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®dakynreT dapMaleyTcKu YHUBEP3UTET V¥V BEOTPAOY
01 6poj Behy Hayununx ob1acTu MeJUIMHCKUX HAyKa
(Bpoj 3axTeBa) (Ha3ug Beha HayuHe 06acTi KOMe ce 3axTeB ynyhyje)
20.06.2024. 3AXTEB
(Matym)

3a JaBame carjacHOCTHU Ha OJJIYKE O yCBajamy u3BelTaja Komucuje 3a oneny
JOKTOPCKE JUCepTalMje U O UMEHOBalbY KOMHUCH]E 3a 010paHy

Monumo na, cxomHo wiany 47. cr. 5. tau. 4. Craryra Yuusepsurera y beorpany ("I'macuuk Yuusepsurer", 6poj 186/15-
npeuninhienu Teket u 189/16), nate carnacHOCT Ha OTYKY O yCBajamy u3Belnraja KoMmucuje 3a olieHy JTOKTOPCKE JHcepTalyje:

KAHIUJAT MHNJIOBAHOBWh (PAJOCAB) BEPA

(¥Me, UMe jeTHOT O/l POAUTEbA U IIPE3NUME)

CTYACHT TOKTOPCKUX CTY/Hja Ha CTYAH]CKOM Iporpamy dapmMalleyTCKe Hayke

NPUjaBHUO je JOKTOPCKY TUCEPTaIH]y MO Ha3HBOM:

»3HAYA] aj(a 1 AHTUTPUIICHHA U METHOHUH CYJI(OKCHI PeAVKTAa3e A Yy HACTAHKY U NIPOrpecHuju
XPOHMYHE ONCTPYKTHUBHE 0oJiecTH miyha y nonyaauuju Cpouje

U3 Hay4IHE O0JIACTH ! MEJIMITMHCKA BUOXEMUNJA

Vuusepsurer je gana 13.07.2022.roaube cBojuM aktoM mox Op. 02-01 6poj 61206-2771/2-22 nao cariacHOCT Ha

MIPEIJIOT TeMe JOKTOPCKE AUCEPTAIIjeKoja je TIacuia:

»3HAYAj ajda 1 AHTUTPUIICHHA M METHOHUH CYI(OKCHI PeAVKTa3e A YV HACTAHKY M IIPOrPecHju XPOHUYHE
ONCTPYKTHUBHE OoJiecTH niayha y monyiaauuju Cpouje®

Vme u npesume menropa : - 1Ipo . Anexcanapa Tonwmh, penoBau ipodecop. YHUBEep3uTeT v beorpamy —
dapmarieyTcku GhaKyaTeT;

- Jp cun. Anexcangnpa Jlusar - PagKoB, BUIIIM HAVYHU capagHUK, YHUBEP3UTET V
Beorpaay - MHCTUTYT 32 MOJIEKYIIADHY F'€HETUKY M T€HETUYKO UHKEHEPCTBO

KoMucuja 3a oLieHy TOKTOPCKE AUCepTalltje HMeHoBaHa je Ha ceanuuu oxpxkanoj 07.03.2024.ronuHe

OIITYKOM (paKyinTera mogu op. 01 6p.521/2 , y cacTaBy:
Nwme u mpe3ume wiaHa 3Bamke Hay4YHa 00JIacT YcranoBa y K0j0j
KOMHCH]e je 3amociieH

Hp cuu. Cuexxana Josuunh, nonent, Yuusep3uter y beorpany - ®@apmaneyrcku dakynter, npeaceqauk Komucuje

Hp cun. Hena Munuakosuh, nouent, Yausepsurer y beorpany - @apmaneyrcku daxynrer

Hp cuu. 3opuna Jlasuh, penoBau npodecop y nensuju, Yuusepsurer y Kparyjesiy - Memuuuncku dakynrer (y neHsuju
o 01.10.2022.romuHe)

Hp cun. Muna Jbyjuh, BulM HaydHW capalHHK, YHHBep3uter y beorpamy - MHCTHTYT 3a MOleKylapHy T€HETHKY H
TEHETUYKO NHKEHEPCTBO

Hamowmena: ykonuko je unan Komucuje y neH3uju HaBeCTH JaTyM NEH3NOHHUCAA.



JlaTym craBibama u3Bemraja Komucuje u gokropeke aucepranuje Ha yBua jaBaoctu: 16.05.2024.ronune.

HacraBHo-HayuHO Behe dakynrera ycBojuio je m3Bemraj Komucuje 3a oneHy JOKTOpPCKE QUcCepTalje HACEAHHUIM OIP>KAaHO]

JlaHa 20.06.2024.ronnue

Komucuja 3a on0paHy JOKTOPCKE IHCEpTalje UMeHOBaHa je Ha cequuim oapxkanoj_ 07.03.2024.roxune

omnykom (akynrera nox 6p. 01 6poj 521/2, y cacrasy:

Nwme u pe3ume diaHa 3BabE Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3arocieH

Hp cuu. Caexxana Jopuunh, norent, YHuBepauteT y beorpany - @apmarneyrcku dakynter, npeaceqouk Komucuje

Hp cuu. Hena Munmakosuh, gouent, Yausepsurer y beorpany - @apmaineyrcku gaxkynrer

3. Mp cuu. 3opuna Jlasuh, penoBuu npodecop y nensuju, Y Husepauter y Kparyjesity - Meautuucku Gpakynrer (y neH3uju
ox 01.10.2022.romuHe)

. Jp cum. Muna Jbyjuh, Buimm HayuyHu capaJHuk, YHuBep3uTeT y beorpaay - MHCTUTYT 3a MOJIeKyJIapHY T€HETUKY H

TEHETUYKO WHIKEHEPCTBO

N
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Hanomena: ykonuko je wiaH KoMucuje y IeH3Mju HaBECTH AAaTyM MEH3UOHUCAHA.

JEKAH ®AKVIITETA

Onnyka HacraBHo-HayuyHor Beha o ycBajamy m3Bemraja Komucuje 3a olieHy JOKTOPCKE AMCEPTAIH]je

IIpunosu: 1. . :
U oanyKa o MMeHoBamy Komucuje 3a onOpaHy nOKTOpCKe AHCepTalyje

2. WM3Bemraj Komucuje o olieHu JOKTOPCKE IUcepTanuje

[TpumenGe Ha u3BemTaj KoMucuje o oleHn JOKTOpPCKe auceprarmje (YKOIHKO UX je GHIiT0) U
Munubewe Komucuje o mpumendama

Hamomena: ®akynTer goctaBiba Y HUBEP3UTETY 3aXTEB ca MPWIO3UMA Y eNEKTPOHCKO] GOPMH H Y jeTHOM IMHCAHOM HPUMEPKY
3aapXuBy YHUBEpP3UTETA



YHUBEP3UTET V BEOI'PALTY
OAPMALEYTCKU ®AKVIITET
11000 - BEOI'PA 1

V. Bojsoae Creme 450.

01. 6poj

20.06.2024. rogune

Ha ocHoBy wirana 28. Craryra u npemnora Komucuje 3a nocneaurminomcke cryauje, HacraBHo-
HayuHo Behe YHuBepsurera y beorpamxy — @apmareyrckor ¢gakynaTeTa Ha CSIHULN OJPIKAHO]
20.06.2024. ronune, 10HENO je

ONJYKY

INPUXBATA CE nosutuBan wu3Bemta] Komucuje 3a omeHy u oa0paHy 3aBpIIcHE
JTOKTOPCKE IUcepTaIije, KaHauaaTa auil. ¢gapm. — mea. ouoxem. Bepe MusaoBanoBuh non
HAacJlOBOM: ,,3Hayaj ajadga 1 aHTUTPUIICMHA M METHOHMH cyJadoxcua peaykrase A 'y
HACTAHKY M IPOrPeCcHju XPOHUYHE ONICTPYKTHBHE 0oJiecTH muiyha y monyiaanuju Cpouje®
u ynyhyje Behy HayuHux 00651aCTH MEIMLIMHCKUX HayKa Ha ycBajame, a Mo J100MjeHO0] MICAHO]
carJiacHOCTH 0ji00paBa jaBHa oxoOpana npea Komucujom y cacrtaBy:

1. Mp cuu. CHexxana Jopuuuh, nonent, Yuusep3uteT y beorpany - ®apmaneyrcku gpaxynrer,
npeacenHnuk Komucuje

2. Jlp cum. Hema MwnmmnaKoBuh, moueHTt, YHuBep3uTeT y beorpamy - dapmarneyrcku
(bakynTeT

3. Jlp cuu. 3opuna Jlazuh, pegoBau npodecop y neHsuju, YHuBep3uteT y Kparyjermy -
MenumuHckn GakynTeT

4. Nlp cuu. Mwna Jbyjuh, Buin HaydHu capagHuk, YHUBep3uTeT y beorpany - UnctutyT 3a
MOJIEKYJIapHY F'€HETUKY U T€HETUYKO UHIKEHEPCTBO

VYuusepsureT je aana 13.07.2022.rogune cBojum akrom 6p.: 02-01 6p: 61206-2771/2-22 nao
CarjacHOCT Ha MPEUIOT TeMe JOKTOPCKE JUCEepTaIlHje.

Kanmunar num. dapm. mea. 6moxem. Bepa MunoBanoBuh, o6jaBuia je pe3yirare u3 OBe
JOKTOPCKE JUCEpTaIHje Y JeTHOM pany kateropuje M21a u jenHoM pajay kareropuje M22 y
MehyHapoauum yaconucuma ca CLIU nucre:

1. Milovanovic V, Topic A, Milinkovic N, Lazic Z, Ivosevic A, Radojkovic D, Divac
Rankov A. Association of the Methionine sulfoxide reductase A rs10903323 gene
polymorphism with functional activity and oxidative modification of alpha-1-
antitrypsin in COPD patients. Pulmonology 2024 Mar-Apr;30(2):122-129. DOI:
10.1016/j.pulmoe.2021.09.003.

IF (2022) = 11,7; Respiratory System (5/66) M21a

2. Topic A, Milovanovic V, Lazic Z, lvosevic A, Radojkovic D. Oxidized Alpha-1-
Antitrypsin asa Potential Biomarker Associated with Onset and Severity of Chronic
Obstructive Pulmonary Disease in Adult Population. COPD. 2018;15(5):472-478.
DOI: 10.1080/15412555.2018.1541448
IF (2018) = 2,503; Respiratory System (37/67) M22



Omnyky JOCTaBUTH. HWMEHOBAHOj, YHHUBEpP3UTETy, WIAHOBHMMA KOMHCHje, JEKaHy,
CeKpeTapy,lpoJIekaHy 3a TocleAuIuioMcke crynuje, MeHropuma (IIpod ap. Anexcanapa
Tonuh u np. Anexcanapa usain-Pankos), Oaceky 3a HacTaBy U CTYACHTCKA nuTama, OaceKy
3a MpaBHE M OIIITE MOCIOBE, TOCIOBHOM CEKpETapy U apXUBH.

MPEJACEJTHUK
HACTABHO-HAYYHOT BERA
®APMALEYTCKOT
®AKYJITETA

IIpod. np Cnahana Hlodajuh



HACTABHO-HAYYHOM BERY ®PAPMAILEYTCKOI' PAKYJITETA YHUBEP3UTETA
Y BEOI'PALLY

Ha cemnuum HacraBHo-nHayunor Beha YauBepsutera y beorpagy—®apmaneyrckor ¢akynarera
onpxkanoj 07.03.2024. romune, monera je Omiyka Opoj 521/2 kojoM Cy HMMEHOBAaHHM YJIAHOBH
Kommucuje 3a oneHy u og0paHy 3aBpllieHe TOKTOPCKE AMCEpTalyje KaHaumara aurul. (papmarmeyra-

MenuIuHCKOr buoxemuyapa Bepe P. MunoBanoswuh, mosx HacaoBoM:

»IHAUYAj ada-1-aHTUTPUIICUHA U METHOHUH CYJI(POKCH PeAyKTa3e A y HACTAHKY U

NPOrpecHju XpoOHUYHEe ONCTPYKTUBHe 0oJiecTu miyha y momyinanuju Cpouje

Komucuja 3a ouieny u on0pany JOKTOPCKE TUcCepTalMje y CacTaBy:

1. dp cu. Cuexxana JoBuuwnh, monent, YauBep3uteT y beorpany - @apmaneyTcku Gakynrer,
npencenauk Kommcuje

2. [Ip cu. Hena Mununkosuh, noneHt, YausepsurteT y beorpany - @apmaneyrcku pakynrer,
3. Hp cu. 3opuna Jlasuh, pegosuu npodecop y nensuju, MeaunmnHcku QpaxynTer,
VYuusepsutet y Kparyjesiy

4. Ip cu. Muna Jbyjuh, Bumm HayuyHu capagHuk, IHCTUTYT 3a MoJieKyJapHy T'€HETUKY U

TEeHETUYKO MH)XKEHEPCTBO, YHUBEP3UTET y beorpany

Unanosu Komucuje cy npemienany npuioxkeHy aucepranujy u nogHoce HacraBHo-nayunom Behy

VYuusepsuteta y beorpany - ®apmanieyrckor dakynrera, cieaehu

WU3BEILTAJ
A. TIPUKA3 CAIP’)KAJA JOKTOPCKE JJUCEPTALIUJE

JlokTopcka nucepranuja kanaunara Bepe P. MwunoBanoBuh mnon HaszuBoM ,,3Hayaj aJda-1-
AHTUTPUIICMHA M METHOHHMH CYJ(OKCH] peayKTase A y HACTAHKY M NMPOrpecHju XPOHHUYHE
oncTpykTuBHe Oosectu miayha* Hammcana je Ha 99 crpana, crangapaHor Qopmara ca
jenHocTpykuM mpopenoM U (ouTOM Times New Roman BenuuuHe 12. Canpikaj IOKTOPCKe
aucepTanyje je u3jgokeH y cienehum mormasibuMa: YBoj, LlusbeBu uctpaxkuBama, Marepujan u
Merone, Pesynraru, uckycuja, 3aksbyunu u Jluteparypa. Canpxku 26 ciuka, 33 tabena u 218

pedepennn. Ha modeTky nucepraiivje MpUI0KEHU Cy CaKEIM Ha CPIICKOM M €HITIECKOM jE3UKY, a Ha
1



Kpajy ce Hajase oAroBapajyhu mpuiio3u HOKTOPCKO] AMCEPTalUjH: CIHCAK MyOJMKOBAaHUX PazoBa
KOjU YHMHE Je0 JOKTOPCKE aMcepTanuje, Kparka Ouworpaduja KaHauaara W IOTHHCAHE H3jaBe
KaHAMJaTa O ayTOPCTBY, MCTOBETHOCTH IITaMIaHE W EJIEKTPOHCKE aucepTanuje U Kopumhemwy

JIOKTOPCKE JTUcepTalyje.

VY Yeooy cy w3Here mHpOpManuje 3HaYajHE 3a MpEIMET IMpoydaBama JOKTOPCKE IUCEpTalHje.
Pasmarpama Koja ce HaBOAE OJHOCE Ce Ha €THOJIOTH]y M JHJarHOCTHKY XPOHHMYHE OINCTPYKTHBHE
6onectn mwiayha (XOBII). O6jammena je ynora u 3Havaj anda-l-anturpuncuna (AAT) y mojaBu
XPOHUYHE ONCTPYKTUBHE OojecTu miyha, Kpo3 o0jamImene BeroBor MeXaHu3Ma JeNIoBamba, Kao 1
Ha OCHOBY IO3HAaTHX u4umeHuIa o (enorunoBuma AAT. Takohe, HaBemeHa je ynaora eHzuma
MeTHOHHMH cyndokcun penykraze A (MCPA), y peayKuuju mpoTeMHa W NMOTEHIMjaHH 3Ha4aj y

nacranky XOBII. [Topen Tora, noBenenu cy y Besy AAT u monmumopduzam MCPA.

Huweeu ucmpasrxcusamwa cy jacHO AePUHHUCAHU M Yy CKJIQAY ca OfOOpEeHMM, HPUIMKOM IpHjaBe
Te3e. [ TaBHM LMJbEBU Cy OMIIM J1a ce MCIUTA 3Hayaj ajda-1-aHTUTPUIICUHA U METHOHHH CYI()OKCH L
penykrase A y HaCTaHKY W MPOTPECHjU XPOHHWYHE ONCTPYKTUBHE Oosectu ruryha. McroBpemeHo,
Wb je OMo Ja ce oApend YTHIA] TOJNa, TOAWHA CTAapOCTH W CcTaryca Nyliekha Ha HHBO
umyHopeakTuBHOI AAT, Ha HuBO okcupoBaHor AAT u apyrux napamerapa (QyHKIHMOHAIHE
aktuBHOCTH AAT, omqHocHO cnenuduyne nuxudbutopuHe aktuBHoctu AAT mpema enacrtazu (CUA-
enacrasza), cnenuduuHe uHxuOuUTOpHe akTUBHOCTHU AAT mpema tpuncuny (CHUA-Tpuncus),
aHTHENAacTa3He W AHTUTPUIICMHCKE aKTUBHOCTH, Yy HacTanky u mporpecuju XOBII. Taxobe,
IUTAHUPAHO je Aa ce ucnuTa yruuaj penorunosa AAT Ha HUBO okcunoBaHor AAT u Ha mapamerpe
¢ynkumonanHe aktuBHocTH AAT. Huip je Ouo anammza yrunaja nonumopduszma MCPA
rs10903323 na HuBo okcumoBaHor AAT u mapamerape dyHkimonaiaHe aktuBHOCTH AAT. Iopen
TOra, IMJb je OMO Ja ce HcmnuTa UcToBpeMeHHu yTulaj penoruna AAT u nmomumoppuzma MCPA
rs10903323 na mojaBy u pa3Boj XOBII. Cryauja je ucnutuBana Koju ol aHAIM3UPHUX MapaMeTapa

NPEeCTaBJbajy He3aBUCHE NpenukTope 3a nojary XOBII.

VY mnornmaBiby Mamepujan u memoode ONUCaHU Cy Tpollec omadupa maiyjeHara, KpUTEPHjyMH 3a

HCKJbYUHBaKkE U3 UCITUTHBAKhA HCITUTAHUKA, Ka0 U BPCTE y30paka KOju Cy aHaJIM3UpPaHH.

HctpaxuBameM je oOyxBaheHo 155 marujeHara ca AMjarHO30M XpOHMYHE ONCTPYKTHUBHE OOJecTH
tyha (XOBII) u 134 3apaBa ucnuTaHuKa, KOjU Cy YAUHHIM KOHTPOJIHY IpyIly. 3a y4EeCHHUKE CTYIuje
OWIM Cy MO3HATU aHTPONOMETPH)CKU TOJAllM, Kao M IOJ, CTApOCT M cTaryc mymema. [Iporena
TeXHHe OOJIECTH KOJ MallijeHaTa je BpIlleHa MEPEeHheM CIUPOMETPH)CKUX MapameTapa: (GopcupaHu
eKCIHUpaTopHU KamanureT y npBoj cekynau (PEBI1), ¢opcupanu Butannu kanamurer (PBL) u

u3pauyHaBat je ognoc ®EB1/®BII. TTotom cy maiujeHTH KIaCH(PUKOBAHH y TPYIe MpeMa TEeKHHU
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6onetu mpumenom ['OJIJ] kpurepujyma. Kox ucnuranuka je ogpehuBan yTuiaj moma, cTapocTd u
cTaryca Iyllewma Ha HHMBO MMyHopeakTuBHOI AAT, okcupoBanor AAT, kao M Ha mapamerpe
¢ynkumonanae aktuBHOCTH AAT. Konuentparuja umynopeaktuBHor AAT y cepymMy UCIIMTaHUKA
onpehuBana je uUMyHOTYpOMIUMETpHjCKOM MeTofoM. DyHKIMoHanmaHa akTuBHOCT AAT je
onpehuBana momohy mapamerapa enactaza wuHXxuOuUTOpHOr Kamamutera (EWI]) wm Ttpurncun
uaxubuTopHor kananurera (TUL]) kuHETHYKOM METOIOM Mepema CH3UMCKE aKTUBHOCTH, TOMONY
onroBapajyhux cymcrpara. OxcunoBanu AAT (u3paxken y % u g/L) je ogpelen Ha OCHOBY pa3imke
n3Mel)y ”HXUOUTOpPHE aKTUBHOCTH HOpMAaJIHOT U okcupoBaHor AAT mpema TpUIICHHY M eflacTasu,
kopumhemeM oaroeapajyhe jemnaumne. 3a oapehuBame aHTHEIacCTa3HE M AHTUTPHUIICHHCKE
aKTUBHOCTH KopuiiheHe cy onarosapajyhe jennaunne. Criennduuna mHXUOUTOpHA aKTUBHOCT AAT
npema enacrasu (CHA-enactasza) u cneuu@uuHa nuHXHOUTOpHA akTUBHOCT AAT mpema TPUIICHHY
(CHUA-TpuricuH), cy mapameTpyd HU3BEIEHH M3 ellacTa3a MHXMOUTOPHOT KamaluTeTa U TPUIICUH
MHXUOUTOPHOT KamanuTeTa Ha TpaM UMYyHOpeakTHBHOT anda-1-anturpuncuna. @enorun AAT u3
y30paka cepyMa HCIHTaHUKA OApehuBaH je METOIOM H30€NeKTPOPOKyCHpama Ha YATpa-TAaHKOM
noJiakpwiaMugHoM reny, npu pH rpammjenty ox 4,2 no 4,9. IlpuMeHOM MeTOlIe YMHOXKaBamba
uuibaHor (Qparmenta nesokcupubonykinenHcke kucenune (JHK) nmanuanom peakmumjom JIHK
nonumepase (eng. Polymerase Chain Reaction, PCR), a moTOM mpuMeHOM pecTPUKLIUOHOT €H3MMa

neTekToBaHe cy reHeTcke Bapujante MCPA eH3uma 13 y3opaka IyHe KpBH.

VY nornaiby Pe3ynimamu npuUKa3aHU Cy OPUTHMHAIHU PE3YNTaTH JOOMjEHH y OKBUPY IOKTOPCKE
auceprauuje. Pesynratu cy npukasaHu kpo3 26 ciauka ¥ 33 talene, y OKBUpPY S5 MOINIaB/ba U

IIOTIIOIJIaBJba.

Muckycuja oOyxBara aHanu3y AOOMJEHMX pe3ylTara ca MOCEOHUM KPUTUYKUM OCBPTOM Ha

pes3ynTare U 3aKJbydKe CIMYHUX CTyAMja JOCTYIHUX Y JIUTEPATypH.

VY 3akmyuky cy 1Mo CTaBKama HaBEIECHU HAjBAKHUJU 3aKJby4lM KOjU MpOU3Mia3e M3 JI00MjeHUX
pesyiTara UCTpaKMBama, Kao0 M aHallu3e WUXOBOr MelycoOHor mopehema, a koju Ha aJeKBaTaH

HAuYMH OJIroBapajy Ha MOCTABJbEHE IMJBEBE OBE JJOKTOPCKE AHCEpTaLn]e

Y Jlumepamypu cy Haenene 218 uutupane oubanorpadcke jeAMHUIE U3 HTHOCTPAHUX U JoMahux

CTPYYHMX MyOJIMKalrja KOpUIIheHUuX y OBOj JOKTOPCKO] TUCEpPTaIH]H.

Buozpagpuja canpxu xparky ouorpadujy kanauaara Bepe P. Munosanosuh.



b. OIINC JOBUJEHUX PE3YJITATA

Y 0BOj JDOKTOPCKO] IUCEepTanuju NOOWjeH je MOBUINEH YKYmHU cepymMcku HUBO AAT u HUBO
okcunoBanor AAT (%, g/L), kox nammjenara ca XOBIl y ogHocy Ha 3apaBe. AHamM3UpaHU
napametpu ¢dyHkuuoHaaHe aktuBHOCcTH, CHA-enactaza, CHA-TpUINCMH W aHTUTPUIICHHCKA
aKTUBHOCT, JIOOHMjEHU Cy 3HAYajHO HMKH KOJ TallijeHaTa y OJJHOCY Ha KOHTpOIHY rpymy. loOujena
je neratuBHa kopenanuja usmelhy CA-enacrasze u okcumoBanor AAT (g/L) y KOHTPOJIHO] TPYIH U
KOJ TaIjeHara. ¥ KOHTPOJIHO] TPyIH je JoOujeHa 3HauajHa Mo3uTUBHA Kopenamnuja usmehy CUA -
ellacTa3e M aHTHeJacTa3He aKTHMBHOCTH, KaO M 3HauajHa HeraTuBHa kopenanuja uzmehy CHA-
enacraze u okcumoBaHor AAT (%), u CUA-tpuncuna u okcugoaHor AAT (g/L). dobujen je
Bumm HUBO okcupanmje AAT, a mapamerpu ¢(ynkmmonanne aktuBHocTH AAT (CHA-enmacrasa,
CHUA-TpuricuH,) OWIM Cy CHFDKEHH KOJI TIAIMjeHAaTa IMyllada y OJHOCY Ha MalHjeHTe Hemynade. Y
rpynu myuiaya, 3HadajHo Huke BpeaHoctu CHA-enactaze u CUA-tpuncuna umanu cy XOBII-
MAUjeHTH y OAHOCY Ha KOHTPOJIHY Tpymny. Takohe y rpynu mymiaya, 70OMjeH je 3HAYajHO BHUIIU
HuBO ykynHor AAT u okcunoBanor AAT (%, g/L) xon XOBII-nanujenara y 0JHOCY Ha KOHTPOJIHY
rpyny. Kana cy ucnuranuny mojiesbeHH Ha TPH KaTeropHje Mpema IyIIadyKoM cTaTycy (Iymauu,
OMBIIM TyIIa4yM, HEMyIIauu), y TPYNH MalldjeHaTa MyIlIayd Cy MMM 3HAauajHO BHIIY BPEIHOCT
okcumoBanor AAT (g/L) y ogHocy Ha OuBIe myinade, 10K UM je Bpeanoct CUA-tpuncuna 6uia
3HauyajHOo HIka. Y rpynu XOBII nanujenara nymada, Mymkapuy cy uManu HKy Bpeanoct CUA-
TPUIICHHA Y OJHOCY Ha EHE, ca TPaHWMYHOM 3HavajHomihy, Aok y y rpynu XOBII nemymiauya,
MYLIKapUu Cy HMMalMd 3HayajHO HWXKY BpenHocT uHaekca PEB1/OBI[ y oaHocy Ha XeHe.
Pesynratu cy mokaszanu na Cy ManyjeHTH Hemymadu koju cy Ownm y rpynu ['OJI/[3+4 umanu
3HauyajHO HWXKY BpenHocT CHMA-emacrase y omHOCy Ha 37paBe Hemyliaue. Takohe, HajHIKE
BpenHoct CHUA-enactaze moOujeHe Cy KOJ MalHjeHaTa ca TEIIKUM M BeoMa TEIIKUM OOJIMKOM
OosecTH, a TO je OMJIO 3HAa4YajHO HIDKE HEro KOJ 3/paBHX Iyllaya W Hemymada. Hacympot Tome,
XOBbII-nymaun ca I'OJIJI3+4 cragujymom 6onectu umanu ¢y Bumu HUBO okcugoBanor AAT (%) y
nopehemy ca CBUM JAPYrUM UCIHTHBAHUM Tpylama, OJHOCHO y OJIHOCY Ha 3/IpaBe Helyliade, y

OJIHOCY Ha 3paBe nymaye, y ogHocy Ha ['OJIJI2 nymaye u y onnocy Ha ['OJI/[3+4 nenymavye.

OnpehuBame penorunoa AAT paheHo je nzoeneKTpuyHUM (OKYCHpamkEeM a HUCIIUTUBambe Hardy-
Weinbergove paBHOTEXe je MoKa3ano Aa (ppeKBeHIe aHATU3UPaHUX (PEHOTUIIOBA M ajenla HUCY
Ouie paBHOTEKHM, KaKO y KOHTPOJHOj TPYIH TAaKO HH Yy TPYNH TanujeHara. McnuTuBameM
y4eCcTaJIOCTH MOjeIMHUX anesa U (PeHOTHUIOBA, HUje MOoKa3aHa pa3iinka u3Mely KOHTpOJIHE TpyIie U
nanujeHata ca XOBII. Kana cy ¢penorunoBu AAT noxpessenu Ha Henepuuujentae (MM, M®) u

nepunujentae (MC, M3, C3) nobujena je Beha yuecranoct nepunujeHTHux penorunosa AAT y
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rpynu XOBII namujenara y ogHocy Ha KoHTponHy Tpymy. Kama je ymopehena muctpuOynmja
HopManaux (MM) u mytupanux (M®, MC, M3, C3) ¢erorunoBa AAT u3mel)y KOHTpOIHE TpyIie
u rpyne XOBbII-nanujenara nobujena je 3Hayajuo Beha yuecranoct myrupanux penorunosa AAT
y rpynu XOBII namnujenara y oqHocy Ha KOHTpOJIHY Tpyny. Koa ucnuranuka ca HeneuijeHTHUM
AAT denorunoBuma, Bpennoctu 3a CHUA-enacrazy, CUA-TpUncuH U aHTUTPUIICHHCKY aKTHBHOCT
6une cy 3HauajHo Hmke kox XOBII-manujenara y ogHocy Ha KOHTpoaHy rpymy. Y rpynu XOBII-
naryjeHara Jo0ujeHa je 3Ha4ajHO Huka KoHIeHTpanuja AAT U aHTUTPUIICHHCKA aKTHBHOCT KOJI
Hocwiana JeduiujeHTHUX (EHOTHIIOBA Y OAHOCY Ha HeAehUIUjCeHTHE. AHAIW30M 3ajeTHUYKOT
yTunaja craryca mymema u ¢enotuna AAT, y rpynu XOBII nanujenara ca aeduinjeHTHUM
(dbeHoTunoBMMa, Mymady Cy UMad 3Ha4ajHO HIKY BpenHoct CUA-emactaze u CUA-Tpurncuna y
OJTHOCY Ha HemyImiade. Y Tpynu mymrada, BpegHoct 3a CUA-tpuncun Owia je 3HaYajHO HUXKa KOJI
XOBbII-nanujenara y oqHOCY Ha 3/IpaBe HCIHMTAHUKE, HE3aBUCHO OJ TOTa Ja JH Cy OWIM HOCHOLU
HenepuuujeHTHUX AAT unu Hocuonm aedunujeHTHUX GeHoTunoBa. Cryauja je mokasaina fa cy y
o6e rpyme wucnurtanuka (XObII-manujeHatm ¥ KOHTPOJHA TpymHa), HOCHOIM JAe(UINjeHTHOT
¢denoruna AAT wManm 3HaA4ajHO HUXKE BPEAHOCTH AHTUTPUIICMHCKE AaKTUBHOCTH y OJHOCY Ha
HOcHOIE HeAepHIjeHTHOT ¢eHoTuna. VcnuTuBameM yTuliaja roauHa crapoctd u penotuna AAT
Ha CIUPOMETPHU]jCKE MapaMeTpe JoOUjeHO je a je y TPYNH MalujeHara Hocuiana HeaeuijeHTHOT
AAT ¢denoruna (MM, M®) 6una 3nauajuo Huxa BpeaHocT @EBI1 kox ucnurtanuka miahux ox 60
roJIMHa y OJHOCY Ha ctapuje ox 60 ronuna. Y rpynu Hocuinana HeneduujentHor AAT ¢enoruna
nanujeHtd Miahu ox 60 roguHa MManM Cy 3HadajHO HIDKY BpenHocT uHaekca GEB1/OBI] y
ogHocy Ha crapuje o 60 roguna. Takohe, yrBpheH je 3Hauajno Hrxu GEB1/®BI unnekc y rpynu
ucnutanuka mutahux ox 60 roaumHa KOJA HOCWIAlA HEAeUIMJEHTHUX y OJHOCY Ha HOCHOIIE

nepunmjeHTHUX AAT penorumnona.

[Topehemem yuectamoctu ananuzupanux reHotunoBa MCPA pcl0903323 Huje youeHa
CTaTUCTMYKU 3HayajHa pasjiuka u3Mel)y KOHTpoJlHe rpyne M mnaudjeHara. Takohe, Huje Ouio
paznuke y pacnogenu Hocuiana myranuje MCPA (renotunosu Al' u I'T) u oHux xoju Hucy Ouim
Hocuolu MyTranuje (reHotun AA) usmel)y koHTponHe rpyne u nauujenara ca XOBII. ®peksenie
aHAJM3UPAHUX TEHCKUX BapujaHTH y KoHTpoiau u koa XOBbIl-nanujenara cy Owne y Hardy-
Weinberg-oBoj paBHoTexH. Kaga cy manujeHTH MoAesbeHU NpeMa TeXHHU 0O0JecTH Ha TpH Tpylie
(cpenme Temku 00auK-I"OJI/I2, Temku 00auk-I"OJI/I3 u Bpio Temku o6muk-I"OJIJ 4), kao u Kaga
cy noaesbeHu Ha niBe rpyne (maxkmu-I'OJI/ 2 u texu o6nux-I"OJIJ] 3+4), Huje yrBphena paznuka y
muctpuOyuuju AA u Al renotunosa. McnutuBamem nntepakiuje MCPA reHotuna u nmyuiema, y
Tpyny NalyjeHara mymada 1o0ujeH je 3HayajHo Buly HUBO okcugoBaHor AAT (%) xon Hocutana

Al y ogHocy Ha AA renortun. McnutuBame yrunaja MCPA reHoTuma u mymiadykor craryca, Ha
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HUBO okcupaaidje AAT koj mamujeHaTa MoJAeJbeHUX MpeMa TEeKWHU OOJIECTH j€ MOKa3ayio Ja Cy
MAIMjeHTH MyIIAaYy ca TeUIKUM M Bpiio TemkuM obmukom 6onectu (I'OJIJ[3+4) Hocuouu I anena
umanu 3HavajHo Buind okcupoBanu AAT (%, g/L) y oaHocy Ha AA XOMO3HMroTHE. AHAIM30M
yTHUIaja TOJIMHA CTAPOCTH ¥ TCHOTHUITA Ha CIIMPOMETPH]CKE IMapaMeTpe KO MalrjeHara, 1001jeHo je
Jla Cy MCIUTAHUIM >XKEHCKOT mojia Hocuonu Al' reHOTHIIa MManM 3Ha4ajHO HUXKY BpeaHocT OBIL]
YKOJIUKO Cy crapuju of 60 roamna y omgHocy Ha miahe on 60 roamna. Y rpymu Hocwmimana Al
reHotuna muiahux o 60 rogrHa MYIIKapIH Cy UMK 3HA4ajHO HUXKY BpeaHocT OBI] y onHocy Ha
xeHne. JKene crapoctu g0 60 roguHa mmasie cy 3HaudajHo HkH OBIl y rpynu Hocwmiama AA
reHotuna y ogHocy Ha Al renorun. Mymkapuu muahu ox 60 roguHa HOocHomn AA TeHOTHIIA
uManu ¢y 3HadajHo HKy BpeaHocT @EB1 y omnocy Ha crapuje ox 60 roguna. 3HaYajHO HUKY
BpeaHocT uHuekca @EB1/DBI] umanu cy Hocnoru AA reHorumna mtahu ox 60 roguHa y OJHOCY

Ha CTaije on 60 T'OAWHA, KaKO y I'pYyIIA JXC€HA, TAKO U KO MYIIKaparia.

VY 0BOj JOKTOPCKOj aucepTaunuju 100MjeHO je Ja Cy HE3aBHCHHU IpelukTopu 3a mnojaBy XOBII
noBumieH HUBO okcupoBaHor AAT, cHmwken HuBO CHA-emacraze, apedunmjentHn AAT
¢denoruroBu u crapoct npexo 60 roguna. Takohe y oBoj cTyamju je moTBpheHa UynmbEHUIA, 12 je

nylLIehe 3HayajaH He3aBUCHU IpeaukTop 3a nojasy XOBII.

B. VYIIOPEIHA AHAJIM3A JOBHMJEHHUX PE3VYJITATA CA IIOJALIMMA U3
JIMTEPATYPE

I'enetnuku daxtop, 3a koju je mo caga norBpheHo na je dakrtop pusuka 3a XOBII, je ypohena
nepunujenija AAT. Tlopex Tora, Haj3Ha4ajHUjU cpeAUHCKH (akTop 3a pa3Boj XOBII je aum
murapera [1]. Xomosurotu 3a 3 anen AAT umajy BHCOKY MNpeIUCIO3MLHU]Y 3a paHy IOjaBy

emduzema, NoceOHO YKOJIUKO cy nmymiauu [2, 3].

VY 0BOj NOKTOPCKO] AUCEpTAIMjU j€ OYEeKMBAHO MoOMjeHa MOBHIIEHA KoHIeHTparuja AAT, kao
peakTanTa akyTHe (ase, ko namnujerta odonenux og XOBII y onHocy Ha 3npaBe ucnuranuke. OBo
je y cKiamy Cy CKJIaay ca pe3yATaThMa BHILE TOCAAAllBUX UCTPAKUBamba. JelHa cTyauja mokasyje
3HauajHo noBuieH cepymcku HHBO AAT xox XOBII nanujenara u y ckiagy je ca moBehamem Opoja
neykoruta u BpenHoctu ll-peaktuBHor mporemna (LIPIT) [4]. Ilosehana konmentparuja AAT
MOJKE C€ JaBUTU Kao OJroBOp Ha moBehaHo ocnmobahame enacrase U3 akTUBHpPAaHUX HeyTpoduna, y
[[UJbY 3aIITUTE TKUBA OJ] MPOTEOJUTHUYKOT JIejCTBA OBOT eH3uMa [5]. Takeu u capagHuIM Cy Y CBOjO]
CTYIWjU MOTBpIWIM TojaBy nosuineHor HUBoa AAT kox manujenara ca XOBII, koju je Be3aH 3a
MOTOPIIIalkhe CUCTEMCKe MH(IIaMalije U moBehame HUBOA IpYruX WHQIaMaTOpHUX (PakTopa, Kao

Behy BepoBaTHOhy 3a cMpTHH ucxox kox XOBII manujenara koju HUCY MCIyHaBajIl KpUTEpHjyMe
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3a AATJ]l [6]. Takohe, y jenHOM HUCTpakMBamby IMOTBpHEH je 3Ha4ajHO MOBHIIEH HUBO AAT y

KOHJICH3aTy U3JJaXHYTOT Ba3ayxa kop manujenara ca XOBII y dhasu erzanepbanuje [7].

Y mnpukazanoj mucepranmju BpemHocT CHA-enmactaze Ouna je 3Hauajuo Hmka kox XOBII-
nainyjeHara y oqHoCy Ha KOHTPOJIHY TPYIly, JOK je aHTHelacTa3Ha aKTUBHOCT Takohe Ouiia HHXKa,

anu 0e3 CTaTUCTHYKE 3HAYaJHOCTH.

VYTHnaj gyBaHckor AuMa Ha HUBO okcupanuje AAT, kao Boaeher cnospammer (akropa pusnka 3a
nojaBy XOBII, notephen je y mpukazaHoj AUcepTalyjd Ha OCHOBY 3Ha4ajHO moBehaHOT HHBOA
okcunanvje AAT konm mamujeHara mymiada y OJHOCY Ha TalMjeHTe Hemymade. Y JTOKTOPCKO)]
JTUCcepTaIju je 1o0HjeH 3HauajHO BUIIM HUBO OKcuaoBaHOT AAT koj marujeHara myiiada y oJJHOCY
Ha 3/IpaBe Iylade, MTO Ce MOXKE 00jaCHUTH MHTEPAKIMjOM MYIICHa M BEpOBATHO MPHUCYCTBOM

dakropa uHdnamanyje, Ha nopehame okcunaruBHe monudukamnmje AAT.

VY npuka3zaHOM UCTpakMBamy A00MjEHE Cy 3HauajHO HIKE BPEIHOCTHU MapaMmeTrapa (pyHKIHOHAIHE
aktuBHOocTH AAT, CHA-enacraze m CHA-Tpuncuna, Kojx NHalMjeHara Iyliada y OAHOCY Ha
Henymade. Y jeHOj Ol paHHjHX CTYIAHja, Y KOjOj je M3BEACHO MCIUTUBAE in Vitro, IPOyYaBaH je
YTHIaj KOMIIOHEHTH U3 IIUTapeTa Ha akTUBHOCT enacTase [8]. Pesynraru cy mokasanu a KamanuTeT
AAT u3 xymaHor cepyma na umHxuOupa enacrazy (EML]) 3HauajHO omajga oJaBamkbeM BOAEHOT
pacTBOpa KOMIOHEHTH JYBAaHCKOT quMa. Y Npyroj ctyauju [9] je moka3aHo MPUCYCTBO METHOHWH-
cyndokcuaa y maBaxu roiyha mymada, 10K Koj Hemyiiada Huje 6uo uneHtudukoBan. Mcronmena
CTyAMja je TMOKa3aja OIajJame enacraza HMHXHOuMTOpHOr kKamamurera AAT y naBaxu miyha
nalujeHara Koju cy myliadu, 3a pa3iuKy o Hemyllada. ¥ MpHUKa3aHoj AUcepTaluju JOOHjeHo je aa
cy CUA-enactaza u CUA-Tpuricus Ouiy BUIIM KOJl OMBIIMX Y OJHOCY Ha TpeHyTHe nyiade. Mako
HUje OWJIO MO3HATO KOJUKO j€ BPEMEHa MPOIUIO Of MpEeCcTaHKa KOH3yMypama Iurapera, 3Ha4ajHo
HIKka BpeaHocT okcupoBaHor AAT (g/L) moxe na ykake Ha 3Hauaj mpekuaa mymemwa. Cryauja
MaHHHHO U capaJHUKa [0Ka3aia je Ja je onaaame miyhHe ¢yHkuuje Opike Kox myliaya Hero Koj
OWBIIMX MyIada, y nepuoay npahema ox Tpu rogune [10]. Takohe, y uctoj ctyauju mokasaHo je aa
j€ pU3HK Ol omajama (QyHKIHje Turyha Koj OMBIIMX IylIada jeJHAaK OHOM KOjU je JOOHjeH KO

HUCIIMTaHHUKA KOjI/I HUKaJla HUCY ITYUINWJIN.

JlobujeHn pe3ynTaTd oOBe JOKTOPCKE AWcepTalyje, y Tpylnu TNalujeHara, Ccy IMOKa3zalh HUXe
BpenHoctu GEB1/®BII nnaekca ko MyIlikapala y oJHOCY Ha EHe, ca TPaHUYHOM 3Ha4ajHOCTH.
[Ipuka3ana gucepranyja je nmokasana jaa cy y rpynu XOBII-nanujenara Mymkapuy mymads uMaiu
HwKy BpeaHocT CUA-TpuncuHa y OgHOCY Ha KeHe mymiade, Mok je y rpymu XOBII nmanujenara
HeMyIllaya MOKa3aHo Ja Cy MYIIKaplM MMaiu 3HadajHo Hiku uHaekc GEB1/®BI] y onHocy Ha

xerne. Onagame GEB1 xox mymikapania ca XOBII mokazaHo je y jeaHO] CTyIuju, TA€ Ce OMaJame
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mayhHe ¢yHKIMje T0BOAM y Be3y ca moBehameMm Opoja murapera Koju ce€ KOH3yMHpa U ca
rojasHomthy [11]. Paaujux roguna ce cmarpano na je XOBII Buie 3acTynsbeHa KOJ MyIIKapara
[12]. HoBuja uctpaxuBama mokasyjy aa cy xene y Behoj mepu ocersbuBe Ha mojaBy XOBII on
MyIIKapamna, moceOHO Kaga cy y nuramy mymauun [13, 14, 15]. Ilpema wucrpaxuBamuma
cuposenenum y CAJl, cmptHOCT Kon keHa o mocienuna XOBII y omHocy Ha Mymikapile, je y
nmopacty [16]. OBa mokropcka mucepranyja je mokazama na cy y rpynu XOBII-namujenara
MYIIKAPIU MyIadyu uMad HUKYy BpenHocT CUA-TpurnicuHa y 0HOCY Ha KEHE Iylade, JOK je y
rpynu XOBII nanujenara Hemymiaya MMoKa3aHo Ja Cy MYIIKapIM MMajid 3HAYajHO HUKH HHIEKC

OEB1/®BII y omHOCy Ha XeHe.

3Havyajan neo oBe crymmje je aHamu3a (enormma AAT kon mamujenara ca XOBII u 3apaBux
ucIHUTaHuKa. Pe3ynraru mokasyjy ia cy y KOHTPOJIHO] TPYIH, Ka0 U y TPYIH NanujeHara GpeKBeHIe
aHaIM3upaHuXx (peHoTUNoBa ojcrynaine cy on Hardy-Weinbergove paBHoTexe. Jlo oBakBOr Hcxona
Moxe Johu ycnen Buie pasnuuutux (akropa [17]. YV mokTOpCkoj IucepTalMju OACTYHAHmE OJ
Hardy-Weinbergove paBHOTEXe y KOHTPOJIHO] TPYIIH j€ TIOCTenIa 3Ha4ajHo Behe ydectanoctu M3
xoMmo3urora oj ouekmBane, a y rpynu XOBIl manujenara mobwjena je Beha yuecramoct M23
XETepO3Urora y OfIHOCY Ha ouekuBaHy. ¥ ctyauju Jenuh-MBanoBuh u capaguuka [18] cnpoBeneHoj
y omiutoj nonynanuju Cpbuje, Takohe je mobujeHo oxacrymnamwe ox H-W paBHOTexke, ycien Behe
yuectanoctd M1, M2 u M3 xomo3urora u mame ydectanoctu M1M2 u M1M3 xereposurora o
OYEKHMBaHUX. Pe3ynTary mpukazaHe qucepTanyje cy ASTMMHYHO Y CarJIaCHOCTH Ca OBOM CTY/IH]OM,
y moriieny y3poka ozactynamwa of H-W paBHoTexe, a To je Beha ydecramoct M3 Xomo3urora, on
odyeknBaHe. AHanuza quctpulynuje nedunujentHux AAT anena y oBoj JOKTOPCKO] AMCEpTaLUjU
nokasaina je kog XOBII manujenara yuecranoct 3 anena oxn 3,6% u C anena on 1,9%; y KOHTPOIIHO]
rpynu, yaectanoct 3 ajnena je ouna 1,6% u C anena 0,8%. OBu nocneamu pe3yaTaTu 1001jeHu 3a
yuectanoct naepunujeHTHUX AAT anena ko 3ApaBUX HCIHUTAaHUKA Yy KOHTPOJHOj TPyHH CY Y
CKIagy ca pesyiratuma cryavje Jenuh-MiBanoBuh u capagnuka [18], cnpoBeneHoj y OMIUITO]
nonynanuju CpOuje npe Tpu aeneHuje, koja je odyxsaruina 1060 ucnurtanuka, kajga je podujeHa
yaectaiocT 3a 3 anen on 1,3% u C anen 0,7%. YV aucepranuju HUCY JETEKTOBAHH MAIlH]€HTH
HOCHOIIM 3 XOMO3UTOTHOT (peHoTHNa, 3a pa3nuky o cryauje Tonuh u capnanuka [19], cnposenene
y nonynanuju CpOuje rae je nodujena ydecranoct 3 xomosurora 6mna 2,9% kon XOBII namujenra.
Takohe, yuecramoct M3 xeTrepo3urora Koj MamujeHara y oBoj aucepTanuju je omna 6,1%, a0k je
HaBeneHo) crynuju Tonmuh u capagnuka [19] kon XOBbIl-maumjenara pobujeno 8,3% M3
xerepo3urora. Koy 3apaBux, y HaBeZieHOM UcTpaxkuBamwy Toruh u capagnuka [19] ¢ppexksenna M3

xerepo3urora je Owmna 2,6%, IITO je BpPJO CIMYHO pe3yATary NOOHjEHOM y OBOj JIOKTOPCKO]



nucepranuju, 3,0%. Taxohe, yuectanoct M3 xereposurora kog XOBII nanujenara, 6una je ckiamy

ca ydectanonrhy 1001jeHO0j y JaHCKO] CTYIUju, rae je u3nocwia 6,3% [20].

VY IOKTOPCKOj AMCEPTALHjH je y TPYIU MallHjeHaTa KO JBa UCITUTAHHUKA JETCKTOBAHO j€ TPUCYTBO
muchynkunonanne Bapujanre AAT, @ Bapujenre, ca yuecranomhy @ anena ox 0,6 %. YV crynuju
cipoBeneHoj y Cpbuju kop 3ApaBux UcnuTanuka U nanujenara ca XOBbII Huje yrBpheHo nmpucycrBo
@ anena [19]. Canuno pesynraruma 100MjEHOj Yy NPUKA3aHO] AUCEPTALMjU, Y APYIOj CTYyIUjU Y

nonynaiuju Cpouje [ 18], nerexroBan je @ anen ca ¢ppexseriom o 0,3%.

Ha ocHOBY 10 caja JOCTYIHUX HAay4HMX I0/1aTaka, y OBOj JOKTOPCKOj AUCEPTALUjH je 110 IPBU MyT
ucriutad nogumopduzam pcl0903323 y reny MCPA y nomynanuju Cp6uje. Takohe, oBo je mpBo
HCTPaKUBaKE KOjuM je ncnutana nmose3anoct usmehy MCPA pc10903323 nonmumopdusma u mojase
XOBII. ductpubymuja renotunosa u aneira MCPA pc1093323 nobujeHux y momynamnuju 3apaBux
ucnutanuka y Cpouju (AA 80,5 %, A" 18,0% u I'T 1,5%, A anen 89,5% u I' anen 10,5%) cnuuna
je pesynraruMa JoOMjeHUM 3a eBporcKy nomnynauujy (AA 78,3 %, A" 20,5 % u I'T 1,2 %, A anen
88,12% u I" anen 11,88% ) [21]. Ilogamwm, Koju Cy 10 caja TOCTYITHH, MTOKa3yjy Ja MOCTOjU 3HaYajHA
Bapujanja y nuctpudynnju MCPA pcl1093323 renorunoBa usmely paznumuutux nomymanuja. Ha
npumep, ructpulynuja renotuniora AA, AI' u I'T y Mcrounoj Asuju je 15,1 %, 49,2 %, 35,7 %, nok je y
nonynauuju Ameprke 50,7 %, 32,0 %, 17,3 % [21]. EBugentHe paznuke y pacrnoaead reHOTHIIOBa
u3mely ucnuraHuka oOyxBaheHMM y cTyAMjama CIpoBeIeHMM Ha mnonapydjy EBpome u Aspje,
HajBepOBATHHja Cy TOCJIEIUIa TeHETHYKE BapHjaOMIIHOCTH KO/ Pa3UYUTHX paca. Y KOHTPOIHO]
TPy, Kao U y TPYNH NanujeHara (ppexBeHIle aHaIM3UpPaHUX TEeHOTHUIIOBA HUCY OJICTyMalle Cy OJ

Hardy-Weinbergove paBHOTEXe.

VY okBupy rpyne namujeHara Koju ¢y Hocuomnu I’ anmena, oHU KOjU Cy OMJIM MyIIauu MOKa3alu Cy
3Ha4ajHO BUIIM HUBO okcugoBaHor AAT (%) y omHocy Ha Hemymade. Takohe, BpemHOCT
okcugoBaHor AAT y g/L, 6una je 3HayajHO BHIIA KOJ MallMjeHara IMyllada Hocuiama I amena y
OZIHOCY Ha MallijeHTe Hemymaye Hocuolle [ anena. ¥V npuka3aHoj JucepTalyju MoKa3aH je nosehan
HUBO okcuaaruBHo MoaudukoBanor AAT (%, g/L) kon manujeHara mnyiiada Koju cy UMaju TeXak U
Beoma Texak oobmuk Oonectu (I'OJIJL 3+4) a Hocuomu cy I' amena y omHocy Ha Hocuwore AA
XOMO3UroTHOr reHorumna. 3uadaj pc10903323 MCPA nonumopdusma npoydaBaH je y IMOjeIUHUM
OosiecTUMa KOj€ Y OCHOBM IaToreHese uMmajy nHdnamanujy, kao u XOBII. V mmanckoj ctyauju, I’
ajen je uaeHTU(UKOBaH Kao (hakTop pU3MKa 3a MOjaBy HCXEMHU]jCKe OOJIECTH Cplia KOJI MalujeHara ca
peymarugHuM aptputucom [22]. Takohe, crynuja Maptun u capaauiy je mokazana ga je MCPA
pcl10903323 monumopduszam moBe3aH ca noBehameM OKCHIATHBHOI CTpeca U Ja je YKIJbY4YeH Y

naroreHe3y peymarougHor aprpurtuca [23]. Ctyauja cupoBenena y Kunu nokaszana je m;a MCPA
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pc10903323 AT reHOTHIT yTHYE Ha [0jaBy pe€yMaTOMIHOT apTpHUTHCa, MOceOHO Ko ctapujux, [IPI1-
no3uTUBHUX nanujenara (Bpeauoct LIPII>10 mg/L) [24]. 3nayajuo noBehan pu3MK 3a KOPOHAPHY
Oonect cpua kox Hocuiarna [A TeHoTHa y KUHECKO] MOIMyJalfju MOTBPAMIA je CTyauja KOjy Cy
cupoenu I'y m capaguunm [25]. JloOujeHH pe3yiaTaTd OBOT HCTpaKMBama Cy TOKa3ald Ja je
npucyctBo Al reHoTuna koja keHa crapujux of 60 roauHa MOBE3aHO Ca CHMXKEHOM BPEIHOCTH
O®BI[ y omnocy Ha Mmiuahe om 60 rommHa. Kako je okcMmaTWBHHM CTpeC MPHUCYTaH y MHOTHUM
OoecTMa Be3aHHUM 3a IPOIEC CTapema, 3axBajbyjyhu penapamnnonoj crnocobnoctu MCP cucrem
WCIIOJbaBa 3HAYajHy YJIOTY Y ycHopaBama mporpecuje Oonectu [26]. 3nauaj MCP cucrema y
3alUITUTH OJf OKCUIATUBHUX ollTehema koJ 0oJecTH Be3aHUX 3a CTapeme, MOTBphEeH je y BHUIlle
crynuja. KantopoB u capamuumm [27] cy gokazanun nga MCPA y ouHoMm coumBy mtuTH henuje u
IEHE KOMITOHEHTE O]l OKCHJIAINje METHOHMHA, JIOK "yTHIIaBame' OBOT TeHa noBehaBa 0CeT/BUBOCT
Ha omrehema yciaen OKcuaarTuBHOr cTpeca. Takohe, mokasaHo je ga mosehaHa oxcupanuje
METHOHMHA JI0 METHOHHMH CYI(OKCUAA y MOJEKylTy aida-CHHYKIEMHA Y MO3Ty CIpedyaBa HEroBY

bubpunammjy, kox [Tapkuraconose 6onectu [28].

IIpema pesynraruMa OBE JOKTOPCKE IHcCepTaldje He3aBUCHU mnpenukropu 3a nojaBy XOBII cy
cHkeHa BpeHocT CUA-enacrase, noBuieH HUBo okcuioBanor AAT, neuunjeHTHH (PeHOTUIIOBU
AAT u crapoct Beha ox 60 romuua. Ilopex Tora y IOKTOPCKOj NHCEPTAMjH M TYIICHE je,
OYEKHMBaHO, MOTBpHeHO Kao He3aBUCTaH mpenukTop 3a mojaBy XOBII. Cmamena yHkimonamana
aktuBHOCT AAT (CHA-enactaza) u nosehan oxcunoBanun AAT noBenenu cy y Bedy ca XOBII y
panujum cryaujama [29, 30]. ¥V nojenunnm cryaujama crapoct Beha ox 60 roanHa ce 10BOaHU ce Y

Be3y ca Behowm yuecranomrhy XOBIT [31, 32, 33].
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I. 3AK/bYYAK - OBPA3JIOKEWE HAYYHOI JOINPUHOCA JOKTOPCKE
JACEPTALINJE

Y 0BOj JOKTOpCKO] amcepTanuju kKanaunar Bepa P. MwumoBanoBuh je aHanmm3upalia MOBE3aHOCT
anda-1-anturpuricuaa u nosmmoppuzma MCPA pcl10903323 na nacranak u pazoj XOBII, kao u
KBaHTUTaTUBHE mapameTpe AAT. AHaIM30M je yOUeHO Ja MallijeHTH UMajy roBuiieH HUBo AAT y
ofHOCY Ha 31paBe ucnuranuke. [lodujene cHmkene Bpeqnoctu CHUA-enacraze, CUA-Tpuncuna u
AQHTUTPUIICHHCKE aKTUBHOCTH MOTY Ja YKadyjy Ha oOclabJbeHy aHTHIPOTEa3Hy 3aIITHTY KO

nanujerara ca XOBII.

[TpucyctBo nnpraamanuje, Moriio 6u 6uTH y3pok gooujeHor noBehanor HuBoa okcuaanuje AAT kox
naryjeHara y oJHOCy Ha 3JpaBe ydecHHKe cryauje. [lopen Tora, oBa CcTynuja je UCTaKia MYIICHE
Kao 3HauajaH ¢akTop yrunaja Ha noBehame HHBoa okcunmanuje AAT, ka0 W Ha omajgama
¢ynkumnonanHe aktuBHOCTH AAT, mTO je [M0Ka3aHO CHMKEHUM BpPEIHOCTHMA Iapamerapa
¢yukuronanie aktuBHOCTH AAT (CHA-enactaza u CHUA-TpuncuH), ka0 U MOBUIIEHUM HHUBOOM

OKCHJIOBaHOT aJi(a-1-aHTUTPUTICHHA KO MallHjeHara mymaJa.

Takohe, 0BOM cTyHjoM je HAKOH TOJEIIe TAllkjeHaTa IpeMa TSKUHU 0osiecTr Ha ase rpyne, ['OJIJ]2
u I'OJI[J3+4, ucraknyro ma ca HampenoBakeM XOBII nmomasu g0 omagama GyHKIHOHATHE
akTUBHOCTH  anda-1-antutpuncuna (CHA-enacraza, CHA-TpuncuH, aHTHenactasHa u

AHTUTPUIICUHCKA aKTUBHOCT) M pacTa HUBOA OKCHJIOBaHOT aliha-1-aHTUTPHUIICHHA.

OBa crymuja motBphyje na cy nedunujentaun ¢enorunosu (MC, M3, C3) 3HauajHO BHIIIE
3actymubeHH koJ XOblIl-nanujenara y onHocy Ha KOHTpOJHY rpyny. Takohe, MyTupanu
¢denorunosu AAT (M®, MC, M3, C3) cy 3HauajHO BHILE 3acTylJbeHU Ko manujeHara ca XOBII
HEro Koj 37paBuX HcnuTaHuka. OdvekuBaHO, TMapameTpH (YyHKIMOHATHE AaKTHBHOCTH aida-1-
antutpuncuHa (CUA-enacraza, CUA-TpurnicuH M aHTUTPUIICMHCKA aKTUBHOCT) KOJ HOCHJIALA
Hene(uIMjeHTHUX (EeHOTHIA 3HaYajHO Cy HMIKU KO MalMjeHaTa y OIHOCY Ha 3JIpaBe, JIOK jeé HUBO
okcuzoBaHor AAT 6mo 3HayajHo BuIM. JlepuuujeHTHH deHoTunosu anda-1-antutpuncuna (MC,

M3, 3C) npencrassbajy pusuk 3a mojaBy XOBII 300r cHUXeHE aHTUTPUIICUHCKE aKTHBHOCTH.

UcnutuBame renernuke Bapujante MCPA pc10903323 u yrBphuBame ydecTalocTd TeHOTUIIOBA U
anenra MCPA pc10903323 y 3npaBoj nonynauuju Cpouje u kog XOBII-nanujenara mo npu myT je

ypaheHo y mpHKa3aHoj TOKTOPCKO] AUCEPTALIUjH.

[Ipema pesynratumMa OBOT HCTpakWBama, 3HauajHo mnoBehame okcumoBaHor AAT (%) xox
nanujenara nymada ca AI' MCPA pc10903323 reHoturioMm y oAHOCY Ha MaiyjeHTe mymaue ca AA
reHoTunoM u nopact okcunoBanor AAT (g/L) kox nanujenTa mymava ca AI' TeHOTHIIOM y OIHOCY
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Ha manujeHTe Hemymade ca Al' reHoTunoM ykasyje Ha yapyxkeHoct [ amena MCPA renortuna ca
MyHIemheM, Koje JONPUHOCH CMambeHO] aHTHOKCHIAHTHO] 3alTUTH ajida-1-antutpuncuna. Ilopen
Tora, mpemMa JOKTopckoj auceprauuju npucyctso MCPA pcl10903323 nmonumopdusma HHje T0BETIO
70 mpoMeHe y (DyHKIMOHAJIHO] aKTUBHOCTH ajida-1-aHTUTPUIICHHA y KOHTPOJIHOj TPYIU U KOX

XOBbII-manujenara.

[Momumopduzam MCPA pcl0903323 we yruue Ha ¢yHKUMOHANHY akTuBHOCT AAT u HHMBO
okcunoBaHor AAT xox XOBbIl-manujenara y onnocy Ha Texuny oonectu (I'OJIA2, TOJI 3+4).
3HauajaH TeHETHYKH (HAKTOp pHU3MKA KOjH JONPHUHOCH olajnamy ruiyhHe ¢yHkmuje y miahoj

CTapOCHO] T0OM, HE3aBUCHO O] MyIIAYKOT' cTaryca u noja, ouo je MCPA xomo3uror AA.

Pesynraru oBor mcrpakmBama ykaszyjy na ou onpehuBame MCPA pc10903323 momumopdusma,
MOTJIO J1a TOMOTHe HaeHTH(UKanuju ocoba ca moBehanum pusukom 3a mojaBy XOBII. Ha oBaj
HAYMH HJCHTU(UKOBAHE OCETIBMBE OCO0E, Moriie O OaroBpeMeHo Ja Oyly caBeTOBaHE Jla ce He
U3JIKY JYBAaHCKOM JIUMY, OMJIO KaO aKTHBHU WJIM TACHBHU ITYIIIAuH, & UCTO TAaKO Jia C€ HE M3JIAXY
aepo 3aral)emy U IpyruM MTETHUM (pakTopuMa U3 CIIOJbHE CPEelUHEe, Y IHJbY MPEBEHIHje OonecTn

ryha.

Pesyntatu oBe cryauje MMajy KIMHHYKH 3Ha4aj jep je oBa CTyAHMja MOKaszala Ja CepyMCKHU
OnomMapkepu KOoju Cy pelaTuBHO je)THHU W jeAHOCTaBHU 3a ojapehuBame, CHA-emactaza u
okcugoBanu AAT, y3 ¢penotunuzanujy AAT mMory 1a yHampene mocTaBbeme qujarnose, mpaheme u
npeseHnjy XOBII y knunnukoj npakcu. Takolhe, okcugoBanu AAT 61 Morao OUTH MPeIIoKEH Kao
IIPOrHOCTUYKU OMOMapKep 3a MpOIeHY LITETHOCTH Myllewa Ha mnojaBy M Texuny XOBII, kao u

KOPUCTaH 6HOMap1<ep 3a npahe}be ACJI0Balkba aHTHOKCHAATUBHE TepanHje.
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. OBJAB/bEHMU PE3YJITATH KOJU YMHE JEO JOKTOPCKE JUCEPTALIMJE

1. Topic A, Milevanovic V, Lazic Z, Ivosevic A, Radojkovic D. Oxidized Alpha-1-Antitrypsin

as a Potential Biomarker Associated with Onset and Severity of Chronic Obstructive
Pulmonary Disease in Adult Population. COPD. 2018;15(5):472-478. DOI:
10.1080/15412555.2018.1541448
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B. IPOBEPA OPUT'MHAJTHOCTHU JOKTOPCKE JUCEPTALIMJE

Ha ocnoBy IlpaBmiHnKa O MOCTYNKY NMPOBEPE OPUTHHATHOCTH JOKTOPCKHX TUCEpTalHja Koje ce
Opane Ha YHuBepsuretry y beorpany (I'macauk YauBepsurera y beorpany 6p. 204/2018) noxropcka
aucepTanuja ,,3Hadaj anda-1-aHTUTPUIICHHA U METHOHUH CYI(OKCH] peayKTa3e A y HACTaHKY U
MPOTPECUjU XPOHUYHE OINCTPYKTUBHE Oosiectw ruiyha y momymanuju Cpbuje”, aytopa Bepe P.
MunoBanoBuh, je mocnara Ha MPOBEpPY OPUTMHATHOCTH npuMeHoM codreepa iThenticate.
[Toctymak ouemuBama JOKTOPCKE JAMCEpTAIljeé Ce HacTaBjba y CMHUCIY IMCama HW3BEITaja
Komucwje 3a oreHy 3aBpilieHe JOKTOPCKE JMCEpTaIije, CTaBJbaba Ha YBHUJI JABHOCTH U JIOHOIICHY
omIyke o ycBajamy wu3Bemraja Komucuje Ha HacraBHo-HayuHom Behy VYHuBepsutera y
Bbeorpagy—®apmarieyrckom (GakyaTery, 10K he olleHa W3BeITaja O OPUTHHATHOCTA OUTH HAKHAIHO
J0CTaBJbEHA, OJHOCHO TpezcTaBibahe 00aBe3aH cacTaBHU €0 MaTepHjasia HEONXOIHOT 32 IaBambe
carlacHOCTH ozaropapajyher Beha HaydHux 00JacTH METUIIMHCKHX HayKa M JIOHOUICHA OIUTYKE O

ycBajamy u3BemTaja Komucuje u umenoBamy Komucuje 3a onopany JOKTOpPCKe TucepTaluje.

19.04.2024. ronune

MenTtopu

[Ipod. np Anexcanapa Toruh,

Vuusepsuret y beorpany-®apmarneyrcku dakyarer

Hp cu. Anexcanapa JluBail, BUILIM HAyYHH Capa/iHUK,
YHusepsutet y beorpany-MIHCTUTYT 3a MOJIEKyJIapHY
TE€HETUKY U TEHETUYKO UHKEHEPCTBO
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E. MUIIJBEIBE U ITPEIVIOI' KOMUCHUJE

Ha ocHoBy wusznoxenor, Komucuja 3akipydyje 1a JOKTOpCKAa AHMCEpTalMja KaHIUAATa JIHILI.
dapmaneyra-MmequuuHCKOr Omoxemuuapa Bepe P. MunoBanoBuh umja je m3paga omoOpeHa Ha
cennui Beha HayuHux oOiacTy MEIMIIMHCKMX Hayka YHUBep3uteT y beorpamy (Ommyka Op.
61206-2771/2-22 on 13.07.2022. roauHe), 3a0BOJbaBa KPUTEPHjyME OPUTHHAIHOT HAYIHOT Jea.
Kanaunarkuma je yCIemHO peann3oBajia TOCTaBJbEHE IUJBEBE HCTPAXHBaWka, a pPe3ylaTaru
MIPUKa3aHu y OBOj IOKTOPCKO] AUCEPTAIUjU PEICTaBIbajy OPUTHHAITHO U CAMOCTAITHO HAYYHO JIEJI0
ca 3HaYajHUM Hay4YHUM JOMPHUHOCOM Yy 00JIaCTH MEIUIIMHCKE Onoxemuje. Pesynrari oBe JOKTOpCKe

JucepTanyje MyoJIuKOBaHU Cy y 1Ba paja y MehyHaponnuM yaconucuma (M22, M21a).

Komucuja y HaBeZieHOM cacTaBy NO3HTHUBHO OLCHYj€ JOKTOPCKY AMCEpTanujy IuIul.(apmaneyra-
MeauUMHCKOr Ouoxemuuapa Bepe P. MunosanoBuh mnon HasuBoM ,3Havaj aJjda-1-
AHTUTPUIICMHA U METHOHMH CYJI(OKCH] pPelyKTaze A y HACTAHKY M NPOrpecHuju XpOHHYHe
oncrpyktusBHe Oosiectu miayha y monmyaanuju Cpouje®, u npeanaxe HacraBHo-HaydHoM Behy
Vuausepsutera y beorpany—®apmarieyTckor ¢axynTeTa 1a MpUXBaTh OBaj M3BEINTAj O 3aBPILICHO]
JIOKTOPCKOj JUCEepTalrju U ymyT Ta Behy HayuyHuX 001acTé MEIMIMHCKUX HayKa, paid J100ujama

CarIaCHOCTH 3a jaBHY 0JJ0paHy JTOKTOPCKE HcCepTalluje.

beorpan,
UnaHOBH KOMHCH]E:

Hp cu. Caexxana JoBuuuh, 101€eHT,
Yuusep3utet y beorpany-®apmarneyrcku GpakyiaTeT

Hp cu. Hena Mununkosuh, 1011€HT,
Yuuep3uteT y beorpany-®apmaneyrcku GpakyiaTeT

p cu. 3opuna Jlasuh, penosHu npodecop y neHsuju,
Yuusep3utet y KparyjeBiy-MeauuuHcku GpakyaTeT

Jp cu. Muna Jbyjuh, BuIu Hay4HH capajHUK,
YHusepsurer y beorpany-MHCTUTYT 3a MOJIEKyTIapHY
TE€HETUKY U TEHETUUKO HUHKEHEPCTBO
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OIEHA U3BELITAJA O ITPOBEPH OPUT'MTHAJIHOCTH
JOKTOPCKE JUCEPTALIMJE

Ha ocnoBy IIpaBuiH#Ka O MOCTYNKY MPOBEPE OPUTHHATHOCTH JOKTOPCKHUX JHCEpTalnja Koje ce
Opane Ha YHuBep3uteTy y beorpany u Hanasza y msBemrajy u3 nporpama iThenticate kojum je
U3BpIIEHA MPOBEpa OPUTHMHAITHOCTH JOKTOPCKE TUcCepTalyje ,,3Hauaj ajaga-1-aHTUTPUIICUHA U
METHOHHUH CYJ(OKCHI peayKTaze A y HACTAHKY M NPOrpecuju XPOHHMYHE ONCTPYKTHBHE
o0onectu mayha y momynamuju CpoOuje®, ayropa Bepe P. MumoBanoBuh, koHCTaryjemo naa
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MSRA; Objective: Chronic obstructive pulmonary disease (COPD) is multi—factorial disorder which
Polymorphism; results from environmental influences and genetic factors. We aimed to investigate whether
Chronic obstructive methionine sulfoxide reductase A (MSRA) rs10903323 gene polymorphism is associated with
pulmonary disease; COPD development and severity in Serbian adult population.

Oxidatively modified Methods: The study included 155 patients with COPD and 134 healthy volunteers. Genotyping
alpha-1-antitrypsin; was determined performing home-made polymerase chain reaction-restriction fragment length
Specific inhibitor polymorphism (PCR-RFLP). The difference between the inhibitory activities of normal and oxi-
activity to elastase dized Alpha-1-Antitrypsin (A1AT) against elastase and trypsin was used for determination of Oxi-

dized Alpha-1-Antitrypsin (OxyA1AT) (expressed as % and g/L). Functional activity of A1AT was
presented as a specific inhibitor activity to elastase (SIA-Elastase, kU/g).

Results: Frequencies of the genotypes AA, AG and GG were 80.0%, 20.0%, 0% in COPD patients
and 80.5%, 18.5% and 1.5% in the control group, and there was no significant difference in geno-
type or allele distributions between groups. Serum level of A1AT (g/L) and OxyA1AT was signifi-
cantly higher in COPD patients than in the control group, but functional activity of A1AT (SIA-
Elastase) was significantly lower in COPD patients than in the control group. In COPD group,
increased level of OxyA1AT was present in G allele carriers who were smokers relative to G allele
carriers who were not smokers. In the smoker group of patients with severe and very severe
COPD (GOLD3+4), significant increase in OxyA1AT level was present in G allele carriers compared
to AA homozygotes.

Conclusion: These findings suggest that MSRA rs10903323 gene polymorphism is probably not a
risk for COPD by itself but could represent a COPD modifier, since minor, G allele, is associated

* Corresponding author at: Vojvode Stepe, 450, 11221 Belgrade, Serbia.
E-mail address: milovanovic.vera.mrph@gmail.com (V. Milovanovic).

https://doi.org/10.1016/j.pulmoe.2021.09.003
2531-0437/© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.pulmoe.2021.09.003&domain=pdf
mailto:milovanovic.vera.mrph@gmail.com
https://doi.org/10.1016/j.pulmoe.2021.09.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.pulmoe.2021.09.003
https://doi.org/10.1016/j.pulmoe.2021.09.003
http://www.journalpulmonology.org

Pulmonology 30 (2024) 122129

with an increased level of oxidized A1AT, indicating impaired ability of MSRA to repair oxidized
A1AT in COPD-smokers, and in severe form of COPD.

© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Chronic obstructive pulmonary disease (COPD) is character-
ized by airflow limitation that is not fully reversible, which
usually progresses, together with an abnormal inflammatory
response to noxious particles or gases." Genetic predisposi-
tion involved in pathogenesis of COPD is the focus of numer-
ous studies. Nowadays, it is clear that the development and
progression of this complex disease depends of the multiple
genetic and environmental factors. Many studies confirmed
that smoking contributes 15% to the variability of lung func-
tion and that COPD ultimately develops in 10 to 15% of smok-
ers,” whilst genetic factors account for more than 40%.>
Alpha-1-antitrypsin (A1AT) is the archetype member of
the large protein family of SERPINs (Serine Proteinase Inhibi-
tors), and the major circulating inhibitor of many proteases.
It is well known that primary function of A1AT is essential for
lung parenchyma, where it protects the alveolar matrix
from destruction by neutrophil elastase (NE).* A1AT inhibits
NE at its active site which contains Methionine 358 and 351
which is located in a highly stressed external loop protruding
from the molecule.’® Since the methionine residues are vul-
nerable to oxidation and especially due to its position in
A1AT molecule, methionine is easily oxidized which results
in forming methionine-sulfoxide, disabling normal antipro-
tease function of A1AT.® Beside the hereditary A1AT defi-
ciency, due to mutations in A1AT gene, decreased activity of
A1AT due to oxidation of Met®>® by endogenous and exoge-
nous prooxidants, leads to functional deficiency of A1AT with
normal serum levels. During inflammatory processes in
COPD, many proinflammatory cells, such as neutrophils and
macrophages, become activated and liberate reactive oxy-
gen and nitrogen species which may contribute to increased
oxidative stress and attack the active centre of A1AT.” Exog-
enous sources of oxidants like cigarette smoke and environ-
mental pollution have very important roles in A1AT
oxidation.® It has been documented that methionine-oxi-
dized A1AT isolated from rats was partially restored with
addition of Methionine sulfoxide reductase A (MSRA) from
the cytosol of human neutrophils in vitro.” Also, it was
shown that MSRA originated from Escherichia coli has the
ability to reduce the A1AT which was oxidized by the chlora-
mine-T."® These suggest that MSRA enzyme activity may be
involved in reparation of the damage to proteins that have
undergone oxidation, and restoration of their physiological
function. MSRA is specific for the reduction of free and pro-
tein-based methionine-S-sulfoxide and is the only known
enzyme capable of reducing methionine-S-sulfoxide to
methionine."" MSRA was first identified in Escherichia coli,
and was later discovered in a large number of organisms
with greater level of expression in the kidney and liver than
in the heart, lung, brain, skeletal muscle, retina, testis,
bone marrow and blood.'®"* In mammals, this enzyme is
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mainly present in the mitochondrial matrix, but was also
found in cytosol and in the nucleus.™

Methionine sulfoxide reductase A (EC 1.8.4.11) is com-
posed of 235 amino acids and is encoded by a 375 kb long
gene located on chromosome 8p23.1."° Data from the litera-
ture suggested that the dysfunction of methionine sulfoxide
reductases is involved in the pathogenesis of human dis-
eases, such as brain diseases,'® age-associated diseases,'’
and vitiligo.'®

Since it was revealed that oxidized A1AT can be restored
by MSRA, and that the COPD is associated with functional
deficiency due to the oxidation of active centre of A1AT, a
possible disease modifier could be MSRA gene polymorphism.
SNP rs10903323 (A/G) is located in MSRA gene in intron 3. It
is assumed that this gene polymorphism may affect the pro-
tection of A1AT from prooxidants and influence on its anti-
elastase activity. Hence, the question is whether reference
A allele or alternative (minor) G allele is associated with
higher risk of COPD.

We aimed to explore the association of MSRA rs10903323
gene polymorphism and functional activity of A1AT, as well
as the levels of oxidized A1AT with the risk for COPD develop-
ment and disease severity. Additional goal of this study was
to investigate MSRA rs10903323 gene polymorphism for the
first-time in the adult population of Serbia, as well as in
COPD pathology.

Material and methods

This study included 155 patients with COPD with a mean age
of 64 years, who were recruited from the Clinical for Pulmo-
nary Disease, Clinical Centre of Kragujevac, Republic of Ser-
bia. In the patient group, 64 were declared as current
smokers and 67 as current non-smokers. Diagnosis of COPD
disease was determined using anamnesis, spirometry tests
and physical examination.

Spirometry tests for pulmonary function assessment
encompassed measuring FVC (forced vital capacity, % pre-
dicted value), FEV1 (forced expiratory volume in 1 second, %
of predicted value) and FEV1/FVC ratio. The severity of
COPD was defined according to Global Initiative for Chronic
Obstructive Pulmonary Disease (GOLD) criterion (Global Ini-
tiative for Chronic Obstructive Lung Diseases). Disease
severity data according to the GOLD classification were
available for 95 patients. Patients with A1AT concentrations
below the lower limit of the range (1.1 g/L), indicating a
possible congenital A1AT deficiency, were excluded from the
study. The control group included 134 healthy volunteers
with a mean age of 43 years who were recruited from Health
Centre, Belgrade, Serbia. During medical examination it was
confirmed that their results of laboratory parameters are in
the normal range. All control subjects were without history
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of pulmonary disease and did not show symptoms of lung dis-
orders currently. The control group consisted of 49 smokers
and 83 non-smokers.

Venous blood was sampled from each participant in two
tubes, one without anticoagulant and the other coated with
EDTA. All of the blood samples and isolated sera were stored
at -80°C until analysis.

All participants gave written consent and completed a
questionnaire about age and smoking status. The study pro-
tocol was approved by the local Ethic Committee (CCK 11/
09/14. No.01/9600) and confirms the ethical guidelines of
the Declaration of Helsinki.

Methods
PCR-RFLP

Awhole blood sample was used for PCR test. The pairs of pri-
mers that were used in assay were, For: 5-GAATAAATA
AATGGTGCTGGCCCACACAG-3’, and Rev: 5- CCAGTCCCT
AGATGG

AATCCCACATG-3’ (Thermo Fisher Scientific). PCR mixture
was containing 1 uL whole blood sample, 1 pmol of each
primer, 1xbuffer with 0.15 mM Mg (Fast Gene), 2 mM dNTP
(KAPA Biosystem) and 1 U Taqg DNA polymerase (Fast Gene).
The PCR conditions were 97°C for 3 min, 55°C for 2 min in 3
cycle, and 30 cycles: 94°C for 30”, 56°C for 30”, 72°C for 30”
with final elongation at 72°C for 5 min.

Restriction digestion reaction mixture contained 10 uL of
amplified sample, restriction enzyme 1 U Adel (Dralll)
(500 U, Thermo Scientific), 1x Buffer G (with BSA) (Thermo
Scientific). After incubation over night at 37°C, digestion
products were analysed by electrophoresis on 3 % agarose
gel. The distribution of bands was as follows: 190 bp for the
uncut product (A allele), and 165 and 25 bp long for cut
product (G allele).

Serum level, functional activity and oxidative
modification of alpha-1-antitrypsin

Assay for Elastase Inhibitory Capacity (EIC) of alpha-1-
antitrypsin

Elastase inhibitor capacity of alpha-1-antitrypsin was deter-
mined by modified methods by Bieth et al. '° and optimized
for automatic analyser (Beckman Coulter, Olympus AU400).
Stock elastase was prepared by dissolving elastase (Elastase
from porcine pancreas min.200 U/mg, SERVA) in a buffer
0.05M TRIS/0.05 NaCl, pH 8.0. Stock substrate was prepared
dissolving N-succinyl-L-Alanyl-L-Alanyl-L-Alanyl-p-nitroani-
lide (STAPNA, SERVA) in 100% dimethyl-sulfoxide (DMSO).
3 ul of diluted stock elastase (1:5) by buffer and 297 ulL of
buffer were added to serum sample (1:5) and control analy-
ses (40 mg/L albumin). The mixture was incubated for
4 minutes at 37°C. Immediately after incubation, 25 ulL of
substrate STAPNA was added to mixture and was reacted
with excess of elastase, which was not inhibited by A1AT
from serum sample. The change of absorbance due to elas-
tase activity was measured at 410 nm per minute during
5 minutes. EIC in serum sample was calculated using the
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equitation: EIC (kU/L or mM/L/min)=(AA/mincontroi— AA/
MiNgerum) X f; f=(1/8.8mM) x (337/12) x 5=15.956, where
8.8 mM is molar absorptivity of p-nitroaniline at 410 nm,
337/12 is dilution factor of serum (337 ulL is total mixture
volume and 12 pL is sample volume) and the factor 5 is ini-
tial serum dilution factor.

Assay for Trypsin Inhibitory Capacity (TIC) of alpha-1-
antitrypsin

Trypsin inhibitory capacity of alpha-1-antitrypsin was
assayed by modified methods by Schwert and Takenaka °
and optimized for automatic analyser (Beckman Coulter,
Olympus AU400). As substrate for determining trypsin activ-
ity was used N-a-benzoyl-dL-arginine-p-nitroanilide (BAPNA,
SIGMA) which was prepared by dissolving in DMSO. 20 uL of
bovine trypsin (Trypsin from bovine pancreas ca. >10.000
BAEE units/mg protein, SIGMA) previously dissolved in
0.001 M HCl and 280 uL of 0.05M Tris-HCl buffer (pH 8.0)
were added to serum sample (1:5) and control analyses
(40 g/L albumin). 25 uL of substrate was added after an
incubation period of 4 minutes at 37°C, after which started
the lag phase lasting for 1 minute. Then the change in absor-
bance was measured for 5 minutes per minute at wavelength
410 nm.TIC in serum sample was calculated using the equa-
tion: TIC (kU/L or mM/L/min)=(AA/mMincontroi— AA/MiNserym)
x f; f=(1/8.8mM) x (329/4), where 8.8 is molar absorbance
of p-nitroaniline at 410 nm, 329/4 is dilution factor of serum
and the factor 5 is initial serum dilution factor.

The serum level of A1AT (g/L) was determined by immu-
noturbidimetric method using Siemens ADVIA ® Chemistry
Analyzer and Alpha-1-antitrypsin Reagent. Specific inhibi-
tory activity of A1AT towards elastase (SIA-Elastase) were
calculated using equations: SIA-Elastase (kU/g)=EIC(kU/L)/
A1AT(g/L). Level of oxidized A1AT (OxyA1AT, %) was calcu-
lated using equation OxyA1AT (%)=[1—(1.27/TICsampte/EIC-
sample) X 100], where the value 1.27 represents the
TIC educed” EIC educed ratio of the fully reduced A1AT by mer-
captoethanol, while the value TICsampie/ EICsampte in serum
sample represents the oxidized ratio.”" Calculation of Oxy-
A1AT (g/L) was done using equation: OxyA1AT (g/L)=[Oxy-
A1AT (%) x A1AT (g/L)]/100.

Statistical analysis

The one-sample Kolmogorov-Smirnov test was used to esti-
mate normality of the distribution of variables. Differences
between genotypes and allele frequencies of methionine
sulfoxide reductase A rs10903323 polymorphism were evalu-
ated using x2-test. Deviations of genotypes distributions
from Hardy—Weinberg equilibrium were assessed by x2-test
for each cohort or Fisher’s exact test (if cases <5). Student
t-test for independent samples was used for comparison of
continuous variables. Three-way ANOVA and Sidak post hoc
test were used to analyse differences in continuous variables
according to genotype, smoking status, and disease develop-
ment or severity. The p value <0.05 was regarded as statisti-
cally significant. Statistical analysis was done using SPSS 20.0
software.
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Table 1. Demographic data, clinical characteristics,
parameters of functional activity and oxidative modification
of A1AT in COPD-patient and control groups.

Characteristic COPD Controls
n=155 n=134

Age (years) 64.51+8.29°2 43.50£11.02

BMI (kg/m?) 24.60+5.512 26.9343.93

Smokers (%) 47.4 38.8

A1AT (g/L) 2.13+£0.512 1.70+0.30

SIA-Elastase (kU/g) 0.274+0.09 2 0.3340.06

OxyA1AT (%) 19.61+£8.59 2 17.58+6.06

OxyA1AT (g/L) 0.41+0.192 0.3140.12

FEV1 % predicted 37.224-18.11 -

FVC % predicted 56.944-22.71 -

FEV1/FVC (%) 51.09413.27 -

GOLD 2 (%) 22.1 -

GOLD 3+4 (%) 77.9 -

Values for the quantitative variables are presented as the mean
=+ standard deviation; smoking status, FEV1/FVC ratio and COPD
stage are presented as percentages; FEV1 and FVC are expressed
as % of predicted value ? p value <0.05.

Abbreviations: A1AT, alpha-1-antitrypsin; COPD, chronic obstruc-
tive pulmonary disease; BMI, body mass index; SIA-elastase, spe-
cific inhibitory activity of A1AT towards elastase; OxyA1AT,
oxidized alpha-1-antitrypsin; FEV1(%), forced expiratory volume
in 1's; FVC (%), forced vital capacity; GOLD, Global Initiative for
Chronic Obstructive Lung Disease.

Results

The demographic data, clinical characteristics, functional
activity and oxidative modification of A1AT in all study par-
ticipants are presented in Table 1. Kolmogorov-Smirnov test
showed normal distribution of quantitative variables
(p>0.05). COPD patients were significantly older and had a
lower body mass index (BMI) than healthy subjects
(p < 0.001, p = 0.007 respectively). Serum level of A1AT (g/
L) and OxyA1AT (expressed as % of total A1AT and g/L) was
significantly higher in COPD patients than in the control
group (p < 0.001, p = 0.033, p < 0.001, respectively). How-
ever, activity of A1AT, measured by SIA-Elastase, was

significantly lower in COPD patients than in the control group
(p < 0.001).

Observed frequencies of genotypes and alleles of MSRA
rs10903323 in COPD patient and the control group are pre-
sented in Table 2. Frequencies of MSRA genotypes in both
populations were consistent with Hardy-Weinberg equilib-
rium (COPD group: x2=1.91, p = 0.380; control group:
x2=0.25, p = 0.880). A significant difference in genotype dis-
tribution between COPD patients and controls (p = 0.289)
was not found in this study. Frequencies of the genotypes
AA; AG and GG were 80.0 %, 20.0 %, 0 % in COPD patients and
80.5 %, 18.5 % and 1.5 % in the control group. Also, there
was no significant difference between COPD and the control
group when the frequencies of MSRA rs10903323 minor allele
carriers (AG and GG genotype) were compared to homozy-
gote AA carriers (p = 0.889).

A three-way ANOVA test was conducted to explore the
influence of MSRA rs10903323 gene polymorphism, pres-
ence of disease and smoking status on functional activity of
A1AT and OxyA1AT in COPD patient and the control group
(Fig. 1.). The combined influence between MSRA
rs10903323 gene polymorphism, smoking status and pres-
ence/absence of COPD on the OxyA1AT (%) was not statisti-
cally significant, F (1.209) = 0.803, p = 0.371. SlIA-Elastase
was significantly lower in patient-smokers than in control-
smokers in both AA homozygotes (p < 0.001), and in G
allele carriers (p = 0.027) (Fig. 1 a.).

Using the Sidak post hoc test revealed that COPD-smokers
who are G allele carriers of MSRA rs10903323 had signifi-
cantly higher OxyA1AT (%) than AA homozygotes (p = 0.028,
partial eta squared=0.023) (Fig. 1 c.). In group of smokers,
levels of OxyA1AT (%) and Oxy A1AT (g/L) were significantly
increased in patients relative to controls in AA homozygous
(p=0.001, p < 0.001 respectively), as well as in G allele car-
riers (p = 0.008, p = 0.002 respectively) (Fig. 1.. c., d.). In
the control group, AA homozygous non-smokers showed sig-
nificantly higher level of OxyA1AT (%) than smokers
(p = 0.043) (Fig. 1 c.). In the COPD group, increased level of
Oxy A1AT (both expressed as % and g/L) was present in G
alleles carriers who were smokers relative to G alleles car-
riers who were non-smokers, with probability close to the
level of significance (p = 0.056, p = 0.056 respectively)
(Fig. 1c., d.).

Table 2.  Frequencies of genotypes and alleles of MSRA rs10903323 in COPD-patient group and in control groups.
MSRA rs10903323 COPD-patients (n=155) Control (n=134) P*

n (%) n (%)
Genotype
AA 124 (80.0) 108 (80.5) 0.887
AG 31 (20.0) 24 (18.0) 0.654
GG 0 2 (1.5) 0.214
AG+GG 31 (20.0) 26 (19.5) 0.887
Allele
A 279 (90.0) 240 (89.5) 0.862
G 31 (10.0) 28 (10.5) 0.862
H-W, x (P**) 1.91 (0.380) 0.25 (0.880)

Abbreviations: MSRA, methionine sulfoxide reductase A; COPD, chronic obstructive pulmonary disease; H-W, Hardy-Weinberg equilibrium.
" Difference in genotype/allele frequency between COPD-patient and control groups

™ testing Hardy-Weinberg equilibrium.
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The influence of MSRA rs10903323 gene polymorphism on parameters of functional activity of A1AT and level of oxidized

A1AT in COPD patients and the control group classified according to smoking status as smokers and non-smokers: a. concentration of
A1AT; b. SIA-Elastase (kU/g); c. OxyA1T (%) and d. OxyA1AT (g/L) (Tested by Sidac post hoc test); & difference in AA homozygous
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Abbreviations: A1AT, alpha-1-antitrypsin; MSRA, Methionine sulfoxide reductase A; COPD, chronic obstructive pulmonary disease;
OxyA1AT, oxidized alpha-1-antitrypsine; SIA-elastase, specific inhibitory activity of A1AT towards elastase.

A three-way ANOVA test was conducted to explore the
influence of MSRA rs10903323 polymorphism, COPD severity
and smoking status on functional activity of A1AT and Oxy-
A1AT in COPD patient group (Fig. 2.). The combined influ-
ence of MSRA rs10903323 polymorphism, disease severity
and smoking status on the all of three investigated parame-
ters was not found (for SIA-Elastase (F (3.76) = 0.471,
p = 0.703; for OxyA1AT (%) (F (3.76)=0.997, p = 0.399; for
OxyA1AT (g/L) (F (3.76)=0.714, p = 0.547)). The difference
in the functional activity of the A1AT relative to the MSRA
rs10903323 genotype can be seen only in the moderate stage
of disease (GOLD2 group) where SIA-Elastase was lower in
G allele carriers than in AA homozygotes (Fig. 2 a.), but
without statistical significance. Using the Sidak post hoc test
revealed tendency for smokers with severe and very severe
COPD (GOLD3+4) who are G allele carriers of MSRA
rs10903323 to have higher OxyA1AT (%) than AA homozygotes
(p = 0.086) (Fig. 2 b.). Patients with severe and very severe
disease who were smokers and carriers of G allele, had
significantly increased levels of OxyA1AT (%, g/L), compared
to AA homozygotes (using independent sample t-test,
p < 0.001, p = 0.041, respectively).
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Discussion

We have investigated the association of MSRA rs10903323
gene polymorphism with COPD pathology, with emphasis on
its impact on A1AT activity. The association between MSRA
and COPD may be explained by the fact that MSRA can par-
tially repair the oxidized methionine in active centre of
A1AT,?? and restore its anti-elastase function. The associa-
tion of single nucleotide polymorphisms (SNPs) of the MSRA
gene with human diseases has not been intensively investi-
gated in worldwide populations. According to available
data, this is the first study which investigated the MSRA
rs10903323 gene polymorphism in the Serbian population.
To the best of our knowledge, MSRA rs10903323 gene poly-
morphism was investigated for the first time in COPD pathol-
ogy. The results obtained for our population (AA 80 %, AG
18.5 % and GG 1.5 %) are in concordance with available data
for European general population (AA 78.3 %, AG 20.5 % and
GG 1.2 %),% regarding both genotype and allele distribution.
Distribution of MSRA rs10903323 genotypes varies signifi-
cantly between different populations. For example, fre-
quencies of AA, AG and GG genotypes in population of East
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Fig. 2 The influence of MSRA rs10903323 gene polymorphism

on parameters of functional activity of A1AT and level of oxi-
dized A1AT in COPD patients classified in two groups according
to disease severity (GOLD2 and GOLD 3+4) and smoking status
(smokers and non-smokers): a. SIA-Elastase (kU/g); b. OxyA1T
(%) and c. OxyA1AT (g/L); % difference in smokers patients
(GOLD3+4) G allele carriers in relation to AA homozygous.
Abbreviations: MSRA, Methionine sulfoxide reductase A; Oxy-
A1AT, oxidized alpha-1-antitrypsin; SlA-elastase, specific inhibi-
tory activity of A1AT towards elastase; GOLD, Global Initiative
for Chronic Obstructive Lung Disease.

Asia are 15.1 %, 49.2 %, 35.7 %, and in population of America
are 50.7 %, 32.0 %, 17.3 %.”*> We did not find any difference
in distribution of MSRA rs10903323 genotypes (AA, AG and
GG) and alleles between COPD patients and the control
group, indicating that this polymorphism does not present a
risk factor for development of COPD, but can rather act as a
modifier of disease progression or severity. Also, there was
no difference in frequency for genotype AA and genotype AG
+GG between the two investigated groups.

Considering that COPD is an inflammatory disease of the
airways, mainly associated with cigarette smoke exposure,
our result of elevated A1AT concentrations in patients com-
pared to healthy subjects was expected because A1AT is a
positive acute phase protein. High concentration of A1AT is a
physiological response to an excessive liberation of NE by
neutrophils, which protects an organism from the uncon-
trolled proteolysis of host tissues.”* We have found that
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COPD patients had a higher level of OxyA1AT (expressed as %
and g/L) than the control group. This result indicates that
higher A1AT concentration in patients with COPD is not asso-
ciated with the better anti-elastase activity because an ele-
vated level of oxidative modified A1AT causes the decrease
of its functional activity. This assumption is further strength-
ened by the fact that we have found reduced A1AT effective
anti-elastase activity in patients compared to healthy par-
ticipants, through the decreased SIA-Elastase (Table 1.).

Cigarette smoking (CS) has traditionally been considered
a major risk factor for developing COPD, due to the harmful
effect of numerous prooxidants on the lung function. Many
studies investigated gene expression in relation to smoking
behaviour. Gene expression levels may be up-regulated or
down-regulated as a consequence of smoking and also may
be associated with the number of cigarettes per day.?® There
is limited data about the influence of CS on MSRA expression.
One study showed an increase in MSRA expression after CS
exposure in HaCaT cells.?° The main result of our study was
identification of elevated OxyA1AT (%) in patient-smokers
group of G allele carriers in relation to patient-smokers with
AA genotype (Fig. 1c.). Additionally, among the G allele car-
riers, COPD patients who were smokers had increased levels
of OxyA1AT (%, g/L) in relation to patients who were non-
smokers (Fig. 1c., d.). This suggests that the presence of G
allele in current smokers may contribute to an increased risk
for COPD, at least regarding the OxyA1AT level which is
thought to participate in the pathogenesis of the disease.?’
These results indicate the importance of smoking cessation,
in patients with diagnosed disease, and especially in carriers
of the of MSRA rs10903323 G allele. An increased level in
OxyA1AT level was also observed in the group of smokers
who were AG heterozygotes, and who had a more severe
form of the disease (GOLD 3+4) compared to patients with
the same disease severity, but who were AA homozygotes
(Fig. 2 b., c.). This study revealed a potential modifier gene
that leads to inadequate A1AT repair in smokers, resulting in
an increase in oxidative modified A1AT. This modifier is a
MSRA rs10903323 G allele and it is associated with a higher
risk of a more severe form of COPD. This polymorphism was
shown to be connected with several disorders characterized
by chronic inflammation and increased oxidative stress, sim-
ilar to COPD (rheumatoid arthritis (RA), coronary artery dis-
ease). Two studies found association of this polymorphism
with RA .%2% In genome-wide pathway analysis Martin et al
concluded that MSRA rs10903323 gene polymorphism was
related to increased oxidative stress and pathogenesis of RA
in a Spanish population.?® Similar data was obtained in a Chi-
nese population,?’ where MSRA rs10903323 GA genotype was
associated with rheumatoid arthritis development, espe-
cially among older male patients, and CRP-positive patients.
The MSRA rs10903323 minor allele G was additionally identi-
fied as the risk for development of ischaemic heart disease,
observed in patients with RA, in Spanish cohort.*° Gu et al
demonstrated that subjects with heterozygous GA genotype
were at a significantly increased risk for coronary artery dis-
ease in the Chinese population.>’

Considering that COPD, rheumatoid arthritis and cardio-
vascular diseases share common causes which involve
inflammation, we can suggest that the presence of the MSRA
rs10903323 G allele is a risk for COPD due to the reduced
antioxidant functions of MSRA. In COPD pathology we
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showed specificity that G allele is associated with increased
oxidative modified A1AT, of which the main physiological
function is protection of lower respiratory tract. In this con-
text, the determination of oxidized A1AT, which is relatively
simple and inexpensive, may be useful for identification of
particularly vulnerable individuals with COPD, namely smok-
ers and carriers of MSRA rs10903323 G allele. Also, the
potential clinical significance of the MSRA rs10903323 poly-
morphism could be for patients with hereditary A1AT defi-
ciency which is associated with decreased plasma level of
this antiprotease. In these patients, detection of the MSRA
rs10903323 G allele, in addition to hereditary A1AT defi-
ciency, could be considered an additional risk for developing
lung diseases (such as emphysema). For this group
of susceptible patients, strict preventative measures against
the exposure to tobacco smoke or other air pollutants and
pro-oxidants would have to be carried out throughout their
lifetime.

There were several limitations to our study. As the groups
tested were relatively small, these findings need to be con-
firmed by additional studies with a larger sample size, pref-
erably in different populations. There are several more
polymorphisms in MSRA gene and some of them could also be
important for enzyme activity regarding restoration of A1AT
function. The information about their presence would help
to identify the full extent to which MSRA affects COPD phe-
notype. It would also be beneficial to directly measure the
expression and/or the activity of MSRA gene/enzyme in par-
ticipant samples, in order to confirm that the presence of
the analysed variants has a direct impact on MSRA ability to
perform its antioxidizing function effectively. This data is
not available in the current literature.

Conclusions

Our study is the first one analysing the association of MSRA
rs10903323 gene polymorphism with the risk of development
and severity of COPD. The assumption is that MSRA G allele
is associated with decreased ability of MSRA to reduce oxi-
dized A1AT in patient-smokers, resulting in an impaired anti-
oxidant protection against prooxidants from tobacco smoke.
Our results might be useful to clarify the contribution of
MSRA rs10903323 gene polymorphism in individual predispo-
sition to COPD and its role in disease pathogenesis.
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ABSTRACT

Oxidative stress could reduce inhibitor activity of the alpha-1-antitrypsin (A1AT). Oxidative-modi-
fied A1AT (oxidized alpha-1-antitrypsin, OxyA1AT) significantly loses ability to protect the lungs
from neutrophil elastase. We aimed to investigate OxyA1AT as a potential biomarker associated
with onset and severity of chronic obstructive pulmonary disease (COPD) in adult population. The
study included 65 patients with COPD (33 smokers and 32 no-smokers) and 46 healthy partici-
pants (17 smokers and 29 no-smokers). Determination of OxyA1AT in serum was based on the dif-
ference between the inhibitory activities of normal and oxidized A1AT against trypsin and
elastase. The level of OxyA1AT was significantly increased in the group of COPD smokers com-
pared to healthy no-smokers (p=0.030) and COPD no-smokers (p=0.009). The highest level of
OxyA1AT was found in group of smokers with severe and very severe COPD in comparison to the
following: no-smokers with the same stage of disease (p=0.038), smokers with moderate COPD
(p=0.022), and the healthy control group, regardless of the smoking status (control no-smokers
p=0.001 and control smokers p=0.034). In conclusion, serum level of OxyA1AT would be poten-
tially good biomarker for the assessment of harmful effect of smoking to the onset and severity of
COPD. Also, clinical significance of OxyA1AT as prognostic biomarker could be useful in assessing
the effectiveness of antioxidant therapy for COPD and emphysema. Suitable and inexpensive
laboratory method for determination of OxyA1AT is additional benefit for the introduction of
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OxyA1AT into routine clinical practice for diagnosis and monitoring of COPD.

Introduction

World Health Organization report states that the main risk
factors for chronic obstructive pulmonary disease (COPD)
are tobacco smoke (including passive exposure), indoor air
pollution (such as biomass fuel used for cooking and heat-
ing), outdoor air pollution, occupational dust, and exposure
to chemicals (vapors, irritants, and fumes) (1). Tobacco
smoke contains harmful toxins, which inhaled directly into
the lungs over prolonged periods of time can lead to severe
lung irritation, triggering the onset of COPD. The earliest
pathological changes that include hyperplasia of the basal
cells of airway epithelium induced by smoking are critical to
the pathogenesis of COPD (2). At least three interrelated
pathophysiological mechanisms affect the lung function due
to the influence of tobacco smoke: inflammation, oxidative
stress, and protease-antiprotease imbalance (3). Prolonged
exposure to the tobacco smoke causes the recruitment
of inflammatory cells to the lung, which presents a risk for
tissue damage through the release of toxic mediators, includ-
ing proteolytic enzymes and reactive oxygen species (4).
The protease—antiprotease imbalance in the pathogenesis of
COPD is closely related to tobacco smoke via oxidative
stress and inflammatory response (5). Tobacco smoke

promotes inflammatory cells influx into lungs, which under
certain conditions excessively releases a variety of proteases,
including neutrophil elastase (NE), proteinase 3, matrix
metalloproteinases, and cathepsins, which inhibited their
endogenous inhibitors. Furthermore, pro-oxidants originat-
ing from tobacco smoke could promote oxidative modifica-
tion and inactivate the protease inhibitors. Consequently,
over-activated proteases could degrade components of the
extracellular matrix, elastin fibers, and collagen, and there-
fore can destroy lung tissue.

Clinical studies indicated that imbalance between NE and
their main circulating inhibitor alpha-1-antitrypsin (A1AT)
causes the development of COPD and even panlobular
emphysema with characteristic widespread destruction of
alveolar tissue and dilation of small airspaces throughout the
lungs (6).

A1AT is an acute-phase glycoprotein, mainly synthesized
in hepatocytes and subsequently secreted into the plasma.
A1AT is able to inhibit a variety of serine proteinases, but
its major physiological role is to inhibit NE in lower respira-
tory tract, and protect pulmonary connective tissue from NE
released from triggered neutrophiles. Human NE (EC
3.421.20) stored in the primary (azurophil) granules of
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polymorphonuclear neutrophils (PMNs) is able to degrade
most of the components of the pulmonary extracellular
matrix (ECM), including elastin, collagens, proteoglycans,
and laminin (7).

The active sites of AIAT at residue Met*>®-Ser’”, as well
as at the residue Met®' are susceptible to oxidation by sev-
eral oxidants from tobacco smoke, and form stimulated
inflammatory cells (8). Oxidation of both Met**® and Met>!
to methionine sulfoxide significantly reduces the ability of
AI1AT to inhibit NE (9).

Hereditary alpha-1-antitrypsin deficiency (A1ATD) is
associated with retention of mutant A1AT polymers in hep-
atocytes which leads to decrease of circulating A1AT with
less than 15% of normal level in AIATD homozygotes.
Since the integrity of lung alveoli is maintained by proper
circulating level of AIAT, severe deficiency of this protein
was identified as genetic risk factor for COPD and emphy-
sema. Clinical manifestation of emphysema in patients with
AIATD occurs in 3rd decade in smokers, in the 5th decade
in nonsmokers, and requires replacement therapy with puri-
fied A1AT pooled from plasma of blood donors (10). The
cut-off level of AIAT which protects the lung tissue from
proteases is 0.49g/L (11 uM), and this value is therapeutic
goal of the so-called “augmentation therapy” for patients
with severe A1IATD. Many epidemiological studies investi-
gated the significance of hereditary AIATD on lung func-
tion decline, but much less attention is devoted to the study
of non-inherited functional deficiency of A1AT. Acquired
functional deficiency of AlAT, caused by pro-oxidants
released from tobacco smoke or activated phagocytes, such
as peroxide, hydroxyl radicals, hypochloride, chloramines,
and peroxynitrite may reduce antiprotease activity of A1AT,
although the level of A1AT in serum may stay normal (11).

Thitherto, it seems that utility of circulating level of
AIAT as a biomarker of susceptibility to onset of COPD is
limited due to the complex interrelationship among tobacco
smoke exposure, circulating level of A1AT, lung function,
and systemic inflammatory status.

Therefore, we aimed to investigate the utility of oxidized
alpha-1-antitrypsin (OxyAlAT) as a potential diagnostic and
prognostic biomarker associated with COPD onset and
severity in adult population.
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Materials and methods
Subjects and samples

This case-control study included 65 patients with COPD
(42 males and 23 females), who were recruited from the
Clinic for Pulmonary Diseases, Clinical Centre of
Kragujevac, Serbia. Patients included in this study were hos-
pitalized for COPD. Among the patients, 33 were current
smokers, and 32 current no-smokers. Diagnosis of COPD
and severity of disease was established based on medical his-
tory, physical examination, and pulmonary function tests
(spirometry parameters: forced expiratory volume in
1 second, % of predicted value, FEV1%; forced vital capacity,
% of predicted value, FVC%; and FEV1/FVC ratio). Severity
of COPD was classified according to Global Initiative for
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Chronic Obstructive Lung Disease (GOLD) classification
(12): Moderate COPD (GOLD 2; 50% < FEV1 < 80% pre-
dicted), Severe COPD (GOLD 3; 30% < FEV1<50% pre-
dicted) and very severe COPD (GOLD4; FEVI <30%
predicted). Exclusion criteria were mild and severe heredi-
tary A1AT deficiency, and COPD-patients with less than
60% of normal serum level of AIAT (<0.9g/L) were not
included in the study. The second exclusion criteria were
the presence of other pulmonary diseases, such as bronchial
asthma, bronchiectasis, tuberculosis, lung cancer, and other.

The control group included 46 healthy subjects (41 males
and 5 females), with normal laboratory test results and nor-
mal pulmonary status assessed by physical examination, car-
ried out in Health Centre, Belgrade, Serbia. In the control
group, 29 subjects were current no-smokers, and 17 were
current smokers.

Venous blood samples for laboratory testing were col-
lected, and after centrifugation the sera were isolated and
stored at —80 °C until the start of the analysis.

Basic data about age and current smoking status (smok-
ers or no-smokers) were collected through questionnaires
completed by all participants. All participants in study pro-
vided written informed consent. The study was approved by
the local Ethics Committee and was carried out according to
the principles of the Declaration of Helsinki.

Methods

Assay for trypsin inhibitory capacity

Trypsin inhibitory capacity (TIC) was determined using
modified methods by Schwert and Takenaka (13). In brief,
N-o-benzoyl-L-arginine ethyl ester (BAEE) purchased from
SERVA was used as a substrate for determining trypsin
activity. Five microliters of porcine trypsin (Trypsin from
porcine pancreas ca. 60 U/mg, SERVA), previously dissolved
in 0.001 M HCI and 3.0mL of Tris-HCI (pH 8.0) were
added to the serum samples and to control analysis (40 g/L
albumin). After incubation period of 10 minutes at 37°C, 20
pL BAEE was added, and the excess of trypsin activity
which was not inhibited by A1AT from serum sample was
measured. Trypsin activity was measured spectrophoto-
metrically (UV-1800 Shimadzu UV/VIS spectrophotometer)
as the change in absorbance at 253nm per minute (AA/
min) for 5minutes. TIC in serum samples were calculated
by equitation: TIC (kU or mM/L/min) = (AA/mincontro1 —
AA/ming,,,) X f; f= (1/1.15mM) X (3045/5) =529, where
1.15mM is molar absorptivity of BAEE at 253nm, and
3045/5 is dilution factor of serum samples.

Assay for elastase inhibitor capacity

Elastase inhibitory capacity (EIC) was assayed by modified
methods by Bieth et al. (14). The method was optimized for
automatic analyzer, Instrumentation Laboratory® ILab 650.
The elastase activity was determined using substrate
N-succinyl-L-Alanyl-L- Alanyl-1- Alanyl-p-nitroanilide (STAPNA)
purchased from SERVA. Stock elastase was prepared by
dissolving elastase (Elastase from porcine pancreas min.
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Table 1. Characteristics of investigated control group, all patients with COPD and patients divided into two groups according to COPD severity.

COPD patients

Characteristic Control (n=46) All (n=65) GOLD 2 (n=18) GOLD 3 and 4 (n=47)
Age, years 56 + 5% 64+9 65+7 63+10
Males, n (%) 41 (89) 42 (65) 11 (61) 31 (66)
Smokers, n (%) 17 (37) 33 (51) 7 (39) 26 (55)
A1AT, g/L 1.5+0.34* 1.7£0.40 1.6+0.35 1.8+£0.41
FEV1% - 39+22 68 + 14** 28+13
FVC% - 62+25 89+ 16** 51+19
FEV1/FVC - 48+ 11 56+ 9** 45+ 11

Continuous data are presented as mean + standard deviation.
*Difference from COPD patient group (p < 0.05).
**Differences from patients with COPD stage GOLD 3 and 4 (p < 0.001).

200U/mg, SERVA) in a buffer 0.05 M TRIS/0.05 NaCl, pH
8.0. The three microliters of stock elastase and 0.05 M Tris-
HCI pH 8.0 were added to the diluted serum samples (1:5)
and control analysis (40 g/L albumin), respectively. The mixture
was incubated for 10minutes at 37°C. The assay started by
adding of 12 microliters of STAPNA that hydrolyze the
remaining elastase, which was not inhibited by A1AT from
sample, and the increase in absorbance at 405nm was moni-
tored for 5minutes. EIC in serum samples were calculated by
equation: EIC (kU or mM/L/min) = (AA/min.pee — AA/min-
serum) X fi f = (1/9.9mM) X (357/3) x 5= 60, where 9.9 mM is
the molar absorptivity of p-nitroaniline at 405nm, 357/3 is
dilution factor of serum, and the factor value 5 is initial serum
dilution factor.

The serum level of AIAT (g/L) was determined by
immunoturbidimetric method using Beckman Coulter
AU480 analyzer and Randox reagent for AIAT RX series
(Cat. No AA 2471). Specific inhibitory activity of AIAT
toward trypsin (SIA-Trypsin) and elastase (SIA-Elastase) was
calculated as a ratio between functional activity of A1AT
(TIC or EIC) and immunoreactive level of A1AT (g/L).

Determination of oxidized A1AT
Determination of oxidized AIAT in serum is based on dif-
ference between the inhibitory activities of normal and oxi-
dized AlAT against a trypsin-like enzyme and elastase,
without influences of other proteins in serum (15). The
functionally active AIAT inhibits both porcine trypsin and
porcine pancreatic elastase, while oxidized A1AT lost its
inhibitory activity toward porcine pancreatic elastase, and its
net trypsin inhibitory capacity was partially preserved.
According to the proposed method, percent of oxidized
AIAT (OxyAAT, %) was calculated by equation: OxyAlAT
(%) = [1 - (1.27/(TIC ample/ EICampie)] % 1005 the value of 1.27
in equation represents the TIC .guced/EIC cquced ratio of the
fully mercaptoethanol-reduced purified A1AT. Thus, the ratio
of values TICgm1e/EICsample in serum sample determines the
oxidized ratio. Finally, for the certain concentration of A1AT
(g/L), the level of OxyA1AT (g/L) was calculated by equation:
OxyAlAT (g/L) = [OxyAlAT (%) x A1AT (g/L)]/100.

Statistical analysis

Normality of variables was assessed by the one-sample
Kolmogorov-Smirnov test (K-S test). Student t-test for

independent samples, one-way analysis of variance (one-way
ANOVA), and post hoc comparison (Least Significant
Difference, LSD test) were used for comparison of continu-
ous variables among the groups. The two-way ANOVA was
used for comparison of differences in the level of OxyA1AT
between patients according to the smoking status and sever-
ity of COPD. The linear relationship between functional
activity of AIAT (SIA-Trypsin, SIA-Elastase) and OxyAlAT
was evaluated using the Spearman’s correlation analysis.
Statistical analysis was performed using SPSS 20.0 software.
In this study, a p value <0.05 was considered statistically
significant.

Results

Demographic and clinical characteristics of healthy partici-
pants and patients with COPD are presented in Table 1.
Patients with diagnosed COPD were older than participants
in control group. Also, COPD-patients had significantly
higher serum level of AIAT than in control group.
As expected, the values of spirometry parameters of lung
function in patients with severe and very severe COPD
(GOLD 3 and 4) were significantly worse than those in
patients with moderate COPD (GOLD 2). Frequency of cur-
rent smokers was not different among investigated groups.

The effects of tobacco smoke on the functional activity of
AIAT (SIA-Trypsin and SIA-Elastase), serum level of AIAT,
and level of OxyAlAT, which were obtained in control
group and in patients with COPD are shown in Figure 1.
One-way ANOVA and post hoc tests revealed that: SIA-
Trypsin was decreased in COPD patients than in control,
regardless of their smoking status (Figure 1a) (COPD smok-
ers vs. control no-smokers p=0.002, COPD no-smokers vs.
control smokers p=0.017, COPD no-smokers vs. control
nonsmokers p <0.001, difference between COPD smokers
and control group smokers was close to significance
p=0.063); SIA-Elastase was decreased in COPD smokers
than in control no-smokers (p=0.032) and COPD no-
smokers (differences were close to significance p=0.069)
(Figure 1b); serum level of A1AT was increased in COPD
smokers than in control no-smokers (p =0.011) (Figure 1c);
OxyAlAT level was increased in COPD smokers than in
control no-smokers (p=0.030) and COPD no-smokers
(p=0.009) (Figure 1d).

The main results of Spearman’s correlation analysis are
presented in Table 2. Significant inverse relation was found
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Figure 1 Smoking-related mean values (95% confidence interval) obtained in control group (29 no-smokers and 17 smokers) and patients with COPD (32 no-smok-
ers and 33 smokers) for: (a) SIA-Trypsin (*significant difference to COPD smokers and COPD no-smokers), (b) SIA-Elastase (#significant difference to COPD smokers),
(c) levels of ATAT (& significant difference to COPD smokers), (d) OxyA1AT (A significant difference to COPD smokers.

Table 2 Spearman’s correlation analysis between parameters of functional
activity of ATAT (SIA-Trypsin and SIA-Elastase) and OxyA1AT.

Correlated parameters

Group OxyA1AT and SIA-Trypsin ~ OxyA1AT and SIA-Elastase
Control-all —-0.247 (0.188) -0.640 (<0.001)
Control no-smokers -0.342 (0.179) -0.671 (<0.001)
Control smokers -0.077 (0.802) -0.640 (<0.001)
COPD all -0.386 (0.024) -0.919 (<0.001)
COPD no-smokers —-0.442 (0.066) -0.927 (<0.001)
COPD smokers —-0.284 (0.286) -0.890 (<0.001)

*Data presented as Spearman’s correlation coefficient (p value)

between SIA-Elastase and serum level of OxyAlAT in all
investigated groups. However, the stronger inverse relation
was found in groups of COPD no-smokers and COPD
smokers (Spearman’s R: -0.927 and -0.890, respectively),
than it was found in no-smokers and smokers in control
group (Spearman’s R: -0.671 and -0.640, respectively).
Figure 2 presents smoking-related levels of OxyAlAT
and SIA-Elastase in the control group and in two patient
groups divided according to the severity of the disease
(GOLD 2 group: patients with moderate COPD, and GOLD
344 group: patients with severe and very severe COPD).
Mean values of SIA-Elastase in GOLD 3-+4 group who
were no-smokers was lower than in healthy no-smokers

(p=0.037). The lowest value of SIA-Elastase was found in
group of COPD-smokers with severe and very severe stages
of disease, and it was significantly lower than in both
healthy smokers and no-smokers (p=0.034, p=0.001,
respectively). Contrary to that, COPD-smokers with
end-stage of disease had the highest level of OxyAlAT, in
comparison to all other investigated groups (vs. control
no-smokers, p=0.009; vs. control smokers, p=0.033; vs.
GOLD 2 smokers, p=0.022, and vs. GOLD 3+4 no-
smokers, p=0.038).

Discussion

In the past fifty years, since the discovery of the hereditary
A1ATD, many epidemiological studies have investigated the
association between this genetic abnormality and the onset
of the COPD. However, in clinical practice of the diagnosis,
prevention and monitoring of COPD, non-hereditary func-
tional deficiency of A1AT caused by its oxidative modifica-
tion is overlooked. Mostly due to the lack of a suitable and
inexpensive method that would be used for assessment of
the oxidative modified A1AT in routine laboratory practice.
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In this study, COPD patients who were smokers had sig-
nificantly higher levels of serum A1AT than healthy no-
smokers (Figure 1c). A1AT as an acute phase protein
increases rapidly (3- to 4-fold) in response to inflammation
or infection (16). The obtained raised level of AIAT in
COPD patients was expected, considering that the COPD is
characterized by lung inflammation. Our results agree with
the data obtained by Serapinas et al. (17), who found an ele-
vated level of A1AT in COPD smokers, with the continued
elevation of AIAT, even after cessation of smoking. The
similar influence of smoking on serum level of AIAT was
found in general population (18) that is dose-dependent,
with highest AIAT levels in active smokers who consume at
least 15 cigarettes per day. Moreover, the twenty-five year
follow-up study revealed that the raised plasma level of
A1AT was associated with an increased incidence of COPD
exacerbations which require hospitalization (19). An associ-
ation between elevated level of A1AT in exhaled breath con-
densate and COPD exacerbations was revealed too (20).

Contrary to the increased immunoreactive serum level of
AIAT, the SIA-Elastase was significantly decreased in
COPD-smokers in comparison with COPD no-smoker and
no-smokers in control group (Figure 1b). Similarly, data
from literature showed the significant decreased inhibitory
activity of A1AT to elastase in lavage fluid from the epithe-
lial surface of the lower respiratory tract in asymptomatic
smokers and smokers with idiopathic pulmonary fibrosis
(21). In vitro kinetics study (22) conducted with A1AT iso-
lated from lungs has shown that cigarette smoking is associ-
ated with the significant reduction of association rate
constant of A1AT for NE. All of these findings indicate that
the serum level of A1AT has limited diagnostic accuracy in
evaluation of functional capacity of A1AT to protect the
respiratory tract from the proteolytic activity of NE.

Besides previously mentioned decreased functional activ-
ity of A1AT which was estimated as SIA-Elastase in COPD
smokers (Figure 1b), another important finding in this study
is highest level of OxyAIAT in COPD smokers in relation
to no-smokers in both COPD and control groups (Figure
1d). Interestingly, the OxyAlAT was in strong inverse rela-
tion with SIA-Elastase in COPD-patients (Spearman’s R was
-0.919), however in control group the inverse relation was
moderate (Spearman’s R was -0.640) (Table 2). This data
qualifies the SIA-Flastase and level of OxyAlAT as specific
biomarkers for the assessment of functional inactivation of
A1AT associated with COPD in smokers. Moreover, the
highest serum level of OxyAlAT was found in group of
smokers with severe and very severe stage of COPD, while
the SIA-Elastase was the lowest in the same group of
patients (Figure 2). Similarly, Fujita et al. (23) found that
inhibitory capacity of A1AT, measured in bronchoalveolar
lavage fluid (BAL), correlated inversely with emphy-
sema severity.

To our best knowledge, this study has shown, for the first
time that increased serum level of OxyAlAT, which was
induced by smoking, is associated with a worse prognosis of
COPD. These data contribute to highlighting the significant
role of smoking-related oxidative stress in pathogenesis of
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COPD, as well as the importance of the application of
OxyA1lAT as a biomarker in clinical practice. The pro-oxi-
dative species which are delivered to lungs by the tobacco
smoke and/or by stimulated inflammatory cells are involved
in several mechanisms responsible for oxidative damage of
AIAT (11). The main target of oxidative modification is
active center of AIAT at Met>>® to methionine sulfoxide,
which consequently decreases the second order rate constant
for association with NE (9, 24). In support of this, Carp
et al (25) identified methionine sulfoxide in purified A1AT
from healthy smokers’ BAL fluids, while in the nonsmokers’
BAL fluid it was not found. In the same study was shown
decrease of the elastase inhibitory capacity of A1AT for 40%
in smokers’ BAL fluid compared to no-smokers, which
suggest that methionine oxidation may be the cause of
decreased functional activity of AlAT in the lungs of
the smokers.

It is well known that tobacco smoke abounds with pro-
oxidants such as hydrogen peroxide, nitrogen dioxide, and
transition metals. In case of the reduced antioxidant defense,
these pro-oxidants can cause the oxidative stress-related
inactivation of A1AT. Additionally, inflammatory cells at
sites of acute or chronic inflammation liberate a number of
reactive species and create the microenvironment which
contributes to the oxidative inactivation of A1AT. Smoking,
by itself provokes infiltration of neutrophils and alveolar
macrophage in the lower respiratory tract which induces the
release of a spectrum of oxidants and pro-oxidative enzymes
that may inactivate A1AT in their local environment. As
already mentioned, the oxidants released by inflammatory
cells could oxidize A1AT, perpetuating the cycle and poten-
tially contributing to the pathogenesis of COPD. Both risk
factors, released proteases from triggered phagocytes and the
reduced activity of anti-proteases, could be involved in lung
tissue damage (26). Besides the loss of the anti-elastase activ-
ity, the OxyAlAT takes on the other biological properties
which are involved in the pathogenesis of COPD. Activated
myeloperoxidase-hydrogen peroxide system (MPO-H,0,)
could oxidize the A1AT. The oxidized A1AT has a tendency



to form complexes with IgA, and to lose inhibitor activity to
proteases (27). A few studies revealed immunomodulatory
role of OxyAl1AT. One of them found that OxyAl1AT could
activate the monocytes (28). Other study revealed that
OxyAlAT-generated in the airway interacts directly with
epithelial cells to release chemokines IL-8 and monocyte
chemotactic protein-1 (MCP-1), which in turn attracts mac-
rophages and neutrophils into the airways (29).

Conclusions

The level of A1AT is commonly used in clinical practice as an
initial diagnostic biomarker of hereditary A1ATD associated
with the premature onset of pulmonary emphysema. However,
we have shown that serum biomarkers which are relatively
simple for determination and inexpensive, SIA-Elastase and
OxyAIAT may improve diagnosis, management, and preven-
tion of COPD in clinical practice. The potential utility of
OxyAIAT in clinical practice could be in the prevention of
COPD progression, both in emphysema caused by inherited
A1ATD, as well as in acquired functional deficiency of AIAT
caused by smoking-induced oxidative stress. In many studies
were evaluated various biomarkers of oxidative stress associated
with COPD onset and severity (reviewed in Ref. 30). However,
the advantage of OxyAlAT as potential biomarker of oxidative
stress specific for COPD is its direct involvement in the patho-
genesis of COPD. On the other hand, clinical significance of
OxyA1lAT as a prognostic biomarker could be in assessing the
effectiveness of antioxidant therapy for COPD and emphysema.
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