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Pesiome

MukpopurboHyknenHosuTe KucenmHu (MnPHKn) ca manku PHK monekynu (mbmkuHa 21-25 Hyk-
neoTraa), KOUTO OCbLLEeCTBABAT NOCTTPAHCKPUMLMOHHA oTpurLaTesiHa obpaTHa Bpb3Ka BbpXy reHHaTa
eKcnpecus ypes pasrpaxgaHe Ha matpuyHata PHK (MPHK) n/unm nunxmnbupaHe Ha npoTemHoBaTa TpaHCc-
naums. HapyweHata perynauua Ha MMPHK Moxke fia uMa o6winpHy ebeKTn BbpXy reHHaTa 1 NpoTenHHaTa
eKcrnpecus, 3acAraiku MHOXeCTBO O1OIOrMYHY MPOLLECH.

Cpen mexaHn3MuTe 3a Bb3HMKBaHe Ha XOBB, ocBeH reHeTUYHM 1 GaKTOpW Ha cpeaaTa, pons
UrpanT u ennreHeTUYHM GakTopm KaTo natonornyHa ekcnpecus Ha MmPHK. OcHoBHa natopursnonornyHa
xapaKktepunctuka Ha XObb e HapyLlueHa perynauma BbB Bb3nanuTenHna OTTOBOP, KOWTO Ce OCbLLEeCTBABA
ypes Bb3nanuTenHn NnpotenHu, perynmpann ot MUPHK. HapyweHata ekcnpecua Ha MuPHK npu naumen-
1 ¢ XOBb e cBbp3aHa U ¢ MycKynHa AUCPYHKUMA 1M MOBULLEHA YeCTOTa Ha TYMOPHM npouecu. B Tasn
CTaTVA € pasrnefaHo cneyndryHoTo fencrame Ha otaenHn MuPHKK c HapyweHa ekcnpecus npu XOBb.
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Abstract

Microribonucleic acids (miRNAs) are small RNA molecules (21-25 nucleotides in length) that
perform posttranscriptional negative feedback on gene expression by cleavage of messenger RNA
(mRNA) and/or by inhibition of protein translation. Dysregulation of the miRNA may have large effects on
gene and protein expression, affecting many biological processes.

Among the mechanisms of occurrence of COPD, in addition to genetic and environmental
factors, epigenetic factors play role, one of which is pathological expression of miRNA. Main
pathophysiological characteristic of COPD is impairment in the inflammatory response which is
accomplished by inflammatory proteins regulated by miRNA. Altered expression of the miRNA in COPD
patients is also associated with muscle dysfunction and increased incidence of tumor processes. This
article reviews the specificfunction of individual miRNAs with impaired expression in COPD.
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BbBeageHne

leHnTe, KOAUPaLWW NpoTenHu, ca nod 2% ot
yoBellKkua reHom (11), gokato ronama vacTt ce
TpaHCcKpubrpa B Hekogmpalym prnboHyKnenHo-
BU KucenuHu (HKPHKKM), konto BKNouBaT MUK-
poPHKun (MPHKn) n gbnru Hekogupawm PHKun
(aHPHKwM). MnPHKun-Te ca mankn PHK monekynu
(abmKuHa 21-25 HykneoTnga), KOUTO OCbLeCT-
BABAT MOCTTPAHCKPUMNLUMOHHA OTpULaTesiHa 06-
paTHa Bpb3Ka BbpXy reHHaTa ekcrnpecusa 4ypes
pa3rpaxgaHe Ha MaTtpuyHaTta PHK (MPHK) n/vnu
NHXMOUpPaHe Ha NPOTeHOBATA TpaHcnauus (37).
Te oKa3BaT U MHOAUPEKTHO BAMAHME Ype3 MeTU-
nnpaHe nnu cneynduyHo JencTeme BbPXY
TpaHcKpunumoHHu dakTtopu (17, 42). Kato un3-
K/toueHre OT MPaBWIOTO, B HAKOMW Cllyyan Te
BOAAT [0 yCW/BaHe Ha reHHaTa TpaHcnauus (63).
MwuPHKn-Tte perynupat okono 60% OT reHute,
Koampalm npoTtenHu (18) 1 BANAAT BbPXY Kne-
TbuYHaTa nponudepauunsa, gudepeHumaumns,
anonto3a (5, 19, 35). TaxHaTa pona B OTroBopa
KbM yBpeXKaaHe 1 agantaumaTa KbM XpPOHUYEH
CTpeccenpoyysa.

Perynauuna Hna mnPHK

ChLlecTByBaT TPY HMBA Ha perynaumsa Bbpxy
ekcnpecuaTa Ha MMPHK: Ha HMBO TpaHCKpunuus,
Ha HMBO 3peeHe 1 Ha HUBO BBbTPEKNeTbYHa JIOKa-
nu3auma. Perynaumsa Ha HMBO TpaHCKpMMUuA
BKJIIOYBA MPOMAHA Ha eKkcnpecuata Ha MUPHK
ypes TPAHCKPUNUMOHHW $aKTopu Nog BAUAHME
Ha Bb3MNanuTeNHN CTUMYN U KNeTbyeH cTpec.
KOHTpPONBT Ha HMBO 3peeHe ce OCbLUeCTBABA
upe3 nHxmbupaHe Ha DICER - PHK eHpoHyKne-
a3a, CBbp3aHa Ccbc 3peeHeTo Ha MUPHK (21, 65)
VAN NOCTTPAHCKPUNUMOHHK NpomeHn (57), a pe-
rynaymata Ha HMBO BbTPeKNeTbYHa NI0Kanum3a-
Luma — ypes nokanmsauma Ha MuPHK B ctpecosu-
Te rpaHynu u p-tenua. lNpomsaHa B ekcnpecuATa
Ha MMPHK moxe pga e pe3syntat n OT egUHMNYeEH
HyKkneoTtuaeH nonumopdusbm (SNP) (59).

MNMopagn OTHOCKUTENTHOTO U306UINE Ha KOM-
nneMeHTapHM nocnegoBaTeNHOCTU MexAy
MUPHK n taxHata muweHa MPHK, egHa MnPHK
MOXe [ja BvsAe efHOBPEMEHHO BbPXY HAKONKO
reHa. [lpomAHa B reHHaTa ekcnpecusa Ha efHa
KneTbYHa MMHMA 06aye MOXe [ja He e BaNlaHa 3a
Apyra. ToBa nogKpens goka3saTeficTBaTa 3a Kie-
TbUHO-CneunomuHa MUPHK ponsa B pasnnuHu
natoreHeTUYHW Npouecn n perynauyma Ha MuPHK
MO HAKOJIKO MeXaHn3Ma.

KaTo pesynTtat, HapyweHaTa perynauusa Ha
MUPHK Moxe fa uma obwmpHu edbektn BbpXy
reHHaTa ¥ NpoTerHHaTa eKCnpecus, 3acAaranku
MHO>eCTBO O1OSIOrMYH MPOLLECK.

muPHK kaTto 6uomapkep

MWPHK e cTabunHa B 6GUOIOrMYHN TEYHOCTU
(KpbB, cepym, nnasma, ypuHa, LuepebpocnuHan-
Ha TEYHOCT, CJIOHKA, Xpauka u bAJT) n moxe pa
6bae v3cnenBaHa NIecHo, a pesynTaTuTe — Bb3-
nponssogumm (64). B gonbnHeHwe, nscnegsaHe
Ha U3[M1LLIaH Bb3yX CbLLO MOXe [ja ce 13Mon3Ba
3a yCTaHOBfABaHe Ha pas3fMyYHa ekcrpecusa Ha

Introduction

The genes encoding proteins are less than 2%
of the human genome (11), while a large part is
transcribed into non-coding ribonucleic acids
(ncRNAs) including microRNAs (miRNA) and a
long non-coding RNAs (IncRNAs). MiRNAs are
small RNA molecules (21-25 nucleotides in
length) that perform posttranscriptional nega-
tive feedback on gene expression by cleavage of
messenger RNA (mRNA) and/or by inhibition of
protein translation (37). They also have an
indirect effect by methylation or by specific
effect on transcription factors (17, 42). As an
exception, in some cases they lead to amplifica-
tion of gene translation (63). MiRNAs regulate
about 60% of the genes encoding the proteins
(18) and influence cellular proliferation, differen-
tiation and apoptosis (5, 19, 35). Their role in the
response to injury and adaptation to chronic
stressis under study.

Regulation of miRNA

There are three levels of regulation of
miRNA's expression: at transcription level, at
splicing level and at intracellular localization
level. Regulation at transcription level involves
changing the expression of miRNA by transcrip-
tion factors under the influence of inflammatory
stimuli and cellular stress. Regulation at splicing
level is carried out through inhibition of DICER -
RNA endonuclease associated with splicing of
mMiRNAs (21, 65) or post-transcriptional changes
(57), and the intracellular localization regulation
— by localization of miRNA in stress granules and
p-bodies. Changing in expression of miRNA may
be the result of a single nucleotide polymor-
phism (SNP) (59).

Because of the relative abundance of comp-
lementary sequences between miRNA and its
target mRNA, one miRNA can influence simulta-
neously several genes. Changes in gene expres-
sion of one cell line, however, may not be valid for
the other. This supports the evidence of cell-
specific miRNA role in different pathogenetic
processes and regulation of miRNA by several
mechanisms.

As a result, dysregulation of the miRNA can
have large effects on the gene and protein
expression, affecting many biological processes.

miRNA as abiomarker

MiRNA is stable in biological fluids (blood,
serum, plasma, urine, cerebrospinal fluid, saliva,
sputum and BAL) and can be easily assessed with
reproducible results (64). In addition, exami-
nation of the exhaled breath may also be used to
detect different expression of miRNA (48). This
makes it an excellent candidate for a biomarker



MnPHK (48). ToBa s NpaBun OTNMYeH KaHAMAAT 3a
6uomapkep npu XOBB.

muPHK ekcnpecnan TioTioHonylueHe

MNoBeueTo NpoyyBaHNA NOKa3BaT HaMansABa-
He ekcnpecrATa Ha MUPHK B OTroBOp Ha KOHTaKT
C TIoTIOHEB AnMm (54). To e No-n3paseHo Npu Tex-
KU NyLIaun, KOeTo Noka3ea Bpb3ka mexay 6poAT
Ha 3acerHatute MMPHKu n naketoroguHute (20).
OcBeH ToBa MUPHK moraT Aa cry»kat KaTto map-
Kep 3a pa3sutue Ha XObb npu Texkn nywaum
(66).

LurapeHuaT gum e Han-cCUHNA pUCKoB dak-
Top 3a pa3Butre Ha XObb. He e HanbnHo AcHO No
KaKbB MeXaHM3bM LUrapeHuAT MM HapyluaBa
perynaumaTta Ha MMPHK. Hain-BepoATHO ToBa e
CBbBP3aHO C BMCOKaTa TOKCMYHOCT 1 MyTareHHuA
noTeHUMarn, Tbi KaTo CbAbpKallUTe ce B Hero
pagvkanu morat ga B3aumogencteat ¢ [JHK in
vitro (9). OcBeH gupekTHaTa yBpena Ha MuPHK,
HapyLllaBaHe Ha perynatopHUTE MEXaHN3MU Cb-
L0 NPeACTaB/IABa Bb3MOXXEH MEXAHN3bM.

MNpoTenHNTE MMaT MOMYXUBOT OT HAKONKO
Yaca o HAKonko cegmmum (55), Ho npomAHaTa B
reHHaTa eKkcrnpecus B GpoHXManeH enuTen npu
O6MBLLN NyLIaun NepCcMCTMpPa FOANHN cref Npek-
paTABaHe Ha TIOTIOHOMYLIEHEeTO, MOoKa3BanKkm
TpalHa NpoMmAHa B CNeACTBME Ha KOHTAKT C
TioTioHeBWA Aum (56). lHayLmpaHnTe OT LmrapeH
UM NpomeHn B ekcnpecmata Ha MUPHK ca
HeobpaTUMK Npu JOCTUrAHETO Ha onpefeneHa
rpaHuLa Ha NPOABIMKUTETHOCT U MHTEH3NBHOCT
Ha TIoTIoHoMyLeHeTo (33).

mnPHKun XObb

YcTaHOBeHa e pasfnnyHa ekcnpecua Ha 70
MUPHKwM B 6an apo6 Ha nauneHTn ¢ XOBbb B cpas-
HeHwue ¢ nywaum 6e3 XOBb (16). HTepeceH dakT
€ Ha/IMymMeTo Ha No-rofIAMO CXOACTBO B eKCnpe-
cnaTta Ha MMPHKu Ha naymeHTr ¢ XOBb ¢ naymneH-
™ C 6enoapobeH KapuMHOM B CpaBHEHUE CbC
34paBu KOHTPoK (36).

MNaTonornyHarta ekcnpecusa Ha MuPHKu-te ur-
pae ponA B natoreHesaTta Ha MHOro 3abonsBa-
HWUS, BKoUMTENHO 6enofpobHu 3abonasaHuA
kaTo XOBb (61), kaTo ce HabntogaBa onpegeneH
eKCnpecrnoHeH npodus.

MexaHun3muTe 3a Bb3HMKBaHe Ha XOBb He ca
Hanb/IHO n3AacHeHW. XOBb e XpoHnYHo 3abons-
BaHe, BbPXY KOETO OKa3BaT B/MAHME KOMOUHa-
LA OT FeHeTUYHM, eNUreHeTUYHN 1 GakTopm oT
oKonHata cpepa (23). OcHoBHa HeroBa natodu-
31O0MIOMMYHA XapaKTEPUCTMKA e HapyLUeHa pery-
nauma BbB Bb3nanuTenHua otrosop. llocnep-
HUAT Ce KOHTPOJIMPa OT Bb3NaNUTENHN NPOTeu-
HU, KOUTO Ce 0CBOOOXKAaBaT MPY KOHTAKT C TIOTHO-
HeB guM. [MponHdnamaTopHU TPaHCKPUMLMOH-
HY dpakTopm KaTo HykneapeH pakTop KB (NF-kB)
perynupat ekcrnpecmaTa Ha Bb3nanuTenHuTe
NPOTENHW. YCUNIBAaHETO Ha TO3U Bb3nanuteneH
OTrOBOP MPU KOHTAKT C UMrapeH AUM MoXe fAa
poBefe fo pa3sutneTto Ha XOBb.

Mo-gony e pasrnegaHo cneuynduyHoOTO aen-
cTBue Ha otaenHute MuPHKn npu XOBB.

in COPD.

miRNA expression and smoking

Most studies show a decrease in the expres-
sion of miRNA in response to contact with tobac-
co smoke (54). It is more pronounced in heavy
smokers, which shows a relationship between
the number of affected miRNAs and the pack-
years (20). Furthermore, miRNA could be used as
a marker for the development of COPD in heavy
smokers (66).

Cigarette smokeis the strongest risk factor for
development of COPD. It is not entirely clear by
what mechanism cigarette smoke impairs the
regulation of miRNA. Most likely this is
associated with high toxicity and mutagenic
potential, as it contains radicals which can
interact with DNA in vitro (9). Besides direct
damage of miRNA, violation of its regulatory
mechanismsis also a possible mechanism.

The proteins have a half-life of several hours
to several weeks (55), but the change in gene
expression in the bronchial epithelium in former
smokers persist years after the cessation of
smoking, showing a permanent change as a
result of contact with tobacco smoke (56).
Cigarette smoke-induced changes in the
expression of miRNA are irreversible when
reaching a certain threshold on the duration and
intensity of smoking (33).

miRNA and COPD

Different expression of 70 miRNAs is reported
in lungs of COPD patients compared to smokers
without COPD (16). An interesting fact is a
greater similarity in the expression of the miRNAs
of COPD patients with lung cancer patients
compared to healthy controls (36).

Pathological expression of miRNAs plays a
role in the pathogenesis of many diseases,
including pulmonary diseases like COPD (61),
with observation of characteristic expression
profile.

Mechanisms for the occurrence of COPD are
not fully understood. COPD is a chronic disease,
which is influenced by a combination of genetic,
epigenetic and environmental factors (23). Its
main pathophysiological feature is impaired
regulation of the inflammatory response. The
latter is controlled by inflammatory proteins that
are released in contact with tobacco smoke.
Proinflammatory transcription factors such as
nuclear factor kB (NF-kB) regulate the expression
of inflammatory proteins. The amplification of
this inflammatory response in contact with
cigarette smoke can lead to the development of
COPD.

The specific function of the individual
miRNAsin COPDis reviewed below.

MICRORIBONUCLEIC ACIDS
IN PATIENTS WITH COPD
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miR-1

miR-1 uma ocHOBHa ponAa B pPa3BUTUETO U
HOPMANHOTO QYHKLMOHMPAHE Ha MYCKynHaTa
TbKaH. OCBeH TOBa TA Urpae 1 BaXkHa ponsa npu
CbpaeyHn 3abonaBaHua — xuneptpodusa, Mmno-
KapgeH nHdpapkT, aputmun. CepyMHUTE HMBA Ha
miR-1 ca 3HaunTENHO NO-8UCOKU NPW NALMEHTH C
XOBb B cpaBHeHMe € KOHTPOJHa rpyna — 2.5 Mb-
T, KOETO Mpeprnonara YCKOPeHo pasrpaxgaHe
Ha MycCKy/nHa TbKaH (14). OcseH ToBa miR-1 no-
Ka3Ba HeratmHa Kopenauyua ¢ ®EO1 (r=-0.3),
TLco (r=-0.3) n FFMI (fat-free mass index)
(r=-0.21).
miR-15b

MosuweHa ekcnpecna Ha miR-15b ce Habnto-
[aBa B OpoHXu1aneH envTes 1 afiBeosiapHa CTeHa
(Tvin 2 NHeBMoOUWMTK) NpY NauyueHTn ¢ XOBb (16).
miR-15b perynupa SMAD7 upe3 oTpuuaTenHa
obpaTHa Bpb3Ka (68), U yBennyaBa paHHOTO
docoopunupane Ha SMAD3 (16). SMAD7, konto
€ NMOHWXeH npwu naumeHTn ¢ XOBbb, nHxmnbupa
dyHKumaTa Ha TGF-f3 n ce acounnpa ¢ pas3suTu-
eTo Ha TYMOopHU npouecu (16).
miR-34¢, miR-34b umiR-34a

ExkcnpecusTa Ha miR-34c kopenvpa obpam-
HONPONOPUUOHAJIHO C TeXKecTTa Ha emdusema
(53). 3Haunmo HamaneHue Ha miR-34c ce Habnto-
JaBa B Xxpayka npv nywauu 1 nauyuneHt ¢ XObb B
CcpaBHeHue cHenywaun (1,61).

OBeH TOBa TA NOATMCKA Bb3HUKBAHETO Ha
TYMOPM 1 e C HaManeHa ekcnpecrsa Npm MHOro
KapuMHOMM, BKNOUMTENHO U Npu 6enoppobeH
KapunHoMm (38). CUHTETUYHMAT MUMETUK Ha MR-
34 (MRX34), unsTo uen e fa Bb3CTaHOBMU GYHKL M-
ATa Ha nocnegHaTa NpU KapuuHOM, € NbpBuUA
MUPHK mumeTuk, Konto goctura ¢asa | Ha
KNUHUYHW NpoyYBaHuA (3).

miR-34b nma cxopeH npousxon u GyHKUMA C
miR-34c¢, a ekcnpecuATa My CbLLO € HamMa/leHd B
Xpayka Ha nywaun c unv 6e3 XObb B cpaBHeHne
cHenywaun (61).

EkcnpecuaTta Ha miR-34a e ygenuyeHa B
6enoapobHa TbKaH Ha nauneHTn ¢ XObb, Ho He
nokasBa 3aBUCUMOCT C OposA Ha MAKETOroAnHUTE
WAN C HannumeTo Ha 6enoapobeH KapuumHOM
(43). OT cBOA CTpaHa TA MOXe Aa YBenuun eKkc-
npecmaTta Ha miR-199a-5p upe3 nHakTMBayuA Ha
npotenHknHasata AKT, a perynauua ce ocCb-
LeCTBSABA Upe3 MOJIOKMTENHA O0bpaTHa Bpb3Ka
OTNpoTenH p53.
miR-101

YcTaHOBeHa e noguweHa ekcnpecusa Ha miR-
101 B 651 Apo6 Ha naumeHTn ¢ XOBb (25). miR-
101 BnuAe Bbpxy MUTOreH-aKT/BMpaHaTa npoTe-
WH KnHa3a (MAPK) docdaTasza 1 (MPK-1), koaTo e
nHxmbrTop Ha MAPK (69). YBennueHata ekcripe-
cna Ha Tasm MnPHK Hamanaga gedochopunu-
paHeTo Ha M3BbHKJIeTbYHATa CUrHaN-perynnpa-
Ha KnHasa (ERK) 1/2. ToBa MoXxe Aa yabnxun gen-
ctBMeTo Ha ERK 1/2, HabntogaBaHo npu naymeH-
T ¢ XOBb (40), KoeTo ycunBa n eKkcnpecraTa Ha
MaTpUKCHaTa MeTanonpoTenHasa-1 (MMP-1)
npwu nywauu c emdurzem (41).

miR-1

miR-1 plays a key role in the development
and proper functioning of muscle tissue. It also
plays an important role in heart diseases —
hypertrophy, myocardial infarction, arrhythmias.
Serum levels of miR-1 were significantly higherin
patients with COPD compared to the control
group — 2.5 times, suggesting accelerated
breakdown of muscle tissue (14). Moreover, miR-
1 shows a negative correlation with FEV1 (r=-0.3),
TLco (r=-0.3) and FFMI (fat-free mass index)
(r=-0.21).

miR-15b

Increased expression of miR-15b was obser-
ved in the bronchial epithelium and alveolar wall
(type 2 pneumocytes) in COPD patients (16).
miR-15b regulates SMAD7 by negative feedback
(68) and increases the early phosphorylation of
SMAD3 (16). SMAD7, which is decreased in
patients with COPD, inhibits the function of TGF-
3 and is associated with development of tumor
processes (16).
miR-34¢, miR-34b and miR-34a

The expression of miR-34c correlates inversely
with the severity of emphysema (53). Significant
reduction of miR-34c in sputum is observed in
smokers and COPD patients compared to non-
smokers(1,61).

Besides, it suppresses the occurrence of
tumors and has a reduced expression in many
cancers, including in lung cancer (38). The
synthetic mimetic of miR-34 (MRX34), whose
goalistorestore function of the latter in cancer s
the first miRNA mimetic that reached phase |
clinical trials (3).

MiR-34b has a similar origin and function
with miR-34cand its expression was also reduced
in sputum of smokers with and without COPD
comparedtononsmokers (61).

The expression of miR-34ais increasedin lung
tissue of patients with COPD, but shows no
correlation with the number of pack-years or
with the presence of lung cancer (43). In turn, it
can increase the expression of miR-199a-5p by
inactivation of the protein kinase AKT and its
regulation is made by positive feedback from
protein p53.

miR-101

An increased expression of miR-101 is
observedinlungs of COPD patients (25). MiR-101
affects the mitogen-activated protein kinase
(MAPK) phosphatase 1 (MPK-1) which is an
inhibitor of MAPK (69). Increased expression of
this miRNA reduces the dephosphorylation of
the extracellular signal-regulated kinase (ERK)
1/2. This can prolong the ERK 1/2 function,
observed in patients with COPD (40), which also
amplifies the expression of matrix metalloprote-
inase-1 (MMP-1) in smokers with emphysema
(41).



miR-101 nogtncka CFTR (TpaHcMembpaHeH
perynatop Ha KucTtuyHata ¢$nbposa), Konto
nojabpka xomeocTasaTa Ha TeYHOCTM B 6enua
Opo6 1 e HamaneH MpuM HacToAWwM M 6mBLIN
nywayn ¢ XObb (24). LinrapeHnart aum n Kagmmnat
CTUMynMpart ekcnpecnaTa HamiR-101 (25) ntaka
morat aa nogruckaTt CFTR, HapylwaBaiky QyHK-
uuATa my.
miR-133

CepymMHUTe HMBa Ha miR-133 ca 3HaunTenHo
no-sucoku npwv naymeHTn ¢ XOBb B cpaBHeHMEe C
KOHTponu (14). miR-133 yyacTBa B CUCTEMHOTO
Bb3naneHue npu XObb, kato HMBaTa My Kope-
nupat ¢ agpeHna NFkB p50. Ta3u Bpb3Ka e
Hanuvue npv naynentute B ctagun | n 1l no GOLD
(r=0.47) v nuncea npu nayueHTuTe B ctaguii lll n
IV no GOLD, kbaeTo ce HabnoaaBa 3aBUCUMOCT C
IL-2nlL-5(14).
miR-135b

TiOTIOHEBUAT OUM ygesiuyasa GenoppobHaTa
ekcnpecusa Ha miR-135b, kato ToBa yBennueHune
3aBucnotlL-Ta nlL-1 peuentop 1 (IL-1RT) (22).

miR-135b perynupa IL-1R1 1 Kacnasa-1 (22).
AKTMBMpaHaTa Kacnasa-1 yBenvnyasa Npon3Bos-
ctBOTO Ha IL-1p (13), KonTo cbBMecTHO C IL-1a ak-
TmBMpatIL-1R1.miR-135b ocbLiecTBsiBa oTpULa-
TenHa ob6paTHa Bpb3Ka upes cBbp3BaHe ¢ IL-1R1
M Kacnasa-1 c uen HamansBaHe Ha ycuseHus
Bb3MNanuTesieH OTroBop 1 CrivpaHe nporpecu-
ATa Ha Bb3naneHueto. B nogkpena Ha ToBa e
onucaHa ycuneHa ekcrnpecus Ha IL-13 B paHHaTa
$asa Npu KOHTAKT C TIOTIOHEB AnUM (15), HO He 1
npv nepcucTnpaLy KOHTakT (10).
miR-144

Exkcnpecnata Ha miR-144 e ygenuveHa npwu
nauneHtn ¢ XObb B cpaBHeHMe CbC 3ppaBu
nywaun (16). miR-144 yyacTtBa B perynaumata Ha
CFTR. LnrapeHnat gum n KagMuAaT CTUMynmpaT
eKkcnpecuaTa Ha miR-144, nogo6Ho Ha MiR-101
(25) n Taka moraT ga noatuckat CFTR npu XOBB,
HapyLlUaBalky xomeocTa3aTa Ha TeYUHOCTUTE.
miR-146a

EkcnpecuaTta Ha miR-146a e HamaseHa B
Xpayka Ha nauymneHTn ¢ XOBb B cpaBHeHMe KaKTo
C Henywauw, Taka n ¢ nywauu (61). loguweHa
eKkcnpecus obave ce HabnogaBa B 6enva gpob
Ha nauneHTn ¢ XOBb B cpaBHeHMe cnywauu (16).

miR-146ayuacTBa B perynauyusaTta Ha Bb3na-
NIeHVeTO 1 BPOAEHNA MMYHUTET ype3 oTpuLla-
TesiHa obpaTHa Bpb3ka. HamaneHata ekcnpecus
Ha miR-146a yBennyasa KonmMyectBOTO Ha NPo-
TenHa umknookcureHasa-2 (COX-2) (52). COX-2 e
K/0UYOB eH3MM B OMOCUHTe3aTa Ha NpocTariaH-
avH E2 (PGE2), koliTo cnocobcTBa 3a HeyTpodun-
HOoTO npwuBnuyaHe (50). B gonbnHeHne, PGE2
UHXMO6UpPa Bb3CTaHOBUTENHATa GYHKLMA Ha Oe-
nofnpobHute prbpobnacty (30) 1 e yBenuuyeH B
6enuTte gpoboBse 1 BbB Hp1bpPOoLGRACTU Npy NaLm-
eHTn ¢ XOBb (45, 52) KaTo Kopennpa C TexecTTa
Ha 3abonsBaHeTo (52). YBenuueHata COX-2 eKc-
npecurs e xapakTepHa 3a XPOHUYHO Bb3naneHme
NpW CBbpP3aHU C TIOTIOHOMYLIEHETO 601eCTn KaTo
XOBbB n 6enoapobeH KapumHom (39, 46). IL-13 n

miR-101 inhibits CFTR (cystic fibrosis trans-
membrane conductance regulator), which main-
tains homeostasis of fluids in the lungs and is
decreased in current and former smokers with
COPD (24). Cigarette smoke and cadmium
stimulate the expression of miR-101 (25) and can
inhibit CFTR, impairing his function.

miR-133

Serum levels of miR-133 were significantly
higher in patients with COPD compared to
controls (14). miR-133 is involved in systemic
inflammation in COPD as its levels correlate
with nuclear NFkB p50. This relationship is
present in patients with GOLD stage | and Il
(r=0.47) and is absent in patients with GOLD
stage lll and IV, where there is a correlation with
IL-2and IL-5 (14).
miR-135b

Tobacco smoke increases lung expression of
miR-135b which is dependent of IL-1a and IL-1
receptor 1 (IL-1R1) (22).

miR-135b regulates IL-1R1 and caspase-1
(22). The activated caspase-1 increases the
production of IL-1p (13), which together with IL-
1a activate IL-1R1. miR-135b performs negative
feedback by binding to IL-1R1 and caspase-1 in
order to reduce the amplified inflammatory
response and stopping the progression of
inflammation. In support of this, enhanced
expression of IL-13 in the early phase in contact
with tobacco smoke is described (15), but not in
chronic exposure(10).
miR-144

The expression of miR-144 is increased in
patients with COPD compared to healthy
smokers (16). miR-144 takes part in the regulati-
on of CFTR. Cigarette smoke and cadmium
stimulate the expression of miR-144, similarly to
miR-101 (25) and thus can inhibit CFTR in COPD,
impairing fluid homeostasis.
miR-146a

The expression of miR-146a is reduced in
sputum of COPD patients compared to both
non-smokers and smokers (61). However,
increased expression was observed in the lungs
of patients with COPD compared to smokers (16).

miR-146a is involved in the regulation of
inflammation and innate immunity by nega-
tive feedback. The reduced expression of miR-
146a increases the amount of the protein
cyclooxigenase-2 (COX-2) (52). COX-2 is a key
enzyme in the biosynthesis of prostaglandin E2
(PGE2), which contribute to neutrophil attrac-
tion (50). In addition, PGE2 inhibits the repair
function of the lung fibroblasts (30) and is
increased in the lungs and in fibroblasts in
patients with COPD (45, 52) with correlation with
the disease severity (52). Increased COX-2 ex-
pression is characteristic of chronic inflamma-
tion in smoking-related diseases such as COPD
and lung cancer (39, 46). IL-1 and TNFa induce
NF-kB and the expression of miR-146a, but with
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TNFa nHgyumpat NF-kB 1 ekcnpecusaTa Ha miR-
146a, HO CbC 3HaAUMTENHO Mo-cab edekT npu
nauneHTn ¢ XObb B cpaBHeHMe cbC 3apaBu
KoHTponu (52).
miR-199a-5p

MiR-199a-5p e CbC 3HauuUTENHO HAMAsneHa
ekcnpecua B T-perynatopHu KneTku npuv naum-
eHTn ¢ XObb B cpaBHEeHMe CbC 34paBu nyLlayu,
KOeTO BepOATHO AOMPMHAcA 3a HapyleHus
Bb3nanauTteneH oTroBop (7).

3a pas3nuka OT nNpeaxogHUTe pesyntaTw,
Hassan et al. yctaHoBABaT nosuweHa ekcnpecus
Ha MiR-199a-5p B MoHOUUTM NpW NaumeHTn ¢
XOBb n al-aHTutpuncuHoB geduunt (26).
Mizuno et al. noka3sBart ygesiuyeHa ekcnpecus Ha
miR-199a-5p B 6enofpo6Ha TbKaH Ha NaLMeHTn
¢ XOBb B cpaBHeHwMe ¢ Henywauu (43). ABTopuTe
0b6ACHABAT pe3ynTaTuTe C NOBULLEHA eKCrpecrs
Ha p53 B cneAcTBMe Ha OKCMAaTWMBEH CTpec,
KoeTo yBenuyasa miR-34a, nocnegBaHo ot
yBenmyeHne Ha miR-199a-5p, Han-BepoATHO
ype3 nHakTMBauua Ha AKT (43) (pur. 1).

significantly reduced effect in COPD patients
compared to healthy controls (52).

miR-199a-5p

miR-199a-5p has a significantly reduced
expression in T-regulatory cells in patients with
COPD compared to healthy smokers, which pro-
bably contributes to the impaired inflammatory
response (7).

In contrast to previous results, Hassan et al.
establish increased expression of miR-199a-5p in
monocytes in patients with COPD and al-
antitrypsin deficiency (26). Mizuno et al. showed
increased expression of miR-199a-5p in lung
tissue of patients with COPD compared to non-
smokers (43). The authors explain the results
with increased expression of p53 as a result of
oxidative stress, which increases miR-34a,
followed by an increase of the miR-199a-5p,
most likely by inactivation of AKT (43) (fig. 1).

Our. 1. MexaHu3bM Ha benogpobHa yspena.

OKcupaTnBeH cTpec }T p53 }T miR-34a }l AKT }T miR-199a-5p }l HIF-1a }lVEGF ) HapyweH Bb3cTaHoBUTENEH 6enoapobeH MexaHn3bMm

Fig. 1. Mechanism of lung damage.

Oxidative stress }T p53 }T miR-34a }l AKT }T miR-199%a-5p }l HIF-1a }lVEGF ) Impaired pulmonary repair mechanism

EkcnpecnaTa Ha miR-199a-5p Kopenupa npa-
BOMPONOPUMNOHANHO ¢ TexkecTTa Ha XObb n ¢
ekcnpecuATa Ha miR-34a, HO He NOKa3Ba 3aBUCU-
MOCT € 6p0si Ha NakeToroANHWTE UM C Hannune-
TO Ha 6enoapobeH KapumHom (43).

MpekypcopdbT Ha MiR-199a-5p HamanaBa
eKcnpecmraTa Ha XUNOKCUA NHAyLmpyem daktop
1a (HIF-1a), HabntogasaHo npu nauneHT ¢ XObb
(43, 67). ToBa HamansABa yCTOMYMBOCTTa Ha
6enoapobHVA eHAOTEN, Npeapasnoaranky KbM
emduzem.

HIF-1a no3utnBHO perynupa cbAoBUA eHAo-
TeneH pactexxeH ¢akTop (VEGF) (31), kKolTO Ur-
pae BaXHa ponif, Tbil KaTO NpeMaxBaHeTo Ha
HeroBua nuraHpg (60) n MHXMOMpPaHETO Ha
peuenTtopa My (34) Bogu pgo eméusem. VEGF e
e[lVH OT reHnTe C Hal-CUIHO HaMalleHa eKkcnpe-
cva B 6enua gpo6 npu nauneHtn ¢ XOBb (4).
OcBeH ToBa, Npu Texxka xunokcua HIF-1a ctabu-
nusnpa p53 (51). Ekcnpecnarta Ha p53 e yBenuye-
Ha npw nayuneHTn ¢ XOBb 1 emdpuzem (47, 67), a
p53 perynupa ekcnpecuaTta Ha miR-34a B oTro-
Bop Ha [IHKyBpepa (6, 28).
miR-206

mMiR-206 BepOATHO yyacTBa B CMCTEMHOTO
Bb3naneHue npu XObb kKaTto H1BaTa My Kopenu-
pat c agpeHusa NFkB p50. Ta3u Bpb3Ka e Hanumue
npuv nauneHtTute B ctagun l n llno GOLD (r=0.4) n
nincea npu nauumeHtute B ctagui il n IV no
GOLD, kbaeTo ce HabnoaaBa 3aBUCMMocCT CIL-2 n
IL-5(14).

The expression of miR-199a-5p correlates
positively with the severity of COPD and with the
expression of miR-34a, but shows no correlation
with the number of pack-years or with the
presence of lung cancer (43).

The precursor of miR-199a-5p reduces the
expression of hypoxia inducible factor 1a (HIF-
1a), observed in patients with COPD (43, 67).This
reduces the sustainability of the lung endothe-
lium, predisposing toemphysema.

HIF-1a positively regulates vascularendothe-
lial growth factor (VEGF) (31), which plays an
important role as the elimination of its ligand
(60) and the inhibition of its receptor (34) leads to
emphysema. VEGF is one of the genes with the
most highly reduced expression in the lung in
patients with COPD (4). Furthermore, in severe
hypoxia, HIF-1a stabilize p53 (51). The expression
of p53 is increased in patients with COPD and
emphysema (47, 67), and p53 regulates the
expression of miR-34ain response to DNA dama-
ge(6,28).
miR-206

miR-206 may be involved in systemic
inflammation in COPD as its levels correlate
with nuclear NFkB p50. This relationship is
present in patients with GOLD stage | and Il
(r=0.4) and is absent in patients with GOLD stage
Il and IV, where there is a correlation with IL-2
andIL-5(14).



CepyMHUTe HMBa Ha MiR-206 ca 3HauNTENHO
no-sucoku npwv naymeHTn ¢ XOBb B cpaBHeHMe C
KOHTPONM 1 KOopenumpaTt npaBonponopymo-
HanHo cOEO1 (r=0.25) (14).
miR-218

EkcnpecnaTta Ha miR-218 e HamaneHa npu
nyLlauu B CPaBHEHVEe C HenyLwayn B GpOHXManeH
enuten (54), B nHayumMpaHa xpayka (61) n B bAJl
Ha naumeHTn ¢ XOBb (44). miR-218 BepoATHO
yBeNMYyaBa ekcnpecmaTa Ha TPaHCKPUNLUOHHNA
¢dakTop MAFG, KOWTO perynvMpa MHOXeCTBO
reHu, CBbP3aHM C OTFTOBOPA KbM LMrAapeH UM r
CNCTEMHOTO Bb3nasneHue (54).
miR-452

EkcnpecnaTa Ha miR-452 e cunHo HamaneHa
B anBeOsIapHM Makpodarv Npu akTMBHY NyLlaym
B CpaBHeHue ¢ Henywaun (20). miR-452 nHxn6u-
TOP MOXKe [ia YBeNn4ymM eKcnpecmnaTa Ha MaTpUKC-
Ha meTanonentuaasa 12 (MMP12) mPHK, kosato
urpae BaxHa pona B natoreHesata Ha XObb Kato
pa3rpa)<ga enactuHa 1 no To31 HaumH ynecHaABa
Bb3HVKBaHETO Ha emdusem (27).
miR-499

CepymMHUTe HMBa Ha MiR-499 ca 3HaunTenHo
no-sucoku npwv naymeHTn ¢ XObb B cpaBHeHMe C
KOHTPONM, KOETO npepfnonara yCKOpeHo pas-
rpaxpaaHe Ha MycKynHa TbKaH (14). [lMNauneHTu-
Te ¢ HanpegHana XOBb (cragun IV) nmat no-
HUCDBK AN Ha TUN | MyCKYTHM BNlakHa, OT KOUTO ce
ocBoboxgaBa miR-499 (62) n CbOTBETHO MO-
HWCKM HMBA Ha nocneaHaTa (14). MNo Tasun npnum-
Ha HamaneHneto Ha MiR-499 e cBbp3aHoO C
HaMaJieHa NpeXNnBAEeMOCT, BEPOATHO KaTo
pe3ynTtaT oT Kaxekcus (29). OcseH ToBa miR-499
nokassa no3uTreHa Kopenauua c OEOT (r=0.26),
6-MVHYTHUA TecT ¢ xopgeHe (6MWD) (r=0.22), a
npu naumenTtute B ctagun Il n IV no GOLD -
Kopenauma € NPOLEHTHOTO KonmyecTso Tun |
MYCKYNHU BrakHa (r=0.26).

miR-499 BepoATHO yyacTBa 1 B CUCTEMHOTO
Bb3naneHue npu XObb — HMBaTa My Kopenupat
¢ agpeHus NFkB p50, kKaTo Tasn Bpb3Ka e no-
CUNHa npu naumenTuTe B ctaguii | n Il no GOLD
(r=0.58), n nuncea nNpu nauneHTUTe B ctagui Il n
IV, kbaeTo ce Habnogaea 3aBucMmocT cIL-2 nIL-5
(14).
miR-638

EkcnpecnaTta Ha miR-638 noka3sa nosumus-
Ha Kopenauus C TekecTTa Ha emdusema Kato
ca onmMcaHun Hag 50 NO3UTMBHO MM HEraTUBHO
perynupaHu ot Hest NnpoaykTa (8). MHxmbnpaHe-
To 1 B 6enogpobHn ¢nbpobnactn Boan Ao
CBPDbXEKCNPEeCcnsa Ha KOHTPONMpPAHUTE OT HeA
reHu, CBbp3aHM C OTFOBOPA KbM OKCUAATUBEH
CTpec 1 pemofennpaHeTo Ha U3BbHKIETbYHNA
MaTpUKC (8).
let-7c

let-7c (lethal-7¢) e MmPHK, unaTto ekcnpecus e
3HAUUTENHO NO-HUCKA B Xpayka Npu nauneHTn ¢
XOBb B cpaBHeHWe ¢ Henywaun 1 nylayy 6e3
XOBb (49, 61). B ponbnHeHue, let-7c nokassa
Bpb3ka ¢ OEO1, a TIOTIOHEBMAT AUM HamanAga
ekcnpecuaTa (32, 33). let-7c ocbuwecTBaBa
oTpuuaTenHa obpaTtHa Bpb3ka ¢ npoTterHa RNF

Serum levels of miR-206 were significantly
higher in patients with COPD compared to
controls and correlate positively with the FEV1
(r=0.25)(14).
miR-218

Expression of miR-218 is reduced in smokers
compared with non-smokers in bronchial
epithelium (54), in induced sputum (61) and in
BAL of patients with COPD (44). miR-218
probably increases the expression of the trans-
cription factor MAFG, which regulates many
genes associated with the response to cigarette
smoke and systemicinflammation (54).
miR-452

The expression of miR-452 is highly reduced
in alveolar macrophages in active smokers com-
pared to non-smokers (20). miR-452 inhibitor
may increase the expression of matrix metallo-
peptidase 12 (MMP12) mRNA, which plays an
important role in the pathogenesis of COPD as it
degrades elastin and thereby facilitate the
occurrence of emphysema (27).
miR-499

Serum levels of miR-499 were significantly
higher in patients with COPD compared to
controls, suggesting accelerated breakdown of
muscle tissue (14). Patients with advanced
COPD (stage IV) have a lower proportion of type |
muscle fibers, from which to release miR-499 (62)
and correspondingly low levels of the last (14).
For this reason, the reduction of miR-499 is
associated with decreased survival, probably asa
result of cachexia (29). Moreover, miR-499
showed a positive correlation with FEV1 (r=0.26),
6-minute walking distance (6MWD) (r=0.22), and
in patients with GOLD stage Ill and IV -
correlation with the percentage amount of type |
muscle fibers (r=0.26).

miR-499 is also likely to play role in systemic
inflammation in COPD - its levels correlate with
nuclear NFkB p50 and this relationship is
stronger in patients with GOLD stage | and |l
(r=0.58) and absent in patients with stage Ill and
IV where there is a correlation with IL-2 and IL-5
(14).
miR-638

The expression of miR-638 show a positive
correlation with the severity of emphysema as
there are more than 50 positively or negatively
regulated by it products described (8). Its inhibi-
tioninlungfibroblasts leads to overexpression of
genes controlled by it, related to the response to
oxidative stress and remodeling of the extra-
cellular matrix (8).

let-7c

let-7c (lethal-7c¢) is a miRNA with significantly
lower expression in sputum in patients with
COPD compared to non-smokers and smokers
without COPD (49, 61).In addition, let-7c shows a
relationship with FEV1, while tobacco smoke
reduces its expression (32, 33). let-7c serves as a
negative feedback to the protein RNF receptor ||
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peuenTop Il (TNFR-II). MaumneHTn C TeXKa 1 MHOTO
Texka XObb nmat 3HaunTenHo yBenmyeHun H1Ba
Ha TNFR-ll B xpauka (61). lNpemaxBaHeTO Ha
TNFR-Il npegnassa oT nHAyUMpaHM OT UMrapeH
AVM Bb3naneHue n emdusem, KoeTo npegnosnara
yyacTmeTo My B natoreHesata Ha XOBb (12).
HamaneHaTta ekcnpecma Ha pas3nnyHuTe
MUPHKM oT cemeincTBoTO Ha let-7 npu 6enoapo-
6eH KapLMHOM e CBbP3aHO C HamaneHa Npexu-
BsemocT (58). let-7c mumeTnum ce nscnegsart
KaTo aHTUTYMOPHM NpenapaTu (2) Kato nHTepec
npencrasnasa v npunoxeHneto my npu XObb.

3akniouyeHne

XOBb e cBbp3aHa c naTtonormyHa ekcnpecus
Ha peaunua MnPHKuK Kato e Hanuue onpegeneH
eKkcnpecroHeH npodun (our. 2).

Our. 2. buonornynu GyHKumm Ha MUPHK B natoreHe3ata Ha XOBb.

(TNFR-II). Patients with severe and very severe
COPD had significantly increased levels of TNFR-
Il in sputum (61). The elimination of TNFR-II
prevents cigarette smoke-induced inflammation
and emphysema, suggesting its involvement in
the pathogenesis of COPD (12).

The reduced expression of different miRNA of
the family of let-7 in lung cancer is associated
with decreased survival (58). let-7c mimetics are
investigated asan antitumoragents(2) and there
isinterestinitsapplicationin COPD.

Conclusion

COPD is associated with abnormal expres-
sion of a number of miRNAs with characteristic
expression profile (fig. 2).

1 miR-15b »] SMAD7 D pemopenupane

1 miR-101 b MPK-1 »1 ERK1/2 D1 MMP-1 D emduzem
1 miR-101 »} CFTR ) Hapywen 6ananc Ha TeurocTu

1 miR-135b») IL-1R D xpoHnuHo Bb3Nanenne

1 miR-144 p| CFTR ) HapyweH 6anaHc Ha TeuHoCTU

L miR-146a p1 COX2 D xpoHnuHo Bb3NaNEHNe 1 emousem
L miR-452 1 MMP12 p emduzem

1 miR-638 » emousem

L let-7c p1 TNFR-Il B xpotmuHo Bb3naneHue

Fig. 2. Biological functions of miRNA in the pathogenesis of COPD.

1 miR-15b »J SMAD7 D remodeling

1 miR-101 b} MPK-1 »1 ERK1/2 D1 MMP-1 D emphysema
1 miR-101 »] CFTR D impaired fluid balance

1 miR-135b ») IL-1R > chronicinflammation

1 miR-144 p} CFTR » impaired fluid balance

4 miR-146a p1 COX2 » chronicinflammation and emphysema
4 miR-452 p4 MMP12 ) emphysema

1 miR-638 » emphysema

llet—7c }T TNFR-Il p chronicinflammation



Mpw nauneHTN cbe cTabunHa XOBb nnasme-
HUTe HYBa Ha MyCKynHo-crneundunyHmnTe MUPHKK
Ca yBenMyeHy, KoeTo roBopu 3a 3aryba Ha myc-
KyJIHa TbKaH KaTo e HasnuLe onpegeneH npodun
B 3aBMCMMOCT OT TeXeCTTa Ha 3abonAaBaHeTo U
pa3snpepeneHneTo Ha MYCKYNHUTe BJlakHa.
MnasmeHnTe HMBa Ha MiR-499 npu nauneHTn ¢
neka n ymepeHo-texka XObb kopenupat ¢
anpeHna NFkB p50, gokaTo npu naumeHTn ¢
TeXKa 1 MHoro Texxka XObb miR-206 n miR-133
Kopenupar C UMTOKNHNUTe. ToBa NoKa3Ba MyCKy/i-
Ha 3aryba B No-paHHUTE CTagun B pe3ynTaT Ha
HamaneHa ¢uv3nyecka akTMBHOCT, [OKaTo npwu
HanpegHano 3abonsBaHe — CbC CUCTEMHO Bb3-
nasneHwve.

3awmraTta Ha opraHu3ma cpelly BpegHu
Bb3AENCTBMA OT Pa3/IMUYHM NATOreHN 1 YCIoBMA
KaTo UurapeH AuUM M3nCKBa afileKBaTeH MIMYHEeH
OTroBOp. YCUNEHUAT UMYHEH OTFOBOP 0baue Mo-
e fla foBefe A0 NosABa Ha Bb3nanumTenHm 3abo-
naBaHuA Kato XOBbB. B Ta3n Bpb3Kka oTpuuaten-
HaTa obpaTHa Bpb3Ka € BaXkeH MeXaHM3bM 3a
npegoTBpaTtaBaHeTo My. MMPHKK-Te ca BaxeH
oTpuuUaTeneH perynatop U TAXHaTa HamasneHa
ekcnpecusa npu XOBb He mopTucka ycuneHua
WNMYyHeH OTroBop.

He Ha nocnefHo MACTO, NaToNornyHaTa eKc-
npecusa Ha HAkou MUPHKKM moxke ma ob6sicHu
NOBMLLEHATa YecToTa Ha TYMOPHY nNpouecy npu
nauveHTn ¢ XOBb.

PerynupaHeTo Ha HapyLleHaTa ekcnpecus Ha
MUPHK npu nauneHTn c XOBb moxe Aa e peanHa
TepaneBTUYHa Bb3MOXKHOCT.
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In patients with stable COPD, plasma levels of
muscle-specific miRNAs are increased, indica-
ting a loss of muscle tissue and there is a specific
profile depending on the severity of the disease
and the distribution of muscle fibers. Plasma
levels of miR-499 in patients with mild and
moderate COPD correlate with nuclear NFkB
p50, while in patients with severe and very
severe COPD miR-206 and miR-133 correlate
with cytokines. This indicates loss of muscle
tissue in the early stage as a result of physical
inactivity, whereas in advanced disease — of
systemicinflammation.

Protecting the body against the harmful
effects of various pathogens and conditions such
as cigarette smoke, requires an adequate
immune response. Enhanced immune response
can lead to the onset of inflammatory diseases
such as COPD. In respect to this, the negative
feedback is an important prevention mecha-
nism. miRNAs are an important negative
regulator and their reduced expression in COPD
does not suppress amplifiedimmune response.

Last but not least, the pathological expres-
sion of certain miRNAs might explain the
increased incidence of tumor processes in COPD
patients.

The regulation of impaired expression of the
miRNA in COPD patients can be a real therapeu-
ticpossibility.
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