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Simpozijska predavanja

Sto je kroni¢na opstuktivna pluéna

bolest?

Sanja Popovi¢-Grle

Klinika za pluc¢ne bolesti,Jordanovac” Medicinskog fakulteta Sveucilista
u Zagrebu, Zagreb

Kroni¢na opstuktivna plu¢na bolest (KOPB) je naziv za bo-
lesti koje smo prije zvali kroni¢ni bronhitis i emfizem. Da-
nasnja najcesce koristena definicija KOPB-a potice od ini-
cijative Svjetske zdravstvene organizacije (WHO) i Ame-
rickog instituta za srce, pluca i krv (NHLBI), a koja se nazi-
va Global Initiative for Chronic Obstructive Lung Diseases
(GOLD). Definicija KOPB-a glasi: “Kroni¢na opstuktivna
pluéna bolest (KOPB) je bolest koja se moze sprijeciti i li-
jeciti, povezana sa znacajnim izvanplu¢nim ucincima, ko-
je mogu pridonijeti tezini bolesti u pojedinog bolesnika.
Plu¢nu komponentu obiljezava smanjenje protoka zraka
(opstrukcija) kroz diSne putove tijekom viSeod 6 mjeseci,
koja nije reverzibilna na primjenu bronhodilatatora. To
smanjenje protoka zraka je najce$ce progresivno i pove-
zano je s neprimjerenim upalnim odgovorom pluca na iz-
laganje Stetnim ¢esticama dimova i plinova”.
KOPB je jedna od najslabije prepoznatih bolestii najmanje
dijagnosticiranih bolesti u svijetu, i kod bolesnika i kod li-
jecnika. Oko 75% bolesnika nema postavljenu dijagnozu,
najvise njih u blagom stupnju bolesti, ali i oko 4% boles-
nika s teskim stupnjem i oko 1% s najtezim stupnjem KO-
PB-a. Razlog tome je i postupan razvoj tegoba kao kasalj
i ubrzano zamaranje u naporu, te pojava u starijoj dobi.
KOPB jedna je od bolesti cija prevalencija najbrze raste
- tijeko 40 godina porasla je za 163%. Prema mortalite-
tu KOPB se sada nalazi na ¢etvrtom mjestu, nakon srca-
nog udara, zlo¢udnih bolesti i mozdanog udara. Danas je
u svijetu oko 600 milijuna bolesnika s kroni¢cnom opstuk-
tivnom plu¢nom boles¢u, dvostruko vise no bolesnika sa
Se¢ernom bolescu.

Opcenito je prihva¢eno da bolesnici s KOPB-om imaju
snizene spirometrijske pokazatelje, uz forsirani ekspiracij-
ski volumen u prvoj sekundi (FEV1) ispod 80% od referen-
tne vrijednosti te odnos FEV1/ FVC (Tiffeneau-ov indeks)
ispod 0,70 (ili 70%). Prema GOLD-u postoje 4 stupnja KO-
PB-a. Blagi stupanj (GOLD 1) prisutan je u bolesnika koji
imaju tegobe, ali jo$ uvijek urednu plu¢nu funkciju i spi-
rometriju (FEV1 > 80%). Umjereno teski stupanj (GOLD 2)
prisutan je u bolesnika s FEV1 izmedu 50-80% od pret-
postavljene vrijednosti za tu osobu, teski stupanj (GOLD
3) procjenjuje se u bolesnika s FEV1 izmedu 30 do 50% i
vrlo teski KOPB imaju bolesnici s FEV1 ispod 30% uz respi-
racijsku insuficijenciju

Symposium lectures

What is chronic obstructive pulmonary

disease?

Sanja Popovi¢-Grle

University Hospital for lung diseases,Jordanovac’, Medical School Uni-
versity of Zagreb, Zagreb, Croatia

Chronic obstructive pulmonary disease (COPD) is a te-
rm for diseases previously named chronic bronchitis and
emphysema. The most commonly used definition today
for the COPD is given by the Initiative started by World
Health organization (WHO) and National Heart, Blood
and Lung Institute (NHLBI) - Global Initiative for Chronic
Obstructive Lung Diseases (GOLD): “Chronic obstructive
pulmonary disease (COPD) is preventable and treatab-
le disease with some significant extra pulmonary effect
that may contribute to the severity in individual patient.
Its pulmonary component is characterized by airflow li-
mitation for more than 6 months not fully reversible to
bronchodilators. This obstruction is usually progressive
and associated with abnormal inflammatory response to
noxious particles and gases”.

COPD is one of the most under diagnosed diseases in the
world, both in patients and doctors. About 75% of pa-
tients do not have established diagnosis, most of them in
mild degree, but also 4% in severe and 1% in very severe
degree of COPD. The reason for that is slow progression
of symptoms as cough and excersize intolerance, as well
as development of disease in elderly. COPD in one of di-
seases which prevalence is increasing the most - throu-
gh 40 years it has increased for + 163%. By mortality the
COPD is on 4th place in the world, after myocardial in-
farction, malignant diseases and cerebrovascular insults.
There are around 600 billion patients with COPD today in
the world, double than diabetics.

It is usually accepted that COPD patients have decreased
values of spirometry parameters, with forced expiratory
volume in first second (FEV1) under 80% of reference va-
lue, and FEV1/ FVC (index Tiffeneau) under 0,70 (or 70%).
According to the GOLD there are 4 degrees of COPD. Mild
degree (GOLD 1) is present in smokers who have sympto-
ms, but still have normal lung function (FEV1 > 80%). Mo-
derate degree of COPD (GOLD 2) is present in patients wi-
th FEV1 between 50-80% from reference values for that
individual, severe degree of COPD (GOLD 3) is present in
patients with FEV1 between 30-50%, while very severe
degree of COPD (GOLD 4) is present in patients with FEV1
between < 30% with respiratory insufficiency.

Biochemia Medica 2009;19(2):A1-A10
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Oksidacijski stres i kroni¢na opstrukcijska
plu¢na bolest

Jozsef Petrik

Zavod za medicinsku biokemiju i hematologiju, Farmaceutsko-bioke-
mijski fakultet, Sveuciliste u Zagrebu, Zagreb

Oksidacijski stres i upalna reakcija glavni su biljezi kronic-
ne opstrukcijke plu¢ne bolesti (KOPB). Reaktivni kisiko-
vi spojevi (ROS) i reaktivni dusikovi spojevi (RNS) s jedne
strane doprinose normalnoj fizioloskoj funkciji, kao sto su
stani¢na diferencijacija, stani¢na signalizacija, apoptoza i
baktericidno djelovanje, a s druge strane, povecane kon-
centracije oksidansa uzrokuju lipidnu peroksidaciju, oksi-
daciju proteina te oStecenje DNA. Stanice se brane protiv
oksidativnog napada dobro razvijenim enzimskim i neen-
zimskim sustavom antioksidansa.

U KOPB-u, ROS ili neposredno ili preko stvaranja produka-
ta lipidne peroksidacije, kao $to su 4-hidroksi-2-nonenal
i F2-izoprostani, mogu igrati ulogu u pojacavanju upale
preko aktivacije i fosforilacije proteinskih kinaza aktivira-
nih mitogenima i redoks osjetlivih transkripcijskih faktora
kao 3to su nuklearni faktor-kB i aktivator protein-1.
Stanice i tkiva neprestano su izlozeni oksidansima koji se
mogu stvarati ili endogeno (respiracija u mitohondriji-
ma, NADPH oksidaza sustav koji je prisutan u fagocitima i
epitelnim stanica, ksantin/ksantin oksidaza) ili egzogeno
udisanjem zagadenog zraka ili dima cigarete. S obzirom
da dim cigarete sadrzi preko 4700 kemijiskih sastojaka, te
i katranska i plinovita frakcija sadrze slobodne radikale i
druge oksidanse, pusenje cigarete glavni je cimbenik rizi-
ka za razvoj KOPB-a. Jedan dim cigarete sadrzi preko 1014
slobodnih radikala. ROS kao $to su superoksidni anion i
hidroksilni radikal su nestabilne molekule s nesparenim
elektronima moc¢ni su inicijatori oksidacijskog procesa.
Posljedice oksidacijskog stresa u KOPB-u mogu se mjeri-
ti pomocu biomarkera kao $to su: a) hidrogen peroksid u
izdahnutom zraku, b) otpustanje ROS-a iz neutrofila, eo-
zinofila i alveolarnih makrofaga u perifernoj krvi, c) ak-
tivnosti MPO-a, EPO-a i ksantin/ksantin oksidaze u bron-
hoalveolarnom lavatu, te kao d) koncentracije F2-izopros-
tana, lipidnih peroksida (TBARS), CO i NO u izdahnutom
zraku.

Biochemia Medica 2009;19(2):A1-A10

Oxidative stress and chronic obstructive
pulmonary disease

Jézsef Petrik

Department for Medical Biochemistry and Haematology, Faculty of
Pharmacy and Biochemistry, University of Zagreb, Zagreb, Croatia

Oxidative stress and inflammation are the major hal-
Imarks of chronic obstructive pulmonary disease (COPD).
Reactive oxygen species (ROS) and reactive nitrogen spe-
cies (RNS) contribute to normal physiological functions
such as cellular differentiation, cell signalling, apoptosis,
and bactericidal activities, but in other hand, the enhan-
ced concentrations of oxidants cause lipid peroxidation,
protein oxidation, and DNA damage. Cells are protected
against this oxidative attack by well developed enzyma-
tic and non enzymatic antioxidant system.

ROS, either directly or via the formation of lipid peroxida-
tion products, such as 4-hydroxy-2-nonenal and F2-isop-
rostanes, may play a role in enhancing the inflammation
through the activation and phosphorylation of mitoge-
n-activated protein kinases and redox-sensitive transcrip-
tion factors such as nuclear factor- kB and activator pro-
tein-1 in COPD.

Cells and tissues are continuously exposed to oxidan-
ts which can be either generated endogenously by me-
tabolic reactions (mitochondrial respiration, the NADPH
oxidase system that is present in phagocytes and in epit-
helial cells, xanthine/xanthine oxidase), or exogenously
such as inhaled from air pollutants or cigarette smoke.
Whereas, cigarette smoke contains over 4700 chemical
compounds, and both the tar and gas phases contain nu-
merous free radicals and other oxidants, thus cigarette
smoking becomes the major risk factor of COPD. One ci-
garette puff contains more than 1014 free radicals. ROS
such as superoxide anion and the hydroxyl radical are
unstable molecules with unpaired electrons, capable of
initiating oxidative processes. Consequences of oxidati-
ve stress in COPD can be measured by biomarkers such
as: a) hydrogen peroxide in exhaled breath, b) release of
ROS from peripheral blood neutrophils, eosinophils and
macrophages, c) MPO, EPO and xanthine/xanthine oxida-
se activities in bronchoalveolar lavage fluid, and d) F2-i-
soprostane, lipid peroxide (TBARS), CO and NO levels in
exhaled breath.
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Dim cigarete uzrokuje oksidacijski stres u
epitelnim stanicama disnih putova in vitro i
uin vivo modelu kod misa

A.J.M. van Oosterhout
Laboratorij za alergologiju i plu¢ne bolesti, Klinicki bolnicki centar Gro-

ningen, Nizozemska

Glavni faktori rizika za razvoj kroni¢ne opstrukcijske plu¢-
ne bolesti (KOPB) su pusenje cigareta i genetska predis-
pozicija. Postavljene su tri hipoteze kao podloga za o3te-
¢enje tkiva i kroni¢nu upalu disnih puteva karakteristi¢ne
za bolesnike sa KOPB-om: (i) neravnoteza oksidansa i an-
tioksidansa, (ii) neravnoteza proteaza i antiproteaza, te
(i) prilagodba imunog odgovora karakterizirana CD8+
T-stanicama i B-stanicama. Epitelne stanice disnih putova
su prva linija obrane od stetnih tvari koje udiSemo uklju-
Cujuci dim cigareta. Stoga smo proucavali u¢inke dima ci-
gareta na ljudske epitelne stanice disnih putova in vitro.
Pokazalo se da dim cigareta ometa funkciju mitohondrija
inhibicijom lanca prijenosa elektrona, $to dovodi do sni-
Zenja membranskog potencijala mitohondrija, pada pot-
ros$nje kisika i produkcije ATP-a, te poveéanog stvaranja
reaktivnih kisikovih spojeva unutar stanica. Stovise, gubi-
tak proizvodnje ATP-a vodi apoptoti¢ne epitelne stanice
di$nih putova u nekrozu. Poznato je da stanice koje umiru
nekrozom stvaraju kriti¢ne signale koji vode do aktivacije
imunih i upalnih stanica. Da bismo primijenili ova opaza-
nja na misji model in vivo, BALB/c miSeve smo izlozili dimu
cigaretailidimu cigareta sa smanjenom koli¢inom reaktiv-
nih kisikovih spojeva tijekom pet uzastopnih dana. IzlozZe-
nost dimu cigareta, ali ne i dimu sa smanjenom koli¢inom
reaktivnih kisikovih spojeva, uzrokovala je dotok mnostva
neutrofila u disne putove povezan s povecanjem razine
proupalnih citokina i kemokina. Ovaj model biti ¢e koris-
tan za daljnja proucavanja signalnih putova koji vode do
akutne upale uzrokovane dimom cigareta.

Upalna reakcija u kroni¢noj opstrukcijskoj
pluénoj bolesti

Tihana Zani¢ Grubisi¢

Zavod za medicinsku biokemiju i hematologiju, Farmaceutsko-bioke-

mijski fakultet Sveucilista u Zagrebu, Zagreb

KOPB je kroni¢na bolest karakterizirana razvojem prog-
resivne opstrukcije malih disnih putova koja nastaje kao
rezultat abnormalnog upalnog odgovora plu¢nog tkiva
na udahnute Cestice i plinove. Patogeneza KOPB teme-

Cigarette smoke induced oxidative stress in
airway epithelial cells in vitro and a mouse

model in vivo

A.J.M. van Oosterhout
Lab. Allergology & Pulmonary Diseases, University Medical Center Gro-

ningen, The Netherlands

Cigarette smoking and genetic susceptibility are the main
risk factors for the development of Chronic Obstructive
Pulmonary Disease (COPD). Three hypotheses have been
postulated to underlie the tissue destruction and chro-
nic airway inflammation characteristic for COPD patien-
ts: (i) an imbalance between oxidants and anti-oxidants,
(i) an imbalance between proteases and anti-proteases,
and (iii) an adaptive immune response characterized by
CD8+ T-cells and B-cells. Airway epithelial cells are the
first line of defence against harmful inhaled substances
including cigarette smoke. Therefore, we studied the ef-
fects of cigarette smoke (CS) on human airway epithelial
cells in vitro. It appeared that CS disturbs mitochondrial
function by inhibition of the electron transfer chain, lea-
ding to decreased mitochondrial membrane potential,
oxygen consumption and ATP production and increased
generation of intracellular reactive oxygen species (ROS).
Moreover, loss of ATP generation induces airway apopto-
tic epithelial cells into necrosis. It is well-know that nec-
rotic cell death generates danger signals that lead to ac-
tivation of immune- and inflammatory cells. In order to
translate these observations into an in vivo mouse model,
BALB/c mice were exposed to CS or ROS-depleted CS for
five consecutive days. Exposure to CS, but not ROS-dep-
leted CS, induced massive neutrophil influx into the ai-
rways associated with increased levels of pro-inflamma-
tory cyto- and chemokines. This model will be useful to
further dissect the pathways leading to acute CS induced
inflammation.

Inflammatory mechanisms in chronic
obstructive pulmonary disease

Tihana Zanic Grubisi¢

Department for Medical Biochemistry and Haematology, Faculty of

Pharmacy and Biochemistry, University of Zagreb, Zagreb, Croatia

COPD is chronic, slowly progressive disease characterized
with accelerated increase in airflow limitation resulting
from hiperactive local inflammatory response to inhaled
particles and gases. The current paradigm for the patho-

Biochemia Medica 2009;19(2):A1-A10
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lji se na 1) postojanju lokalne upale u plu¢énom tkivu, 2)
povecanoj tkivnoj razini citokina i kemokina $to uzrokuje
nakupljanje i aktivaciju neutrofila, makrofaga, monocita
i CD8+ citotoksi¢nih limfocita u respiratornim putovima,
3) sistemskom povecanju koncentracija medijatora upa-
le, posebice TNF-q, i citokina IL-6 i IL-8 u krvi bolesnika u
stabilnoj, a narocito u fazi napada bolesti, 4) neravnote-
zi izmedu aktivnosti proteaza i proteaznih inhibitora ko-
ji sudjeluju u procesiranju medijatora upale, 5) razvojem
oksidacijskog stresa koji ima lokalnu i sistemsku ulogu, 6)
porasta koncentracije redoks-osjetljivih transkripcijskih
faktora u plu¢ima te 7) razvojem sistemskih pro-oksidacij-
skih i upalnih uvjeta koji postepeno dovode do kardiovas-
kularnih bolesti, promjene kostane mase, te progresivnog
gubitka misi¢cne mase i funkcije misi¢a. Intenzitet ovih
promjena je povezan s progresivnim oste¢enjem plu¢nog
parenhima i s gubitkom funkcije pluca.

Poremecena aktivnost i djelovanje proteaza, kao $to su
metaloproteinaze MMP8 i MMP9, te dipeptidil peptida-
ze IV koje se oslobadaju iz stanica kao odgovor na upalu
dovodi do razgradnje izvanstani¢nog matriksa i stvaranja
peptidnih fragmenata koji sami djeluju kemotakti¢no i
aktivirajuce na neutrofile i makrofage stimulirajuci ih da
pojacano luce citokine i tako dalje potenciraju razvoj kro-
ni¢ne upale.

Velika heterogenost u brzini progresije, klinickim manifes-
tacijama i tezini bolesti, zahtijeva pouzdan nacin predvi-
danja razvoja bolesti i komplikacija kako bi se na tim saz-
nanjima mogla temeljiti racionalna terapija. Klju¢ni bioke-
mijski pokazatelji koji bi specifi¢cno pratili razvoj upale do
sada nisu definirani.

U nasim smo istrazivanjima pokusali pronadi biljege ko-
ji se mogu ispitivati u uzorcima dobivenim neinvazivnim
metodama - serumu, krvnim stanicama (polimorfonuk-
learima, limfocitima, trombocitima, eritrocitima), u mok-
rac¢i i eventualno u kondenzatu izdahnutog zraka.

Genetika i kroni¢na opstrukcijska plu¢na

bolest

Karmela Barisic

Zavod za medicinsku biokemiju i hematologiju, Farmaceutsko-bioke-
mijski fakultet Sveucilista u Zagrebu, Zagreb

Kroni¢na opstrukcijska plu¢na bolest (KOPB) znacajan je
javno-zdravstveni problem, a predstavlja skup poreme-
¢aja koji imaju zajednic¢ku osobinu kroni¢nog ogranicenja
zracnog protoka.

Temeljni je poremecaj u KOPB, sli¢no astmi, kroni¢cnom
bronhitisu i pluénom emfizemu, upalna reakcija plu¢a na
otrovne Cestice ili plinove, naj¢es¢e duhanski dim. Utvrde-

Biochemia Medica 2009;19(2):A1-A10

genesis of COPD is involving 1) an abnormall inflammatory
response in the lung, 2) increased levels of cytokines and
chemokines, 3) accumulation and activation of neutrop-
hils, macrophages, monocytes and CD8+ T lymphocytes
in airways, 4) increased levels of inflammatory mediators:
TNF-a, cytokines IL-6 and IL-8 in sera of patients, in the
stable phase and especially during the exacerbations, 5)
deregulation of protease - antiprotease balance resulting
in an impaired processing of inflammatory mediators, 6)
development of tissue and systemic oxidative stress, 7)
increased concentrations of redox-sensitive transcription
factors and 8) development of systemic pro-oxidative
and inflammatory conditions leading to cardiovascular
diseases, changes in the bone masse, progressive mus-
cle waist and loss of muscle function. Intensity of these
changes is connected with progressive destruction of
pulmonary parenchyma. Deregulation in the activity of
proteases, metalloproteinases MMP8 and MMP9 and di-
peptidyl peptidase IV released by cells, in response to in-
flammation, cause breakdown of the extracellular matrix
generating peptide fragments still active on leukocytes,
which in turn release cytokines and more proteases, lea-
ding to further leukocyte infiltration and disease progres-
sion.

Great heterogeneity in the rate of progression and clinical
manifestations of COPD could not be successfully moni-
tored because of the lack of reliable markers for the seve-
rity of the disease.. The specific biochemical markers for
the progression of inflammation in COPD have not been
proposed. In our work we try to evaluate reliable markers
that could be assayed in samples obtained by non-invasi-
ve methods - blood serum and cells polymorphonuclea-
res, lymphocytes, erythrocytes, urine and possibly in the
expired breath condensate

Genetics and chronic obstructive

pulmonary disease

Karmela Barisic

Department of Medical Biochemistry and Haematology Faculty of Phar-
macy and Biochemistry, University of Zagreb, Zagreb, Croatia

Increasing prevalence of chronic obstructive pulmona-
ry disease (COPD) is an important public health conce-
rn. COPD is a clinical entity which includes a collection of
disorders that share the common physiological features
of expiratory airflow limitation. The etiology of COPD in-
volves a complex interplay between genetic and environ-
mental factors.
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no je da ce se u kavkaskoj populaciji u 10 do 20 % pusaca

razviti KOPB, ali aktivno pusenje pridonosi razvoju bolesti

kod oko 90 % osoba sklonih bolesti, kod kojih geneticki
¢imbenici pridonose njenom nastanku i razvoju.

Etiologija KOPB obuhvaca dakle kompleksnu medusobnu

povezanost genetickih i okolisnih ¢imbenika. Okolisni su

¢imbenici poznati, a identificirani su i geni koji djeluju kao
geneticki ¢cimbenici:

1. geni koji kodiraju enzime za metaboliziranje lijekova
(mikrosomalna epoksid hidrolaza, EPHX1; glutation
S-transferaza, GST; superoksid dizmutaza, SOD),

2. geni koji kodiraju upalne posrednike (obitelj interleu-
kina 1, IL-1; tumorski nekrotizirajuci ¢imbenik o, TNF-q;
transformirajuci ¢cimbenik rasta p, TGF-),

3. geni koji kodiraju proteaze i antiproteaze (inhibitor
proteaza, Pl; metaloproteinaze matriksa, MMP; elastin,
ELN; tkivni inhibitor metaloproteinaze, TIMP),

4. geni koji kodiraju dezintegrin i metaloproteinaze
(ADAM)

Osim toga, kod osoba oboljelih od KOPB utvrdena je po-

vecana nestabilnost mikrosatelitne DNA (MSI). MSI je po-

vezana s nefunkcionalnim sustavom popravka pogresno
sparenih baza te je u korelaciji s u¢estalos¢u mutacija. MSI
je, zapravo, pokazatelj destabilizacije genoma na vise lo-
kusa. U stanicama sputuma oboljelih od KOPB analizirana
je MSI za nekoliko markera. Pokazano je kako se kod bo-
lesnika pozitivnih za markere G29802, D13571 i D145588

Cesce javljaju pogorsanja bolesti.

Znacajna povezanost izmedu MSI i pogorsanja bolesti u

KOPB ukazuju na to da su somatske mutacije takoder vaz-

ni patogenetski cimbenici.

Danasnje lijecenje kronicne opstruktivne

pluéne bolesti

Sanja Popovi¢-Grle

Klinika za pluc¢ne bolesti,Jordanovac” Medicinskog fakulteta Sveucilista
u Zagrebu, Zagreb

Lije¢enje KOPB-a je kompleksno i ukljucuje brojne mjere.
Kao prvo prestanak pusenja, redovito uzimanje lijekova,
ali ostale nefarmakoloske mjere (plu¢nu rehabilitaciju, li-
jecenje kisikom i neke kirurSke metode, kao transplanta-
cija pluca).

Osnova lijeenja stabilne KOPB-a su bronhodilatatori, lije-
kovi koji prosiruju disne putove. Dvije osnovne skupine su
simpatikomimetici i antikolinergici. Simpatikomimetici su
kratkodjelujuci 2-agonisti (SABA Short acting 32-agonist)
salbutamol-Ventolin®, i dugodjeluju¢i B2-agonisti (LABA

COPD is associated with an abnormal inflammatory res-

ponse of the lung to noxious particles or gases, most

commonly tobacco smoke. Active cigarette smoking con-
tributes to the origin of COPD in more than 90% of sub-
jects who are susceptible. However, in Caucasians only

10-20% of heavy cigarette smokers develop COPD. This

fact suggests that genetic factors are important in deve-

loping of COPD.

Several genes that are involved in COPD pathogenesis ha-

ve been identified and classified into following groups:

1. genes encoding xenobiotic metabolizing enzymes
(microsomal epoxide hydrolase, EPHX1; glutathione
S-transferase, GST; superoxide dismutase, SOD),

2. genes encoding inflammatory mediators (interleuki-
n-1 family, IL-1; tumor necrosis factora,, TNF-a; tran-
sforming growth factorb, TGF-j),

3. genes encoding proteases/antiproteases (protease in-
hibitor, Pl; matrix metalloproteinases, MMPs; elastin,
ELN; tissue inhibitor of metalloproteinase, TIMP),

4. novel genes (disintegrin and metalloprotease, ADAM).
Moreover, increased frequency of microsatellite DNA in-
stability (MSI) has been detected in COPD patients. MSI
has been correlated with a high somatic mutation rate
and is associated with a defective DNA mismatch repair
system. MSI indicates destabilisation of the genome at
various loci. COPD patients positive for G29802, D13571
and D14S588 markers presented an increased exacerba-
tion frequency. The significant association between MSI
and COPD exacerbations indicates possible involvement
of somatic mutations in pathogenesis of disease.

Management of chronic obstructive

pulmonary disease

Sanja Popovi¢-Grle

University Hospital for lung diseases,Jordanovac’, Medical School Uni-
versity of Zagreb, Zagreb, Croatia

COPD management is complex and has lot of componen-
ts. The first measure, is smoking cessation, then regular
pharmacologic therapy, but also pulmonary rehabilita-
tion, oxygen therapy and some surgical methods, as lung
transplantation.

Basic pharmacologic therapies for the stable COPD are
bronchodilators, drugs that increases airways diameter.
Two basic groups are simpaticomimetics and anticholi-
nergics. Simpaticomimetics are short-acting 32-agonists
(SABA) salbutamol-Ventolin®, and long-acting B2-agonist
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Long acting B2-agonist) salmeterol-SereventO, u obliku
spreja ili discusa. Sto se ti¢e antikolinergika, takoder pos-
toje kratko djelujuci (ipratropij-Atrovent®) i dugo djeluju-
¢i lijekovi (tiotropij-Spiriva®).

U grupu bronhodilatatora dolaze i metilksantini, ali oni
osim bronhodilatatornog djelovanja imaju i druge ucinke,
poput protuupalnog, pojacavaju snagu respiracijske mus-
kulature, novije spoznaje pokazuju i da smanjuju rezisten-
ciju steroidnog receptora u pusaca. Zbog svoje niske ci-
jene kostanja te simptomatskog ucinka uz stanovita pro-
tuupalna svojstva, teofilinski pripravci vazni su u terapiji
KOPB-a. Na trzistu postoje Teolin R® i Teotard R®, a uskoro
dolaze i selektivni inhibitori fosfodiesteraze PGE4, kao sto
je roflumilast-Daxas®.

Prema danasnjim stavovima, u terapiji KOPB-a inhalacijski
kortikosteroidi indicirani su u osoba s tezim oblicima KO-
PB-a, kada je FEV1 ispod 50% i u osoba koje imaju ucestale
egzacerbacije (viSe od tri godidnje). Prednost inhalacijskih
lijekova jest u tome da se u bolesni organ (diSne putove)
lijek moZze unijeti izravno, gdje se time postize visoka kon-
centracija lijeka, a izbjegavaju se sistemski ucinci i nuspo-
jave. Dokazano je da inhalacijski kortikosteroidi najbolje
djeluju kada se kombiniraju s bronhodilatatorima, te su
u Hrvatskoj dostupni mo¢ni lijekovi Seretide® i Symbico-
rt®. Primjena navedenih lijekova podize kvalitetu Zivlje-
nja bolesnika s KOPB, te smanjuje mortalitet, osobito zato
jer prorjeduje egzacerbacije KOPB. Egzacerbacije teSkog
KOPB po Zivot su opasna stanja, gdje je mortalitet jedna-
ko visok kao u akutnom koronarnom incidentu. Zbog to-
ga se egzacerbacije KOPB energi¢no lijece antibitiocima,
najcedce iz grupe beta-laktama ili kinolona, uz pojacane
doze bronhodilatatora i oralnih ili parenteralnih kortikos-
teoida uz oksigenoterapiju. NajteZim bolesnicima s KOPB
preostaje jos transplantacija pluca, najcesée unilateralna,
gdje je preZivljenje 50% u 5 godina nakon transplantacije.

Kroni¢na opstrukcijska plu¢na bolest i

signalne molekule

Lada Rumora

Zavod za medicinsku biokemiju i hematologiju, Farmaceutsko-bioke-
mijski fakultet Sveucilista u Zagrebu, Zagreb

Kroni¢nu opstrukcijsku pluénu bolest (KOPB) karakterizira
kronicni lokalni i sistemski upalni proces te pojacan oksi-
dacijski stres.

Pusenje cigareta se smatra glavnim etioloskim faktorom
u nastanku i razvoju KOPB. Reaktivne kisikove vrste (ROS),
Cije stvaranje poticu pusenje i aktivirane stanice pluca i
krvne tekuc¢ine, mogu pojacati upalnu reakciju na nacin
da aktiviraju signalne molekule osjetljive na oksidacijsko-re-
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(LABA) salmeterol-Serevent®, in spray or discus. Anticho-
linergic also exists as short-acting drug (ipratropium-At-
rovent®) and long-acting drug (tiotropium-Spiriva®).
There are also other bronchodilators - methylxanthines.
These drugs has also other effects, such as antiinflamma-
tory, increasing the strength of respiratory muscles, and
novel data shows that methylxanthines decreases steroid
receptor resistance in smokers. Because they have low
costs with symptomatic effect, and certain antinflamma-
tory effect, methylxanthines are important in COPD the-
rapy. On our market there are Teolin R® i Teotard R®, and
soon we expect selective phosphodiesterase inhibitors
PGE4, as roflumilast-Daxas®.

According to current knowledge inhaled corticosteroids
are indicated in the therapy with severe and very severe
degree, when FEV1 is less than 50% and in COPD patients
with frequent exacerbations (more than 3 annually). The
advantage of inhaled therapy is that drug could be de-
livered directly in the affected organ, where it has high
concentration, while avoiding systemic adverse effects. It
is proven that inhaled steroids acts the best when they
are combined with long-acting PB2-agonists, in Croa-
tia powerful combine drugs Seretide® i Symbicort® are
available. Application of these drugs increases quality of
life in patients with COPD, decreases mortality, especialy
by decreasing frequency of COPD exacerbations. Acute
exacerbation of COPD could be life threating, where the
mortality rate is the same as in acute coronary incident.
Because of that COPD exacerbations should be energically
treated with antibiotics, usually from the beta lactam group
or cinolons, with increased bronchodilators doses, paren-
teral or oral steroids and oxygeotherapy. The most severe
COPD patients have the last oppurtunity for improved heal-
th status in lung transplantation, usually unilateral, with sur-
vival rate 50% in 5 years after lung transplantation.

Chronic obstructive pulmonary disease and

signalling molecules

Lada Rumora

Department of Medical Biochemistry and Haematology Faculty of Phar-
macy and Biochemistry, University of Zagreb, Zagreb, Croatia

Chronic obstructive pulmonary disease (COPD) is charac-
terized by chronic local and systemic inflammation, and
increased oxidative stress.

Cigarette smoking is the major etiological factor respon-
sible for COPD. Reactive oxygen species (ROS) generated
by cigarette smoke and by activated lung and periphe-
ral blood cells, may play a role in enhancing the inflam-
mation through activation of redox-sensitive signalling
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dukcijske promjene u stanici, poput proteinskih kinaza aktivira-
nih mitogenima (MAPK) i proteina toplinskoga Soka (Hsp).

Tri glavne MAPK u sisavaca su kinaza regulirana izvansta-
ni¢nim signalima (ERK), kinaza koja fosforilira N-kraj tran-
skripcijskog faktora c-Jun (JNK) i p38. Aktivacija ERK kina-
ze najcesce potice stani¢nu proliferaciju, dok aktivacija
JNK i p38 kinaza najcesce potice apoptozu.

Hsp reguliraju proces apoptoze te djeluju kao molekular-
ni pratitelji potpomazuci u pravilnom nabiranju proteina i
sprjecavajuci njihovo nakupljanje. Hsp mogu stimulirati an-
tioksidacijsku obranu stanice na nacin da smanjuju koli¢inu
ROS i neutraliziraju toksi¢na djelovanja oksidiranih proteina.
Ispitali smo ekspresiju i aktivaciju MAPK te ekspresiju Hsp70 i
Hsp27 u leukocitima KOPB bolesnika i zdravih osoba.

ERK je aktivirana samo u nepusaca, dok su se JNK i p38 ak-
tivirale u KOPB pusaca i bivsih pusaca te u zdravih pusaca.
Opazena je smanjena ekspresija Hsp70 i Hsp27 u KOPB
bivsih pusaca i zdravih pusaca, a osobito u KOPB pusaca.

Rezultati ukazuju da KOPB i pusenje djeluju na signalne
putove u stanici.

Razumijevanje temeljnih stani¢nih i molekularnih mehani-
zama KOPB neophodno je za identifikaciju molekula koje bi
mogle postati znacajne u dijagnostici i u terapiji ove bolesti.

Uloga proteasoma u degradaciji proteina

ostecenih dimom cigareta

Anita Somborac

Zavod za medicinsku biokemiju i hematologiju, Farmaceutsko-bioke-
mijski fakultet Sveucilista u Zagrebu, Zagreb

Mehanizam kojim pusenje cigareta vodi k razvoju kroni¢-
ne opstrukcijske plu¢ne bolesti jos uvijek je nejasan. Dim
cigareta pridonosi oksidativnom ostecenju proteina u
plu¢ima. Jedan od glavnih nacina zastite stanica od oste-
¢enih proteina je ubikvitin-proteasomalni put. Razgradnja
proteina ovim putem ukljucuje konjugaciju vise molekula
ubikvitina i razgradnju tako oznacenog proteina putem
proteasoma na peptide koji se dalje proteazama i amino-
peptidazama brzo hidroliziraju na aminokiseline. Dokaza-
no je da dim cigareta dovodi do porasta sadrzaja slobod-
nih aminokiselina unutar A549 pluénih epitelnih stanica.
Postavlja se pitanje je li proteasom ukljucen u razgradnju
proteina oStecenih dimom cigareta. Izlaganjem A549 sta-
nica dimu cigareta uz Epoximicin (inhibitor aktivnosti pro-
teasoma) metodom LC-MS pokazali smo da proteasom je
uklju¢en u porast sadrzaja slobodnih aminokiselina (P <
0,001). Western blot analizom smo pokazali da dim ciga-
reta uzrokuje povecanje ubikvitin-proteinskih konjugata.
Obiljezavanjem aktivnih mjesta proteasoma fluorescen-

molecules, including mitogen-activated protein kinases
(MAPKs) and heat shock proteins (Hsps).

Three major mammalian MAPKs are extracellular signal-
regulated kinase (ERK), c-Jun N-terminal kinase (JNK) and
p38. While ERK pathway usually induces cell proliferation,
JNK and p38 pathways primarily induce apoptosis.

Hsps are implicated in many steps of apoptotic machi-
nery and they act as molecular chaperones by assisting
the correct folding of proteins, and by preventing their
aggregation. Hsps could stimulate antioxidant defence
of cells by decreasing intracellular levels of ROS and by
neutralizing toxic effects of oxidized proteins.

We assessed expression and activation of MAPKs and
expression of Hsp70 and Hsp27 in leukocytes of COPD
patients and healthy individuals.

ERK was activated in non-smokers only. In contrast, strong
induction of JNK and p38 phosphorylation was detected in
COPD smokers and ex-smokers, but also in healthy smokers. In
addition, Hsp70 and Hsp27 were decreased in COPD ex-smoke-
rs and healthy smokers, and especially in COPD smokers.
These results show that COPD and smoking affect intra-
cellular signaling pathways. Understanding of the basic
cellular and molecular mechanisms in COPD is essential
for identification of molecules that may serve as targets
for diagnosis and therapeutic interventions.

Cigarette smoke - induced protein damage:

role of the proteasome

Anita Somborac

Department of Medical Biochemistry and Haematology Faculty of Phar-
macy and Biochemistry, University of Zagreb, Zagreb, Croatia

The mechanism by which cigarette smoking leads to de-
velopment of chronic obstructive pulmonary disease is
still unclear. Cigarette smoke contributes to oxidative da-
mage of proteins inside the lung. One of the main systems
to protect cells from damaged proteins is ubiquitin-protea-
some pathway. Degradation of proteins via this pathway in-
volves conjugation of multiple ubiquitin moieties and deg-
radation of the tagged protein by proteasome into peptides
which are rapidly hydrolyzed into amino acids by proteases
and aminopeptidases. It was shown that cigarette smoke
causes an increase of free amino acids inside the A549 airway
epithelial cells. The question is weather the proteasome is
involved in degradation of proteins damaged by cigarette
smoke. We have exposed A549 cells to cigarette smoke and
Epoxomicin (inhibitor of proteasomal activity) and we have
shown, using LC-MS method, that proteasome is involved
in the increase of free amino acids (P < 0,001). Western blot
analysis has shown that cigarette smoke causes an increase
of ubiquitin-protein conjugates. Proteasomal active sites
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tnom bojom MV151 dokazali smo da se aktivna mjesta
proteasoma uglavnom ne mijenjaju pod utjecajem dima
cigareta. Upotrebom fluorogenih supstrata pokazali smo
da dim cigareta mijenja sve tri vrste aktivnosti proteasoma.
Ukratko, nasi rezultati pokazuju da dim cigareta inducira o3-
tecenje proteina koji se potom ubikvitiniraju i obiljezavaju
za razgradnju putem proteasoma. Proteasom je ukljucen u
uklanjanje proteina ostecenih dimom cigareta. lako aktivna
mjesta proteasoma ostaju ocuvana, dim cigareta znacajno
mijenja aktivnost proteasoma $to moze pridonijeti agre-
gaciji ostecenih proteina i povecanoj smrti stanica.

Polimorfizimi stresnih proteina i KOPB

Mirela Matokanovic

Zavod za medicinsku biokemiju i hematologiju, Farmaceutsko-bioke-
mijski fakultet Sveucilista u Zagrebu, Zagreb

Stresni proteini (Hsp) pripadaju skupini unutarstani¢nih
proteina koji imaju sposobnost stabilizacije nepravilno
strukturiranih proteina i peptida, ¢ime promoviraju pre-
zivljenje, te inhibiraju programiranu stani¢nu smrt. Ge-
ni koji kodiraju za ¢lanove porodice stresnih proteina
(Hsp70), hsp70-1, hsp70-2 i hsp70-hom smjesteni su unu-
tar gena klase Il sustava tkivne kompatibilnosti (MHC). U
skladu s njihovim smjeStajem u genomu istrazivana je po-
vezanost polimorfizama ovih gena s razli¢itim bolestima cija
se pojavnost zasniva na poremecenoj funkciji imunoloskog
sustava. U skladu sa Saperonskom ulogom stresnih proteina
istraZivana je i povezanost istih polimorfizama s neravnote-
zom oksidativnih/anti-oksidativnih spojeva u organizmu.
Kako je poznato da u patogenezi kroni¢ne opstrukcijske
plu¢ne bolesti (KOPB) oksidativno/antioksidatvini pute-
vi imaju vaznu ulogu, ispitivali smo polimorfizme duljine
restrikcijskih fragmenata gena hsp70-2 i hsp70-hom, iz-
laganjem fragmenata DNA dobivenih umnazanjem gen-
skog slijeda reakcijom lanc¢ane reakcije polimeraze, djelo-
vanju restrikcijskih endonukleaza. Nismo uocili statisticki
znacajnu razliku u raspodjeli A/G(+1267) polimorfizma
u kodirajucoj regiji gena hsp70-2, kao ni u raspodjeli T/C
(+2437) polimorfizma u kodirajucoj regiji gena hsp70-
hom izmedu zdravih ispitanika i ispitanika s KOPB.

Hsp32 gen (HMOX-1) kodira za mali stresni protein 32
(Hsp32 ili hem oksigenaza-1), enzim koji katalizira razgrad-
nju hema do biliverdina u procesu koji osigurava zastitu
stanicama od ostecenja uzrokovanih oksidativnim radika-
lima. U populaciji se polimorfizam ovog gena pojavljuje
u obliku razli¢itog broja GT ponavljanja u promotorskoj
regiji gena odogovornoj za ekspresiju gena i mogucu in-
dukciju aktivnosti ovog enzima u stanjima oksidativnog
stresa. Izmedu zdravih ispitanika i ispitanika s KOPB nismo
uocili statisticki znacajnu razliku u broju GT ponavljanja
hsp32 (HMOX-1) gena.
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were labelled by using the fluorescent probe MV151 and
in general were not disturbed by cigarette smoke. Using
the fluorogenic substrates we have shown that cigarette
smoke changes all three kinds of proteasomal activities.
Briefly, our data suggest that cigarette smoke induces da-
mage to proteins which are subsequently ubiquitinated
and tagged for proteasomal degradation. Proteasome is
involved in elimination of proteins damaged by cigarette
smoke. Although proteasomal active sites remain intact,
cigarette smoke significantly disturbs proteasomal activi-
ty which may contribute to the aggregation of damaged
proteins and enhanced cell death.

Heat shock proteins polymorphisms and COPD

Mirela Matokanovic

Department of Medical Biochemistry and Haematology Faculty of Phar-
macy and Biochemistry, University of Zagreb, Zagreb, Croatia

Heat shock proteins are intracellular proteins with abili-
ty to stabilize missfolded proteins and peptides, thereby
promoting cell survival and preventing programmed cell
death. Genes encoding members of the heat shock pro-
tein (Hsp70) family hsp70-1, hsp70-2 i hsp70-hom lie in
the class lll region of the human major histocompatibility
complex (MHC). Relating to their location, polymorphis-
ms of these genes were analyzed in association with oc-
curence of different diseases with immune component.
Relating to their chaperone role polymorphisms of these
genes were also analyzed in association with an oxidati-
ve/antioxidative imbalance.

In the pathogenesis of chronic obstructive lung disease
(COPD) oxidative/antioxidative pathways play important
role. Therefore we studied hsp70-2 and hsp70-hom ge-
ne polymorphisms using restriction fragment length po-
lymorphism — polymerase chain reaction method (RFLP-
PCR). The obtained data showed that there were no sta-
tistically significant difference in A/G(+1267) polymorphi-
sm distribution in the coding region of hsp70-2, as well
as in T/C (+2437) polymorphism distribution in the coding
region of hsp70-hom between healthy individuals and
patients with COPD.

Hsp32 gene (HMOX-1) encodes for small heat shock pro-
tein 32 (Hsp32 or heme oxygenase-1), enzyme that cata-
lyzes the degradation of heme to biliverdin in a reaction
which provides cells with protection in oxidative media-
ted injury. Polymorphism of this gene is presented in the
number GT repeats in 5'-flanking region responsible for
gene expression and plausible enzyme induction in oxi-
dative stress conditions. The obtained data showed that
there was no statistically significant difference in hsp32
gene polymorphism between between healthy indivi-
duals and patients with COPD.
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