEhéyxovTtal i eMnpedlovtal GNUAVTIKA
amo TNV €KPPaon Kal SPACTIKOTNTA TNG OIKOYEVELAC TWV
peroxisome proliferator-activated receptors (PPARs).
Autoi mephapuBdavouv TPEIC ICOHOPPEC, TOUG a, /6 Kal
Y, M€ S10(pOPOTIOIOUEVN EKPPACT aVA IOTO KAl EKAUTIKO
mapdyovta. O pOAo¢ TouG cuvioTtatal oTn PETAYPAPN
Slapopwv yovidiwv mou oxeti(ovtal e ToV HETOPOAL-
oud Twv Aimdiwy, TN eAeypovwdn amavtnon Kal tnv
Kuttaptkn Stagopormoinon’. Mo ocuykekpluéva, ol PPARs
kat 1dlaitepa o PPAR-6 epgavifouv auénuévn ékppacn
OTOUC TTEPIPEPIKOUC MUEC, EMAyovTag Ta yovidia mou gival
urreBuva yia Tnv B-oeidwon twv Aimapwv oféwv, Tnv
0&eIOWTIKN PWOPOPUNIWaN (T1.X. KITPIKI CUVOETACN) KaL TN
prtoxovéplakn Bloyéveon. NMapdAAnAa, n mepIEKTIKOTNTA
o€ PPAR-a auv&dvetal pe Tnv doknon, cupBailovtag £tot
otnVv avénuévn oeIOWTIKN IKAVOTNTA TWV MUKWV VWV,
UETATPEMOVTAC TIC YAUKOAUTIKEG iveg O 0&eIOWTIKEC.
‘Exouv emiong meplypa@ei avtipheypovwdelg Spdoelg
TWV CUYKEKPIUEVWY UTTOSOXEWV, HEOW pEeiwang Tne Spa-
oTtikotnTag Tou NF-kB Kkat tng emakoAoudng mapaywynig
TTPO-PAEYHOVWOWV KUTTAPOKIVWY AAAA KAl UECW PEIW-
pévng mapaywyng eEAeuBépwv ptlwv o§uydvou. EmimAéoy,
n evepyomoinon tou PPAR-a amd moAu-akdpeota Aimapd
o&éa auavel Tnv mapaywyn S1a@opwv avTio&eIdWTIKWV
evQUpwy, OTTWCE N KATaAdon Kal n Slopoutacn Tou uTe-
poée1diov”>7e,

MoANoi cuyypa@eic €xouv SIAMIOTWOEL Lia CNUAVTIKN
peiwon TN mepLeKTIKOTNTAG TWV PPAR-a Kat PPAR-6 oTou¢
TIEPIPEPIKOUC HUEC aoBevwv pe XAT kat idlaitepa o€ aoOe-
VEiC pe kayeia, o€ Ox€on Ue QUOIOAOYIKOUG eVAAIKES.
®aivetal ot1 n umoia kal n xpdvia PAeyUovH HECW TOu
HIF-1 kat Tou TNF-a avtioTtotxa, aAAd kat o Tpomog (wng
TWV OUYKEKPIPEVWY aoBevwv emnpedlouv apvnTikd Tn
OUYKEVTPWOT] TOUG, LELWVOVTAG £TOL CNUAVTIKA TN HUIKA
0&eldWTIKY IKAVOTNTA Katl 08dNYWVTAG OE UITOXOVOPLaK
Suoheltoupyia’s’879,
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2YMMEPAZMATA

H xpovia umro&ia ouxva euBUveTal yIa TIG TTEPIOCOTEPES
OUOTNMATIKEG EKONAWOELG TNG XAT, Kal @aiveTal 0TI oXe-
TiCetal arttioAoyikd pe pia nma @Aeypovwdn avtidpaon,
pe Satapayri Tou 10ofuyiou VEATOG/NAEKTPOAUTWY KAl
NG ox€oNG avafoAkwv/KaTaBoAKWY OPUOVWY Kal UE
MUiKn aduvapia mou pmopei va odnyrnoet otnv avamtuén
kaye&iag. Evtatikn épeuva ta teheuTaia xpovia €xel ava-
Oeiel TN ouppeToX MTOAATTAWY HOPIWV TTOU EVEXOVTAL
og S1aYOoPOoUC KUTTAPO-TIPOCTATEUTIKOUG UNXAVIOUOUG
€€QIPETIKAC TOAUTTAOKOTNTAC O GUVONKEC UTToiag, aAAd
Kal evdexopévwg emnpealouv TNV OUOLO0TACIN TOU 0pYa-
VIOHOU Péow TNG EKSAWGONG Tou ‘GUVEPOOU TNE XPOVIAC
ATTOPPAKTIKNG Tveupovomnddelac. Eidikotepa, n xpovia
unto€ia umopei va mpokaAéoel eETABOAEC TNG YOVISIAKNG
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£€K@PAOoNG. 2& S1aPOPETIKOUG I0TOUG KIvnToTTolouvTal
Slapopetika yovidia, evtoutolg o HIF-1a, wg o KUplog
OUVOAIKOC pUBUIOTAC TNG opolooTaciag Tou o§uyovou,
ek@paletal e dAa Ta KUTTAPA KAl KIVNTOTIOIEl TTpOoCap-
HOOTIKOUG Kat SUCTIPOCAPHOCTIKOUG UNXAVIOPoUG. Ta
SeSopéva TWV TIEIPAUATIKWY UEAETWV TTOU TTAPOUCIA-
OTNKAV OE AUTH TNV AVAOKOTTNON avadeikviouv TO TTWG
n Baoikn épguva pmopei va SIaAEUKAVEL TTOAUTTAOKOUG
OMOLOOTATIKOUC UNXAVIOHOUE, avoiyovTag véoug SpOouC
0TN O€PATTEVTIKN AVTIHETWITION TTOAAWV SlaTapaxwy mou
ekdnAwvovtal katd TNV €€EMEN XPOVIWY VOOUATWY
omnwg n XAr.
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SUMMARY. Reduced oxygen delivery to the tissues (hypoxia) induces a
variety of different rescue mechanisms during acute and chronic states
of oxygen cell deprivation. Mitochondria are the site where major
protective biochemical processes are orchestrated. The reduction
in reactive oxygen species (ROS) formation and in the intracellular
uptake of calcium is achieved through changes in the electron
transport during oxidative phosphorylation. Chronic oxygen lack
results in more permanent alterations of cellular metabolic functions
through the regulation of different genetic elements affecting the
activity of many enzymes via post-translational factors, such as
hypoxia-inducible factor 1 (HIF-1). Different rescue mechanisms
involved during chronic hypoxia are responsible to a greater or lesser
degree for the majority of systemic manifestations of the‘syndrome’
of chronic obstructive pulmonary disease (COPD). The modulation
of vascular tone in both systemic and pulmonary circulation, the
increased retention of sodium and water from the kidneys, the chronic
muscular fatigue and cachexia, and the chronic subtle inflammatory
reaction in patients suffering from COPD are related to a complex
network of intracellular and systemic interactions, which has recently
been the topic of intensive basic research. The aim of this review is
to describe the different adaptative mechanisms engaged at the
cellular micro-level during hypoxia and their interconnection with
the major clinical manifestations of COPD at the macroorganism
level. Pneumon 2008; 21(2):134-144

INTRODUCTION

Experimental and clinical studies have shown that specific biochemical
and molecular pathways are involved in cell tolerance to acute and chronic
oxygen lack. Hypoxic states of the human tissue are among the most com-
mon and dangerous diseases of modern times, including chronic obstructive
pulmonary disease (COPD). These states result from disturbed oxygen sup-
ply to cells, which becomes insufficient to meet their metabolic demands.
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It is of note that tissue protection mediated by chronic
hypoxia is quite different from that of acute oxygen dep-
rivation. A description of cell injury effects due to acute
and chronic hypoxia is necessary in order to understand
the adaptative and maladaptative mechanisms that are
activated during chronic states of oxygen lack and which
appear to be responsible for the majority of the systemic
manifestations of COPD.

CELLULAR EFFECTS OF ACUTE AND CHRONIC
HYPOXIA

1. Hypoxia-induced cell protective mechanisms

Mitochondria are the site of the biochemical processes
involved exclusively in cellular survival or death under
conditions of hypoxia-mediated oxidative stress. All the
major biochemical and metabolic alterations activate
specific signal transduction pathways which stimulate
the nuclear response to oxidative injury. In recent years it
has been assumed that a so-called ‘oxygen sensor’would
be involved in the mitochondrial response to chronic and
acute hypoxia'. There is substantial evidence implicating
mitochondrial electron transport enzyme complexes
(ETC) as the specific target of molecular oxygen altered
availability?.

Cytochrome oxidase (COX), that gives electrons from
cytochrome c to oxygen, is prone to morpho-functional
adaptation to altered oxygen concentrations. In the first
place, hypoxia inhibits the electron transport chain at
the inner membrane of the mitochondria. As a result,
the lack of oxygen inhibits the transport of protons and
thereby causes a decrease in the membrane poten-
tial. The final result is a reduction in ATP synthesis, with
parallel hyperpermeability of the inner mitochondrial
membrane, which leads to the release of Ca** (membrane
permeability transition pore-MPTP) and cytochrome c,
through activation of the proteins Bax or Bak. The above
mechanism can activate enzymes called caspases, which
are involved in programmed cell death (apoptosis)**. In
addition to energy deprivation, reactive oxygen species
(ROS) generation contributes to hypoxia induced apop-
tosis® (Figure 1). In contrast to the pro-apoptotic effects of
hypoxia, cells can become resistant to apoptosis during
hypoxia. It is assumed that the translocation of the pro-
apoptotic protein Bax to the mitochondria is inhibited.
At the same time, oxygen lack through ROS generation
activates the transcription factor'nuclear factor kB’ (NF-kB)
which induces an augmented production of the protein
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FIGURE 1. Mitochondrial injury mechanisms during oxidative
stress. ATP depletion is responsible for the hyperpermeability of
the inner mitochondrial membrane, which leads to the release
of Ca** (membrane permeability transition pore-MPTP) and
cytochrome c. The latter mechanism can induce programmed
cell death (apoptosis).

‘inhibitor of apoptosis protein 2’ (IAP-2)%7.

Despite the above mechanisms of cell injury, oxygen
lack stimulates adaptative responses to hypoxic cells.
Oxidative stress and increase in Ca** concentrations dur-
ing hypoxia and/or ischaemia stimulate endothelial nitric
oxide (NO) production. Because of its gaseous nature,
NO diffuses into the cell mitochondria and binds to the
reduced form of cytochrome as . This is the same site and
the same form of the enzyme to which oxygen binds. As
a result, COX activity is inhibited, and this inhibition is
competitive with oxygen but reversible when oxygen
concentrations are restored. In conclusion, therefore, the
hypoxia induced NO generation and the subsequent partial
inhibition of cytochrome leads to a metabolic adaptation
of the enzyme to the lower molecular oxygen availability.
This mechanism can be considered as a limiting factorin
the hypoxia-induced ROS mitochondrial generation®°.
Furthermore, recent experimental studies describe a
dual role for NO concerning mitochondrial function, as it
reduces oxygen consumption and at the same time, nega-
tively affects the electron flow through COX by increasing
production of O,. In states of oxygen lack, NO induces
an instantaneous change of mitochondrial membrane
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potential due to increased production of ROS. O, through
superoxide dismutase (SOD) is converted to H,0, which
positively affects the activity of other cell-protective
enzymes, in a direct or indirect way. One such enzyme
is the kinase of monophosphate adenine (AMPK) which
increases cellular uptake of glucose and the glucolytic
metabolic pathway during hypoxic states, leading to a
positive effect on cellular energy balance'.

However, despite protective effects on mitochondrial
metabolism, prolonged NO action can induce non-revers-
ible inhibition of COX, through formation of peroxynitrite
(ONOO), which is the product of a reaction between NO
and H,0, and is considered responsible for the nitrosyla-
tion of tyrosine residues in different structural proteins of
the cellular skeleton, such as actin, leading to alterations
in cellular architecture. In conclusion, NO action can be
considered as both adaptative and maladaptative'2

During states of acute oxygen deprivation, there is
also a down regulation of Na/K ATPase activity in order
to sustain a reduced energy turnover state. This large
scale drop in Na/K ATPase activity (10%) does not alter
electrochemical gradients, due to a similar decrease in
cell membrane permeability (channel arrest)'s.

Apart from NO generation, hypoxia induces the re-
lease of adenosine nucleotide in cytosol with consequent
stimulation of adenosine A1 receptors. Adenosine and NO
play a crucial role in the translocation and activation of
membrane protein-kinase C (PKC). In the inactive state,
PKC is only loosely associated with membrane lipids.
Activation results in PKC membrane association. During
hypoxia all damaging factors (generation of oxidants,
ATP depletion, Ca** overload) activate the PKC isoform
which phosphorylates serine and threronine groups in
mitochondrial membrane channel proteins, leading to
activation of ATP sensitive potassium (K*ar) channels.
A number of reports suggest that these channels play
an essential role in cell adaptation to chronic hypoxic
states'*'®, The activation of sarcolemmal and mitochon-
drial K* xrp channels results in a shortening of the action
potential duration (APD) with significant reduction of Ca**
influx and attenuation of mitochondrial Ca** overload. It
seems relevant to underline that it is becoming increas-
ingly evident that hypoxia induced endogenous NO
generation is implicated in the opening of K*xr» channels.
The above mechanisms appear to be very important for
cardio-protection and limiting infarct size during chronic
hypoxia'”'8. However, it appears that cardioprotective
mechanisms are species-dependent. Another possible
link between chronic hypoxia and opening of K*ar» chan-
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nels, especially in cardiac cells, appears to incorporate
ROS generation™.

During alveolar chronic hypoxia, potassium and cal-
cium channels are recognized to have a much more
complex role related to the pathogenesis of pulmonary
hypertension. At the cellular level, oxygen lack produces
membrane depolarization of pulmonary arterial smooth
muscle cells (PASMC), due to reduced density and activity
of voltage-gated potassium channels. The resulting in-
crease inintracellular K* appears to promote proliferation
of PASMC, due to an inhibition of their apoptosis, whereas
a parallel augmentation in intracellular Ca?* induces an
upward shift in pulmonary vascular tone and a trend
towards increased response in vasoconstrictive inputs.
Intracellular calcium change depends on two mechanisms:
1) depolarization causes calcium release from sarcoplas-
matic reticulum through the inositol phosphate 3 (IP3)
pathway, and 2) hypoxia itself up-regulates canonical
transient receptor potential (TRPC) proteins which may
facilitate Ca?* uptake from PASMC, leading to proliferation
of the muscle cells in the pulmonary vessels®2'.

2. Changes in gene expression: HIF-1 and other factors

Other key mechanisms of cell adaptation to hypoxia
include more permanent alterations of metabolic functions
through regulation of various gene elements. The most
significant regulator of oxygen homeostasis is the hypoxia-
inducible factor-1 (HIF-1). Its activity is induced by oxygen
lackin all nucleated cell types via a novel posttranslational
mechanism and it plays critical roles in the response of
the cardiovascular and respiratory systems to hypoxia.
HIF-1 is a heterodimeric protein composed of HIF-1a and
HIF-18 subunits. HIF-1a regulates the transcription of an
extensive repertoire of genes, including many involved in
angiogenesis and vascular remodelling, erythropoiesis,
metabolism, apoptosis, control of ROS, vasomotor reac-
tivity and vascular tone and inflammation?. HIF-1a alters
the transcription of these genes by dimerizing with the
aryl hydrocarbon nuclear translocase (ARNT or HIF -1f3)
and then binding to specific hypoxia response elements
(HREs) in their regulatory regions. The final response is
transcriptional activation, coordinated by recruitment of
the p300 co-activator. The major mechanism coordinat-
ing the effects of HIF-1a on gene expression with oxygen
availability involves the posttranslational regulation of
HIF-1a abundance. Under normoxic conditions, HIF-1a
undergoes propyl-hydroxylation, which produces a bind-
ing site recognized by the von Hippel-Lindau protein (VHL).
VHL is a subunit in an E3 ubiquitin ligase complex that
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polybiquitilates HIF-1q, thus targeting it for rapid destruc-
tion by the proteosome. When oxygen is less abundant,
propyl-hydroxylation does not occur and consequently
VHL does not bind to HIF-1a. As a result, HIF-1a associates
with ARNT, binds the HRE in hypoxia-responsive genes
and alters their transcription®2,

Recently, many experimental studies have uncovered
the significance of NO and HIF-1 interactions, in states both
of normoxia and oxygen lack. In the first case, it appears
that NO through a reaction with Fe?* of propyl-hydroxylase
(PHD), stabilizes HIF-1a, whereas in the second case, the
final outcome depends on NO concentration. In states of
low NO levels (<400 nM) there is a destabilization of HIF-
10, contrary to what happens in cases with increased NO
concentration. It appears that mitochondrial respiration
inhibition during low oxygen levels increases its availability
within the cell, resulting in PHD activity regain and HIF-1a
degradation within the proteosome. Furthermore, HIF-1a
itself depresses mitochondrial function via inhibition of
pyruvate dehydrogenase and Krebs cycle reactions, with
a subsequent reduction in oxygen use, whereas at the
same time, it induces NO synthase (NOS), integrating in
this way with a negative feedback loop?.

The role of HIF-1a in mitochondria has proved to be
even more complex, as it can affect cellular adaptation
in hypoxic states through an up-regulation of pyruvate
dehydrogenase kinase 1 (PDK 1), lactate dehydrogenase A
(LDHA), and the COX4-2 subunit of cytochromic oxidase.
PDK 1 inhibits pyruvate dehydrogenase through phos-
phorylation and blocks pyruvate conversion to acetyl

TABLE 1. Known HIF-1 target genes (gene products).?
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CoA. Combined with LDHA activity, which facilitates
pyruvate-lactate interconversion, both enzymes induce
less production and transfer of NADH and FADH; in the
electron reaction chain during oxidative phosphoryla-
tion, due to a reduced availability of acetyl CoA in the
Krebs cycle. The final outcome is lower ROS production.
In addition, HIF-1a up-regulates the COX4-2 subunit
and ameliorates COX activity during hypoxia, while at
the same time it degrades the COX4-1 subunit that pre-
serves a pivotal role in normoxic states, via induction of
a mitochondrial protease?.

The HIF-1a can mediate adaptations to hypoxia
through increased expression of vascular endothelial
growth factor (VEGF) to promote angiogenesis, glucose
transporter 1 (GLUT-1) to enhance glucose uptake, glyco-
lysis-associated enzymes to facilitate glucose metabolism
and erythropoietin to enhance haematopoiesis and to
increase oxygen carrying capacity (Table 1)%.

3. Cell death and chronic inflammatory response

Chronic hypoxia appears to induce the local rennin-
angiotensin system (RAS) in various organs such as the
kidney, the lung and the heart, through stimulation of
gene elements responsible for angiotensinogen and
angiotensin receptor subtypes AT 1 and AT 2.The up-regu-
lation of the latter subtype is associated with increased
apoptotic cell death due to augmented ROS production,
via the increased activity of NADPH oxidase*?3°. HIF-1a
can also result in apoptosis by stabilizing the product of
the tumour suppressor gene p53. This protein induces
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apoptosis by regulating Bax protein activity?®.

It has been demonstrated that hypoxia acts via a
signalling pathway common to that used by TNF and
IL-1. Both these cytokines transmit signals through the
sphingomyelin (SM)-ceramide cycle, in which ceramide is
generated from membrane SM with eventual activation
of different kinases and phospholipases, and with final
activation of NF-kB production. This factor consists of a
p50-p65 protein complex that remains outside the cellular
nucleus and is connected with the inhibitory protein IkB.
The phosphorylation of this protein in hypoxic states, along
with increased ROS production facilitate its degradation
within the proteosome and permits p50-p65 protein
complex dimmer to enter the nucleus. The net result of
these reactions is the induction of many different gene
products associated with immune function, the pro-duc-
tion of pro-inflammatory cytokines and the generation
of a systemic inflammatory response through their auto-
crine, paracrine and endocrine actions®'. At the cellular
level, NF-kB is considered to be survival factor because
it can inhibit cell apoptosis through an up-regulation of
the bcl-2 protein and the inhibitor of apoptosis proteins
1 and 2 (IAP-1,IAP-2). However, it can induce apoptosis
as well, via increased Fas ligand expression (NF-kB para-
dox), depending on the nature of the triggering factor.
Furthermore, inhibition of its action before priming with
an inflammatory stimulus can be considered as a rescue
adaptative mechanism and is attributed to the competi-
tive action of heat shock proteins (HSPs) on connection
to the nuclear DNA (HSP paradox)3.

This factor is also responsible for the transcription of
a target gene that encodes cyclooxygenase-2 (COX-2),
which subsequently activates the genes for matrix met-
alloproteinase 23, The clinical significance of the above
mechanisms could be relevant to increased cardiac, renal
and even pancreatic injury from apoptotic or necrotic cell
death during chronic hypoxia states.

SYSTEMIC EFFECTS OF CHRONIC HYPOXIA IN
COoPD

1. Systemic and pulmonary circulation alterations

The most significant clinical condition that is associ-
ated with chronic cell oxygen deprivation is COPD. In
the state of oxygen lack and hypercapnia the systemic
circulation exhibits attenuated vasoreactivity after pro-
longed hypoxic exposure. The response to phenylephrine
is significantly reduced in animal models and in humans
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during chronic hypoxic states. Although acute hypoxia
through hyperpolarization of vascular smooth mus-
cle cells (VCMs) induces a reduction in Ca*™ influx after
phenylephrine administration during chronic hypoxia
and on restoration of normal oxygen stores, myogenic
vasoconstriction remains blunted>>3, It appears that an
endothelium-dependentinfluence is responsible for VCMs
hyperpolarization. Various studies suggest that the most
significant factor is HIF-1a induced heme oxygenase-1
protein (HO-1), the actions of which include degradation
of heme and production of biliverdin, which has anti-
oxidant properties, and carbon monoxide (CO), which
diffuses through membranes due to its gaseous nature and
induces vasorelaxation, in he same way as NO*-’. Despite
reduced vessel constriction, chronic hypoxic states do
not differ from controls in terms of mean blood pressure.
This somewhat surprising finding may result from in-vivo
mechanisms that compensate for decreased vasocon-
strictor sensitivity. It appears that low PaO, increases the
sensitivity of peripheral chemoreceptors to hypoxia and
accounts for a sympathetic overactivity during chronic
hypoxia in COPD. Other possible mechanisms include
an increased blood viscosity due to a high haematocrit
and increased NO scavenging due to enhanced blood
haemoglobin levels38%,

Apart from the contradictory effects of hypoxia in
different vascular beds, it appears that the pulmonary
circulation is altered in a more sophisticated way during
COPD.The results of many animal laboratory experiments
indicate that apart from HIF-1a there are other proteins,
named HIF-2a and HIF-3q, with sequence similarity to that
of HIF-1a. These proteins were shown to dimerize with
HIF-1B and bind to the same DNA sequence as heterodim-
ers containing HIF-1a and HIF-1{. Their role in pulmonary
hypertension remain elusive but it appears that hypoxia
induces depolarization of pulmonary arteriolar smooth
muscle cells (PASMC) either through HIF-1q, resulting in
membrane Ky channel de-activation and increased Ca**
influx, or through HIF-2a, which induces production of
endothelin 1 (ET-1) within the pulmonary arteriolar en-
dothelial cells (PAEC). ET-1 is secreted by the above cell
type, binds to endotheline type A receptors located on
the PASMC and stimulates membrane depolarization and
hypertrophy (Figure 2)*4.

Apart from depolarization of PASMC, hypoxia appears
to influence their proliferation through induction of cyto-
chrome oxidase-2 (COX-2), which may subsequently lead
to the production of anti-proliferative prostaglandins PGE,
and PGL*'. The superfamily of transforming growth factor
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beta-TGF-bs includes different proteins that are secreted
by PASMC during hypoxic states. Recent experimental
results have confirmed their impact on COX-2 induc-
tion and their preventive action on pulmonary vascular
smooth muscle cell proliferation, which is favoured by
low oxygen levels*. In addition, the combination of TGF-
beta and hypoxia facilitates endothelial cell apoptosis in
an additive way*.

Chronic hypoxia not only results in pulmonary hyper-
tension and remodelling but also affects the levels of atrial
natriuretic peptide (ANP) which has been demonstrated to
behave as a selective relaxant of the pulmonary arteries,
counteracting the pathogenic mechanisms of vasocon-
striction. Various experimental results have demonstrated
that chronic hypoxia during COPD decreases the expres-
sion of natriuretic peptide receptor C (NPR-C), which is
responsible for cellular internalization and subsequent
lysosomal degradation of ANP, and increased ANP release
from atrial myocytes*.

Another well-known biological paradox in pulmo-
nary hypertension is the increased expression of NO
synthase (NOS) isoforms despite increased pulmonary
blood pressure and reduction in NO synthesis. It was
recently reported that in these cases there is an elevated
circulating concentration of the endogenous NOS inhibi-
tor asymmetric dimethylarginine (ADMA), due either to
increased methylation of arginine residues in proteins or
decreased metabolism of ADMA*.

2. The influence of chronic hypoxia on chemoreception

Exposure to environmental hypoxia elicits different
chemoreflexes aimed at increasing ventilation. In states
of chronic oxygen lack the increase in ventilation is higher
compared with that in states with acute (minutes) oxygen

PAEC
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deprivation, at the same level of hypoxia. This phenom-
enon is called ventilatory acclimatization to hypoxia-VAH
and results from neurobiological mechanisms that involve
increased plasticity in the peripheral chemoreceptors in
the carotid bodies and within the central nervous sys-
tem (CNS) that control ventilation. The earlier theory of
changes in the pH of the cerebrospinal fluid (CSF) being
a stimulus to central chemoreceptors was never proved
to be true by experimental research. On the contrary,
most studies support the theory of increased sensitiv-
ity of carotid bodies to oxygen during states of chronic
hypoxia, which can be attributed to: 1) significant cellular
adaptative changes, such as cell type | hypertrophy in the
carotid bodies, along with an increase of the potential area
available for gap junction connections between them,
which have been shown to enhance their sensitivity to
oxygen, 2) alterations in density of different ion currents,
such as decreased potassium channel density, increased
expression of the calcium and sodium channels, leading
to easier and enhanced depolarization of type | cells, and
followed by a more rapid propagation of action potential
through the glossopharyngeal nerve to the CNS, 3) in-
creased expression of ET-1 and ET, endothelin receptors
in type | cells, involving an upstroke of calcium currents
on stimulation with endothelin and finally leading to
more effective impulse production and propagation.
Apart from the enhanced oxygen sensitivity of peripheral
chemoreceptors, the CNS appears to respond more easily
during chronic hypoxia with an increase in ventilation,
as doxapram infusion has been shown experimentally
to elicit a more profound ventilatory response related
than that seen to occur during states of acute oxygen
lack, assuming its action on the carotid bodies remains
unchanged*#’.

HIF-2a — ET1
—\

PASMC

Hypertrophy < HIF-1a —

Increase in intracellular Ca**
Inhibition of K, channel activity
Membrane depolarization

FIGURE 2. Involvement of HIF-1a and HIF-2a in physiological responses of pulmonary arterioles to chronic hypoxia).?*
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These findings must be interpreted with caution when
applied in the clinical setting to patients with COPD, be-
cause most scientific results originate from experimental
settings, with different experimental species. Furthermore,
individual patients have different patterns of chemoreflex
behaviour, while variability in gas exchange and lung
mechanics does not allow differentiation of peripheral
chemoreception responses?.

3. Neurohumoural adaptations

It has been demonstrated that the degree of hypox-
aemia in COPD patients is inversely related to plasma
levels of noradrenaline, while mixed venous levels of
adrenaline are inversely related to oxygen saturation,
implying a chronic activation of the sympathetic system*.
At the same time the levels of arginine-vasopressin (AVP)
vary inversely with PaO,, Increased AVP concentrations
correlate with an impaired ability to excrete a water
and sodium load*. According to the ‘vascular theory’ of
right-sided heart failure and oedema formation in COPD
patients, chronic hypoxia and hypercapnia lead to afall in
total peripheral vascular resistance through dilatation of
capillary sphincters. The final result is an underfilling of
the arterial system, with a reduced effective circulatory
volume, and consequently massive sodium retention by
the kidney due to activation of the sympathetic nervous
system and the rennin-angiotensin system and of a non-
osmotic production of AVP. At the same time, there is an
increase in pulmonary systolic arterial pressure that can
be counterbalanced by the increased release of atrial
natriuretic peptide (ANP). However, ANP can constrict
systemic post-capillary vessels, thereby enhancing fil-
tration and aggravating transcapillary fluid movements
into the tissues, especially during episodes of profound
hypoxia. According to this theory, it is suggested that‘cor
pulmonale’is not primarily a cardiac disorder (cardiac
output remains remarkably normal in COPD) but rather
a condition of volume overload due to the activation of
sodium-retaining mechanisms’.

Apart from alterations in the hormones regulating
water and electrolyte balance in COPD, there are also
changes affecting the anabolic (i.e., growth hormone [GH],
testosterone) and catabolic (thyroid hormones) ratios.
In some studies, researchers have described an inhibi-
tion of the axis GH-insulin like growth factor-1 (IGF-1),
whereas others have provided evidence for an increase
in GH in hypoxaemic patients with COPD, and consider
this change to be a non-specific reaction to various levels
of stress, combined with right heart hypertrophy dur-
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ing pulmonary hypertension®'. Concerning total T; and
T, levels, it has been supported that they are positively
correlated with PaO,, especially in patients with forced
expiratory volume (FEV1) of lower than 50 % of predicted
values®2 Finally, low testosterone levels have been found
during chronic hypoxia, a finding which is attributed to
systemic administration of corticosteroids, increased levels
of TNF-a and reduced levels of leptin, factors enhanced
during a systemic inflammatory response and promoting
catabolism®'.

4.Tissue fibrosis - vascular remodelling

Chronic hypoxia is associated with up-regulation
of the mRNA levels of type IV collagen, fibronectin and
laminin of the intracellular matrix. Glomerular sclerosis
and tubulo-intersitial fibrosis in particular represent
a significant clinical problem in the development of
end-stage renal disease. HIF-1 is located in different
endothelial, glomerular and interstitial cells within the
kidneys and manifests various actions. In the first place,
itinduces gene products that augment oxygen delivery,
erythropoietin, for example, and secondly, it promotes
development of fibrous tissue through an up-regulation
of the connective tissue growth factor (CTGF), of the tissue
inhibitor of matrix metalloproteinase 1 (TIMP-1) and of the
plasminogen activator inhibitor 1 (PAI-1)3. The epithelial-
to-mesenchymal transition (EMT) via HIF-1 has been a
major field of intensive research during recent years, as
this has been associated with tumour progression and
increased fibrosis in chronic renal failure®.

It appears that hypoxia induces a number of growth
factors, such as TGF-B1 in mesangial cells, dermal fibrob-
lasts and hepatic cells and osteopontin (OPN) which
stimulates the influx of monocytes/macrophages into
local tissues. Both TGF-31 and OPN inhibit NO production
and favour cell proliferation and matrix production®. At
the same time, hypoxia per se inhibits the constitutively
expressed endothelial NO synthase (eNOS) and promotes
endothelin-1 and PDGF-B vasoconstrictor actions, which
under normoxic states are counterbalanced by NO. The
above mechanisms favour tissue vascular remodelling
and smooth muscle hypertrophy?®.

The vascular endothelial growth factor (VEGF) is also
up-regulated during states of chronic oxygen lack. It is
produced to a greater or lesser degree by vascular smooth
muscle cells and elicits a proliferative paracrine action on
endothelial cells. However, states of oxygen deprivation
can increase VEGF expression within the endothelial cells
themselves, promoting neovasculation in a more efficient
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way. On the basis of recent experimental studiesas, it has
been proposed that the mechanism of up-regulation of
VEGF resembles the pathway of enhanced erythropoietin
(EPO) expression. It is assumed that hypoxia displaces
Fe?* from the porphyrin ring of a haemoprotein, ‘locking’
itin a deoxy-confirmation. This stereochemical alteration
augments EPO and VEGF production and secretion as
well. At the same time, hypoxia induces expression of
VEGF receptors on the endothelial cells, resulting in more
powerful activity through an autocrine action®’.

5. Gene mutations

Chronic hypoxic states can also favour malignant
progression by means of genomic changes in tumour
cells and clonal selection?. Hypoxia, with or without
re-oxygenation promotes genomic instability through
point mutations, gene amplification and chromosomal
rearrangement. Hypoxia can result in metabolic damage to
DNA bases, insufficient DNA repair, errors in DNA replica-
tion, or both, via oxidative stress. The most abundant of
these mutations is the generation of 8-hydroxyguanine,
which has been shown to mispair with adenine and lead
to G:C to T:A transversions. Strand breaks may also occur
as aresult ofincreased expression of endogenous endo-
nuclease. The overall effect of hypoxia-induced mutations
is an increase in the number of gene variants, exerting a
strong selection pressure on malignant cells*®>°.

6. Muscle wasting and weight loss

Cachexia differs from simple nutritional imbalance
and starvation by the presence of preferential loss of
muscle tissue over fat, enhanced protein degradation and
unresponsiveness to nutritional interventions®. Cachexia
in COPD patients was, until recently, measured using
body mass index (BMI), and defined as BMI <21 Kg/m?.
However, the use of lean body mass index (LBMI) is more
accurate because it is not affected by the fat versus non-
fat contributions to total weight®'. The finding that only
about one in four patients with COPD develops cachexia
implies that there may by a genetic susceptibility to the
development of this syndrome®2 Results from recent
experimental research support the association between
different polymorphisms in the IL-1f and the bradykinin
receptor genes and the development of cachexia®®.
Potential pathogenetic mechanisms include arterial
hypoxaemia, systemic inflammation, oxidative stress and
hormonal deficiency®.

Every chronic disease is characterized by low-grade
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inflammation that is often accompanied by elevated blood
levels of TNF, IL-6 and IL-8. These cytokines can activate:
1) the ubiquitin-proteasome pathway, leading to muscle
protein degradation, and 2) NF-kB production, which
inhibits the expression of MyoD, a transcription factor
that is necessary for skeletal muscle differentiation and
repair®®®’, Proinflammatory cytokines can exert part of
their negative effects on muscle mass by increasing the
production of ROS. The modification of skeletal muscle
proteins by ROS can induce their degradation in the
proteasome. At the same time, chronic hypoxia in COPD
is associated with a reduction in testosterone and IGF-1.
These two anabolic factors stimulate myofibril synthesis
and inhibit ubiquitin-proteasome pathway. It appears
that hypoxia, through the induction of proinflammatory
cytokines, leads to an up-regulation of IGF binding pro-
tein-1, which is a circulatory inhibitor of IGF-1, indicating
that there is an altered relationship between the catabolic
and anabolic pathways (figure 3)%%°,

In addition, chronic tissue oxygen deprivation, such
as thatin COPD and CHF patients, may result in reduced
anti-oxidant status, with low glutathione, vitamin E, su-
peroxide dismutase and catalase, a condition in which
occasional bouts of exercise may cause a burst of free
radicals, either locally or from peripheral monocytes, lead-
ing to muscle proteolysis and histological changes in the
muscle fibres®®7°, In these kinds of patients in particular,
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FIGURE 3. Possible mechanisms of cachexia in COPD. Systemic
factors (TNF, growth factors) and local factors (inactivity,
acidosis) interact in the development of protein degradation.
(See text for explanation). Ub=ubiquitin, MHC=myosin heavy
chain, TNFR | & [I=Tumor Necrosis Factor receptors | &I, IGFR=
insulin-like growth factor receptor.t®
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there is a shift from type | myosin heavy chain iso-forms
(MyHCQ) to type llb in the peripheral muscles, indicating
increased glycolytic and decreased oxidative capacity,
with a parallel loss of fatigue resistance. However, in the
diaphragm there is an inverse shift of muscle fibres, from
type llb towards type |, resulting in increased oxidative
metabolism with muscle functional morphology which is
more fatigue-resistant but less strength-adapted”. Apart
from the changes in the composition of the different fibre-
types, some researchers support that there is an inverse
correlation between the BMI of cachectic patients with
COPD and various apoptotic indexes, which increases
the number of possible pathogenetic mechanisms for
muscle wasting’".

The muscular impairment of oxidative capacity and
the composition of fibre-types in peripheral skeletal
muscles has been recently proved to be governed or af-
fected by signalling through the nuclear receptor family
of peroxisome proliferator-activated receptors (PPARs).
Three PPAR isoforms, a, /6 and y can be distinguished,
which exhibit tissue and ligand-specific expression. They
have been implicated in the transcription of different
genes responsible for lipid metabolism, inflammatory
response and cell differentiation and proliferation’ In
particular, PPARs and especially PPAR-6 are mainly ex-
pressed in muscle cells regulating fatty acid -oxidation,
oxidative phosphorylation (through up-regulation of
citrate synthase) and mitochondrial biogenesis. In addi-
tion, exercise increases PPAR-a expression and activity,
resulting in enhanced muscle fibre oxidative capacity
through oxidative-glycolytic interconversion. Potent anti-
inflammatory properties have been described for different
PPARs that include a reduction in NF-kB activation and
subsequent pro-inflammatory cytokine production and
attenuation of oxidative stress, by preventing ROS genera-
tion. Furthermore, PPAR-a activation by polyunsaturated
fatty acids (PUFAs) causes up-regulation in a number of
antioxidant enzymes, including catalase and superoxide
dismutase (SOD)737¢,

Many authors have showed that PPAR-a and PPAR-
6 protein content is reduced in the skeletal muscle of
COPD patients, especially in those with marked cachexia,
compared with healthy control subjects”. It appears that
chronic hypoxia and low-grade inflammation, via HIF-1 and
TNF-a respectively, along with the life style adopted by
this group of patients, negatively affect the abundance of
PPARs and may lead to significant reduction in the muscle
oxidative capacity and mitochondrial function”6787°,
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CONCLUSIONS

Chronic hypoxia is responsible for the majority of
the systemic manifestations of COPD and it appears to
cause low-grade inflammation, changes in the water
and electrolyte balance and in the anabolic/catabolic
protein ratio, and finally, muscle wasting that can result
in the development of cachexia. Intensive research recent
years has elucidated the participation of a large number
of substances and molecules in multiple and highly
complex rescue mechanisms during hypoxia and also,
their involvement in the development of the ‘syndrome’
of COPD through changes induced in the internal balance
of the whole organism. In particular, chronic hypoxia can
produce changes in gene expression. The responses of
the various gene elements are up-regulated in different
tissues. HIF-1, as a global regulator of oxygen homeos-
tasis, is expressed in all cell types and results in adaptive
or maladaptative rescue mechanisms. The results of the
different studies described in this review illustrate how
basic research is capable of elucidating fundamental
homeostatic mechanisms, that can then be exploited
therapeutically in the context of chronic oxygen depriva-
tion states, such as COPD.
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MEPIAHWH. O 6po¢ nwatvo@iAikéG Tveupovonddeleg mepthaupavel
pia opdda eTepoyEVWV MABHGEWV IOV GOV KOIVO XOPAKTNPLOTIKO
YVWPLIOHA €XOUV TNV MAPOUCia NWAIVOPINKWVY SinBnpdtwyv oto
TIVEUHIOVIKO TIapE€YXUHa, TOV au§nuévo aplBuo Twv nwaivoilwv oto
Bpoyxokupehdiko ékmiupa (BAL) kat pmopolv va cuvodetovTat 1 Oxt
amo6 nepipepIkn nwaotvoihia (MH). H kAvikr cupmtwpatoloyia twv
VOGNHATWV AUTWV UITOPEI va givat amo fmia péxpt Kat Bavatneopa.
HmpooekTikn a§loAdynan Twv CUMITWHATWY Kal | owoTH Sidyvwon
givat oAU Bagcikd, apov amoteAecuaTIKN Bepameia UMAPXEL OTIG
TIEPIOGOTEPEG MEPIMTWOELG. H mapoUoa avackomnon acyoAeitat
pe Tic 16lomadeic NWOVOPIAIKEG TVEVIOVOTTAOELEC S1ayVWOTIKA KAt
Oepaneutika. Mveiuwv 2008, 21(2):145-155.

Mpwtoc o Loffler to 1932 mepiéypade 1o GUVOPOO TTOU PEPELTO OVOUA
Tou.To 1952 o Crofton o€ ia opdda mepiéafe vooripuata 6mwe to cUVOPOouo
Loffler, tnv o&eia kat xpdvia nwovo@IAIKN TIVEUOVIQ, TNV TPOTTIKH TTVEULO-
VIKN Nwovo@IAia, kal tnv o{wdn moAvaptnptitida’. ZRuepa, n opdada autn
TWV voonudtwy £xet SleupuvOei Kat TepINAUBAVEL VOGOAOYIKEG OVTOTNTEG
YVWOo TN aAAd Kat Ayvwaotng attioloyiag. O 6pog NWGOIVOPIAIKES TTVEUOVO-
maBeleg mephapBdavel pia opdda mabroEwv TOU GaV KOWVO XOPAKTNPLIOTIKO
YVWPIOHA £X0UV TNV TTAPOUGIa NWOIVOPINKWVY SINONUATWY OTO TIVEUUOVIKO
TTAPEYXUMA, TOV au€npévo aplOpo Twv nwotvo@ilwy oTo BpoyxoKUPeMSIKO
ékmAupa (BAL) e i xwpic Tnv mapouacia M.H.". Mpodkeital yia eTepoyeveic
madnoelg, mou mepAapBAavouv SIAUECEG TIVEUOVOTTIAOELEG, ayYElTIOEC,
vooruata Aolpwdoug artioloyiag, VEOTTAACUATIKEG eMe€epyaaiec K.ATT., Kal
TTOU N KAWVIKN Taévopnon Touc gival €alpeTikd SUoKoAn'. Ot NWOIVOPINIKEC
TIVEUOVOTTABELEG £XOUV TTAYKOOUIA KATAVOUT HE SlagpopoTioinon Tou aitio-
AoyikoU TTapdyovTa TTou TIG TTPOKAAEI avaloya HE TIG SIAQOPES YEWYPAPIKEG
TEPLOXEC. H ouxvOTEPN aITi 0 OTIC AVATTTUCOOUEVEG XWPEG Eival Ta TTApAoLTa.
2TIC AVATITUYHEVEG XWPEG Ol NWOIVOPIAIKEG TIVEUIOVOTIAOELEC gival amd
aouvnBelg ¢wg TOAL omdvieg kat cuvriBwc gival 1SlomaBeic'™ .

TO HQZINOOIAO KYTTAPO

To nwowvéeo amotelei padi pe to oudetepdPINo, To Baced@iho To-
AUPOP@OTIUPNVO KAl TO HAKPOPAYO, TOUG TEAIKOUG EKTTIPOCWTTOUG TNG
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KOKKIOKUTTAPIKNG OEIPAG. TO NWOIVO@INO KUTTAPO AV Kal
mapaTnPEnRONKe yla mpwtn ¢opd and Tov Wharton Jones
TO 1846, €ylve YVWOTO Kal TIHPE TO Ovopa amod tov Paul
Ehrlich to 1879, Aéyw Tn¢ 1S1opop@iag Twv KOKKiwv Tou
va BagovTal JE TN XPWOoTIKN nwaoivn®™,

To wPIKo NWOIVOPIAO gival Aiyo peyaluTtepo amd
TO OUSETEPOPINO KAl OTO TTIPWTOTAACHA TOU TTEPIEXEL 3
TUTTOUG EKKPITIKWV KOKKIWV 1Mo TrepLéxouv éviupa Kalt
KUTTAPOTOEIKEG TTPWTEIVES. Ol KUPLOTEPEC amd TIC TTPWTE-
veg Twv nwotvo@ilwv givat: a) n kupta Bactkn i peilova
nmpwteivn (MBP) mou adpavomolei Tnv nrmapivn Kat mpodyel
TNV €KAUON 1oTApivNG amo Ta Baced@Ia Kal TA CITEVTIKA
KUTTapa, B) N NWOIVOPIAIKN KATIoVIKY Tpwteivn (ECP),
TIOU TIPOKAAEL KATAOTPOYR Tou €mMONAioU TNG Tpaxeiag
Kat avénon tng ékkplong PAévvac y) N nWOIVOPIAIKN
veupoto&ivn (EDN) kat ) n nwoivo@ihikn umepoeidbaon
(EPO), mou evepyoTolei Ta OITEVTIKA KUTTAPA, TTPOKAAEI
KaTaoTpo@r Tou pivikou emBnAiou kat mapodikéd Bpoyxo-
OTIACHOU. XTNV YEUPBPAVN TwV NWOIVoPilwy Bpiokovtal
untoSoxei¢ yia S1a@opa XNUEIOTAKTIKA epebiopata, KAA-
OUATA TOU CUUTTANPWUATOG KAl avocoo@alpived. Exouv
OKOUA IKAVOTNTA OUVOECN G OPIOUEVWY TIPOCTAYAAVS VWV
(m.x. PGD2) kat Aeukotpleviwy (m.x. LTC4) kat mapdA\nia
QTTOTEAOUV GNMAVTIKH TINYI TOU TIAPAYOVTA EVEQYOTIOINCNG
Twv atgometahiwyv (PAF)*12,

Ta NWoIVOPIAQ, G€ KAVOVIKEG CUVORKEC, mapdyovtal
OTO HUENS TwV 00TwV. Ao TNV évapén tn¢ dlagpopomoi-
nong, To KUTTapo Tapouctalel 0TadIaKA LOPPONOYIKEC
aA\ayég HEXPL va Yivel AelToupyikd wplpo. Autn n i
adikacia Slapkei 3 pe 6 nuépec®' 2, H mapaywyn Twv
NWOIVOPIAWV aTo TO HUEAS pubpileTal Kupiwg amo Ta
Th2 Aepgpokuttapa Héow TN mapaywyng IL5.

O1 10 ONUAVTIKEG AIPOTIOINTIKEG OUCIEG yla TNV Ta-
paywyn Kat dlapopomoinon Twv NWoIvVoPilwv gival ot
KUTTapOKIiveG IL-3, IL-5 kat 0 au€nTikog mapdyovtag Twv
KOKKIOKUTTAPWV — Makpo@daywv (GM-CSF). H IL-5 amoTeAei
NV o €181KH KUTTAPOKIVA Y10 T NWOIVOPINA KAl TTPOAYEL
TO00 TN Slaopornoinon 600 Kal TV AEAEVBEPWON Twv
NWGOIVOPIAWV ATTO TO HUEAG TWV OOTWV. YTIEPTIAPAYWYH
¢ IL-5 éxel oav amoTéAEoA £VTOVN NWOIVOPIAIQ. TOUG
EVNAIKEC, OE VOOTLATA TTOU oUVOSEVOVTAL ATTO NWOIVOPL-
A, ouvnBwg umdpyxel unepmapaywyn g IL-5%1213,

Av Kal amoTteAel cUOTATIKO TOU TIEPIPEPLKOU AiPATOC,
TO NWOIVOPIAO OTNV 0UCIa BEWPEITAL KUTTAPO TWV IOTWY,
omou kal evanotiBetal Tehikd, Siepxouevo pévo mapodikd
amo TNV KUKAO@opia, HeTd TV €060 TOU armd TO HUENO.
Ta Nwovo@IAg, apoU loéNBoUV TNV KUKAOPOPIa, EYKa-
Biotavtal o€ I6TOUC TTOV €ival eKTEDEINEVOL OTO EEWTEPIKO
nepIBdiov, émwg gival To Tpaxelofpoyxiko 6évdpo, o
YOAOTPEVTEPIKOG CWAAVAC, O KOATIOG KOl TO OUPOTIOINTIKO

MINEYMQN Tedxoc 20, Téuog 210¢, Ampihiog - lodviog 2008

oLoTNUA. H petavaoteuon Twv nwotvo@ilwv mpodyetal
ammo XNUEIOTAKTIKOUG TTAPAYOVTEG TTOV givat urrebBuvol yia
TN HETAKIVNON TOUG 0TOUG LOTOUG KAl VIO T CUCOWPEUON
TOUG OTIG TIEPIOKEG PAEYUOVNG. AlAPOPES XNUEIOTAKTIKEG
ouciec 5pouv 0To NWGCIVOPIAO. TEAEUTAIO EXOLV TIEPIYPAPEI
Su0 €181KOI Y10 TA NWOIVOPIAA XNUEIOTAKTIKOL TTAPAYOVTEC,
n nwtaéivn-1 kat-2. H xnuetotaktikn Spdon tng nwtadivng
emteivetal améd v IL-5. H petavdoteuon Twv Nwotvo@iiwy
amd TV KukAo@opia kat n Siinon Toug 6TouC IOTOUG
gival To amotéAeopa ouvepyIKig dpdong MOAUTTAOKWY
pnxavicopwy, mou mepiapBdavouv avtiSpdoelc HeTa&y
TWV Hopiwv MPooKOANoNG Twv evoBNAlaKWY KUTTAPWY
KAl TWV avTioTOLXWV Hopiwv oUVEECNC TWV NWOIVOPIAWV.
Ta puépla mpookOANong kat cuvdeong Spactnplomolov-
vtal anmé S1a@opoug LECOAABNTEC TNS GAEYHOVAC OTTWG
n IL-1, IL-4, o mapdyovtag vékpwaong oykou a (TNF-a),
o mapdyovtag evepyomoinong Twv alpometaliwy (PAF)
Kal n 1otapivn, ot omoiot av€dvouv tnv ékppaocn tng“P
OENEKTIVNG"2 1415,

Ot unxaviopoi autoi mpokaAoUv apxikda “kuAien” (roll-
ing) Twv NWoIvo@iAwv Katd unKog tou evéoBnhiou, otn
OUVEXELD PHEYAAUTEPN MEiWON TNG TaXUTNTAG TOUG Kal
Siamiduon péow tou evdoBnAiou. To apxiko rolling Twv
nwotvoeilwv ogeiletal otnv emPpdaduvon tng Kivnong
TOUG, TTOV €ival amoTéAeoUaA TNG avantuéng acBevwv
Seopwv HETAEL TWV Popiwv TTPOOKOANONC Twv evdo-
OnAlakwv KuTtdpwv (P oglekTivn) Kal Twv avtioTtol wv
urtoSoxéwv otn pepPpavn toug (PSGL-1), kaBwg kat Tou
VLA-4 pe to VCAM?16718,

H mpookdAANoN Twv NWotvo@ilwy oTo emORAI0 Guvo-
Sevetal amd TNV AmoKoKKiwon Toug, Tou cuviotatal oTnv
apyn Kal otadlakn EKKPLon TPWTEIVWVY Kal Eival amoTéNe-
OMa TNG OLVEPYIKNC Spaong Slapopwy apayovtwy. Ot
OUCIEC TTOU ATTOKOKKIWVOULV Ta NWOIVO@IAa givat ot IL-5,
IL-3, GM-CSF, IL-1[3, PAF, k.Amr. Ot KuTttapoTofIkéG ouaieg
mou aneAevBepwvovtal (ECP, MBP, EPO) mpokahoUv IOTIKN
BAAPN kat Kuttapikn améntwon®'s,

H Sidpketa (wng Twv nwotvogidwy Sev gival akpiBwg
yVwoTn. Ta nWotvo@IAa KUKAOQOopOoUV GTO dija yia 1
— 2 HEPEC TTPLV UETAVAOTEVOOUV OTOUG 10TOUG. EKeiQ, n
Sidpkela {wng Toug e€aptatal amd TIC KUTTAPOKIVEC TOU
MikpomepIBarovToc. Katw amd kavovikéC cuvOriKeg, amd
N oTiyun Tou Ta nwotvé@iia SiEABouv atoug 1otoug, ev
EMAVOAKUKAOQOPOUV, AAAA EMTIBILOVOULV EKEQ YIa 2-5 NUEPEC
KOl LETA KATOOTPEPOVTAL PE TO UNYXAVIOUO TNG AMOTTW-
ong (MPOYPAPMATIONEVOG KUTTAPIKOG BAVATOC) Kal TNG
aKOAOUBONC PAYOKUTTAPWONG TOUG ard Ta JaKpo@dya,
1l ArmoKokKIiwvovTal Kat ek@uAifovtat. H IL-3, n IL-5 kat o
GM-CSF gpmodiCouv tnv amomtwon Twv NWoIVoQiAwy
yta Touhdxiotov 10 — 15 nuépec'e,



PNEUMON Number 2, Vol. 21, April - June 2008

O pdhog Twv nwoivoilwy Sev gival yvwoTo av gival
EVEPYETIKOC e OKOTTO TN AVON TNG PAEYHOVAG N eMPBAAPBAC
pEe okomé Tn Stauwvion TG AEYPoVAC. H TaxuTtnTa Ye Tnv
omoia Ta nwaotvoeiia e€agavifovtal amd 1o MEPIPEPIKO
aipa META TN Xoprynon KOPTIKOEISWV Eival EVTUTIWGIAKH
Kal cupPaivel péoa oe Niyeg wpec® e,

2 € KAVOVIKEG OUVONKEC, 0 aplOUOC TwV NWOIVOPiAwy
o TapdyeTat kat armeAeuBepwvetal, Bpioketal o€ lGOPPO-
Tia pe Tov ap1Bpd Twv NWOIVOPIAWY TTOU KUKAOPOPEL Kal
JLE QUTOV TTOU EICEPXETAL OTOUC IOTOUG. ZTIC NWOIVOPIAIKES
TIVEUHOVOTTABELEC, TA AUENUEVA NWOIVOPINA OTO dipla gival
amotéAeopa tnG S1EyePONG TNG TAPAYWYIG TOUG KAl TOU
avénuévou pubuou e£660U TOUC Ao TO HUENG'S.

H NWovo@IAIKN GAEYUOVE TWV AEPAYWYWV LIE EVEPYO-
TTOINMEVA KAl ATTOKOKKIWMEVA KUTTapa kat n MH amotehovv
XOPOAKTNPIOTIKA TWV NWOIVOPIAIKWV TIVEUIOVOTIODELWV.
Ta televTaia xpovia €xel amooa@nVvioTel 0 pOAOG TwV
NWGOIVOPIAWY 0TNV TABOYEVELD TWV NWOIVOPIAIKWYV TTVEU-
povomaBelwy, oav alTloAoyIKOS TapdyovTag Kat XL oav
oTolxelo yia TV emdiopOwon TnS Aeypovwdouc BAABNG,
omnw¢ voplav maAotepas,

TUp@wva pe peéteg, n MH eivat avahoyn pe tn Ba-
pUuTNTA TNG 10TIKACS BAGPNC TTOU MapaTnpEiTal oTIC NWw-
OWVO@IAIKEG TIVeLoVOoTTIAOELeC (Ue e€aipeon TNV oeia
NWOIVOPIAIKE TIVEUHOVIA) KAl AVTIOTPOPWE avaioyn
ME TNV amOTEAECHATIKOTNTA TNG OEPATTEVTIKAG AYWYNC.
Emonuaivetal akopa, 6Tl n BepameuTIKn aywyn Kat n
aKOAoLON BeATiWoN TNE KAIVIKAC EIKOVAC TOU AoBevoUg Ue
NWGOIVOPIAIKY TTVEUOVOTIABELQ, CUVOSEVETAL ATTO [UEIWON
Tou apiBuoL TWV NWOIVOPIAWY OTO TIVEUHOVIKO TTAPEY-
Xupa Katl twv emmédwv tng ECP kat tng EPO, kabwg kat
TWV ouciwv Tou puBuifouv TNV Tapaywyr Kat wpipavon
TWV NWOIVOPIAwWV>'8,

Katd tnv e€€Mén tng pAeypovwdouc avtidpaong, oto
TIVEUHOVIKO TIOPEYXUMA, TTOIKIAEG HECOAARNTIKEG OUGIEC
EKAUOVTAL TOTTIKA, TTO TA KUTTAPA TTOU CUMMUETEXOUV OTN
@Aeypovr. Ot ouoieg auTég (IvtepAEUKiveg, Tapdywya
TOU UETAPBOAIGHOU TWV QWoPOMMISiwy TNG HeUPBpdvng,
XNHEIOTAKTIKOI TTAPAYOVTEC K.T.A.), EKTOC TNG EIGIKAC TOUG
OpAongG 0TO MVEVUOVIKO TIAPEYXUHA KAl 0TOUG BpdyXoug
embpolVv Kal oTa KUTTAapa PAEYMOVAE, SlEUKOAUVOVTAC
TNV MPOOCEYYIoN Toug otV TEPLoxn TG BAARNG kat tnv
TEPAITEPW ATTEAEVOEPWON HeGOAAPBNTWV 1618,

E1d1kOTEPA YIa T NWOIVOPIAQ, HEGOAAPNTEC OL OTTO 0L
ek\UovTal TomKA (IvtepAeukiveg, PAF), au€dvouv tn Aet-
TOUPYIKH TOUG ETOLUOTNTA KAl AEITOUPYOUV 0AV XNUELOKI-
VNTIKO{ TApAYOVTEC, ol ommoiol au§Aavouv Tnv Tuxaia Kivnon
TWV KUTTAPWY, EVIOXVOVTAG £TOL TNV ATAVTNON TOUG 0Ta
XNUEIOTAKTIKA epeBiopata. Katw amod tnv dpdon twv ma-
PAYOVTWVY AuTwv audvetal emmiong Kat n éKppaon 18IKwv
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urtoSox£wv 0N HEPPPAVN Twv nwotvo@ilwv (umodoxeig
Y10 XNUEIOTAKTIKOUG TAPAYOVTEG, LOPLA TIPOOKOANNONG,
K.ATT.), yeyovoc anapaitnTo yia tnv évapén tn¢ Stadikaciog
NG METAVAOTEUONG TOUC 1819,

JUMITEPACUATIKG, N aUENoN TwV NWCIVOPIAWY OTO dipa
KOl OTO TIVEUUOVIKO TTAp£yXUHa Kat N cupBoAr Toug otnv
maBo@uaioloyia Twv NWOIVOPINIKWY TIVEUIOVOTIAOEIWV
e€aptdrat: 1) and Tnv abénon TN mapaywynig Toug Kal Tou
puBuOL £€660U TOUC AMd TO HUEAO, 2) TV BlwoiuoTnTa
TOUG, 3) TNV MPOCGKOAANGN TOUG OTO AYYELOKO ev&0oOnAlo
Kal 4) TNV KAteUOUVOUEVN LETAKIVNON TOUG OTN TTEPLOXN
NG PAEYHOVAC'3202122,

O1 kuttapokiveg IL-3, IL-5 kat GM-CSF mrou puBpifouv
TNV TTOPEAYWYH TWV NWOIVOPIAWY TTAPAYOVTAL OTO UENO
TWV OOTWV KAl TOTTKA, OTO MIKPOTTEPIBANNOV TNG PAEYHOVAC
TOU TIVEUHOVIKOU TTAPEYXUHATOG, ATTO Ta KUTTAPA TWV I0TWV
(emBnAiakd, evboBnAiakd, voBAACTEC, OITEUTIKA KUTTOPQ)
Kal armé Ta evepyorolnpéva KUTTAPA TTOU TTPOCEAKUOVTAL
otn neploxn (T-Aep@oKUTTaPA, KAL) 1822,

Ot IL-3, IL-5 kat 0 GM-CSF, kaBw¢ kat n TNF-a kat n IFN-y,
avéavouv v emPBiwon Twv NWovoPiwy, avacTéANoVTAG
EVEPYA TO UNXAVIOUO TNG amomtwong. O mapdyovtag TGF-f
MEIWVEL TNV EMPBiwoN TwV NWOIVOPIAWY 182022,

Yuvoyilovtag, n evepyomoinon kal §pdon Twv nwol-
VO@PIAWV 0TI NWOIVOPINIKEG TIVEUOVOTIAOELEC TIPOKAAEL
816non Tou MVEUOVIKOU TTAPEYXVUIATOG ATTO NWOIVOPIAA
Kall AAAa pAeypovwon KUTTApa Kat ameAeuBépwaon MolKi-
AWV avocopUBUIOTIKWY, TOEIKWY Kal TTPOPAEYUOVWSWV
TTAPAYOVTWY aTo TA NWOIVOPIAA Kal Ta AAa KUTTapa
@Aeypoviic. Ot mapdyovteg autoi Spouv ota idla ta KUT-
Tapa, pubuifovtag Tic Aettoupyieg Toug> 822,

HQXZINOO®IAIKEZ MNEYMONONAGEIEX

Mé Tov 6p0 NWGOIVOPIAIKES TIVEULOVOTIADELEC EVVOOUIE
pia opdda voonudtwv n omoia xapaktnpiletat mabo-
AOYOQVATOMIKA ATIO TNV TTAPOUGIA NWOIVOPIAWY OTOUC
KUWENSIKOUG 0EPOXWPOUG KAl 0TO SIANEDTO 10TO pe A XwpiG
MM.H. H mapoucia Twv nwoivo@iAwy GToV TIVEUHOVIKO 10T
KOl OTOUG 0EPAYWYOUC Eival €vVa QAIVOLEVO TTOU SNAWVEL
Mla KUTTApPIKA amavtnon tou {evioTn o€ éva e€wyevn i
evboyevr SleyepTIKO MAPAYOVTA. ZTOUC PUCIOAOYIKOUC
agpaywyoug dev umapxouv ouviBwS NWOIVOPIN®'822,

H artioloyia kat o akpifng mabBo@uololoyikog un-
XQVIOUOG TWV NWOIVOPIAKWY TIVEUHOVOTIABEIWV gival
eNdyiota katavontd. Exouv yivel apKeTEC TTPOOTIABELEC yia
NV 1a€vopnon toug. Ot NWOIVOPIANIKEC TTVEUOVOTIABELEG
pmmopouv va S1akpiBouv og Suo PeYANEC OUASEC. XTNV TTPW-
Tn opAada aviKouV AuTEG TTOU €ival AyvwoTng artioloyiag
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(161omabeic i evdoyeveig). X1n devTePn opdda avrikouv
€KEiveC ol omoigg artiohoyika pmopei va ouvdeBolv pe
S1a9opoUC YVWoToUC TAPAYOVTEC KAl KATAOTACEIC (deuTE-
pomaBeic n e§wyeveic) (Mivakag 1)*4°1°, Tkomo auTAG TNG
avaokomnong gival va yivel pa cuvtoun avagopd otnv
(PUCIONOYIA TOU NWOIVOPIAOU KUTTAPOU, VA avartuxBouv
o1 18101maBeic NWOIVOPINIKES TTVEUOVOTTIABELEG KAl KUPIWG
n vedtePn OEPATTEVTIKI TOUC TTPOCEYYION.

IAIOMAGEIX HOXINOOIAIKEZ MNEYMONORNA-
OEIEX

Av Kal n TaBoyEVEId TWV NWOIVOPIAIKWY TIVEULIOVO-
maBelwv Sev gival evtehwg katavonTr, ToANd Sedopéva
KAVOUV QaVEPO OTI TO NWOIVOPIAO UTTOPE( va avTImpo-
owTEVEL éva KUPLO KUTTAPO OTOUC TTAB0@UGCIONOYIKOUG
pNXavIopoUG TwV VoonuAatwy autwv®'822 Autd to ou-
pmépacpa gival Baclopévo O IOTONOYIKEC ENETEC TOU
TIVEULOVIKOU 10TOU Kal ToU BPoyXOKUYEMSIKOU EKTTAUHIATOC
(BAL) amo aoBeveic e NWOIVOPIAIKEG TTVEUOVOTIADELEC.
Ot pehéteg Seixvouv auénuévn ouykeévVTpwon NG NWolt-
VOQIAIKNG KATIOVIKAG TpwTeivng (ECP) oto BAL, evtomion
NG NWOIVOPIAIKAG KUplag Bacikng mpwteivng (MBP) ota
1oToAoyIKA Seiypata, ToAA SlaAupéva nwaoIvo@INg, KaBwe
Kat eEAeUOEPA KOKKIA €SO OTO TIVEURIOVIKO UIKPOAYYEIAKO
Siktuo. H mielovotnTa twv BpoyXoKUPEAISIKWY NWOIVo-
@iAwv mou Aappdavovtal anmod acBeVeic e NWGOIVOPIAIKES
TIVEUIOVOTTABELEC ival ATOKOKKIWHEVA. Ol TTPWTEIVEC, TTOU
TIPOEPXoVTal amod Ta NWolvé@IAa pumopouv va PAdyouv
AuEoa Ta VeV HOVIKA evdoBnAlakd KUTTapa, va auéroouv
™ S1amEPATOTNTA TWV AYYEIWV. ZUVETWG, TA NWCIVOPIAA
pmopei va sival dueoa unevBuva yia Ty 1IoTIKR BAARN oTIg
NWOIVOPINIKEC TIVEUOVOTTABELEC 1822,

TNV opdda twv 110mabwv NWOIVOPIAIKWY TIVEUHO-
VOTTAOE1WV AVHKOUV TA TTAPAKATW VOoata®?

* YUvbpopo Loffler (ATAR} mveupovIKr nwoivo@ihia),
* Oeia nwoivoIAikn mveupovia (OHM)

* Xpoévia nwaotvo@IAKr Tiveupovia (XHIM)

* Yiepnwovo@Aiké cuvépopo (YHY)

AmAn ivevpoviki nwatvo@thia (cuvépopo Loffler)

To 1932 o Loffler avakoivwoe mepmtwoelg acBevwv e
ENAPPA KAVIKA CUUTTTWATA, NWGOIVOPIAIQ OTO TTEPIPEPIKO
aipa Kat ap@oTePOMAEUPA TIVEUHOVIKA SInBripata otnv
aKTivoypagia Bwpaka. Mpodkertat yia omavia 1d1omadn
v000, KahorOn kal automeplopl{OpEVN, TIOU XOPAKTNPEI-
Cetal amd TIVEVHOVIKA PETAVAOTEUTIKA SinOrjuata kat amd
M.H. H kKAviKA €lkova tou ouvdpdpou xapaktnpiletat: 1)
aré ATIA CUPTTTWUATA ATTé TO AVATNVELOTIKS, OTIWG O BrXa,

[INEYMQN Tedxoc 20, Téuog 210¢, Ampihiog - lodviog 2008

MINAKAX 1. Ta&lvounon twv NWoWOQINKWV TIVEUUOVIKWV
VOONUATWV.

A) I61omabeic nwaoivopiAikég mvevpovomaBeieg
Y0vpopo Loffler (AmAr Mveupovik Hwotvoeilia)
O&eia Hwawvo@ihikr Mveupovia (OHM)

Xpoévia Hwowvo@\ikn Mveupovia (XHM)
Ynepnwotvo@INIKO Z0vSpopo (YHY)

B) Acutepomabeic nwatvoiAikég mveupovomaOeieg
1. ®apuakeuTiKiG artioloyiag

AUIVOGOAIKUAIKO 08U Bicalutamide
Mn otepoeldn avtipAeypovwdn  Impapivn
MmAgopukivn IvtepAeukivn-2 kat -3
Kamrtompiin Mecylamine
Kokaivn Methylphenidate
XPWHOYAUKOVIKO VATPLO MivokukAivn
EGappoutoin Phenytoin
Alata xpuool Trazodone
Hpwivn Trimipramine

2. Mapaoitikhc artioAoyiag
Aokapidiaon
Mapayovipioon
YTpoyyulosidwon
Tpomikn nwaotvogiiia
AyyuhooTopiaon

Sxlotoowpiaon
3. Muknuiaoikric artioAoyiag
ANMepyikr Bpoyyomveupoviki Aomiepyilwon
Kokklogldloptkwon
Tpoomopiaon
AinBntikr Aomepyilwon
AN\OL HUKNTEC
4. Baktnpibiakric artioloyiag
5. loyevouc aitiodoyiag

6. Noorjuara ouvOeTikoU 10TOU Kal QyyelTIOEG
Kokkiwpdatwon Wegener
Kokkiwpdtwon Churg - Strauss
Peupatoeidric ApBpitida
Olwdnc MoAvaptnpitida

7. Elorvor} Toéikav agpiwv

8. AMec (ataéivounteg) nwotvo@IAIKEC mVeupovomaBeieg

Hwaowvo@\iki Ffaotpevtepitida AyyeloavoooAaoTIKNA
Aepgpadevomndbela

ARyua epTIETWV lotiokutTwon - X
OAeypovwdng véoog tou evtépou  Kakoribn voorjpata
Metaudoxeuon puehol I6lomadn¢ Mveupovikn

lvwon

Hwowo@\ikn Bpoyxiti-

6a

AcbBua
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TTOU OTAV €ival TAPAYWYIKOG 0TA TITUEAA AVEVPICKOVTAL
nwaotvo@ia kai nmiou Babuou duonvola mou dev cuvoSeu-
€701 ATTO BPOYXIKN amdé@paén, 2) amo SeKATIKNA TTUPETIKNA
Kivnon, n omoia diapkei Aiyec pépec. Emeidn avdioyn
€IKOVA TIPOKAAOUV 0OpIopéva @ApUaKa R Kal mapdoita,
Ba mpémnel, MPOKEIUEVOU HIa KATAGTAON VA XOPAKTNPLOOEI
oav ouvdpoupo Loffler, va amokAelotouv OAeg ol mBaveg
QUTIEC TTOU UTTOPE( VA TNV TIPOKAAECOUV®22,

H vooog eival ouvnBwc Amia kat Sev dlapkei meplo-
OOTEPO amod éva PAva. X& ONeG OXeOOV TIG TIEPIMTWOELG
TTOPATNPEITAL AUTOUATN UTTOXWPENON KAl TARPNG UPEDN
NG vooou2,

0¢eia nwavo@thiki mvevpovia (OHM)

H OHIM eivat pia taxutata e§eMloodpevn vdoog n omoia
YEVIKA epaviletal o€ Katd ta aANg, vyleic evijhikec. H ma-
Boyéveon Tnc OHIM mapapével AyvwoTtn, aAAd Mo TEVETAL
OT1n voooc opeileTal o€ avtidpaon unepevaiobnaiag oe
AYVWOoTA PEXPL OTIYUNG ELCTIVEOUEVA QVTIYOVQ378922,

Ta apXIKad CUPMTTWUATA TNG Motdlouv e gKeiva TNG
XHM, aAA@ givat Siapkelag Aiywv poévo nuepwv. H OHNM
xapaktnpiletal ano: a) mpooeatn évapén UE CUUTTW-
patoloyia Sidpkelag Aiywv nuepwy, B) onuavtiko Bab-
Mo duomvolag pe peydin umofuyovaipia, y) mupeto, 6)
aupoTEPOTMAEUPA TTVEVOVIKA SinBrjpata (Eikova 1, 2),
€) nwowvogihia oto BAL (>25-35%) kat ot) armouaia M.H.
2TIC TIEPIOOOTEPEC TIEPIMTWOELG N VOOOC TIOAU Ypriyopd
e€eliooeTal og ooBapri AVAMVEUOTIKI AVETTAPKELQ. TNV
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akTIvoypagia Bwpaka mapatnpoUvIal AUPOTEPOTIAEUPA
SINBriuata, Tou OpWE eV £XOUV TNV TIEPIPEPIKN KATAVOUN
Twv dinBnudtwv tng XHM (Eikova 1, 2)37922,

I61aitepn mpoooxr xpeldletal otn Sidlyvwon tng vdcou.
H amouoia MN.H., og cuvéuaouo pe TN AEUKOKUTTAPpWON
KOl TNV aKTIVOAOYIKI €IKOVQ, €ival EUKOAO va GTPEPOUV
™ S1dyvwon o€ mveupovia Baktnpidlakig arttoloyiag.
Av uTTapyel KAIVIKN uTtoia TG vooou, 1dlaitepa o€ dtopa
ME Ypriyopa eEENIOOOEVN AVATIVEVOTIKI AVETTAPKELQ, Oa
nipémnel aueca va dlevepyeital BAL, mapd tnv urmo§uyoval-
pia, émou ta nwoivé@iia cuxva emepvouv 1o 25-35%.
H kAvikoakTtivoloyikn €€€MEN Tng vooou Bupilel ARDS.
MapdAa autd, Sev mapatnpouvtal, EKTOG amo ogia ava-
TIVEUOTIKN] avemdpkela, ouTe kataminéia, oute MODS
(moAuopyavikr avemapkela)>”-22,

Xpovia nwavo@ihikn mvevpovia (XHI)

To 1969 o Carrihgton kat ouvepydteg Tou TIEpIEYpaPav
£Va XPOVIO TIVEUHIOVIKO CUVSPOIO TO OTT0I0 XapaKTnpiletal
and e€APOEIG KAl UPETELG KAl EKONAWVETAL UE TTAPATETA-
MéVa YEVIKA CUMTTTWHATA, OTTWE Eival Ta urtoTpomidlovTa
enelo6d1a TUPETOU Kal KAKOUXiag, o rixag, ol VUXTePIVOI
10pWTEC, N anwAE&La Bapouc Kal n TPoodeuTIKA emMSEIVOU-
pevn duomvola, TTIou pe Tov Xpovo prmopei va e§ehixBei
O€ AVATVEUOTIKN avemdpkela®'>22, H aitioAoyia kat n
nmaboyévela TnG véoou eival dyvwotn. Ta cuuntwata
autd cuvodevovTtal amd MVEUOVIKA SInBruata, Ta omoia
TPOGRANNOLY TNV TIEPIPEPELD TOU TTVEVIOVA KAl UTTOPE( va

EIKONA 1. Oeia 181omabri¢ nwotvo@hikr mveupovia. Omi-
o0Bompdobia aktivoypagia Bwpaka, émou mapatnpouval
OUPOTEPOTAEUPA CUPPEOUTEC KUPENISIKOU TUTTOU OKIACELG OE
O\a Ta veupovika media.

EIKONA 2. O¢gia 1810mabri¢ nwotvo@INKr iveupovia. ASoviKh
Topoypagia Bwpaka, OOV TAPATNEOUVTAL APPOTEPOTIAEUPA
oupPEOUTES KUPENISIKOU TUTTOU OKIACELG O€ OAA TO TIVEULOVIKA
nedia Kal uTeCWKOTIKEG CUANOYEG.
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peTafBdMouv B€on (apvNnTIKr QWTOYPAPIa AKTIVOYPAPIAG
TIVEUHOVIKOU o1drjuatoc) (Eikova 3) kat amod avénon Twv
NWGIVOPIAWVY OTO TIEPIPEPIKO Aijta 0TO 90% TWV MEPUTTW-
ogwV Kal oto BAL (>20%)'%"222, 310 5% Twv acBsvwv o
apBUSEE TWV NWOIVOPIAWV gival PUOLOAOYIKOG OTA APXIKA
otddia tngvooou'®222 H uéon nAikia mpooBoli¢ ival ta
40 - 50 £t mepimou. Xe mooooTtd 50% Ttwv acBevwv unap-
XEL LOTOPIKO atoriag (AoBpatog r_aAepyIkn pvitidag)
EVW UIKPOTEPO TTOCOOTO aoBevWV (5 — 15%) gupavilel
aM\epyia og apUaKa, PVIKOUG TOAUTTOdEC Kal éklepa. H
évapén kat n e€€NEn tne XHIM eivat mpoodeutikr. Ta o
OUXVA CUUTTWHATA Eival 0 Brxag (010 90% Twv acBevwv),
n duomvola (55 - 95%), n amoxpeuyn (30 — 40%) kai GTT0-
VIOTEPA 0 BWPAKIKOC TTOVOC Kat N atpomntuon (10 — 15%).
H duomnvola mou apxikd dev givat évtovn, pe v e€ENIEN
NG véoou umopei va yivel cofapn. Zuuntwpatoloyia
armd TO AVWTEPO AVATIVEUOTIKO (pivitida, mapapivokoh-
mitida) mapoucidlel to 20% Twv acBevwv'®'2 Y éva
HEYANo TOC00TO a0BEVWY TAPATNPEOUVTAL CUGTNHATIKA
OUMMTWHATA, OTTWE TTUPETOG (0T0 60 — 70% TwV aoBevVwV),
anwAela Bapouc (65%), dmwg emiong kakouyia, avopeia,
aduvapia kat vuxTepIvoi IOpWTEC.

H aktivoloyikn eikova tng XHM xapaktnpiletat and
TNV ELPAVION TIEPLPEPIKWY SINONUATWY HE acapr dpla.
H amekovioTIKN TOUG TTUKVOTNTA TTOIKIANEL OTTO EKEIVN TNG
BoAAC VAAOU UEXPL TN TUTTIKNAG TTUKVWONG (Eikova 4). Ta

EIKONA 3. Xpévia 1610mabn¢ nwolvo@IAkn mveupovia. Omi-
o0Bompdobia aktivoypagia Bwpaka, émou mapatnpouval
apotepdmAgupa SiNBrpata pe TepUTUAAIa KAl TIEPIPEPIKN
€VTOTION.

TINEYMQN Tetxog 20, Tépog 210¢, Ampiiog - lodviog 2008

SINBruaTa autd €X0UV PETAVAOTEUTIKO XAPAKTHPA OTO
25% TwV TTEPUTTWOEWV Kal ouxvd mapoucialouv duo i Te-
PLOOOTEPEC EVTOTIIONG OTOV €Va I KAl 0TOUG SUO TIVEUIOVEG,.
H glkdva Tou pwToypaPIKoU avTiOETOU TOU MVEUOVIKOU
o18rjpatog, SnAadr MUKVWOELG 0TO UPOC TWV TTUAWY OTIWE
TOU TIVEUMOVIKOU O18AToC AAAG KUPIWG UE TIEPIPEPIKN
avTi Yla KEVTPIKN Katavopr|, Oswpeital ebpnpa uPnAig
€181KOTNTAC Y10 TNV VOO0, AN TapaTnpeital povo oto 25%
Twv nmepimtwoewv XHIMN. H aovikn Topoypagia Bwpaka
vPnAng eukpivelag (HRCT) auv€avel to moocootod Kal Tnv
OKpPIBEIa TWV TIEPIYPAPOUEVWY EUPNUATWV. ZTTAVIOTEPQ,
Ol OKIAOEIG AUTEC TRKovTal Kat §ivouv Tnv evtumwon
KOINOTNTAG. X€ TTOOOOTO HIKPOTEPO TOU 5% mapatnpeital
Mikpr uTTeCWKOTIKN avTtidpaon, evw SI0YKwon Twv Agp-
@adévwy Tou HEcoBwpakiov mapatnpPEital o€ TOCOOTO
20 - 30%. Ta mvevpovikd Sindrjpata umoxwpouv ot 2-3
NHEPEG PETA TN XOPHyNoN KOPTIKOEWOWV'*'2, Av urtdpéel
UTTOTPOTIN TNE VOOOU, I AKTIVOAOYIKK| EIKOVA EMAVOAA-
Bavetai mota'.

And Tov epyaotnplakd ENeyxo mapatnpEital og mo-
000TO 90% TWV MEPIMTTWOEWV TIEPIPEPIKA NWOCIVOPIAIaL.
H IgE givat avénpévn katd t Sidpkela twv e€poewv TNG
véoou. H TKE cuyvd unepPaivel ta 100 mm Tnv mpwtn
wpa. To 1Mo XapakTnpIoTIKO eUpnua TG vOoou gival n
nwotwvo@ilia oto BAL pe mooootd nwoivo@ilwv mepi-
mou 60%. H evaioBnoia tou mapamnavw deiktn ayyilel to

S

EIKONA 4. Xpovia 161omaBn¢ nwotvo@IKr iveupovia. ASovikn
Topoypagia Owpaka, GTTOU TAPATNPEITAL TTUKVWTIKI €0TIA PE
TIEPIPEPLKN KaTavour| (Leydha BEAN) kat ikéva BoARG udiou
(uikpd BEAN).
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100% kat 1o BAL éxet umokataotriogl oxedOv mAnpwe TV
Siappoyxikn Boyia.

H S1dyvwon tng XHM dev tiBetan apéow. O mepio-
o0TepOL aoBevei¢ avTipeTwmiCovTal oav va macxouv and
TIVEUMOVIQ, e TTOAATIAEG EVAANAYEC TWV AVTIBIOTIKWY
oxnudtwv. H péon xpoviki Sidpkela amoé tnv apxn g
oupuntwpatoloyiag péxpt va tebei n Sidyvwon givai amd
1 efSouada éwg 4 prvec.

H XHIM &ev eival cuotnuatikh vooog kal mpoofd-
AEL ATTOKAEIOTIKA Kal HOVO TO AVATIVEUOTIKO CUOTNUA.
H avelpeon moAuouoTnuatikng MPooBoAng emPBANEL
v avaldritnon dA\ou vooHuaTtog. ZToug acbeveic au-
TOUG Mpémel MAvTa va amokAgieTal To ouvépopo Churg
- Strauss'®'2,

Ynepnwotvo@ihiko Lovdpopo (YHL)

O 6pog autog maotepa TepLEAABave éva eupl GACHA
VOOOAOYIKWV KATAOTACEWV amd To automeplopl{OUEVO
ouvbpopo Loffler péxpt coBapd xpodvia cuvdpoua pe
Bavatneopa ékfacn, OMwe gival N NWOIVOQPIAIKN Agu-
XAlpia'3141617.2021.23 To YHY. gival vOOOC AyvwoTng altlo-
Aoyiag kai, 6mw¢ mMOoTeVETAL OUEPT, ATTOTEAEL KAWVIKNA
Slatapayn Twv nwotvo@ilwv. To YHX xapaktnpifetat
amné MH (>1500/pl) mou Siapkei meploodTePO amd 6 Prveg
(n éxe1 Bavatneopo KATAANEN péoa o€ 6 UAVEC), ENAEWYN
TTOPAOITIKAG VOOOU 1] AANNG YVWOTAG AITiag NWOoIvo@IAiag
Kal cupmtwpatoloyia mpooBoAng Stapdpwv opydvwv
gite dpeoa (nwovo@IAikn diBnon) eite éupeca Xwpic
Karmola epgavn &nynon.

H voooc mpooBarel To kapdiayyelakd cUOTN A OTO
60% TWV MEPUTTWOEWV'>14162022 Tapatnpeital ivwon Tou
evbokapbiov améd avantuén cuvSEeTIKOU IOTOU Kal Bpop-
BoepPohikd emelcddia H mpooBoln tou kapdiayyelakov
OUOTNMATOC AMOTEAEI TNV KUpLa attia BvntétnTag amd n
vooo. ANa dpyava ou TpocBANNOVTAL EivVal OL TTVEURIOVES
(070 40% TWV MEPIMTWOEWV), TO §épua (55%), TO KEVTPIKO
KAl TIEPIPEPIKO VEUPIKO cuoTnua (55%), o1 veppoli, To
YOOTPEVTEPIKO KAl TO HUOOKEAETIKO GUOTNUQ'> 14161920,
H moAuopyavikry cuppeToxn ogeiletat otn Sibnon twv
opyavwv amd nwotvoeiha. To YHX gival ouxvotepo o€
avopeg nAikiag 20-50 eTwv Kat €xel Bvntotnta 50% péoa
o€ 1 xpovo, av Sev avVTIUETWTIOTE('> 141920,

Ot nvevpoveg poofaliovtal oto 40% Twv TEPL-
MITWOEWV. T CUUTITWHOTA UE TA OTIOIa TIPOCEPXOVTAL
ol acBeveig eival aduvapia, kataBoAn (25%), vuxtept-
VoG Brxag (25%) kat duomvola (15%). Ta kapSiohoyika
ouunTWpata Tou YHX givat Suomvola, cup@opnTiKn
kapSlakn] avemdpkela, avemApKela TNG UITPoEldol¢ Ba
ABidag kat kapdlopeyalia. H cupmtwpatoloyia and 1o
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VEUPIKO oUoTnua rephapfavel Suohertoupyia Tou KNX
KOl TTEPLPEPIKT VeEUpOTIABELa. Ot SepuaTikég eEKONAWOEIG
Tou ouvSpopou epIAapBavouy epuBnuatwdEelg KNAISEC
kat o{id1a KaBwc Kal ayyeloVEUPWTIKO 0idNnua2°2,

TNV aktivoypagia Bwpaka mapatnpouvTal Tapeyxu-
patikd SinBrpata oto 25% Twv acBevwv. Mmopei emiong
va apatnpenBei elkova o&€og MveupoVIKoU OL8AMATOG
KaBwc¢ kal urre(WKOTIKA CUA\oYN 316192022 EySiapépov
gival o yeyovog 6t n nwaotvo@iAia oto BAL sival Amia og
avtifeon pe tnv ekoeonuacuévn MH.

AIATNQXTIKH NPOZXEITIZH TQN IAIONAGQN
HQZINO®IAIKQN MNEYMONOIAGEIQN

H umoyia piag nwotvo@IAKAG veuovomdBelag umopei
va 1eei dTav 0 aoBevig éxel KAVIKN cupmtwpatoloyia amod
TO AQVATIVEUOTIKO GUOTNHA Kat TapdAAnAa mapouotdadel
MH, nwavoghia oto BAL 1) 0Toug 10ToUG. H SlayvwoTikA
mPocéyylon anattei Tn AnYn KaAou 1oToPIKoL Kal TNV
Tpaypatomnoinon Slapopwv EpyacTnPIaKWY EETACEWV
mou Ba emPBeBalwaoouy r Ba amokAeioouv GUYKEKPIUEVA
VOO HATA. ZTIG TIEPIOOOTEPEG TIEPITITWOELG, N TTAPOUCIa
TWV NWovoPilwv oTo aipa kat oto BAL Sikalohoyei Tov
OpPO NWOIVOPIAIKEG TTVELOVOTTABELEC 42022, AuEnEVOC
aplOuoC nwotvoidwv umopei va Bpebei, emiong, ota
TTUeNA Kal oTa Seiypata TG MVEVPIOVIKNG Blogiag® .

Otavénuévol aplBuoi Twv NWCIVOPIAWV Tou aipaTog
givat éva ané ta facikd XapakTnPIoTIKA HIaG NwovopL-
KN ¢ mveupovomaBelag (ue e€aipeon tv OHM)3621220 H
EKTIUNON TWV TILWV TOU TIEPIPEPLIKOU dipatog Oa mpémel
va BacloTei 0Touc amoAuTouC aptBuoU¢ mapd O0To EKATO-
OTIaio TOGOO0TO TWV NWOIVOPIAWV. TO PUCIoAOYIKO aija
Yevika iepiéxel petal 50 kat 500 nwovo@Na/pl Kal TIHEG
TTAvw armoé auto Tov aplBuo Bewpouvtal maboloyikéc. H MH
ta&vopeital avBaipeta oav Ama (500 — 1500/ul), pétpla
(1500 - 5000/ul), Bapta (>5000/ul)*?2 Evw ot au€nuévol
ap1Bpoi Tou aipatog umopei va gival To TPWTo oToIXE(D
MG NWOIVOPIAIKNG VOOOU, N NWOIVOPIAIKA CUMETOXH Ogv
ouvodevetal mavta amno MH. Emiong, n nwoivogiAia oto
aipa 6ev onuaivel NWGOIVOEIAIKH TIVEULIOVIKT) CUUHETOXN
kat Snuioupyei TNV avAaykn yla mpooOeTeC S1ayVWOTIKEG
Sladikaoisc 822,

H avixveuon Twv nwoivo@idwv ota mtUeAa avTavakd
AUEDCA TNV TTAPOUCIA TWV KUTTAPWYV PECA OTO BPOYXOKU-
PeMSIKO xwpo>1822,

O auvénuévoc apiBuog nwaoivoilwv oto BAL eival
€va atolyeio mou oxeTieTal Apeoa e TNV Tapoucia nw-
GVOQIAWV OTOV TIVEUUOVIKO 10TO. H TeEXVIKN Tou BAL gival
ao@aNig, eENaxoTa eMepBATIKA Kal prmopei va emavain@Oei
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yla va ekTipun0ei n avtamdkplon otn OepameuTikn aywyn).
Duacioloyikd, To BAL mepiéxel Aiyotepo ano 1% nwovopl-
Aa. ApiBuoi Twv nwotvo@ilwyv peyalutepol amo 5% péxpl
Kal 20% ToU GUVOAIKOU apPIBOU TWV AEUKOKUTTAPWV
Bewpouvtal maboloyikoi kal pmopei va mapatnpnolv
o€ S1apopec Sidueoeg mveupovomddelec. MoAD pueyalog
aplOpoG nwotvo@ilwv oto BAL (>20%) umopei va BpeOei
oto auvSpopo Loffler, otnv OHM, otn XHM, oto YHZ kabw¢
Kal o€ OplopéveC SeuTePOMABEIC NWOIVOPIAIKES TTVEUO-
vomaBeleg, 6mw¢ o1o ouvdpopo Churg - Strauss, otnV
TPOTIIKH TIVEUOVIKA NWOIVOPIAL KL OTNV NWOIVOPIAIKH
TIVEUOVOTIABELD Ao PApuaKa'2>691114 Eival GnUAvTIKO va
€xOUE UTIOYN Hag 0TI oTa KUTTapa Tou Aaufdvovtal amd
70 BAL, Ta ITUEAA 1} TOUCG LOGTOUG, Ol TTOAAQTTAOI TTUPNVIKOI
Aofoi Teivouv va amokokkiwBouv, SeiXVOuV PEIWEVESG
1816TNTEG XpWwOonG N uropei va StahuBouv, agrivovtag oav
UTTOAEIMMA TIG E10IKEC BACIKEG TTPWTEIVEG 1] KOKKIO TOUG.
TNV MAPAYHATIKOTNTA, TA TTEPIOTACIOKA KUTTAPA UTTOPEI
V0 NV avixveUToUV KaBoAov, evw Ta uPnAd emimeda Twv
Bacikwv MPWTEIVWY 0TOUC IOTOUG KAl 0TA UYPA TOU OWA-
TOG gival n pévn €voel€n yia pia NWGOIVOPIAIKH CUUUETOXN.
To BAL pmopei va otalei yia KaAEpyela, KaBwg kat yia
KutTapoloyiki e€€taon. H Sidyvwon emPBePatwveral pue
Bloyia mvevpova®a22,

ToviCetaimaA, 6T Ta evepyoTmoinpéva KUTTAPA UITOPE(
va Seifouv eNATTWPEVEC IS10TNTEC XPWONCE R va €XOUV
S10AUOE( EVTEAWC. TNV TEPIMTWON AUTH, N LETPNON TWV
nwowvoeilwy iowg va gival mapamiavnTikr. Opwg, 61wg
EMWONKE MapamAvw, CNUAVTIKA TTOod BACIKWVY TPWTEIVWV
€XOUV KaTaveNBEi 0TOUG IOTOUG KAl 0TA UYPA TOU CWHA-
10¢. ET01, 0€ OpIopEVEC KATAOTAOELG £XEL IEYAAN ONUasia
Va EKTIUNOEL N Tapouaia Twv NWOIVOPINIKWY TTPWTEIVWY,
onwc givat n MBP i n ECP oto aipa, otantueha ri oto BAL
pE TN Xprion Stapdpwv avoooloyikwv pebddwv. H ECP
umopei va petpnOei pe padloavocodokipaaia (RIA) kat tnv
evuUIKr avooompoopo@nTikr Sokipacia (ELISA) otov opd,
OTa TITUEAQ, 0T0 BAL Kal 0T 0Upa TwV a0OEVWY E NWOTL-
VOQIAIKEC TTVeUOVOTTABELEC. H avooOoIoTONOYIKN LENETN
€VOG TEPOXIOU armmd TIVEUPOVIKO 1OTO pmopei va fonBrioel
oTnv S1ayvwaon HIag NWoIVOPIAIKNG TIVEUUOVOTIABEIAG. 2TN
XHI, yia mapadetyua, éxet Bpedei evamdBeon tng MBP oe
TIEPIOXEG TIAPEYXUHATIKWV BAABwv 111222,

Me debopévo dTL kammola amod Ta NWOIVOPIAIKA VOO -
HOTA EXOUV CUYKEKPIMEVA AITLA, OTIWG EivVal Ol TTOPAOITIKEG
AOIUWEELG 1] Ol PAPUOKEUTIKEC AVTIOPATELC, N amé@aon yla
™ OepameuTikn Mpooéyylon Ba mpémel va AngOei apou
yivel mpwta ev&eAexnc €Aeyxog yia tnv avalntnon Tou
artiohoyikou mapdyovta. Eva o@dipa otn StlayvwoTikn
TIPOCEYYION TWV NWOIVOPIAIKWY TIVEUUOVIKWY VOO LATWV
gival n eN\elm¢ Siepevlivnon yla Tnv UMap&n UTTOKEIEVOU
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aitiou. ApKeTA ouxvA oTnV KAIVIKN TTPA&N, €vag IKavog
QPIOUOC TTEPIMTTWOEWY TIVEUHOVIKAE NWOIVOPIAiag mapd
Tov Aemrtopepn éAeyxo, dev pmopei va SleukpvioTei altl-
OAOYIKA KAl 0 TIVEUOVOAOYOG Ba xpelaoTei omwodnmoTe
N BonBeia Slapopwy edIKWV Kal IS1aiTEPA TOU AlATO-
Adyou, Tou avoooAdyou Kal ToU TTapacIToAGyou yid Thv
avadritnon tou artiou®?2 ‘Etol, propei évag acBevng mou
Bewpeital 011 vooei amd ofeia nWOVIQIAIKN TVeEupovia
1 BPOYXOKEVTPLIKY KOKKIWHUATWON, VO AVTIUETWTTIOTEI
AavBaopéva e Tn xopriynon KOPTIKOEISWY, TN OTIyun
TTOU Yla TNV KAIVIKI] TOU EIKOVA UImopEi va euBuvetal pia
MUKNTIOOIKN Aoipwén. Oa mpémel, va TovioTel 011 N 1d10-
madng nwovo@IAKrg mveupovondBela gival diayvwon
Tou TiBeTal pe amOKAEIoUO Kal emPBeRalwvetal pévo
10TONOYIK(?2022,

KAAZIKH ANTIMETQMIZH KAl NEOTEPA
AEAOMENA XTH OEPANEIA TQN IAIOMAGQN
HQZINOO®IAIKQN MNEYMONOIMAGEIQN

2TIC NWOIVOPIAIKEG TIVEUOVOTIABEIEC, TA ELPHUATA
amé N Bloygia Tou mveupovikoL 10Tou cuppadifouv pe
TO OKEMTIKO, OTI 0TN B€0n TNG mMapeyXURATIKAS BAAPBNC
ekbnAwBOnke avtidpaon umepeualcOnaiag, otnv omoia
Baoiko BloyeveTikd pOAo £XxOuV TA NWOIVOPIAQ® 161720,

O okomog TNE BepamMeVTIKAG aywyng Twv 1dtomadwy
NWOWVOPIAIKWV TIVEUIOVOTIOBEWWV gival: a) va UTTOXWPH Ol
n MH, B) va anmotparnei n BAABN TOU TIVEVIOVIKOU TTAPEY-
XUHATOG KAl y) N ARpNG iaon tng vooou i n empPpaduvon
e e&€NENC kat TG Mpooddou TN, Mapakdtw yivetal pia
GUVTOMN AVAPOPA TOCO OTNV KAAGIKN QVTIMETWITION TWV
NWOIVOPIAIKWY TIVEURIOVOTIABEIWV 600 Kal Og vedTEPQ
Sedopéva otn Bepamneia autwy Twv MaBACEWV.

Koptikoe16n:

Ta kopTiKoeldr amaitouvtal cuxvd yla tn Bepaneia
TWV NWOIVOPIAIKWV TIVEUIOVOTIABELWV Kal Eival pApaKa
TIPWTNG EKAOYNC YO AUTA Td VOO LATA.

TNV MEPIMTWON TNE ATTANG TIVEVUOVIKAE NWOIVOPIAIG
Sev amaiteital kaia €181kn Bepamneia Kal N CUUMTWHA-
TIKN] avakoL@Lon Tou acBevr unopei va mephapPavel
QVTITUPETIKG, avTIBNXIKA Kal avamauon. Xe OAeg oxedov
TIG TTEPUTTWOEIG TTAPATNPEITAL AUTOMATN UTTOXWPENON
Kat TANPNG UPeonN TN vooou. Mévo Wia Eviovn KAIVIKA
€lkOVa Pmmopei va SIKAloAOYH OEl TTPOCOETEC OEPATIEUTIKES
mpooeyyioelc. H Bepamneia pe kopTikoeldry and 1o oToua
£xel amoSelxOel OTI £xel LEYANN ATTOTEAEGUATIKOTNTA. AV
untAPEEL UTTOTPOTTH TNS KAIVIKIAG EIKOVAG UETA amo Bepareia
UE KOPTIKOEION, TOTE MPEmel n S1dyvwon va oTpagEi o€ pia
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ard TIC XPOVIEC HOPPEG NWOIVOPINIKNG TIVEUOVOTIAOELAG,
Omwg gival n XHM32122022,

F1nv niepimtwon ¢ OHMN xopnyeitat peBuimpedvi-
Colovn LV. oe docohoyia 1 mg/kg BX kaBe 6 wpeg yia 4
NUEPEG N Yl 000 XPEIOOTEL, AV UTTAPXEL AVATIVEUOTIKN
avemndpkela mou dev BeAtiwvetal. Ot acBeveic pe OHI
ouvnBw¢ avtamokpivovtal evteAwg otn Bepaneia péoa
o€ Hla mepiodo 2 nuepwv. Metd n Bepameia cuveyiletal
amno 1o otdpa pe 660N 40-60 mg Tnv nuépa yia 2-4 e35o-
MASEC Kal 0T ouvEXEL N 600N HEWVETAL TTPOOSEUTIKA. H
U@PEON TNG VOOOU LIETA TN XOPHYNON KOPTIKOEISWV ival
Beapartikn. Toviletal 6T n voooc, o€ avtiBeon pe tn XHI,
Sev untotpomddel kat €xel KOAUTEPN TTPOYVWON,.

STV nepintwon tne XHIM ta kopTikoeldn BeATivovouy
EVTUTIWOLOKA TA CUPTITTWHATA TNG VOOOU O XPOVIKO S1d-
otnua AMiyotepo amd dUo 24wpa. Emeldn pepikéc popéEg
TiBeTan Bépa Stapopikng Sidyvwong g vooou amod tnv
Kotvr) mveuplovia, evoexopévwg va kabuoTteprioeL n xopn-
yNon Twv KopTIKOeIO WV, H ocohoyia Twv KOPTIKOEIS WV
givat 0,75 mg/kg B 10 24wpo nmpedvi{ohovng. Metd amd 20
pépeg Beparmeiag, n doooloyia peiwvetat oto 0,50 mg/kg
BX 10 24wpo Kat oTnVv ouvéxela mpocapuoletal ota 10-
20 mg 10 24wp0o?2. Exouv ava@epBei cuXVA UTTOTPOTTEC
ME TN peiwon Tng 6on¢ i TN S1aKoT TWV KOPTIKOEIOWV.
H Bepameia Sev mpémet va SlakdmTeTal TOTE TIPIV ATTO 6
MNAVEC 0TN MEYAAN MAEloPNn@ia Twv aoBevwv. TovileTal
OTL 01 TIEPLOOATEPOL PEAETNTEG BewpoUV TG N Xprion Twv
KOPTIKOEIOWV o€ xaunAn cuvriBwe Socoloyia (10 mg to
24wpo f 48wpo), ue av&non TG SOONC OTIC UTTOTPOTIEG,
npémnel va ouvexiletal yia 7-10 xpovia. Opilopévol aoBevei
pmopei va xpelaoTei va Aapfavouv KopTikoeldr yia OAn
Toug TN {wry. Ta €loTvedpeva KopPTIKOELSH, @aivetal va
€ival 0PKETA AMOTENECUATIKA OTN HAKPOXPOVIA aywyn
NG VOOOU, EAATTWVOVTAG ONUAvVTIKA Tn doon and 1o
otéua o€ 5 Mg To 24wpo. 2& A0OEVEIC Ue CUUNMTWHATO-
Aoyia amo@paKTIKNC vOoou, N Oeparneia e l0TTVEOUEVA
BpoyxodiaoTaATikd @APUAKA UTTOPEL VA JEIWOEL TNV
andéepaén Twv agpaywywv. H BeATiwon TS AKTIVOAOYIKIAC
€IKOVAC KaBw¢ kal n TARPENCG EEANEIPN TWV AKTIVOAOYIKWV
EUPNUATWYV Kal N EMAvVod0¢ TNG akTivoypagiag Bwpaka
OTO QUOCLOAOYIKO gival 0 Kavévag. H aktivohoyikn lkova
apxiCel va Bertiwvetal péoa o 2-3 NUEPEG Kal yivetal
EVTEAWC PUOIONOYIKY péoa o€ 2 efSopddec. Me ta Kop-
TIKOEIO1 N TTOPEia TNG VOOOU £ival OXETIKA KAAR, TTAPA TIC
UTTOTPOTTEG TTOU UITOPE( VA TTApATNEOUVTAL KAl Ol OTTOIEG
avtamoKkpivovTal emiong MoAU KaAd ota KopTikoeldry. H
XHIM givai pia coPapr acBévela kal amaltei pakpoxpovia
avoookataoToAr. Kabuotépnon otnv évapén tng Bepa-
melag Ymopei va odnyrio&l 0€ TTVEUHOVIKT Ivwon 222,

TNV mepintwon Tou YHX povo 1o 50% tTwv acBevwv
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AVTATTIOKPIVETAL OTNV aywyn UE KopTIKoEldr, Ta omoia
xopnyouvtal og uPnAég SO0EIC. ZuVIoTATal N XOpriynon
60 mg mpedvi{ohdvng Tnv nuépa yia 1 efdopada. Xn
OUVEXELD xopnyouvtal 60 mg kdBe SeUtepn PépQ, yia pia
nepiodo 3 unvwv. H §6on Ba mpémnel va pelvetal otadiakd,
avaloya L€ TNV TTWTIKHA TTOPEIA TWV NWOIVOPIAWY Kal TNV
Bektiwon g Aeitoupyiag Twv mpoofBePAnuévwy opya-
vwv. To urtdAotrmo TocoaTd To omoio dev avTamoKkpivetal
oxeb0v kaBohou otn Bepareia pe KOPTIKOEISH, TTPEMEL VA
10l o€ aywyr M XNUEIOOEPATIEVTIKA OKELATUATA OTIWG
n KukAoomopivn. Mpdo@ata éxouv SnUOGCIEUTEL AVAPOPEC
yia tnv emtuxn xprion IFN-y oe YHX mmou Sev eixe kapia
avtandkplon ota Koptikoeldn. To YHX eivat pia Bapid
vOo0o¢ e Kakn mpdyvwon?. H Tpletnc empBiwon @tavel
oTo 40_80%9,14,16,19,20,22_

Ol NWOIVOPIAIKEG TIVEULOVOTIABEIEG CUXVA UTTOTPOTTI-
afouv POAIC OTAUATOEL N Bepareia e Ta KOPTIKOEISH.
H pakpompdBeoun xprion toug (€181kd 6tav xpnotpomnol-
ouvtal og uPNnAég §60¢lg), SuoTuXWC, £xel OUVOEDE( pe
TIOANEG TTapEVEPYELEG 112162022,

Ivteppepovn-a (IFN-a):

H IFN-a €xel amobelyBei OT1 €ival amoTeEAECUATIKO
PApPaKo oTtn Beparmeia TWV NWOIVOPIAIKWY TIVEUOVO-
nmabeiwv. H toikotnTa, evtoUTolg, ival éva onUavtiko
gumodio otn xprion autng tng Beparneiag. H IFN-a eyxéetat
ouvnBwe umoddpla pe docoloyia 3 MU, 3-5 @opéc TNV
eB6ouada yia 12 purvec. Me tnv évapén tng Bepamneiag ot
TEPIooOTEPOL aoBeveic epgaviouv ypimoeldry cupntw-
pata, OwG TTUPETO Pe Piyog, MUAANYIEC, TTOVOKEPANO,
KA. AMNEeG mapevépyeleg TnG Bepaneiag pe IFN-a gival ot
XOUNAEG TIHEG OAWV TWV KUTTAPIKWY CEIPWV TOU AiHaTOG
Kal N avénon twv Natikwv ev(OUWV Kal yla autd, Katd tn
Siapkela Tng Bepameiag, amartovvTal CUXVOL KAl TTPOCEKTL-
Kol éAeyxol. AUTEG ol TapEeVEPYELEC CUVHBWG UTTOXWPOUV
ME TO XPOVOoU. AgV UTTAPXOUV OKOMA TTANPOYOPIEC YIa TO
TIOLEG UTTOpPEi va gival ol mapevepyeleg TNG IFN-a petd and
pakpoxpovia Bepareia. H yevikn epmelpia pe IFN-a sivat
otinepinmou 25-30% twv acBevwv anaitolv TNV avaoTolr
¢ Bepamneiac Aoyw mapevepyeiwv. Ot VEEC Lakpag dpdonc
(long-acting) pop@éc g IFN-a éxouv avantuyxBei kata
N S1apKela TwV TEAEUTAIWY ETWV. XopnyouvTal Hovo 1
@opd TNV €BSoudda Kal umopouy, emopévwe, va gival
KOAUTEPQ avekTEC. H yevikn epmelpia amd tnv xprion tng
IFN-q, pévn ¢ € uvOUACUO UE KOPTIKOELSH, Eival TTOAD
Hikpn. To @dpuako @aivetarl va givat eAmdo@dpo ald
XPElalovtal aKOPa ApKeTEG LENETECG. 2 € 1I8lomabeic nwot-
VOQPIAIKEC TIVEUOVOTIAOELEC, TTOU g@avifovTal e TTOAU
Bapta KAIKA €lkOVa, Bapld avamVEUOTIKH AVEMTAPKELD KAl
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Sev Seixvouv va avtamokpivovtal dueca otn Bepaneia
ME KopTIkoEIdN, iowg n ouvduaotikn xpron INF-a, padi
ME Ta KoPTIKOEIST), Ba pumopolae va MPOCPEPEL KATIOI0
BepameuTiké amoTéAeoa 7222, TUUMEPACUATIKA TA UEXPL
onuepa amoteAéopata amo tn xprion tng IFN-a dev ivat
S10pwTIOTIKA Kal XpeldlovTal VEEG PENETEC, MEYOAUTEPES
o€ pnéyebog acBevwv ala kat og Sidpkela Oepameiag yia
va Katahioupe o€ TToloUC AoBEVEIC ,uE NWOIVOPIAIKES
mveupovomaeleg, n IFN-a éxel B¢on.

AvoookataoTaATika/KuTtapoToSIka pappaKa:

AmroteAoUV pia eVAANAKTIKH TIpooéyylon otn Oepaneia
Twv aoBevwv pe 1I81omabeic nwotvoPINIKEG TTVEUIOVOTIABEL-
£¢. XpnolipomolouvTal yia tnv Oeparneia oyKoAOYIKWVY Kal
QVOGOAOYIKWY VOO UATWV Kal SeV amoTeAoUV @Appaka
€101Kd y1a TIG NWOIVOPIAIKEG TTVeuovoTiaBeLeC. Eival loxupd
PAPHAKA KAl £X0UV COPBapEg TTAPEVEPYELIEC. XOpnyouvTal
ylatnv Beparmeia coapwv mEPUTTWOEWY, Ue Bapld KAVIKN
€IKOVQ, OTAV Ta AANA QApaKa Sev w@eAoULV. 3TN Bepareia
TWV 1810MTABWV NWOIVOPIAIKWY TIVEULOVOTIABEIWV £XOUV
xpnoipomolnBei n kukAoomopivn, n alabelompivn Kat n
KUKAOQWo@apidn®?22, MpootiBevtal otn Beparmeia ¢
NWGOIVOPIAIKNC TIVEUUOVOTIABEIAC, OTNV TIEPIMTTWON TTOU
Ta KopTIKoEeldr oav povoBepareia amotuxouv. Emiong, Ta
OVOOOKATAOTOATIKA/KUTTAPOTOEIKA PAPHAKA XPNOIUOTION-
ouvTal oav povoBeparneia og acBeveic mou dev umopouv
va AdPouv kopTikoeldn 1§ o aoBeveic mou avémtuéav
TIOPEVEPYELEG ATIO AUTA (T1.X. I EAEYXOUEVOC CAKXOPWANG
S1apnrTng, aptnpelakn uréptacn, cofapr) ooTEoMoOPwWON,
TIEMTIKO €AKOCG 11 YAAUKwUa). MeAéteg €xouv Seiel ot
MOVOo 10 15-20% Twv acBeviv Pe Xpovia NWOIVOPIAIKNA
TIVEULOVOTTABELD AVTATTIOKPIVETAL KAAA 0T HovoBepareia
L€ AVOOOKATACTAATIKA?. H KUKAoOTTOPIVN Eival éva 1Ioxupd
OVOOOKATAOTAATIKO (PAPHAKO KAl XPNoloroleital yia va
ATOTPEPEL TNV ATIOPPIYPN OPYAVWY GE UETAUOCKEUUEVOUG
aoBeveic. X e pepikoVG aoBeveic e 181omabeic NwWotvo@IAL-
KEG TIVEULOVOTIAOELEG TTOU SEV AVTATTOKPIVOVTAL IKAVOTTOL-
NTIkd otn Bepaneia e Ta KOPTIKOELDH, UTTAPXOUV GTOIXE(a
OTL N XPHoN TNG KUKAOGTIOPIvNG UmopEi va €xel KATolo
BepameuTikd ammOTENECHA. AlAPOPEC KAIVIKEG ENETEC
A0OEVWV HE NWOIVOPINIKEC TIVEULIOVOTTABEIEC AVOEKTIKEC
OTA KOPTIKOOTEPOELSN KAl TTPOOSEVTIKA EMOEIVOUUEVN
QVATIVEUOTIKN AElToupyia xopnyriBnke KUKAoGTOpIvN o€
XaUNASG 6ocoMoyikd oxrjpa (100-130 mg Tnv NUépa) o€
ouvoLACNO e kKoPTI(OVN. Ta AMOTEAEOUATA TNG LEAETNG
nrav evlappuvTikd, Kabw¢ n Paptd KAIVIKA €IKOVA TwV
aoBevwy BeATiwdNnke 010 20% TWV MEPIMTWOEWV'%%%22 H
KUKAooTopivn givat éva oAU 1oxupd @APUAKO Kal n Xxpron
NG oTn Beparneia Twv NWOIVOPINIKWY TIVEUOVOTIABELWY,
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o€ xpovia Baon, dev cuviotatal, Adyw Twv cofapwv
TIOPEVEPYEIWV TNG. € a0Beveic ue MpwTogp@avi{Opevn
NWOIVOQIAIKN TTVEUOVOTIABELa TTou edavifovTal JUE
Bapia KAvIKN glkova Kal Bapld avamveuoTIKr AVETTAPKELD
1 o€ aoBeveiq Pe YyvwaoTH XpOvia NWOIVOPIAIKY TIVEUUO-
vortdBela kal o&eia embeivwon TN AVATIVEUCTIKI G TOUG
Aertoupyiag, ot omoiol dgv mapouctalouv IKAVOTIOINTIKN
Bektiwon otnv povoBepaneia e KOPTIKOEIST, PITOPEi va
£XOULV KATolo BePAmeuTIKO 0eNOG amd tnv MPoaoBnkn
KukAhoomopivng otn Bepaneia.

Nedtepec OepamevTiKéC TPOOEYYiOELC

To peyautepo MocooTod Twv acBevwy He 181omabeic
NWOIVOPIAIKEG TTIVEUOVOTTADELEG avTATTIOKPIVETAL TTOAU
KOAG 0TNV KAQGIKN O£pammeVTIKN aywyr e KOPTIKOELSN.
H am\ry mveupovikn nwotvo@iiia, kabwc kal n OHIM dev
amoteAouv cofapo BepameuTikd MPOBANUA Kal CUVHA-
Bw¢ amavtouv Pe MARPN VEPESN TNG KAIVIKNG EIKOVAG
Kal oploTikn iaon. Ooov agopd otn XHIM kat oto YHZ,
UTTAPXEL €Va GNUAVTIKO TTOCOOTO aoBevwy (20% kat 50%
avTioTolya) TTou N povoBepareia pe KOPTIKOELON dev Exel
Kavéva 6@eNOC Kal GUVOSEVETAL ATTIO TTOMNEC TTAPEVEPYELEC.
'Hén €xouv SokipaoTei oplopéva QApHAKa O€ TIIAOTIKEG
peNéTeC pe evBappuvTikA amoteréopata. H Spdon Toug
OUWC Ba TTPEMEL va TEKUNPIWOEL amo HeYANEC KA o)e-
OlOOEVEG PENETEG, MEPLKEG aTTO TIC OTTOIEC Eival 0N o€
E&é)\lan3,4,9,13,15,17,20722.

‘Exel avamtuyBei pia opdda BepameuTikwv mapayoviwy
YVWOTH 0aV avaoToAE(G TNG TUPOOIVIKIG Kivdong (tyrosine
kinase inhibitors). H véa Bepameutikr) Tpooéyylon oTig
1810mabeic NWOIVOPIAIKEG TTVEUOVOTIADELEG €ival “va
otoxeuBouv” e1dikoi urmodoxeic mou PBpiokovtal oTNV
EMPAVELA TWV NWOIVOPIAWV TIPOKEIUEVOU va SlaKoTTEi
n avénon Twv KUTTapwv autwv otou¢ lotouc. O PDGFR
(umodoyéag Tou auénTikoL MaPAyoVTa TWV AUOTTETAAIWV)
givatl pa mpwteivn mou avAKEL OTIG TUPOOIVIKEG KIVAOEG.
‘EvQupa ta omoia Bpickovtal og oplopéVous UTTOSOXEIC
oTNV EM@PAVELQ TWV KUTTAPWY CUUHETEXOUV GTOV UNYXA-
VIOUS TOANATTAAGIACMOU TOUG. EMopévwe, Ta @dapuaka
autd (tyrosine kinase inhibitors) avamtuxfnkav yia va
napepmodioouv autnv tn Stadikacia (Imatinib mesylate,
dasatinib, nilotinab)*'32022,

H Imatinib Mesylate eivai évag avaoToAéag TNG TUPO-
OIVIKNAG KIvaong Kal gival yvwoté ot mapeumodilel tnv
ékppaon tou PDGFR. H imatinib apyikd avantixOnke
Kal yKpiBnKe yla xprion otn Bepameia Tng XpoOviag pue-
Aoyevoucg Aeuxaipiag (CML). H Imatinib xopnyeitai o€ pia
apxtky 86on 100 mg amd To oTOUA KAONUEPIVA, UE Hia
KAlHaKwT avénon twv Socewv péxpl kat 400 mg HeTd
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amo évav unva*'*2°, ANAotl avaoToAEi¢ TNG TUPOCIVIKNG
Klvaong mou Bpiokovtal og £peuVNTIKO 0TASIO yia Tn
Beparmeia aoBevwV UE NWOIVOPIAIKEG TIVEUOVOTTADELEC
givai n dasatinib kai n nilotinib. Auti n Beparneia PpiokeTal
akoOua 01o 0TAdI0 TNG KAIVIKAG aloAdynong Kal avapié-
VOVTaI TA anmoTeAéCUATA.

H Mepolizumab givat @dppako to omoio SeoUEVEL
v IL-5 ou gival n mAéov apuddia Kuttapokivn yla tnv
avénon Twv NWoIVOPIAWV KUTTdpwv. AuTti n Bepaneia
a&lohoyeital 0TI KMVIKEG SOKIMEG Yia TOUG aoBeveig e
1610maBeig Kat ANNEG NWOIVOPIAKEG A0BEVELEC KAl TA ap)IKA
amoTeAéopata gival evBappuvTikd'>17:2021,

H Alemtuzumab givai éva povoKAWVIKO AVTINEUKOKUTTA-
PIKO QVTICWLA TTOU OTPEPETAL EVAVTIOV TNG YAUKOTTPWTEI-
vnG CD52 ¢ emM@AVELQG TWV NWOIVOPIAWY KAl YEVIKOTEPA
TWV AEUKOKUTTAPWV. Mpdo@ateg PENETEC £XOLV TTAPOU-
Oldoel TN Xpnotpotnta tng alemtuzumab (anti-CD52)
otn Bepaneia acBevwy Pe NWOIVOPIAIKA voorjuata. Av
KAl TO @APHAKO BpioKeTal aKOUA OE TTEIPAUATIKO 0TAS10
pmopei va amoktroel pia 8éon otn Beparneia oplopévwv
aoBevWV pe 1810TTABEIC NWOIVOPIAIKES TIVEULOVOTTABELEC
TToU €ival avOeKTIKEG o€ ANAN Bepameia?®2,

‘Eva 1oxupd avBpwmivo avtiowpa, n avti-nwtaéivn 1,
€xel amopovwOE( pe KA in vitro kat in vivo amoteleopa-
TkOTNTA. H nwta&ivn (CCL11) avrKel OTIG XNHEIOKUTTAPO-
KiVeC KOl amOTENE éva ONUAVTIKO pUBUIOTIKO Tapayovta
TNGAETOUPYIAS TWV NWOIVO@iAwv. Ot XNUEIOKUTTAPOKIVEG
gival pa opdda mpwteivwv mou aiouv onUAvTiko poAo
OTIG PAeYHOVWOELG avTIOPACELG (ATTOTEAOUV XNUEIOTAKTIKO
TTapAyovTa yid To AEUKOKUTTAPA, avVa@EPOVTAl Kal oav
TIPOPAEYUOVWOELG KUTTAPOKIVEG - proinflammatory cyto-
kines), oTi¢ AolpwEelc amo 10U, 0TNV AYYEIOYEVEDT, OTNV
mapaywyr KoAayovou, KaBwg Kal 6Tov TOAATAACIACUO
TWV ALYOTIOINTIKWY TIPOYOVIKWY KUTTApwV. H cucow-
PEVCN NWOIVOPIAWYV TTIOU CNUEIWVETAL GTOUG LOTOUG €XEL
ouoxeTloBei pe TV avénon tng nwta&ivngl og TOANEG
NwowvoPIAkéG aoBévelec. H Suvntikn Bepameutikn adia
¢ avti-nwrta&ivng va e€oudetepwoel Ta anoTeAéopata
¢ nwtaéivng oe GAeYUOVWSEIG KATAOTACELS Eival UTTO
Slepeuivnon Kkal umopei va €xel Bepameutikn a&ia otnv
avaoToAR Twv acOevelWV OTIC OTTOIEC TA NWOIVOPIAQ
maiouv éva onuavTiké poAo2023,

AvaotoAeic e L- oeAextivng. H L-oghektivn givat mpw-
TEVN TNG KUTTAPIKNG HEUBPAVNC TV AeukoKuTTApWV. O
KUPLOG PONOG TNG €ival N TTPOGKOANNON TWV AEUKOKUTTAPWY
oto evéoBnAlo. H dpdon tng L-oghektivng mpodyetal amd
v 6pdon tou TNF-a kat TG IL-11 kat éxel wg amoTéAeopa
N METAVACTEUON TWV PAEYHOVWEWY KUTTAPWVY TNV
mePloxXN TNG 1O0TIKAG PAAPBNG Kal TNV TTPoodo TG PAey-
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povwdoug Siadikaoiac. ETol, xopriynon aviaywvioTwy
Twv IL-1B kat TNF-a €ixe w¢ amotéAeopa TNV KUTTAPIKN
TIpOCTACIa OE TIElpApATIKA povTéha. BpiakeTal ae eEEAIEn
HEAETN QUTWY TWV PAPHAKWY OTIG IDI0TTABEIC NWOIVOPIAIKES
TIVEUHOVOTTABEIEG.

Avaotoleic g pwaopodieotepdons 4.H Owopodieote-
pdon 4 givat éva amnd Ta Kupla Evua TToU areEVEPYOTTOLOUV
To KUKAIKO AMP ota pAeypovwdn Katl avocoppubuIoTIKa
KUTTapa. H euplTNTa TWV GAEYHOVWSWY NXAVIOHWY, TTOU
Bpiokovtal KATtw amod Tov EAeyX0 TNG PWOPOSIECTEPACNC
4, Tnv KaBLoTA EAKUCTIKO OTOXO YA pia VEa BeparmeuTIKn
napéupaon mou Ba Bacifetal oTnv avacTtoAr Tne. Otava-
oTtoleic TNg mapouoidlouv o¢ in vitro Kal in vivo HENETEG
gupeia avtipAeypovwdn dpaotnpiotnta mou meplapBavel
KATAOTOAR GAEYMOVWSWV KUTTAPWY, UEIWON TNE UIKPOAY-
YEIAKAG SlamepaTdTNTAG, KATAOTOAR TNG ameAeuBépwaong
KUTTAPOKIVWV KAl XNHEIOKUTTAPOKIVWY aTTO TA PAEYHOVW-
On KUTTAPA, HEiwon TN Tapaywyrig oI WTIKWY Hopiwv
KaBwc¢ Kat TG €KPPaong TwV Hopiwv TPOoKOAANoNG.
O kUplol avaoToAeic TG pwo@odieotepdonc 4 gival To
cilomilast ka1 to roflumilast pe To TeAeuTaio va Bewpeital
TTO EKAEKTIKO Kal U HEYANUTEPO BepameuTiko eVpog. MNMapd
OMWE TA TTOPATIAVW in Vitro Kal in vivo BeTIkd eupripata,
n MAgloPn@ia Twv KAIVIKWV pedetwv dev mapouaotalel
1oxupn amodel€n KAvIKnG amoteheopatikdtnTag. MeAo-
VTIKEG, KAAUTEPA TEKUNPIWUEVEC MEAETEC, Ba kaBopioouv
av Ol AVAOTOAEIC TNG pwoPodieoTtepdonc 4 Ba eival éva
ATTOTENECUATIKS VEO AVTIQAEYOVWEEC PpApaKko TTou Ba
ENATTWVEL TNV NWOIVOPIAIKA S1{Bnon otou¢ 1IoToUC.

AvaotoAeic MAP kivaonc. AvTigAeypovwdn @Aapuaka,
Ta omoia avaoTéN\ouv Tn ouvBeon twv Th2 Kupiwg KUT-
TAPOKIVWV Kal €MMiong evepyoTmololv 0dou¢ amomtw-
oNnG Twv NWovo@iAwyv. EpwtnuaTikd uTTdpxouV yia tnv
ac@AAela.

JUPITEPACHATIKA, LEXPL VO £XOUUE TA AmTOTEAéOATA
ATt TIG TPEXOUOEG LENETEC, O LATPOG OTAV ATTOPATIOEL Va
Swoel Bepareia yla pia nWoVoQIAIKN TVEUIOVOTIABEILQ,
XOpnyei KopTikoeldn, oav povoBepareia | padi pe avo-
OOKATAOTOATIKA/KUTTAPOTOEIKA pAPAKA. AlAQOPETIKES
TIPOOEYYIOEIC TNG BepaTeiag TG NWOIVOPIAIKAG VOGOU
evdéxetal va eival mbavég kat véa dpuaka Bpiokovtal
o€ KAvIkn dokiun. Mpoodo¢ otn Bepaneia Ba ritav n
avamtuén e€ISIKEVPEVIWV QPAPUAKWY XWPIG AVEMOUUNTES
EVEPYELEG.
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SUMMARY. This review deals with the diagnosis and treatment of
idiopathic eosinophilic lung diseases. The term ‘eosinophilic lung
diseases’ refers to a number of heterogeneous diseases which
share the presence of eosinophilic infiltrates in the pulmonary
parenchyma and increased numbers of eosinophils in the broncho-
alveolar lavage (BAL), and which may or may not be accompanied by
peripheral eosinophilia (PE). The clinical symptomatology of these
diseases can vary from mild to severe and potentially fatal. As most
patients with eosinophilic lung disease can be treated effectively,
detailed symptom assessment and correct diagnosis are of crucial
importance. Pneumon 2008; 21(2):156-166

INTRODUCTION

Loffler was the first to describe, in 1932, the syndrome that bears his
name. In 1952, Crofton classified in a single group several diseases includ-
ing Loffler's syndrome, acute and chronic eosinophilic pneumonia, tropical
pulmonary eosinophilia and polyarteritis nodosa'. This group of diseases
has since been extended to include other nosologic entities of both known
and unknown aetiology. The term ‘eosinophilic lung diseases’ refers to a
group of diseases that share the presence of eosinophilic infiltrates in the
pulmonary parenchyma and increased numbers of eosinophils in the bron-
cho-alveolar lavage (BAL) fluid, with or without the presence of peripheral
eosinophilia (PE)". The Idiopathic and secondary pulmonary eosinophilic
syndromes are not the only diseases to cause alveolar tissue eosinophilia;
less marked alveolar eosinophilia can be found in the BAL of patients with
neoplastic lung disease, idiopathic interstitial pneumonia (idiopathic in-
terstitial fibrosis, organizing pneumonia), histiocytosis and asthma, but in
all of these conditions the eosinophils constitute less than 20% of the BAL
cells. Eosinophilic lung diseases have a global distribution with varying
aetiologic factors according to the geographic region. The most frequent
cause in the developing countries is infestation with parasites, while in the
developed countries eosinophilic lung diseases are uncommon or very rare
and are usually idiopathic'®.
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The aim of this review is to present briefly the physi-
ology of the eosinophil and to provide a more detailed
overview of idiopathic eosinophilic lung diseases, with
treatment options.

THE EOSINOPHIL

The eosinophil, along with the neutrophil, the ba-
sophilic polymorphonuclear leucocyte and the macro-
phage, is a final product of the granulocyte line of cells.
The eosinophil, although observed for the first time by
Wharton Jones in 1846, became known and was named
by Paul Ehrlich in 1879 for the specificity of its granules
to be stained with eosin®™°.

The mature eosinophil is somewhat larger than the
neutrophil and carries in its cytoplasm three types of
secretory granules that contain enzymes and cytotoxic
proteins. The most important eosinophilic proteins are:
a) basic or major basic protein (MBP), which inactivates
heparin and promotes histamine release from basophils
and mastocytes, b) eosinophilic cationic protein (ECP),
which causes destruction of the tracheal epithelium
and increase in mucus secretion, ¢) eosinophilic neuro-
toxin (EDN), and d) eosinophilic peroxidase (EPO), which
activates the mastocytes, triggers destruction of the
nasal epithelium and causes transient bronchospasm.
In addition, receptors for various chemotactic stimuli,
complement fragments and immunoglobulins are found
in the eosinophilic membrane. They can synthesize cer-
tain prostaglandins (e.g., PGD2) and leukotrienes (e.g.,
LTC4) and are an important source of platelet activating
factor (PAF)*'2,

Eosinophils, under normal conditions, are produced
in the bone marrow. During differentiation the eosi-
nophilic cell shows progressive morphological changes
until it becomes functionally mature, a process which
takes 3 to 6 days®'"'2. The most important haematopoi-
etic substances for the production and differentiation of
eosinophils are the cytokines (interleukins) IL-3, IL-5 and
the granulocyte-macrophage colony stimulating factor
(GM-CSF). IL-5 is the key eosinophil specific cytokine
and it promotes both differentiation of eosinophils and
their release from the bone marrow. IL-5 overproduc-
tion leads to severe eosinophilia. In adults with diseases
accompanied by eosinophilia, overproduction of IL-5 is
usually observed®''3,

Despite being a component of the peripheral blood,
the eosinophil cell is considered to be a tissue cell, since
following its release from the bone marrow it is eventually
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deposited in the tissues, passing only transiently (1 day)
through the blood circulatory system. From the blood
the eosinophils accumulate in tissues that are exposed to
the external environment, such as the tracheobronchial
tree, the gastro-intestinal tract, the vagina and the urinary
system. Eosinophil migration is promoted by chemotactic
factors, a number of which act on eosinophils and which
are responsible for their infiltration of tissues and accu-
mulation in areas of inflammation. Recently two specific
chemotactic factors in the eosinophils have been studied,
eotaxin-1 and eotaxin-2, the chemotactic action of which
isenhanced by IL-5. The migration of eosinophils from the
circulation and infiltration into the tissues are the result
of the synergistic effect of various complex mechanisms,
including reactions between the endothelial cell adhe-
sion molecules and the eosinophil adhesion molecules.
The adhesion and binding molecules are activated by
various mediators of inflammation including IL-1, IL-4,
tumour necrosis factor a (TNF-a), platelet activating fac-
tor (PAF) and histamine, all of which increase P-selectin
expression®1#13,

Initially, these mechanisms trigger the“rolling” of the
eosinophils along the endothelium and then they provoke
further slowing and eosinophil diapedesis through the
endothelium. The initial rolling of the eosinophils is due
to a decrease in their speed, which, in turn, is a result of
the weakening of the bonds between the endothelial
cell adhesion molecules of P-selectin and the respective
membrane receptors (PSGL-1) and between VLA-4 and
VCAM9,16-18.

Eosinophil adhesion to the epithelium is accompa-
nied by degranulation, which is takes place through a
slow, progressive secretion of proteins, as a result of a
synergistic effect of a variety of factors, including IL-5,
IL-3, GM-CSF, IL-1b, PAF, etc. The cytotoxic substances
(ECP, MBP, EPO) that are released during degranulation
cause tissue damage and cell apoptosis®'.

The life span of eosinophils is not precisely known. They
circulate in the blood for 1-2 days before migrating to the
tissues where their life span depends on the cytokines in
the microenvironment. Under normal conditions, when
eosinophils infiltrate the tissues they do not return to the
blood circulation, but survive for 2-5 days and then either
they are destroyed through the apoptosis mechanism
(scheduled cell death) and are subsequently phagocytosed
by the macrophages, or they undergo degranulation and
degeneration. IL-3, IL-5 and GM-CSF prevent the apoptosis
of eosinophils for 10 - 15 days at least®8,

It was not fully understood whether the role of the
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eosinophils is favourable, leading to the resolution of
inflammation, or harmful, leading to the perpetuation
of inflammation. The speed with which eosinophils are
eliminated from the peripheral blood after the admin-
istration of corticosteroids is impressive, taking only a
few hours®',

Under normal conditions, there is a balance between
the number of eosinophils produced and released, the
number in the blood flow and the number infliltrating
the tissues. In patients with eosinophilic lung disease, the
increased number of eosinophils found in the blood is a
result of stimulation of their production and an increased
rate of release from the bone marrow’,

Eosinophilicinflammation of the airways, due to acti-
vated and degranulated cells, and PE are common features
of eosinophilic lung disease. Over the past years the role
of eosinophils in the pathogenesis of eosinophilic lung
disease has been clarified and they are now considered
to be a cause and not a factor repairing the inflammatory
lesion, as was traditionally believed® s,

Studies suggest that the PE is proportional to the
severity of the tissue damage observed in eosinophilic
lung disease (with the exception of acute eosinophilic
pneumonia), and reversely proportional to the effective-
ness of the therapeutic intervention. It has also been
observed that treatment and subsequent improvement
of the clinical picture of a patient with eosinophilic lung
disease are accompanied by a reduction in the numbers
of eosinophils in the pulmonary parenchyma, in the ECP
and EPO levels and in the levels of the eosinopoietic
substances®'®.

During the course of the inflammatory reaction in
the pulmonary parenchyma, numerous mediatory sub-
stances are released in the area by the cells participating
in the inflammation. These substances (interleukins,
derivatives of the membrane phospholipid metabolism,
chemotactic factors, etc.), apart from their specific effects
on the pulmonary parenchyma and the bronchi, also
affect the inflammatory cells, facilitating their approach
to the damaged area and promoting the further release
of mediators®'678,

For eosinophils in particular, locally released mediators,
specifically interleukins and PAF, increase their functional
readiness and act as chemokinetic factors, increasing ran-
dom cell locomotion, thus strengthening the eosinophil
response to chemotactic stimuli. Under the influence of
these factors the expression of specific receptors (for
chemotactic factors, adhesion molecules, etc) in the eosi-
nophilic membrane is also increased, which is necessary
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for initiation of their migration process®'®'°,

In conclusion, the increase in the number of eosinophils
in the blood and the pulmonary parenchyma and their
contribution to the pathogenesis of eosinophilic lung
disease, depend on: 1) increase in their production and
rate of release from the bone marrow, 2) their viability, 3)
their adhesion to the vascular endothelium, and 4) their
directed migration to the area of inflammation'®20-22,

Cytokines IL-3, IL-5 and GM-CSF, which regulate the
production of eosinophils, are produced both in the
bone marrow and locally, in the microenvironment of
inflammation in the pulmonary parenchyma, by tissue
cells (epithelial, endothelial, fibroblasts, mastocytes)
and by the activated cells that are attracted to the area
(T-lymphocytes, etc) 1822,

IL-3, IL-5 and GM-CSF, as well as TNF-a and IFN-c, in-
crease the life span of eosinophils, by actively inhibiting
the apoptosis mechanism. The TGF-b factor decreases
the eosinophil life span®'82022,

To summarize, the activation and activity of eosinophils
in eosinophilic lung diseases triggers the infiltration of
the pulmonary parenchyma by eosinophils and other
inflammatory cells and the release ofimmunoregulatory,
toxic and proinflammatory factors from the eosinophils
and other inflammatory cells. These factors act on the
tissue cells, regulating their functions®'822,

EOSINOPHILIC LUNG DISEASES

The term eosinophilic lung diseases covers a group
of diseases characterized histologically by the presence
of eosinophils in the alveolar spaces and the interstitial
tissue, with or without PE. The presence of eosinophils
in the lung tissue and the airways is a phenomenon sug-
gesting a cellular response of the host to an exogenous
or endogenous stimulating factor. Eosinophils are usually
absent from normal airways®'822,

The aetiology and the exact pathogenetic mechanism
of eosinophilic lung diseases are not well understood.
Several efforts have been made to classify them, and
they can be categorised into two large groups (table 1):
Diseases of unknown aetiology belong to the first group
(idiopathic or endogenous); diseases that aetiologically
may be associated with various known factors and con-
ditions (secondary or exogenous) belong to the second
group®*#21°, Whether idiopathic or secondary, many of the
eosinophilic lung diseases may present:

(a) With few or almost no symptoms, but only radiologi-
cal findings and alveolar eosinophilia: This is simple
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TABLE 1. Classification of eosinophilic lung diseases.

A) Idiopathic eosinophilic lung diseases
Loffler's Syndrome (Simple pulmonary eosinophilia),
Acute eosinophilic pneumonia (AEP)
Chronic eosinophilic pneumonia (CEP)
Hypereosinophilic syndrome (HES)
B) Secondary eosinophilic lung diseases
1. Drug - induced
Aminosalicylic acid Bicalutamide
Non steroidal anti-inflammatory Imipramin

drugs
Bleomycin Interleukin-2 and -3
Captopril Mecylamine
Cocaine Methylphenidate
Sodium cromoglyconate Minocyclin
Ethambutol Phenytoin
Gold salts Trazodone
Heroin Trimipramine

2. Of parasitic aetiology
Ascaridiasis
Paragonimiasis
Strongyloidosis
Tropical eosinophilia
Ankylostomiasis
Schistosomiasis

3. Of fungal aetiology
Allergic bronchopulmonary aspergillosis
Coccioidiomycosis
Trichosporosis
Invasive aspergillosis
Other fungi

4. Of bacterial aetiology
5. Ofviral etiology

6. Connective tissue diseases and angiitis
Wegener’s Granulomatosis
Churg-Strauss Granulomatosis
Rheumatoid Arthritis
Polyarteritis Nodosa

7. Inhalation of toxic gases

8. Other (unclassified) eosinophilic lung diseases
Eosinophilic Gastroenteritis Vasoimmunoblastic
lymphadenopathy
Reptile bites Histiocytosis X
Inflammatory bowel disease ~ Malignant diseases
Bone marrow transplantation  Idiopathic pulmonary
fibrosis

Asthma Eosinophilic bronchitis
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pulmonary eosinophilia.

(b) With dyspnoea, malaise, weight loss, high fever; symp-
toms similar to those of infectious pneumonia: This
is chronic eosinophilic pneumonia (idiopathic or
secondary). This form has the same radiological and
pathological picture as Loffler’s disease.

(c) Acutely - the patient is severely dehydrated and usu-
ally needs to be intubated. This is acute eosinophilic
pneumonia. Until recently this manifestation was
considered to be strictly idiopathic, but in recent
years this kind of “eosinophilic acute respiratory dis-
tress syndrome (ARDS)” has also been observed as a
secondary phenomenon.

In other words, all causes of secondary pulmonary
eosinophilia (drugs, parasites, external factors, etc) may
present clinically as eosinophilic ARDS, (acute eosinophilic
pneumonia), or more chronically as eosinophilic pneu-
monia, or with very few symptoms as simple pulmonary
eosinophilia.

IDIOPATHIC EOSINOPHILIC LUNG DISEASES

Although the pathogenicity of eosinophilic lung dis-
eases is not completely understood, a large amount of
evidence indicates that the eosinophil may be a key factor
in the pathogenetic mechanisms of these diseases®'®2. This
conclusion is based on histological studies of lung tissue
and BAL samples from patients with eosinophilic lung
disease. Studies show an increased concentration of ECP in
the BAL and the presence of MBP in histological samples,
with degenerated eosinophils and free granules in the
pulmonary microvascular network. Most bronchoalveolar
eosinophils taken from patients with eosinophilic lung
diseases are degranulated. Eosinophil-derived proteins
may damage the endothelial cells of the lungs directly
and increase vascular permeability. Thus it appears that in
patients with eosinophilic lung diseases, the eosinophils
may be directly responsible for tissue damage®'822,

The following diseases belong to the group of idi-
opathic eosinophilic lung diseases®*:

* Loffler's Syndrome (simple pulmonary eosinophilia),
* Acute eosinophilic pneumonia (AEP)

* Chronic eosinophilic pneumonia (CEP)

* Hypereosinophilic syndrome (HES)

Simple pulmonary eosinophilia (Loffler’s syndrome)

In 1932 Loffler presented a lecture about patients with
very few clinical symptoms, peripheral blood eosinophilia



160

and bilateral pulmonary infiltrates on the chest X-ray.
This is a rare idiopathic, benign and self-limiting disease,
characterized by migrating pulmonary infiltrates and PE.
The typical features of the clinical picture of the disease
are: 1) mild respiratory symptoms, including cough, which,
when productive, reveals the presence of eosinophils
in the saliva, and mild dyspnoea not accompanied by
bronchial occlusion, and 2) low grade fever lasting for
a few days. Considering that this clinical picture may be
produced by certain medicinal products or even parasites,
all possible causes that may provoke this condition must
be excluded for a condition to be identified as Loffler’s
syndrome®?,

The disease is usually mild and does not last for more
than a month. In almost all cases spontaneous resolution
and complete cure of the disease are observed®?,

Acute eosinophilic pneumonia (AEP)

AEP is a very rapidly progressing disease, normally
occurring in otherwise healthy adults. The pathogenesis
of AEP remains unknown, but the disease is thought to be
a manifestation of a hypersensitivity reaction to antigens
that are yet unknown3722,

Its initial symptoms are similar to those of CEP but last
only for a few days. The typical features of AEP are: a) recent
onset with a symptomatology of a few days’duration, b)
severe dyspnoea with severe hypoxia, ) fever, d) bilateral
pulmonary infiltrates (Figures 1, 2), e) BAL eosinophilia
(>25-35%), and f) absence of PE. In most cases the disease
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progresses very rapidly to a significant degree of respira-
tory failure. Bilateral infiltrates are observed on the chest
X-ray but their distribution at the periphery of the lungs
is unlike that of the CEP infiltrates (Figure 1, 2)37-92,

Particular caution is required when the diagnosis of
the disease is made. The absence of PE combined with
leukocytosis and the radiological picture, may easily lead
to a diagnosis of pneumonia of bacterial aetiology. If the
disease is suspected clinically, particularly in individuals
with rapidly progressive respiratory failure and with an
eosinophil count exceeding 25-35%, BAL must immedi-
ately be performed, despite the presence of hypoxia. The
clinical - radiological course of the disease is similar to
that of ARDS, but apart from the complication of acute
respiratory failure, neither shock nor multiorgan dysfunc-
tion syndrome (MODS) is observed3?”922,

Chronic eosinophilic pneumonia (CEP)

In 1969 Carrington and associates described a chronic
pulmonary syndrome characterized by exacerbations
and remissions and manifesting prolonged generalised
symptoms, e.g., recurrent fever and cachexia, cough, night
sweats, weight loss and progressively increasing dyspnoea,
which, in time, may progress to respiratory failure®>'>22, The
aetiology and pathogenesis of the disease are unknown.
The symptoms are accompanied by pulmonary infiltrates
affecting the periphery of the lungs (Figure 3) (i.e., the
opposite of the chest X-ray of pulmonary oedema) and
increase in eosinophils in the peripheral blood in 90% of

FIGURE 1. Posteroanterior chest X-ray of acute idiopathic
eosinophilic pneumonia with bilateral alveolar opacities and
a conglomeration of lesions in the dependent areas.

FIGURE 2. High resolution computed tomography of acute
idiopathic eosinophilic pneumonia in which bilateral alveolar
opacities and bilateral pleural fluid accumulation are ob-
served.
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the cases and in the BAL (>20%)''22, although in 5% of the
patients, the eosinophil count is normal during the initial
stages of the disease'®'?>?2, The mean age at onset is 40-
50 years and 50% of patients have a history of bronchial
asthma or allergic rhinitis and only 5- 15% have allergy to
drugs, or nasal polyps or eczema. Frequent symptoms are
cough (90%), dyspnoea (55-95%), expectoration (30-40%)
and, rarely, chest pain or haemoptysis (10-15%). Upper
respiratory problems (rhinitis, sinusitis) are present in about
20%.'*'? Fever, weight loss, anorexia, fatigue and sweats
are also common symptoms. Chest X-ray shows a variety
of patterns, but high resolution computed tomography
(CT) is essential for the diagnosis. Peripheral infiltrates (the
“photographic negative” to that of pulmonary oedema)
is the most common radiologic finding. Infiltrates may
be migratory and sometimes present a “ground-glass”
pattern, but always with a peripheral distribution. More
rare X-ray findings are opacities with cavitation (5%) and
pleural disease (5%). Mediastinal lymph node enlargement
may be present in 20-30% of patients. The pulmonary
infiltrates resolve within 2-3 days of administration of
corticosteroids'®'2. If the disease recurs, a faithful repetition
of the radiological examination is made. PE isa common
finding (90% of patients). The presence of eosinophils in
BAL fluid in a percentage of about 60% is characteristic.
The sensitivity of this finding is 100%, so transbronchial
biopsy is not necessary. IgE is increased during the disease

FIGURE 3. Posteroanterior X-ray of chronic idiopathic eosi-
nophilic pneumonia in which bilateral, perihilar and especially
peripheral alveolar infiltrations are observed.
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exacerbation, and the ESR frequently exceeds 100 mm
in the first hour.

The diagnosis of CEP is not established immediately.
Most patients are treated initially as if they have pneu-
monia, with multiple changes of antibiotic regimes. The
average period of time between the onset of symptoms
and the diagnosis is 1 week to 4 months.

CEP is not a systemic disease and affects only the
respiratory tract. If multiple systems are affected, another
disease must be considered and in these patients, the
Churg-Strauss syndrome must always be excluded'®'2,

Hypereosinophilic syndrome (HES)

In the past, this term referred to a broad range of noso-
logical conditions, from the self-limiting Loffler syndrome
to serious chronic syndromes with a fatal outcome, such
as eosinophilic leukaemia'>'41617.202123 'HES js a disease
of unknown aetiology, but it is currently believed to be
a clonal eosinophilic disorder. It is characterized by PE,
with a blood count of greater than 1,500 eosinophils/ul
(eos/ul) lasting for longer than 6 months (or with a fatal
outcome within 6 months), in the absence of infestation
or other known causes of eosinophilia, and with indica-
tions of the involvement of other organs.

HES is most common in men aged 20-50 years and if
left untreated its mortality rate is 50% within 1 year'1419.20,

FIGURE 4. High resolution computed tomography of chronic
eosinophilic pneumonia in which alveolar consolidation
(large arrows) and ground glass appearance (small arrows)
are observed.
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The disease affects the cardiovascular system in 60% of
cases'3 1162022 and damage to the cardiovascular system is
the primary cause of mortality in patients with this disease.
Endocardial fibrosis, due to overgrowth of connective
tissue, and thromboembolic events are observed. Other
organs affected are the lungs (40%), the skin (55%), the
central and peripheral nervous systems (55%), the kid-
neys, the gastrointestinal tract and the musculoskeletal
system'314161920 Multi-organ involvement is due to the
eosinophilicinfiltration of the organs. Patients present with
symptoms such as weakness, cachexia (25%) nocturnal
cough (25%) and dyspnoea (15%). The cardiac symptoms
which may be observed are those from congestive heart
failure, mitral valve insufficiency and cardiomegaly. Central
nervous symptom involvement and peripheral neuropathy
are accompanied by skin lesions such as erythematous
maculae, nodules and angioneurotic oedema.???

The differential diagnosis of HES, which should ex-
clude eosinophilic leukaemia, is not easy and frequently
bone marrow biopsy is required. In eosinophilic leukae-
mia the percentage of blast cells in the bone marrow
exceeds 10%'?°. The chest X-ray shows parenchymal
infiltrates in 25% of patients with HES*?2, A pattern of
acute pulmonary oedema or pleural disease must be
also present''6192022 paradoxically, the BAL eosiniphilia
is mild while PE is severe.

THE DIAGNOSTIC APPROACH TO IDIOPATHIC
EOSINOPHILIC LUNG DISEASES

Eosinophilic lung disease is diagnosed when the pa-
tient has clinical symptomatology related to the respiratory
tractaccompanied by tissue eosinophilia, as expressed by
the presence of eosinophils in BAL fluid or lung biopsy;
PE may or may not be present. The diagnostic approach
requires the recording of a detailed patient history and
the performance of laboratory tests that will confirm or
exclude specific diseases. In most cases, the presence of
eosinophils in the blood and the BAL fluid justifies the
term eosinophilic lung diseases®'*222, An increase of
eosinophils may also be detected in sputum and lung
biopsy samples®%.

A high eosinophil count in the blood is one of the
key characteristics of eosinophilic lung disease (with the
exception of AEP)36%1220 The evaluation of the peripheral
blood count must be based on absolute numbers rather
than on the percentage of eosinophils. Normal blood
generally contains between 50 and 500 eos/ul and values
exceeding this number are considered to be pathologi-
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cal. PEis arbitrarily classified as mild (500 - 1,500 eos/pl),
moderate (1,500 — 5,000 eos/pl) or severe (>5000 eos/pl)**,
While the increased blood eosinophil count may be the
initial evidence of eosinophilic disease, eosinophilic in-
volvement is not always accompanied by PE. Also, there
may be blood eosinophilia with no involvement of the
lungs and in this case further diagnostic investigation is
required?'822,

The detection of eosinophils in the sputum directly
suggests the presence of eosinophils in the bronchoal-
veolar space®'®2, A high eosinophil count in the BAL fluid
is directly associated with the presence of eosinophils in
the lung tissue. The BAL technique is safe and minimally
invasive. Normally, BAL contains less than 1% eosinophils,
and an eosinophil count exceeding 5% and up to 20% of
the total number of BAL leukocytes is considered an ab-
normal finding and may be observed in various interstitial
lung diseases. A very high BAL eosinophil count (>20%)
may be observed in patients with Loffler syndrome, AEP,
CEP and HES, as well as in some secondary eosinophilic
lung diseases, e.g., the Churg-Strauss syndrome, a tropical
eosinophilia of the lungs, and drug-induced eosinophilic
lung disease'3*21"14 Occasionally cells may not be de-
tected at all, with the only sign of eosinophil involvement
being high levels of basic proteins in the tissues and the
body fluids. BAL fluid may be sent for both culture and
for cytological examination. The diagnosis is confirmed
by biopsy of the lungs®'#2.

It is re-emphasised that activated cells may demon-
strate decreased staining properties or be completely
degenerated, and in the latter case, the eosinophil count
may be misleading. However, significant amounts of basic
proteins will have been distributed in the tissues and the
body fluids, so in these cases it is important to assess the
presence of eosinophilic proteins, e.g. MBP or ECP, in the
blood, the sputum or the BAL using various immunological
methods. The ECP level may be measured by radioimmu-
noassay (RIA) and the enzyme-linked immunoassay (ELISA)
in the serum, the sputum, the BAL fluid and the urine of
patients with suspected eosinophilic lung diseases. The
immunohistological examination of lung tissue may also
be helpful in the diagnosis of eosinophilic lung disease.
In CEP, for example, MBP deposition has been found in
the area of the parenchymal lesions®'"1222,

Given that certain eosinophilic diseases have specific
causes, e.g. infestations or adverse reactions to drugs, the
treatment must be based on the results of comprehensive
examinations made to try to identify, if possible, the causal
factors. Usually, intense investigation for identification of
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causal factors is missing from the diagnostic invastigation
in such patients. In clinical practice, it is often impossible
to identify the aetiology in a significant number of patients
with pulmonary eosinophilia, despite comprehensive
examination, and the pneumonologist will require the
assistance of other specialists, particularly the haematolo-
gist, the immunologist and the parasitologist in the effort
to establish the cause®%. In the absence of comprehen-
sive investigation, a patient may be wrongly diagnosed
as having AEP or bronchocentric granulomatosis and
receive a wrong treatment. It must be emphasized that
the definitive diagnosis of idiopathic eosinophilic lung
disease is made only after excluding other causes and
being confirmed histologically®2°2,

CLASSICALTREATMENT AND EVIDENCE ON THE
MORE RECENT TREATMENTS FOR IDIOPATHIC
EOSINOPHILIC LUNG DISEASES

In eosinophilic lung diseases, the lung tissue biopsy
findings are consistent with the rationale that a hypersen-
sitivity reaction has occurred at the site of parenchymal
damage, with the eosinophils playing a key biogenetic
role™".

The objective of treatment of idiopathic eosinophilic
lung disease is: a) to achieve remission of PE, b) to pre-
vent damage to the pulmonary parenchyma, and c) to
cure the disease or slow down its course and progress.
A short presentation of both the traditional treatment of
eosinophilic lung diseases and newer evidence regarding
the treatment of these diseases follows.

Corticosteroids: Corticsteroids are frequently used
in eosinophilic lung diseases and are the first choice of
treatment for these diseases.

In patients with simple pulmonary eosinophilia, no
specific treatment is required and the symptomatic relief
of the patient may include use of antipyretics, antitussives
and rest. In almost all patients spontaneous remission
and complete cure of the disease is observed. Only if the
clinical picture is severe are additional forms of treatment
justified, and in such cases, treatment with oral corti-
costeroids has proved to be highly effective. If clinical
relapse is observed when corticosteroids are tapered off
or stopped, a chronic eosinophilic disease rather than the
simple form, must be considered®?122022,

In patients with AEP, L.V. methylprednisolone is given at
adosage of 1 mg/kg of body weight 6 hourly for 4 days, or
foras long as required, in patients with refractory respira-
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tory failure. Patients with AEP normally show a complete
response to treatment within 2 days. The treatment is
continued with oral administration of prednisone 40-60
mg/24 h for 2-4 weeks, after which the dose is progressively
tapered off. Remission of the disease on administration
of corticosteroids is spectacular. AEP, unlike CEP, does not
recur and has a better prognosis.

In patients with CEP corticosteroids improve the symp-
toms of the disease impressively within a period of less
than two days. Occasionally, when differential diagnosis of
the disease must be made to exclude common pneumo-
nia, the administration of corticosteroids may have to be
delayed®*. The dosage of corticosteroids (prednisolone) is
0.75 mg/kg of body weight every 24 hours. After 20 days
of treatment, dosage is reduced to 0.50 mg/kg of body
weight every 24 hours and then adjusted to 10-20 mg
every 24 hours®? Frequently, relapses occur when the
corticosteroids are tapered or discontinued, and treatment
must be continued for at least 6 months in most patients.
Some investigators report that in chronic relapsing forms,
corticosteroids must be administered for 7 - 10 years,
usually at a low dosage (i.e., 10 mg per 24 hours or 48
hours), and some patients may need to receive corticos-
teroids for as long as they live. Inhaled corticosteroids
appear to be effective in the long-term treatment of the
disease, and the inhaled dose is significantly lower than
that taken by mouth (i.e. 5 mg every 24 hours). Patients
with airway obctruction require full treatment with both
(3, inhalers and inhaled corticosteroids. As a rule, improve-
ment of the radiological picture with complete resolution
of the chest X-ray findings is observed. The radiological
picture starts to improve within 2-3 days of initiation of
treatment and returns completely to normal in 2 weeks.
With corticosteroid treatment, the course of the disease is
relatively good, despite relapses, which also respond very
well to corticosteroids. If treatment is delayed, pulmonary
fibrosis may occur®2°2,

As far as HES is concerned, only 50% of the patients
respond to treatment with corticosteroids, administered
at high doses. The administration of 60 mg prednisolone
per day for 1 week is recommended, followed by 60 mg
every second day for 3 months. The dose must then be
tapered off gradually, as the number of eosinophils de-
creases and as the function of affected organs improves.
Patients who do not respond to treatment with corticos-
teroids need treatment with chemotherapeutic agents,
e.g. cyclosporine. Recently, there have been reports of the
successful use of IFN-y for the treatment of corticoster-
oid-refractory HES. HES remains a severe disease with an
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unfavourable prognosis'>'. The three year survival rate
reaches 40-80%° 1416192022,

Eosinophilic lung diseases frequently relapse on dis-
continuation of corticosteroid treatment. Unfortunately,
the long-term use of corticosteroids (particularly when
used at high doses), has been associated with a high
number of side effects®'"12162022,

Interferon-a (IFN-a): IFN-a has proved to be a highly ef-
fective drug in the treatment of eosinophilic lung diseases,
but its toxicity is a significant problem in its use. IFN-a is
normally infused subcutaneously at a dosage of 3 MU,
3-5 times weekly for 12 months. On starting treatment
with IFN-a most patients manifest flu-like symptoms, i.e.,
fever, tremor, myalgia, headache, etc. Other side effects
of IFN-a treatment are lowered blood cell line counts and
increase in blood levels of liver enzymes, and therefore
frequent and careful monitoring is required during treat-
ment. These side effects subside over time, but the general
experience with IFN-a is that approximately 25-30% of
patients require treatment suspension due to side effects.
There are still no data on the side-effects of long-term
treatment with IFN-a. New long-acting forms of IFN-a
have been developed during the last few years, which
are administered only once a week and may, therefore,
be better tolerated. Overall experience of the use of IFN-
q, either given alone or combined with corticosteroids
is very limited. The drug appears to be promising, but
more studies need to be performed on its safety and ef-
fectiveness. In patients with idiopathic eosinophilic lung
diseases with a very severe clinical picture, particularly
severe respiratory failure which is refractory to treatment
with corticosteroids, treatment with INF-a, combined
with corticosteroids could be effective'’?2, In conclu-
sion, the current data regarding the use of IFN-a are not
illuminating and more studies are required that include
higher numbers of patients and longer treatment dura-
tion in order to determine the groups of patients and
the types of eosinophilic lung diseases for which IFN-a
is indicated.

Immunosuppressants/cytotoxic drugs: Immunosup-
pressant and cytotoxic drugs constitute an alternative
treatment for patients with idiopathic eosinophilic lung
diseases. They are potent drugs with serious side effects
and are used primarily for the treatment of oncological
and immunological diseases. For the treatment of eosi-
nophilic lung diseases they are given for the treatment
of seriously ill patients with a severe clinical picture, in
which situations cyclosporine, azathioprin and cyclophos-
phamide have been used®*22, These drugs are added to
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the treatment of eosinophilic lung diseases in patients
where corticosteroid monotherapy has failed. They are
also used in patients who have contraindications to receiv-
ing corticosteroids or who have experienced serious side
effects from corticosteroids (e.g., uncontrolled diabetes
mellitus, arterial hypertension, severe osteoporosis, peptic
ulcer, glaucoma). Studies have shown that only 15-20% of
patients with chronic eosinophilic lung diseases respond
well to monotherapy with immunosuppressants®. Cy-
closporineis a potentimmunosuppressant drug used for
the prevention of organ rejection in transplant patients. In
some patients with idiopathic eosinophilic lung diseases
not satisfactorily responding to corticosteroids, there is
evidence that cyclosporine may be an effective treatment.
In clinical studies on patients with corticosteroid-refractory
eosinophilic lung diseases and progressively deteriorat-
ing respiratory function, cyclosporine was given at a low
dosage regime (100-130 mg/day) in combination with
prednisone.The study results were encouraging, since the
severe clinical picture of the patients improved in 20% of
cases'#?22 Cyclosporine is a very potent drug and its use
for the long-term treatment of eosinophilic lung disease
is not recommended because of its serious side effects.
Patients with new-onset eosinophilic lung disease, with
a severe clinical picture and severe respiratory failure,
and patients with established chronic eosinophilic lung
disease and acute deterioration of their respiratory func-
tion, who do not experience satisfactory improvement
after receiving monotherapy with corticosteroids, may
benefit from the addition of cyclosporine to their treat-
ment regime’2',

Novel drugs

Most patients with idiopathic eosinophilic lung dis-
eases respond very well to traditional treatment with
corticosteroids. Simple pulmonary eosinophilia and AEP
are not of serious medical concern and usually respond
with complete remission of the clinical symptomatology
and permanent cure. As far as CEP and HES are concerned,
corticosteroid monotherapy is ineffective, or is associated
with many side effects in a high rate of patients (20% and
50% respectively). Pilot clinical trials of novel drugs have
been performed with encouraging results. However, the
activity of the study drugs has not yet been established
with large, well designed studies, although some are
presently in progress®#491315.17.20-22

A group of therapeutic agents known as tyrosine kinase
inhibitors has been developed. The latest therapeutic
approach to idiopathic eosinophilic lung diseases is to
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“target” specific receptors on the surface of eosinophils,
in order to disrupt the growth of these cells in the tis-
sues. Platelet derived growth factor receptor (PDGFR) is
a protein belonging to the family of tyrosine kinases. The
tyrosine kinase enzymes found on certain receptors on
the cell surface participate in their proliferation mecha-
nism. Therefore, these drugs, tyrosine kinase inhibitors,
(imatinib mesylate, dasatinib, nilotinab) were developed
to prevent this process*'32022,

Imatinib mesylate is a tyrosine kinase inhibitor known
to inhibit the expression of PDGFR. Imatinib was initially
developed and approved for use in the treatment of
chronic myelogenous leukaemia (CML). Imatinib is given
by mouth at an initial dose of 100 mg, with a gradual
increase to up to 400 mg after one month*'>2°, Other
tyrosine kinase inhibitors currently under investigation
for the treatment of patients with eosinophilic lung
diseases are dasatinib and nilotinib. This treatment is still
under clinical evaluation.

Mepolizumab is a drug which binds to IL-5 the most
appropriate cytokine for the increase of eosinophil cells.
This treatment is under evaluation in clinical trials in
patients with idiopathic and other eosinophilic diseases
and initial results are encouraging'>'7:221,

Alemtuzumab is a monoclonal antileukocytic antibody
acting against the CD52 glycoprotein of the eosinophil
and in general the leukocyte surface. Recent studies have
shown the utility of alemtuzumab (anti-CD52) in the treat-
ment of patients with eosinophilic diseases. Although the
drug is still under research, it may acquire a position in
the treatment of some patients with refractory idiopathic
eosinophilic lung diseases*?2,

A potent humanized antibody, anti-eotaxin I has been
isolated, which has demonstrated satisfactory in vitro and
invivo effectiveness. Eotaxine (CCL11) belongs to the family
of chemocytokines and is a significant regulator of eosi-
nophil function. Chemocytokines are a group of proteins
playing an important role in inflammatory reactions (they
are leukocyte chemotactic agents, and are also reported
to be pro-inflammatory cytokines), viral infections, ang-
iogenesis, collagen production and the proliferation of
haemopoietic stem cells. In many eosinophilic diseases,
the accumulation of eosinophils observed in the tissues
has been associated with the increase of eotaxin I. The
potential therapeutic value of anti-eotaxin in neutralizing
the effect of eotaxin in inflammatory conditions is being
investigated and may prove to be of therapeutic value
for the inhibition of diseases where eosinophils play an
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important role?2,

L- selectin inhibitors. L-selectin is a leukocyte membrane
protein. Its primary role is in leukocyte adhesion to the
endothelium. L-selectin activity is promoted by the ac-
tivity of TNF-a and IL-1f and results in the migration
of inflammatory cells the site of tissue damage and
in progress of the inflammatory process. In experi-
mental models the administration of IL-18 and TNF-a
antagonists resulted in cell protection. These drugs
are currently being studied for use in the treatment of
idiopathic eosinophilic lung diseases.

Phosphodiesterase 4 inhibitors. Phosphodiesterase 4
is one of the primary enzymes deactivating the cyclic
AMP in inflammatory and immunoregulatory cells. The
variety of inflammatory mechanisms under the control
of phosphodiesterase 4 makes it an attractive target for
development of a new therapeutic intervention based on
its inhibition. The phosphodiesterase 4 inhibitors, both
in vitro and in vivo, demonstrate a broad anti-inflamma-
tory activity including suppression of inflammatory cells,
decrease of microvascular permeability, suppression of
cytokine and chemocytokine release by inflammatory
cells, and decrease in the production of oxidative mol-
ecules and the expression of adhesion molecules. The
primary phosphodiesterase 4 inhibitors are cilomilast
and roflumilast, with the latter being considered more
selective and with a broader therapeutic range. Despite
the positive experimental results, the majority of clinical
trials have produced no robust evidence of clinical ef-
fectiveness. In the future, better substantiated trials will
determine whether phosphodiesterase 4 inhibitors will
be effective as a new form of anti-inflammatory drug to
reduce penetration of eosinophils into tissues.

MAP kinase inhibitors are anti-inflammatory drugs that
inhibit the synthesis of Th2 cytokines and also activate
the eosinophil apoptosis pathways, but there are safety
concerns related to their possible use as therapeutic
agents.

In conclusion, pending the results of ongoing studies
on novel possible therapeutic agents, physicians decid-
ing to prescribe treatment for eosinophilic lung disease
should use corticosteroids as monotherapy or in combina-
tion with immunosuppressants/cytotoxic drugs. Various
potential approaches to the treatment of eosinophilic
disease with new drugs are being investigated. The goal
for treatment is the development of specifically acting
drugs with no side effects.
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MEPIAHWYH. To kadpuo (Cd) amotelei éva Siadedopévo mepifalio-
VTIKO pUTTO A€ TToIKiAoU Babpou TogikdTnTa oTa Sidgopa cucTHEATA
Kal Befaiwpévn Kapkivoyovo ikavotnta. AGyw Tou peydAou xpovou
NH{wn ¢ Tou evtog Tou avBpwmivou cwpatog (Eemepvd ta 10 xpovia),
n Xpovia ékBeon kai n dBpoion Cd pmopei va mpokaléoel mAnbwpa
TOEIKWVY QAIVOUEVWY GTOUG VEQPPOUG, GTA 00TA, GTO OUPOTTOLOYEV-
vNTIKO cUGTNRA, AAAG Kal 0TOUG TTVEUUOVEG. To KATIVIGHA KAl N €p-
yaotakn ékBean otig eviael Tou Cd amoteAoUV TI ONUAVTIKOTEPEC
nnyég elonvorig Cd. H mapouca Bpayeia avacKomnon anoTunmwvel
Ta Sedopéva oV TEKUNPIWVOLV ThV KapKivoyovo dpdon tou Cd
Kal cuaXeTi{ouv TNV €16TVor auTtoU HE TV avantuén KapKivou Tou
nveupova. Ot UMAEKOUEVOL PNXavIouUoi dev €Xouv amooa@nVIoTEi
AR PWG, WOTACO, CNUAVTIKG pOAo @aivetal va Siadpapati{ovv 1660
ol 0&e1dwTIKEG, 600 Kal ol dpeca amoppubuioTikég Spdaoelg Touv Cd
emi S1apopwv MPWTEIVWV Kal ev{UUWV TWV EKTIOEUEVWV GE AUTO
KUTTApWV Tou iveupova. lveuuwv 2008, 21(2):167-171.

EIZATQrH

To kaduio (Cd) avrkel ota ototyeia Tng opadag 1B Tou meplodikou mivaka
KAl aVIXVEVETAL OTOUG LOTOUG OAWV TWV OPYAVICUWY, XWPIC va amoTelei ama-
PAiTNTO yla auTouG IxvooTolxeio'2. O1 KUpLoL TPOTIOL EKBEONG TWV avBpWTTWY
oto Cd kal oTI¢ eVWOoELG Tou mapouactdlovtal cuvonTikd oto Xxfua 1. O
(PUOIKOXNMIKEG 1810TNTEC Tou Cd (Mivakag 1) mpooopoldlouv pe autég AANWY
amapaitntwy yia tn {wry IxvooTolxgiwy, 0TTwe 0 Peuddpyupog (Zn) Kal To
aoPéotio (Ca)**. Ze kuTtapiké emimedo, To SioBevég Cd (Cd*) xapaktnpiletal
and uPnAn IKavotnTa ouvdeong He S1APOoPa HAKPOUOPLA, ETTIPEPOVTAS
peTa&l AMNwv: a)uetaoléc otn Sour Kat atn Aeltoupyia Toug, B)emaywyn
o€elbWTIKWYV QaIvVouévwy, KaBwe Kat y)oiéyepon PETAANO-OULEUKTIKWY
avtidpdoewv3>°, Me tov Tpomo auto, To Cd mANTTEL Ta KUTTapa Slapopwv
CUCTNUATWY KAl I0TWV TOU OPYAVIOUOU, OTIWG TOU AVATIVEUCTIKOU’, TOU
oupomolnTikoU?, Tou KapSlayyelakoL®, TOU yaoTpeVTEPIKOU'?, Tou veupikou!
KAl TWV 00TWV'?, S1aTapAcoovVTaG EUUECA KAl AUECA TN AEITOUPYIKOTNTA
TouC. Ot ToéIkéC auTég Spdoelg umopei va odnyriocouv ta KUTTApa autd o€
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PYIIKEL KAT ANOPORITONENELE ITHTEX EKITOMITHE

dpean mpoaiiixn
(lmdaopare ki)

EAADOL

ATMOEZDAIPA

CETPOSPUUPIKT nﬁllr.m]]

(e

DY TA / TPOMIMA / YAOQP S KATINOE

KOATVIGp

ANGPOIIOE ]

IXHMA 1. KOplol tpémol €kBeong Twv avBpwmwy oTto KASHIo
(Cd) kat oTIC EVWOEIC TOU.

MINAKAZ 1. ZOvoyn Twv KUPIOTEPWY QUOIKOXNMIKWV IOI0TH-
Twv Tou Kaduiou (Cd).

XapaktneloTika: METANO HaAOKS, ENATO Kal OAKILO

Xpwpa: APYUPOAEUKO-KUOVOAEUKO
KpuotaAAiki Soprj:  Slatapaypévo e€aywvo
ATOHIKO Bapog: 112,411

ATOMIKOG aplBpoG: 48

ATOMIKN aKTiva: 1,48 A

0,97 A (yia to Cd*)
ApiOuog oeidwong  +2, +1

lovtikn aktiva:

MukvétnTa: 8,65 g/cm?
Inueio TREEwC: 321°C
Inpeio {éoewg: 778 °C

Kupiotepeg evoelg:  o&eidio tou kadpiou (CdO), Belovyo
kaduto (CdS), xAwptovxo kaduio
(CdCl,), Bpwuiouxo kaduio (CdBr,),

Be1kd kaduio (CdSO,)

EKQUAION 1] aKOWN Kal o€ eEalayni 1314,

21N BIBAIOYPAPIA TEKUNPIWVETAL GAPWE N IKAVOTNTA
Tou Cd va emdyel éupeceg o&eldwTikéG BAAPeC emi Tou
YEVETIKOU UAIKOU (DNA), he amoTtéheopa: a)Tny emaywyn
TOU KUTTAPIKOU TTOANATAAGIaoUoU, B)TNV avaoToAr Twv
ATOTITWTIKWYV SlEPYACIWY, KABWE KAl Y)TNV Tapeumodion
Twv emMSI0POWTIKWV pnxaviopwv tou DNA (DNA-repair
inhibition)®'>'¢, Ot akpifei¢ unxaviopoi, wotdoo, AuTWwV
TWV EUUESWVY KapKIvoyovwy dpdaoewv tou Cd, mapapiévouv
acageic. To Cd @aivetal va TPOKAAEL TNV evepyormoinon
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OpPIoUEVWVY TTPWTO-0oyKoyovidiwv (c-myc, c-jun)’’, xwpig
OMWG KAl 0TV TIEPIMTWON auth va anocagnvifovtal ot
EUTTAEKOMEVOL UNXAVIOUOL. ZNUAVTIKO, TTAVTWG, AVOOTAATL-
KO pOAO 0TNV KAPKIVOYOVO (NG KAl GTNV €V YEVEL TOEIKN)
Spaon tou Cd @aivetat va mailet n petarhoBelovivn (MT)
(pia petarhoouleukTikn TpwTEivn mou deopevel To Cd kat
OUMPBANEL TNV ATTOPAKPUVOH TOL)®',

To Cd kat ot evwoelg Tou Cd e€etaotnkav Kal amno
opddeg epyaoiag Tng International Agency for Research
on Cancer (IARC), pe arTOTENEGA TOV XAPAKTNPIOUO TOU
Cd w¢ “kapkivoyovou katnyopiag I” oTnv KAipaka tng
IARC'8, To yeyovég autd, o€ ouvOuaouo He ANAa cuppé-
OVTa EMIOTNUOVIKA EVPNHATA, EIXE WG ATTOTEAEGHA TNV
avadeign tou Cd w¢ peifovog yia TNV avBpwrmivn vyeia
mepIBal\ovTIkoU pUTIOU Kal EPYACIAKOU KIVOUVOU'*™°,

2 KOTIOG TNG MOPOUoag avaokomnong givat n cuvoyn
Twv péxpt orjpepa BiBAoypa@ikwv SeSouEVwY OXETIKA
ME TNV Kapkivoyovo §pdon Tou Cd (wg mepiBarAovTikou
TTapAyovTa Kal Blopnxavikol pUTTOU) OTOV TIVEUHOVA.

EMAHMIOAOIIKH ZYZXETIZH METON KAPKINO
TOY NMNEYMONA

H ouoyétion tou Cd pe Tov Kapkivo Tou mvelpova
urip&e TO AVTIKEIYEVO TTOAWVY EMONUOANOYIKWY HENE-
Twv?®3°, Mapd 1o yeyovdg &TL n Mo ouyvn aitia avantuéng
KOPKivou Tou Tivelpova gival To KAMviopa®'32, katéotn
avaykaia n Siepelivnon Kal AAWV mMOavwy mapayovTwy
KIvoUVou, OTTw¢ To pyactakd mepIBAANoV, ot SlartnTIKES
OUVIBEIEC, TO OIKOYEVELAKO TIEPIBANNOV, TO KOIVWVIKO-OIKO-
VOUIKOS emimedo KA. ta mAaiola autrg Tng Slepevvnong,
n ékBeon oe Cd oto gpyaciakd mepifaiiov (Mivakag 2)
ouoXeTioOnKe pe auénuévo Kivouvo ekdnAwong Kapkivou
Tou TIvVeUova (TTov ayyiel Kal TNV TR OXETIKOU KIvdUvou
3,7), otnv mAetovotnta Twv Sie€axBelowv emONUIOAOYIKWV
MENETWV?+262830 1IOAOVOTL UTTAPXOULV AiYEG (TTOAAOTEPEC)
peléteg mou Sev emPBePaiwvouv autr T cuoxEtion?®?'. Ot
TIEPIOOOTEPEC Ao TIC ENETEG apopoUaaV pyalOUEVOUC
o€ Blounxavieg mapaywyng pmataplwyv f eme€epyaciag
Cd o€ oUykplon e To YevIKO MANBuoué®, Aapfdvovtag
WC KPITAPLO TO LIOTOPIKS epyactaknic ékBeong oe Cd. Ano
oplopéveg peNéteg mBavoloyeital Kal To eVOEXOUEVO
OCUMMETOXNG Kat AWV Bapéwv HETANWY TTou cuviBwG
ouvurapyouv e 1o Cd oto ekdoTtote umd e€€taon TepL-
[Bad\ov epyaciag, 6mwe To apoeviko (As), To vikéo (Ni), To
BnpuUAAio (Be) kat to xpwpto (Cr)*>23¥. 01 Stayner kat ouv.
amooa@ivIoav KATIWE TA TTPAYMATA, KATASEIKVOOVTAG [ia
6000-e€apTWwHEVN AVENON TNE KAPKIVOYOVOU IKAVOTNTAC
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MINAKAX 2. Kuplotepeg BIOPNXAVIKES EQAPHOYEG TOU Kadiou
(Cd).
1. 0NV KATAOKELT 0UOOWPEVUTWV VikeAiou-Cd (Ni-Cd, kupiwg
Y10 UITaTapieg KIVNTWV TNAEQUVWV)

2. WG OUOTATIKO XPWOTIKAC TTAACTIKWY KAl UOAIKWV
3. otn otaBepomnoinon Tou mohufBivuloxdwpidiov (PVC)
Kat AAAWV TAAOTIKWY UAWV (0 OUVOUAOUO IE CATTWVEC
Bapiov)
4. otnv MPOOTATEUTIKN MKadpiwon Tou XdAuBa (moAepIkn
Blounxavia, agpovaurnylikn)
5. w¢ ouoTatiké SlaPopwv KPAUATWY Blopnxavikwy i do-
MKWV EQUPUOYWV
6. OTn Xpuooxoia (KATaoKEU Kal GUYKOAANGN KOOUNUA-
Twv)
7. otnVv mapaywyn NAEKTPIKWY KaAwdiwv
8. 0TnV Mapackeur oSOVTIATPIKWY AUAAYAUATWY
9. OTNV KATOOKEUN CUNEKTWV VETPOVIWV YIa TOUG TTUpNVI-
KoucC avTidpaoTtrpe
10. OTNV KATAOKEUN NUIAYWYWV
11. 0NV KOTAOKEUH QWTONAEKTPIKWY KUTTAPWV
12. otn Siekmepaiwon avtidpdoewv opyavikng ouvBeong o€
Bropnxavikni i} pyaoctnplakn KAipoka
13. kat aA\ou

Tou Cd oTov mveupova®, evw emaAnBelouv Ta eupruaTa
TOUG Kall o€ a0Beveic Tou eixav ekteBei og xaunAd emineda
As, mapdAAnAa mpog Tnv ékBeon Toug oto Cd*4.

H to&ikohoyikr Slepevvnon ouoiwv 6mw¢ 1o Cd dev
anmoTeNEl EUKONO AVTIKEIUEVO EMONUIONOYIKNAC €pELVAC,
S6edopévou 6ti: a)n aveupeon MANBUGCHOL TTPOC LENETN (UE
TPOUMOBEDN TNV EMAPKI] KAl KAT AMOKAEIOTIKOTNTA £KBEDN
oto Cd) eivalt S5UokoAn kat cuvnBwg, dtav mTUyXAveTal,
a@opd PiIkpo Seiypa epyalopévwv?, B)o mpoodloplopndg
TOU TUTTOU NG évwong Pe TNV omoia aAnAemdpd to Cd
0TOoUG O1APOPOUG UTTIO HEAETN EPYAOIAKOUG XWPOUG gival
Suoyepng kal Ox1 mavta otabepoc®, evw, y) otnv gpya-
olakn ékBeon oto Cd (émw¢ Kat 0To YeVIKO TANBUCUO)
EUMAEKOVTAL KAl AANOL TTAPAYOVTEG, OTTIWG N KOIVWVIKO-
OIKOVOUIKA KaTtdotaon e Tnv €€ autng kabopilduevn
KOTIVIOTIKE] CUUTIEPLPOPA®? (0 KATIVOG TTEPLEXEL UPNAEG
moootnTeC Cd kat evamoBétel to Cd Mo e0KOAA CUYKPITIKA
pe omotadrimote AAAN TEPIBAANOVTIKE TINYH, UE ATTOTEAE-
oA oL KATVIoTEG va aBpoilouv 0To aipa Toug 4-5 PopEG
meploooTepo Cd amod TouG UN-KAMVIoTEG: KABE Tolydpo
mepléxel 1-2ug Cd kat 1o 40-60% Ttou slomvedpevou Cd
evamoTiBetal otoug MVeLRIOVEC)*®37, Tic SUOKOAIEG AUTEC
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@aivetal va umepfaivel o 0pB¢ meEpaAATIKOC (in vivo
Kat in vitro) oxedlaopoc, kablotwvtag kat to Cd BéRato
KOPKIVOYOVO yia TOUG TVEUUOVEG Kal TTPOoEeyyi{ovTag Toug
EUTTAEKOUEVOUC KAPKIVOYEVETIKOUG UNXAVIOMOUC.

MEIPAMATIKH XYZXETIZH METON KAPKINOTOY
MNEYMONA

MelpauaTikEG PENETEC €T TTEIPApATOlWWY £XOUV Ka-
Tadei€el pia ovoyétion TnG ouykévtpwong Tou Cd otov
ELOTIVEOEVO 0€PQ, € AUTH TTOU TEAIKA Ba aveupebei oTov
opyaviopo'. To Cd amoppo@dtal eUKOAA PECW TNG ava-
TIVEUGTIKNC 0800, o€ TOCOOTA TTOU KupaivovTal and 7%
£w¢ ka1 40%3%° kat e£apTWVTAI TOCO aTTO TN CUYKEVTPWON
Tou Cd otov aépa, 600 Kat amd TN XNUIKN dour He TNV
omoia autd SiatiBetal k&Be popd'. H €kBeon melpaua-
Tolwwv og atpoug YAwplouxou Cd, eixe wg amotéhecua
TNV MPOKANON EUPUONHATOG Kal ivwong!, evw n xpovia
ékBeon nelpapatolwwy OTOUC ATHOUC AUTOUC ETTIPEPEL
pia 6000-e€aPTWHEVN CUXVOTNTA AVATITUENG KAPKiVOU
Tou TveUpova (rou ayyilel akoua kat to 70%)*

Mpdopopo £€5a@ocg yla TNV avantun Tou KapKivou
TOU TIVEUHOVA QaiVETAL VA ATTOTEAEL Kal YA O€lpd TTa-
Bo@UGIOANOYIKWY PAIVOUEVWY TTOU CUMBaivouV KATd TN
Xpovia ékBeon oto Cd. H xpovia ékBeon nelpapatolwwv
o€ atpoug Cd mpokalei apyika Tn CUGCWPEUON KAl EVEP-
yormoinon AeUKOKUTTAPWVY, KaBWE Kal TNV aneAeuBépwon
S1a@épwv pecoAafNTwV TNG AEYHOVAG, TIOU LE TN OElpd
TOUG KIVNTOTTOLOUV SIEPYATIEC IKAVEC VA EYKATACTI OOV
IVWTIKO 1] QAEYHOVWON I0TOTUTIO OTOUC TTPOGREBANUEVOUC
niveupovec ., EmmAéov, To Cd @aivetal va mpooBaiiel
TO ayyelako emOnAo (tou mvelpova, aAAd kal AANwv
opyavwv), avéavovtag Tn Pikpoayyelakn dlamepato-
nTa Kal mpokakwvtag tn Siaxuon VOATOC, MPWTEIVWV
KAl KUTTAPWV Tou aipatog oto Stapeco 1016*. H abénon
NG HIKpoayyelakng diamepatdtntag, ave€dptnta amd
TOUG EUTTAEKOEVOUG UNXAVIOHOUG, AapBAvEL xWwpa HECW
enidpaong tou Cd otn Asrtoupyia tng Kavtxepivng (cad-
herin)¥. H kavtyepivn amotelei éva eaptwevo amod 1o
Ca péplo KuUTTaplkng mpookdAAnong mou Siadpapatilel
ONUAVTIKO PONO GTN GUYKPATNON TWV EMONAIOKWV KUT-
TApwv o€ AeltoupyIkn (oteyavn) yertviaon®. H diatapayn
NG A&tToupyiag Tou popiou autou amno 1o Cd, amotelei
TO €QANTHPLO BloXxNUIKS YEYOVOC Yla évav KATAPPAKTN
PaVopEVWV TTOU TIEPITTAéKOLV TNV To&IKA §pdon tou Cd
Kall Snpoupyolv KATAANAEG CUVORKEG yIa TNV eKdRAWON
NG Kapkivoyévou tou Spdonc.
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MHXANIZMOI KAPKINOTENETIKHZ APAXTHPIO-
MOIHZHZ TOY KAAMIOY ZTON NMNEYMONA

To Cd emdyel Tn oUVOeon TG MTS, TpokaAei éupeca
o&eldwtika @aivépeva emi tou DNA™ kat mapdyel eAev-
Bepec pilec'. H avemapknc ouvBeon MT og cuvduacud
ME Kamolou Babuol eANmm avti-ofeldwTIKN TpooTaaia,
Ba pmopovoav va cupariouv oTn SlapdPPWaon KATAN-
AnAou mepIBANOVTOC yia TNV TPOKANCN PETAAAEEWY
KaL TNV KAPKIVOYOVO EKTPOTTH TwV eKTIBEpEVWY (0To Cd)
KUTTapwv* (ZxAua 2).

210 emMONAIOKA KUTTOPA TOU TIVEUova eMmpuVwy, To Cd
EVEPYOTIOLE( TA OXETIKA PE TO 0&EOWTIKO OTPEC yovidla
(YAouTtaBe1dvng-S-tpavopepdonc-a, cuvBeTaong tTng
Y-YAoutapuAokuoTeivng kat MT-1), Tautoxpova pe tnv

Cd EYNHOHE
KYTTAPIKH ATIOKPIZH

— emayy ovvbeone MT

napayey) hevdipav piov

b— £TayOY] 0ZE18OTIKOD GTPES

Cd KAPKINOI'ENETIKH
KYTTAPIKH AIIOKPIZH

avinupkrg cvvbson MT
— nupuyay £AE00EpoY Loy

p— Y OYT) 0EELSOTIKOY OTPEG

(+OvTI0EE1I3OTIKY TPOGTACIY) ——p

(-UVTLOZELBWTIKT| TPOCTUCLY) =P

EVEPYOMOIT|OT] UTOTTOTIKNG UTOKPLOTNG ——fp IAIIOIITQEHI
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QTOTITWTIKA AmoKpLon®. QoTO00, CUYKEVTPWOELS Cd IKavég
yla TNV evepyomoinon Twv yoviSiwv autwy, EM@EPouV
amontwaon oTo 50% TEePITTOV TWV EKTIOEUEVWY KUTTA-
pwVv*. X1a KUTTapa mou dev odnyouvtal GE AMOMTWON,
1o Cd emdyel o€eIOWTIKA QAVOEVA TIOU AVACTEAAOUV TNV
emdlopBwon tou DNA™Y, Sieyeipouv Ti¢ 0600¢ UITWTIKAG
pNvupatodoTNOoNG® Kat eM@Epouv éupeon BAABN oto
yovidiwpa. To Cd, autd kaBeauto, Sev €xel CUOXETIOTEL
ME KATTOLO UNXAVIOMO APEDNC TOEIKOTNTAC 7T Tou DNA™
(Xxnua 2).

H @Aeyuovr mou avantiooeTal KAatd Ty El0TIVOr TOU
Cd” kat n d6poton Prawv oto DNA cuparhouv kabo-
PIOTIKA 0TV avamtuén kapkivou Tou velpova, Kabwc:
a)n ékBeon oto Cd givat cuvnBwg xpdvia (EmayyeAUATIKN
€kBeon, KAMviopa), B)AGYW TNG GAEYUOVNC KAl TWV arTo-

AEZIMEYZXZH Cd KAI TIEPIOPIZEMOZX
OZEIAQTIKOY ETPEX

—— cvepyomoinon erONTOTIKIS andéKproN)e — P | AIIONTQEH

EIIAT'QI'H OZEIAQTIKON
PAINOMENQN KAI AGPOIZH Cd

avastoii) emdrophmong DNA

adporon prupiv oto DNA

— S1LEYEPGT] 03OV TOTIKIG PVORETOSOTIOTG
— VAEPEKPPUST) TPOTOOYKOYOVIILOY

— SLUTUPU)T] CUVIECPROV KUVTYEPIVIIG

UyusTOAY] SUVOLONS APOKOLLUYIVOD KUL

ZPOVI®G CUYTTIPOVLEVT) APOTEOYAVKUAVOY

| 9rzypovii Loyo ypiviug |
fkBeong oto Cd

ANAIITYEH
KAPKINOY

ZXHMA 2. Ixnuatomoinon Tng cuviBoug Kal TNG KApKIVOyovou amoKplong EVOG KUTTAPOU Tou Tivelpova oTo Kaduto (Cd) ry otig
EVWOELC ToU (w¢ MT evvoeital n petaloBelovivn, pia petaloouleukTikn mpwTeivn mou Seopevel To Cd Kat GUPPBANAEL TNV amo-
pdkpuvon tou).
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TITWTIKWV QAIVOPEVWY, avOeKTIKA KUTTapa e BAAPEC
oto DNA moA\amiactdalovtal Kat SIapop@wvouy £va
eMpPpPEeNéC og e€aANayr] UTTOOTPWA KUTTAPWY, KAl Y)TO
Cd nmpokaAei utepékPpaan TPWTOoYKOoYyovISiwv (c-myc,
Kat c-jun)'” kat amopUBUION TWV ATTOTPENTIKWY TIPOG EEOA-
AQyn KUTTAPIKWV AEIToupYIwV'™. ZTa avwTtépw Ba mpémnel
va TpooTedei kat n ikavotnta Tou Cd va avaoTéNAeL TN
oUVOEoN TTPOKOAAAYOVOU Kal TIPWTEOYAUKAVWV ATTO TOUG
VOBAAOTEC 2, yeEyoVOC TTOU SUCKEPAIVEL TNV TTApAYwWYN
OUVOETIKOU 1OTOU YA TOV TTEPLOPIOUO TNG GAEYHUOVNG.
H umoA&mopevn autn IKavoéTNTA AVATIARPWONG TWV
IO0TIKWV BAaBWV pe vEo oUVOETIKS 10TO, CUPPBANEL 0TN
SlapopPWaOn UTTOCTPWHATOG SEKTIKOU yia T Snpioupyia
METAOTACEWV'**, Ta peTaoTatikd KUTTapa Slaomouv 1o
@payud Tou evboBnAiou Kal EICEPXOVTAL OTN CUCTNUATIKNA
ayYELaKH KUKAo@opia, Xdpn o€ S0 I810TNTEC: a)auTr TNG
Slatdpaéng Twv KUTTapikwv cuvdéouwv E-kavtxepivng
(mou emdyel TNV avdantuén Tou GYKOU Kal EMITPETEL OTA
KUTTapa va amodeopevovTal and T0 CUCCWHATWHA TWV
KOPKIVIKWV KUTTAPWV Kal va pebiotavtar)®®, kabwg kat
B)autn ¢ Slatdpa&ng Twv evéoONAIAKWY KUTTApWV
VE-kavTtxepivng Twv ayyeiwv (emtpémovtag Tnv alpato-
yevr Slacmopd KUTTdpwy Kat tn Slatripnon @aivopévwy
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™G PAeyPoVAG oTIG TeploxéG ommou To Cd agBovei)**>>
(ZxnHa 2).

2YMIMEPAZMATA

To Cd amotelei évav emikivbuvo kat Stadedopévo
mePIBANOVTIKO PUTIO PE TEKUNPIWHEVN KAPKIVOYOVO
kavétnta. H elomvory Cd (eite Aoyw epyaciakng ékBeonc,
€ite péow KamviopaTog) urmopei unmd cuvBrikeg XpovioTn-
TOG va 08NyNoEL TNV avamntun Kapkivou Tou Tveuova.
MoAovoTi n emdnpoAoyikr cuaxétion Tou Cd pe tnv ava-
TITU€N KAPKIVOU TOU IVEULOVA TIEPITTAEKETAL ATTO TPITOUG
TOPAYOVTEC, Ta TTEIPAMATIKA SeSopéva katadelkviouy pia
SuvnTikn éw¢ oagn kapkivoyovo emidpacon tou Cd emiTou
QVATTVEUOTIKOU CUCTHHATOG. Ot EUTTAEKOEVOL INXAVIOHOL
Sev éxouv amooa@nVIoTEl TAPWE, WOTOCO, CNUAVTIKO
poho paivetal va dtadpapati(ouv 1000 ot 0&eIOWTIKEC,
600 Kal ol dpeoa anopubuIoTIKEG Spdaoelc Tou Cd emi
Slapopwv MPWTEVWY Kat eV(UUWY TWV EKTIOEUEVWVY OE
auTo KUTTAPWY TOU MVEUOVA.
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SUMMARY. Cadmium (Cd) is a widely spread environmental contami-
nant that exerts varied toxicity, including established carcinogenetic
activity. Due to its long biological half-life (more than 10 years),
chronic exposure and accumulation of Cd can give rise to a variety
of toxic phenomena in the bones, the urogenital system and in the
lungs. This short review focuses on the data that document the
carcinogenic properties of Cd correlated with the induction of lung
cancer. Smoking and exposure to Cd compounds at work are the main
sources of Cd inhalation. The mechanisms involved have not been
completely elucidated, but the oxidative and deregulating actions
of Cd on certain proteins and enzymes of the exposed lung cells are
thought to play a major role. Pneumon 2008; 21(2):172-177

INTRODUCTION

Cadmium (Cd) is a group IIB element of the periodic table that can be
detected in all tissues of any organism, without being essential for life'2
The main pathways of human exposure to Cd and its compounds are sum-
marized in Figure 1. The physicochemical properties of Cd (Table 1) are
similar to those of elements essential for life, such as zinc (Zn) and calcium
(Ca)**. On the cellular level, divalent Cd (Cd?*) is characterized by a high af-
finity for various molecules, inducing: a) structural and functional changes,
b) oxidative phenomena, and c) stimulation of metal-binding reactions*>®,
In these ways, Cd exerts toxicity on the cells of various systems and tissues,
such as the respiratory tract’, the urinary?, cardiovascular®, gastrointestinal'™
and nervous'' systems and the bones'?, by affecting their function either
directly or indirectly. These toxic effects induce degeneration or even
transmutation of the cells>',

The literature provides clear evidence of the ability of Cd to provoke
indirect oxidative damage on the DNA, leading to: a) induction of cellular
proliferation, b) inhibition of the apoptotic mechanisms, and c) blocking of
the DNA repair mechanisms (i.e., DNA-repair inhibition)®'>'6, However, the
precise mechanisms of these indirect effects of Cd remain unclear. Cd appears
to provoke the activation of certain proto-oncogenes (c-myc, c-jun)’’, but
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FIGURE 1.The main pathways of human exposure to cadmium
(Cd) and its compounds.

TABLE 1. Synopsis of the main physicochemical properties of

cadmium (Cd).

Characteristics:
Colour:

Crystal structure:
Atomic weight:
Atomic number:
Atomic radius:

lonic radius:

Oxidation numbers:

Density:
Melting point:
Boiling point:

Main compounds:

metal, malleable and ductile
grey-white, blue-white
modified hexagon
112.411

48

148 A

0.97 A (for Cd?")

+2,+1

8.65 g/cm?

321°C

778 °C

cadmium oxide (CdO), cadmium sul-
phide (CdS), cadmium chloride (CdCl,),
cadmium bromide (CdBr,), cadmium
sulphate (CdSO,)

the mechanisms involved are not well understood. Metal-
lothionein (MT), a metal-binding protein, appears to play
an important role in limiting the toxic and carcinogenetic
effects of Cd, by assisting in its excretion®".

Cd and its compounds have been extensively studied

by the International Agency for Research on Cancer (IARC)
Study Groups, and Cd has been characterized as a“class |
carcinogenic”on the IARC scale'®, which, along with other
scientific findings, has led to the identification of Cd as a
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major environmental contaminant and an occupational
health hazard™",

This review aims to provide a synopsis of the data
concerning the carcinogenetic effects of Cd in the lung
following environmental and occupational exposure.

THE EPIDEMIOLOGICAL ASSOCIATION OF CD
WITH LUNG CANCER

The association of Cd with lung cancer has been the
subject of numerous epidemiological studies?®**. Although
the most frequent causal factor in lung cancer is known to
be smoking?'*2, it was also necessary to investigate other
risk factors, such as the working environment, dietary
habits, familial environment, socioeconomic background,
etc. It was within investigation of these factors that oc-
cupational exposure to Cd (Table 2) was found to be cor-
related with lung cancer development, with a relative risk
of approximately 3.7, in the majority of epidemiological
studies?+26283 although the data from some older studies
were in disagreement??'. Most studies concerned workers
in battery-production facilities, examined in comparison
with the general population33. Some studies have pro-
posed the possibility of combined Cd toxicity with toxicity
from other heavy metals that are found along with Cd in
the working environments examined, including arsenic
(As), nickel (Ni), beryllium (Be) and chromium (Cr)?%2327,
Stayner et al. have suggested a dose-dependent increase
in the carcinogenetic effect of Cd on the lung?®, and their

TABLE 2. The main industrial uses of cadmium (Cd).

1. Production of nickel-cd batteries
. Part of plastic materials

. PVC stabilizing

. The war and aerospace industry
. Part of industrial alloys

. Jewel-manufacturing

. Cable production

. Dental materials

. Nuclear energy production

—_

. Production of semiconductors

- O OV 00 N O U »h W N

—_

. Production of photochemical apparatus

I
N

. Production of organic materials for industrial purposes

—_
w

. Other applications
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findings were confirmed in patients who had also been
exposed to low levels of As®.

The toxicological investigation of substances such as
Cdis not an easy task through epidemiological research,
for a variety of reasons: a) groups suitable for investiga-
tion are not easy to find, since to be eligible for study
these people should be sufficiently and mainly exposed
to Cd, and when identified, such a group is usually small
in number®, b) the determination of the Cd compound
that interacts with the organism of the workers is difficult
to identify and not always stable®*, and c) in occupational
exposure to Cd, as with exposure of the general popula-
tion, certain other factors are involved, such as the socio-
economic background and smoking behaviour®? (smoke
contains high levels of Cd, and tobacco-derived Cd is
deposited in the airways more easily than that from other
sources, thus, smokers accumulate blood Cd in levels 4-5
times higher than non-smokers; each cigarette contains
1-2 pg Cd and 40-60% of the inhaled Cd is deposited
in the lungs)***. These difficulties were addressed by
the researchers by careful experimental design (in-vivo
and in-vitro), resulting in studies that led to the definite
establishment of Cd as a carcinogen for the lungs, and
shed some light on the mechanisms involved.

EXPERIMENTAL CORRELATION TO LUNG CANCER

Experimental studies on animals have indicated a
correlation between Cd levels in the inhaled air and
those found within the organism'3. Cadmium is easily
absorbed through the respiratory tract, in percentages
varying between 7% and 40%3*“° depending on the air
concentration of Cd and the specific compound of Cd
available™. Exposure of experimental animals to Cd-
chloride vapour led to the development of emphysema
and fibrosis*!, while chronic exposure to this vapour can
cause dose-dependent development of lung cancer, at
a frequency that may reach 70%*.

The development of lung cancer appears to be as-
sisted by a cascade of pathophysiological phenomena
that take place after long-term exposure to Cd. Chronic
exposure to Cd-containing vapour causes accumulation
and activation of leukocytes in experimental animals,
with release of various inflammation mediators, which in
turn activate mechanisms leading to the development of
inflammation and fibrosis in the exposed lung tissues**,
Moreover, Cd appears to affect the vascular epithelium
in the lung and other organs by increasing small vessel
permeability and causing accumulation of water, protein
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and blood cells in the intermediate space*. This increase
in small vessel permeability, regardless of the mechanisms
involved, takes place through the effect of Cd on cadherin
function?. Cadherin is a Ca-dependent molecule of cel-
lular attachment that plays a significant role in keeping
epithelial cells together”. By deregulation of the function
of this molecule, Cd sets off a cascade of biochemical
phenomena that complicate the toxic effects of Cd and
develop conditions favourable for the development of
malignancies*.

MECHANISMS OF CADMIUM-INDUCED
CARCINOGENESIS IN THE LUNG

Cd induces MT synthesis®, causes indirect oxidative
damage to DNA™ and free radical production''. Inadequate
MT synthesis, combined with insufficient antioxidant
capacity, could lead to the development of an environ-
ment suitable for the induction of mutations and the
development of cancer® (Figure 2).

In rat lung epithelial cells, Cd activates the oxida-
tive-stress related genes (glutathione-S-transferase-q,
y-glutamylcysteine synthetase and MT-1), along with the
apoptotic response*. However, Cd concentrations that
are high enough to activate these genes can also lead
50% of the exposed cell population to apoptosis®. The
cells that are not driven to apoptosis may be subject to
Cd-induced oxidative effects that inhibit DNA repair'?,
stimulate mitotic signalling® and cause indirect damage
to genes, although Cd has not been correlated with any
direct toxic effect on the DNA molecule™ (Figure 2).

The inflammation that develops due to Cd inhalation”
and the cumulative damage to DNA play a significant role
in the development of lung cancer, since: a) exposure to
Cd is usually chronic (i.e., occupational exposure, smok-
ing), b) due to inflammation and apoptotic phenomena,
resistant cells carrying DNA damage multiply selectively
and develop an environment favourable to mutation and
cellular proliferation, and c) Cd causes overexpression of
the proto-oncogenes c-myc and c-jun'’ and deregulation
of the mechanisms inhibitory to proliferation'. In addition,
the ability of Cd to inhibit proteoglycan and procollagen
production by fibroblasts®'*2 causes difficulties in the limi-
tation of inflammation, thus developing an environment
of deregulated connective tissue that is more vulnerable
to the occurrence of metastases'#. Metastatic cells pass
through the endothelial barrier and enter the systemic
circulation, aided by damage to bonds at two sites: a)
the cell-to-cell E-cadherin bonds®, and b) the vascular
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Cd BINDING AND OXIDATIVE
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INDUCTION OF OXIDATIVE STRESS
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—

production

FIGURE 2. The usual and carcinogenetic response of a lung cell exposed to cadmium (Cd). MT: metallothionein.

VE-cadherin bonds, enhancing the Cd-induced inflam-
matory processes>*>> (Figure 2).

CONCLUSIONS

Cd is a widely spread environmental contaminant that
exerts varied toxicity and its carcinogenetic properties
have been established. Smoking and exposure to Cd
compounds at work are the main sources of Cd inhalation,
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MEPIAHWYH. H pakpoooaipivaipia Waldenstrom (WM) givat pia
VEOTIAQOMATIKN VOGOG, TTOU OQEIAeTal 0TV KAWVIKN unepmAacia
TWV AEPPO-TTAAGHATOKUTTAPWY Kal XapakTnpiletal amd mapaywyn
povokAwVIKRG avocoo@aipivig M (IgM). Mapouaidletal mepimtwon
MPOGBoANG TWV MVEVHOVWY WG MPWTN ekdNAwaon tn¢ véoouv Walden-
strom o€ yuvaika nAikiag 77 etwv, n onoia mpooAOe e duomvola
npoondadelag kat Enpd Prixa. H khwvikn e€étaon avédeie anoucia tov
avamveuoTtikoL Yibupiopatog otn Bdaon tou 6e€ov nuIbwpakiou.
Itnv aktivoypagiao Owpakog Ppédnke 1d mAeupitikn GUANOYN, EVW
otnv afovikn Topoypagia Bwpakog StamotwOnkav emi mAéov ap@o-
tepomAevpa Staomapta o{idla 6Toug MVEVHOVEC SIapETPOU <1 cm Kal
Sloykwpévol Aepgpadéveg pecobwpakiou. O EpyacTnpIakog ENeyXOG
é6a1ée avaipio, au€npévn TKE kat av§non e IgM (1128mg/dL) pe
mapovcia povokAwviKng {wvng. To mAeupitiko uypd Rrav e€idpwpa pe
Tapousia dpOovwv WPILWV AEUPOKUTTAPWV KAl TAUCUATOKUTTOPOEL-
SV KUTTAPWV Kal ApVNTIKH KUTTAPOAOYIKN €€€TACN VIO LETACTATIKO
veomiaopa. H Bpoyxookomnon RTav guGIoAOYIKN KAl 0 TEPAITEPW
£A\eyxo¢ TnG acBevolg yla Gupatiwon, Un atpatoloyikn Kakornbeia,
voo0 KoAaydvou Kot maBnaeig tou Bupeoeldolc anéPn apvnTikoc.
Ano6 tnv ooteopueNkn flogia StamotwOnke diaxutn diiOnon tou
Muelov amo pikpd B AepgokUttapa pe maopatokuttapoeidn Sia-
@opomnoinon (45%-50%), Kat WPIA TAAGHATOKUTTAPA CUUBATA ME
AEUPOTAACHATOKUTTAPIKO Aéugwpa/Makpoo@aipivaipia Walden-
strom. H acOeviic umoPAnOnke o€ xnpeloBepaneia kat mapousiaoe
KAwIKR U@eon. Eva xpovo apydtepa dev gixe onpeia umotponng. Ot
nivebpoveg mpoofdAlovtal 6To 3%-5% Twv mepimTwoswy pe WM. H
TAEUPOTIVEUHOVIKN OWG EVTOTTION WG MPWTN EKSRAWON TG VOGOU
givat omavia kat otn BiAioypagia éxouv avapepBei moAU Aiya me-
plotatikd. Mvevpuwy 2008, 21(2):178-180.
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EIZATQrH

H pakpoogaipvaipia Waldenstrém's (WD) avikel oTa
B-KUTTOPIKAG TPOEAELONG AEUPWHATA XAUNARG KOKON-
Belac. Ogeietal og umepmAacia Twv B-AepgokuTttdpwy,
mou ek@pdalouv CD19, CD20, kat IgM. YynAa emnineda
IgM pmopei va odnyriocouv og cUvdpopo umepyloldTn-
Tag. ZuvnBwg umdpyxel SIBnNoN Tou PUEAOU TWV 0C0TWV
Kal KUKAOQOPIa OTO TIEPIPEPIKO Aipla TwWV TTABOAOYIKWV
AEUPOKUTTAPWV. H TpWTN avag@opd tng vooou Eyive To
1944 and tov Waldenstrom'™.

H artiodoyia t¢ vooou sival dyvwoTtn. Xpdviog avTiyo-
VIKOC £p€BI0UOC, Molpwéelg, Sto&iveg, S1aNuTeC Kal TOEIKEG
ouoieg, akTivof3olia Kal YEVETIKOI TTapAyovTeG EXxouv
gvoyormolnBei, xwpic Opwe va €xel amodelyOei artiomna-
Boyevetikn oxéon. H mapampwteivn dev €xel cuvrBwg
€181k avTIowHaTIKY 1816TNTA. OUWC TTOANEG POPEC ETTL-
KABetal ota KUTTapa HE PN €161kd TpdTOo Kal aAAAlel
TNV NAeKTPAPVNTIKN Toug otol3ada eumodifovtac tn
AEITOUPYIKOTNTA TOUG N SNUIOUPYWVTAG SEUTEPOYEVWIG
QAVOOOAOYIKA QavOpeVa™.

OLKAWVIKEG EKONAWOELG KAL TO EPYACTNPLIAKA EVPHKATA
NG vooou oxetiCovtal Tooo pe Tnv aneuBeiag SiBnon twv
0pPYAVWY aTTo TO VESOTIAAOHA, 000 KAl UE TN CUYKEVTPWON
OAAG Kat Ta EI8IKA XOPAKTNPIOTIKA TNG MOVOKAWVIKAG IgM.
O HuehdC Twv ooTwv TTPooBANeTal TAvTa 0T VOO TOU
Waldestrom evw oTto AeIQOTTAACUATOKUTTAPIKO AEUPW-
Ma, Tou ekKpivel IgM umopei va meplopiletal pévo otn
S1Bnon Aeppadévwvs. H kukhogopouca IgM Adyw tou
peyaAou peyéBouc Tou popiou TnG Mpokahei avénon tn¢
WOMWTIKNAG TIEEONC KAL TNG YAOLOTNTOG PE SlaTtapayég otn
Hikpokukhogopia. H IgM pmopei emiong va evamoteOei
o¢e S1dpopoucg 1oTouC. TENOC N IgM umopei va euBuvetal
Kal yla Tnv evanobeon apuloeidouc’ s, kabwg kat yia
CUMUTTWUATA TTOU o@eilovTal otnV 1I816TNTA TNG va Kabt-
Cavel pe TV YPUEN Kal va CUUTTIEPIPEPETAL WG EK TOUTOU
W¢ Kpuoo@alpivn®3,

H avtipetwmon twv aocBevwv molkiAel and mapa-
koAoUOnon (watch and wait) £éwg moikiAng BaputnTtog
XNUeEloBepareia, xprion MOVOKAWVIKWVY AVTICWUATWY,
QVOCOTPOTIOTIOINTIKWY QAPHAKWY KAl HETAUOOXEUONG
HueAoU ooTtwv. OTav UNTAPXOUV CUUMTTWHATA AUENUEVNG
yAoldtnTag Tou aipatog, TOTe N mAaopagaipeon sival amo-
pAiTNTN yia TNV Taxeia peiwon te Kukhogopouong IgM™.
OtaAkuMoUvTeG TapdyovTeg (YAwpapBoukiin), amotehou-
oav TN povadikn Bepareia yia TOAAA xpdvia e TTOGOOTA
avtamokplong 60%. Ta avaloyd Twv TOUPIVWY O€ TTPWTN
YPOUUN Kal 0€ avOeKTIKr) VOOO/UTIOTPOTIN) TTIPOCPEPOUV
avtamokpion 38-85%. To LOVOKAWVIKO avTiowpa rituximab

179

(avt1-CD20) kat to padievepyd avti-CD20 (Zevalin) éxouv
Béon otnv avtiueTWIon TNS vooou, S16TL Ta KUTTapaA
ekppdalouv évtova to CD20'*™, Ma TNV LUTTOTPOTTA TNG
vOOOU 1 AKOWUN Kal 0TN MEPIMTWON avOEKTIKAG LOPPNC
€xel xpnotpomotnBei kat n autdAoyn PeTAPOOXEUON ap-
XEyovwv KUTttapwv'®'”. Ta KopTikoeldri xpnaotlpomotouvTal
ouxXVvA og ouVOLAOUO HE Ta ANa pappaka. Néa pdpuaka
onwc n BaAidouidn kat n Aevaiidouidn, to Bortezomib
0l avaoTOAEi(C SeaKeTUNACOWY €XOUV XPNOILOTIOINBEI Ue
emtuyia og cuvluaouo He xnueloBepameial ™,

MNEPIFPA®H MEPIZTATIKOY

Muvaika, 77 €TWV, U Kanviotpla mpoonABe 0To vooo-
KOUEIO avagépovTag amo punvog SUomvola TNy KOmwon
PoodeuTIKA emMelvoUpEevn Kal ENpo Prixa KaBwg AAyog
Kat oidnua tou 6e€lou kapmou améd pia eBdoudda. Amo To
ATOMIKO AVAUVNOTIKO TNG avagEépeTal EAovoaoia o€ nAtkia
20 gTwv Kat kataypata 600 6movSUAWY TNG 0GYUIKNAG Hoi-
pa¢ TNG oTmovOUAIKNE OTAANG TPAUMATIKAG attiohoyiag.

A6 v KAIVIKH €€€TO0N 0TNV TPOGEAEUCH TNE TIPOEKU-
Yav: KaAr oyn, Oeppokpaaia: 36,7°C, Avamvoéc: 16/Aemto,
Teuéelc: 68/min, All: 120/80mmHg. Arté Tnv akpoaon
Tou Bwpakog SlamoTwOnKe amoucia aAvanveuoTIKOU
Y1Bupioparoc otn fdon tou Se€lo0 nuiIBwpakiou. O 6e€10¢
Kapmdg ATav Ama Sloykwpévoc. Ot Aeppadévec, To fAmap
Kal o omAfvag Atav aypnAdagntol. H e€étaon tng kapdidg,
TWV JOOTWV KAl TwV UTToAOITwY cuotnudtwy dev €6&iée
maBoloyikd eupripaTaA. TOV AIATONOYIKO Kal BLOXNUIKO
€\eyxo SlamoTwbnke opBoxpwun opBokuTTapIKN aval-
pia (aipoogaipivn=9,4g/dl MCV=90,3fl, MCH=30,4pq),
TKE:105mm kat CRP: 6,97mg/dl. Anté Ta aptnplakd aépta
aiparog Bpébnke umofuyovaiuia (PaO,= 64mmHg) xwpic
Slatapayn tng o&eoPacikng loopporiac.

TNV aktivoypagia Bwpakog S1amotwOnKe TAEUPITIKNA
ouM\oyn, n omoia emPePfaiwbnke pe Tnv CT-Bwpakog.
To mAevpITikd LYPO fTav e€idpwua He TTapoUGIia UIKPWV
WPIHWV AEUPOKUTTAPWY Kal TTAACUATOKUTTAPOEIS WV
KUTTApWV 0€ TOo0OTO 80% LIE PUCIONOYIKEC TIMEC YAUKO-
{nc (109mg/dI) kat pH 7,4. H kuttapoloyikn e€€taon Tou
uypoU Sev €6¢€1Ee GUUTTAYEG ETAOTATIKO VEOTIAACUA EVW
0 HIKPOR1oAoYIKOC EAeYXOC Yia KOIVA WIKPOPI, MUKNTEC
Kal yla B. Koch pe kahhiépyeleg kat PCR Atav apvnTikéc.
H evlupuikn dpaotnpiétnta TG ADA rTtav QuololoyIKh
(201U/L). H diapetpog tng Seppoavtidpaong puuativng
(mantoux) itav 13 xtAlooTd.

2Tnv aovikn Topoypagia Bwpakoc Bpédnkav emiong,
moAamAd olidla (<1cm) o€ ApPOTEPOUC TOUG TTVEUOVES
kal S16ykwon Twv Aeppadévwy Tou pecobwpakiou Kal
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¢ de1d¢ paoxahaiag xwpac. H Bpoyxookonnon nrav
@uUOotoloyikry. Ot BpoyxIKEG EKKPIOEIC TO BPoyXOKUYENL-
O1kd ékmiupa kat n dafpoyxikn Bloyia Atav apvnTikd
yta Aoipwén kat kakonBeta. To umepnxoypAaPnua Kat n
aovikn Topoypagia kolhiag dev avédei§av maboloyikda
gupruara.

O unoloinog éAeyxog TnG aoBevoug yia voéoo Tou
KOAayovou Kal AAAa autodvooa VooHuata ATav apvn-
TIkOG. Emiong apvntikn Tav n aktivoypagia tou de€lov
Kapmou. Katd tnv mapapovh Tng oTnV KAIVIKA Jag Ta
ouunTwpaTa and 1o §e€16 KAPTTO TTAPOUCIACAV AUTOATN
uroxwpnon.

H nAektpogpopnon Twv MpwTeivwv avédelée mapouaia
MOVOKAWVIKOU KAAOUATOC 0TNV 640N TWV Y-0QAIPIVWY KAl
otnv avoookaBnidwon diamotwBnke IgMk xwpic mapouaia
ENeVOEPWV ENAPPWV AAUGWYV GTOV 0PO N OTA OUPA.

JTOV aKTIVOAOYIKO 00TIKO €Aeyxo Sev StamaotwOnkav
0O0TEONUCEIC. TNV 0O0TEOMVENIKN Bloyia Stamotwonke
S1dutn 61NONnoN Tou puelol Katd 45%-50% amo pikpd B
AeppokUTTapa pe Maopatoeldr dlagpopomoinon cupfati
ME AEUPOTTAACUATOKUTTAPIKO Aépgwpa/Waldenstrom's
macroglobulinemia.

H aoBevric umoAnOnke o€ xnueloBeparneia pe 6 oxn-
pata cuvduacpol KUKAoQwo@apion, Bivkplotivn, mpesd-
vi{ohévn (COP) kat Mabthera (anti-CD20 HOVOKAWVIKO
avtiowpa). NapdAnla éAafie xnpetompo@uAaén yia 6
pAveg pe 1oovialidn Aoyw tng BeTikc mantoux. H KAVIKH
KOl OKTIVOAOYIKH QVTATIOKPION HTAV EVTUTIWGIOKK Kal N
a0Bevri¢ mapapével eEAeUBepn VOOOU €va XpOVO UETA TN
Sidyvwon.

2YZHTHZH

MNapouoiacape pia mepimwon pakpooalpvalpiag
Waldenstrom’s (WD) pie TAEUPOTIVEUOVIKH EVTOTIION WG
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mPpWTN ekORAWON TNG vooou. MIKpOg aplBuog TéTolwv
TIEPIOTATIKWV £XOLV avapepBei otn S1ebvn BiBAoypapia
(Mivakac 1).

H mpoofoAn twv nveupdvwy otn WM cupaivel oto
3%-5% Twv TIEPIMTTWOEWV #1925, ue CUXVOTEPA CUUTTITW-
pata tn duomvola, pn mapaywylkd Brixa kat Bwpakikd
Aalyocg av kat 15% Twv acBevwv gival acupntwpatikoi. Ta
QKTIVOAOYIKA guprpata mepAapfavouv padeg, diaxuta
1 Siktvolwdn SinBrinata, mveupovika olidia, Stoykwaon
TWV PECOBWPAKIKWV AEPPASEVWV Kal TIAEUPITIKEG GUN-
)\OVéC‘I&Z&ZS‘

TNV EPIMTWON Pag, N acBevic TPoorABe pe un €181KA
ovuntwpata. H ouvnBéotepn Sagpopikr Stdyvwon tou
OKTIVOAOYIKOU TTPOTUTIOU, TToU S1amoTwOnkKe mepleAdpufBave
AOIUWSON VOO UATA, LETACTATIKO CUUTTAYEC VEOTTAQCUA,
AEUPOUTIEPTIAACTIKA VOO UATA, OPYAVOUEVN TIVEUIOVIAL.
H S1ayvwon 1é0nke and tov alpatoloyikd Kat Bloxnpiko
€NEYX0. ZUUMTWHATA UTTEPYAOLOTNTOC OEV UTTHPXAV TIPOQA-
VWG AOYW TNG XAUNANG CUYKEVTPWONG TNG LOVOKAWVIKIAG
avoooo@alpivng (5gr/dL givai to 6pto, mavw amd 1o omoio
gugavifovtal cupuntwuata)'.

‘Evdelén otita eupripata opeilovtav otnv vodoo amno-
TeAel TO yeyovoc 0TI e€agpavioTnkav LETA TNV aywyry. Av
Kal Ta eupripata and Toug mveupovec otn WM givai moA
OTIAVIQ, HENETEC UETA Ao VEKPOYIEG Exouv Oeiéel, OTITO00
0 TIVELOVAC 000 Kal 0 UTTECWKAOTAG TTPOaBAANovTal GUYXVO-
TEPA ATTO 000 BEWPOUE AKOMA KAl OE ATTOUGIA KAIVIKWV
ekdnAwaoewv?. H diayvwon duwE TS AaKpoopalpvaliog
Waldestrom eivat oxeTikd €0KOAN PE TNV AViXVELON TNG
IgM mapanpwteivng kat n mpooBolr Twv veuuovwy dev
ouvodeleTal cuvrBwe amod Bapid KAVIKN Elkdva.

BIBAIOTPADIA

(BAéme keipevo ota ayyAikd)

MINAKAZ 1. Anpooleupéva TTEPIOTATIKA HE TIVEUHOVIKN TIPoSBoAR w¢ mpwtn ekdriAdwon tng WM

HAikia, ®UAo Zuurrtwparta AkTtivoloyiké Mpdétumo Aigyvwon

62, A” Avomnvola, Brxag, Ainbruata OMB, ABB

58, A% Avorvola Madla ABB, ABI

70, 0% Avorvola AmnOruata, Mala OMB, vekpoyia
78,07 Xwpi¢ oupnmtwpata Amnbruata T'vwoti WM
79,02 Avorvola, Brxag Anbrjuata ABI

78, A% Avorvola, alpomTuon AmnBruata, Mada, YZ Nekpoyia
47,0% Avorvola, Brxag Amnbruata, Mada, YZ ABB, OMB

40, A® Xwpi¢ oupmtwpata Anbruata, Y AABI

Suvtpnoelg A: Appev, ©: ORAv, YX: une{wkoTikr) culoyr, OMB: ooteopuehikn Blogia, ABB: Siafpoyxikn Blowia, ABIM: avoiktr Bloyia
nveupova, WM: Waldenstrom's pakpoo@aiptvaipia, AABB: dtadepuikn Bloyia mvevpova
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SUMMARY. Waldenstrom’s macroglobulinemia (WM) is a neoplastic
lymphoproliferative disease, characterized by clonal expansion of
B-lymphocytes, which produce monoclonal immunoglobulin of the
IgM type. A 77 year-old female presented with shortness of breath
and a dry cough. Physical examination revealed absence of breath
sounds over the base of the right lung. Blood tests showed anaemia,
raised ESR and a monoclonal IgM protein. On chest X-ray right pleural
effusion was found, and chest CT scan revealed multiple nodules of
about 1cm in diameter in the lung parenchyma, mediastinal lymph
node enlargement, and right-sided pleural effusion. Examination of
the pleural fluid showed lymphoplasmacytic infiltration. Bronchos-
copy and bronchoalveolar lavage were normal. Investigation for
autoimmune disease and specific bacterial and viral diseases was
negative. The bone marrow aspirate (BMA) showed diffuse infiltration
by lymphoplasmacytoid cells (45%-50%) expressing CD20, CD19
and IgM, consistent with a diagnosis of WM. The patient underwent
chemotherapy, which produced complete haematological remission
and normalization of the chest CT scan. There was no evidence of
disease one year later. The lungs are affected only 3%-5% of cases
of WM. Pleuropulmonary involvement as the first manifestation of
WM is extremely rare and only few cases have been reported in the
literature. Pneumon 2008; 21(2):181-184

INTRODUCTION

Waldenstrém’s macroglobulinaemia (WM) is categorized as a low-grade
non-Hodgkin’s lymphoma. It was first reported by Waldenstrom in 1944 and
is characterized by a monoclonal proliferation of B-lymphocytes expressing
CD19,CD20 and IgM.™*

The etiology of WM is unknown, but chronic antigenic stimuli, infections,
dioxins, solvents and other toxic agents, ionizing radiation and genetic fac-
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tors have been implicated. The paraprotein macroglobulin
usually has no specific antibody activity, although it may
coat the cells, producing functional alterations and sec-
ondary immunological phenomena.3*

The clinical manifestations and laboratory findings of
the disease are related either to direct infiltration of various
organs by the tumour, or to the high concentration and
specific properties of the IgM. The bone marrow is always
infiltrated in WM, while the lymphoplasmacytic lymphoma
secreting IgM may be limited to the lymphoid tissue®6.The
large size of the molecule of the circulating IgM results in an
increase in the osmotic pressure, which leads to increased
blood flow resistance and microcirculation impairment.
In addition, the IgM can cause symptoms due to amyloid
deposition, or from its tendency to precipitate upon
cooling, behaving as a cryoglobulin.”'* The diagnostic
criteria for WM were defined at the Second International
Workshop on Waldenstrédm’s Macroglobulinaemia.™

The treatment of patients varies from “watch and wait”
to chemotherapy of varying intensity, administration of
monoclonal antibodies or immunomodulatory drugs,
and bone marrow transplantation. In hyperviscosity
syndrome plasmapheresis is effective for rapid reduction
of circulating IgM."" Alkylating agents (chlorambucil),
nucleoside analogues (fludarabine) and the monoclonal
antibody rituximab (anti-CD20) or the radioactive zevalin
are reasonable choices for first line therapy'*'>. For relapses
or refractory disease autologous stem cell transplanta-
tion has been used'®". Corticosteroids have been given
in combination with other drugs. New agents, such as
thalidomide and its more potent analogue lenalidomide,
bortezomib and deacetylase inhibitors are used with suc-
cess in various combinations with the older drugs'"’.

CASE REPORT

A 77 year-old woman, who was a non-smoker, pre-
sented with dyspnoea on exercise which was gradually
worsening, and a dry cough of one month’s duration. She
had also developed oedema and pain in the right wrist
during the previous week. Her past medical history in-
cluded malaria at the age of twenty and traumatic fracture
of two lumbar vertebrae five years earlier.

On admission her general status was good; she was
afebrile, with breathing rate 16 /min, pulse rate 68/min and
BP 120/80mmHg. Auscultation of the thorax revealed ab-
sence of breath sounds at the base of the right hemithorax.
Her right wrist was slightly swollen. No lymph node, liver
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or spleen enlargement was detected, and examination of
the other organs and systems was negative.

Full blood count and biochemical tests were normal
except for: Hct: 29.3%, Hb: 9.4g/dl, MCV 90.3f, MCH:30.4pg,
ESR: 105/1h and CRP: 6.97mg/dl. Arterial blood gas analysis
revealed hypoxaemia (PaO,=64mmHg at room air) without
evidence of acid-base disorder. Chest X-ray demonstrated
pleural effusion, which proved to be exudate with normal
glucose level (109mg/dl) and pH (7.4), but cytological
examination revealed the presence of small lymphocytes
(80/ml) with plasmacytic differentiation. Fluid and sputum
cultures for bacteria, fungus and B-Koch, and PCR analy-
sis were negative and ADA 20IU/L. The purified protein
derivative (PPD) test with 0.2 TU tuberculin (mantoux)
was 13 mm in diameter.

Chest CT scan revealed a bilateral nodular (<1cm)
pattern, a large right-sided pleural effusion and enlarge-
ment of the mediastinal and right auxiliary lymph nodes.
Bronchoscopy revealed no abnormal findings and trans-
bronchial biopsy, brushing, bronchial secretions and
bronchoalveolar lavage (BAL) were negative for infection
and malignancy. Abdominal US and CT scan, and X-ray
of the right wrist were normal. Bone X-ray survey did
not show osteolytic leasons. During hospitalization, the
symptoms from the right wrist subsided.

Further screening for tuberculosis, autoimmune dis-
ease and neoplasia was negative. Protein electrophoresis
revealed a monoclonal increase in y-globulins and immu-
nofixation showed a marked increase in monoclonal IgMk.
No free light chains were identified in serum or urine.

The bone marrow aspiration demonstrated a diffuse
infiltration (45-50%) with small B-lymphocytes with plas-
macytoid differentiation and mature plasmacytes. These
findings confirmed the diagnosis of lymhoplasmacytic
lymphoma/WM. The patient underwent chemotherapy
with 6 cycles of the COP-R regimen (Cyclophosphamide,
Vincristine, Prednisone and Rituximab, anti-CD20 anti-
body). She was also given a 6-months’ prophylactic course
of isoniazide because of the positive PPD reaction. She
responded to therapy, and achieved complete remission.
One year later she was disease free.

DISCUSSION

In this paper a case is presented of WM with pleu-
ropulmonary involvement as the first manifestation of
the disease. The involvement of the lung as the initial
manifestation of WM is very rare and only few cases have
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been reported so far (table 1).

Pulmonary involvement in WM occurs in 3%-5% of
cases.'s'® Symptoms at the onset include dyspnoea, non-
productive cough and chest pain, although 15% of the
patients are asymptomatic. X-ray findings may include
masses, diffuse or reticulonodular infiltrates, pulmonary
nodules, mediastinal lymph node enlargement, and
pleural effusions.'228 The histological confirmation of
the disease is very important.

This patient presented with the non-specific symptoms
of dyspnoea and cough. The differential diagnosis based
on patient’s CT pattern (nodules, pleural effusion and
mediastinal lymph node enlargement) included infec-
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tions (tuberculosis, bacteria and fungus), malignancies
(brochoalveolar carcinoma, metastatic disease), lym-
phoproliferative diseases, pneumonia and amyloidosis.
Symptoms suggestive of WM were not observed, possibly
due to the low concentration of the monoclonal IgM, and
low degree of bone marrow infiltration.

Chest symptoms in WM are very rare, but autopsy
series have shown that the lung and pleurae are affected
more often than previously thought, even in the absence
of clinical findings®. For this reason, in the context of
confirmation of a low grade lymphoma, the clinician
should consider the possibility of MW, since the correct
diagnosis may lead to effective therapy.

TABLE 1. Previously reported cases of WM with lung involvement as the first manifestation of the disease

Age, Sex Symptoms Chest X-ray pattern Diagnosis

62, M™ Dyspnoea, cough Infiltrates BMB, TBB

58, M2 Dyspnoea Mass TBB, OLB

70, F% Dyspnoea Infiltrates, Mass BMB, autopsy
78, F* No symptoms Infiltrates Known WM
79, F% Dyspnoea, cough Infiltrates OoLB

78, M3 Dyspnoea, haemoptysis Infiltrates, Mass, Effusion Autopsy

47, F* Dyspnoea, cough Infiltrates, Mass, Effusion TBB, BMB

40, M%» No symptoms Infiltrates, Effusion TLB

Abbreviations: M: Male, F: Female, BMB: bone marrow biopsy, TBB: transbronchial biopsy, OLB: open lung biopsy, WM: Waldenstrom's

macroglobulinaemia, TLB: transdermal lung biopsy
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NEPIAHWH. Napoucidletai mepimtwaon 68xpovou avdpa pe adevokap-
KiVWLa TTIVEVHOVA, SEPUATIKEC KAl CTOUATIKEG METACTAGELS, Ol OTOIES
umoxXwWpPNoav META amo Xnuelobepaneia e suvduaouod ciomhativng
Kkat makAta&éAng. Evvéa priveg petd tnv évapén tng Oepameiag kat
a@ou éxel oAokANpwael £€n xnueloBepameuTIkoUG KUKAOUG, 0 00BEVIG
Bpioketal o€ koA KAWVIKIA KATAGTACT XWPIG UTTOTPOTIN 1) EUPAVICH
VEWV HETAOTACEWV. [Tveuuwy 2008, 21(2):185-187.

EIZATQrH

Ta veOTMAAOMATA TWV ECWTEPIKWY 0pYAvwy pebioTavtal oto 6épua e
ouXVOTNTA IOV avEPXETAl 0TO 0.7 - 10%' Kal UMTOPEl va aTTOTEAOUV TNV TPWTN
ekdnAwon, onueio umoTpomn¢ N 0pNUaA TeAikoL otadiou TG vooou'3, O1
OEPUATIKEC UETAOTAOEIG ElVal CUXVOTEPEG OTOUC AVOPES?, TTPOKAAOUVTAL UECW
AgMPOYEVOUC 1 alpaTtoyevoUC S1aoTopdc Kal TIPOEPXOVTAL Ao OYKOUG TOU
TIVEUOVOQ, TOU TTAXEOG EVTEPOU, TOU HACTOU KAl OTIAVIOTEPA TWV VEQPWY,
Tou BupeoEldN, TWV WOBNKWY, TOU TTPOCTATH, TOU GTOUAXOU, TNG MATPAS Kal
™G xoAndoxou KUoTNG' . TeAeuTaia, mapatnpeital aténon TnG EPPAviong
TwV SEPUATIKWY PETACTACEWV amod BPOYXOTVEUHOVIKO Kapkivo (BIK), n
oroia €ival CUVETELD TNG AUENONG TNG EMIMTWONG TNG VOoOU’.

MAPOYZIAXZH NEPIZTATIKOY

Avdpag 68 eTwv, KanmvioTAG (60 py), UE LOTOPIKO TTAAALAG GUUATIWONG
TIVEUUOVWYV, apTNPIAKNG UTTEPTAONG Kal Amag (katd GOLD) xpoviag amo-
(PPOAKTIKNC TIVEUUOVOTIABEIAC, TPOONABE alTiwpevog aduvapia, KataBoAn
Suvduewy, avopeéia kat AAYog aploTEPOU WHOU. ITNV aktivoypapia Bwpa-
Ko¢, Slamotwonke okiaon aplotepou dvw Aoou Tou iveuova. O aoBevig
unoBARBNnke oe afovikn Topoypagia Bwpakog, PpoyXooKdTTNon Kal o€
Blowia Sia Aemtrig feAovng (FNB). AlayvwoBnke adevokapkivwpa XapunAng
Slagpopomnoinong (Eikéva 1). Kata tn didpkela ¢ otadlomnoinong tou, o
aoBevi¢ epgdvios moAamnAd, avwduva, urmodopla olidia oTnv aploTepn
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EIKONA 1. 1: FNB mveUpova: xapnAr¢ Stagopomoinong adevokapkivwua mveupova pe (+) TTF1 (a: x40 HE, B: x400 HE, y: x100 TTF1).
2: Metdotaon o0to oTopatiko BAevvoydvo, avaldyou popoloyiag, pe (+) TTF1 (a: x40 HE, B: x100 HE, y: x40 TTF1). 3: Metdotaon
oTov umodopl1o 10T KOIMAKNAG XWPAE, avaldyou popeodoyiag, pe (+) TTF1 (a: x100 HE, B: x400 HE, y: x400 TTF1).

KOIALOKN XWpPa, OTN TIEPLOXI) TOU OTEPVOU, OTOV APIOTEPO
Bpaxiova kat otov aplotepo unpod, dtapétpou 0.5 -2 cm
(Eikdvec 2, 3). EmmAéov, mapatnpriBnke kat éva olidlo ota
oUAQ, TTPOCTOUIOKA, 0TO UPOG TOU TIPWTOU APLIOTEPOU
KAtw you@iov, Stapétpou 1,5 cm (Eikdva 2). Ta depuatika
oCidla €yvav @Aeypovwdn Kal emimova pe TNV mapodo
TOU XpOVOU, EVW TO OTOMATIKO 0(idlo mpoKAAeoe éviova
paontikd mpofAfpata kal emdeivwoe Tnv avopelia. O
Notmog éleyyxog avédeie Seutepomnabeic evtomioslg oto
TAYKPEAG Kal ota emveppidla. H 1otoloyikn e€€taon
(amd Suo maBoloyoavaTopiKA TUAATA) EVOG KOIAIAKOU
Kal Tou oTopatikoU o(18iou avédelEe LETAOTATIKO EK TWV
mveupdvwy adevokapkivwpa (Eikéva 1). O acBevig té-
Bnke og MPWTOKOANO XnUEIOBEpaTIEIOG TPWTNG YPAUUAS,
pe ouvduaoud olomiativng kat makArta&éAng. Metd tnv
XOpPnynon tou SeUTePOU XNUEIOBEPATTEUTIKOU KUKAOU,

ol o{1810KEC PAAPBEC UTTOOTPAPNKAY, OANA O TIVEUIOVI-
KOG OYKOG TTApOUCiace HEPIKA Hovo avtamokplon. Ta
YEVIKA oupmtwuata Tou acBevn (avopedia, kataoAn,
HUOOKEAETIKA AAYN), Mapouciacav UPeon apyoTePQ,
META TO TéNOC TNG XNHEIoBepameiag. Evvéa unveg peta
v évapén ¢ Bepameiag Kat apou €xel OAOKANPWOEL
£€n XxNUEIOBEPATIEVTIKOUG KUKAOUG, 0 a0BeVNG BpiokeTal
o€ KA KAWVIKH Katdotaon Xwpig unmotpor i 1 Eueavion
VEWV peTaotacswv. H emavaotadlomnoinon mou €yive mévte
pnveg petd ™ ARén tng xnuelobeparneiag emPBePaiwoe
TN UEPIKNA QVTATIOKPLION TOU TIVEUHOVIKOU OYKOU, XWPIg
AaM\a eupripata.

2YZHTHXH

O BIK amoteAei Tn ouxvotepn aitio SEPUATIKWV HE-
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EIKONA 2. a: YriepmA\aoTiko oid10 0Ta 0UAQ, TTPOOTOMIAKE, OTO
UG TOU TPWTOU APIOTEPOU KATW You@iou, Stapétpou 1,5 cm.
B: e€€puBpa olidia KOINAKOU TOXWHATOG APIoTEPA.
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TOOTACEWV amd CUMTTAYEIG OYKOUCG OTOUG AVOPEC Kal TN
SelTEPN 0 CLXVOTNTA AITIA OTIC YUVAIKEG, OTTOU TTponN-
YEital o Kapkivog Tou paoTtou™. Metafl Twv acBevwv
pe BMK, to 1-12% avapévetatl va avantuel deppatikd
petaotatikda olidia otnv mopeia tng véoou7. tov BIIK,
ol SEPUATIKEG PETAOTATELG TTAPATNPOUVTAL CUXVOTEPA
oTtoug Avdped.

Ot SeppaTIKEC HETAOTATEIG UITOPEL Va evTomioBolv
oTouSNHTTOTE OTO CWA, CUXVOTEPA OUWE ATTAVTWVTAL OTOV
Bwpaka, TN PAxn, 0TNV KOIAIAKA XWPA, GTO TPIXWTO TNG
KEPAANAG Kal 0To TPpAxNA0?*. Imavidtepa epgpavifovral
oTa oUAa Kat ota dkpa?*’. MeploootepeC amd duo dep-
MOTIKEG PETAOTAOELS p@avi{ovtal o€ TOoooTo 75%7.To
MEyEBOC Toug MoIKiAEL ammo 2-6 cm?3, QoTO00, N CUVEVW-
On TIEPIOCOTEPWVY UTTOPEL VA TTIPOKAAEDEL TNV EUPAVION
peyaAUTEPWY oliwv’.

O1 deppatikég petaotdoelg tagivopouvtal os olw-
Selg, pAeypovwdelg Kal okAnpodeppoeldeic’. Ot olwdelg
SepUATIKEG HETAOTACELG TTEPLYPAPOVTAL CUVHOWC WG
OTPOYYUAEC, AEUKOXPOEG, EMIPAVEIOKES, OKANPEC, OKi-
vNTEG Kal avwduvec?*>, Eviote xapaktnpifovtal emiong
KOl WG ENAOTIKEC, KIVNTEG, EAKWOELG, ATTOXPWATIOUEVEG,
{wotnpoeideic, ev Tw BaBel f emwbuvec>*>, Aneikoviovtal
KOAd oTnv a&ovikn Topoypagia UPNARC EUKpPIVEIQC. XTO
untepnxoypagnua Doppler, diaypagpovtal wg umonyo-
yeveic akavovioTol 0ol pe auénuévn ayyelofpibeia’. Xe
kaBe mepintwon mpémnel va e€etalovtal IoTOAOYIKA Kal
LOTOXNMIKA Yla TNV e€akpifwon tng mpwTtomaboug eoTiag.
H avappdenon dia Aentrig feAdvng amoteei To Alydtepo
eNeUPATIKO S1ayVWOTIKO £pyaleio, dAANA N AR PNC EKTOMN

EIKONA 3. Afovikn (a) kat payvntikn (B) Topoypagia Tou acBevn. Alakpivovtat moAAamAd olidia oto mpoabio KoMaKO ToixwHa
(B€An).
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givain péBodog emoyng, kabwg Staogalilel Tnv KaAUTEPN
moldTNTA TNG IOTOAOYIKNG e€€Taonc'.

MeTaf Twv OyKWV ToU TIVEUUOVA e SEPUATIKEC UE-
TOOTAOCELC, Ol OXETIKEC UENETEG AVABEIKVUOUVY OTNV TTPWTH
Béon 1o peyalokuTttapiko BIK kat o adevokapKivwpa?.
Agv €xouv OUOXETIOOE] OTATIOTIKA O LOTOAOYIKOC TUTTOG,
0 ap1Buo¢ Kat To péyebog Twv Seppatikwyv PAafwy, n
mapoucia AANwv petaotdogwy tou BIMK, kabwg kat o
XPOvVoG péong empPBiwong twv acBevwv’. Daivetal mavTwg
OTL ol OyKol TwV Avw AoPwv pebioTavtal ouxvoTEPA OTO
Oéppa kat OTL Ol HETAOTACELG epgavifovTal ouxvoTtepa
otnv idla cwuaTiKr TAeVPA HE ToV TTPWTOTAON dyKO>378,
Av dgv amoTeAOVV TO TTPWTO CUUTTWHA, Ol SEPUATIKES
METAOTACEIC OUVHBWCS CUVUTTIAPXOUV LIE UETAOTACELG OF
AaMa pyava kat ouvdudlovTal PE TTEPAITEPW EMPBapnUEVO
pocdoKIpo emPBiwong Tou acBevr: 1-19 prvec (dtdueon
TN 3,5)%378, To mpoadoKIpo auTd, eival APKETA IKPOTE-
PO CUYKPITIKA UE AAEC KakonBeleg, TTou cuvodeuovTal
amo SEPUATIKEG METAOTATELG (SIAUEDN TIUA VIO TIG AANEG
KOKONOEIEG: 7,5 UAVEQ)*S.

Ol SEPUATIKEG PETAOTACEIC OTOV KAPKIVO TOU TIVEU-
pova, @aivetal 6Ti Sev avtanokpivovtal 1dlaitepa otn
XnueoBepareia. Av Kal ava@EépovTal TEPITTWOELG UPEDNC,
ol meploodTepol 0ol Sev enmnpedlovtal, o€ avtiBeon pe
To TTPpWTOTAON OYKO, O OT0I0G UMOPEi va PElwvETAL”.
Yridpxel HANOTA TIEPITITWON UTTOTPOTTAG TOUG META ATIO
XELPOUPYIKNA eKTOMN, Slapkolong TNG xnUEIoBepameiac®’.
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MapnyopnTikn Beparneia emTUYXAVETAL KAl JECW KPU-
oBepanceiag, pwtoduvapikng Beparmeiag, Bepameiag pe
laser akoun Kal TOTKAG £€YXUoNG XNUEIOBEPATIEUTIKWV
PAPHUAKWY KAl KUTTAPOKIVWV,

21n 81K pag mepimtwon, 0 acBevri¢ mapouciace mpwra
TO OTOMATIKO Kat alpvidia dAa ta untodotra olidla, Ta Te-
plocoTePa oTnV id1a owpaTIKr TTAEUPA UE TOV TTPWTOTTAON
oyko. O1 yetaotaoelc mapouaialav tn ouviiOn poppoloyia,
aMa avtiBeta pe Ta S1ebvn Sedopéva, avtamokpiBnkav
TARPWC 0TN XNUEloBepareia, o€ CUVTOMO XPOVIKO S1d-
otnua. Agv umopouv opwc va e€axBouv ac@alr oupre-
paouata, kaboti otn BipAloypagia dsv avagpépovtal Ta
XNUEOBEPAMEUTIKA QAPHAKA TTOU X0pNnyrHOnKav oToug
TIEPIOOOTEPOUG aoBeveiG (UTTdpxouv avagopég aoBevwv
TIPO TNG ELCAYWYNG TAATIVOUXWV CUVOUACUWY 0TV avTl-
UETWTTION TOU KAPKiVOu TOou TveUova).

Ta SepUATIKA KAl OTOUATIKA PETAOTATIKA 0lidla epga-
viCovTal kai og aoBeveic pe PeETaoTaTIKO KapKivo Tveuova,
AMNA XWPIG AMEC KAIVIKEC EKONAWOEIC Ao TO AvVaTIVEU-
OTIKO oUOTNMA. ATTOTEAOUV €va TTIIECTIKO TTPORANA oTa
mAaiola TN BEPATTEVTIKAG TTPOCEYYIONE TWV TIVEUOVIKWV
OYKWV, SO0V SNIoUpyoLV EVTova TOTTIKA CUUITWHATA
Kat aleBntikd mpoPAnpata, mou emnpedlouv Tnv moldtnTa
¢ {wn¢ Twv acBevwv.

BIBAIOTPAQIA

(BAéme keipevo ota ayyAikd)
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SUMMARY. We present a case of a 68 year-old man with a lung
adenocarcinoma associated with cutaneous and buccal metastases,
which regressed after a chemotherapy regime combining cisplatin
and paclitaxel. At 5-month follow-up, after 6 cycles of chemotherapy,
the patient’s clinical condition was satisfactory, with no new cutane-
ous metastases. Pneumon 2008; 21(2):189-191

INTRODUCTION

The incidence of cutaneous metastases (CM) from internal malignancies
is reported to be between 0.7% and 10%’. CM may appear as either the first
sign of an undiagnosed tumour, reactivation of a known malignancy, or a
preterminal event'3. CM are observed more frequently in men*. They occur
as aresult of either lymphatic or haematogenic spread, usually from primary
lung, colon or breast tumours; a low percentage of renal, thyroid, ovarian,
prostate, uterus and bladder cancers may be associated with cutaneous
filiea'. Recently an increase in the incidence of CM from lung cancer (LC)
has been noticed, in parallel with the increasing incidence of LC’.

CASE REPORT

A 68 year-old man, who was a long-term smoker (60 py), with a history of
lung tuberculosis, arterial hypertension and chronic obstructive pulmonary
disease, stage | (GOLD), was hospitalized because of weakness, debility,
anorexia and left shoulder pain. Chest X-ray revealed a peripheral mass
in the upper left pulmonary lobe. The patient underwent computerized
tomography (CT) of the chest, bronchoscopy and fine needle biopsy (FNB)
of the lesion, and a diagnosis was made of lung adenocarcinoma of low
differentiation (Figure 1). During staging, the patient developed multiple,
painless, firm and immobile, white subcutaneous nodules in the left ab-
dominal region, on the chest wall and the left arm and over the left femur,
sized 0.5 - 2 cm in diameter (Figures 2, 3). In addition, he presented with a
nodule on the buccal gum at the lower left first molar, 1.5 cm in diameter
(Figure 2). The CM gradually became inflamed and painful, while the buc-
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FIGURE 1. 1: Fine needle biopsy (FNB) of the lesion in the lung: low differentiation lung adenocarcinoma with (+) TTF1 (a: x40 HE,
B: x400 HE, y: x100 TTF1). 2: Metastasis on buccal mucous membrane with similar morphology and (+) TTF1 (a: x40 HE, 3: x100 HE,
y: x40 TTF1). 3: Metastasis on subcutaneous tissue with similar morphology and (+) TTF1 (a: x100 HE, : x400 HE, y: x400 TTF1).

cal node caused mastication problems and aggravated
his anorexia. Staging revealed adrenal and pancreatic
metastases. Histopathological examination (in two pa-
thology departments) of one abdominal nodule and
the gum nodule confirmed metastatic adenocarcinoma
of lung origin. The patient started chemotherapy with a
combination of cisplatin and paclitaxel. After the second
cycle, he showed complete nodular regression, with
partial response of the primary lung tumour.The general
symptoms (anorexia, debility, shoulder pain) subsided
only after the completion of 6 cycles of chemotherapy. At
follow-up 5 months later, stability of his clinical condition
was recorded, while no new cutaneous metastases had
appeared. Re-staging, 9 months from the beginning of
chemotherapy, confirmed partial response of the lung
tumour, with no other pathological findings.

DISCUSSION

LC is responsible for the majority of CM in men and
is second only to breast cancer as the origin of CM in
women'™*. About 1-12% of patients with LC can be ex-
pected to develop CM during the course of the disease?3”.
In LC, skin metastases occur more often in men.

While any area of the skin can be involved, metastases
occur primarily on the chest, back, abdomen, scalp and
neck?37. Their occurrence on gums and on the extremities
is rare?3’, More than two CM occur in 75% of the cases’.
Most nodules measure from 2 to 6 cm in diameter?3,. The
unification of multiple nodules can result in the formation
of more extensive lesions’.

CM were clinically classified into nodular, inflamma-
tory and sclerodermoid metastatic lesions’. Most nodular
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FIGURE 2. a: Nodule on the buccal gum, at the level of lower left
first molar, 1.5 cm in diameter. B: reddish abdominal nodes.

lesions are round, white, superficial, firm, raised, immobile
and painless?**, although sometimes they are elastic, soft,
mobile, ulcerated, decolourized, zosteriform, deep and

191

painful?*®. They are displayed well on high-resolution CT.
On colour Doppler sonography, they are presented as
hypoechoic, irregular nodules with high vascularity'. They
warrant histopathological examination, which should be
accompanied by immunostaining in the case of discrep-
ancies with the presumed primary cancer. Fine needle
aspiration cytology may be used as a minimally invasive
diagnostic tool, but complete excision is the method of
choice, in order to ensure histopathological accuracy’.

Among the LC with CM, large cell carcinoma and ad-
enocarcinoma show the greatest potential for invading
the skin*37, No significant relationship has been reported
concerning the histological subtype and the incidence
of CM, the number and size of the skin lesions, the pres-
ence of other metastases, or the median survival time’.
However, it appears that tumours of the upper lobes
develop CM more frequently and that the nodules usu-
ally develop on the same side of the body as the primary
tumour®*’# When they do not represent the first sign of
lung malignancy, CM often coexist with metastases in
other organs and they are associated with shorter survival
(1-29 months, median 3.5 months)**7#, This outcome is
less favourable than that of other malignancies accom-
panied by CM (median survival for other malignancies:
7.5 months)*S.

Chemotherapy is usually less effective for CM than
for the primary lesions®’. Even though some studies
report a regression in CM during chemotherapy, in the
case of CM resection there is a chance of recurrence
despite chemotherapy?’. Palliative care is also provided
by cryotherapy, photodynamic and laser therapy and
intranodal administration of chemotherapeutic agents
and cytokines®.

FIGURE 3. CT (a) and MRI (B) of the patient. Multiple nodes can be observed on the abdominal wall (arrows).
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This patient first developed the buccal nodule and later
all the rest, most of them on the same side as the primary
lung tumour. The CM presented typical morphology, but
in contrast with reports in the international literature, they
all exhibited complete response to chemotherapy within
a short time interval. However, no safe conclusions can
be derived, because in the reports no details about the
therapeutic agents were given (there are patient reports
from before the induction of platinum combinations in

REFERENCES

1. Wollina U, Graefe T, Konrad H, et al. Cutaneous Metastases of
Internal Cancers. Acta Dermatoven APA 2004, 13:79-84.

2. Coslett L, Katlic M. Lung Cancer with Skin Metastasis. Chest
1990, 97:757-759.

3. TerashimaT, Kanazawa M. Lung Camcer with Skin Metastasis.
Chest 1994,106:1448-1450.

4. Saeed S, Keehn C, Morgan M. Cutaneous Metastasis: a Clinical,
Pathological and Immunohistochemical Appraisal. J Cutan
Pathol 2004, 31:419-430.

5. KikuchiY, Matsuyama A, Nomura K. Zosteriform Metastatic Skin
Cancer: Report of Three Cases and Review of the Literature.
Dermatology 2001, 202:336-338.

[INEYMQN Tedxoc 20, Téuog 210¢, AmpiAiog - lodviog 2008

lung cancer treatment).
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MEPIAHWH. To B AepgpokUtTapo €ival o puBuIoTAG TG XUHIKAG
avoaiag. Metd tnv avayvwplon Tou avTtlyovou, Kal € OTEV CUVEP-
yagoia pe ta T- Aeu@oKUTTapa, T B-Aep@oKUTTapa EVEPYOTTOIOUVTAL
Kal EKKPivouv avocoa@aipiveg. Ot mvelpoveg @IAoEEvouv IKPO
ap1Ouo B-kuttdpwy, aAAd o péAog Toug ota diapopa voorata
TWV IVEUOVWVY Sev €ival akopn mMARpw¢ Yvwotoc. Ocov apopd tn
XA kat 1o Bpoyxiko AoOua, @aivetal mw¢ UTTAPYXEL EVEpyomoinon
Tou B-Aepgokuttdpou o€ enimedo Bpoyxikov BAevvoyovou. To
YEYOVOG aUTO pmopei va umodnAwvel Tnv avénuévn emaypumvnon
TOU AVOGOTIOINTIKOU GUCTHUATOC, MOAVWG E§aITiO TOU AMOIKI-
OMoU Tou Bpoyxikou 6évépou amod HIKpOPIa, i Kal va EVIOXVEL Th
Oswpia Umap&ng autodvooou pnxaviopoL atn XAl Mvevpwv 2008,
21(1):193-195.

EIZATQrH

To B- AeppoKUTTaPO €ival 0 GUVTOVIOTIG TNG XUMIKNG AVOOIaG, EVIETAYUEVO
va e€oNoBpevel e€wkutTdpla maboyodva. Kabe B kUTtapo avayvwpilel e1dika
éva avtilyévo xdpn otnv umapén umodoxéwv oTnV M@Aveld Tou. Metd tnv
avayvwplon TOU CUYKEKPIUEVOU avTiyovou Ta B KUTTapa evepyomolouvTal,
moAamAaactalovtal Kat S1apopoTololvTal 0€ TAAGUATOKUTTAPA, EKKPIVOUV
S10AUTEC AvOOOo@AIPIVESG KAl METATPETOVTAL O KUTTAPA UVIAUNG. YTTAPXEL
onNUavTIKn cuvepyaoia HeTadl T kat B AeppokuTttapwy, Kupiwg Adyw Twv
KUTTOPOKIVWYV TIoU gkKpivovtal amd ta T AepgpokuTtTapa Kat emnpedlouv
ToV MTOANATAQCLACUO Kat TNV £EENEN TOuC.

OYZIKH IXTOPIA B AEMOOKYTTAPOY

KaBnuepivd mapdyovtal déka ekaTodUpla B Ap@OoKUTTOPA 0TO HUENS
TWV 00TWV, EVW O0TNV KUKAo@opia avépyovtal o §éka Sloekatoppupla
TEPiTTOU. ATTOTEAOUV TO 2% TOU GUVOAOU TWV AEUKWV AlHOo@Alpiwy TOu
aipatog Kat 1o 5-15% Tou GUVOAOU TwV AEPPOKUTTAPWV. O TIVEUIOVAS PIAO-
Eevel LIKPO aplBd AeppokuTTap WY TTOU vToTTiCovTal UTTOEMIONAIOKA OTOUG
Bpoyxoug, (BALT, bronchial associated lymphoid tissue). 2& @uoioloyikd
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ATOUA U KATIVIOTEG avépyovTal o€ 1-1.5% Ttou cuvolou
TwV KUTTApwv Tov Bpiokovtal oto BpoyxoKuPeMSIKO
EKTIAUMA, ANG N Bavn HeTaBoAn Tou aplBuol Toug ota
VOOHHATA TWV TIVEUUOVWY OeV €XEL LEAETNOEL akOuN.

B AEMOOKYTTAPO
KAI XPONIA ATOOPAKTIKH
MNEYMONOIMAGEIA (XAN)

Ot Aiyeg peléteg mou umtapyouv yia o B Aepgokuttdpou
kat tnv XAl gival avTipatikEG:

* Auénuévoc aptBuocg B kuttdpwy o€ Bloyieg mveluo-
VOG AMO@PAKTIKWY a0BeVWY, KUPIWG 0TOUG UIKPOUG
agpAaywyoug, umoemonAakd'.

* Auénuévog apBuodg macpatokuTtapwy, CD3+, CD4+
Kat peiwon Twv CD8+ Agp@oKkuTtdpwy 0To BPOoyXIKo
BAevvoyovo, o omoiog gival avdioyog Tou Xpovou
S1aKOTINC TOV KATVIOHATOG?,

* Kapia onpavtikn dtagopd otov aptBud Twv B Aeppo-
KUTTAPWV TTOU aVIXVEUTNKAV OTO BPoyXIKo BAevvoyovo
KanmvioTwyv pe XAl og axéon Pe QUOIOAOYIKOUG [N
KATVIOTECH

* H mapamavw HEAETN oup@wvei e Toug Willemse kat
GUV. TTOU SEV EVTOMIOAV ONPAVTIKEC SlAQOPEC OTOV
aplOpo6 Twv B Agpgpokuttdpwy tou Bpoyxikol BAev-
vOoyovou atopwv pe A xwpig XA,

* Auénuévog aplBuog B KuTTdpwy 0TOUG UIKPOUG agpa-
ywyoug acBevwv pe XA, o omoiog avéavetal pe tnv
emdeivwon tng vooous.

* H onuUavTIkOTEPN Kal IO TPOCEATN MEAETN TWV
Gosman Kal ouv. ava@épel auénuévo aptBuo B kut-
Tapwv oTto Ppoyxikd PAevvoyovo acBevwv pe XAT,
o onoiog avédavetal pe TNV MPOodo TNG vOoOoU Kal
ouoxetiCetal avtiotpoga pe 1o deiktn Tiffeneau petd
BpoyxodiaoTtoAry’.

ATIO TIC TEPIOCOTEPEC PENETEC SlagaiveTal n auénué-
VN €MaypuMVNGN TOU AvOCOTIOINTIKOU CUCGTAUATOG OTO
Bpoyxiko BAevvoyovo otn XAl, émou n cuvepyaaia pe
70 €mMOAALO (AVTIYOVOTIAPOUCIACTIKA KUTTAPA KAl AEUPO-
KUTTapa) fonbd Tnv avilyovorapouasiaon Kal EVIOKUEL
TN CUMUETOXH TNG €MIKTNTNG avooiag, mBavwg e€aitiag
TOU MIKPOBLaKOU amoIKIoHOU TTou GUMBaivel oTa TEAIKA
otddia tng XAI.

B AEMOOKYTTAPO KAI BPOI'XIKOAZOMA

Ta dedopéva mou umdpxouv yia To pdho tou B Aep-
QOKUTTAPOU oTNV Taboyévela Tou AcOuatog, av KatAiya,
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pe e€aipeon evog, umodnAwvouv TNV evepyoToinon Tou
Ok€AOUC TOU avoooTIoINTIKOU TTou opiletal amd to B
AEUPOKUTTOPO:

* Au€nuévog apBuocg B Aepgpokuttdpwy kat IgG, oto
aipa acBuatikwy pHeTd avoooBepareia yia To dkapl
NG OIKIAKNC OKOVNCE.

* Auénuévoc aplBuoc B kuttdpwy OAwv Twv otadiwv
Slagpopomoinong Kal evepyomoinong oTo aipja acBua-
TIKWV KaTtd TIC Tapo&UVOEIG TNG VOoOU®.

* Auénpévoc aplBpog B kuttdpwv oto Bpoyxiko BAev-
voyévo acOuatikwy mmou mébavav amno Kpion acOua-
T0¢'"°.

Auénpévog aplbuog B KUTTApwV Kal TAACUOTOKUTTA-
pwv oTo BPOoyXIko BAevvoyovo TTou au€AavovTal UE TIG
mapo&UVoELS, Kat emmA£ov ek@palouv Tov urtodoxéa
Aeukotpleviwv (CySLT,)".

1810¢ apBud¢ B kKuTtdpwy 0TOUG ACOBUATIKOUG (aN-
Aepyikoi Kal pn) Kat guaotoAoyikoUg, alAd auénuévog
ap1Buog kuttapwyv mou e&€ppadlav TIG TPOSPOUES
pop@éc MRNA yia tov urtodoxéa uPnAG cuyyEvelag
kal ™ Baptd dAuoo ¢ IgE, Bpédnke oto Bpoyxiko
BAevvoyovo aAePYIKWVY Kal N AAAEPYIKWVY aoOaTI-
KWV, O€ OXE0N ME N OANEPYIKOUC LAPTUPEC, OTOIXEIO
IOV iow¢ uTodNAWVEL ToTmKr Tapaywyr| IgE oto acBpua
aveédptnta amno tnv mapén arepyiac'2

B AeppoKUTTAPO Kal KAPKIVOG TTVEUOVOC

Melwpévn n AeitoupylkdtTnTa TOL B KUTTAPOU TOU TTE-
PLPEPLKOL aipaTog oTo ekTeTAUEVO Ca MVEUOVO('.
Melwpévoc aplBudc B KuTtdpwy oTo TEPIPEPIKO aipa
OTO EKTETAPEVO UN-UIKPOKUTTAPIKO Ca TIVeUoVOC',
MetafoAr avaloyiag uTTOOUAd WV GTO Ala UETA TN XEL-
poupYIKn e€aipeon kakoriBoug Oykou MVeLOVOC'>.
Auénpévoc apBudc B KUTTAPWY OTOV KAPKIVIKO 10T
OUVOSEVETAL PE TAON YIO AIMOTOYEVEIC UETAOTAOEIC
Kal HElwpévN emBiwon oto un-UIKpokuttapiké Ca
TIVEULOVOC'S.

B AEMOOKYTTAPO KAI XYZTHMATIKA NOXHMATA

* Auénuévog aptBpog B KUTTApwWVY OToV MVEUHOVIKO 10T
otn Sidpeon mveupovia and pevpatosldn apOpitida,
Kat o1 oTnv 18101abr) TVEUUOVIKT ivwaon, OTOIXEIO TTou
{ow¢ umodnAwvel TNV UTTAPEN SLIAPOPETIKWV UNXaAVI-
OMWV TNG EUTTAOKIAC ToU B Aepgpokuttdpou ota duo
VOO LaTa, TTAPOAA TA KOWVA XAPAKTNPLOTIKAY.

* Auénuévn IgG évavtt Tou GM-CSF kat peiwpévn €k-
@paon tgactivin A oto BpoyXoKuPeMSIKO EKTTAUMA
otnv KUPeNISIKA MpwTeivwon ',
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* Yrapén lgG evavtiov tou KoAayovou tumou IV tng fa-
OIKNG MEUBPAVNE MOVO TWV TPIXOEISWV TNG TIVEULOVIKNG
Kal VEQPIKAG KUKAO@opiag otn véoo Goodpasture.

B AEMOOKYTTAPO
KAl OYMATIQXH

* Melwpévocg aplBuog B kuttdpwy oTo MAEUPITIKS LYPO
otnv TBC mAeupitida, CUYKPITIKA L TO aipa’™.

* Mewwpévog ap1Buog B kat CD4+ Aep@oKuTTApWY 0T
TIEPIPEPIKO aipa 0TV evepyo @uuatiwon. Ymapén &i-
OPOPETIKWY AVTIYOVWY EMQPAVEING TwV B AeppokuTTd-
pwv otnVv nveupovik TBC amd tnv amir poéAuvon.
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B AEMOOKYTTAPO KAI TINEYMONAZ TENIKA

* Auénuévoc aplBuog B Kuttdpwy mepLPePIKOU AiaTog
OTO XPOvio Muobwpaka?'.

* Auénpévog aplBuog B kuttdpwv oto Bpoyxiko BAev-
voyoévo aoBevwv [ KUOTIKH ivwon?,

e Avantuén B Aeppwpatog mveupovwy LETA Bepaneia
pe pebotpe€atn?.

* MeyaAUTepn MTWoN TwV B KUTTApWV Tou aiatog HeTd
Bwpakotoun yia Ca velpovog, mapd pe VATS?,

BIBAIOTPAQIA

(BAéme keipevo ota ayyAikd)
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SUMMARY. The B-lymphocyte is the tuner of humoral immunity.
Following recognition of the antigen, and with significant col-
laboration with T-cells, B-cells become activated and secrete im-
munoglobulins. The lung hosts a small number of B-lymphocytes,
but their role in various lung diseases is not yet fully understood.
In chronic obstructive pulmonary disease (COPD) and bronchial
asthma, there appears to be activation of B-cells, at least at the
level of the bronchial mucosa. This may indicate an increased
alarm mechanism in the immune system, possibly due to micro-
bial colonization of the bronchial tree, or support the theory of
development of an autoimmune mechanism in COPD. Pneumon
2008;21(1):196-199

INTRODUCTION

B-Lymphocytes are the tuners of humoral immunity and each recognizes
specifically one particular antigen. When the antigen is recognized by the
B-cells, these cells are activated, multiply, and develop into plasma cells
that secrete immunoglobulins, and finally they convert into memory cells.
There is a significant synergy between T- and B-lymphocytes, mainly due
to the secretion of cytokine by T-cells that influences B-cell multiplication
and further development.

THE PHYSICAL HISTORY OF B-LYMPHOCYTES

The daily production of B-lymphocytes amounts to 10 million, while
there are approximately 10 billion in circulation. The lung hosts a small
number of B-cells, displaced subepithelially in the bronchial mucosa, the
bronchial associated lymphoid tissue (BALT). In healthy non-smokers B-cells
account for 1-1,5% of all cells detected in the bronchoalveolar lavage (BAL);
however the possible alteration of their numbers in lung diseases has not
yet been adequately studied.

B-LYMPHOCYTES AND COPD

The few studies reported on B-cells and chronic obstructive pulmonary
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disease (COPD) provide conflicting data:

* Increased numbers of B-cells have been detected sub-
epithelially in the small airways of COPD patients’.

* Increased numbers of plasma cells, CD3+, CD4+ cells,
and decreased numbers of CD8+ cells have been
found in the bronchial mucosa of COPD patients, in
proportion to the time of smoking cessation?3.

* No significant difference in the number of B-cells was
found in the bronchial mucosa between smokers with
COPD and nonsmokers*.

* No differences were detected in B-cell numbers in
the bronchial mucosa of patients with and without
COPD®.

* Increased numbers of B-cells have been detected in
the small airways of patients with COPD, increasing
with disease deterioration®.

* Increased numbers of B-cells were observed in the
bronchial mucosa of patients with COPD, increasing
with the progress of the disease, and in inverse relation
to the Tiffeneau index after bronchial dilatation’.

In summary, most of the data from these studies
indicate the existence of an alarm mechanism of the
immune system at the level of bronchial mucosa in pa-
tients with COPD, where synergy with the epithelium
(antigen presenting cells and lymphocytes) strengthens
the involvement of acquired immunity, possibly due to
the microbial colonization that takes place in the final
stages of COPD.

The relationship between B-cell activity and COPD
deterioration indicates, but does not prove, that B-cells
may be playing a pathogenetic role in the process. It is
necessary to ascertain the specificity of the particular
antigens that activate the B-lymphocytes. The involve-
ment of the B-cells partly supports the theory of an
autoimmune mechanism in COPD. It appears that B-
and T-lymphocytes respond to current smoking, which
suggests the presence of either an ongoing microbial
stimulus, or the development of an autoimmune disease
that drives the lymphocyte response. These observations
deserve further attention.

B-LYMPHOCYTES AND BRONCHIAL ASTHMA

Although few in number, all but one of the studies
published on B-cell involvement in the pathogenesis of
asthma indicate the activation of B-cells:

* Increased B-cell numbers and IgG4 were found in the
peripheral blood of asthma patients after immuno-
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therapy for the housedust mite®.
* Increased numbers of B-cells at all stages of differ-
entiation and activation were detected in the blood
of asthmatic patients during exacerbation of the
disease’.
Increased numbers of B-cells were found in the bron-
chial mucosa of asthmatic patients who died from a
severe asthma attack’™.
Increased numbers of B-cells and plasma cells were
detected in the bronchial mucosa of asthmatics, in-
creasing with the deterioration of the disease. Moreo-
ver, these cells expressed the leukotriene receptor
(CysSLT1)".
No difference in the number of B-cells was detected
in the bronchial mucosa of asthmatic (allergic or
not) and non-asthmatic people. However, increased
numbers of cells expressing the precursor forms of
mRNA for the high affinity IgE receptor (Ce) and the
heavy chain of IgE (lg), were found in the bronchial
mucosa of both allergic and non allergic asthmatics,
compared to non allergic controls, data that may in-
dicate a local IgE production in asthma, independent
of the allergic status'2

B-LYMPHOCYTES AND LUNG CANCER

* Decreased B-cell activity was found in the peripheral
blood of patients with extensive lung cancer'.

* Decreased numbers of B-cells were found in the pe-
ripheral blood of patients with non-limited small cell
lung cancer™.

¢ Alteration in the proportion of immunoglobulin subu-
nits was detected in the blood of patients after the
surgical resection of a malignant lung tumour™.

* Increased numbers of B-cells detected in malignant tis-
sue was associated with a tendency for haematogenic
metastasis and decreased survival in patients with
non-small cell lung cancer’®.

B-LYMPHOCYTES AND SYSTEMIC DISEASE

* Increased numbers of B-cells were found in the lung
tissue of patients with interstitial pneumonia due to
rheumatoid arthritis, but not in those suffering from
idiopathic pulmonary fibrosis. These data may indi-
cate the existence of different mechanisms of B-cell
involvement in the two entities'’.

* Increased levels of IgG against GM-CSF, and decreased
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expression of activin A was observed in the bron-
choalveolar lavage of patients with proteinosis of
the lung'®.

In Goodpasture disease increased production was
detected of IgG against type IV collagen of the ba-
sic membrane of the capillaries of the lung and the
kidney.

B-LYMPHOCYTES AND TUBERCULOSIS

Decreased numbers of B-cells were evident in the
pleural fluid, but not in the peripheral blood of patients
with tuberculous (TBC) pleurisy™.

Decreased numbers of B-cells and CD4+ cells were
observed in the peripheral blood of patients with ac-
tive tuberculosis. Moreover, different surface antigens
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OAHrIEZ MPOXZ TOYZX ZYITPAOEIX

O MNEYMQN eivai diy\wooo, tpiunviaio meplodiko
ME KptTikn emtpor (peer-reviewed journal) mou ekdi-
Setal amd 1o 1977 and tnv EA\nvikn MNMveupovoloyikn
Etaipeia kat tnv EAAnvikn BpoyxoAoyikr Etaipeia.

To meplobIko SéxeTal epyaocieg yia kpion und tnv npo-
0moBeon o611 Sev €xouv SNUOOCIEUTEL OAIKA I LEPIKA N
Sev éxouv umroPAnBei yia dnuoacicsuon arov. Epyaocieg
pe mapodpola dedopéva mpémel va urmof3aAAovTtal Tau-
TOXPOVA UE TO XEIPOYPAPO Yl EKTIUNON Ao TNV Ou-
VTOKTIKA emitponn. To meplodikd dev evBappULvel TNV
UTTORBOAN TTEPIOCOTEPWV ATTO TOU EVOC ApOPOU yia UAL-
KO TN¢ idlag pehétnc.

Ta dpBpa ta omoia dnpooisvovtal mephapfdvouv: 1)
apBpa cuvtaéng (ocuvriBwg KATOTIV TTPOOKARCEWC, 2-4
oelideq), 2) avaokomioelg (20-30 oelideg), 3) MPpwToE-
Tuma apBpa PACIKAC Kal KAIVIKNG épguvag (20-25 oe-
Aideq), 4) evliapépouoeg mePIMTWOELG (5-8 ogNideC),
5) e1d1kd apBpa (8-10 oelideg) Kal 6) ypAupaTa GTOV
ek&OTN (LExPL 500 Aé€elg kat 5 avagpopég). Kabe apbpo
TPETTEL v OUVOSEVETAL, EKTOC amd TNV EAANVIKA Kat
ano tnv anddoon ota AyyAhikd. Mpémel va gival Saktu-
Aoypagnuévo og SIM\O SidoTnua Kal pe meplbwpto 3
€K. TIPOG OAEC TIC MAEVPEG. Ta Keipeva MPETEL va gival
YPOUUEVA oTnV KaBopholpevn YAwooa, Pe 18laitepn
npoooyxry otnv opBoypagia kat Tn cuvtaén. Ot cuy-
YPOQEIG TPETEl va aKoAOUBOUV TIG OXETIKEG UTTOSEIEEIG
Twv “Uniform Requirements for Manuscripts Submit-
ted to Biomedical Journals mou &dnuoocievtnkav amo
Vv International Committee of Medical Journal Edi-
tors (http://www.icmje.org)” kai Tn diakripuén Tou Hel-
sinki (Declaration of Helsinki).

O1 gpyaociec umodA\ovtal NAEKTPOVIKA HECw email
otn S1evbuvon: pneumon@hts.org.gr padi pe tn oxe-
TIKA €mMOTOAR (cover letter) 6émou Ba avagépovrat:
o TitAo¢ Kkal 1o £idog TN gpyaciag, oTL Sev €xel uTio-
BANOsi yla dnuoacisuon aAhou, 6TL OAoL Ol CUYYPAPEIG
€xouv Slafdoel kal amodexTel TO KeipeEvo TNG Epyaciag,
Kal o€ epinmtwon amodoxn¢ yla dSnuoacisuon, 0Tt peTa-
PE€pouv To copyright oto ePLOBIKO.

2& KABe epyaocia nmephapPfdvovral kal umoBdAlovtal
oe 181aitepn oelida o€ popery Word doc rj PDF ta ma-
PAKATW:

1. Mpwtn oeAida. e autr mep\apBavovTtal Katd ogl-
pa:

a) O TitAo¢ (CUVOTITIKOC Kal TTANPOYOPIAKOC) He TTe(d
YPAUUATA KAl YE EKTAON OXL HeEYaAUTEPN amd 10 Aé&elC.
3 € TIEPITITWOELG TTOU €ival avAyKn o TITAOG va TTEPIAA-
Bavel meplooodTEPA OTOIXEIO PTTOPEl VA UTTAPXEL Kal
unoTithog, B) Ta ovéuata (uéxpt 10) kat n eldikéTNTA
TWV CUYYPAPEWV OTNV OVOUAOTIKN Kal T 6€on Toug,
y) To ipuua and 1o omoio mpoépxetal n dnuocisuon

€@’'600V TIPOKELTAL VIO TIEPAUATIKA Epyacia rj mapou-
oiaon evllagpépovtog meplotatikoy, 6) To dvoua, n
TaxuOpopIKr Kat NAekTpovikn S1evBuvon kabwg Kat
TO TNAéPWVO Tou UrrelBuvou yia Tnv aAAnAoypagia pe
TO TEPLOSIKO CUYYPAPEQ, OTO KATW HEPOC TNG OeAidag,
€) MBavég mnyéc xpnuatoddtnong, ot) TpEXovTa TiTAo
HEXPL 40 XapakThpwV (cupmepapBavopévwy ypau-
patwv Kat dtaoctnuatwy) Kat {) tov ouvoAiké apiBud
Aé€ewv TOU Kelpévou.

2. H mepiAnyn mpémel va €xel éktaon HExpL 250 Aé€elg
Kal va TTEPIEXEL TO OKOTIO, TN MéB0SO, Ta Baoikd amo-
TeEAéOPATA KAl TO CUPTIEPACMATA TNG €pyaciag. XTo
TéNo¢ NG mMePiAnYNng mpémel va avaypd@ovtal Tou-
Naxlotov 5 Aééeig-kAeibia kal oUPPWVA HE EKEIVEG TTOU
nipoteivel n US National Library of Medicine’s Medical
Subject Headings (MeSH) browser at http://www.nIm.
nih.gov/mesh/meshhome.html

3.To KUplo owpa NG Epyaciag, ep’éoov TTPOKELTAL YIa
EPELVNTIKA €pyaoia, MPEMeL va TepIAapBAavet:
Eicaywyn

MNepA\apPdavel cuVONTIKA TNV AlTiohoyia TNG UEANETNG
Kal TN OXETIKA untdpyxouoa {NTNon. Ag TTpEmel va TTepL-
Aappavel eupripata Kat armoTeAéoaTa.

MéBobo

H peBodoloyia mpémel va meplypA@PETAl UE CAPRVELQ
WOTE O AvayvwoTtng va gival B£Ralog yia Tov Tpomo
e&aywync Twv amoteAeopdtwv. H Béon (oAn, mepioxn,
XWPA) TOU TTAPACKEVAOTOU TIPETIEL va avagépeTal. Ot
povadeg pétpnong mpémnel va ival ekeiveg tou Sl. MNpo-
KEIMEVOU Yla QAPUAKQ, TIPETTEL VA AVAPEPOVTAL OL XN-
MUIKEG OUGIEG KL OXL TO EUTTIOPLKO OVopa. Ol OTATIOTIKEG
AVAAUOEIG TIPETTEL VA AVAPEPOVTAL AETITOUEP WG,
AmnoteAéouata

Mpémel va TapoucIaoTouV [E AOYLIKH OElpd OTO KEiE-
VO, TOUG TTIVAKEG Kal TIG EIKOVEG. Ol CUYYPAPEIG TIPETTEL
va amo@elyouv TNV enavainyn twv 18iwv amotele-
OMATWY, 16iwg PeTA&L TOU KEIPEVOU, TWV TIIVAKWVY Kal
TwV €IKOVWV. Agv Tpémel va mepINAPBAVETAL HEPOC TNG
ou{Atnong.

2vlnmon

ZekIvrioTe mapouoldlovtag Ta véa Kal 1o ONUAvVTIKA
gupnpata tng oulAtnong. ZulNTACTE TA ATTOTEAECHO-
Ta o€ oxéon Pe TNV unmoBeon TG elocaywynic. E§nyrnote
Kat urrooTtnpifte eupriuata ta omoia dgv avapévoviav
1 ivat avtibeta pe Tnv unmdBeon. H mBavoloyia mpémnel
va gival 600 1o duvatdv Atyotepn. Ae TpEMEL va €Ma-
valappdavovtal ta amoteAéopata. Opoiwg, Sev Tipémel
va avaypdgovtal otn oulitnon euprjpata mou Sev
mapatnperibnkav ota anoteAécpata. Mn KAvete mapa-
TIOUTTEG O€ TTIVAKEG KAl EIKOVEG.



EuxapioTieg

Euxaplotieq mpémnel va amgubuvovtal ota dTopa Ta
omoia gixav aAnBry cupuBoAr oTnV €pyacia kal Ta omoia
oupPWVNOoAV UE TO EUPHMATA KAl TA CUMITEPACHATA.
2TIG EUXOPLIOTIEG TIPETIEL VA AVAQEPOVTAL KAl TTNYEG
Xpnuatodotnong.

4. O BIBAoYypa@IKOG KaTAAoyog TePIAAUPAvVEL TIC
TIAPATTOUTTEG KATA TN OEPA TNG apiBunong Toug oto
Keipevo. H BiBAloypagia amod meplodika mephapfBavel
KOTA O€1pd, OAA T OVOLIATA TWV CUYYPAPEWY, TOV TIAR-
pn Titho Tou apBpou (ue meld oTolKEia), TNV EMioCNUN
OUVTNON TOU TITAOU TOU TTEPLOSIKOU, TO £TOC, TOV TOUO
Kal TNV TPpwTN Kal TeAevTaia oelida tng dnuocisuonc.
Av ol cuyypa@eic gival péxpl €1 mapatiBevtal OAa ta
ovouaTa, €AV €ival pTa 1| MEPIOCOTEPOL TTApATIOE-
VTdl JOVOo Ta Tpia MPWTa ovopaTa Kal akoAouBei, “et
al’, mx. Bouros D, Antoniou KM, Light RW. Intrapleural
streptokinase for pleural infection. BMJ. 2006;332:133-
4. 'Otav n mapamounn avagépstal o€ BiAio i Kepa-
QO GUYYPAMMATOC, AVAPEPOVTAL OTN OEIPA TA OVOUA-
TA TWV CLUYYPAPEWY, O TITAOG Tou ApBpou, ol eKSOTEC,
O TITAOG TOU CUYYPAUMATOG, 0 aplBuog TG €kdoong, o
€KSOTIKOC 0iko¢, N TTOAN 01OV €YIVE N £€KSoon, TO €T0C
NG €kO0o0oNG KAl Ol CEMISEG avVaPOPAG TOU KEIPEVOU, TI.X.
yta BiBAio: Siafakas NM, Anthonisen N, Georgopoulos
D. Acute exacerbations of COPD. Marcel Dekker, New
York, 2004 kai yia kegdhaio o€ BiBAio: Kyriakou D,
Alexandrakis M, Bouros D. Pleural effusions in blood
diseases. In: Bouros D. (editor). Pleural Disease. Marcel
Dekker, New York, 2004, pp. 621-638.

5. Ol GUVTMNOELG TWV OVOUATWY TWV TTEPLOSIKWY AKO-
AouBouv tov katdloyo Ttou Index Medicus (BA: http://
www.nlm.nih.gov).

6. Ol MVAKEG Kal Ol EIKOVEC, TUTTIWUEVA OE EEXWPLoTN
oelida, TpéTel va @EPOuV OTO EMAVW PEPOC TOV aplB-
MO TOUG Kal OTn CUVEXELD ToV TiTAO, T.X. MNivakag 1. Ot
TMVAKEG TTEPIEXOLV TITAO Kal HOvVo opl{ovTieg SIaKpITL-
KEC YPOAUMEG, KABETEC YPAUMEC MOVO OTaV auTO gival
anmoAUTwg amapaitnto. Ot unotithol (AeCavteg) Twv
EIKOVWV KAl TWV oxnuatwv apibuouvtay, .. Eikova
1, Zxfna 1 k.o.k. Ot pwTtoypagieg aobevwv Sev TIpEMEel
va gival avayvwpiolueg, ek1dg av autd éxel SnAwOEi
gyypaew¢ amd toug acBeveic. Ot elkdveg Tov yivovtal
Sektég mpémel av gival o€ popon JPEG, TIFF ry EPS.

7. K&Be ouyypag@éag mpémel va €XEl CUMUETAOXEL ap-
KETA OTNV EKTIOVNON TNG EPYACIAG WOTE VA €XEL KAl TN
Onuoéola gubuvn. Tétola ocuppeTox Bewpeitar 1) n
OUAANYN TNCG 18€a¢ Kal 0 oxXeSIAoNOC TG MENETNG, 2)
n ouyypaen n n KPITIKA avabBewpnon Tou TTEPLEXO-
pévou Kkat 3) n tehikny amodoxn TnG umo dnuoocisuon
epyaoiac. Kal ol Tpei¢ avwtépw MPoUTTOBECEIC TIPETEL
va ouvtpéxouv. H ouppetoxry pévo otnv e€elpeon
XPNHATOdOTNONG, 1} 0TN CUANOY) HOVO TWV CTOIXEIWV
N N YeVIKA emiAeyPn, &g dikalohoyei Tnv 1816TNTA TOL
OuYYpa@EQ.

8. Ads1a dnpociguong. To xelpdypago TPETEL va Ou-
vodeletal amd avtiypago xopriynong adeiag yla ava-
mapaywyry TPEONYOUUEVWS ONUOCIEVUEVOU  UALIKOU
(elkoveg, mivakec) R yia dnpooicuon evaicOntwv mpo-
owmkwv dedopévwy, OTWG gival n avayvwplon acBe-
VWV, KaBW¢ Kal N ava@opd oTIG EUXAPIOTIEG.

9. EpeuvnTikéG Epyacieg ol omoieg €xouv emyopnynOei
OAIKA N peptkd amd Tnv KamvoBlopnxavia kat oxeTi{o-
MEVOUG opyaviopoug 1) Ivotitouta 8¢ yivovtal Sektég
yla dnuooiguon.

Tayxudpopikr dievBuvon;:

Nep1odiko «MNEYMQN»
Noookopeio Noonudatwy Owpakog ABnvwy,
Meooyeiwv 152,11527 ABriva
TnAépwvo & fax: +30-210-74.87.723
www.pneumon.org
www.hts.org.gr
e-mail: pneumon@hts.org.gr
(umoyYn kabnyntou k. A. Mroupovu,
AlevBuvtn Zovtaéng)
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PNEUMON is a peer reviewed, bilingual (Greek and
English) journal published quarterly as the official sci-
entific journal of the Hellenic Thoracic Society and the
Hellenic Bronchologic Society. The Journal publishes
original papers of international interest on laboratory
and clinical research that are pertinent to lung biology
and disease. Clinical and experimental work dealing
with the whole field of pneumonology, including al-
lied health, cell and molecular biology, epidemiology,
immunology, pathology, pharmacology, physiology,
intensive and critical care, paediatric respiratory medi-
cine and thoracic surgery will be published. All manu-
scripts and correspondence are submitted by e-mail to
the address: pneumon@hts.org.gr with a cover letter
including the title of the paper, a statement that nei-
ther the article nor any part of its essential substance
has been or will be published or submitted elsewhere
that all authors have read and approved the text of
the article and that, if considered for publication, they
transfer the copyright to Journal.

Articles published in PNEUMON address topics related
to pneumonology and critical care medicine in the fol-
lowing categories: 1) Editorials (usually after invitation,
2-4 pages), 2) Reviews (20-30 pages), 3) Basic and clini-
cal research studies (20-25 pages), 4) Case reports (5-8
pages), 5) Special articles (8-10 pages), 6) Correspond-
ence (no more than 500 words and 5 references).

Editorials, reviews and special articles are published
following invitation by the Editorial Board. The Edito-
rial Board reserves the right of publishing other types
of papers as well. Papers submitted for publication will
not be returned, irrespective of whether they are pub-
lished or not. Published papers are a literary property
of both the authors and the journal and their publica-
tion, in part or in whole, without written permission of
the Editorial Board is prohibited.

Cover letter

Corresponding authors must provide a cover letter
which includes statements concerning: (a) that the
work has been seen and approved by all co-authors,
(b) how the work is clinically relevant, and how it adds
to existing research, (c) whether papers closely related
to the submitted manuscript have been published or
submitted for publication elsewhere and if so, the au-
thors should provide details. Failure to provide a cover
letter addressing each of the points above will resultin
the paper being returned to the author. The cover let-
ter must be presented as a separate submission item.

Manuscripts containing original material are accepted
for consideration if neither the article nor any part of
its essential substance has been or will be published
or submitted elsewhere. Copies of any closely re-

INSTRUCTIONS FOR AUTHORS

lated manuscripts must be submitted along with the
manuscript. PNEUMON discourages the submission of
more than one article dealing with related aspects of
the same study. Authors should follow the “Uniform
Requirements for Manuscripts Submitted to Biomedical
Journals,” published by the International Committee of
Medical Journal Editors at http://www.icmje.org, and
the Helsinki declaration (http://www.wma.net/ e/pol-
icy/b3.htm).

Credit for authorship requires substantial contribution
to (a) the concept and design or analysis and interpre-
tation of the data, and (b) the drafting of the article or
critical revision for important intellectual content.

Any change in authorship after submission must be
approved in writing by all authors. All text, references,
figure legends, and tables should be in one double-
spaced electronic document (WORD doc or PDF).

Title page. The title page must contain the following
information: a) the title (more than 10 words). If it is
necessary the title can include a sub-title b) the full
name, institutions, city and country for all co-authors
c) up to 5 keywords or phrases suitable to use in an
index d) the name, postal address, e-mail, telephone,
and fax numbers of the corresponding author e) pos-
sible financial resources f) the current title g) the total
number of words.

Abstract. An structured abstract should be provided
of not more than 250 words. It should consist of four
paragraphs, labelled Background, Methods, Results,
and Conclusions.They should briefly describe, respecti-
vely, the problem being addressed in the study, how
the study was performed, the most important results,
and what the authors conclude from the results. Up to
5 key words should be added taken, from those rec-
ommended by the US National Library of Medicine’s
Medical Subject Headings (MeSH) browser list at
http://www.nlm.nih.gov/mesh/ meshhome.html.

Text. The paper should nclude the following sections:
Introduction
The rationale for the study should be summarised and

relevant background material outlined. The Introduc-
tion should not contain either findings or conclusions.
Methods

Methods should be described in adequate detail to as-
sure the reader as to how the results were obtained.
The location (city, state, country) of a manufacturer
listed in the text should be provided. Units should con-
form to Sl conventions. Generic names of drugs should
be used instead of trade names. Statistical methods
should be meticulously described and referenced.

Results



Results should be presented in a logical order in the
text, tables and figures. The authors should avoid re-
petitive presentation of the same data in different
forms, especially between the text and tables and fig-
ures. The Results should not include material appropri-
ate to the Discussion.

Discussion

The discussion should start by presenting the new and
most interesting data of the work in relation to any hy-
potheses made in the Introduction. Any unexpected
or contradictory results should be explained or de-
fended, for example, evaluation of methodology and
the relationship of new information to the existing
knowledge in the topic. Speculation should be kept
to a minimum. The results must not be simply reiter-
ated. New research data should not appear in the Dis-
cussion. No specific refer once to figures and tables is
made in the Discussion.
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Only published works may be cited as references; man-
uscripts accepted but not yet published may be cited
designating the accepting journal, followed by (in
press), and providing copies of the in-press articles for
reviewer inspection. References should be cited in the
text with superscript numerals in the order that refer-
ences are first cited. On the reference page, cited works
in numerical order should be made of, in the Journal’s
style for references, abbreviating journal names as in
Index Medicus (see: http://www.nlm.nih.gov) and list-
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Numbered references to personal communications,
unpublished data, or manuscripts either “in prepara-
tion” or “submitted for publication” are unacceptable.
If essential, such material can be incorporated at the
appropriate place in the text.

Tables. Double-space tables (including any footnotes)
should be presented on separate pages providing a ti-
tle for each.

Figures. Figures may be inserted in the text file or in
a separate file (JPEG, TIFF, EPS). Legends for all figures
should be included in the file with the text and should
not appear on the figures. If photographs of patients
are used, either they should not be identifiable or the
photographs should be accompanied by written per-
mission to use them.

Permission. The manuscript must be accompanied
by copies of permission to reproduce previously pub-
lished material (figures or tables); to use illustrations
of, or report sensitive personal information about,
identifiable persons; and to name persons in the Ac-
knowledgments section.

Manuscripts concerning research supported in whole
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NEPIAHWH XAPAKTHPIZTIKQN TOY NPOIONTOZ ALVESCO 160 pikpoy 4 yia q uné
nl'wn 1. ONOMAZIA TOY ®APMAKEYTIKOY NMPOIONTOZX Alvesco 160 ppoypauudpla, éld)\uuu yla elonvor
uné rueo-n 2. MOIOTIKH KAI MOZOTIKH ZYNGOEZH ‘Evag Yekaousg (3éom mou anodidetal and To akpopuolo)
miepiExet 160 uleovpappapla ciclesonide. Ma ta ékdoxa, BAéne Arfjupa 6.1. 3. PAPMAKOTEXNIKH MOP®H AidAupa
yia eloTvor urd mieon. Alauyeq kat dxpwpo. 4. KAINIKEZ MAHPO®OPIEZ 4.1 OcpamnsuTikég evaEiEelq Gspunslu
Yia Tov ENeyX0 Tou emijovou oBuatog oe eViAKEG Kat priBoug (12 eTwv Kat Gvw). 4.2 Aogoloyia Kai TPGmog
Xoprynong To GapHAKEUTIKG TIPOIGY XPNOILOTOLETaAL HOVO HE EIOTIVOY. ZUVIOTWHEVN S00OAOYIA Yia EVIAIKEG Kat
e@riBoug: H ouvioTidpevn 36om Tou Alvesco sivat 160 pikpoypappdpia anag nuepnoiwg, n oroia odnyel og EAeyxo
Tou Bpoyxikou dobuarog otnyv mAelovdtTa Twv acbevav. H peiwon g déong ota 80 pikpoypappdpta dnag
nuepnoiwg propei va eivat n arnoteAeouatikr 60m ouvtripNnong yia oplopévoug acbeveig. To Alvesco Mmpégmnel katd
TPOTIUNON va Xopnyeital To Bpddu, av Kat n mpwivy Xopriynon mg d6ong Tou Alvesco €xel emiong anodetxOel
AMOTEAEOHATIKY). H TEAKY] andgaon wg npog T Beadivri 1} mpwivri Xoprynan tng 36ong aprivetal atny kpion Tou
Bepdrnovtog latpol. Me T Xopriynon tou Alvesco Ta ouprtopata apxifouv va BeAtiwvovtal evidg 24 wpwv. Apou
emuteuxBel 0 €Aeyx0g, 1 560m Tou Alvesco TIPEMEL va eEATOMIKEUETAL Kal va puBpideTal oty eAdxioTn 36on mou
XpeldZeTal yia T dlatjpnorn Tou anoTeAeopatikol eA€yxou Tou dobuarog. Ot acbeveiq pe copBapd dobua
KivduveUouv and eEGPOEIG Kal TIPETEL va UMTOBAANOVTAL OF TAKTIKEG EKTIUNOELG TOU EAEYXOU TOU AoBuaTog,
OUHMEPINaHBAVOEVWY TwV SOKIHACL®Y TNG avanveuoTikig Aettoupyiag. H augnuévn xprion BpoyxodlaoTaATIKOV
Bpaxeiag dpdong yla TV avakoU@ion TwV CUNITTWHATWY Tou AoBpatog Seixvel EMSeiVwan Tou EAEYXOU Tou
dobuarog. Edv ol aoBeveig mapatnpricouy 6Tt avakouglon and m xprion Bpaxeiag Spdang BPoyxodlaoTaATIKGOV
eivat AydTepO anoTeAeopaTikn 1j XPEIGZovTal MEPIOTGTEPEG EIOTIVOEG AN 6,TL TUVIBWG, TIPEMEL va {NTHOO0UV LATPIKY
e&€taon. Ze aut v nepirtwon, oL acBeveig MPEMeL va enavekTiunBouv Kat mPEMeL va AngOei undyn n avaykn ya
QuEnpévn avtipAeYHoV®SN BePameuTIkn aywyn (.X. pa ugnAdtepn ddon Alvesco yia Bpaxeia nepiodo [BA.
napdypago 5.1] 1} évag KUKAOG XOPrynong and Tou oTopaTog KopTiKooTepoedwv). Ot coBapég eEapoelg Tou
GoBuaATOg MPEMEL VA aVTIETWIIZoVTAL HE TO oUVIiON TPGMO. Ma va QVTIHETWITOTOUV Ot EISIKEG avAYKES TwV A0OeV@Y,
Onwg n duokoAia oTnV TAUTGXPEOVN TiiEOT NG SOOIUETPIKNG CUOKEUNG HE TNV elotvor, To Alvesco propel va
XPnolHoromBe( e T ouoKeur| uapoeco\duou AeroChamber Plus. Ei8Ikéq ouddeq aogbevv: Ae xpsléﬁa'ml pUBION
™mg 5000)\0\/1(1;‘ oe r]MKlwpsvouc aobevelg iy oe uoeavelq He Slatapaypévn Nratikn 1 vaq;len )\al'roupvla Mpog
To apdv, dev undpyouv enupKn Slabéoipa oTolxela OXeTIKA pe TN Beparneia madlwv 12 eTdv kat kdtw pe To Alvesco.

Oényleg xprong kat xewpopou: Mpénet va Xopnyr]eouv atov aoeevn oénylaq 0p6rg xprong tg BOOlusrplmq
ouokeungq elorvowv. EGv 1 SootpeTpikr ouokeun eivat kawolpyta 1j av Sev €xel XPnoILoTonBel yia neploadtepo
and pia eBdopdda, mpénel va aneheubepwBoUv TPEIG PeKATHO! OTOV a€pa. Aev anarTeTal avakivnon Tng CUCKEUNG
apou mpokertat yia SidAupa agpoAupaTtog. Kardm SidpKela TG el0TvVorG 0 aoBeviig PEMEL va eivat KaTd poTiunon
KaBLoTdg 1) 6pBlog Kal N SOCIUETPIK) CUTKEUT] TIPEMEL VA KPATIETAL KABETA pe TOV avTiXElpa TOMOBETNHEVO OTn
Bdon ™g, kdtw and 1o akpoPUoLo. ZUPBOUAEYTE TOV AOBEVH) va aPAPETEL TO KAAUMUA TOU AKPOPUTIoU, va
TOMOOETNTEL TN SOCIUETPIKT} TUCKEUT| OTO OTGHA TOu, va KAE(oeL Ta XelAn yUpw and To akpo@Ualo Kat va eLoTVEUaEL
apyd kai Babid. Kard m Sidpketa Tng €10Tvorg arnd To oTéUa, TPEMEL Va TIETEL TO TAVW HEPOG NG SOOIUETPIKNG
OUOKEUNG P0G Ta KATW. 2T OUVEXELD, O ATBEVNG TIPETEL VA APAIPETEL TN SOOLUETPIKY) CUOKeUT] arnd To oTépa Kat
va KPATHOEL TV avanvorj Tou yla rniepinou 10 deutepoAerta 1) doo awoBdvetat dveta. O acbevrig Sev mpénel va
eKmveloel HEoa ot SOOIETPIKY CUOKEUN. TEAOG, 0 AoBEVIG TIPEMEL va EKTIVEUCEL APYA Kal Va EMavaTonoBeTrioet
TO KGAUUA TOU (le(XpUOlOU ot B€on tou. To aKpo(pUmo nps’nsl va kaBapietat e éva oTeyvo xup‘ropdvrn)\o il
Upaoua pa popd v eRdopdda. H SootueTpikr) ouokeur| Sev PEMeL va MAEVETAL 1} va ToroBeTeiTal oTto vspo MNa
)\sm'ouspslq odnyieg, BA. ®UMO Odnyidv Xpncnq 4.3 Avrev&t:lEalq Ynapsualoenola ot ciclesonide 1j og kdmolo
and ta €kdoxa. 4.4 Eidikég joeig kai PEG TIPOP ge1g Kata Tn xprion Onwc; He 6Aa Ta
EIOTIVEGHEVA KOPTIKOOTEPOELDT], TO Alvesco T(pE:I'lEl va Xopnyeitat ue mpoooxr) oe aoBevelq Ue evepyo 1) AavBdvouoa
TIVEUHOVIKY) PUHATIWOT), HUKNTIAOIKEG, LOYEVE(G 1} BAKTNPLAKEG AOILWEELG KL HOVO OTNV MEPIMTTWOT) TOU 0L A0OeVEq
autol Bepanelovral enapk®s. Onwg e OAa Ta elOTVESHEVA KOPTIKOOTEPOELSH, To Alvesco Sev evdelkvutal o
BepaneuTikr aywyr] Tou status asthmaticus 1 GAwv oEgwv eneloodiwv AoBUATOG GTIOU AMAITETAL 1 XPiOM EVIATIKMV
HETPwV. Onwg pe OAa Ta eloTIvESHEVA KOPTIKOOTEPOEISY, To Alvesco Sev TPoopileTal yla TNV avakouplon Twv
0&EWV OUPMTWHATWY AoBUATOG YIa Ta Omoia anatteltal n Xoprynon eLoTvedHevou BPoyxodlaoTakTikou Bpaxeiag
Spdong. Mpénet va ocuvioTATal oToug AoBEVE(G va £XOUV TETOLOU £[50UG PAPHAKEUTIKN aywyr Sidowong Slabeatpr).
MBavéd va mapouciactolv CUCTNUATIKEG ETUSPATELG TWV ELOTIVEOHEVWV KOPTIKOOTEPOESWY, 1Blaitepa dtav
ouvtayoypagouvtal UPnAEG SO0ELG YIa TTIAPATETAUEVEG XPOVIKEG TIEPIOSOUG. AUTEG OL EMSPATELG elval TTOAU
Atydtepo ubavé va cupPolv oe OUYKPLOT) HE amnd TOu OTOHATOG XOPNYOUHEVa KOPTIKOOTEPOEST. Mibavég
ouotnuatikég emdpdoelg nepihapBdvouy emvePELSIaKy) KATAOTOAY], kaBUOTEPNON TG avamtugng ota madid kat
OTOUG EPIIBOUG, HEIWOT TNG OOTIKG MUKVGTNTAG, KATAPPAKTN Kal YAQUK®HA. SUVETIWG, Eval ONUAVTIKG VA PUBULOTEL
1 360M TOU EIOTIVEOEVOU KOPTIKOOTEPOEISOUG OTN XapunASTEPN SG0M e TNV oroia SlatpeiTtal anoTeAeoHATIKOg
£AeYX0G TOU AOBHATOG. ZUVIOTATAL O TAKTIKOG EAEYXO0G TOU UYPOUG TWwV MBIV Kal TwV EPHBWY TIou AauBdavouv
Beparneia pe KOPTIKOOTEPOEIDY. Z€ MEPIMTTWOT KaBuaTEPNONG TNG avdrtugng, n Beparneia npénet va enaveEetaoTel
e OKOMO ™V pe{won TG S000A0YIAg TOU EIOTIVEGEVOU KOPTIKOTTEPOEISOUG 0N XapNAdTeEPN S60m rou eEaopaNilet
anoTeAeoHaTiKO EAeyX0 Tou dobpatog. Emiong, mpénet va a&lohoynBei edv o aoBevig mpénel va aneubuvBe( oe
nadiarpo eE0IKEIWHEVO pe VOTOUG TOU avamnveuoTikoy. Aev undpxouv SlaBéaotua oTolxela yia aobeveiq e copapr)
Slatapayr] g Nratikig Aettoupyiag. Avapévetat auEnuévn €kBeon Twv aoBev@y ue coBapr Slatapayr| TG NMATKIG
Aerroupyiag. Ma o Adyo auté ol acBeveig autol MPEMeL va napakoAouBolvTal yia Ti8avég CUOTNHATIKEG ETISPACELS.
Ta opéAn Tng eomvedpevng ciclesonide mpénel va eAaxiotornololv v avdykn yla xprjon and Tou oTépatog
XOopnYoUpeVwY oTEPOEdWV. QoTdo0, ol acbeveig ot onoiol alaouv Bepareia and oTepoeldr] xoprnyoupeva and
TO OTOHA, EEaKOAOUBOUV va SLATPEXOUV TOV KIVOUVO HELWHEVNG EMIVEPPLSIAKG EPESPEIAG YIa ONHAVTIKG XPOVIKO
Sldomua PeTd and v alayn g Beparteiag Toug oe eloTvedpevn ciclesonide. H rubavétnta epgaviong
QVTIOTOLXWV CUMIMTWHATWY UMOPE( va EMHEVEL YIa apkeTd xpdvo. Ze autolq Toug aoBeve(q UMOopPE( va XpelaoTouv
£EEIBIKEUPEVEG TULBOUAEG Yia Tov KaBopIopd TG €KTaong g dlatapaxnig TG EMVEPPISIAKNG AetToupyiag mpv
and onolEodNNOTE MPOYPAHHATIOHEVEG EMEBATELS. MPENet MAvToTe va AapBAaveTal unéyn oe EKTAKTEG MEPITTWOELG
(LOTPLKEG 1] XELPOUPYIKEG) KAl OE OUYKEKPIEVEG ladikaaieg ou eival mbave va mpokahéoouy stress, n rubavétnra
UTOAEMOHEVNG, HEWWHEVNG ETIVEPPIBIAKNG ANAVTNOTG, Kal va EEETAZETAL TO EVOEXOHEVO XOPNYNONG KATAAANANG
OEPAMEUTIKIG AYWYNG HE KOPTIKOOTEPOESY. Ma v alayn g Beparteiag acbevav ol oroiot Bpickovral oe
BePAMEUTIKT) aywyr] HE aMd TOU OTOPATOG XOPNYOUHEVA KOPTIKOOTEPOEWY): H aAayn Tng Bepaneiag Twv aoBeviv
Tou AapBdvouv and Tou oTéHaTog oTePoEIdr) o Bepareia e elomvedpevn ciclesonide kat n akoAouBouoa
QVTIHETWIION TOUG, anattolyv ISLaitepn MPoooxr] KaBdTL 1 anokatdoTacT) NG HEWHEVNG GAOIOEMIVEPPISIAKTG
Aettoupyiag, Tou opelleTal 08 MAPATETAUEV CUCTNUATIKY Beparneia pe aTepoeldr), HMopel va XPElaoTel apKeTo
XPovikd didotua. AoBeveig ol omoiot £xouv AABeL Bepameia e CUCTTNUATIKA XOPNYOUHEVA OTEPOELDY| YIa HAKPEG
XPOVIKEG TIEPLOBOUG 1} 0 UPNAEG SGOELG, TIBavOV va MapouaIdoouV PAOLOETIVEPPLSIAKY) KATACTOAY. Z& autouqg
TOUG aoBEVE(G TIPEMEL va TAPAKOAOUBETAL TAKTIKA 1) PAOIOETIVEPPISIAKT) AEITOUPYIA KA VA PEWWVETAL TIPOTEKTIKA
1 840M TWV CUCTNUATIKG XOPNYOUpEVWY aTEPOEBWY. MeTA and nepimou pia eB3oudda, Eekivd n otadiakr) dlakor)
TWV OUCTNHATIKA XOPNYOUHEVWY OTEPOEISWY e HeiwoT TG 6ong TG mpedvioAdvng 1j .oodUvapng moodtntag
katd 1 mg avda epdopada. Ma d6oelg ouvtripnong MPedVIZoAGVNG mou urtepBaivouy Ta 10 mg nuepnoiwg propel
va KpIBel KAaTAAANAo va yivouv He TIPOoOXr) HEYOAUTEPEG SOCOAOYIKEG HEIWOELG avd eRdopadlaia Xpovika
Staompara. Oplopévol aobeveig aloBavovTtal doxnua Katd Hn OUYKEKPIHEVO TPOTO Kkatd T didpkela g ¢paong
Slakormg g Bepareiag, mapd T dlatipnon 1} akGpa Kat T BEATIWON TNG avarnveuoTIkig Toug Aettoupyiag. Oa
TpEmeL va evBappuvBolv va empeivouv atn Beparteia He Tnv loTiveSpevn ciclesonide kat va ouvexioouv T Slakor
TWV CUCTNUATIKA XOPNYOUEVWV OTEPOEISWY, EKTOG EAV UMIAPXOUV QVTIKEIUEVIKG OMpeia EVEPPISIAKIG VETAPKELAG.
AoBeveig oL oroiol aAdlouv Bepaneia and otepoeldr] xopnyoupeva and Tou OTOPATOG KAl TwV Omoiwv N
PAOLOETIVEPPIBLAKT] AetToupYia eEAKONOUBEL va eival PHEWWHEVT, TIPETEL VA PEPOUV TIPOEISOMOMTIKY KAPTA Mou va
unodelkvUEL GTL XPeldZovTal ETMPGoBeTn Bepaneia ue CUCTNUATIKY) XOPIYNOT OTEPOEIBWY Katd Tn didpkela
TePIOSwV stress, TLX. EMSEVWONG TWV aoBUATIKWY Kpioewv, AouwEewy Bhpaka, peifovog napepBaképevng vooou,
XELPOUPYIKNG EMEPRAOTG, TPAUNATOG K.ATL. H QvTIKATAoTAOT TNG BEPAMEUTIKIG AYWYTG CUCTNHATIKWG XOPNYOUHEVWY
OTEPOEBWV aMd Bepaneia He ELOTIVOEG HEPIKEG POPEG AMOKANUTTTEL AANEPYIEG, OMwg eival N aMepyIKn pvitda iy
T0 €KZeNA, TIOU EAEYXOVTQAV TIPONYOUHEVWG |E TN GUCTNHATIKY Xopriynon eappdkou. O mapddoog Bpoyxoomaouog
He Apeomn avEnon Tou ouptypoU 1§ AAAA CUPMTOHATA BPOYXOOUOTIAOEWG KATOMIV XOPriynong tng 36ong mpemet va
avTpeTwtidovTat e Tn Xoprjynon eomnvedpuevou Bpaxeiag Spdong BPoyxodlaoTaATIkou, Tou ouviowg odnyel oe
Taxela avakouplon Twv cuprtwpdtwv. O acbeviig Ba npénet va a&lohoynBel kat n Beparneia pe To Alvesco 6a
TIPEMEL va OUVEXIOBE( HOVO €AV KATOTIV TIPOCEKTIKAG HEAETNG, TA QVApEVOHEVA OPEAN UMEPTEPOUV Tou TBavou
KivdUvou. O OUOXETIONGG avdpeoa ot BapUTnTa Tou AoBUATOG KAl OTr YEVIKY euatobnoia 6oov apopd Tig o&eieg
Bpoyxikég avtidpdoelg Ba npénet va AngBei undyn (BA. Aupa 4.8). H texvikr} mou epappdlouv oL aobeveig e T
SOOIUETPIKY TUOKeUN Ba TPEMEeL va EAEYXETAL TAKTIKA, e OKOMd va dlacpalifetat Ot n evepyoroinon mg
Boclps'rplkriq OUOKEUNG cuvxpovi(s’ral e mv elonvor, eEaopaifovrag e auté Tov Tpéno ™ BEATIOM anédoon
TOU papHAKou atoug nveupovsq H Tautdéypovn Bepansia ue ketokovaidAn i GAAoug loxupols avuoro)\s[q CYP3A4
TIPEMEL VA arnoPeUyeTal EKTOG Qv TO ocps)\oq uniepBaivel Tov augnuévo Klvéuvo OUOTNUATIKWYV avemeuumwv
EVEPYELDV TWV Kop‘nxoo‘rspoenéwv (BAéme mapdypago 4.5). 4.5 ANANA G HE GAAa @ Tpoiévra
Kal GAeg popPEG alnAemidpaong Ané in vitro Sedopéva MPoKUTTEL OTL TO GYP3A4 eival T0 KUplo €viupo Tou
eUMAEKETAL OTO HETABOAIOUO Tou evepyoU HeTaBoA{tn M1 ng ciclesonide otov dvBpwro. & pia peAETN
aMNAenidpaong pappakou-papudkou oe aTabeporoinpévn katdotaon pe ciclesonide kat keTokovaoAn wg Loxupd
avaotoAéa Tou CYP3A4, 1 €kBeon oto SpacTiké HeTaBoAT M1 auriBnke katd nepimou 3,5 PopEg, evw 1 €kBean
ot ciclesonide 3ev £MMPEACTNKE. ZUVETMW®G, N TAUTGXPOVN XOPNYNOT IOXUPWY avacToAéwv Tou CYP3A4 (L.
KETOKOVaZOAn, irpakovagoAn kat prrovapipn 1 veApivapipn) MPEnel va anogelyeTal ekTog v To 6pehog unepBaivet
TOV QUENUEVO KIVEUVO OUCTNHATIK®V QVETBUNNTWY EVEPYELWDV TWV KOPTIKOOTEPOEWBWY. 4.6 Kunan kai yahouyia
Aev UnGpxOUV EMAPKE(G KAl KNG EAEYXOHEVEG HENETEG OE EYKUOUG YUVAIKEG. Z€ HEAETEG O {Wa TA YAUKOKOPTIKOELST]
£de1Eav ot endyouv Tig Slapaptieg dlamdoewg (BAEne AMjppa 5.3). AuTtd dev eivat TuBavo va oxeTileTat Je avBpwnoug
ToU AapBAVOUV TIG OUVIOTWHEVEG EI0TIVEOHEVEG BG0EIG. ‘Onwg pe AAa YAUKOKOPTIKOEN, N ciclesonide mpémnet
va xpnotpornoletat katd m didpkela TG KUNong H6vo edv To rubavé OPeAog yia T uNTEPa SiKatoAoyel To SuvnTikd
KivBuvo yla To €uBpuo. MPEMEL va XPNOILOTOLETaL ) EAAXIOTN ArOTEAECHATIKY S0 ciclesonide ou arnatteitat yia
TN Slamjpnon Tou eA€yxou Tou aobpatog. Ta BeEen mou yevviouvtatl and uNTépeg Tou EAaBav KOPTIKOOTEPOEIST
KATA T SIAPKELA TNG EYKUHOOUVNG TIPEMEL VA TTapakoAoUBoUVTaL TIPOCEKTIKA YIa UTTOAEITOUPYIA TOU GAOLOU TwV
enveppidinv. Eivat dyvwoto edv ) ciclesonide ekkpivetal oto avBpwrivo UNtpiké yaia. Oa npénel va egetdletat
N xoprynon ciclesonide o yuvaikeg mou BnAaZouv H6vo edv To avapevopevo GPEAOG yid T UNTépa eivat HeyahUTepo
and kabe mBavé kivduvo yia To nadi. 4.7 Em3pAceig atnv IkavéTnTa 0drynong Kai Xeipiopol pnxavev H
elomvedpevn ciclesonide dev éxet kapia 1 £xel apeANTEA eMIdPaAoT oTnV IKAVETNTA 031YNoNG Kat XELPIOHOU UNXav@v.
4.8 AvemBUpNTEG eVEPYEIEG MEPiTOU 4% TwV A0BEVWHV EKSHAWOQV QVETIBUUNTEG EVEPYEIEG OE KAWVIKEG MENETEG
He To Alvesco, TO Oroio xoprnyouvtav Oe NUePNOlEg BOOELG He UPOg amnd 40 €wg 1280 pikpoypappdpla. Etnv
TAEOYNPIa TWV MEPUTIWOEWY, QUTEG fiTav Nrileg kat Sev anartridnke dtakorm g Bepaneiag pe To Alvesco.
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O napddo&og PPOoyXGOoTaoNHOG UMOPE! va eUPAVIOTE! AUECWG META TN XOPryNon g 360ng Kat ival pa pn-
OUYKEKPIEVN OEgeia avTidpaon oe GAA TA ELOTIVESHEVA PAPHAKEUTIKA MPOIGVTa, N oroia propei va oxeTileTat pe
TN SpAoTIKY ouaia, To €kdoX0 1) TNV YUEN Katd Tnv eEATUION OTNV MEPIMTTWOT SOCIUETPIKWY TUCKEUWV ELOTIVOWY.
Ze ooBapég mepuTtwoelg Ba mpénet va eEeTdaletat n) Stakortr Tou Alvesco. MMopel va mapoustactolv GUCTNHATIKEG
EMUSPATELG TWV EICTIVEOHEVWV KOPTIKOOTEPOEISWY, 1BlaiTepa dtav xopnyouvrat oe uPnAEG SOOELG YIa TIAPATETAUEVEG
XPOVIKEG TEPIOS0UG. MBaVEG CUTTNUATIKEG eMBPAoElg Tiep\apBavouv olvdpopo Cushing, ouvdpopo opoldov
He Cushing, kataoToAr] emveppidinv, KABUCTEEPNON TNG AVAITTUENG ot Tadid Kal epriBoug, Helwon OOTIKNG
TIWKVOTNTAG, KAaTapedkT, yAaukwua (BA. emiong Afjuua 4.4). 4.9 Ynepdooohoyia OFeia: H slorvory ané uyleiq
£BehovTég piag epanag déong 2880 Hikpoypauuapiov ciclesonide fitav kakd avextr|. H mbavétnta spedaviong
0oEEwV TOEIKWV emdpdoewv mou akoAouBouv Tnv unepSocoloyia e eloTvedpevn ciclesonide ivat xapnAn. Katémv
okeilag unepdoooloyiag dev anarteiral cuykekpipévn Bepaneutikry aywyr). Xpdvia: Katdmv naparetapévng
Xopriynong 1280 pikpoypappapiwv ciclesonide, dev napatperibnkav kAvikd onpeia emveppidlaknig KaTaoToAng.
Q0T600, Qv GUVEXLOTEL 1) XOPIYNOT 360NG UYNASTEPNG TNG CUVICTWHEVNG YLA MTAPATETAUEVEG XPOVIKEG EPLOSOUG,
Sev propel va anokAeloTe( kAmnolog BaBUAG EMVEPPISIAKNG KATAOTOANG. Mrope( va anarmBei napakoAoionon
g erveppidlakng epedpeiag. 5. ®PAPMAKOAOTIKEZ IAIOTHTEZ 5.1 ®appakoduvapikég 1816TNTEG
DappakoBepaNeUTIKN Katnyopia: AN GApuaKa yia TiG anopPakTIKEG MABNOELG TwV AEPOPOPWY 0DWY, EIOTIVEGHEVA,
YAUKOKOPTIKOEWDY) Kwdlkog ATC: RO3B A08. H ciclesonide mapouctdlet xapnAr} ouyyévela SEoUeUONG HE ToV
UMOBS0oXEQ TWV YAUKOKOPTIKOEISWY. META amd Tou oTéuatog elomvor, 1) ciclesonide petatpénetat, péow eviipwv
oToug TVeUHOVEG, oTov KUPLo MeTABOAITN Tng (C21-des-peBulportiovul-ciclesonide) 0 omoiog €xel ONUAVTIKY
QVTIPAEYHOVKHSN Spdon kal yia To Adyo autéd Bewpeital wg o evepydq HETABOAITNG. Z€ TETOEPIG KAVIKEG HEAETEG,
anodeixBnke 611 N ciclesonide PeWVEL TNV UMEPBOAIKI] ATTOKPLOT TWV AEPAYWYWV 0TI HOVOPWOPOPIK adevooivn
oe unepavTidpacTikolq acBevelq. Mia and autéq TiG HEAETEG, KATESEIEE ONUAVTIKY Helwon evidg 2,5 wpwv HETA
TNV €l0mvor| TNG MPWNgG 3éong ciclesonide. Ze pa GAn HeAETN, N ipo-Bepaneia e ciclesonide yla nepiodo entd
NUEPWVY HETPiaoe onuavTikd Ti§ aviidPdoelg MP®IUNG Kat OYIUNgG PAong rmou TPOKARBNKav pe El0TIVEGHEVO
aMepyloydvo. H Bepareia pe eomvedpevn ciclesonide anodeixbnke emiong 6t petpldlel v avgnon twv
PAEYHOVWIWV KUTTAPWY (CUVOAO NWOVOPIAWY) KAl TWV PAEYHOVWSWY SIAUECOAABNTWY OE eMayOpeva TTUeNa.
Mia eAeyxOpevn HENETN auvékpive TV AUC 24 wpwv TG KopTI{OGANG oto MAdopa oe 26 evijAikoug acbeveiq pe
Gobua petd and Bepaneia 7 nuepwv. H Bepaneia pe 320, 640 kat 1280 pkpoypapudpla avd nuépa ciclesonide,
0€ OUYKPLOT) HE TO EIKOVIKG PAPHAKO, SEV HEWTE OE OTATIOTIKA ONHAVTIKG BABKS TN péon Tir TG kopTI{6ANg oto
TAGoHa Yia 24 dpeg (AUC ;2,24 HPEG) 0UTE IAPOUCIATTNKE KATIOIA 3000-EEAPTWHEVN EMIBPAON. € MIa KAWVIKY
SOKIUN oTnV oroia CUpETEXQV 164 EVIAIKEG AVTPEG Kal Yuvaikeg aoBeveig pe aobua, xopnynenke ciclesonide oe
Sdoelg Twv 320 Hikpoypappapiwv 1 640 pikpoypappapiwv/nuépa yia xpoviké didotmpua 12 eBdouddwy. Katémv
TPSKANONG pe 1 kat 250 piKkpoypapudpla cosyntropin, dev mapatnEnenkav onuavtikég alayég ota enineda
KOPTIZOANG MAGOUATOG OE OUYKPLOT HE TO EIKOVIKO PAPHAKO. AIMAG-TUPAEG, EAEYXOUEVEG HE EIKOVIKO PAPHAKO,
HeAéTeq dldpkelag 12 eRdopadwy oe eviAikeg kat epriBouq €deigav Ot n Bepaneutikiy aywyn He ciclesonide,
odnynoe oe BeATiwon TG MVEUHOVIKNG Aettoupyiag, dnwg autr ekTiUiBnke pe BAom Tov TAaXEWG EKTTVESGHEVO OYKO
agpa oe éva deutepolertto (FEV,) Kat Tn HEYIOTN EKTIVEUOTIKY] PO, TN BEATIWON TOU EAEYXOU TWV CUMMTWHATWV
Tou GoBUATOG KAl TN Helwon TG avAyKNg Yia ELOTIVESHEVOUG BriTA-2 QyWVIOTEG. Z€ Hia MEAETN 12 eBSopddwy 680
ooBapd acBuaTk®V aoBevy, oL omoiol Tiponyoupévwg eixav AdRet Beparneia pe 500 — 1000 pikpoypappdpla
TPOMIOVIKIG PAOUTIKAZOVNG avd nuépa 1i .ooduvapo, 87,3% kat 93,3% Twv aoBevwv dev mapouciacav mapoguvan
kard m Sidpketa Mg Bepareiag pe 160 1) 640 pikpoypappdpla ciclesonide, avtiotoixa. Kau ot dUo 860elg ciclesonide
odnynoav oe ouykpioleg TipeEg FEV, oe 12 eRdouddeg. AveruBuunta oupBdapata oxeti{épeva pe tn Bepareia
napatneriBnkav oto 3,8% kat 5% Twv acBeviv und Bepaneia pe 160 1} 640 piKpoypappdpla ciclesonide avd nuépa,
avtioToixa. 5.2 dappakokivnTikég 1816TNTEG H ciclesonide mapouoidZetal wg SiGAUpa agpoAUpATog, TouU
aroteAeital ané mEowenTiké UMkG HFA-134a kat alBavon, To omoio emSEIKVUEL YOAUWIKY) OXE0M avaueoa oTig
Slapopeg SOOELG, TIEPIEKTIKGTNTEG ELOTIVOWV KAl Tr) oUOTNUATIKY €kBeom. ANOPPO®HSH: MeAéteg pe and Tou
0oTOHATOq KAl EVEOPAERIWG XOPNYOUHEVNG padloemonuacpévng ciclesonide €xouv deiel atelr| éktaon tng and
Tou oTéHaTog anoppdéPnong (24,5%). H and tou orépartog Blodabeoiudtnta Kat Tng ciclesonide kat Tou evepyou
HeTtaBoAitn g eivat ageAntéa (< 0,5% yia v ciclesonide, < 1% yia To petaoAim). Me Bdon éva neipapa
Y-oruvenpoypagiag, n evanobeon oToug MVeUHOVESG OE Uyl dtopa eivat 52%. Se AUeoN OXEOT Ke QuTr TV Tir,
N ouoTNUATIKY BLodlIaBETIHETNTA TOu evepYOU HETABOAITT gival > 50% XPNOILOMOLWOVTAG Tr) SOCIUETPIKY) CUCKEUT]
£loTIVOWV TNg ciclesonide. Kabwg, n ané tou otdparog Plodlabeotudmra Tou evepyol HETABOAITN eival < 1%, 1
TOOGTNTA TNG ElOTIVESHEVNG ciclesonide Mou katarivetal, 5 oupBAAEL 0N ouaTNUATIKY anoppdenor. KATANOMH:
Metd and evBopAEBLa Xopriynon oe uynj GTopd, N apxiky ¢Aaom karavoprg g ciclesonide ritav Taxela kat o
oupewvia He TV uPnAn Amognia rou napouatdlet. O dykog katavopng nrav kard péoo épo 2,9 I/kg. H ouvolikn
kd&Bapon opou g ciclesonide eivat uPnAr (katd pgoo 6po 2,0 I/wpa/kg) UTOSEIKVUOVTAG UPNAY) NMATIKY AMEKKOLOT).
To mooooT6 ciclesonide To omoio ouvdEeTal He TIG AvOPWIIVEG TIPWTEIVEG TOu TAGOUATOG 1TAV KATA PECO OpO
99%, Kal ekeivo Tou evepyou PETABOAIT TG riTrav 98-99%, urodelkviovtag Hia oxeddv TAjpn olvdeon Tng
KukAogopouoag ciclesonide / Tou evepyou HETABOAITN TG He TIG MpwTeiveg Tou MAdoparog. METABOAIZMOS: H
ciclesonide udpoAleTal Kupiwg oTo BIOAOYIKWG evepyd NG HETABOAITN HEOW Twv eV{UHWY NG ECTEPAONG OTOV
nvedpova. Mia Slepelivnon Tou MeEpATEP® eVUIKOU HETABOATHOU ard Ta HIKPOOWHLA TOU avBp®@rivou 1atog
£3elEe 6TL auTr| n évwon petaBoAietal, pe katdhuon and to CYP3A4, katd kUplo Adyo oe uSPoEUNWHEVOUG
avevepyouq HETaBoAiTeg. ErmAgov, ol avaotpePeg, 0TEPIKEG, NMOPINEG, OUTUYEIG EVWOELG TOU evepyoU
HeTaBoAitn e Nmapd okga avixveudnkav otouq vedpoveq. AMEKKPIZH: H ciclesonide, petd and tou otépartog
KaL and evEOPAERLA XOPNYNOT), AMEKKPIVETAL KUPIWG HETW TWV KOTPAVWV (67%), YEYOVAG TTIOU UTIOBEIKVUEL OTL 1)
aAMéKKPLOM HEOW NG XOANG elval 1 KUpla 056G anmopdkpuvong TNG. PapUaKOKIVNTIKG XApakTNPLoTikd oe acgbeveiq:
AZOENEIZ ME AZOMA: H ciclesonide dev Mapouolalel pAapUAKOKIVITIKEG AAAAYEG Ot aoBeVe(g Ue Nro doBua
OUYKPITIKA We Uyt dtoua. AZOENEIE ME NE®PIKH 'H HMATIKH ANEMAPKEIA, HAIKIQMENOI AZ©ENEIZ: H nAikia
Sev emmpeddel T ouoTNUATikr} €kBeor oTov evepyd UETABOAITT, OUHPWVA Pe TTANBUCUIAKESG PAPHAKOKIVITTIKEG
MEAETEG. H pelwpEévn ATk AetToupyia Pmopel va emmpedcel TNy arnopdKpuvon TwV KOPTIKOOTEPOEISWV. € pa
MEAETN Tou mepAdpBave acBeveiq ue dlarapaypévn nnm'u(r] Aettoupyia rou €naoyav and nnarmr'] Kippwcrr],
napmnpnenxe uyPnASTEPN oUCTNUATIKY €kBEOT OTOV svspvo usmBoAm] Aéyw g E:Mm\.pnq VEPPIKIG AMEKKPLONG
Tou avapyou peTaBon, UENETEG O QOBEVEIG HE HELWHEVN VEPPIKY AetToupyia Sev £Xouv mpaypatornonoei.
5.3 MNp: yia Tnv aopdAeia Ta rpokAwika dedopiéva e T ciclesonide Sev arokaldrtouy 1dlaitepo
Klvéuvo ya tov dvBpwro pe BAon TG CUMPBATIKEG HEAETEG (PAPMAKOAOYIKNG QOPAAEIAG, TOEKOTNTAG
enavahapBavopevwy SGTewv, YOVOTOEIKGTNTAG 1} EVOEXOHEVNG KOPKIVOYOVOU SPAONG. Z€ HEAETEG avamapaywylkig
TOEIKGTNTAG TOU TPAYHATONomBNKav o€ MEPapaTolwa, anodeixBnKe 0Tt Ta YAUKOKOPTIKOELST) EMAYOUV OUYYEVEIQ
SlapapTtieq (AUKOOTOHA, OKEAETIKEG SUCHOP(IES). QOTG0O0, QUTA TA AMOTEAECLATA TWV HEAETWV OE TEIPAUATOlwa
8¢ palvetal va 1oxUiouv oTov dvBpwro dTav XopnyouvTal Ol CUVIOTWHEVEG SOOELG. Ze U0 MEAETEG 12 Unvwv oe
OKUAOUG, TapatnprBnke otn péylotn d6om, Hia OxeTZopevn pe TN Bepareia dpdon oTig wobnkeg (E18IkdTEPa
atpogia). Autf n dpdon napatnPReNKe o CUCTNUATIKEG EKBETEIG 5,27 — 8,34 POPEG aUTWV MOU ONUEIWBNKaV
oty nuepriota déon Twv 160 ug. H onuacia autou Tou euprHaTog otov AvBpwro eivat Ayvwotn. MeAéTeg oe {ha
He GANa YAUKOKOPTIKOELST) £BELEQV GTL N XOPIYNOT) PaPUAKOAOYIKWV SOTEWV YAUKOKOPTIKOEISWY KaTd TN dtdpkela
NG KUOEWG ropel va au§roel Tov Kivduvo yila KaBuoTtépnon g evdounTpiou avamrtugng, yia kapdlayyelakn
Ka/M LETABOAIKT VOO TwV EVIAIKWY KU/ YLa HOVILEG AAAAYEG OTNV TIUKVGTITA TOU UMTOSOXEA TWV YAUKOKOPTIKOEISWY,
Y1a QVaKUKAWOT) TwV VEUPOUETARIBACT®Y Kat CUUMEPLPOPA. H CUOKETION QUTWV TwV OTOLXEWY OE avOPWIToug oy
AapBdvouv ciclesonide 3la lomvonq eivat dyvwaotn. 6. PAPMAKEYTIKEZ MAHPO®OPIEZ 6.1 KatdAoyog ek36XwV
Nop¢houpdvio (HFA-134a), AlBavoAn dvudpn. 6.2 AcupBardtnteg Aev epappdletat. 6.3 Aidpkeia Twrig 30
SoolHeTpIKol YPekaopol — 1 Xpovog. 60 kat 120 SooleTpIKol Pekaapoi - 3 xpovia 6.4 I81aiTepeq MPOPUAGEEIG KaTd
NV QUAGEN TOu TPOIGVTOG Aev UNAPXOUV EIBIKEG 0dNYiEg SlAaTiPNONG Yia To MPoidv autd. O MEPIEKTNG TIEPIEXEL
uypo und Tieom). Mnv 1o ekBE0ETE 0 BeppoKpaaieq Gvw Twv 50°C. O Tepéktng dev MPEMEeL va TPurnBei, va ordoet
1) va kael akéua kai étav eival eupavig Ade1og. 6.5 dUoN kal CUCTATIKA TOU TIEPIEKTN H SOOIUETPIKY) OUOKEUN
anotele(tal and éva uné mieon MePIEKTn aloupviou kat oppayiletal pe SooleTpkry BaABda, akpopuolo kat
K@Auppa. 30 dootpetpikol Yekaapol, 60 SooteTpKol Pekaopol, 120 dootpeTpikol Yekaopol. NOOOKOUEIOKEG
ouokeuaoieq: 10 x 30 SooleTpikolq Yekaopoug, 10 x 60 SooueTpikouq Yekaopoug, 10 x 120 S0oIETPIKOUG
Yekaopoug. [Mropei va pn KukAopopoulv GAeg oL cuokeuaaoieq]. 6.6 O3nyieg XpPriong kai XeIpIopou Oa MpPEmeL va
S060Uv 0TOUG A0BEVE(G TIPOTEKTIKEG 0BNYIEG YLa TNV 0p6I) XPrION TNG SOOETPIKNG TUTKEUNG (BA. PUNO OBnyLdv
Xpriong). ‘Onwg pe Ta MePLOCOTEPA ELOTIVEGHEVA TIPOIGVTA OE
TIEPIEKTEG LTS TieoN, 1 BepaAmeUTIK enidpaon autol Tou
PaPHAKEUTIKOU TIPOIOVTOG UMope( va HElwBE! Tav o TEPIEKTNG
glvat Yuxpdg. Mapdia autd, To Alvesco MAapExeL ia oTabepr|
Sdon oe Beppokpaaieg and -10°C éwg 40°C. 7. KATOXOZ THZ
AAEIAZ KYKAODOPIAZ Nycomed Hellas S.A. Aew. Knploiag
196, 152 31 XaAdvdpi, Aérjva, TnA.: 210 6729570 8. APIOMOX
(Ol) AAEIAZ KYKAO®OPIAZ 75503/20-11-2007 9. HME-
POMHNIA MPQTHZ EFKPIZHZ / ANANEQZHZ THZ AAEIAZ
17-6-2005 10. HMEPOMHNIA ANAGEQPHZHZ TOY
KEIMENOY 20-11-2007 Alvesco® MDI 160 ug x 60 €10TIvoég:
AT.:33,177 € /N.T.: 19,61 €

BonBeiote va yivouv Ta pdppaka mo aopahr:
Suprnpaote Ty “KITPINH KAPTA”
Avagépare:
© OAeg TIq avemBUpNTE EvEpYeleq
yia Ta Néa ddppaka &
©Tiq ooBapeq avemBipnTeq evépyeleg
yia Ta Mvwotd ddpuaka



