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MwokapaHaTa uHtepctuumanHa pubposa (MUP) Bb3HMKBA NPY Pa3NUYHM UCXEMUYHU Y HEUCXEMUYHU
KapgvommnonaTum 1 JonpuHacs 3a neBokamepHa AMCHYHKUMS, BOAeLa A0 CbpaeYHa HeAoCTaTbyHOCT
(CH). N3BecTHM ca aBa BuAa — penapaTvBHa U peakTUBHA, C Pa3rnMyHM MOSEKYNSPHM MexaHu3mm. Bb-
npekn 4e MU® npeacrasnsiBa HapyLLeHne Ha KorareHOBUS TbpPHOBBLP, BOAELL, A0 HATPynBaHWS, Hanmue
Ca 1 Ka4eCTBEHW MPOMEHM B KONareHOBMS CbCTaB Npu pasnnmyHnTe (OOpMU Ha CbpOeYHN YBPEXOAHUS.
M3cnegaHns B Ta3y NOCOKa NpOy4YBaT KIETbYHUTE Y MOMEKYNSPHU MEXaHWU3MM, KOUTO CTOAT 3af TO3n
NPOLIEC 1 HAYMHMTE, MO KOUTO TOW BNUSIE BbPXY CbhpAeqHaTa hyHKLMSA, BuomMapkepute 1 NoTeHUManHuTe
TapreTHu Tepanuu 3a ToBa..
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Myocardial interstitial fibrosis (MIF) occurs in several ischemic and non-ischemic cardiomyopathies and
is associated with left ventricular dysfunction and progression to heart failure (HF). MIF exists in two
types — reparative and reactive with different origin and molecular mechanisms. Although MIF arises
mainly because of alterations in collagen turnover leading to collagen fiber accumulation, there are also
qualitative changes in collagen fibers in cardiac diseases. There are several studies for cellular and
molecular mechanisms and his role in cardiac function, biomarkers and potential target therapies.
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BbBEOQEHME

[JockopoluHata Teopusi 3a KapaovoOMUOLMT-OpUEH-
TUpaHaTta rmefgHa Todka B maToreHes3ata Ha cbpaevHaTta
HepocTatbyHOCT (CH) cera ce gonbnea ¢ Teopusita 3a
yBpeXJaHe Ha MHTEPCTULMANHUA KINeTbYeH MaTpukc v
KOpoHapHaTa MUKpoLMpKynaums. Teaun daktopy okassar
Ba)kKHa porsi B pa3BMTMETO Ha NAaToNOrM4YHO CTPYKTYPHO
pemMogenupaHe 1 onpedenat esonouusita npyu CH. Mu-
okapgHaTta nHTepctuumnanHa gubposa (MAD) ce pedm-
HMpa KaTo AMdY3HO, HEMpOMopLMOHANHO HaTpynBaHe
Ha KonareH B WHTepcTMuMyma Ha muokapaa [1]. Boau

INTRODUCTION

The cardiomyocyte-oriented theory of heart fail-
ure (HF) accepted that alterations in the interstitial
extracellular matrix (ECM) and the coronary micro-
circulation also play important role in the develop-
ment of pathological structural myocardial remodel-
ing that determines the evolution of HF. Myocardial
interstitial fibrosis (MIF) is defined by the diffuse,
disproportionate accumulation of collagen in the
myocardial interstitium [1]. MIF contributes to left
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0o nesokamepHa (/1K) aucdyHKUMS no pasnuyHn mexa-
HM3MK Npy NaumeHTn cbe CH cbe 3anaseHa JIK dpakumst
Ha natnacksaHe (CH3®W) n ¢ notucHara JIK dpakums Ha
nstnacksaHe (CHn®W). Tyk ca 0606LLEeHN MexaHn3munTe,
BKITIOMEHN B naTtoreHesata v nocneguuute ot MU® npu
CH, umpkynupaiumte n buomapkepuTe ot obpasHarta au-
arHoCTuKa, pasnuyHuTe PEHOTUMOBE, KaKTO U Bb3MOX-
HOCTUTE 3a TapreTHa Tepanus [1].

XUCTOXUMUYHU ACNEKTU HA MUAD

XuctonormyHo MUD ce pgedmHmpa kato audysHo
oTnaraHe Ha ekcuecvBHa hubposHa TbkaH (konareH Tun
I n lll) B MmuokapgHusa nHtepctuunym [1]. ma 2 ocHos-
H1 Tna MO [3]. B penapaTtnBHata, Unmn 3amectuTenHa
dnbposa, MN® 3amectBa Marnky y4yacTbuy OT MbPTBU
KapamomMuoumTi, dopmMmpalL MUKpoumkaTpuken [1, 4,
5]. MNpu peakTuBHaTa HnMbpO3a HaTpynBaHETo Ha u-
Bpo3Ha TbKaH e B NeprBacKynapHOTO NPOCTPaHCTBO OKO-
O MHTpamyparHn KOpoHapHU apTepun, nepummusmyma u
€HOOMM3MYMa, OKONO CbPAEYHUTE MYCKYITHU BIiakHa 1 OT-
JenHute KapamoMmuouutn u ce obpasysat gebenu cHom-
yeta[1, 4, 5]. He e acHo ganv gBata Tmuna ca oTaenHu unm
cblyecTByBaT egHoBpemeHHO. MU®P ce xapaktepuavpa
C yBenu4yaBaHe npoueHTa Ha oblata TbkaH, 3aeta ot
KonareHoBM hrbpu, KOATO ce Hapuya KonareHoBa obem-
Ha dpakuus (KOD) [1, 4]. Benpekn OrHuLLHUA XapakTep
Ha M®, nnowita n ¢ BpeMETO HapacTBa OT BbHLUHATa
KbM BbTpeLllHaTa TpeTa Ha cBobogHaTa KamepHa cTeHa
B pe3ynTaTt Ha TpaHCMypariHWs rPaaneHT Ha HansraHeTo,
CTpeca Ha KamepHaTa CTeHa W yBpexaaHusita Ha Kopo-
HapHaTa MUKPOLIMPKYNaums, KOUTO ca Hanuue npu ncxe-
MWUYHU N HEMCXEMUYHU CbpaedHn 3abonsieanus [1, 5, 7).
Hanvue ca ka4ecTBeHV NPOMEHN B KONareHOBUTE BriakHa.
Mpn CH BcneacTeme Ha apTepunanHa xunepTtoHust (AX) [8]
WM aopTHa CcTeHo3a [9] CbOTHOLLEHMETO MeXay KonareH
™n | n konareH Tvn Il ce npomeHs B nocoka abHOPMHO
HaTpynsaHe Ha komareH Tun |. [pn ncxemmnyHata kap-
OVoMMonaTusi TOBa CbOTHOLLIEHME Ce MPOMEHS B MOCOKa
konareH Tun Il [10], koeTo BoAM OO 3aKMOYEHMETO, Ye
CbCTaBbT Ha KonareH BbB (hMbpo3HaTa ThKaH 3aBUCK OT
KnnHW4HaTa npuyunHa [11]. MU® otpassisa 6anaHca mex-
[y OTnaraHe Ha ekcTpauenynapeH MaTpykc Ypes Mmogu-
Opobnactute 1 aerpagaums NOCPeOCTBOM MaTPUKCHUTE
meTanonpotenHasu (MMIT). AKTUBHOCTTa Ha TO3U npoLec
npu nporpecupatia (CH) B oTCbCTBME Ha OCTpa UCXemus
ocTaBa HesicHa. Kntoyoea ponsa B MU® umar cbpaeynu-
Te oubpobrnacT n 3a pasBUTUETO HA AaHTUPUOPOTUYHU
cTpaTerM e BakHO Aa Ce YCTaHOBST (bakTopute, KOUTO
onpefensaT akTMBHOCTTa Ha Te3n KneTku. B HavanoTo ce
cumTa, Ye hmMbposHaTa TbKaH € pesynTar OT eKCcnaH3usiTa
N aKTMBaUMSATa Ha pe3epB OT pe3naeHTHW dmnbpobrnactu
C Me3eHxvMeH npousxog. [Npes nocnegHute rognHn ase-
Te XMMNOTe3n Ca HaArpafeHu, BKIMHYBAMKN KOHLENUMATA,
ye pPe3NAEHTHN KINETKU OT APYrv KNETbYHU JIMHUK MoraT
na ce audepeHumpar B MmeseHxuMHu [10] unn ye peseps

ventricular (LV) dysfunction and leads to HF in dif-
ferent mechanisms for preserved ejection fraction
(HFpEF) and for reduced ejection fraction (HFrEFT)
his review summarizes the knowledge regarding
mechanisms involved in the pathogenesis and con-
sequences of MIF in HF, circulating and imaging bio-
markers, different MIF phenotypes and future target-
ing therapies [1].

HisTOCHEMICAL ASPECTS OF MIF

Histologically MIF is defined by the diffuse depo-
sition of excess fibrous tissue (collagen types | and
[l fibers) the myocardial interstitium [1]. There are
2 principal types of MIF [3]. In the reparative or re-
placement fibrosis, MIF replaces small area of dead
cardiomyocytes, forming microscars [1, 4, 5]. In the
reactive fibrosis, accumulation of fibrous tissue in
the perivascular space around intramural coronary
arteries, around the cardiac muscle bundles and
individual cardiomyocytes and forms into thicker
sheaths [1, 4, 5]. It is unclear whether these 2 types
represent truly different entities as they coexist in
most patients. Quantitatively, MIF is characterized
by the increase in the percentage of total myocardial
tissue occupied by collagen fibers, also called a col-
lagen volume fraction (CVF) [1, 4]. Although MIF is
patchy, the area of fibrosis increases from the outer
to the inner third of the ventricular free wall, proba-
bly due to transmural pressure gradient, wall stress,
and coronary microcirculation alterations that are
present in ischemic and nonischemic cardiac dis-
eases [1, 5, 7]. There are also qualitative changes
in the collagen composition. In HF with hypertensive
heart disease [8] or aortic stenosis [9], there is a
predominance of collagen type | to collagen type IlI.
However, in ischemic cardiomyopathy, this ratio is
changed due to an excess of collagen type Il fibers
[10], suggesting that type of collagen in underlying
fibrous tissue depend from clinical scenario [11].
MIF shows a balance between deposits of extra-
cellular matrix from fibroblasts and matrix metalo-
proteinases (MMP), which remains unclear in pro-
gressive heart failure in absence of acute ischemia.
Key role in MIF have heart fibroblasts and for an-
tifibrotic strategies is important to establish factors
for their activity. The fibrous tissue is a result from
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OT hMBPOLMTH, MPOU3NESNM OT KOCTHUS MO3bK, MoraT Aa
akyMynupaT B TbKaHUTE MpW HanudvMe Ha nogxogsaLim
curHanm [10]. MNpoyysa ce xunotesata, Ye nog BNUsHUE
Ha MMWOKapOHW CUrHamu, KOCTHO-MO3bYHWM hubpoumnti
aKyMynupaT B CbpgeyvHaTa TbkaH Npy HEMCXeMUYHa Kap-
avomuonarus [6]. B eqHO KNMMHWYHO NpoyyBaHe 3a mbpau
MbT € NOKa3aHo, Ye KMETKM OT KOCTHUSI MO3bK aKyMymnu-
paT B MOAEN OT OMNWUTHU MULLKX C OunataTvBHa Kapamo-
mMuonatus u npegcraenasar 1/5 oT Bcuykn mbpobnacTy,
yyacTBallmM B npouecuTte Ha rnbposmpaHe Ha CbpLETO.
PAAC cuctemata nma BaxkHa ponsi B natoreHesaTta Ha
MN®. KneTbYHn KynTypu € aHrMoTeHsuH Il nocoysar He-
FOBOTO 3HAYEHMEe KaTo MeamaTop B naroreHesarta Ha ou-
Oposara, kaTo ToBa BOAW A0 ycuneHa andepeHumaums ot
dubpobnacti B Mmodunbpobnacti nocpeacTBoM curHar-
HW MbTuULa [21, 22]. dDubpouutmTe ca ¢ Npomnsxos OT KOCT-
HMS1 MO3bK M MMaT MoTeHUMan Aa HaBnu3aT B TbKaHuTe,
Aa ce TpaHcdopmupat BbB hnmbpobnacTu, cuHTeanpaLLm
O-IMagKoOMYCKYIHW BriakHa, kornareH tun | n konareH tun
11 [25].

NMATO®U3NONOrNSA N KNUHNYHU
ACMEKTU HA MAD

HatpynBaHeto Ha ¢wubposHa TbkaH Bogn go JIK
OVCOYHKUMS, apuUTMKS, HapyLlleHa KucropogHa Mu-
OKapAHa JocTaBka 1 HebraronpusaTeH U3XoA.

JIK gucoyHkumusa

ObuyariHo MN® e cBbp3aHa C¢ auacTonHa auc-
dyHKUMs. EHgommokapgHata bruoncusi nokassa otnara-
HWS1, KOUTO ca cxogHn npy CH3®U n npyn HemcxemmnyHa
CHnoU [12, 22]. N3nnwbkbT Ha konareH Boau ao JIK
AVCYHKUMSA MOCPEACTBOM Ka4eCTBEHM NPOMEHM (MoBeYe
KonareH Tvn |, otkonkoTo kornareH Tvn ) n HapyLieHo oT-
naraHe My B M1okapga. Toa e cBbp3aHo ¢ JIK xuneptpo-
s n gnactonHa gucdyHkums [9, 12-14]. KonareHosute
AEeno3nTh OKOIMO KapaMOMUOLIMTUTE HapyLuaBaT KOHTpaK-
TunmTeTa u Boaat go JIK cuctonHa ancdyHkums [23].

MEXAHU3MU HA MUOKAPOAHATA
UHTEPCTULUATTHA ®UBPO3A

MN® npenctaensiBa kpaeH pesynTar, BCReAacTBue
Ha pegvua yBpeXaaHus, NPUYMHEHU OT CbPAEYHW 3a-
OonsBaHUs UNM CUCTEMHU PAKTOPW, aKTUBMPaHU Mpwu
N3BBLHCBHPAEYHN KoMopbuaHocTn kato AX, 3axapeH ou-
abet (3[0) n xpoHnyHO 6LOpeyHo 3abonsisaHe (XB3) [1,
15]. MpouecbT Ha MNP ce passuBa B pasnuyHmn dasu.
B nbpearta ca Hanvue Tpurepupalum ctumynn. CmbpTTa
Ha KapaMOMMOLIMTUTE € OCHOBEH TpUrep 3a pasBuTMe Ha
penapatmeHa MA®. lNpn peakTnBHaTa ca Hanuvue Ba-
pvpawy ctumynm (06emMHO HaToBapBaHE, CXEMUS UK
MeTabonMTHO yBpexaaHe). Bbe mbpo3HUst oTroBop ca
BKITHOYEHM MHOIO KMETbYHW TUMOBE B TOBA YMCMO MU-

expansion and activation of resident fibroblasts with
mesenchymal origin. In the last years a new concep-
tion is that resident cells from several cellular lines
can be differentiated in mesenchymal [10] or fibro-
cytes from bone marrow can accumulate in tissues
in presence of appropriate signaling [10]. Under the
myocardial signals these cells can migrate to cardi-
ac tissue in nonischemic cardiomyopathy [6] In one
clinical trial is demonstrated that bone marrow cells
from mouses with dilative cardiomyopathy are accu-
mulated and are 1/5 from all fibroblasts in the heart.
Cell tissue with angiotensine Il shows un important
rolelike mediator in pathogenesis of MIF [21, 22].
Fibrocytes originate from bone marrow and have the
potential to enter tissues, transform into fibroblasts
synthesizing a-smooth muscle fibers, type | collagen
and type Il collagen [25].

PATHOPHYSIOLOGY AND CLINICAL
ASPECTS OF MIF

Fibrous tissue accumulation leads to LV dysfunc-
tion, arrhythmia, impaired myocardial oxygen delivery,
and adverse outcome.

LV dysfunction

MIF is commonly associated with diastolic dys-
function. Endomyocardial biopsy shows deposits
that are similar in HFpFl and non-ischaemic HFpFI
[12, 22]. Excess collagen leads to LV dysfunction
through qualitative changes (more type | collagen
than type lll collagen) and impaired deposition in
the myocardium. This is associated with LV hyper-
trophy and diastolic dysfunction [9, 12-14]. Collagen
deposits around cardiomyocytes impair contractility
and lead to LV systolic dysfunction [23].

MECHANISMS OF MYOCARDIAL
INTERSTITIAL FIBROSIS

MIF represents a final common lesion following
a variety of injuries caused by an intrinsic cardiac
disease or by systemic factors activated in the con-
text of extracardiac comorbidities such as arterial
hypertension, diabetes mellitus, and chronic kidney
disease [1, 15]. The process of MIF develops in sev-
eral phases. Cardiomyocyte death is the triggering
event responsible for the initiation of reparative MIF
fibrosis. In reactive MIF, varied stimuli (pressure
overload, ischemia or metabolic injury) may trigger
the fibrotic response in the absence of cell death.
Several cell types are included in the fibrotic re-
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ochmbpobractn nnm MHOUPEKTHO CekpeTupaLLy npodu-
OpoTnyHn meguatopm (Makpodaru, MacTouuTu, nMmdo-
L1TN, KapAMOMMOLMTI U CbOoBM KNeTkn) [1, 4, 5, 15].
BB BTOpaTa hasa ce obpasysat mmodmnbpobnacty,
kouTo ce aktmBupar. OceH cubpobnactute, gubpo-
OnacT-NPOreHNTOPHN KINETKM B MUOKapda, CbLUO Taka
N LUMPKYNpaLy U MUrpupani KneTky, BKIYBawwm du-
OpounT, enukapgHW, enUTEnHN N eHOOTENHU KIETKW,
npeTbpnsaBaT TpaHcdopmaums. PasnuyHn usmyHn un
XVUMWYHM hbakTopy B YBpEedeHus Muokaps CTUMynupat
TpaHcdopmauuara B Muocmbpobnactu [16]. BnvsHue
OKassaT Bb3NanuTENHW LUTOKUHK, XeMOoaTpaKTaHTu U
NPOAYKTM Ha OKCUAATUBHMS MeTabonM3bM, Kakto U Me-
XaHWYeH CTPeC, PEHWMH-aHIMOTEH3UH-angocTepoHoBaTa
cuctema n ombporeHHn pactexHu daktopm [16, 17].

YBPEXOAHUA HA CbPOEYHATA ®YHKUUA

MWN® Boam Ao NpeacsbpaHn M KaMepHU apuTMuK, Kato
npeacraensaea cyocTpar 3a pUeHTpU akTMBHOCT [24]. Mu-
odhmbpobnactute morat ga MoLynMpar enekTpuyeckara
aKTVBHOCT Ha KapOMOMMOLIMTMTE NOCPEACTBOM ANPEKTHU
B3aMMOLENCTBYS C TSX U YPE3 CEKPELIMS Ha MapaKpuH-
HU chaKkTopu, BOAELLM OO0 KaMepHa apuTMOreHHa aKTuB-
HocT [24] KamepHaTa aputmus e cebp3aHa ¢ MNP, Hesa-
BMCUMO OT apyrute daktopu, sogeLuy Ao JIK aucyHkums
[25]. OtnaraHeTo Ha hMbpo3Ha ThKkaH HapyLlaBa [OCTaB-
KaTa Ha Kucropop, 4o kapavomuouutute [26]. MNeprBacky-
napHata ¢ombposa nma obpatHa kopenauus ¢ pesepsa Ha
KOpOHapHUsi KpbBOTOK Npu CH [27].

JIK gucdyHkuma v CH

TpaguumoHHaTta pons 3a MU® npuHagnexu Ha pe-
3naeHTHUTEe (hrubpobnacTn, nog Bb3AENCTBUETO Ha na-
PaKPUHHW 1 aBTOKPUHHW CUrHAmMM, BKMOYBALLY aHMMOTEH-
3uH I, TpaHcdopmmpaly pactexeH daktop-f (TGF-B),
€HOOTENMNH 1N CbeOVHUTENHO-ThKaHEH pacTexeH ¢hakTop
[69]. Opyr nstouHuk Ha cbpaeyvHn dombpobnactu, ocobe-
HO B YCITOBUSI Ha NCXEMUSI, € KOCTHUAT MO3bK [70]. Tosm
MEXaHM3bM Hamupa MOTBbPKAEHWE U B YCMOBUATA Ha
HeCcbpaeYHO-Cb0BU YCIOXHEHMs], kakBaTo e 6enoapob-
HaTa ¢hrbposa [71]. Hannumeto Ha mmnokapaHa ncxemmsi
N ocBobOXOaBaHeTO Ha daktopy kato SDF-1 wrpast
BakHa pors B Tpadmka Ha KOCTHOMO3BYHMN KITETKN KbM
cbpuero [72, 73].

MWN®, oueHeHa xuctonormyHo nnu Ypes AMP, e cebp-
3aHa ¢ nosuweHa TBbpAocT Ha JIK cteHa n guactonHa
ONCOYHKUMS MPU NaLMEHTU C XMNEPTOHMYHA CbpaeyHa
bonect [2, 57], aopTHa cTeHo3a [2, 9], xunepTpoduryHa
Kapamomuonatus [2, 66] n CH3®U [2, 12, 57]. Nanuwb-
KbT Ha KorareH Brusie BbpXy feBokamepHaTa (oyHKLUS
Haln-Be4e Ype3 kadecTBeHWUTE NpomeHn. [oBevyeTo Komna-
FEeHOBM BPB3KWN BOAAT 4O TBbPAOCT Ha onbpo3HaTa ThKaH
[2, 21] v ca cBbp3aHu ¢ JIK guactonHa guchyHKums npu
nauneHTn cbe CH c AX [2, 12-14, 68] unn aopTHa CTeHO3a

sponse, either directly by producing fibrous tissue
(myofibroblasts) or indirectly by secreting profibrotic
mediators (macrophages, mast cells, lymphocytes,
cardiomyocytes, and vascular cells) [1, 4, 5, 15].

In the second phase, myofibroblasts are formed
and activated. In addition to fibroblasts, fibroblast
progenitor cells in the myocardium, also circulating
and migrated cells including fibrocytes, epicardial,
epithelial and endothelial cells undergo transforma-
tion. Various physical and chemical factors in the
injured myocardium stimulate transformation into
myofibroblasts [16]. Inflammatory cytokines, chemo-
attractants and products of oxidative metabolism, as
well as mechanical stress, the renin-angiotensin-al-
dosterone system and fibrogenic growth factors are
influential [16, 17].

IMPAIRMENT OF CARDIAC FUNCTION

MIF leads to atrial and ventricular arrhythmias,
representing a substrate for re-entry activity [24].
Myofibroblasts can make a modulation of electrical
activity of cardiomyocites either with direct effects or
with secretion of paracrines factors, lead to arryth-
mogenic activity [24]. Ventricular arrhythmia is asso-
ciated with MIF independent of other factors leading
to LV dysfunction [25]. Accumulation of fibrous tis-
sue disturb oxygen supply to cardiac myocites [26].
Perivascular fibrosis has negative effect over coro-
nary circulation in HF [27].

LV dysfunction and HF

Traditionally main role for MIF have resident fi-
broblasts over signaling pathways, including angio-
tensine Il, transforming growth factor B (TGF ), en-
dothelin and conjective-tissue growth factor [69]. In
ischemic conditions cardiac fibroblasts come from
bone marrow [70]. This mechanism is studied in
noncardiac complications like interstitial lung fibro-
sis [71]. Myocardial ischemia and factors like SDF-1
has important role in this bone marrow migration to
the heart [72, 73].

MIF, assessed either histologically or by cardiac
magnetic resonance (CMR) imaging, is associated
with LV stiffness and diastolic dysfunction in patients
with hypertensive heart disease [2, 57], aortic stenosis
[2, 9], hypertrophic cardiomyopathy [2, 66] and HFpEF
[2, 12, 57]. The excess of collagen on LV function is
modulated by changes in collagen quality. It has been
shown that increased collagen cross-linking results in
stiffer fibrous tissue [2, 21] and is associated with LV
stiffness and diastolic dysfunction in patients with HF
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[74]. OT gpyra cTpaHa, konareHoute cmdpu Tvn | nmar
no-rofnisiMa NITbTHOCT M TBbPAOCT OT TE3W Ha KonareH Tvn
Il1[2, 75] v Te npeobnaagaeat Npu aopTHaTa cTeHo3a u CH
[20]. YBennyaBaHeTo Ha CboTHOLLEHMETO konareH Tun Ll
ce OTKpMBa Npu MauMeHTM C AunartatmBHa kapauomMmuona-
14 [2, 76]. Mpun gunaratneBHaTa KapaMoMmMonaTmsi HOBOC-
POpPMUPaHNAT KONareH He e JocTaTbyeH 3a hopMupaHe
Ha cTabunHn Bpb3KN Mexgy dhubpute, KOETO MOXe Aa
JoBefe A0 kaMmepHa aunataums [2, 77].

Bpb3kata mexay mmokapgHaTta ¢mbposa u tmna
Ha CH Bce oLe He e nobpe n3ssacHeH. B age ctyaum Ha
naumeHtn ¢ AX [78] n c aopTHa cTteHo3a [79] n nunca
Ha MIBC ce nokasea, ye MO e no-texxka npu CHndU,
oTkonkoTo npu CH3®W. MogobHu ca pesyntatute oT
OuvoncunyeH matepuvan Ha NaumMeHTu ¢ XmnepTpoguryHa
kapanomunonatusa u CH [79]. MU® moxe oa gonpuHe-
ce 3a JIK gnactonHa gncyHkums npu CH3®U nocpen-
CTBOM OMPEKTHO yBenu4yaeaHe Ha JIK TBbpgocT, npu
CHn®W 3arybata Ha kKapaMOMUOLIUTM U KOHTPAKTUMIEH
MUoKapa Moxe Aa e Tpurep 3a penapatusHa MAP[ 2].

KNnUMHUYEH usxopn

MW noenusiea n3xoga npu CH. CteneHTta Ha pas-
npoctpaHeHre Ha MN® e cBbp3aHa CbC CTeneHTa Ha yB-
pexxaaHe Ha JIK, kato ToBa onpeaenst Bb3CTaHOBABAHETO
N CMBPTHOCTTa Crieq aopTHO KramHo npotesupaHe [1,
28], KaKTO CMBbPTHOCTTa U CbpAEYHO-CbA0BUTE CHOUTUS
npu CH3®U [1, 22]. PasnpoctpaHeHneTo Ha chrbposaTa
€ NpeavKTop 3a eheKTUBHOCTTA Ha AbIrocpoYHaTa Tepa-
nus npu CH (BnaronpnatHnaT edbekT oT BeTa-6rnokepute
Bb3HMKBA NpU NaumMeHTn ¢ no-manko gmbposa) [1, 29].
Bbnpekn konmnyectBo Ha KomnareHoBUTe OEeno3vTu THX-
HOTO KayecCTBO CbLUO noemusia maxoga. [lo-rongmoTto
KOMMYecTBO KonareH Tun | e cBbp3aHo C NoBeye Xoc-
nuTanusaumm n cMmbpTHocT npn CH [30, 31.

HEHUBA3UBHA AUATHO3A HA MUAD

Bbnpekn ye eHgomuokapaHaTta buoncus e anateH
CTaHOapT ce u3non3eat apyrn HemHBasnBHU MeToOu,
B TOBa 4uUCno 6M0|vlap|<ep|/| N HenHBa3nMBHa OUNarHo-
ctuka [1].

LUunpkynupawm 6uomapkepu

OcHoBHO 3 BrMomMapkepa MmaTt Bpb3Ka C XMCTONOMMYHO
pokaszaHa MA® [32]. MbpBuaT e cepymeH kapOokcu-Tep-
MuHarneH nponentug (CKTI) Ha npokonareH Ttun |. Ton
ce 0cBOOOXAaBa AMPEKTHO OT M1OKapaa B LMpKynaumsTa
npu CH [33, 34]. HeroBute cepyMHU KOHLIEHTpaLMn KO-
penupat ¢ o6wmsi obem Ha konareH B Muokapga npu CH
[13, 34, 35]. CepymMHMTE KOHLEHTpaLuM 1 obwmsa obem
Ha KonareHa ce NMPOMEHSAT Npu Npuem Ha Topasemug [1,
37] n cnupoHonakToH [1, 36]. CKIT kopenupa ¢ TexecTta
Ha npotuyaHe npu CHN®U [2, 37], cbC cMbpTHOCTTA NpU

with hypertensive heart disease [2, 12-14, 68] or aortic
stenosis [74]. In addition, collagen type | fibers exhibit
greater stiffness than type lll fibers [2, 75], and they
predominate in aortic stenosis and HF [20]. An increase
in the collagen type I:1ll ratio was found in patients with
idiopathic dilated cardiomyopathy [2, 76]. However, in
dilated cardiomyopathy, newly formed collagen is defi-
cient in forming stable cross-links, which may contrib-
ute to ventricular dilatation [2, 77].

The relations between MIF and the type of HF have
not been systematically investigated. In 2 studies per-
formed in patients with hypertensive heart disease [78]
or aortic stenosis [79] and absence of coronary dis-
ease, it was reported that MIF was quantitatively more
severe in patients with HFrEF than in patients with HF-
pEF. Similar results were obtained from biopsy material
of patients with hypertrophic cardiomyopathy and HF
[79]. MIF may contribute to LV diastolic dysfunction in
HFpEF by directly increasing LV stiffness, in HFrEF the
loss of cardiomyocytes and contractile mass may trig-
ger MIF as a form of reparative response [2].

CLINICAL OUTCOMES

MIF also adversely influences HF outcome. The
extent of fibrotic deposits is associated with the de-
gree of LV functional improvement and mortality af-
ter aortic valve replacement [1, 28] and with death
and cardiac events in HFrEF [1, 22] The extent of
fibrosis also predicts effectiveness of long-term HF
therapy (improvement with beta-blockers is likely to
occur in patients with less fibrosis) [1, 29]. Besides
the quantity of collagen deposition, its quality also
influences outcome. A higher quantity of type | col-
lagen is associated with more hospitalizations and
mortality in HF [30, 31].

NON-INVASIVE DIAGNOSIS OF MIF

Although endomyocardial biopsy is the gold stan-
dard method for diagnosing MIF, due to its several
limitations, alternative non-invasive methods (e.g., bio-
markers) are needed for routine practice [1].

Circulating biomarkers

Mainly 3 biomarkers demonstrate an association
with histologically proven MIF [32]. The first is serum
carboxy-terminal propeptide (SCTP) of procollagen
type I. It is released directly from the myocardium into
the circulation in HF [33, 34]. PICP concentrations cor-
relate with CVF in HF [13, 34, 35]. Serum PICP levels
and CVF change in parallel in response to torsemide
[1, 37] and spironolactone [1, 36] in HF. Serum PICP
is associated with the severity of HFrEF [2, 37] and
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CH3®W [2, 38] 1 npn CHN®W [2, 39]. BropusT e cepymeH
amuHo-TepmuHaneH nponentug (CATI1) Ha npokonareH
Tun I, Mpun naumeHTn, NnekyBaHU CbC CNMPOHOMNAKTOH, ce
HabnogaBa e4HOBPEMEHHO pPedyKUMs B HMBaTa Ha TO3M
Oromapkep, KakTo 1 Ha obema konareH B MMokapaa, kaTto
TOBa Kopenupa c Texxectrta un naxoga npu CH [36, 38, 42]
He3aBucMMO oT PU. Tpetnar Guomapkep € CbOTHOLLE-
HueTo cepymeH konareH (CK) Tun 1 TenonenTtug KbM Ma-
TpyKcHU MeTanonpoTtenHasu (MMI). HuckuTe ctonHocTm
Ha ToBa cboTHoLleHne CK tun 1 Tenonentng kbM MMIT n
BUCOKMTE cToMHOCTM Ha CKTI1 ngeHTndmumpaT naumeH-
1 cbe CH ¢ B1cok puck [31]. TecTBaHETO Ha LMpKynmpa-
LMTe BuoMapkepy uma peauua orpaHudeHus. Te He ca
cneumdunyHn 3a MMOKapaHO YBpEXOaHe 1 NPOMEHUTE B
TEXHUTE KOHLIEHTpaUUM MoraT npeactaBnsasar rnodanHo
HapyLUeHve B KonareHoBata obmsiHa [1, 32].

O6pa3Hu Guomapkepu

£0peHo-ma2HUMEH pe30HaHC ¢ KbCHO 2ado-

JIUHOB0 KOHMpacmupaHe U U38bHKIIemb4YeH obem

AppeHo-marHuTeH pesoHaHc (AMP) Ha cbpue e
CbBpEMEHEH METOZ, AaBaLl, Bb3MOXHOCT 3a OTNINYHA He-
WHBa3NBHa TbkaHHa xapaktepuctuka. OcBeH aHaToOMUY-
Ha 1 doyHKLIMOHAaNHa oLeHKa OCHOBHUSAT npuHoc Ha AMP
€ oLleHKaTa Ha NPOMEHWTE B CaMUsi MMOKapA, BKIOYUTEN-
HO 1 B cnydanTte Ha dmbposa. Knacuyeckara TexvHuka
3a OLEHKa Ha TbKaHHAaTa xapaKkTepucTuka Ha Mmokapaa
€ KbCHOTO rajonuHmneBo KoHTpacTtupaHe (KIK). Magonu-
HMEBUWAT KOHTPACT Ce HaTpynBa eKkcTpaLenynapHo 1 Boau
[0 CUINEH CUTHarMeH MHTEH3WTET Nopaay CKbCABAHETO Ha
T1 penakcaumoHHUTe BpemeHa. Npu dmbposata ectpa-
LenynapHUTe NPOCTPaHCTBA Ca 3HAYUTENHO Pa3LLUMPEHM
1 TOBa BOAM A0 HATPYNBaHETO Ha KOHTPACTHO BELLECTBO
N CbOTBETHO A0 BUCOK CUrHam B Te3un 30HW. ToBa No3Bo-
nsiea 00EKTUBU3MPAHE Ha 30HNUTE Ha pMbpo3a Ha GhoHa
Ha HOpMarHUsi MMokapg. KbCHOTO KOHTpacTupaHe e 0co-
©eHO MoAXOAsALO 3a OLeHKa Ha doKanHa 3aMmecTuTenHa
¢mbposa [1,43] .

CNEYUUOUYHU TEPANUU 3A MUD

X1UCTOMOPOGONOrMYHM OAHHM OT HAKOW KIMHUYHU
NpoyyYBaHNsa C MeAVKaMeHTU, U3MON3BaHN KaTo CTaH-
paptHa Tepanus npu CC3, nokassat, ye MU® moxe
na ce nekyea. JleyueHneto Ha AX ¢ ACE uvHxmnbutop
(nn3nHonpun) HamansBa obema Ha KonareH B UHTEp-
CTUUMANHOTO NPOCTPaHCTBO, koeTo nogobpsiea JIK
anactonHa dyHkumsa [1, 56]. MNMogobeH edekT npu xu-
nepTeH3nBHM NaumeHTn uma APB (rnocaptaH) n ToBa
€ cbnpoBoAeHO ¢ HamansaBaHe Ha JIK xuneptpodms
[1, 57]. B no6aBka MUHEPaNKOPTUKOUOHUSA aHTarOHUCT
cnupoHonakToH nogobpsisa JIK gnacronHa dyHKums n
HamansBea JIK xunepTtpodus, eAHOBPEMEHHO C PeAYKLMS
Ha MU® npu naumentn cbe CH [1, 36]. MNpy naumeHTn

with mortality in HFpEF [2, 38] and HFrEF [2, 39].
Second is serum amino-terminal propeptide (ATP)
of procollagen type lll. In patients treated with spi-
ronolactone, there was a concomitant reduction in the
levels of this biomarker as well as myocardial collagen
volume, and this correlated with the severity and out-
come of HF [36, 38, 42] independent of Fl. The third
biomarker is the ratio of serum collagen (SC) type 1
telopeptide to matrix metalloproteinases (MMPs). Low
values of this CK type 1 telopeptide to MMP ratio and
high values of SCTP identify patients with high-risk HF
[31]. Circulating biomarker testing has a number of lim-
itations. They are not specific for myocardial injury and
changes in their concentrations may represent a global
disturbance in collagen metabolism [1, 32].

Imaging biomarkers

Late gadolinium enhancement and extracellular

volume

CMR is modern technique, who gives a possi-
bility for excellent non-invasive assessment, also
in the cases with interstitial fibrosis. In addition to
anatomical and functional assessment, the main
contribution of MRI is the evaluation of changes in
the myocardium itself, including in cases of fibro-
sis. Classical technique for tissue characteristics
is late gadolinium enhancement (LGE). Gadolini-
um contrast is accumulated extracellular and gives
powerful signalling intensity, because of short-
ness of T1 relaxational times. In the case of fibro-
sis extracellular areas are significantly enlarged
with contrast accumulation and high signal in this
zones. This allows objectification of areas of fibro-
sis against the background of normal myocardium.
Late contrast enhancement is particularly suitable
for the assessment of focal replacement fibrosis
[1, 43].

SPECIFIC THERAPIES FOR MIF

Histomorphological data from some clinical stud-
ies with drugs used as standard therapy in cardiac
diseases support the notion that MIF can be targeted.
For instance, treatment of hypertensive patients with
the angiotensin-converting enzyme inhibitor lisinopril
was able to reduce CVF, and this effect was associated
with improved LV diastolic dysfunction [1, 56]. Similarly,
treatment of hypertensive patients with the angioten-
sin-Il receptor blocker losartan diminished LV hypertro-
phy [1, 57]. The mineralocorticoid receptor antagonist
spironolactone ameliorated LV diastolic dysfunction
and reduced LV stiffness in association with reduction
of MIF in HF patients [1, 36]. On the other hand, in
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a)
®dwur. 1. MarHuTeH pe3oHaHC Ha CbpLe Npu NauueHT ¢ AunaTtatueHa kapavomuonatus: a) Obpas Ha KbCHO KOHTpacTupaHe no kbcata oc. [u-
naTupaHa neBoKamepHa KyxvHa C U3TbHeH Muokapa. HopManHu curHanHu xapakTepcTvkv Ha Myvokapaa, 6e3 Hanmune Ha pokanHu 30HM Ha
KbCHO rafonMHNEBO KOHTpacTupaHe. b) T1 kapTupaHe no Kbcata 0c 4EMOHCTpMpa AMY3HO YBENNYEeHN CTOMHOCTH Ha T1, kopecnoHaupalum Ha
andpy3Ha nHTepcTuymanHa gpubposa

Fig. 1. Magnetic resonance imaging of the heart in a patient with dilated cardiomyopathy: a) LGE in short axis. Dilated left ventricle with thin
myocardium. Normal signaling characteristics of myocardium without focal zone of LGE b) T1 mapping in short axis with diffuse high levels of
T1, which correspond to diffuse interstitial fibrosis

®ur. 2. MarHuTeH pesoHac Ha cbpue npwu
naumneHT ¢ npekapaH JoneH nHdapkT: 0b-
pa3 Ha KbCHO rafonMHMEBO KOHTpacTupa-
He Mo kbcaTa oc (a) U ABYKYXMHEH cpes3
(b). Budyanusupa ce TpaHcmypanHa 3oHa
Ha KbCHO TafoONMMHMEBO KOHTpacTupaHe
[onHoanukarnHo, kopecrnoHaypaiia Ha uu-
katpukc. C) T1 kapTupaHe, OBYKYXVHEH
cpes, AeMOHCTpupally yeenuyenun T1 pe-
nakcauvoHHN BpeMeHa [OorHoanmKarnHo.
HopmanHuu T1 cToMHOCTM B OcTaHanus
Muokapa 1 d) 1 KOpecroHAMPaLLo Ha yBe-
NUYeH ekcTpauenynapeH obem B cbliaTa
30Ha KIY oueHsaBa ¢okanHa muokapaHa
; i : dubposa, KOATO 4eCTO € C MPOrHOCTUYHA
o N e ; ! CTOMHOCT, 0COGEHO KOraTo BKItouBa cpef-
: HaTa YacT Ha MexaykamepHaTta nperpaga
(n3TouHuK [41]). OuerenunsT ¢ AMP n3BbH-
KNeTbyeH obem pasrnexga uHrepctuuman-
HOTO MPOCTPaHCTBO 1 aKo HAMa MUoKapaeH
efeM unvM amunounposa, ToraBa TOYHO ce
namepsa Hanuumeto Ha MNP

Fig 2. CMR of patient with inferior
myocardial infarction: LGE in short axis a)
and two chambers b). There is a transmural
zone of LGE inferoapical, corresponding
to scar. c) T1 mapping in two chambers,
demonstrate enhanced T1 relaxation times
inferoapical. Normal T1 in the other zones d) Enhanced ECV in the same zone. MIF represents a likely therapeutic target for cardiac protection
and improved outcomes in HF

cbc CH3®U nnn CHN®U npmunoXxeHMeTo Ha Topasemns patients with either HFpEF or HFrEF, administration

KbM CTaHAapTHaTa Tepanusi 3a CH e cBbp3aHo ¢ peyk- of torsemide in addition to standard HF therapy was

unst Ha MV®, HamansiBaHe obemMa Ha Ko-MareH, peayk- associated with reductions in myocardial hypertrophy,
’ ’ normalization of LV stiffness, and improvement of

uwst Ha JIK xunepTpochns 1 nofobpenme BB (yHKLMATa function in 80% of the patients, without LV enlarge-
npu 80% ot nauneHtute 6e3 JIK gunataums [1, 58]. ment [1, 58]
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KOMOWHMpaHUAT MeoukaMeHT cakyouTpun/Bancap-
TaH pegyumpa MNP c nogobpenre B JIK dyHkuma npm
onuTHM Muwkn cbe CH n 3 [81]. AHTUDUOPOTUYHNAT
ecbekT Ha MegvKaMeHTa MOXe [a Ce ObITKM Ha HXUOULIM-
ATa Ha HenpunU3mnH [2]. HaTpreBo-rnioKo3HUTE KOTpaHC-
noptep 2 nHxunoutopu (SGLT2), B yactHocT empagliflozin,
penyunpat MN® n ca cebp3anmu ¢ nogobpeHa anacTonHa
AncdyHKuMa Npu grabetHy muywikm [82]. Toi KaTto aHTu-
PUBPOTUYHUAT edPeKT HE € CBbP3aH C XeMOOVHAMUYHM
unmn metabonutHy npomeHn n SGLT2 He ce ekcnpecupat
BbPXY CbPLIETO, Ce OTYMTa KaTo nnenoTponeH edekT [83].
Heobxoovmm ca HOBW Mpoy4YBaHUs, 3a Aa Ce MOTBbPAU
penykumsa Ha MAN® npu To3m knac megukameHTy 3a CH.
Hskonko ekcnepvMeHTanHu CTyaumn ca gokasanu aHTu-
ubpoTnyHMA edoekT Ha pirfenidone u tranilast, n geara
C KIMHWYHO JoKa3aHa eheKTUBHOCT B MHXMOMPaHETO Ha
TGF-B [84, 85], HO C M3pa3eHa XenaTOTOKCUYHOCT. Bb-
Npeku Ye KOHBEHLIMOHaNHWTE Tepanuu, KakBuTto ca RAAS
NHXMbutopute, pegyumpatr MU®, Ta nepcuctmpa npu na-
uneHTn cbe CH, nekyBaHu 1 ¢ T€31 MEAMKAMEHTM, KOETO
Hanara HeobxoaMMOoCTTa OT HOBU U e(peKTUBHN aHTUK-
©Opo3Hu Tepanum [59, 60].

TapreTHUTe Tepanuu ca OpUEHTMPaHM B 3 OCHOBHU
HanpaeneHusl: Ha HWBO Tpurepupaliy CTUMYIM, reHe-
TUYHM MOAYNaToOpX M eKcTpauenyrnapHa dubporeHesa.
EkcrpauenynapHusT obem 1 umpkynupawmte 6uomap-
KEpV Ca OCHOBHWTE KpUTEPWUM, U3MON3BaHM 3a OLEHKA
Ha MU® B KNnHMYHUTE NpoyyBaHua [62]. B aaHHMTE OT
NocnegHoTo ronsMoO KIMHUYHO MPOyYBaHe He ce ycTa-
HOBSIBa Kopenauusi Mexay TexecTTa Ha 3abonsBaHeTo U
npomeHu B cteneHTa Ha MU® HUTO nNpun BancapTtaH, HATO
3a CLCZ696 [65].

3AKNIOYEHUA U NEPCMNEKTUBU

e MN® e ocHoBa B eBoMnOLMATA U NATONOMMYHOTO
CTPYKTYPHO MMOKapAHO PeEMOAENnMpaHe 1 pa3BUTUETO
Ha CH.

o MN® e audpyseH 1 nokaneH npouec, Bb3HWUKBALL,
KaTo KOMOMHaUUSA OT MHTEPCTULMATIHN MUKPOLIMKATPU-
KCK, NepuBackynapHo oTraraHe Ha KofnareH v ysenuvye-
Ha nebennHa Ha KonareHoBUTE BrakHa.

o MN® nma BaxkHa pons npu pasBUTUETO Ha CUC-
TonHa n anactonHa JIK gucdyHkums, kakto n onpeae-
NS KNUHUYMHUSA U3X0A4 MPU NaUUEeHTU C HEUCXEMUYHU
KapauommuonaTtum

e B TO31 KOHTEKCT NpOyYBaHETO Ha Guomapkepute
npun MW® B cnegsalunTe roguHM ce NnpespbLLa B OCHO-
BeH QOKYyC, Kacaell, HOBUTE TapreTHn Tepanuu.

He e deknapupaH KOHGIUKM Ha UHMepecu
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