28

XObb - ATEPOCK/IEPO3A,
EHAOTENHA AUCOYHKLINA,

BTOPUYHA MYIMOHAJTHA
XUMEPTOHUA

TopakanHa MeanuuHa
Tom IV, okTomBpm 2012, 6p.3

L. NMetposa, C. HaingeHcka, 0. [eoprues
Kateapa no nponeaeBTyKa Ha BBTPELLHTE 00NecTi,
MeguuuHckn Yrusepcutet — Codud

Pesiome

XpoHunyHaTa 06cTpyKTUBHA 6enoppobHa 6onecT (XOBB) e ¢ HapacTBalla YecToTa B Lisifl CBAT, C MHO-
YKEeCTBO CUCTEMHU YCNOXKHEHUA U CKbMNO neyeHue. [NpeactaBeHn ca enMaeMMONOrMYHN JaHHN CBBbP3-
Bawwm XOBbB ¢ aTepockniepo3aTa, eHAoTeNIHaTa AUCOYHKUMA U NySIMOHANHaTa xuneptoHusa. OnucaHa e
ponATa Ha HAkou monekynu (CRP, LDL, IL-6 u gp.) yuacTBaLm B natoreHesara il. EHgoTenHata guchyHk-
uma B 6enofpobHUTe apTepun e B pe3ynTaTt OT MPOMEHUTE B eKCrpecuaTa U 0cBOO6OXaBaHeTO Ha
Ba30aKTMBHY MefmaTopu. [pefcTaBeHn ca nuTepaTypHUTE JaHHM 33 OLleHKa Ha HAKOM OT MapKepuTte
cBbp3aHu ¢ XObb. HAKon npoyyBaHnA 3a KNMHUYHATA 3HAYMMOCT U MaToreHesa Ha nyiMOHanHata
xunepToHus (MX) ca cnocobcTBany 3a yCTaHOBABAHE Ha MHOXECTBOTO KJIIOUYOBU U MPOTrHOCTUYHU
dakTopu npu ymepeHa o Texxka XOBb. Pa3nuuHu nnasmeHy mapkepu 3a eHAoTenHa AnchyHKLUA
(kaTo a30TeH oKCKf, TPOMOOMOAYIVIH, C-PEAKTMBEH MPOTEVH, CENEKTUHI 1 AP.) U TAXHaTa Bpb3Ka C re-
HOTMMa ca U3cneABaHun B NO-HOBKTE NPOYYBAHNA, CBbP3aHN CbC CbpAeYHO-CbA0BMUTE 3ab0NnABaHUA.

KniouoBu gymm: xpoHnyHa o6CTpyKTBHA 6enoapobHa 6onecT, aTepockneposa, eHgoTeNHa Anc-
dYHKUMA, NYNIMOHANHA XUMEPTOHUS, XPOHMYHA XUMOKCEMMSA, CbAOBO PEMOAENPAHE, CENEKTUHN,
KaHauaaT reHu
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Abstract

COPD s anincreasing burden worldwide, costly disease with multiple systemic consequences. There
are compelling epidemiological data linking COPD with atherosclerosis, endothelial dysfunction and
pulmonary hypertension. The role of certain molecules (CRP, LDL, IL-6, etc.) in the pathogenesis is
described. Endothelial dysfunction in pulmonary arteries results from changes in the expression and
release of vasoactive mediators. Literature data from assessment of numbers of markers associated
with COPD are presented. Several studies on clinical significance and pathogenesis of PH have
contributed to identifying multiple key and prognostic factors for moderate to severe COPD. Different
plasma markers of endothelial dysfunction like NO, thrombomodulin, CRP, selectins etc.) and their
relationship with the genotype is followed in newer studies related with cardiovascular disease.

Key Words: Chronic Obstructive Pulmonary disease, atherosclerosis, endothelial dysfunction,
pulmonary hypertension, chronic hypoxemia, vascular remodeling, selectins, candidate genes
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BbBegeHmne

XpoHuyHaTa 0OCTpyKTUBHa 6enoppobHa 6o-
nect (XOBb) e xeTeporeHHa, MyNTUCUCTEMHA
60NecT C YyCIOXKHEHUSA, Pa3fINYHK OT Te3n Ha 06-
CTPyKUMATa Ha AuxatenHute nbrmwa (16, 26).
Pe3ynTaTbT ce n3pasfABa B Pa3HOPOAHOCT Ha KNu-
HUYHWTe NposaBu Npu naumeHTn ¢ XOBb (10). Bb-
npeku, Ye ce pedurHupa n ctagmpa cnopeg OEOT,
UMa [OKyMeHT, crnopes konto OEO1 camoctos-
TEeJIHO He e OCTAaTbYEH 3a [1a Ce ONULLE CJTOXKHOC-
TTa My. 2011 rognHa 6e npennoXeHo ToBa fa ce
onpenena n rpynupa oT KJIYOBU efleMeHTU Ha
KNUHUYHWUTE 13ABKU, AeduHMpankn cneuynduy-
HUTe GeHOTMNOBE 1 JONPUHACANKM 32 Nogobpsa-
BaHe Ha CxBallaHWATa 3a natodpmsmonormata Ha
XOBb (11). Ta e npeacTaBeHa C HapacTBalya Te-
eCT B CBETOBeH Mallab, AoKfajBaHa 3a LecTa
BoJeLa NpuYmnHa 3a cMbpT npe3 1990 rogmHa n
yeTBbpTa Npe3 2000. O6e3KypaKUTENHMN Ca Npea-
BkpaHuaTa XObb ga gocturHe TpeTo MACTO Mo
3HaummocT npe3 2020 roguHa (21).

XOBb e 3abonaBaHe CbC CKbMO CTPYyBaLLO fe-
YeHVe N C MHOXECTBO CUCTEMHU YCNOMHEHMUA.
CncteMHuTe edekTn Ha bonecTTa ce n3pasAgat B
CTPYKTYPHU 11 BUOXUMUYHIN NPOMEHN B TbKaHW 1
opraHu n3BbH 6ennTe ApoboBe B 3aBUCUMOCT OT
XapaKTeprcTukata Ha NbpBUYHOTO 3abonsaBaHe.
Mo Bpeme Ha ek3auepbauunte Ha XObb e Hanu-
Le ronAamo pasHoobpasne OT cUCTEMHU edeKTy,
BKJIIOUNTENIHO aTepOCK/epo3a, eHAOTENHa AUC-
bYHKLMA 1 BTOPUYHA NMYSIMOHATHA XMEPTOHMA.

XOBb e BaxeH puckoB ¢paKkTop 3a aTepockie-
p0O3a, HO OCHOBHUTE MEXaHM3MU He Ca HaMbJHO
npoyueHu (22). MaToreHe3aTa Ha aTepocKnepo3a-
Ta € KOMMAeKcHa u MHorodakTopHa. MNMpeanonara
ce, Ye efjHa OT OCHOBHUTE MPUYMHM, BOAELIA [0
06pa3yBaHeTO Ha aTePOMATO3HM MNJaKkK e nepcu-
CTUPALLOTO HUCKOCTENMEHHO CUCTEMHO Bb3nase-
Hue (17). Mpwn HopmanHu GU3MoNOrMyYHM yCnoBua
(6e3 BbHLWHA HaMeca), YOBELIKUAT eHOOoTenyMm
npefoTBpaTABa aAxe3nATa Ha NEBKOLUTY U aKTU-
BaUMATa Ha TPOMOOLUTMTE, KOETO € B OCHOBATa
3a obpasyBaHeTo Ha nnakaTa. [1pu naTonornyHn
CbCTOAHUA, KaTo AnabeT, XObb 1 3atnbcTaABaHe,
eHAOTeNIMYMDbT 3arnoyBa Aa ekcrnpecupa aaxesu-
OHHUW MOJEKYNIM HA MOBBPXHOCTTA, KaTO BacCKy-
napHata agxe3snoHHa monekyna-1 (VCAM-1), kos-
TO NMO3BOJIABA HA LMpPKynMpawute 6enm KpbBHU
KNeTKW Aa ce NPUKPenBaT KbM YBPeAEHUAT eHo-
Ten (21, 25). BeagHbX NpuKpennnm ce Kbm Hero Te
BOAAT A0 CEPUA OT Bb3MaNUTENTHM peakuun.

Pepnuua monekynu moraT fia gjosepart (unm ycu-
nAT) To31 npouec. Han-gobpe npoyyeHaTa OT T€31
Monekynu e C-peakTuBHUAT npoTeunH (CRP). ToBa
e 0cTpo¢a3oB NPOTEUH, KONTO pearnpa Ha Bb3na-
nuTeneH curHan. OcsobopeH B cMcTeMHaTa Lup-
Kynauus, TOn oka3Ba BNMAHME BbpPXy NPOAyKLu-
ATa Ha ApYyrv Bb3NanuTeNHN LUTOKUHU, akTUBUPaA
cMcTemaTta Ha KOMMieMeHTa, NoBKMLIABa Pa3nos-
HaBaHeTO Ha NINMONPOTENHUTE C HUCKA MITBTHOCT
(LDL) ot makpodarute 1 6naronpuaTtcTaa IeBKo-
UMTHATa afxe3na KbM eHAoTesHaTa CTEHA, KaTo
Mo TO3M HAUYMH YCUIBa Bb3NanuTenHaTa Kackaga.

Introduction

Chronic obstuctive pulmonary disease (COPD)
is heterogeneous, multisystem disease with com-
plexities that extend far beyond airway obstruc-
tion (16, 26). The result is significant heterogeneity
in the clinical presentation of patients with COPD
(10). Although COPD is defined and graded by
the forced expiratory volume in 1 second (FEV1),
there is consensus that FEV1 alone is inadequate
in describing the complexity of the disease. It has
recently (2011) been proposed that identifying
and grouping key elements of patients clinical
presentations to define specific phenotypes may
allow for improved understanding of the patho-
physiology of COPD (11). It represents an increas-
ing burden worldwide, reported to be the sixth
leading cause of death in 1990 and the fourth in
2000. Discouragingly it is projected to jump to
third place by the year 2020 (21). COPD is a costly
disease and is recognized as heaving multiple sys-
temic consequences. The systemic effects of the
disease reflect the structural biochemical altera-
tions occurring in the structures or organs other
than the lungs in relation to the characteristics
of the primary disease. During exacerbations of
COPD a wide variety of systemic effects are seen
including atherosclerosis, endothelial dysfunc-
tion and secondary pulmonary hypertension.

COPD may be an important risk for atheroscle-
rosis, but the underlying mechanisms are not fully
understood (22). The pathogenesis of atheroscle-
rosis is complex and multifactorial. Persistent low-
grade systemic inflammation is believed to be
one of the centerpiece events leading to plaque
formation. There are compelling epidemiological
data linking systemic inflammation to atheroscle-
rosis (17). Under normal physiological conditions
(and without external insults), the human endo-
thelium does not support leukocyte adhesion,
which is the building block of plaque genesis.
However, in an inflammatory state (such as diabe-
tes, COPD or obesity), the endothelium begins to
over express surface adhesion molecules, such as
vascular cell adhesion molecule-1, that allow cir-
culating white blood cells to adhere to damaged
endothelial surfaces (21, 25). Once the white cells
become adherent to the endothelium, they trig-
ger a whole series of inflammatory reactions.

Certain molecules can promote (or amplify) this
inflammatory process. The most studied of these
molecules is CRP. It is an acute phase protein that
responds to infectious or inflammatory stress.
When released into the systemic circulation, CRP
can upregulate production of other inflammatory
cytokines, activate the complement system, pro-
mote uptake of low-density lipoproteins (LDL) by
macrophages and foster leukocyte adhesion to
vascular endothelium, thereby amplifying the in-
flammatory cascade. CRP can also upregulate the
expression of adhesion molecules and monocyte



CRP cbLio nosurwaBsa perynayuaTta Bbpxy ekcrnpe-
CMATa Ha afXe3MOHHU MOMIEKYIN U MOHOLUTHUA
XeMOTaKCMyeH npoTteunH-1, MoBMLIaBa pa3no3Ha-
BaHeTo Ha LDL ot makpodarute n B3anmogencT-
BMETO C eHAOTENIHUTE KNEeTKM 3a CTUMYyNMpaHe Ha
NPoAyKUMATa Ha NHTEPSIEBKUH-6 U eHJoTeNnH-1
(25). Apyr octpoda3os NpoOTENH CUHTe3MpaH oT
yepHUA Opob e nnasmeHNAT GUbpMHOreH, KONTO
CbLLO MOXe fla 6bfie N3MON3BaH 3a NpefckasBaHe
Ha KapAnoBacKynapeH puck (21).

C/CTeMHOTO Bb3ManeHue e Kio4YoB MexaHu-
3bM 3a aTepockfiepo3sa. [auyneHTnTe cTpapawm
OT TaKmBa 3abonABaHMA UMAT MOBULLUEH PUCK OT
CbpAeYHO-CbAO0Ba 3a60/1eBaEMOCT Y CMbBPTHOCT.

XOBbBb ce xapakTepusnpa ¢ nepcncTnpaLLo cmc-
TEMHO Bb3naneHue. B npoyuBaHe Ha Sin et al.
(2003) ca aHanu3MpaHU gaHHKU OT 6 629 naumneH-
Ta 3a Tpetoto The National Health and Nutrition
Examination Survey (NHANES) c uen onpepens-
He [anu mMapKepute 3a CUCTEMHO Bb3nasieHue,
Bkaousaly CRP, npucbctBaT npu naumeHTn ¢
XObBb n oueHKa Ha Bb3MOXKHaTa Bpb3Ka C Kap-
avoBacKynapeH nHUMaeHT (22). 2 070 naumeHTa
¢ XObb ca rpynnpaHn no cteneH Ha orpaHuye-
HMe Ha Bb3AyLHMA NOTOK. [pynaTa oT nauneHTu
C Texka cteneH Ha XObb nmat goctoBepHO no-
BULUEHME Ha HMBATa Ha LUUPKYIMpaLLUTe NIeBKO-
unt, TpoMboLMT 1 GUbpUHOreH, 1 2-3 MbTU
no-BMcokn HmBa Ha CRP, B cpaBHeHMe ¢ Te3un 6e3
orpaHuyeHvie Ha Bb3ayLWHNA NoToK (21, 22). MNa-
uneHTuTe c ymepeHa XObb cblo nokaseaT goc-
TOBEPHO, MaKap ¥ No-mMasko, HapacTBaHe Ha Te3un
MHPNAMaATOPHN MapKepu, KOUTO He ca CBbp3a-
HU camo c Texxka XObb. Bpb3kata mexay XObb
N HMBaTa Ha nnasmeHuna GubpuHoreH (gpyrnat
HecneundryeH Mapkep 3a Bb3naneHne n Hesa-
BUCKM PUCKOB $aKTOP 3a KOPOHapHa CbpaeyHa
6onect) e n3cneasaHa npu 93 nayneHta ¢ XObb
(27). HuBaTa Ha nna3meHnsa GUO6PUHOreH Ca NOBU-
LIeHW NPy NauneHTn cbe ctabunHa XOBb. Mpw ek-
3auepbaymaTta Ha XOBb HapacTBaHeTO Ha HMBaTa
Ha MHTEPNEeBKUH-6 € CBbP3aHO C HapacTBaHe Ha
nnasmeHuna GubpuHoreH. MHoXecTBeHN perpe-
CMOHHW aHanM3u NoKa3BaT, Ye HapacTBAHETO Ha
¢$nbpurHOoreHa e No-3HAUMTENTHO, KOraTo eK3aLep-
6aunnTe Cca CBbp3aHM C yCWIBaHe Ha Kaluuvua-
Ta 1 nosBaTa Ha FHOWMHW Xpayku. 3aKNoYeHNeTo
Ha aBTOpUTE €, Ye HapaCcTBAHETO Ha Mya3MeHun
$MbpUHOreH, CBbP3aHO C BMCOK UHTEPNIEBKNH-6
npu nauneHTy ¢ XOBbb B ek3auepbauns, moxe Aa
JOonpuHece 3a HapacTBallaTa CbpeYHO-CbAOBa
CMBPTHOCT (27).

EnpoTenHa gucpyHkuyma

EHpoTen®tT e Hal-ronemma opraH B TANOTO U
cTpaTerMyecky e pasnosoXeH mMexay CbaoBaTa
CTeHa W KpbBOTOKa. EHpgoTenHata gmcdyHKumA
ce xapakTtepusmpa C NpomMaHa BbB ¢yHKLMATA
Ha eHpjoTena, Bofel, AO HamasnABaHe Ha Baso-
avnaTtaumaTa, npovHdnaMaTtopHa aKTUBHOCT W
NPOTPOMOOTUYHIM CBOWCTBA, KOETO Ce CBbP3Ba
C pa3VYHN KapAuoBacKynapHu 3abonaBaHus,
KaTo XMMNepTOHMA, KOPOHapHa 60necT, XpOHMYHa

chemotactic protein-1, promote macrophage up-
take of LDL and interact with endothelial cells to
stimulate the production of IL-6 and endothelin-1
(25). Other acute phase proteins released by the
liver, such as plasma fibrinogen, can also be used
to predict future cardiovascular events (21).

Systemic inflammation is a key mechanism
for atherosclerosis, patients suffering from con-
ditions associated with systemic inflammation
should have an excess risk of cardiovascular mor-
bidity and mortality.

COPD is characterized by persistent systemicin-
flammation. Data were analysed for 6 629 patients
(Sin et al. 2003) from the third NHANES (NHANES
lIl) to determine whether systemic inflammatory
markers, including CRP, were present in patients
with COPD and to assess the possible link with
cardiovascular injury (22). The 2 070 patients with
COPD were grouped by degree of airfow obstruc-
tion. The group of patients with severe COPD had
significantly higher circulating leukocyte, plated
and fibrinogen levels and 2-3 times more likely to
have elevated CRP levels, compared with subjects
without airflow obstruction (21, 22). Patients with
moderate COPD also showed significant, albeit
smaller, increases in these inflammation markers,
which are not solely associated with severe COPD.

The link between COPD and plasma fibrinogen
level (another nonspecific marker of systemic
inflammation and an independent risk factor
for coronary heart disease) was investigated in
93 patients with COPD. Plasma fibrinogen levels
were elevated in stable patients with COPD (27).
Exacerbation of COPD increased serum IL-6 levels,
which was associated with rises in plasma fibrino-
gen. Multiple regression analyses showed that
the increase in fibrinogen was significantly great-
er when exacerbations were associated with pu-
rulent sputum, increased cough and symptoma-
tic colds. The authors concluded that increases in
plasma fibrinogen, associated with rises in IL-6 in
patients with COPD exacerbation, may contribute
to increased cardiovascular mortality (27).

Endothelial dysfunction

The endothelium, the largest organ in the body,
is strategically located between the wall of blood
vessels and the blood stream. Endothelial dys-
function is characterized by a shift of the action
of endothelium toward reduced vasodilatation,
a proinflammatory state and protrombic proper-
ties and it is associated with most forms of cardio-
vascular disease such as hypertension, coronary
artery disease, chronic heart failure, peripheral ar-
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CbpAeYHa HelOCTaTbYHOCT, NepudepHa Cbaosa
6onecT, 3axapeH AnabeT n XxpoHnyHa 6bOpeyHa
HepocTaTbuHOCT (1).

CbpoBute GyHKUUN HA eHAOTENA Ca Meaumpa-
HM OoT BanaHcMpaHOTO ocBObOXAaBaHe Ha Ba3o-
aKTMBHWU MepumaTopu, Kato asoTeH okcup (NO),
NPOCTAUNKINH, EHAOTENNH 1 Y @aHTMOTEH3WH Npu
$M3NONOrMYHN 1 NATONOTMYHK yCroBuA. Hakou
OT Te31 MefmMaTopu MMaT aHTUNponudepaTnBHU
1 NPOTMBOBB3NANUTENHM CBOWCTBA. 1o Ta3un npu-
YvHa eHAOTeNbT Urpae OCHOBHA PONA B 3aMna3Ba-
He LIeNoCTTa Ha CbjoBaTa cTeHa (4).

EHpoTenHata ancoyHKUMA Ha 6GenofpobHuTe
apTepuu e Hanuue BbB BCUYKKM cTagum Ha XObb.
YBpexaHeTo Ha eHAoTenHaTa QyHKUMA e B pe-
3ynTaT Ha NPOMEeHN B eKcnpecusaTa n ocBoboXaa-
BaHETO Ha Ba30aKTBHU meanaTopu. [lpounssepe-
HuAT oT eHgoTena NO e cuneH BasogunataTop C
aHTUnNponudepaTnBHN CBOWNCTBA, CUHTE3MPaH OT
NO cuHTa3a, KOATO KOHCTUTYLMOHANHO Ce eKC-
npecrpa B eHJOTeNHNTE KNeTKW. EkcnpecrATa Ha
eHpoTenHua cuHTes Ha NO B 6enogpobHuTe apTe-
puun e HamaneHa npuv nauneHTute ¢ XObb 1 nyn-
MOHaJTHa X1MePTOHNA, a CbLLO 1 NpK Nywauu (4).
B nocnepHata rpyna, ekcnpecusaTa Ha CUHTE3 Ha
NO e obpaTHONponopLMoHanHa Ha eHgoTenHaTa
byHKUMA. [TPOCTaUUKINHBT, KONTO CbLLIO Ce CUH-
Te3npa OT eHAOTeNIHUTE KNETKU U3MbJHABA MO-
nobHa dyHKumsA, KaTo NO. EkcnpecuaTta my e Ha-
MasneHa Npv MbpPBMUYHA NYSIMOHaIHA XUNEPTOHNUA.
MoHacToAweM HAMa MHPOpPMaLUsA 3a ekcnpecua-
Ta My NPV BTOPWYHA MySIMOHANIHA XMMEPTOHUS.
EnpotenuH 1 (ET-1) e MOLLEH Ba3OKOHCTPUKTOP
OTAENsAH OT eHAOTENHUTE KNETKU, KONTO CbLUO Y-
pakHABa MUTOreHeH edeKT BbpXy apTepuranHara
rnafka myckynatypa. Yact ot eHaoTeIHaTa akTUB-
HOCT BbpXY MMafKoOMYyCKYNHUTE KNeTKW BOAU O
HapacTBaHe Ha peakTMBHUA Kucnopopg. Exkcnpe-
cuATa Ha ET-1 HapacTBa, KakTo Mpu MbpBUYHA,
Taka 1 Npu BTOPMYHA NYSIMOHaNHa XUNepPTOHMA.
Mpw nywaun c HopmanHa 6enoapobHa GyHKLMA,
ekcnpecusaTta Ha ET-1 B 6enogpobHata aptepua
He ce pa3nnyaBa OT Ta3u Npu Henywauw (4).

fonAm 6poit Mapkepyn Kato GpUOPUHOreH, KOM-
nnemeHT, CRP, ET-1, IL-6, TNFa n nenTuH cbWo ca
CBbp3aHu C eHpoTenHaTa anchyHkuma (29). MNnas-
MeHUTE HMBa Ha pMOPUHOreHa BaprpaT C TeXecT-
Ta Ha 3abonaBaHeTo npu nauueHtn ¢ XOBB. B
no-Hoswu npoyusaHua (Wouters 1 cbaBT. 2007) ce
nokasaa, ye XOBbb e prckoB pakTop 3a eHAoTENHa
ancoyHkuma. OueHKkaTa 1 e fageHa oT n3mepBa-
HeTO Ha MoToK-MeAuMpaHaTa AunaTauma Ha 6pa-
xvanHata aptepua (FMD) n nabopatopHoTO 13-
MepBaHe Ha niasmeHuns ¢ubprHoreH. Pesyntatst
OT MPOYYBAHETO NOAKPENA Ta3u XMNoTtesa, Kato
pa3KpuBa, e cpefHuTe HMBa Ha GpMOpPMHOreHa ca
3HauMTENHO NO-BMCOKW B Te3U Cllyyau, B CpaBHe-
HMe C KOHTpoNuTe N cpeAHna npoueHT Ha FMD,
KOWTO e No-HUCBHK. Te3n pe3ynaTaTti ca JoKa3aHu
M B Apyro npoyuysaHe Ha (Moro n cbaBsT. 2008),
KOeTo Nokas3Ba, ve eHfoTenHata ancdyHKuma (13-
MepeHa ¢ FMD) e 3HaunTeNnHO HapyLleHa npu na-
umneHTn ¢ XOBb, B cpaBHeHMe ¢ KoHTponuTe (14).

tery disease, diabetes and chronic renal failure (1).

Vascular actions of endothelium are mediated
through the balanced release of potent vasoac-
tive mediators, such as nitric oxide (NO), prosta-
cyclin, endothelin (ET)-1 and angiotensin, under
both physiological and pathological conditions.
Some of these mediators also have anti-prolifer-
ative and anti-inflammatory properties. For these
reasons, endothelial function plays a pivotal role
in preserving the integrity of the vessel wall (4).

Endothelial dysfunction in pulmonary arteries
has been shown at both ends of the COPD spec-
trum, end-stage disease and early mild disease.
Impairment of endothelial function results from
changes in the expression and release of vaso-
active mediators. Endothelium-derived NO is a
potent vasodilatator with antiproliferative pro-
perties synthesized by NO synthase, which is ex-
pressed constitutively in endothelial nitric oxide
synthase (eNOS) cells. The expression of eNOS is
reduced in pulmonary arteries of COPD patients
with pulmonary hypertension and also in smok-
ers (4). In the latter group, the expression of eNOS
was inversely correlated with endothelial func-
tion. Prostacyclin, which is also synthesised by
endothelial cells exerts similar actions to NO. The
expression of prostacyclin synthase is reduced
in primary pulmonary hypertension. At present
there is no information about its expression in
secondary forms of pulmonary hypertension.
ET-1is a potent vasoconstrictor released by endo-
thelial cells that also exerts a mitogenic effect on
arterial smooth muscle cells. Part of ET-1 activity
on smooth-muscle cells mediated an increase in
reactive oxygen species production. The expres-
sion of ET-1 in pulmonary arteries is increased in
both primary and secondary forms of pulmonary
hypertension. In smokers with normal lung func-
tion the expression of ET-1 in the pulmonary ar-
tery does not differ from that in nonsmokers (4).

A number of markers like fibrinogen, comple-
ment, C-reactive protein, endothelin-1, interleu-
kin 6, tumor necrosis factor-a and leptin are also
associated with endothelial dysfunction (29). The
plasma fibrinogen level varies with the severity of
the disease in patients with COPD. In recent study
(Wouters et al. 2007) demonstrate the hypothesis
that COPD is a risk factor for endothelial dysfunc-
tion. Assessment of endothelial dysfunction was
done by measuring flow mediated dilatation
(FMD) of the brachial artery and by laboratorial
measurement of plasma fibrinogen level. The re-
sult of this study confirms the rested hypothesis
as it reveals that mean fibrinogen level is signifi-
cantly higher in cases than in controls and mean
FMD percent is significantly lower in cases. This
result agrees with the result of another study
(Moro et al. 2008) which revealed that endothe-
lial function (measured by FMD) was significantly
impaired in COPD compared with controls (14).



MauvenTnte ¢ XOBb noka3eaTt 3HauyMTENHO Mo-
HUCKW HMBA Ha eHAOTEeN 3aBMCMMaTa gunatauma
(n3mepsarkm FMD), B cpaBHEHeHME C KOHTPONU-
Te nTe3n c Texxka XObb noka3eat nogyepTaHo Ha-
MansBaHe Ha eHJoTeN-3aBMUCUMaTa gunatauma B
CpaBHeHMe € ToBa Npwu neka n ymepeHa XObb. lNo
Bpeme Ha ek3auepbauma ce Habnogasa ronamo
pa3Hoobpasune oT CMCTEMHU epeKTU, BKIHOYBALLM
eHfoTeNnHa ANCOYHKLMA, NMOBULIEHNE HA OCTPO
$a3oBMA NPOTENH, aKTUBMPAHE Ha CCTeMaTa Ha
KOMMJIeMeHTa, NMPOMEHN B KOHLIEHTpauuATa Ha
AAVMNOKNHUTE 1 MPOMEHU B XEMOCTAaTUYHOTO PaB-
HoBecue C MoBKLLABaHe Ha KoarynauuaTa.

MpepBng ¢dakrta, Ye mo-rofAmata yact OT na-
umeHtute ¢ XObb ca gbarorogvwHy nywauw,
MapKepuTe Ha eHaoTenHa anchyHKUma (mnasmeH
¢unbpuHoreH n HapyweH FMD Ha 6paxmanHata
apTepusa) ca CTaTUCTUYECKU AOCTOBEPHO MOBU-
LUEHW, Y CBbP3aHU C MHAEKC Ha TIOTIOHOMYLIEHETO
KaTo uano. ABTopute CcbobLyaBaT, Ye MyLWeHEeTo
NPUYMHABA CUCTEMHO Bb3MaJieHNe U eHAoTeNHa
ANCPYHKLMA CbLUO, M MPW MAacMBHUTE NyLwaun (2).
MHoecTBO ¢dakTopu MoraT fa JonpuHecaT 3a
€HJOTENIHO HapyLleHNe, KaTo TIOTIOHOMYLIEHETO,
KOETO e CBbP3aHO C AUPEKTEH TOKCUYeH edeKT
BbPXY YOBELIKUTE EHAOTENHWN KNETKA U HaMansa-
BaHe eHJOTeNHaTa NPoAyKUMA Ha MPOCTaLMKIIMH.
MywauunTe ca ocobeHo NoAaTNvBY Ha JeCTBUETO
Ha cBOOOAHUTE KMUCNOPOAHWN pPafvKanu u nnas-
MEHWTE HMBA Ha NUNUAHaTa Nepokcuaasa, KoutTo
ca BUCOKM npu Tax. CTaTUCTUYECKU 3HayrmMaTta
pa3fnvka Mexgy KIVMHUYHUTE CNlyyan U KOHTPO-
nUTe MO M3CNeABaHUTE MapKepu 3a eHAoTeNHa
ONCOYHKLMA, KaKTO MpY HaCcTOALM, Taka 1 npu
6mBLIN NyLwaym, Moxe Aa 6bae 06AcHeHa ¢ edpek-
TuTe Ha XOBb Bbpxy eHpoTenHata dyHKuumaA. Cre-
[loBaTesNlHO Mo faHHW Ha Agusti (2007) XOBb e na-
TONOMMYEH Npouec, a nocpeacTBoM edpekTute Ha
TIOTIOHOMYLIEHE U PUCKOB GaKTOp 3a eHAoTeNHa
ANCOYHKLMA NPy NO-Bb3PacTHM NauneHTn (2).

Mo nocnepgHu gaHHM Ha Agusti 1 cbasr. (2012),
KOWTO M3MON3BaT LWeCT Bb3nanutenHn 6ruomap-
Kepu B nepudepHa KpbB (neBkouuteH 6poi,
CRP, IL-6, IL-8, ¢pnbpuHoreH, TNF-a) nscnegsaHu
npu 1 755 naumneHta ¢ XObb, 297 nywaun c Hop-
MasnHa cnupomeTpua n 202 KOHTPONN HenyLwayun
npocnefsBaHn B NPOABIIKEHME HA TPU FOAUHN.
Te Hamwupart, ye npu 30% ot nauyuneHtuTe ¢ XObb
HAMaA CUCTEMHO Bb3naseHue, gokaTto npu 16%
e Hanuue. He3aBMCUMMO OT TOBa, Ye HapyLueHU-
ATa Ha 6enofgpobHUTE CbaoBe Ca efHAKBM U 3a
[BeTe rpynu, Npy nauyueHTMTe C NepcucTupaLlo
CUCTEMHO Bb3naJsieHne, NokKa3Ba CUrHUUKAHTHO
HapacTBalla YeCToTa Ha CMbPTHOCTTA U YeCTU eK-
3auepbauun, B CpaBHEHWE C APYrUTe, NPU KOUTO
TO He ce oTKpwmBa (3).
MynmoHanHa xuneptoHusa (MX) kato ycnoxHe-
Hue Ha XObb

EAQHO OT uecTute ycnoxHeHus, CBbP3aHoO C Ha-
ManeHa npexmssaemocT e MX. Ta e 6una yctaHo-
BEHa KaTo NpeauKkTuBeH GpakTop 3a no-now Knu-
HUYEH M3X0L M YeCTO M3MOJ3BaHe Ha 3[paBHU
cpeactea (16). MX e xemoguHaMMYHa AMarHosa,

Patients with COPD showed a significantly lower
level of endothelium-dependent dilatation (as
measured by FMD) than did the controls and pa-
tients with severe COPD exhibited a more marked
decrease in endothelium-dependent dilatation
than did those with mild and moderate COPD.
During exacerbations of COPD, a wide variety of
systemic effects are seen including endothelium
dysfunction (ED), acute-phase protein elevation,
triggering of the complement system, changes in
adipokine concentrations and a shift of the hae-
mostatic balance to promote coagulation.

Considerring the fact, that the most people who
get COPD have been long-term smokers, in this
study the markers of ED (plasma fibrinogen level
and impaired FMD of brachial artery) were signifi-
cantly positively correlated to smoking index in
the total simple. It was reported that smoking can
cause systemic inflammation and ED, even in pas-
sive smokers (2). A number of factors may contri-
bute to smoking-associated endothelial damage,
smoking is associated with a direct toxic effect on
human endothelial cells and reduces endothelial
prostacyclin production. Smokers appear to be
particulary susceptible to the activity of oxygen
free radicals and plasma indexes of lipid peroxi-
dation are increased in smokers. The statistically
significant difference between cases and controls
as regard markers of ED in both current and ex-
smokers could be explained by the effect of COPD
on the endothelium function or it may be due to
the statistically significant difference as regards
smoking parameters between cases and controls
(Agusti 2007) (2).

The recent data of Agusti et al. (2012) using
six inflammatory biomarkers in peripheral blood
(white blood cells count, CRP, IL-6, IL-8, fibrino-
gen, TNF-a) were quantified in 1 755 COPD pa-
tients, 297 smokers with normal spirometry and
202 non-smokers controls that were followed-up
for three years. They found that 30% of COPD pa-
tients did not show evidence of systemic inflam-
mation whereas 16% had persistent systemic
inflammation. Even though pulmonary abnor-
malities were similar in these two groups, persis-
tently inflamed patients during follow-up had sig-
nificantly increased all-cause mortality compared
to non-inflamed ones (3).

Pulmonary hypertension (PH) as a frequent
complication

One of the frequent complications related with
the shorter survival rates is the PH. It has been
identified as a predictive factor of worse clinical
outcomes and frequent use of health resources
(16). PH is hemodynamic diagnosis that requires
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KOATO M3MCKBa NOTBbPXKAEHME C NABa CbpheyHa
Katetapusauuma. MX npu XOBb npuHagnexun Kbm
3-ta rpyna cnopeg C30 unu MX gbnxawa ce Ha
6enoapobHy 3abonABaHUS, WM  XUMNOKCEMMSA
cnopeg nybnukauyum Ha IV CBeToBeH CMMMO3u-
YM MO MySIMOHANHA XWUMEPTOHUA U JaHHUTE OT
2008 (16). AnarHoCTUUYHUTE KpUTepun ca gobpe
fedrHMpaHu: cpeaHO MyNMOHaNHO apTepuanHo
HanaraHe (CMAH) 25mmHg, ¢ BKIMHeHO nysnmo-
HafiHO HanAraHe <15mmHg, xemognHamunyHaTa
nedunHuyma Ha MX cebp3aHa ¢ XOBbb e pasnuyHa
B nutepatypata (16). CerawHuTe nNpueTn Kpute-
pum 3a CMAH >=25mmHg ¢ ocHoBa 6enoapo6HO
3abonfaBaHe C XxMnokcemus, He ycnaBa fa obxaa-
He CJIOXKHOCTTa Ha Ta3u AnarHo3a — Cb0BO peMo-
nenvpaHe, XMNOKCUA, CbPAEYHMN YCSIOXKHEHUA ©
NPOMEHV B MexaHVKaTa Ha 6enute fpoboBse, Kou-
TO AOMPVHACAT 3a yBenMyaBaHe Ha HaNAraHeTo B
6enonpobHaTa apTepuna. HecboTBETCTBMETO B fle-
dMHMLMATA, MHOrOGPOMHITE NPUYMHIY 33 Hayano
Ha X 1 nHBa3MBHaTa AMArHOCTMKA AOMNPUHACAT
3a 3aTPyAHEeHUA B pa3no3HaBaHeETO Ha UCTUHCKa-
Ta 11 CTeneH Ha NnpeobnafaBaHe.
MaToreHesa

MaTtoreHesata Ha X npun XOBb e komnnekcHa
1 ce obycnaBa OT MHOrO MexXaHuU3MU. XUNOKCUA C
XPOHMYHA Ba3OKOHCTPUKLNMA, CbpAeYHM HapyLle-
HWA, BOJELLM [0 NIeBOKaMepHa ANCOYHKLUMA 1 Ae-
CTPYKUMA Ha 6enofpobHmA NapeHxum cbe 3aryba
Ha KanunapHa Mol ca Hal-yecTuTe LUTUpaHu
mexaHusmu (16).

CunTano ce e, Ye NbpBUYHATa BoZella Cua 3a
pa3ButneTo Ha X e nynMoHanHaTa apTtepuan-
Ha BAa30OKOHCTPUKLUUA B OTFTOBOP Ha XUMOKCUATA.
MHOeCTBO NpoyYBaHUA NoKa3BaT TACHaTa BPb3-
Ka Mexay CTerneHTa Ha afiBeofiapHaTta XUMNoKcma
n CMAH mnn 6enogpobHOTO CbAOBO CbNPOTU-
BNneHne. Pegnua fgokasaTenctBa HacouyBaT KbM
noeye KOMMIEKCHN NPUYMHM 3@ Pa3BUTMETO Ha
MNX. MbpBO, pa3nnuHM NpoyyBaHMA NOKa3BaT, ye
KncnopogoTepanuaTa He BoAW 4O MbJIHO obpat-
Ho pa3Butme Ha [1X npu XOBb. Bropo, natono-
rMYHUTEe mn3cneasaHna npu naymeHtute ¢ XObb
¢ MX ycTaHOBABAT NPOMEHN BbB BCUYKU ClOEBE
Ha CbAoBaTa CTEHA, XapaKTepm3Mpalwm ce C Ha-
pacTBaHe Ha MHTVMMAaTa, xunepTpodra Ha Meau-
ATa U MyCKynapuvsauma Ha MasikuTe apTeprionu.
Te3n npomeHn B CbAOBETE CbLIO Ce cpeLaT npu
naumeHTn 6e3 XMMNOoKCKA C NIeKO OrpaHnYeHre Ha
Bb3JYLWHWA MOTOK M NPU MALMEHTU WU3MOXKEHU
Ha TIOTIOHEB AUM 6€3 CMMPOMETPUYHM JaHHU 3a
06CTPYyKUMA, npeanonarankny, Ye CbAoBOTO pe-
MoAennpaHe MOXe a Ce AbJIKN Ha MeXaHM3MU,
Bb3ENCTBAM BbPXy 6enogpobHuTe cCbaoBe
He3aBUCMMW OT XxunokcemuaATta. B ceoe um3scnen-
BaHe Seimetz n cbaBT. (19) nokassaT emdpusem
Ha MOZENn OT MULLKMK, XPOHUYHO M3NOXKEHU Ha
uurapeH MM, NpeansBuUKBanKkm NysMOHaaHa Cb-
noBa ancdyHKUMaA, CbhoBo pemopenupate u X,
cpelanky ce B HayanHata ¢asa, KaTto e He3aBu-
CMMa OT XWUMOKCUATA U NpeaxoXaa PasBUTMETO
Ha 6enoapobHa napeHxnmHa 6onceT. Te foka3sat

confirmation by right heart catheterization. Pul-
monary hypertension in COPD belongs to WHO
group 3 or pulmonary hypertension owing to
lung diseases or hypoxemia according to the
proceedings of the fourth World Symposium on
Pulmonary Hypertension at Data point 2008 (16).
The diagnostic criterias are well defined - mean
pulmonary artery pressure (mPAP) 25mmHg
with a pulmonary capillary wedge pressure
(PCWP)<15mmHg, the hemodynamic definition
of pulmonary hypertension related to COPD has
been inconsistent in the literature (16). The cur-
rent accepted criterion, mPAP 25mmHg or more,
with underlying hypoxic lung disease fails to cap-
ture the complexity of this diagnosis in which vas-
cular remodeling, hypoxia, cardiac comorbidities
and changes in lung mechanics all contribute to
elevated pulmonary artery pressures. The incon-
sistencies in definition, multiple causes for the
onset of pulmonary hypertension and the inva-
siveness of diagnostic testing have contributed
to difficulties identifying its true prevalence.

Pathogenesis

The pathogenesis of PHin COPD is likely complex
and driven by multiple mechanisms. Hypoxia with
chronic hypoxic vaso-constriction, cardiac comor-
bidities, resulting in left ventricular dysfunction and
subsequent elevations in left heart filling pressures,
pulmonary vascular remodeling, and parenchymal
lung destruction with loss of capillary surface area
are common mechanisms cited (16).

It has been thought that the primary driv-
ing force behind the development of PH is pul-
monary arterial vasoconstriction in response to
hypoxia. Multiple studies have demonstrated a
close relationship between the degree of alveo-
lar hypoxia and mPAP or pulmonary vascular re-
sistance. Several lines of evidence point toward a
more complex cause for the development of PH.
First, several studies found than oxygen therapy
does not fully reverse PH of COPD. Second, patho-
logic studies in COPD patients with PH identified
changes in all layers of the vessel wall, charac-
terized by prominent intimal thickening, medial
hypertrophy and muscularizhation of the small
arterioles. These pulmonary vascular changes
also occur in nonhypoxic patients with mild air-
flow obstruction and in patients with tobacco
exposure without spirometric evidence of airflow
obstruction, suggesting that vascular remodeling
may be driven by mechanisms affecting the pul-
monary vasculature independent of hypoxemia.
In a study that appears to be consistent with the
pathologic findings described in humans Seimetz
et al. (19) used an emphysema model of mice
chronically exposed to tobacco smoke and found
that pulmonary vascular dysfunction, vascular
remodeling and PH occurred early were inde-
pendent of hypoxia and preceded the develop-
ment of parenchymal lung disease. They found
an independent causative role for both inducible
nitric oxide synthase and peroxynitrite in the de-



He3aBucMMaTa ponsa 3a nHaykumaAatra Ha NO-cuH-
TeTasaTa 1 Ha MePOKCUHUTPKUTA 3a Pa3BMTMETO Ha
emoduzem un MX. Tean gaHHM He camo noAKpenaT
¢daKTa, Ye NynMOHasIHaTa XUNepPTOHNA Ce Pa3BU-
Ba HE3aBMCUMO OT XUMOKCUATA MPU MALUEHTU C
XOBbBb, HO cblo Noka3Beat, Ye TOBa e yCioBMe 3a
paHHOTO 1 pa3BuTMe B xofda Ha 6enopgpobHOTO
3abonsABaHe, HE3aBNCKMO OT CTEMEHTa Ha YBPeX-
JaHe Ha 6enofpobHUA NapeHXNM.

Bbnpekun ue e ACHO, Ye XUMNOKCUATA He e efnH-
CTBEHaTa CUMTaHa NpUYMHa 3a MbpBUYHaTa BoAe-
wa cmna 3a passutneto Ha X npu XObb, antep-
HaTVBHUTE MEXaHM3MMN OTFTOBOPHMU 3a HeA B TO3M
cflyyall He ca HanmbiHO npoyyeHn. CUCTEMHOTO
Bb3MasieHne e nosHata vact 3a XObb n 10 moxe
[a JonpuHece 3a pa3BUTMETO N NpU Te3n naum-
eHTW. Pa3wmpaABaHeTo Ha 6enogpobHOTO CbA0BO
pemofenvpaHe Kopenupa C TexecTTa Ha Kie-
TbUYHUA UHPUNTPAT NPU Bb3MANUTENHUA NpoLec
B MankuTe AuxaTenHu nbTuiwa. MaumeHtuTe C
XOBb mmat HapacTBaHe Ha 6poA Ha KNeTKMTe Ha
Bb3naneHneTo MHOUATPUpPALLM 3 BEHTULNATA Ha
MyCKynHuTe 6enofpobHn apTepun, CPaBHEHO C
Henywauu. To3n MHGMUNTPaT e CbCTaBeH rMaBHO
oT aktuBupaHu T-numdoumnTn ¢ NnpeobnagaBaHe
Ha CD8+T KneTbyHUA noaTnn 6€3 NPomsHa B He-
yTpodunute, Makpodarute n B-numopouuntnte.

MNaymeHTnTe C Nneka kbm ymepeHa XObb nokas-
BaT HapacTBaHe Ha eKcnpecuATa Ha CbAOBUA €H-
foteneH pactexeH ¢paktop (VEGF) B 6enogpobHu-
Te apTepun, CPaBHEHU C KOHTPOAUTE HEMyLayw.
EkcnpecuaTa Ha VEGF Kopenvpa ¢ gebennHarta Ha
apTepranHaTa CTeHa, npefnonaraky Bb3MoxHa-
Ta pond Ha VEGF B natoreHe3aTta Ha 6enogpo6HoTo
CcbaoBo pemopenupare npu XOBB. Mpw nauneHTn
¢ HanpegHan XObb n Texbk emdurzem ekcnpecus-
Ta Ha VEGF B 6enogpobHuTte aptepu e No-HUCKa,
OTKONKOTO MPW NauUMeHTU C neka KbM ymepeHa
60N1eCT 1 HAMA Pa3nnKa C KOHTPONUTE HEMyLIaym
npegnonaranky Hucka perynauma Ha VEGF npwm
naumeHTn ¢ emdursem, KOETO e BOAeLa NpUYmMHa
3a anonTo3aTa Ha eHaoTenHuTe Knetkun (12).

Mpw XOBb, TpaHchopMMpaLNAT pacTexeH dak-
Top B (TGF B) cblwo e 3aMeceH B CbeAUHUTESTHO
TbKaHHaTa Aeno3numa 1 HaTpynBaHe Ha MaKpo-
darn B guxatenHute nbTmwa. Mpy naumeHTn ¢
MHoro Texxka XObb ekcnpecuaTa Ha Il Tun peuen-
Top (TGF f RIl), a He TGF B e yBennuyeHa B tunica
media 1 intima no npoTexxeHune Ha 6enogpobHuTe
aptepun (BA) C HOpManHa KneTbyHa nponude-
pauua n B ABaTa CNoA Ha CbfoBaTa cTeHa. [pep-
nonara ce, ye TGF 3 BeposATHO MMa NPOTEKTMBHA
pona (orpaHnyaBa KneTbyHata nponudepauma) n
BEPOATHO APYrn pacTeXxHn pakTopu ocBeH TGF ca
3ameceHn B pemofenupaHeto Ha 6enogpobHuTe
cbaose Hassoun n cbaBsT. (2009) (12).

Chaouat n cbaBT. (8) noka3saT, Ye BUCOKUTE
LuMpKynupawm Hmea Ha IL-6 gupekTHO Kopenu-
pat c yBennueHoto CINAH, a Te OT cBoA CcTpaHa ca
reHeTM4HO aetepmuHmpanu. CRP cbuo e B Kope-
nauma ¢ 6enogpobHOTO apTepuanHoO HandAraHe,
a eHpgoTenuH-1 e BepoATeH Ba3OKOHCTPUKTOP,
urpaely posa B CbAOBOTO pemogenupaHe u MX.

velopment of emphysema and PH. These findings
not only highlight the fact that pulmonary hyper-
tension develops independent of hypoxemia in
COPD patients but also suggest that this may be
a condition that develops early in the course of
lung disease independent of the degree of paren-
chymal lung damage.

Although it is clear that hypoxia may not , as
once believed, be the primary driving force in
the development oh pulmonary hypertension
in COPD, alternative mechanisms responsible for
pulmonary hypertension in this setting have not
be clearly identified. Systemic inflammation is a
known component of COPD and inflammation
may contribute to the pathogenesis of pulmo-
nary hypertension in these patients as well. The
extend of pulmonary vascular remodeling cor-
relates with the severity of the inflammatory cell
infiltrate in small airways. The patients with COPD
have an increased number of inflammatory cells
infiltrating the adventitia of muscular Pulmonary
arteries (PAs) as compared with nonsmokers. This
inflammatory infiltrate is largely constituted by
activated T lymphocytes with a predominance of
the CD8+T cell subset without change in neutro-
phils, macrophages and B-lymphocytes.

Patients with mild-to-moderate COPD show
increased expression of vascular endothelial
growth factor (VEGF) in PAs compared with con-
trol nonsmokers. The VEGF expression correlates
with arterial wall thickness, suggesting a poten-
tial role of VEGF in the pathogenesis of pulmo-
nary vascular remodeling in COPD. In patients
with advanced COPD and severe emphysema the
expression of VEGF in PAs is lower than in patients
with mild-to-moderate disease and does not dif-
fer from control nonsmokers, suggesting down
regulation of VEGF in patients with emphysema
that might lead to endothelial cell apoptosis (12).

In COPD transforming growth factor beta (TGF-
b) has been implicated in connective tissue de-
position and airway macrophage recruitment. In
patients with very severe COPD, the expression
of type Il receptor (TGF-b RIl) but not TGF-b is
increased in the tunica media and intima of PAs
along with a normal cell proliferation rate in both
layers of the vessel wall, suggesting that TGF-
b might exert a protective role (restraining cell
proliferation) and that growth factors other than
TGF-b might be involved in pulmonary vascular
remodeling Hassoun (12).

Chaouat et al. (8) showed that elevated cir-
culating levels of IL-6 directly correlated with
elevations in mPAP and furthermore IL-6 levels
correlated with genotypic variations. C-reactive
protein levels have also been shown to correlate
with both pulmonary artery pressure and levels
of endo-thelin-1, a potent vasoconstrictor pos-
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OToenHu npoyyBaHmA ce 6asmpat Ha Bapuauuu-
Te B reHa 3a CepOTOHMH CBbP3aH C HaIMYMeTo Ha
MX npn nauynerntn ¢ XObb 1 Bb3moxKHO B3anmo-
OencTBre Mexay reHeTMYHUTe Bapuauumn n cTe-
neHTa Ha Bb3naneHuve. Te3n npoyyBaHna noakpe-
NAT, KAKTO pofsATa Ha UHPAMaATOpPHMTE NpoLecK
B MatoreHe3sarta Ha [1X, Taka 1 Ta3n Ha reHeTUYHa-
Ta Npeancno3nuums.

KnuHnyHa 3HauMmocT

lnpokoTo pasnpoctpaHeHre Ha X B obuia-
Ta nonynaumA Ha XOBb e HeonpepeneHa, 3aLyo-
TO MaumeHTUTe CbC CTabunHo 3abonsaBaHe He ce
nognarat PyTUHHO Ha NiABa CbpAeYHa KaTeTapu-
3auma. Han-mMHoro npoyysaHua nNy6nmnkyBaHu no
Ta3u Tema ce GOKycupaT Bbpxy MaLUMeHTn C yme-
peHa fjo Texkka GopMma € npefcTosALia TpaHCnnaH-
Taumsa Ha 6an Apob, 3al0TO XEMOAVHAMUYHUTE
[aHHW OT CbpfeyHaTa KaTeTepm3aLma ca YacT oT
CTaHAapTHaTa TPaHCMIaHTaLMOHHa oLeHKa. Tesn
npoyuBaHWA ycTaHoBABaT, Ye X e yecta Npu Ha-
npegHana XObb.

Hakonko npoyuBaHmA ce onuTeaT Aa onpefe-
NAT pa3npocTpaHeHueTo Ha X B ronama rpyna
OT NaumeHTn C HanpepHano 3abonsaBaHe. EgHO
npoyusaHe Ha Cuttica n cbasT. (2010) Bbpxy 120
naumneHTa ¢ MHOro Texxka popma Ha XOBb (cpean-
HOo OEOT 27% oT npeaBMAEHOTO), M3MON3BaALLO
fedurHuumaTa 3a MNX CMAH >25mmHg, Hamupa
ye 98% ot naumeHTUTe Umat X (9). MHO3MHCTBO-
TO OT TAX (61.4%) UMaT yBeNNYEHO BKIUHEHO Ha-
naraHe >12mmHg (HanAaraHeTo, N3MepeHOo upes
BKMVHABaHe Ha 6GenofpobeH KaTeTbp C HagyT
6anoH B Manbk 6enoppobeH apTepuaneH KIioH,
[aBall MHANPEKTHW JaHHW 33 HafiAraHeTo B NABO
npeacbpane), KOeTo HaBexfa Ha MUCBbNTa, ue
npuynHaTa 3a Hes ca CbLUeCcTBYBaLUMTe Cbphey-
HN HapyuweHna. OT Haln-ronAaMo 3HavyeHune e ns-
NMon3BaHeTo Ha NiAiBa CbpAeyYHa KaTeTepm3aLmsa 3a
ACHO onpepenaHe Ha XeMOAMHaMKKaTta npu na-
umeHTn ¢ XObb. BbB BTOpO nocneasallo npoyu-
BaHe Ha Thabut n cbaBT. (2005) ca oueHABaHM 215
nauveHTa no obem pegyuupalia xvpyprua unm
TpaHcnnaHTauma (cpegHo OEO1 24% oT npenBu-
[eHoTo). M3non3Bankn gedurHmLmATa 3a Nyamo-
HanHa xuneptoHua kato CMAH >25mmHg (na-
LMEeHTUTE C BKIIMHEHO HanAraHe ca M3KioYeHu),
Hanunumeto Ha [1X e onuncaHa B 50.2% oT cnyyaunTe
(24). Han-o6wumnpHoTO NpoyuBaHe oueHsaBa 4 930
naumeHT oT N1cTaTa 3a 6enofgpobHa TpaHcNNaH-
TauuA c MbpBrYHa anarHo3a XObb. MNX e pedurHu-
paHa n3nonssanku Kputepute 3a 1-sa rpyna MNAX
(CNAH 25mmHg ¢ BKnMHeHo HanAraHe <5mmHg)
1 NySIMOHanHa BeHO3Ha xuneptoHusa, kato CMAH
e 225mmHg ¢ BKAMHEHO HanAraHe >15mmHg.
YectoTtata Ha [1X B Ta3u rpyna e 31% v gonbaHu-
TenHo 17% c nynMoHasiHa BEHO3Ha XUMePTOHUA.

X He camo npucbcTBa Npn HanpegHana XObb,
HO e M He3aBWCMM MporHocTuyeH daktop. Ha-
nuuveto Ha X npu XOBb mma AceH n pobpe
OOKYMeHTMpaH edeKT BbpXy CMbpPTHOCTTa. B
npoyusaHe Ha Cuttica n cbaBT. ce ycTaHOBABa,
ye npucbcTBreTo Ha MX n nynmoHanHa BeHO3Ha

tulated to play a role in vascular remodeling and
pulmonary hypertension. Several studies have
also found that variants to the gene for serotonin
correlate with the presence of PH in COPD pa-
tients, with one showing a possible interaction
between genetic variants and levels of inflamma-
tion. These studies support a potential role of in-
flammatory pathways in the pathogenesis of PH,
as well as suggest a role for genetic susceptibility.
Clinical significance

The prevalence of pulmonary hypertension in
the general COPD population is undefined be-
cause stable COPD patients do not routinely un-
dergo right heart catheterization. Most studies
published on this topic focus on patients with
moderate-to-severe disease awaiting lung trans-
plantation because hemodynamic data from
cardiac catheterization are part of the standard
transplant evaluation. These studies have found
that pulmonary hypertension is common in ad-
vanced COPD.

Several studies have attempted to define the
prevalence of pulmonary hypertension in large
cohorts of patients with advanced lung disease.
One study Cuttica et al. (2010) evaluating 120
patients with very severe COPD (mean FEV1
27% predicted) using a definition for pulmonary
hypertension of a mPAP higher than 20 mmHg
found 90.8% of patients had pulmonary hyper-
tension (9). The majority (61.4%) of them had an
elevated PCWP of more than 12 mmHg, suggest-
ing the cause of their pulmonary hypertension as
being related to underlying cardiac abnormali-
ties. This highlights the importance of using right
heart catheterization to clearly define hemody-
namics in patients with COPD. A second study
Thabut et al. (2005) followed 215 patients being
evaluated for lung volume reduction surgery or
lung transplantation (mean FEV1 24% predicted).
Using a definition of pulmonary hypertension as
a mPAP of more than 25 mmHg (patients with el-
evated PCWP were excluded), the prevalence of
pulmonary hypertension was noted to be 50.2%
(24). The largest study to date evaluated 4 930
patients listed for lung transplantation with the
primary diagnosis of COPD. Pulmonary hyperten-
sion was defined using group 1 pulmonary arte-
rial hypertension (PAH) criteria (mPAP 25 mmHg
with PCWP < 5mmHg) and pulmonary venous
hypertension as mPAP 25mmHg or more with
PCWP more than 15mmHg. The prevalence of
pulmonary hypertension in this cohort was re-
ported to be 31% with an additional 17% having
pulmonary venous hypertension.

Not only is pulmonary hypertension in ad-
vanced COPD common, but it is also an inde-
pendent prognostic factor. The presence of pul-
monary hypertension in COPD has clear and well
documented effects on mortality. A study Cuttica
et al. found that the presence of both pulmonary



XUMNEPTOHMA Ca CBbP3aHW C HaManeHa MNpexu-
BAEMOCT, OTYMTalKM Bb3PACT, MOJ, eTHMYecKa
npuHagnexHoct n BMI. Hannumeto Ha CMAH
>25mmHg e acouuupaHo B 50% c 5 roguwiHa
npexnsaemoct (9). B npoyuBaHe ¢ HeTpaHcnnaH-
TUpaHu 6onHM Stone n cbaBT. (23) nscnepsar 43
nauveHtTn ¢ XOBb npueTn 3a ek3auepbauus u
HamupaT exokapauorpadpckm gaHHm 3a MX (ge-
d1HMpPaHa KaTo CUCTOSTHO MYSIMOHAHO HasAraHe
>45mmHg), KouTo ce cBbP3BAT C NPEXNBAEMOCT
no-manka ot 1 roguHa. To3n pesynTaTt e He3aBu-
CUM OT Bb3pacT, benogpobHa pyHkums, KrA. Mo-
fo6Ho apyro npoyuBaHe (Kessler n cbaBT. (13)
nokasea, ye Hanuumeto Ha CMAH >18mmHg B
cTabunHa rpyna ot ambynaTtopHo 601HM € ymepe-
HO-TeXKa KbM Texkka XOBb e eguiH oT Hal-CUNHU-
Te NpeanKTopyr 3a XoCnuTanmM3auma no NoBoj Ha
ek3auepbaums Ha XOBbB.

B noBeueto HOBMW MpoyuBaHMA ce u3cnensaTt
pe3yntaTtute oT X Npy NaumneHTy C HanpedHana
XOBb BbB QyHKLMOHaANHO OTHOLleHMe. B npo-
yuBaHe C Hal-CUJTHN YNpaXXHeHWA, faHHWTe ca C
Hal-MafibkK 6POIA NaLNeEHTH, KOETO BbMNpeKM TOBa
noanomMara exokapauorpadckata OLeHKa Ha
CIMAH 3a onpepgenaHeTo Ha X. OrpaHnyeHneTo
Ha exorpa¢uATa 3a OLUeHKa Ha HanAraHUATa, Nno-
cneuunanHo npw naumneHTute ¢ XObb, npasn Tpya-
Ha KpaliHaTa npeLueHKa 1 3aKknoueHne. ABTopuTe
3aKJ/1l0YaBarT, Ye HanmumeTo Ha X He e cBbp3aHo
C no-nowmna 6-MUHYTEH TeCT WKW HAKOW Npome-
HWU N3MepPEeHU C KapAamno-NysIMOHaNnHy TecToBe. 3a
pa3nvka oT ToBa, Sims 1 cbaBT. (20) oueHABaT 362
naumeHTa ¢ Texka XOBb ¢ nABa cbpgeyHa KaTteTe-
pu3auus, onpefenat xemoanHammkKaTa U OTKpK-
BaT, ye no-BmcokoTo CIMNAH e cBbp3aHO € No-Kbca
ANCTaHUMA Ha 6-MUHYTHUA TeCT Criell BbBeXaaHe
Ha gemorpadcknte gaHHW, 6enogpobHaTta PyHK-
LKA 1 BKIIMHEHOTO HanAraHe 3a nauuexTa. Te Ha-
mupart, 4ye B 95%, OT ciydanTe 3a BCekn 5SmmHg
HapacTtBaHe Ha CIAH, gncraHumATa Hamansaga C
11m Ha TecTa 3a 6 MUHyTHaTa pa3xogka. Cuttica
n cbaBT. (9) oueHaBaT 1 154 naumeHTa C nsABa
CbpheyHa KaTeTapu3auua u onpefenAmkm xe-
MoAMMaHUKaTa, Hammpat Bpb3ka mexay CIMAH
N 6-MUHYTHaTa pa3xofKka He3aBUCUMO OT 6eno-
ApobHaTa GYHKLMA, U OKNy3MATa Ha MySMOHan-
HOTO HanAraHe. Te3n fBe O6WVPHW NPOyYBaHNUA
c pobpe noabpaHM MauMeHTV AaBaT sICHOTa BbB
bYHKLMOHANHOTO BAUAHKE Ha X npu naymeHTu
¢ HanpepHana XOBb.

B knacmnueckoto cxBawaHe 3a X npu XOBbBb,
MX ce pasrnexpa Kato obnyariHa, 0OGUKHOBEHO
NneKa U C HEACHO KJIMHMYHO 3HayeHue. B onutu-
Te Ha Scharf n cbasT. (18) 1 Thabut n cbasT. (24)
nekaTa KbM ymMepeHo-TexKa [1X e onpepgeneHa
kato CIAH 20-35 n 25-45 mmHg, pecnekTuBHO
n 86-96% OT nauymeHTUTe nonagaT B TO3U Aua-
nasoH. Thabut n cvaBT. (24) NpeacTaBAT KNbCTEP
aHanm3 Ha JaHHuTe Cn N ycTaHoBABaT, Ye 7.4% ot
nauueHTUTE Ce XapakTepusnpaT C OTHOCUTEHO
3anaseHa 6enopgpobHa ¢yHkuua (DEO1 48.5%)
»YMepeHO TexxKka KbM Texka” nosuweHoto CMAH
(cpepnHo 39.8mmHQ) 1 TexkKa xunokcemus (cpea-

hypertension and pulmonary venous hyperten-
sion was associated with a decreased survival
after adjusting for age, sex, ethnicity and BMI (9).
In a study of a nontransplant population, Stone
et al. (23) followed 43 COPD patients admitted
for COPD exacerbation and found that echocar-
diographic evidence of pulmonary hypertension
(defined as a systolic pulmonary artery pressure
>45 mmHg) was associated with a strikingly low-
er 1-year survival. This survival effect was inde-
pendent of age, lung function (FEV1), arterial pH,
pCO,, or pO,. This study compliments the classic
study by Kessler et al. (13) demonstrating that
the presence of a mPAP more than 18 mmHgin a
stable group of outpatients with moderate-to-se-
vere COPD was one of the strongest independent
predictors of hospitalization for COPD exacerba-
tion.

More recently, several studies have explored the
effect of pulmonary hypertension in advanced
COPD patients on functional outcomes. The study
with the most robust exercise data has the small-
est number of patients and relies on echocardio-
graphic estimation of mPAP to define pulmonary
hypertension. The limitations of echocardiogram
to estimate pressures, especially in COPD pa-
tients, make it difficult to draw firm conclusions
from this study. This study reported that the pre-
sence of pulmonary hypertension was not associ-
ated with lower 6-min walk distance or any vari-
ables measured during cardiopulmonary exercise
testing. In contrast, Sims et al. (20) evaluated 362
patients with severe COPD right heart catheter-
ization defined hemodynamics and found that a
higher mPAP was associated with shorter 6min
walk distance after adjusting for patient demo-
graphics, lung function, and PCWP. They found
an 11m decline in 6-min walk distance for every
5mmHg rise in mPAP 95%. Cuttica et al. (9) evalu-
ated 1 154 patients with right heart catheteriza-
tion defined hemodynamics and found an asso-
ciation between mPAP and 6-min walk distance
independent of lung function and pulmonary
artery occlusion pressure. These two large studies
with well characterized patients suggest a clear
functional impact of pulmonary hypertension on
patients with advanced COPD.

The classic teaching in COPD pulmonary hyper-
tension is that PH is common usually mild and is
of questionable clinical relevance. In the trials by
Scharf et al. (18) and Thabut et al. (24) mild-to-
moderate pulmonary hypertension was defined
as mPAP 20-35 and 25-45 mmHg, respectively
and 86-96% of patients were reported to fall into
these ranges. Thabut et al. (24) performed a clus-
ter analysis of their data set and identified 7.4% of
patients who were characterized by relatively pre-
served lung function (FEV1 48.5%) “moderately to
severely” elevated mPAP (mean 39.8 mmHg) and
severe hypoxemia (mean pO, 46.2 mmHg) and
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Ho pO, 46.2mmHg). AsTopuTte npeanonarart, ye
TOBa MOXe [ia O3HayaBa CbfoB GpeHOTMN, KOWTO
€BEHTYaJIHO Tosleprpa CbaopasllmpaABalla Tepa-
nua. Chaouat 1 cbaBT. (7) CblLo ycTaHOBABAT, Ye
2.7% OT nayMeHTuUTe B TAXHATa rpyna mmart Tex-
ka MX (CMNAH >40mmHg). KoraTto nskntouaT Te3un
C KOMOPOUANTET, KOMTO MOXe fAa foseae ao X,
Te ycTaHOBABAT, Ye 1.1% mmar Texxka X, Thabut n
CbaBT. MOKa3BaT CbLLUO, Ye Ta3m nogrpyna 1ma 3a-
6eneXxnmo No-noLLa NPeXKMBAEMOCT B CPAaBHEHA C
rpynata 6e3 MX CMAH <20mmHg).

ToBa ca gaHHUTe, KonTo untocTpupart, ye CMNAH
npekbcBa onpeaenaHeTo Ha TexecTTa Ha X ¢
KNMHMYHO NpunoxeHure. ToBa e fobpe onncaHo B
nuTepatypata 3a [1X, 7o Kato CMAH e now npe-
[OVIKTOp 3a TeXecTTa Ha 3abonABaHeTo M M3X0oAa
OT Hero. B npoyuBaHuaTa Ha Thabut n cbaBT. 1
Chaouat 1 cbaBT. BbpXy NaLyMeHTV C HanpeaHana
XOBbB, ce BmKAa ACHO, Ye U Hal-ManKoTo MOBU-
weHve Ha CMAH npwu Te3n naymeHTn NoBnAUABA
CMbBPTHOCTTa, XOCNUTanuM3auumuTe 1 msxopda Ha
naumeHTa.

MnasmeHn mapKepu 3a eHAoTeNHa ANCPYHK-
uyma npwm NX

O6wuTe 6enesn Ha pasnuuHute dopmu Ha MX
BKMOUBaT AucbanaHC mexay KoarynauuoHHa 1
bMOpMHONUTUYHA cCUCTEMA U MeXXay Nponudepa-
LMA Ha rMafKOMYCKYNTHUTE KNEeTKU U KNeTKute B
VHTMMaTa Ha cbgoBeTe (6).

Mpwn nauymeHtn ¢ MX ca HamaneHu NnasmeHu-
Te HMBa Ha a30TeH oKcuA 1 TPomMOOMOZYNVH.
Mpogyuupanuat ot eHgotennymbT NO e moleH
Ba3oAunaTaTop U UHXMOUTOP Ha TPOMOOLUUTHa-
Ta arperayua. TpoMboMoAYyNUHBT € pa3nonoxeH
Ha eHpoTefHaTa MOBBPXHOCT 3a CBbp3BaHe U
WHAKTMBMPAHE Ha TPOMOUMHA C nocnefBalla ak-
TmBauma Ha npoteunH C. Mpwn naymeHtute c MNX ot
pasnnyeH NPor3XoA e 3aCUieH KPaTKOCPOUHUAT
6enonpobeH BasoamMnaTaTopeH OTroBop Kbm L-
aprviHUH, NOKa3BalKu yBpexaaHe Ha 6enoapo6-
HMA CbAOB TOHYC, KOETO € BaXHO 3a natopusmo-
noruATa Ha 3abonasaHeTo. MNpu naymeHTn ¢ MNX ce
Habnogasa HamaneHne Ha NO.

Mna3meHnTe HUBA HAa TPOMOOMOAYVH CbLLO Ca
HamasneHu, Bofello fo obpasyBaHe Ha TPombWU,
KOeTO e UeCTo YCTaHOBABAHO NPU Te3U NaLneHTU.
BrcokmTe My HMBa ca CBbp3aHW C HamalleH pUCK
OT KopoHapHa 6onect. Cacoub 1 cbasT. (5), Ha-
6ntoaBaT HACKM HMBa NPU NaLMEHT C NO-TEXKN
dopmun Ha npekanunapHa MX.

CenektuHute (sP, sE, sL), 3aegHo ¢ gpyrute agxe-
3MIOHHW MOJIEKYNN UrPaAT KNoYoBa PonsA B NaTo-
reHesaTta Ha TPOMb603UTe, Bb3naneHNeTo, MMyHO-
NOTNYHWTE OTrOBOPY U MHEKUMK B CbAoBeTe. Te
ce acoummpaT C MHOXeCTBO 3aboABaHMA U ce OT-
[enAT B UMpKynauuaTa, KbAeTo morat Aa 6baat oT-
KpuTtn B TeuHa dopma (sP, sE n sL cenektuHn). sP ce
HaMUpaT B a-rpaHynuTe Ha TPOMOOLUTITE 1 B TEN-
uata Ha Webel-Palade Ha eHaoTenHuTe KNeTku, un
Ca yBenm4yeHn Npu TPOMOOreHHW CbCTOAHUA, KaTo

suggested that this may represent a vascular phe-
notype that may potentially benefit from vaso-
dilator therapy. Chaouat et al. (7) also found that
2.7% of patients in their cohort had “severe pul-
monary hypertension” (mMPAP>40mmHg). When
they eliminated those with comorbid conditions
that could contribute to pulmonary hypertension,
they found 1.1% had severe pulmonary hyperten-
sion with a similar profile as found by Thabut et
al. They also showed that this subgroup appeared
to have a lower survival compared with the non-
pulmonary hypertension group with a mPAP less
than 20mmHg.

It is datatable whether an arbitary mPAP cutoff
to define the severity of pulmonary hyperten-
sion is clinically relevant. It is well described in
the PAH literature that mPAP is a poor predictor
of disease severity at outcomes. Although the
studies by Thabut et al. and Chaouat et al. clearly
define a subset of patients with advanced COPD
and marked elevation of the mPAP, the existing
data would suggest, that even small elevations
in the mPAP in patients with advanced COPD can
influence mortality, hospitalization and patient-
centered functional outcomes.

Plasma markers of endothelial dysfunction in
Pulmonary Hypertension

Common features of different forms of PH in-
clude an imbalance between coagulation and
fibrinolytic systems and between proliferation of
the vascular smooth muscle cells and the cells of
the intima (6).

In patients with PH levels of NO and trombo-
modulin (TM) are reduced in plasma. NO pro-
duced by endothelium is a powerful vasodilata-
tor and inhibitor of platelet aggregation and TM
is the endothelium surface site for binding and in-
activating thrombin with subsequent activation
of protein C. In patients with PH of various origins,
an exaggerated short-term pulmonary vasodila-
tator response to L-arginine suggest a relative im-
pairement of pulmonary vascular tone and thus
may be important in the pathophysiology of the
disorder. Decreased NO levels have been shown
in patients with PH.

Plasma levels of TM have been shown to be
reduced which may contribute to the initiation
or worsening of thrombosis frequently found in
these patients. Elevated levels of TM are associ-
ated with a decreased risk of coronary artery dis-
ease Cacoub and colleagues (5) observed lower
TM levels in patients with the more severe form of
precapillary PH.

Selectins (sP, sE, sL) together with other adhe-
sion molecules, play a key role in the pathogen-
esis of thrombosis, inflammation, immunologic
responses, and infections in the vasculature. They
are upregulated in a variety of disease states and
in some instances, they are released into the circu-
lation where they can be detected in soluble form
(sP, sE, and sL selectin). sP found in the a-granules
of the platelets and in the Weibel-Palade bodies of
endothelial cells, has been shown to be elevated



MUoKapgeH MHbapKT, Obl6oKa BeHO3Ha TPOMOO-
3a, TPOMOOTMYHA TPOMOOUMTONEHYHA Myprypa
N XermapuH MHAyuMpaHa TpombouuToneHua. sL-
CeneKTUHBT YYacTBa B aAXe3uxATa Ha JIeBKOLUTU-
Te KbM €HAOTENa U Ce e CYNTANO, Ye Urpae BaxkHa
ponAa B aTepockieposara. sk e cBpbxekcnpecupaH
B CbJOBUWTE eHOOTENIHM KNETKW NPY NaTONOMMYHM
N3MEHEHA, CXeMUSA, LUTOKNHW, TbKaHeH $aKTop
N TPOMOUH. oBMLLIEHNTE NNIA3MEHN HMBA MoraT
[Ja posepat fO eHAoTenHa AUCYHKUMA UK na-
TONOTMMYHM U3MeHeHuA. Brucokute HMBa Ha sP un
SE cenektnHu ce Habntogasat npwu X ¢ HannuHa
eHfoTeNnHa AMCOYHKUMA M TPOMOOUMTHA aKTu-
BaUuA, Habnogasala ce npu Tesn 3abonasaHuA.
Pegykumarta Ha TotanHuAa NO e B cboTBeTCTBME
C yBenMyeHaTa TPOMOOUUTHA aKTUBHOCT 1 6bp-
30TO yBennyaBaHe Ha sP cenektuH, 3awoto NO e
MOLLEH MHXUOUTOP Ha TPOMOOLMUTHaTa aaxe3nsa un
arperayus. sL-cenekTMHbBT CMHTE3UpaH OT ronam
Opoi NeBKOLUTY, Urpae posid B MUrPaumuaTa Ha
numéounTTe B nepudepHnNTe TMMOGHN BBH3IN 1
MecTaTa Ha XPOHMYHO Bb3MajsieHne, 1 Ha JIEBKOLU-
TUTE B MecTaTa Ha OCTPO Bb3nasieHue. MNayneHTrTe
¢ MX noka3BaT CUrHUPUKAHTHO HaManeHU HKBa
Ha sL-cenektuH. B npoyuBaHe Ha Cella n cbaBT.
(2001). Bbpxy rpyna ot 15 nauneHTa ¢ Texka MNX 1
20 naymeHTa CbC 34PaBU KOHTPON Ce YCTaHOBA-
Ba, ye npu nauymeHtute ¢ MNX sP n sE cenektuHute
ca yBenuyeHu, fokato sL e 6un no-HUCHK B cpas-
HeHMe C HMBaTa Ha CENEKTUHUTE NPY KOHTponmTe.
Pasnukata mexgy naumneHtute  MX 1 KoHTponuTe
ca curHmouKaHTHM camo 3a sL u sk. Hueata Ha NO
Ca [OCTOBEPHO MO-HUCKM Npu naumeHtute ¢ X,
B CpaBHeHVe C Te3un npu KoHTponute. Cnaba Ko-
penauus e HamepeHa Mexay TPOMOOMOAY MHa B
nnasmaTa U HMBOTO Ha CUCTONIHOTO GefloApoAHO
apTepurasnHo HanAraHe.

Bb3naneHneto un eHpgoTenHata AncOyHKLUA
ce 6a3mpaT Ha xuMnoTesaTa, Ye KaHauaaT reHuTe
(CRHRT1, ITPPR2 1 VDR) ot npoyuBaHeTo 3a XObb
Ca CBbp3aHM C MapKepuTe 3a CUCTEMHOTO Bb3Ma-
NeHne 1 eHaoTeNHa ANCPYHKLMUA NpY Bb3pacTHa-
Ta nonynauusa. Wilker n cbasrt. (28) ca npoyunnu
reHuTe 3a pecnupaTtopHaTta 6onect cBbp3aHa C
MapKepuTe 3a Bb3najeHWe U eHAOoTENHa AUC-
bYHKLMA NPpU Bb3PaCcTHU MbKe.

MnasmeHnTe HMBa Ha UMpKynupawmat C-npo-
TenH, GMOPUHOreH, BLTPKIIEeTbYHATa aAXe3NOHHA
monekyna-1 (ICAM-1) n cbfoBaTa KneTbyHa axe-
3noHHa monekyna-1 (VCAM-1) ca npeobnafgaBa-
NI OT 679 y4yaCTHULWN Bb3PaCcTHU MbXe B NPoyY-
BaHeTo Normative Aging Study. B n3cnessaHara
rpyna, Bpb3kaTta Mexay HuBaTa Ha brioMapkepu-
Te 1 reHoTMna e 6una aHanusnpaHa, U3non3ean-
KN NIMHeapHU cmeceHn edeKTn, CbC CiyvyaliHO
NpeKbCBaHe 3a BCEKU MAUMEHT, KaTo MogenuTe
ca rpynvpaHu no Bb3pacT Y UHAEKC Ha TeflecHa
maca (BMI).

ABTOpuUTe YyCTaHOBABAT, Ye KaHAWAAT reHu-
Te, KOUTO MUrpaAT ponA B natoreHesata Ha XObb
CbLo MoraT fa yBenuyaT HuBaTa Ha CepymHU-
Te MapKepu Ha Bb3MaNeHWETO W eHAOoTeNHaTa
anchyHKumA. NMocpenCcTBOM HAKOM HOBM Creum-

in the thrombogenetic states such as myocardial
infarction, deep venous thrombosis, thrombotic
thrombocytopenic purpura and heparin-induced
thrombocytopenia. sE-selectin is involved in ad-
herence of leukocytes to the endothelium, which
have been postulated as playing an important
role in atherosclerosis. sE-selectin is overexpresed
in vascular endothelium cells by injury, ischemia,
cytokines, tissue factor and thrombin. Increased
plasma levels could reflect endothelial dysfunc-
tion or damage. The increased levels of sP-selectin
and sE-selectin observed in PH may represent en-
dothelial dysfunction and plateled activation ob-
served in these disorders. The reduction in total
NO is in accordance with the increased plateled
activation expressed as elevated sP-selectin, be-
cause NO is a powerful inhibitor of plateled ad-
hesion and aggregation. sL-selectin, expressed
in a wide variety of leukocyte, plays a role in the
migration of lymphocyte into peripheral lymph
nodes and sites of chronic inflammation and the
migration of leukocyte into acute inflammatory
sites. The patients with PH showed significantly
reduced levels of sL-selectin. In the study report-
ed by Cella et al. (2001) in a group of 15 patients
with severe PH and 20 patients were healthy con-
trol subjects. In patients with PH, sP and sL-selec-
tins were elevated, whereas sL-selectin was lower
in comparison with the selectin levels in control
subjects. The differences between patients with
PH and control subjects were significant only
for sL-selectin and sE-selectin. The NO level was
significantly lower in patients with PH compared
with the NO level in control subjects . Only a weak
correlation was found between thrombomodulin
plasma levels and magnitude of systolic pulmo-
nary artery pressure.

Inflammation and endothelial dysfunction
based on the hypothesis that candidate genes
for a study of Chronic Obstructive Pulmonary
Disease are associated with markers of systemic
inflammation and endothelial dysfunction in a
aging population. Wilker et al. (28) have studied
the candidate genes for Respiratory disease as-
sociated with markers of inflammation and endo-
thelial dysfunction in elderly men.

Plasma levels of circulating C-reactive protein
(CRP), fibrinogen, intracellular adhesion mol-
ecule-1 (ICAM-1)and vascular cell adhesion mol-
ecule-1 (VCAM-1) were obtained from 679 elderly
male participants in the Normative Aging Study.
In the discovery cohort, the relationship between
biomarker level and genotype was analyzed us-
ing linear mixed effects with random intercept for
each subject and models were adjusted for age
and BMI.

The authors found that the candidate genes
though to play a role in the pathogenesis of
COPD may also influence levels of serum mark-
ers of inflammation and endothelial dysfunction
via several novel SNP associations which have
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dnyHM HykneotnaHn nocneposatenHocTy (SNP)
BPB3KW, KOUTO MO-PaHO He ca Gunm CBbp3aHu
CbC CbpAEYHO-CHIOBO 3abonAsaHe. Kopenayus-
Ta Mexnay Te3un yeTupu mapkepa sapupa ot 0.036
fo 0.5. Camo kopenauuata mexgy GnbprHoreHa
n VCAM-1 He e CTaTUCTMYECKN 3HAYMMa U HUBO-
TO p<0.5. He ca pageHn pakTn OTHOCHO CTpaTu-
duKaumATa Ha HamepeHaTa Monynauus, Korato
BcmukuTe ot 101 pa3nmyHm SNP ca nscneasaHm 3a
WMAEHTUYHOCT C HaManABaLLO rpynupaHe n3nons-
Baliku PLINK (15).
3aknioueHne

XOBb e aKkTyanHa, XxeTeporeHHa, MyATMUCUC-
TeMHa 6onecT CbC CKbMNO CTPYBALLO NleueHre U
OCHOBATeNHN NpeABuKAaHUA fa AoCTUrHe 3-To
MACTO MO 3HaymmocT npe3 2020r. Ekcnepumen-
TaJIHO e [joKa3aHa Ba)KHaTa pona Ha ocTpodaszo-
BuTe npoTtenHn CRP n nnasmeHuna ¢ubpuHoreH
3a NpefAckasBaHe Ha Gbhely KapAroBacKynapeH
pUCK 1 TexecTTa Ha npotuyaHe Ha XOBb. Bbe
BCMYKM cTtagum Ha XObb, KakTo 1 npu nywaun e
Hanuue eHfgoTenHa ANCOYHKUMA CbNbTCTBaHa OT
yBenuyeHue Ha CRP 1 nnasmeHus ¢pmubpuHoreH.
lMynmMoHanHaTa XMnepToHWsA € YeCTo YCSIOKHEHne
C HebnaronpuATHa NPOrHO3a 3a u3xoga ot 3abo-
nABaHeTo. B nuTepatypaTa He CbliecTBYBa 06LLO
npwueta gedrHuuma 3a CMAH 1 HannureTo Ha MX.
DyHKUMOHANHNTe TeCcTOBe K MoOKasaTtenu mmat
BaXHO 3HaueHMe KaTo UHAMKATOP 3a TeXkecTTa U1
n3xoga Ha XObb. OcHoBHa ponA B naToreHesaTta
Ha X e XpoHMYHaTa XMMOKCMA U XMUMOKCeMUSA,
KaKTO 1 CUCTEMHOTO Bb3MasieHne 1 reHeTnyHara
npeancnosnLms.
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not previously been associated with cardiovas-
cular disease. The correlation between these four
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evidence of population stratification was detect-
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Conclusion

COPD is actual, heterogeneous, multisystem
disease with costly treatment and tendency to
get 3rd place of importance in 2020. The impor-
tant role of acute phase proteins CRP and plasma
fibrinogen for prediction of future cardiovascular
risk and the clinical outcomes of COPD is proved
experimentally. In the whole spectrum of COPD,
as well as in smokers is found endothelial dys-
function accompanied by augmentation of SRP
and plasma fibrinogen. The pulmonary hyperten-
sion is often complication with worse prognosis
for the disease outcome. The functional tests and
parameters have significant importance as indica-
tor for severity and outcome of COPD. The chronic
hypoxia and hypoxemia, as well as the systemic
inflammation and genetic predisposition have
basic role in the pathogenesis of pulmonary hy-
pertension.
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