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1. Wykaz skrotow

ADAMTS- 4 Disintegrin-like And Metalloprotease with Thrombospondin motifs
CABG- coronary artery bypass grafting, pomostowanie aortalno- wiencowe
CXCL2- chemokina 2

CXCL8- chemokina 8

DEGs- differentially expressed genes, geny o zréznicowanej ekspresji

EAT- epicardial adipose tissue, nasierdziowa tkanka thuszczowa

ESCIT- evolutionarily conserved signaling intermediate in toll pathway

FC- fold change

GPZ- galaz przednia zstgpujaca

GO- gataz okalajaca

HMGB?2- high mobility group box 2

IPA- Ingenuity Pathway Analysis

LDL-C- low density lipoprotein, cholesterol frakcji lipoprotein niskiej gestosci

Non- HDL- C- non high density lipoprotein, cholesterol frakcji lipoprotein niewysokiej
gestosci

PCAT- pericoronary adipose tissue, okotowiencowa tkanka ttuszczowa
PDGF- platelet-derived growth factor, ptytkopochodny czynnik wzrostu
PK- prawa komora

PTW- prawa tetnica wiencowa

TFPI- tissue factor pathway inhibitor, inhibitor szlaku czynnika tkankowego



2. Streszczenie w jezyku polskim

Wprowadzenie:

Choroby uktadu sercowo-naczyniowego pozostaja jedng z gldéwnych przyczyn zgonow
w skali globalnej. Do klasycznych i potencjalnie modyfikowalnych czynnikéw ryzyka
sercowo-naczyniowego nalezg nikotynizm, otyto$¢, niska aktywnos$¢ fizyczna, zaburzenia
lipidowe 1 nadci$nienie te¢tnicze. Coraz wicksza wage przyklada si¢ jednak rowniez do
nieklasycznych czynnikdéw ryzyka sercowo-naczyniowego, takiego jak tkanka thuszczowa
otaczajgca narzady wewnetrzne.

Tkanka tluszczowa otaczajaca migsien sercowy jest podtypem thluszczu trzewnego,
ktérego ilo$¢ koreluje z nasileniem otytosci brzusznej 1 jest niezaleznie zwigzana z ryzykiem
zdarzen sercowo-naczyniowych. Podobnie jak otylo§¢ brzuszna, okolosercowa tkanka
thuszczowa stanowi jeden z czynnikow ryzyka rozwoju chordb sercowo-naczyniowych o
podtozu miazdzycowym.

Klasyfikacja tkanki tluszczowej otaczajacej serce ro6zni si¢ migdzy publikacjami. Z
punktu widzenia niniejszej pracy, najwazniejsze znaczenie ma tkanka thuszczowa nasierdziowa
(ang. epicardial adipose tissue, EAT) i okotowiencowa (ang. pericoronary adipose tissue,
PCAT). EAT lezy pomigdzy trzewna blaszka osierdzia a migsniem sercowym, natomiast jako
PCAT definiuje si¢ tlhuszcz otaczajacy naczynia wiencowe, niezaleznie od jego lokalizacji,
uznajac go za czes¢ thuszezu epikardialnego.

Tkanka tluszczowa otaczajgca serce jest bardzo aktywna metabolicznie, wydziela w
bezposrednim otoczeniu mig$nia sercowego liczne cytokiny 1 chemokiny. W warunkach
zdrowia, EAT 1 PCAT odgrywaja rol¢ ochronng, biorac m.in. udzial w procesach
metabolicznych, energetycznych i przeciwzapalnych. W warunkach patofizjologicznych, np. u
pacjentow z cukrzyca czy zespolem metabolicznym, wlasciwosci ochronne zanikaja, a
dominowac zaczynajg procesy promujace stan zapalny 1 rozwoj choréb uktadu krazenia, w tym
choroby wiencowej. Wydaje si¢, ze nasierdziowa tkanka tluszczowa moze w przysztosci by¢
interesujagcym celem dla nowych terapii.

Cel pracy:

Celem niniejszej rozprawy doktorskiej byta (i) identyfikacja zalezno$ci pomiedzy
ekstremalnie intensywnym wysitkiem fizycznym a ilo$cig 1 aktywno$cig zapalng EAT (ii)
identyfikacja potencjalnych mechanizmoéw patofizjologicznych na poziomie ekspresji gendw,

mogacych stanowi¢ punkt uchwytu dla terapii celowanych w przysztosci, (iii) podsumowanie



dotychczasowych danych na temat roli nasierdziowej tkanki tluszczowej w patofizjologii
chordb sercowo-naczyniowych.

W pierwszej z prezentowanych prac oceniano wpltyw ekstremalnie intensywnego
wysitku fizycznego na ilos¢ EAT oraz jej korelacje z czynnikami ryzyka choroby wiencowe;.
Do badania wiaczono 30 zdrowych ultramaratonczykéw amatoréw i1 9 ochotnikow
prowadzacych siedzacy tryb zycia. Pole powierzchni EAT oceniano przy uzyciu rezonansu
magnetycznego w 4 lokalizacjach: dookota 3 gtéwnych tetnic wiencowych (gataz przednia
zstepujaca, galaz okalajaca, prawa tetnica wiencowa) oraz na powierzchni prawej komory.
Dodatkowo oceniano sktad ciata, lipidogram, osoczowe stezenie interleukiny 6 oraz grubos¢
kompleksu intima-media w te¢tnicach szyjnych uczestnikéw badania. Ilo§¢ EAT w grupie
ultramaratonczykow byla istotnie mniejsza we wszystkich badanych lokalizacjach, w
porownaniu z grupa kontrolna (p < 0.001). Zgodnie z oczekiwaniami, ultramaratonczycy mieli
mniejszy odsetek tluszczu trzewnego oraz lepszy profil lipidowy niz grupa kontrolna (p <
0.001). Nie zaobserwowano natomiast roznic w grubosci kompleksu intima- media. Nie byto
takze istotnej statystycznie rdznicy w stezeniu interleukiny 6 pomiedzy grupami, jednak w
grupie biegaczy czesto$¢ wystepowania patologicznie wysokiego st¢zenia interleukiny 6 (jako
punkt odcigcia przyjeto stezenie > 1 pg/ml) byta 3-krotnie nizsza niz w grupie kontrolnej (17%
vs. 56%, p < 0.05). Dodatkowo, w grupie ultramaratonczykéw uzyskano dodatnig korelacje
pomiedzy polem powierzchni tkanki ttuszczowej otaczajacej galaz przednia zstepujaca, gataz
okalajaca oraz prawg komorg a odsetkiem catkowitego thuszczu trzewnego oraz pomigdzy
loscig thuszczu wokot galezi okalajacej a stezeniem frakeji LDL 1 nie-HDL cholesterolu (p <
0.05).

W kolejnej pracy poréwnano ekspresje genow w PCAT u pacjentdéw z zaawansowang
chorobg wieficowa 1 w grupie kontrolnej. Probki PCAT uzyskano w czasie operacji
pomostowania aortalno-wiencowego (CABG) (n = 21, grupa badana) lub kardiochirurgicznej
operacji niewiencowej u chorych z wczesniej wykluczong chorobg wiencowa (n = 19, grupa
kontrolna). Spos$rod 67 528 transkryptéw, 1348 zostato zidentyfikowanych jako tzw. geny o
zréznicowanej ekspresji (ang. differentially expressed genes, DEGs). Sposrod nich, 416
(30,9%) wykazywato nadekspresje, a 932 (69,1%) zaklasyfikowano do grupy o zmniejszone]
ekspresji w porownaniu z grupg kontrolg. Wsérod genow wykazujacych zwigkszong ekspresje
znalazty si¢ m. in. te kodujgce molekuty o dziataniu prozapalnym i proaterogennym, takie jak
chemokiny CXCLS8, CXCL2, interleukina 6, selektyna E, receptor dla lipoprotein o niskiej

gestos$ci, metaloproteinazy z grupy ADAMTS. Wsrdd gendw o zmniejszonej ekspresji
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zidentyfikowano m.in. geny kodujgce biatka sygnatowe, enzymy, mikroRNA czy r6zne typy
kolagenu.

Dodatkowo wyrézniono grupe tzw. ,upstream regulators” zwigzanych z genami o
zroznicowanej ekspresji. Termin ten odnosi si¢ do dowolnej molekuty, ktora moze wptywac na
ekspresje, transkrypcje czy fosforylacje innej czasteczki. W tej niejednorodnej grupie uwage
zwracaja m.in. geny kodujace plytkopochodny czynnik wzrostu, biatko grupy 2 o wysokiej
mobilnosci (ang. high mobility group box 2, HMGB2) czy ESCIT (ang. evolutionarily
conserved signaling intermediate in toll pathway), ktére literatura wskazuje jako potencjalne
czasteczki prozapalne i promiazdzycowe. Co wiecej, uzyte oprogramowanie Ingenuity Pathway
Analysis (IPA) powigzalo geny o zréznicowanej ekspresji w cale sieci powigzan i zaleznosci,
tzw. $Sciezki kanoniczne i sieci. Wérod aktywowanych szlakéw znalazla si¢ m.in. ,,$ciezka
uktadu krzepniecia” zawierajaca molekuly znane ze swojego promiazdzycowego i
prozapalnego charakteru (inhibitor szlaku czynnika tkankowego, aktywator plazminogenu,
receptor dla urokinazy, trombomodulina).

Trzecig pracg jest artykul pogladowy poswiecony podsumowaniu aktualnego stanu
wiedzy na temat udziatu EAT w patogenezie chorob uktadu sercowo-naczyniowego, w tym
choroby wiencowej, niewydolnos$ci serca i migotania przedsionkow. Zwrdcono takze uwage na
mozliwy zwigzek pomigedzy EAT a przebiegiem COVID-19. Na koniec zaprezentowano EAT
jako potencjalny cel terapeutyczny w leczeniu chordb ukiadu sercowo-naczyniowego w
przysztosci.

Wnhioski:

W pierwszym badaniu wykazano, ze ekstremalnie intensywny trening fizyczny moze
obniza¢ ryzyko sercowo-naczyniowe poprzez redukcje ilo$ci 1 prozapalnej aktywnosci
nasierdziowej tkanki thuszczowej, jednak potrzebne sa dalsza badania potwierdzajace
zalezno$ci zidentyfikowane w niniejszej pracy doktorskie;j.

Drugie badanie byto jednym z pierwszych, w ktorym wykazano zmieniong ekspresje
nie tylko pojedynczych genow, ale calych sieci 1 Sciezek z nich stworzonych w okotowiencowe;j
tkance ttuszczowej, co dostarcza kolejnych dowodow na to, ze badana tkanka jest aktywnym
zroédtem promiazdzycowych molekut mogacych przyspiesza¢ rozwoj choroby wiencowe;.

Trzecia praca wskazuje ogromne zainteresowanie tematem EAT w ostatnich latach,
sugerujac jej potencjat jako nowego celu terapeutycznego w prewencji i leczeniu chorob uktadu
SErcowo-naczyniowego

Podsumowujac, cykl prezentowanych prac demonstruje, ze okotosercowa tkanka

thuszczowa jest jednym z najwazniejszych elementdw biorgcych udziat w patogenezie chordb
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uktadu sercowo-naczyniowego, jednak kolejne badania na poziomie molekularnym sg
kluczowe, aby zidentyfikowa¢ konkretne geny i kodowane przez nie biatka, ktérych modulacja
moglaby zmieni¢ niekorzystny fenotyp EAT u pacjentéw z chorobami sercowo-naczyniowymi.
Negatywny wptyw EAT na uktad kragzenia moze by¢ ograniczony juz teraz poprzez interwencje
niefarmakologiczne, a dzigki dalszemu rozwojowi badan na poziomie ekspresji genow, istnieje

szansa identyfikacji nowych celéw terapeutycznych w obrebie EAT.
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3. Streszczenie w jezyku angielskim.

Epicardial adipose tissue and the risk of cardiovascular diseases: pathophysiological

mechanisms and clinical implications.

Introduction:

Cardiovascular diseases remain one of the leading causes of death globally. Classic and
potentially modifiable cardiovascular risk factors include smoking, obesity, low physical
activity, lipid disorders, and hypertension. However, increasing attention is also being paid to
non-classical cardiovascular risk factors, such as adipose tissue surrounding internal organs.

The adipose tissue surrounding the heart is a subtype of visceral fat, the amount of which
correlates with the severity of abdominal obesity and is independently associated with the risk
of cardiovascular events. Like abdominal obesity, pericardial adipose tissue is a risk factor for
the development of atherosclerotic cardiovascular diseases.

The classification of pericardial adipose tissue varies in the literature. For the purposes
of this work, the most important is epicardial adipose tissue (EAT) and pericoronary adipose
tissue (PCAT). EAT lies between the visceral layer of the pericardium and the myocardium,
while PCAT is defined as fat surrounding the coronary vessels, regardless of its location,
considering it as part of epicardial fat.

Pericardial adipose tissue is highly metabolically active, secreting numerous cytokines
and chemokines in the vicinity of the heart muscle. Under healthy conditions, EAT and PCAT
play a protective role, participating in metabolic, energetic, and anti-inflammatory processes.
In pathophysiological conditions, such as in patients with diabetes or metabolic syndrome, these
protective properties are replaced with processes promoting inflammation and the development
of cardiovascular diseases, including coronary artery disease. Therefore, pericardial adipose
tissue may be an interesting target for new cardiovascular therapies in the future.

Aim of the study:

The aim of this doctoral thesis was (i) to identify the relationship between extremely
intense physical exertion and the quantity and inflammatory activity of EAT, (i1) to identify
potential pathophysiological mechanisms at the level of gene expression in EAT that could be
a target for future therapies, and (iii) to summarize the existing data on the role of EAT in the
pathophysiology of cardiovascular diseases.

Results:
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In the first study, the effect of extremely intense physical activity on the amount of EAT
and the correlation between EAT and cardiovascular risk factors were evaluated. The study
included 30 healthy amateur ultramarathon runners and 9 volunteers leading a sedentary
lifestyle. EAT surface area was assessed using magnetic resonance imaging at 4 locations:
around the 3 main coronary arteries (left anterior descending branch, circumflex branch, right
coronary artery) and on the surface of the right ventricle. Additionally, body composition, lipid
profile, serum interleukin-6 concentration, and intima-media thickness in the carotid arteries
were evaluated. The amount of EAT in the ultramarathon runners was significantly lower at all
examined locations compared to the control group (p < 0.001). As expected, ultramarathon
runners had a lower percentage of visceral fat and a better lipid profile than the control group
(p <0.001). However, no differences in intima-media thickness were observed. There was also
no statistically significant difference in interleukin-6 levels between the groups, but the
frequency of pathologically high interleukin-6 levels (defined as concentration > 1 pg/ml) was
three times lower in the ultramarathon runners group than in the control group (17% vs. 56%,
p < 0.05). Additionally, a positive correlation was found in the ultramarathon runner group
between the surface area of EAT surrounding the left anterior descending branch, circumflex
branch, and right ventricle and the percentage of total visceral fat, and between the amount of
EAT around the circumflex branch and the concentration of LDL and non-HDL cholesterol (p
<0.05).

In the second study, gene expression in PCAT was compared between patients with
advanced coronary artery disease and a control group. PCAT samples were obtained during
aorto-coronary bypass surgery (n =21, study group) or non-coronary cardiac surgery in patients
with previously excluded coronary artery disease (n = 19, control group). Out of 67,528
transcripts, 1348 were identified as differentially expressed genes (DEGs). Among them, 416
(30.9%) showed overexpression, and 932 (69.1%) were classified as underexpressed compared
to the control group. Among the genes showing increased expression were those encoding
molecules with pro-inflammatory and pro-atherogenic activity, such as CXCL8, CXCL2,
interleukin-6, selectin E, low-density lipoprotein receptor, and ADAMTS metalloproteinases.
Genes encoding signalling proteins, enzymes, microRNAs, and various types of collagen were
identified among the underexpressed genes.

Additionally, a group of "upstream regulators" associated with differentially expressed
genes was distinguished. This term refers to any molecule that can affect the expression,
transcription, or phosphorylation of another molecule. In this heterogeneous group, attention

was drawn to genes encoding platelet-derived growth factor, high mobility group box 2 protein
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(HMGB2), and evolutionarily conserved signalling intermediate in toll pathway (ESCIT),
which are considered pro-inflammatory and pro-atherosclerotic molecules. Moreover, the
Ingenuity Pathway Analysis (IPA) software used linked differentially expressed genes to entire
networks of connections, canonical pathways, and networks. The activated pathways included
the "coagulation system pathway" containing molecules known for their pro-atherosclerotic and
pro-inflammatory nature (tissue factor pathway inhibitor, plasminogen activator, urokinase
receptor, thrombomodulin).

The third work is a review article summarizing the current state of knowledge regarding
the involvement of EAT in the pathogenesis of cardiovascular diseases, including coronary
artery disease, heart failure, and atrial fibrillation. Attention is also drawn to the possible
relationship between EAT and the course of COVID-19. Finally, EAT is presented as a potential
therapeutic target in the prevention and treatment of cardiovascular diseases in the future.
Conclusions:

The first study demonstrated that extremely intense physical training may reduce
cardiovascular risk by reducing the amount and pro-inflammatory activity of epicardial adipose
tissue. However, further research is needed to confirm the relationships identified in this
doctoral thesis.

The second study was one of the first to demonstrate altered gene expression not only
in individual genes but in entire networks and pathways derived from PCAT, providing further
evidence that the tissue under study is an active source of pro-atherosclerotic molecules that
may accelerate the development of coronary artery disease.

The third work indicates an extensive interest in EAT in the recent years, suggesting its
potential as a new therapeutic target in the prevention and treatment of cardiovascular diseases.

In summary, the series of studies presented demonstrate that pericardial adipose tissue
is one of the key elements involved in the pathogenesis of cardiovascular diseases. However,
further research at the molecular level is crucial to identify specific genes and proteins encoded
by them whose modulation could change the unfavourable phenotype of EAT in patients with
cardiovascular diseases. The negative impact of EAT on the circulatory system can be limited
through non-pharmacological interventions, and with further development of gene expression

studies, there is a chance to identify new therapeutic targets within EAT.
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4. Wstep

Choroby uktadu sercowo- naczyniowego pozostaja jedng z gtownych przyczyn zgondéw
w skali globalnej [1]. Do klasycznych i potencjalnie modyfikowalnych czynnikéw ryzyka
sercowo-naczyniowego naleza nikotynizm, otyto$¢, niska aktywno$¢ fizyczna, zaburzenia
lipidowe 1 nadci$nienie te¢tnicze. Coraz wigcksza wage przyklada si¢ jednak rowniez do
nieklasycznych czynnikdéw ryzyka sercowo-naczyniowego, takiego jak tkanka tluszczowa
otaczajgca narzady wewnetrzne.

Tkanka tluszczowa otaczajgca migsien sercowy jest podtypem tluszczu trzewnego,
ktérego ilo$¢ koreluje z nasileniem otytosci brzusznej 1 jest niezaleznie zwigzana z ryzykiem
zdarzen sercowo-naczyniowych [2-4]. Podobnie jak otyto$¢ brzuszna, okotosercowa tkanka
thuszczowa stanowi jeden z czynnikow ryzyka rozwoju choréb sercowo-naczyniowych o
podtozu miazdzycowym [5].

Klasyfikacja tkanki tluszczowej otaczajacej serce rozni si¢ migdzy publikacjami. Z
punktu widzenia niniejszej pracy, najwazniejsze znaczenie ma tkanka ttuszczowa nasierdziowa
(ang. epicardial adipose tissue, EAT) i okotowiencowa (ang. pericoronary adipose tissue,
PCAT). EAT lezy pomigdzy trzewna blaszka osierdzia a migsniem sercowym [2], natomiast
jako PCAT definiuje si¢ thuszcz otaczajacy naczynia wiencowe, niezaleznie od jego lokalizacji,
uznajac go za czes¢ thuszezu epikardialnego [6].

Istnieje wiele r6znic pomigdzy EAT a tkankg ttuszczowa w innych lokalizacjach na
poziomie anatomicznym, histologicznym i molekularnym [7, 8]. Co wazne, pomigdzy EAT a
otaczajacymi strukturami, w tym mig¢éniem sercowym i naczyniami wiencowymi, nie ma
anatomicznej bariery (np. powie¢zi), dzigki czemu mozliwe sg ich interakcje na drodze m.in.
parakrynnej [9]. W warunkach zdrowia, EAT odgrywa rol¢ protekcyjng, m.in. chronigc przed
hipotermia [10], zapewniajac mechaniczng ochrong naczyn wiencowych [11] i1 biorgc udziat w
licznych procesach metabolicznych migsnia sercowego [12]. Jako Zrédlo adiponektyny, EAT
poprawia funkcj¢ $rodblonka naczyn wiencowych, redukuje stres oksydacyjny i nasilenie
procesow zapalnych [13, 14]. W warunkach patofizjologicznych, np. u pacjentow z cukrzyca
czy zespotem metabolicznym, wtasciwo$ci ochronne zanikaja, a dominowac zaczynaja procesy
promujace stan zapalny i rozwdj chorob uktadu krazenia, w tym choroby wiencowe;.

Regularna, umiarkowana aktywno$¢ fizyczna zmniejsza ryzyko chorob sercowo-
naczyniowych oraz redukuje $miertelnos¢ catkowita [15]. W ostatnich latach ro$nie liczba os6b
uprawiajacych sporty wytrzymalo$ciowe o duzej intensywnos$ci, jednak o wpltywie tak

ekstremalnie intensywnej aktywnos$ci fizycznej na czynniki ryzyka sercowo- naczyniowego
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wiadomo zdecydowanie mniej. Z tego powodu w pierwszej z prezentowanych prac oceniono
wplyw intensywnego treningu wytrzymato§ciowego na niektore z czynnikdéw ryzyka rozwoju
choroby wiencowe;j.

Wiele badan naukowych wykazato, ze stan zapalny odgrywa kluczowa role w rozwoju
miazdzycy, a takze w destabilizacji juz istniejagcych blaszek miazdzycowych [16, 17], jednak
nadal nieznany jest doktadny mechanizm lezacy u podloza tego zjawiska. Jak wcze$niej
wspomniano, nasierdziowa tkanka ttuszczowa, w tym tkanka okotonaczyniowa, sg strukturami
aktywnymi metabolicznie 1 mogg uwalniac¢ liczne cytokiny i chemokiny. Zalezno$¢ pomiedzy
nasileniem procesu zapalnego w przydance tetnic wiencowych i okolowiencowej tkance
thuszczowej a zaawansowaniem choroby wiencowe;j i niestabilnos$cig blaszek miazdzycowych
wykazano w licznych badaniach, w tym autopsyjnych [18], tomografii komputerowej [19] czy
przy uzyciu metod medycyny nuklearnej [20, 21]. Wspomniano takze, ze pomiedzy EAT a
thuszczem w innych lokalizacjach istnieje wiele roznic [7, 8]. Istnieja doniesienia pokazujace,
ze roznice w ekspresji gendw w obrebie tkanki thuszczowej zalezg od jej lokalizacji nie tylko w
organizmie [22], ale takze w obrgbie samego serca [23]. Dostgpne sg wyniki badan wskazujace,
ze ekspresja gendow w EAT rdzni si¢ takze w zalezno$ci od braku lub obecnosci choroby
wiencowej [8]. Coraz wigcej mowi si¢ takze o okolowiencowej tkance ttuszczowej jako
potencjalnym punkcie uchwytu terapii przeciwmiazdzycowej [24]. W zwiazku z powyzszym,
w drugiej z prezentowanych prac porownano ekspresje¢ gendéw w okolowiencowej tkance
thuszczowej w populacji z zaawansowang chorobg wiencowg i bez niej.

EAT jest jednak obiektem badan nie tylko w kontekscie choroby wiencowej, ale takze m.in.
niewydolnosci serca (ze szczegdlnym uwzglednieniem niewydolnosci serca z zachowang
frakcja wyrzutowg) czy migotania przedsionkéw, a nawet choréb potencjalnie
,hiekardiologicznych”, jak COVID-19. Przeglad literatury na ten temat podsumowano w

trzeciej pracy.
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5. Cel pracy

Celem niniejszej rozprawy doktorskiej byty:

identyfikacja zaleznosci pomigdzy ekstremalnie intensywnym wysitkiem
fizycznym a iloscig i aktywnoscia zapalng EAT;

identyfikacja potencjalnych mechanizméw patofizjologicznych na poziomie
ekspresji gendow, mogacych stanowi¢ punkt uchwytu dla terapii celowanych w
przysztosci;

podsumowanie dotychczasowych danych na temat roli nasierdziowej tkanki

thuszczowej w patofizjologii chordb sercowo-naczyniowych.
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6. Kopie opublikowanych prac

6.1. Epicardial Adipose Tissue and Cardiovascular Risk Assessment in Ultra-
Marathon Runners: A Pilot Study.

17
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Abstract: Epicardial adipose tissue (EAT) volume is associated with cardiovascular disease (CVD).
Drata regarding the influence of extremely intensive training on CVD are scarce. We compared EAT
volume among ultra-marathon runners and in the sedentary control group, and assessed the corre-
lations between EAT and risk factors of coronary artery disease (CAD). EAT volume around three
main coronary vessels and right ventricle (RV) was measured in 30 healthy amateur ultrarunners
and 9 sex- and age-matched sedentary controls using cardiac magnetic resonance. In addition, body
composition, lipid profile, interleukin-6 (IL-6) plasma concentration, and intima-media thickness
(IMT) were measured as well, The EAT volume was lower in all measured locations in the ultra-
runners’ group compared Lo control group (p < 0.001 for all). Ultrarunners had lower BMI and fat
percentage (FAT?%) and more favorable lipid profile compared to the control group (p < 0.05 for all).
Ultrarunners had lower rate of pathologically high levels of plasma IL-6 (>1 pg/mL) compared to
the control group (1 T ve. 56%, p < 0.05). IMT was similar in both ETOUPS. In the ultrarunners
group, there was a positive correlation between EAT surrounding lefl anterior descending artery,
circumflex artery, and RV and FAT%, and between EAT around circumflex artery and LDL and
non-HOL cholesterol (p < 0.05 for all). In summary, extremely intensive training may decrease

the risk of cardiovascular events in adult population of amateur athletes by reducing the amount
and pro-inflammatory activity of EAT. However, more research is needed to draw firm conclusions
regarding the anti- and pro-inflammatory effects of intensive training,.

Keywords: epicardial adipose tissue; ultrarunners; inflammation; cardiac magnetic resonance; car-

diovascular disease

1. Introduction
Despite the constant progress in pharmacological and interventional treatment, the
incidence of cardiovascular diseases (CVDs) is still growing. In 2012 and 2013, CVDs

were responsible for 17.3 million deaths worldwide, which makes them the leading cause
of mortality [1-3]. A number of risk factors for CVDs have already been described and
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many of them are potentially reversible. In the worldwide INTERHEART study, there
were nine potentially modifiable factors in patients with myocardial infarction: smoking,
dyslipidemia, arterial hypertension, diabetes mellitus, abdominal obesity, psychosocial
factors, daily consumption of fruits and vegetables, regular alcohol consumption, and
regular physical activity [4].

Obesity and physical activity are potentially easily reversible risk factors. Particu-
larly, the abdominal type of obesity is one of the most important factors predisposing to
atherosclerosis and cardiovascular events [5,6]. The volume and thickness of epicardial
adipose tissue (EAT) was showed to correlate with intra-abdominal fat mass, severity of
obesity |7,8], and the incidence of cardiovascular events [9]. EAT is a visceral fat with
high metabolic activity, located between the pericardium and the myocardium and not
separated from myocardium and coronary vessels [10,11]. EAT activity solely depends on
the metabolic state. In patients with metabolic syndrome, perivascular fat surrounding
coronary arteries (pericoronary adipose tissue, PCAT), which is a subtype of EAT, loses
its protective capability and becomes an aggressive, pro-inflammatory tissue, releasing
cytokines and chemokines. Recently, it was showed that the carotid intima-media thickness
(IMT), which is a very strong indicator of systemic atherosclerosis, was associated with EAT
thickness measured by echocardiography, independently from body mass index (BMI) and
waist circumference (WC) [11]. Hence, PCAT may be directly involved in the pathogenesis
of coronary artery disease (CAD) [12-14].

Moderate physical activity has a protective effect against CAD and decreases all-
cause mortality [4,15-19]. This effect can be caused by increasing HDL concentration in
serum, lowering blood pressure, weight reduction, and a reduction in insulin resistance.
Recently, the number of people practicing sports in developed countries has been growing
geometrically. Especially, endurance running has gained popularity and probably is the
most popular sport worldwide in middle-age adults [17].

Since little is known about the influence of extreme high-intensity training on cardio-
vascular risk factors, we sought to compare EAT volume assessed with cardiac magnetic
resonance (CMR) among ultra-marathon runners and in the sedentary control group, and
assess the correlations between EAT and risk factors of CAD (body composition, venous
blood lipid profile, interleukin-6 (I1.-6) plasma concentration, and IMT).

2. Materials and Methods

The study included a group of 30 healthy, male, amateur experienced ultra-marathon
runners and 9 gender- and age-matched sedentary controls [20]. All study participants
underwent CMR with 3T scanner (Siemens, Erlangen, Germany) in which the EAT area was
measured in 4 points: (1) in the vicinity of the free right ventricle (RV) wall, (2) surrounding
right coronary artery (RCA) and (3) circumflex artery (Cx) on 4chamber cine balanced
steady-state free processing (b-SSFP) images, and (4) in the neighborhood of the left anterior
descending (LAD) coronary artery on the basal short axis b-SSFP image. Figure 1 shows
an example of PCAT calculation with CMR by measurement of the area around the main
coronary arteries and over the free wall of the RV.

Body composition was analyzed by Tanita body composition analyzer (Tanita Europe
BV, Amsterdam, The Netherlands). Venous blood lipid profile was measured at fasting in
the accredited hospital laboratory. Interleukin-6 (IL-6) plasma concentration were analyzed
using the commercially available enzyme-linked immunosorbent assay (ELISA; Roche
Diagnostics, Indianapolis, IN, USA). Intima-media thickness (IMT) was measured using
carotid ultrasonography (Siemens ACUSON $1000 Ultrasound System, HELX Evolution
with Touch Control). IMT was determined by B-mode ultrasound with a 5-14 MHz linear
transducer. The measurements were performed using sagittal imaging of the common
carotid artery (CCA). At least five measurements on each side were taken to obtain an
average value. IMT was assessed on the posterior wall of the CCA on the right and on the
left, 1 cm from the carotid bifurcation. According to the European Society of Cardiology
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(ESC) Cardiovascular Disease (CVD) Prevention in Clinical Practice Guidelines 2016, we
set the cut-off point to values >0.9 mm [21].

Figure 1. Example of pericoronary adipose tissue calculation with cardiac magnetic resonance by measurement of the area
around the main coronary arteries and over the free wall of the right ventricle (epicardial adipose tissue).

3. Results

Description of ultra-marathon runners is shown in Table 1.

‘Table 1. Description of ultra-marathon runners. IQR—interquartile range.

Parameter Ultra-Marathon Runners n = 30, Median (IQR)

Years of running 9(7-15)

Age at start of ultra-running 34 (29-39)

Total covered distance (km) 25,000 (20,000-40,000)
Weekly running distance (km) 80 (70-90)
Number of ultra-races completed 15 (10-27.5)

Number of ultra-races during last 2 years 5.5(4-9)
Number of completed ultra-races >100 km 35(2-7)
Best place achieved in an ultra-race 5(1-13)

‘The participants’ baseline characteristics and results are shown in Table 2.

The EAT volume was smaller in all localizations in the ultra-marathon runners as
compared to control group (p <0.001 for all). Regarding body composition, the control
group had higher mean body weight, BMI, and fat mass (FAT) (p < 0.001) as compared to
ultra-marathon runners. The concentrations of total cholesterol, low-density lipoprotein
(LDL) cholesterol, non-high-density lipoprotein (non- HDL) cholesterol, and triglycerides
were higher, and the concentration of high-density lipoprotein (HDL) cholesterol was lower
in the control group compared to ultra-marathon runners (p < 0.05 for all parameters).
There were no differences in the IL-6 plasma concentration between the groups (p = 0.16).
However, in the runner’s group, the rate of pathologically high levels of plasma IL-6
(>1 pg/mL) was 3-fold lower compared to the control group (17% vs. 56%; p < 0.05). IMT
was similar in both groups.
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Table 2. Participants’ baseline characteristics and resulls.

Baseline Characteristics
Parameter Ultra-marathon Runners (n = 30) Control Group (n = %) P
Age (years) 4093 + 6.57 40.78 L 8.32 095
Heigth (cm) 17202 1 3249 17989 L 643 0.48
Weight (kgl 7 731519 96.10 £ 19.39 <0.001
BMI {cm/m?) 0115 30,00 + 541 <{L001
FAT % (") 10.78 1+ 4.01 23.17 £ 59 <{L00M
FAT mass (kg) 802 332 2316 4 1016 <0001
FFM (kg) 65.30 1 3.44 7434 1 14.86 0.004
TBW (kg) 47.81 1+ 2.52 5340 £ 717 <001
Blood Test Resulis
Parameter Ultra-marathon Runners (rn = 30) Control Group (n = %) P
TC (mg/dl) 189.66 1 23.38 230,22 + 28.60 <0.001
HIDL (mg/dl) 70.52 1596 56.33 L 8.99 0016
LDL (mg/dl) 10268 1 22.45 144.86 4 23.12 <1L0M
non-HDL (mg/dl) 119.14 1 25.07 173.89 + 27.10 <0001
TG (mg/dl) 32.27 + 24.73 14507 + 41.82 <0001
IL-6 (pg/mL) 1.29 L 0.75 1.70 £ 072 (1156
Results of Imaging Tests
Cardiac Magnetic Resonance
Parameter Ultra-marathon Runners (n = 30) Control Group (n=9) P
LAD (cm?) 102404 186 + 0.41 <000
RCA (cm?®) 0.88 1 0.39 176 4 0.34 <0001
Cx (em?) 0.90 1 0.36 1.74 £ 049 <1001
RV (em?) 207 1 0.97 5234277 <0001
Ultrasonography
Left IMT {cm) 007 £+ 0.02 0.07 + 0.0 0.99
Right IMT (cm) 008 - 0.03 0.08 +0.m 0.68

AT —body faf percentage, BMI-—body mass index, FEM-—fat free mass, TBW-—total body water, TC—total cholesterol concentration;
HDL—high-density lipoprotein concentration; LDL—low-density lipoprotein concentration; non-HDL—non-high-density lipoprotein
concentration; TG—Lriglyeceride concentration; [L-6—interleukin-6 concentration; LAD—PCAT area around left anterior descending, artery;
RCA—PCAT area around right coronary artery; Cx—PCAT area around circumiflex artery; BV—EAT area over right ventricle; IMT—carotid

intima-media thickness.

Figure 2 shows the correlations between body FAT% and PCAT, and between PCAT
around the Cx artery and lipidogram parameters in the ultra-marathon runners and
control group.

There was an intermediate, positive correlation between FAT% and PCAT around
LAD, Cx, and RV in the runners’ group (R > 0.42 for all; p < 0.02 for all; Figure 24)
and a strong, positive correlation between FAT% and PCAT around Cx and RCA in the
control group (R = 0.71; p < 0.03 for both; Figure 2B). Moreover, there was an intermediate
position correlation between the PCAT around Cx artery and the concentration of LDL and
non-HDL in the runners’ group (R = 0.41; p < 0,03 for both; Figure 2C), which was not
observed in the control group (group (Figure 2D). There were no significant correlations
between PCAT and FATY with IL-6 plasma concentrations and IMT in both studied groups.
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PCAT volume vs. FAT % in ultra.marathon runners PCAT volume vs. FAT % in control group
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Figure 2. (A,B) Correlations between body fat percentage (FAT%) and pericoronary adipose tissue (PCAT) in the ultra-
marathon runners and control group. (C,D) Correlations between PCAT around the circumflex artery (Cx) and lipido-
gram parameters. LAD—left anterior descending artery; RV—right ventricle; RCA—right coronary artery; LDL—low-
density lipoproteins; HDL—high-density lipoproteins; non-HDL—non-high-density lipoproteins; TC—total cholesterol;

TG—triglycerides.

4. Discussion

The purpose of this study was to compare the EAT volume assessed with CMR among
ultra-marathon runners and in the sedentary control group, and assess the correlations
between EAT and risk factors of CAD, including body composition, venous blood lipid
profile, IL-6 plasma concentration, and IMT. The main findings of this study are that (i) EAT
volume is smaller in all measured localizations in the ultra-marathon runners compared
to the control group, and (ii) there is a positive correlation between FAT% and PCAT
surrounding LAD artery, Cx artery, and RV in the ultra-marathon runners, and a positive
correlation between LDL and non-HDL concentration and PCAT around Cx artery.

CVD and obesity are significant health problems in developed and developing coun-
tries [1-3,5,6]. Strong connections between obesity, insulin resistance, and atherogenic
lipids profile are well-documented [22]. Whereas subcutaneous adipose tissue (SAT) is not
associated with cardiovascular risk, visceral fat seems to play a major role in atheroscle-
rosis [23]. Recently, there is a growing interest in PCAT, which is a specific visceral tissue
located in the direct neighborhood of the coronary arteries and therefore, in addition
to the systemic effect, it also has paracrine and vasocrine effect on the surrounding ves-
sels [10,24,25]. There are many differences at the anatomic, histologic, embryologic, and
biomolecular levels between EAT/ PCAT and other fat depots [12,13]. Inflammatory
processes underlying atherosclerosis are well-documented [26]. In addition, EAT was
showed to participate in the pathogenesis of coronary atherosclerosis by secreting multiple
cytokines and chemokines, thus serving as an active pro-inflammatory tissue [14,27]. In pa-
tients with advanced CAD undergoing coronary artery bypass grafting, EAT released more
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inflammatory markers than the SAT [27]. Moreover, the thickness of EAT measured using
computed tomography reflected the stage of CAD. There was also a positive correlation
between PCAT and vulnerability of atherosclerotic plaques based on their composition,
assessed by intravascular ultrasound imaging [28]. Mazurek et al. analyzed the composi-
tion of atherosclerotic plaques using virtual histology intravascular ultrasonography and
quantitatively assessed PCAT using positron emission tomography/computed tomography
among patients with acute coronary syndrome without persistent ST-segment elevation.
The inflammatory activity was measured by maximal standardized uptake value of 18-
fluorodeoxyglucose. Inflammatory activity within PCAT was higher than in subcutaneous,
visceral thoracic or epicardial adipose tissue, and there was a strong, positive correlation
with pro-inflammatory activity of PCAT and both coronary plaque burden and its necrotic
core component [29]. The association between EAT, atrial fibrillation [30], and impairment
of cardiac function was also demonstrated [31]. Recently, it was demonstrated that among
patients without known cardiovascular disease, the mean EAT thickness evaluated in mag-
netic resonance was higher in those with subclinical left ventricle impairment compared to
those with normal left ventricle function, independently of traditional risk factors [32]. It
has been also shown that patients with a familiar hypercholesterolemia had increased EAT
thickness, and there was a positive correlation between EAT and plasma LDL concentration
in these patients [33]. Volume and thickness of EAT correlates with intra-abdominal fat
mass, obesity extent [7,8], and is independently associated with cardiovascular events [9].
Further, EAT is an independent predictor for the presence of carotid plaque [11]. It has
been emphasized that EAT has a stronger association with systemic inflammation and
subclinical atherosclerosis (IMT than BMI and waist circumference) [34,35].

The effect of very intense physical activity on physiological processes is still unknown.
Both short-term and long-term endurance sport can induce both anti- and pro-inflammatory
response. Long-term physical exercise was shown to reduce the level of C-reactive protein
(CRP), especially when accompanied by a decrease in weight, especially in individuals
with initially elevated CRP [36]. On the other hand, long-term exercise may also stimulate
inflammatory processes, vascular oxidative stress, and fatigue of the elastic components
of the vessel wall [37]. For example, obese non-elite runners had higher CRP plasma
concentration than lean elite runners, measured 24 h after marathon. In addition, obese
non-elite runners had a higher level of 1L-6 and a lower level of IL.-10 at baseline than lean
elite and lean non-elite runners [38]. These results indicate the association between adipose
tissue and inflammation.

In our population of extreme amateur runners, EAT volume was smaller in all mea-
sured locations compared to control group. As expected, runners had lower weight, BMI,
fat free mass, body FAT%, concentrations of LDL and TG, higher concentration of HDL,
and less frequently pathologically high levels of plasma IL-6 compared to controls. These
findings suggest that high intensity training may have a favorable effect on cardiovascular
risk factors. On the other hand, there was a correlation between EAT/PCAT surround-
ing LAD artery, Cx artery, and RV, and between PCAT surrounding Cx artery and lipid
profile in the ultra-marathon runners’ group, which might potentially reflect increased
cardiovascular risk in this population.

5. Limitations

The main limitation of this study is the small sample size. For example, likely the
correlations between FAT% and PCAT around coronary arteries, which were not significant
in our control group, would become significant in a larger cohort. The second limitations are
the limited inclusion criteria of the study population, including homogenous individuals
regarding gender (only male) and ethnicity (only Caucasian, Polish). Therefore, our results
are not applicable to female and to any other ethnic group. Another limitation is the control
group comprising sex- and age-matched sedentary controls with higher body weight, BMI,
and FAT levels, which are known risk factors of CVD. Ideally, the control group would
comprise individuals with moderate physical activity and similar body composition to
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the study group. However, such group was not available when we performed this study.
Finally, the correlations showed in our study do not prove any causal relationship between
intensive training, EAT, and CVD. Due to high risk of bias in this study, we may only
speculate about the benefit and risk of extremely intensive training on cardiovascular
health, and further research is required to ultimately answer this question.

6. Conclusions

In summary, extremely intensive training may decrease the risk of cardiovascu-
lar events in adult population of amateur athletes by reducing the amount and pro-
inflammatory activity of EAT. More research is needed to draw firm conclusions regarding
the anti- and pro-inflammatory effects of intensive training,.
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Purpose: Perivascular releaze of inflammatory mediators may accelerate coronary lesion
formation and confribute to plague mstakality. Accordingly, we compared gene expression in
pericoronary adipoze tissus (PCAT) in patients with advanced coronary artery dizeaze (CAD)
and non-CAD controls.

Patients and Methods: PCAT samples were collected during corcnary bypas: grafting
from CAD patients {n = 21} and controls undergong valve replacement surgery, with CAD
excluded by coronary angiography (n= 19). Gene exprassion was measured by GenaChip™
Human Transeriptome Array 2.0, Obtained list of 1548 transeripts (2.0%%) that passed the
filter eriteria was forther analyzed by Ingenuity Pathway Analysis software, identifying 735
unique differentially sxpressed genes (DEGs).

Results: Among the CAD patients, 416 (30.%%) transcripts were upregulated, and %32
(69.19%) were downregulated, compared to controls. The top upregulated genes were
mvolved in inflammation and atherosclerosis (chemokimes, mterlaukim-8, selectin E and low-
dencsity lipoprotein cholesteral (LDL-C) receptor), whereas the downregulated genes were
mvolved m cardiac 1schzemiz and remodelling, platslet fonection and mitochondrial fimetion
(miR-3671, miR-4524a multimerm, biglycan, tissue factor pathway mhibitor (TFPT), glu-
curcmidaszes, miR-348, collagen type I III, IV). Among the top upsiream regulators, we
identified molecules that have promflammatory and athsrosclsrotic features (High hMability
Group Box 2 (HMGB2), platelst-derrved growth platelat (PDGF) and evolutionarily con-
sarved signzling intermediate i Toll pathways (ESCIT)). The activated pathway ralated to
DEGs consisted of molscules with well-sstablished rols m the pathogenssis of atherosclero-
sis (TFPL, plasminogen activator, plazminogen activator, nrokinase recepter (PLAUR]),
thrombomodulm). Morsover, we showed that 22
atherogenie natwork.

Conclusion: Altered zene expression m PCAT of CAD patients, with zenss upregulation
and activation of pathway involved in inflammation znd athsrosclarosiz,
CAD development and prograssion.

of the altered gemez form a pro-

may be involvad in

Keywords: adipoze tiszue, mflammation, gene expression, stherosclerosis

Introduction

Obesity, particularly abdominal obesity, 1s one of the most important risk factors for
atherosclerosis and cardiovascular events = The volume and thickness of epicar-
dizl adipese tissuz (EAT) correlate with intra-abdominal fat mass and the severity
of obesity*® and are independently associated with cardiovascular events® Many
studies have shown that inflammation plays a key rele in the development of
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atherosclercsiz and the destabilization of atherosclerotic
ceronary plagues, but the exact mechanizm of this phe-
nomenon is still unknown ™ EAT is an active inflamma-
tory tissue that releases cytokines and chemokines'™" and
plays a role in the pathogenesis of coronary artery dissase
(CAD). EAT is a part of the visceral fat that lies between
the pericardium and the myocardium!? and is not sepa-
rated from the myocardium and vessels by fascia, allowing
paracrine or vasocrine interactions.” Pericoronary adipose
tissue (PCAT), in turn, is a part of EAT that directly
neighbors coronary arteries. In patients with CAD who
underge coronary arterv bypass grafting (CABG), PCAT
releases higher levels of inflammatory markers than sub-
cutaneous adipose tissue (SAT},H which further correlates
with msulin resistance. The presence of inflammatory cells
in the adventitia among patients who died due to acuts
coronary syndrome was confirmed in autopsy studies.’®
There 15 also a correlation between the degree of coronary
artery narrowing and the degree of inflammatory infiltra-
tion in the adventitia.'® EAT volume (EATV), assessed by
computed tomography (CT), is associated with the total
coronary plague burden, and there iz a positive correlation
between EATV and the amount of necrotic tissue in ather-
osclerotic plaques, evaluated uzing intravascular ultra-
sound imaging (IVUS), indicating a relationship between
EATV and the wvulnerability of atherosclerotic plm:p.les.lls
Qualitative assessment of PCAT using positron emission
tomography/computed tomography (PET/CT) was also
performed in patients with acute coronary syndrome with-
out persistent ST-zegment elevation (NSTE-ACS)."" In
these patients, the inflammatory activity of PCAT, as mea-
sured by maximum fludeoxyglucose (FDG) uptake, was
greater thzn that adipose tissue in other locations.
Moreover, 1t correlated with the severity of atherosclerosis
and the necrotic core volume of coronary plague, as
asseszed by virtual histology IVUS. Similarly, in patients
with stable CAD. PCAT maximum FDG uptake was
greater than in healthy volunteers.'®

There are many anatomical, histological, embryologi-
cal and melecular features that distinguish EAT from the
other fat depots.® There are studies showing that gene
expression in adipose tissue depends not only on its loca-
tion in the human body'® but also on itz location within the
heart ** Moreover, gene expression in adipose tissue may
differ betwzen a healthy population and patients with
CAD. Currently, there are a few studies which evaluated
geng expression in EAT "** In one of the latest studies, it
was demonstrated that the EAT franscriptome 15 (1) unigue

D
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compared to the SAT transcriptome, and (i) different
ameng patients with and without CAD. Emerging data
supports the participation of EAT and'or PCAT in the
pathophysiology of CAD ?* Moreover, it has been postu-
lated that EAT or PCAT may be novel therapeutic targets
in obesity-related atherosclerosiz *2% Praviously, we
showed that EAT/PCAT i3 a source of inflammatory med-
iators in high-risk cardiac patients ° Here, we hypothe-
sized that PCAT has specific gene regulation patterns in
patients with CAD, compared to those without CAD, and
that the dysregulated genes form specific networks. The
aim of this study was to compare gene expression i PCAT
samples collected during open heart surgery in patients
with and without CAD.

Materials and Methods

Forty PCAT samples were collected during CABG from
patients with severe, symptomatic CAD. (study group, n =
21 samples) and heart valve replacement after excluding
CAD by coronary angiography (control group, n = 19
samples). Qualification for CABG was performed by the
Heart Team consisting of a general cardiologist, interven-
tional cardiclogist and thoracic surgeon. All collected
samples were coded with a unique number and analyzed
by cperators blinded to patient data. The study was con-
ducted according to the guidelines of the Declaration of
Helsinki, and approved by the Institutional Feview Board
(IF.B) at Medical University of Warsaw (approval number:
EB 912012} and all participants gave written informed
consent.

RNA Isolation

After harvesting, tissue pieces were immediately sub-
merged in ENAlater (Thermo Fisher, US) and stored at
=20 °C. Prior to RNA punfication, tissue samples were
hemogenized using the MagNA Lyser instrument znd the
MagNA Lyser Green Beads tubes, together with 100400
ulL MagNA Pure DNA  tissue lysiz buffer (Roche
Diagnostics, Germany). After transferring the samples to
the MagNA Pure Compact System, automated isolation of
total BN A was performed using the MagNA Pure Compact
ENA isolation kit (Roche Diagnestics, Germany). The
vield and purity of the isolated RINA were calculated by
measuring the absorbance at 260 nm and 280 nm with
a Manodrop spectrometer. RINA integrity checks were per-
formed using an Agilent BioAnalyzer 2100 (Agilent, US).

Journal of Inflarmation Research 2021:14

29



Dove;

Komwerski et al

Microarray Analysis
Micrearray expression znalysis was performed using the
Affymetrix Gene GeneChip® Instrument System accord-
ing to the manufacturer’s instructions (Thermo Fisher,
US). A total of 10 ng of RNA that passed the initial quality
control screen was then processed using the GeneChip™
WT Pico Kit, which was designed specifically to process
small amounts of input RNA, according to the standard
protocol provided by Affymetrix. Labeled samples were
hybridized to the GeneChip™ Human Transcriptome
Array 2.0. After hybridization, the armrays were washed
and stained using a GeneChip Fluidics Station 430 and
the Affymetrix GeneChip hybridization wash znd stam kit
Micreamrays were scanned on the Affymetrin GeneChip
Scamner 3000 7G using Command Console Software.
Data from the microarrays were normalized and ana-
lyzed using Transcriptome Analysis Console 4.0, Apart
from the tested condition difference (CAD presence), the
main sources of variation included inter-subject variability
and sample source, while patient sex and the protocol used
were less important. However, to overcome variation dri-
ven by additional factors, additional nommalization and
corrections were applied (such as “batch effect” normal-
ization for used protocol), following the TAC user guide.
The analysis of varnance was performed by one-way
ANOVA (CAD group vs control group), followed by falze
discovery rate (FDE) comection by the Benjamin—
Hochberg procedure. To determine the significance of
differentially expressed genes (DEGs), a cut-off for the
fold change value =1.5 and FDE < 0.05 was applied.

Downstream Analysis
The ligt of detected differentially expressed transcripts was
analyzed by Ingenuity Pathway Analysis (IPA, version:
51063813) software to identify significant interactions
and patlr.:m}-‘:y.JT

To quantify biclogical activity of pathways and mam
pathway regulaters, the gene expression z-scores were
caleulated 2* Briefly, a z-score is defined as the difference
between the error-weighted mean of the expression values of
the genes in each pathway and the error-weighted mean of all
genes in a sample after normalization. Positive and negative
z-scores ndicate activation or nhibition of pathways and
regulators, respectively, based on the relationships with
DEGs. All znalyses were performed by lmiting the IPA
database information only to melecules and relztionships
where the information was experimentally observed among

humzans. The hist of DEGs was also used to establish custom
IPA networks to further reveal the connections between dis-
covered genes (Figure 1). All analysis and comresponding
plots were executed followimng software guide.

Results

Table 1 shows the baseline clinical characteristics of the
study participants, which were comparable in both groups.
Among 67,328 transcripts, 1348 (2%:) were identified as
DEGs, with 416 (30.9%) and 932 (69.1%) transcripts that
were up- and downregulated, respectively, in patients ver-
sus contrels. Figure 2 shows DEGs in CAD patients,
compared to confrols, cenerated using Transcriptome
Analysis Console 4.1. Although the majority of DEGs
were downregulated, the upregulated DEGs showed the
highest difference in expression. Table 2 shows the list of
top 20 upregulated genes in PCAT of patients with CAD,
compared to controls. The top upregulated genes included
those imvolved in mflammation and atherosclerosis: che-
mokines (CXCLS, CXCL2), interleukin (IL)-6, E-selectin,
low-density lipoprotems receptor (LDL-RE). The genes
which were upregulated more than 20-fold in patients
compared to controls were coding CYXCLE (+193 fold
change, FC), selectin E (=91 FC), IL-6 (+49 FC) and
ADAM metallopeptidase with thromboespondin type 1
motif 4 (ADAMTS4; +28 FC).

Table 3 shows the list of top 20 downregulated genes in
PCAT of patients with CAD, compared to controls. Among
the top downregulated genes, zignaling proteins (ATM
serine/threonine kinase), different types of collagen (type
IV, T and III), enzymes (histone acetyltransferase
EANSLI, glucurconidase) and miRNAs (miR-548, miR-
4324, miR-1299 and miR-3671) were found. The most
downregulated genes were coding collagen type IV alpha
4 chain (-8 FC), histone acetyltransferase KANSL1 (-7
FC), miR-579 (=7 FC) and miR-4524a (-6 FC).

Table 4 shows the list of top upstream regulators iden-
tified by IPA, based on the relationships with DEGs
PCAT of patients with CAD, compared to controls. The
top upstream regulators were hizh mobility group box 2
(HMGB2), platelet-derived growth factor BB (PDGF BB),
evolutionarily comserved signaling intermediate m Toll
pathway, mitochondrial (ECSIT), cluster of differentiation
(CD) 24 and cyclin-dependent kinase § (CDE9).

Figure 3 shows the main canonical pathways found by
IPA, based on the relationships with DEGs. Among top
canonical pathways, coagulztion system pathway consist-
mg of genes invelved in atherosclerosis (tissue factor

Journal of Inflarmation Research 2020:14
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FDR P-val vs Fold Change
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Figure | Differentially expressed genes (DEGs) in coronary artery disease (CAD) patients,
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vahue (y-2:63) or low fold change (FC; x-2dz). The signif hold was d

pathway inhibitor (TFPI). plasminogen activator, uroki-
nase receptor (PLAUR) and thrombomodulin) was acti-
vated (z-score +0.43), whereas the senescence pathway
and infrinsic prothrombin activation pathway (collagen
type I and III, coagulation factor XIII, different types of
anaphase-promoting complex subunits, calpain 7) were
inhibited (z-score —1.5 and —2.0, respectively).

Among the most significant networks automatically
identified by IPA, many were associated with the patho-
genesis of atherosclerosis. Figure 4 presents an example of
such pathway, termed “coagulation system™ by IPA (sig-
nificance score 22).

Discussion

In this study, we compared gene expression in PCAT of
patients with advanced CAD and non-CAD controls. We
found that (i) the top upregulated genes in CAD are
involved in inflammation and atherosclerosis, ¥ (ii) the
top downregulated genes are responsible for cardiac
ischaemia and remodelling,®*3% platelet function 2
mitochondrial function. > obe:r.ity,34 and encode different
types of collagen, and (iii) the top upstream regulators
related with DEGs include molecules that have proinflam-
matory and atherosclerotic profile (HMGB2, PDGF and
ECSIT). We identified one activated pathway related with

herpe
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Table | Bazeline Clinical Characteristics
| Baseline Clinical Characteristics | Total {n=40) CAD (n=21) CON (n=19) | P
| Age [ G618 644 2 44 ﬁ 679212 i NS
L — — — -
| | | | |
| Male %) [ 63 | 71 [ 63 ! NS
4 '
| BMI 303 %10 90+13 08212 | NS
Risk factors (%) | '
Frior MI | 1 50 _ 0 ' NS
Prior stroke | .06 o - 0.08 ' NS
Hypertension | 2 82 92 ' S
Driabetes | 0 0 [ 0 [ NS
Dyslipidemia | 56 &7 [ 50 [ NS
| Smoking | 60 | 7l | 54 ! NS
L 1 1 | |
I
Medications (¥) : |
| ACEisRE | a9 83 [ 92 NS
B-blocker [ 79 83 77 ' NS
Statin [ 72 g2 75 ' NS
| asa | g9 100 EE NS
Indication for cardiosurgery (%) | [
CABG | 100 0 | na.
| A5 I 9 0 0] | na.
MR, 19 0 % na.
| aoa | 18 0 . 24 | na.
Mean ejection fraction (%) | 54.3 47 583 | ME

Abbreviations: ACE], angictensin-conserting-snzyme inhibicors; A&, 2ortic aneurysm; ARE, angiotensin recepeor blockers; A3, aortic stenosis; A5A. acetylsaboylic acid:

BMI, body mass index; CABG, coranary artery bypass grafting CAD, corarary artery disease; COM, coneral group; MI, myceardial infarceion; MR, mitral regurgitation; na

rot applicable; M3, not Sgnificant.

DEGs, associated with coagulation system, and tweo inhib-
ited pathways related with DEGs, associated with senes-
cence znd mmtrinzic prothrombin activation pathway. In
addition, this iz one of the first studies showing that the
upregulated DEGs and activated pathways form a pro-
atherosclerotic network (Figure 1) in patients with CAD,
which proves the inveolvement of PCAT in the athero-
sclerosis progression.

Previously, we showed that penes coding multiple
inflammatory mediators are upregulated in EAT/PCAT in
patients with advanced CAD, compared to SAT.'” In line
with our previous results, here we also showed the upre-
gulation of genes coding IL-6, CXCL2 and thrembomeo-
dulin in PCAT of CAD patients. In the present study, the
genes which were most upregulated in patients with CAD
compared to controls were coding several proinflammatory
and proathercgenic molecules, including chemokines, IL-
6. selectin E and LDL-C receptor. The contribution of IL-
6. selectin E and LDL-C receptor in the pathogenesis of
atheroscleroais is well established **~7 There iz no doubt

that IL-6 playz one of the key roles in atherosclerosis at

various stages of plaque development. IL-6 stimulates the
synthesis of acute-phase proteins, activates endothelial
cells and hypothalamic—pituitary—adrenal axis, ncreased
coagulation (primarily through inducing monocyte expres-
sion of tissue factor), causes lymphocyte proliferation and
differentiation and intensifies the influx of inflammatory
cells** E-zelectin belongs to the Selectin family which
mainly participate in the rolling adhesion of leukocytes.
Activated endothelial cells express different types of mole-
cules including E-selecting which attract lymphocytes and
monocytes that bind to the endothelnm and infiltrate
arterial wall contributing to infiammation process > The
LDL receptor family consists of multiple transmembrane
proteins that play an important role in a wide range of
biological process including lipid metabolism, thrombosis
and atherogenesis. There is increasing evidence that mem-
bers of this family are involved not only in lipid metabo-
lism but alzo as signal transducing receptors and thus may
contribute to the progression of atherosclerosis®” We also
showed increased level of expression of metalloproteinase
ADAMTS4 compared to the comtrol group. The

Journal of Inflarmation Research 2020:14

32

gy 5413
Drarvee



Konwerski et al

Wpositive z-score  2-score = O linegative 2-score 1no activity pattemn avadable

000 025 050

Senescence Pathway

Coagulation System

Branched-chain o-keto acid Dehydrogenase Complex

Intrinsic Prothrombin Actvation Pathway

Extrinsc Prothrombin Activation Pathway

Valine Degradation |

Incsitol Pyrophosphates Biosynthesis

Sphingomyein Metabolism

Hematoposests from Pluripotent Stem Celis

Aarway

gy In Chronic Ob Pulmonary Disease
Complement System

Hepatic Fibrosls / Hepatic Steflate Cell Activation

Glioblastoma Multiforme Signaling

Atherosclerosss Signaing

Role of BRCAL in DNA Damage Response

Figure 2 Main ch by Ing y Pathway Analysis, based on
listed by the Jeg(p-v:lue).wn!\ (orange Ine) rep

ing p-value of 0.05. The colors of bar charts rep:

-oo(p-value)
075 100 1254500 175 200 225 25 275

d\emlmhpsmdﬁmlymsedpns The pathways are ordered and
by z-score. Positive

z-score indhcates activation (orange bars), mwmmuwumﬁmwhn]Mmepmhwzynpemomrymmdmmzmry
artery disease, compared to controls. Bars marked as white and grey represent pathways with neutral z-score or pathways with no activity pattern available, respectively.

involvement of this proteinase in the pathogenesis of
CAD. especially acute coronary syndromes, has been
described in both humans and mice>** Very interesting
results were presented by Zha et al who identified the
expression level of ADAMTS4 in plasma and monocytes
as a marker of plaque instability. In their observation, the
ADAMTS4 level increased successively from the control
group, through unstable angina, NSTEMI to STEMI.****

It was also showed that the release of adipokines by EAT
is dysregulated in obesity and CAD, and that EAT-derived
adipokines induce pathophysiological changes in human
monocytes and coronary artery endothelial cells.*? Several
studies showed that the immune cell phenotype in PCAT is
important in the pathogenesis of CAD *** Altogether,
numerous studies in mouse and human models confirmed
that EAT has more proinflammatory profile of gene

5424
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Table 2 Top 20 Upregulated Genes in Pericoronary Adipose Tiszue of Patients with Coronary Artery Disease, Compared to

Controls
Gene Symbol Fold Change FDR p-value Description
CXCLa 193.15 0.0135 Chemokine (C-X-C motif) ligand 3
SELE 2104 00328 Sebectin E
IL& 48.60 0.0150 Interleukin &
ADAMTE4 812 0.0480 Metallopeptidase with thrombaspondin gype | motif 4
CXCL2 1879 0.0269 Chemokine (C-X-C motif) ligand 2
KLFIO 16.13 0.0180 Kruppeal like factor 10
AREG 16.02 0.045% Amphiragulin
TRIBI 11.18 00218 Tribbles psewdokinasa |
LR 111 0.0444 Low density lipoprotein receptor
FLALR 1o.a0 0.04%2 Plasminogen activator, urokinase receptor
FFPIRI5E 8.56 0.0141 Frotein phosphatase | regulatory subunit 158
CD55 832 0.0453 CD55 molecule (Cromer blood group)
ATFIB3 7.4 0.0452 ATPase Ma+/K+ transporting subunit beta 3
mir-3 156 T2 0.0338 microR A 31562
THFAIPE Tz 00211 THF alpha induced protein &
DDx21 6.83 0.0324 DE<D-baoxe helicase 21
ERRFII 6.47 0.038% EREE receptor feedback inhibivor |
GPRCSA 625 0.03&7 G protein-coupled receptor class C group 5 member &
mir-366| 606 0.0057 microRMA 3651
KDMsR 613 0.03%% Lysine dernethylase &8

Table 3 Top 10 Downregulated Genes in Pericoronary Adipose Tissue of Patients with Coronary Artery Dizease Compared to

Cantrols
Gene Symbol Fold Change FDR p-value Description
COL4A4 =510 0.003 Collagen type IV alpha 4 chain
FLAMSLI =719 0.0z01 KATE regulatory MSL complex subunit |
MIRS5483 —6.67 00332 microRMA 548
MIR45244 —6.39 ooizl micreRMA 45243
SLC4041 —5.70 002z Solute carrier family 40 member |
COLIAZ —5.52 0.0132 Collagen type | 2lpha 2 chain
TFPI —5.18 0.0132 Tissue factor pathway inhibitor
HERC2P2 =521 0.0288 Heact domain and RLD 2 pseudogene 2
mir-129% 517 00155 microRMA 259
MMRMI —5.18 00iee Multimerin |
BGM —5.14 00nz Bighycan
CCL21 —-5.02 0.0377 Chemokine {C-C modif) ligand 21
MIR3&TI —473 0.0237 microRMA 3671
Fl3al —4.70 00452 Coagulation factor X1 A
FLETZ —4.44 0.0326 Fibronactin leucine rich transmembrane protein 1
HERC2P3 —4.41 0.0156 Hact domain and RLD 2 pseudogens 3
SMA4 —4.18 0.020 Glucuronidase beta pseudogene
ATH —4l6 0oizs ATM serine'threonine kinase
ART4 —4.15 0.0188 ADP-ribosylransferase 4
COoLAl —4.13 00221 Collagen type Il alpha | chain
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Table 4 Top Upstream Repulators Identified by Ingenuity Pathway Analyziz, Based on the Relationships with Differentially Expressed

Genes
Regulator Tipe State -Score Description
HMGEZ Transcription regulator - - High Mability Group Bosx 2
POGF BE Complax Activarad X Platzlet Derived Growth Factor B2
ECSIT Transcription regulator Activared 265 Evolutionarily Conserved Signaling Intermediate in Toll pathway
CD24 Cithar Inhibited —147 CD24 moleculs
CDKS Klinase Activated 211 Cyclin-dependent kinase ¥

Motes: Fositive z-score indicetes sotivation, whereas negative z-soore indicates inkibition of the regulator in pericororary adipose dzsue of patients with coronary artery

dizsease compared to controls. Lack of z-score activation pattern s indicated by =",

expression compared to subcutaneous tissue, mediastinal
adipose tissue or perirenal fat '*%1%4

The top downregulated genss included those responsible
for cardiac ischaemia and remodelling (miR-3671, miR-
4524a), %" platelet function (multimerin, TFPT).*"* mito-
chondrial finction (glucuronidases). > obesity (miR-348)**
and encode different types of collagens (type L, IIL IV). In
line with our finding, other authors also found specific
miRNA and gene signatures of EAT in CAD, with down-
regulation of genes mvolved m mitochondrial fimetion, lipid
metabolism, muclear receptor transcriptional activity, and up-
regulation of those invelved in chemokine signalling and
inflammation?® Other downregulated genes included the
gene for multimerin 1 and biglyean, which are kmown to be
involved in platelst finction and m the pathogenesis of
atherosclerosis, respectively”"* Biglycan is one the most
important protecglyeans in the extracellular matrix of the
vascular imtima. There are many studies that directly link
traditional cardiovascular risk factors such as hypertension,
smoking or digbetes with increased expression of biglycan *
TFPI zlso has an established position in CAD pathogenesis**
and it seems that TFPI effect on the development of athero-
sclerosis may depend on the genetic pc:11.-'111c-r;l]ﬂ.im..JrE Tissue
factor (TF) by promoting thrombus formation, inflammation,
migration and proliferation of vascular smeoth muscle cells
(VEMC) 1z drectly invelved in CAD pathogenesis. TFPI's
role 1s to mhibit these unfavorable processes. It should be
emphasized that TFPI works not only by affecting the coa-
gulation system but also by inhibiting the activity of endothe-
lial cells, inhibiting the preliferation and mugration of
VSMC, promotmg apoptesis of macrophages at plagues or
inhibiting the secretion of proinflammatory factors ™ Thus,
the decreased expression of TFPI in the group of CAD
patients confirms its protective role. MiF.-548, which was
among the downregulated microF N As, was recently showed
to regulate the expression of HMGB1Y HMGB1 is
a nonhistone chromatin-binding protein that is mvelved in

D
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the regulation of transcription, DNA replication, and r*.*apa.i:.“i
HMGBI1 is secreted by cells erther actively, in response to
stimulation by proinflammatory cytokines or endotoxing, ***
or passively from necrotic or damaged cells™* In the
extracellular environment, HMGE1 mduces the release of
promflammatory cytekines and chemokines and exposure of
the adhesion molecules on the endotheliom and macro-
phages, thereby taking part in the pathogenesis of CAD. ™
Among the different types of downregulated types of col-
lagen, type I was found, which facilitates platelets agzrapa-
tion and plays an important role in blood clotting ™

The top upstream regulator related with DEGs were
HMGB2, PDGF and ESCIT. HMGB2 iz a member of
HMGB family and has a similar role in atherosclerosis
as HMGB1, which has been discusszed before. In the
extracellular  compartment, HMGB2
a chemckine and may promote proliferation and migra-
tion of endothelial cells™ Ovwerexpression of PDGF
may contribute to the development of atherosclerosis.’®

acts as

PDGF and its receptor are an intensively studied ther-
apeutic target in patients with CAD 7 Especially inter-
esting iz activated status of PDGF in our study in
patients with CAD. This 1s in the line with literature
which reports that overactivity of PDGF is associated
with atheroselerosiz *® Under nommal conditions, its
expression in arteries 15 low but increases after the
inflammatory fibroproliferative response.”® This is con-
firmed by the results of animal studies, in which the use
of anti-PDGF-B antibodies reduced the incidence of
after Emgiuplaastj.-‘.jg'j‘o
ESCIT, activated in our study, is an adapter protein of
the Toll-like and IL-1 receptor signaling pathway that is
involved in the activation of nuclear factor (NF)-kappa

atherosclerosis and restenosis

E,so which in tum is & pivotal mediater of inflammatory
respouse.‘51 Toll-like receptor 4 (TLE.4) can activate the
transcription factors nuclear factor-«B leading to the
production of proinflammatory cytokines® Activation
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of the NF-xB pathway has a crucial role in inflammation
and can be induced by many factors including cyto-
kines, adhesion molecules, chemokines, growth factors,
and monocytes bound to the endothelium*$! The

activation of TLR4/NF-«xB pathway promotes the plaque
growth and instability.62 These observations further con-
firm the proinflammatory gene expression profile in EAT
in patients with CAD.
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Figure 4

between diffe ally exp
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d genes found by Ingenuity Pathway Analysis, forming the network involved in atherosclerosis progressicn. The

upregulated and downregulited genes are marked red and green, respectively Grey arrows indicate the direction of regulation.

We identified one activated pathway related with DEGs,
associated with coagulation system, and two mhibited path-
ways related with DEGs, associated with senescence and
intrinsic prothrombin activation pathway. The pathway asso-
ciated with coagulation system included TFPI, plasminogen
activator, urokinase receptor (PLAUR) and thrombomodulin.
The role of TFPI in the pathogenesis of CAD has been
mentioned before. There are also reports in the literature
about the important role of PLAUR in this proc&ss.63 For
example, the functional genetic variation of the PLAUR gene
may affect the susceptibility to myocardial infarction.® The
involvement of thrombomodulin in CAD pathogenesis is
confirmed as well.® Moreover, as with PLAUR, there are
reports about potential association of thrombomodulin gene
polymorphisms with susceptibility to atherosclerosis.**¢

Finally, to the best of our knowledge, this is one of the
first studies which showed not only the altered expression
of individual genes in PCAT of CAD patients but also the
entire pro-atherogenic pathways and networks formed by
these genes, providing a much stronger proof that PCAT is
a metabolically active source of proinflammatory mole-
cules, involved in atherosclerosis progression.

Limitations

The main limitation of the study is the lack of data
validation using polymerase chain reaction, which was
not feasible due to the insufficient quantity of the col-
lected biological samples. Since the samples were col-
lected during open-heart surgery, validation would
require setting up a new study, which we are planning

herpe
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to do in the near fiuture. Moreover, since our study group
included patients with severe, symptomatic CAD quali-
fied for CABG, the results cannot be extrapolatsd to
patients with less severe CAD. Third, based on our
relatively small, observatory study, it 1z difficult to 1den-
tify one specific pathway associated with the develop-
ment and progression of CAD. Although we were able to
show that the DEGs and upstream regulators contribute
to the entire pathways and networks, our data still should
be seen as a snapshot in time based on the most recent
kmowledze, but will most likely be expanded by further
updated of the bioinformatic database used in our study.
Finally, differences in gene expression between CAD
and control group does not prove the cansality between
DEGs and CAD, neither the mechanisms how DEGs
directly CAD  development
Progression.

contribute  to and

Conclusion

PCAT of CAD patients has specific gene expression pattern,
with upreculation of genes invelved in inflammation and
atherosclerosis (chemolones, IL-6, selectin E and LDL-C
receptor), and downregulation of genes involved in cardiac
ischaemia and remodelling, platelst function and mitochon-
drial fimetion (miR-3671, miR-4324a, multimerin, biglycan,
TFPL glucuronidases, miR-548, collagen type L III IV).
Ameoeng the top upstream regulators, we identified molecules
that have prommflammatory and atherosclerotic features
(HWMGB2, PDGF and ESCIT). The activated pathway related
to DEGs consisted of molecules with well-established role in
the pathogenesiz of atherosclerosis (TFPL, plasminogen acti-
vator, PLAUR., thrombomodulin). Most importantly, we
showed the presence of entire pathways and networks com-
posed of these genes. Altogether. the proinflammatory gene
expression prefile in EAT in patients with CAD seems
involved in CAD development and progression.
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Simple Summary: Cardiovascular diseases (CVDs) are the leading causes of death worldwide.
Epicardial adipose tissue (EAT) is one of the most important risk factors for cardiovascular events and
a promising new therapeutic target in CVDs. Here, we summarize the currently available evidence
regarding the role of EAT in the development of CVDs, including coronary artery disease, heart
failure and atrial fibrillation; compile data regarding the association between EAT’s function and
the course of COVID-19; and present new potential therapeutic possibilities, aiming at modifying
EAT’s function. The development of novel therapies specifically targeting EAT could revolutionize
the prognosis in CVDs.

Abstract: Cardiovascular diseases (CVDs) are the leading causes of death worldwide. Epicardial
adipose tissue (EAT) is defined as a fat depot localized between the myocardial surface and the visceral
layer of the pericardium and is a type of visceral fat. EAT is one of the most important risk factors for
atherosclerosis and cardiovascular events and a promising new therapeutic target in CVDs. In health
conditions, EAT has a protective function, including protection against hypothermia or mechanical
stress, providing myocardial energy supply from free fatty acid and release of adiponectin. In patients
with obesity, metabolic syndrome, or diabetes mellitus, EAT becomes a deleterious tissue promoting
the development of CVDs. Previously, we showed an adverse modulation of gene expression in
pericoronary adipose tissue in patients with coronary artery disease (CAD). Here, we summarize the
currently available evidence regarding the role of EAT in the development of CVDs, including CAD,
heart failure, and atrial fibrillation. Due to the rapid development of the COVID-19 pandemic, we
also discuss data regarding the association between EAT and the course of COVID-19. Finally, we
present the potential therapeutic possibilities aiming at modifying EAT’s function. The development
of novel therapies specifically targeting EAT could revolutionize the prognosis in CVDs.

Keywords: atherosclerosis; cardiovascular diseases; epicardial adipose tissue; EAT; inflammation

1. Introduction

Cardiovascular diseases (CVDs) remain one of the leading causes of death world-
wide [1,2], entailing enormous costs for healthcare systems [3]. Many of them could be
avoided, as cardiovascular risk factors are largely reversible.

Epicardial adipose tissue (EAT) is defined as a fat depot localized between the my-
ocardial surface and the visceral layer of the pericardium, and is a type of visceral fat [4].
Therefore, as is the case with abdominal obesity, EAT is one of the most important risk
factors for atherosclerosis and cardiovascular events [5-7]. Moreover, the volume and
thickness of EAT correlate with intra-abdominal fat mass and severity of obesity [8,9]
and are independently associated with cardiovascular events [10]. Additionally, there are
reports that EAT may be a new therapeutic target in CVDs [11,12].

The most common classification of the adipose tissue surrounding the heart includes
(i) epicardial adipose tissue, (ii) pericardial adipose tissue, (iii) paracardial adipose tissue,
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and (iv) perivascular adipose tissue (Figure 1). Epicardial fat is located below the visceral
pericardium. Pericardial fat consists of adipose tissues between the visceral and parietal
pericardial layers and the fat depot on the external surface of the parietal pericardium.
Paracardial fat involves fat deposits outside the parietal pericardium. The perivascular
adipose tissue is a fat around the coronary arteries, irrespective of location [13].

pericardial fat
epicardial fat

paracardial fat

perivascular fat

Figure 1. Adipose tissue surrounding the heart.

There are many differences between EAT and other types of adipose tissue, including
anatomical, histological, embryological, and genetic differences [14,15]. EAT is located
between the pericardium and the myocardium [5] and is not separated from the my-
ocardium and vessels by fascia, allowing paracrine or vasocrine effects [16] via cytokines
and chemokines [17]. In health conditions, EAT has a protective function, including protec-
tion against hypothermia [18] or mechanical protection for the coronary circulation [19].
Additionally, EAT has an important role in energy supply to the myocardium [20]. Thanks
to the ability to use free fatty acid (FFA) quickly, EAT may protect the myocardium from
the cardiotoxic effect of a large amount of FFA [21]. The secretion of adiponectin from
epicardial adipocytes is also an important function of EAT. Adiponectin protects coro-
nary circulation, improves endothelial function, reduces oxidative stress, and indirectly
decreases the level of interleukin-6 (11.-6) and C-reactive protein (CRP) [22-24]. However,
under specific conditions such as obesity, metabolic syndrome, or diabetes mellitus, the
protective properties may be destroyed and EAT becomes a deleterious tissue promoting
the development of CVDs. The most data on the transition of EAT's role is based on
the observations of patients with coronary artery disease (CAD). For example, in one of
our studies we showed a difference in gene expression in pericoronary adipose tissue in
patients with and without CAD [25].

In this article, we summarize the currently available evidence regarding the role of
EAT in the development of CVDs, including CAD, heart failure (HF) and atrial fibrillation
(AF). Due to the rapid development of the COVID-19 pandemic, we also summarize data
regarding the association between EAT’s function and the course of COVID-19. Finally, we
present the potential therapeutic possibilities aiming at modifying EAT’s function in CVD.
The role of EAT in the development of CVDs and COVID-19 is summarized in Figure 2.
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Figure 2. The role of epicardial adipose tissue in the development of cardiovascular diseases and car-
diovascular complications in the course of COVID-19. AF—atrial fibrillation; Ang 1-7—angiotensin
1-7; CAD—coronary artery disease; CCL-2, -5, -13—chemokine ligand-2, -5, -13; CXCL-1— chemokine
ligand 1; FABP4—fatty acid binding protein 4; GLUT-4—glucose transporter type 4; HFpEF—heart
failure with preserved ejection fraction; IL-1§, -6, -8—interleukin-1§, -6, -8; RBP4— retinol binding
protein 4; sPLA2-IIA—secretory phospholipase A2; TNFa—tumor necrosis factor «.

2. Coronary Artery Disease

It has been shown that EAT and CAD are closely related at different levels: (i) in
patients with CAD, the secretion of adipokines from EAT is altered; (ii) EAT has a proin-
flammatory features in patients with CVD risk factors and /or CAD; (iii) the amount of EAT
and/or its proinflammatory state correlate with the severity of CAD and the instability of
the atherosclerotic plaques; (iv) there is a relationship between EAT’s function and coronary
microvascular dysfunction and artery spasm [14,17,26-49].

In patients with obesity, metabolic syndrome, or CAD, the epicardial adipocytes secrete
less adiponectin and more leptin than in healthy people [26,27]. The decreased adiponectin
expression attenuates endothelial function and leads to increased tumor necrosis factor-e
(TNF-«) production, which increases inflammation and oxidative stress. The increased
leptin level promotes adhesion of monocytes, macrophage-to-foam cell transformation, and
unfavorable changes in lipid and inflammatory cytokine levels in adipose tissue [28]. All
these processes result in the development and destabilization of atherosclerotic plaques [29].

Inflammation plays a crucial role in atherosclerosis, and EAT as a tissue with proinflam-
matory properties provides a huge contribution to coronary plaque formation [14,17,30,31].
For example, Mazurek et al. showed that plasma inflammatory biomarkers did not ad-
equately reflect local tissue inflammation [17]. Proinflammatory properties of EAT were
noted irrespective of clinical variables (diabetes, body mass index, and chronic use of statins
or angiotensin receptor enzyme inhibitors /angiotensin 1I receptor blockers) or plasma con-
centrations of circulating biomarkers. [17]. Autopsy studies have shown the presence
of inflammatory cells in the adventitia in patients with acute coronary syndrome [32].
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Furthermore, there was a correlation between the degree of severity of the lesion and the
intensification of the inflammatory infiltration in the adventitia [32].

Wang et al. assessed EAT in computed tomography (CT) in patients with and without
diabetes, showing that EAT volume (EATV) is higher in diabetic patients and is associated
with components of metabolic syndrome, coronary atherosclerosis, and coronary calcium
scores [33]. In the Framingham Study, a significant association was found between epi-
cardial fat and coronary artery calcification, which was significant after adjustment for
traditional cardiovascular risk factors [34]. Alexopoulos et al. showed that EATV increased
significantly with the severity of luminal coronary stenosis and was larger in patients with
mixed or noncalcified plaques, compared to patients with calcified plaques or no plaques,
indicating the association between EAT and the most dangerous plaque phenotype [35].
This association has been confirmed in other studies [36-38]. Yamashita et al. showed
that EATV, assessed by CT, is associated with the total coronary plaque burden. Higher
EATV was associated with a higher vulnerability of atherosclerotic plaques, based on the
evaluation of atherosclerotic plaque composition by intravascular ultrasound imaging
(IVUS) [36]. Mazurek et al. made a qualitative assessment of pericoronary adipose tissue
(PCAT) using positron emission tomography/computed tomography (PET/CT) among
patient with acute coronary syndrome without persistent ST-segment elevation [37] and
with stable CAD [38]. In the first study, the inflammatory activity of PCAT, reflected by
maximum fluorodeoxyglucose (FDG) uptake, was greater than the activity of adipose tissue
in other locations [37]. There was also a correlation between the severity of atherosclerosis
and the necrotic core volume of coronary plaque, as assessed by virtual histology IVUS [37].
Similar results were obtained in patients with stable CAD [38]. In another study, EAT
thickness was associated with the Thrombolysis in Myocardial Infarction risk score in un-
stable angina and non-ST-elevation myocardial infarction [39]. Otsuka et al. demonstrated
that EATV is associated with the presence of high-risk plaques, the so-called low attenu-
ation plaques in CT, regardless of the presence of abdominal obesity [40]. Patients with
higher visceral fat had a greater total plaque volume and a greater level of low-attenuation
plaques [40]. Another study assessed the PCAT mean attenuation (PCAT-MA) based on
CT as a measure of inflammation in EAT in patients with CAD [41]. PCAT-MA was higher
in coronary arteries with plaque compared to vessels without plaque. The lesion-specific
PCAT-MA was higher in noncalcified and mixed plaques compared to calcified plaques.
These results suggest that lesion-specific PCAT-MA is related to plaque development and
vulnerability [41]. In patients with acute myocardial infarction (MI), PCAT attenuation
did not differentiate between the coronary segments with and without culprit lesions, but
PCAT volume was strongly and independently associated with culprit lesions [42]. In
contrast, Goeller et al. showed that PCAT attenuation was increased around culprit lesions
compared with nonculprit lesions among patients with acute coronary syndrome [43]. In
stable CAD patients, an increase in PCAT attenuation was associated with progression
of noncalcified plaque burden and vice versa [44]. Nogic et al. reported that a higher
lesion-specific PCAT attenuation baseline may predict in-stent restenosis among patients
undergoing elective percutaneous coronary intervention [45]. Altogether, these results
confirm that the amount of EAT and /or EAT proinflammatory state correlate with the
severity of CAD and plaque vulnerability.

In women with chest pain and angiographically normal coronary arteries, there was a
correlation between EAT thickness and reduced coronary flow reserve [46]. Kanaji et al.
showed that in CAD patients with a single de novo lesion, PCAT attenuation is significantly
associated with global coronary flow reserve [47]. Pasqualetto et al. suggested an associa-
tion between PCAT attenuation in CT with coronary microvascular dysfunction; however,
a significant correlation was found only in patients without severe obstructive CAD [48].
Another study found that EAT might be associated with coronary artery spasms [49]. Fur-
ther studies are needed to investigate the relationship between EAT/PCAT and coronary
microvascular dysfunction and vasospastic angina.
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Finally, attention should be paid to the current tendency to study the relationship of
CAD not only with the thickness and volume of EAT, but also with its structure and size
of adipocytes [50,51]. One study has found that the size and degree of hypertrophy of the
epicardial adipocytes are related to CAD severity [51].

3. Heart Failure

Among patients with HF, approximately 50% have preserved ejection fraction (HF-
pEF). HFpEF is a heterogeneous disease with a complex pathogenesis which is not fully
understood. This complexity is due to the fact that it can be caused or exacerbated by a
variety of comorbidities, including cardiac and extracardiac abnormalities. Thus, the group
of patients with HFpEF is very diverse [52,53]. HFpEF is the most common myocardium
disorder among obese patients [54]. Saviji et al. showed that higher body mass index
(BMI) is associated with higher risk of HFpEF than with HF with reduced ejection fraction
(HFrEF), and that it was most pronounced among women [55]. Similarly, cardiometabolic
features, including insulin resistance, were associated with a higher risk of future HFpEF
than with HFrEF [55].

Based on the hitherto studies, it can be concluded that: (i) there is an association
between EATV and the development of HfpEF; (ii) patients with HFpEF and obesity
represent a distinct phenotype of the disease; (iii) EAT thickness or volume may have a
greater impact on HFpEF than obesity per se; (iv) EAT participates in the pathogenesis of
HfpEF due to EAT’s proinflammatory properties, intensification of fibrosis, and influence
on myocardial substrate utilization.

There were several studies that showed a correlation between the severity of left
ventricle (LV) diastolic dysfunction and the volume of EAT [56-58]. A meta-analysis of
22 studies including 5682 patients also confirmed the correlation between EATV with
myocardial diastolic function [59].

Patients with coexisting obesity and HFpEF had a different clinical phenotype than
patients with HFpEF without obesity [60]. Obokata et al. compared patients with HF-
pEF and obesity, HPpEF without obesity, and a non-obese control group without HF [60].
Among obese HFpEF patients, diabetes and sleep apnea were more prevalent, whereas in
the non-obese HFpEF patients, atrial fibrillation was more common. Additionally, the obese
HFpEF patients had lower concentrations of N-terminal prohormone of brain natriuretic
peptide (NT-proBNP), compared to the non-obese cohort. Furthermore, subjects with the
obese HFpEF phenotype had increased plasma volume, a higher rate of concentric LV
remodeling, greater right ventricular (RV) dilatation, and a higher rate of RV dysfunction.
Obese patients also displayed worse exercise capacity, more pronounced hemodynamic
abnormalities during exercise, and impaired pulmonary vasodilation. EAT thickness as-
sessed by echocardiography was 20% higher in the obese HF group compared to non-obese
HEF, and 50% higher compared to the control group [60]. This, along with much greater
biventricular hypertrophy, causes an increase in the total heart volume in obese patients, fol-
lowed by pericardial dilation. If pericardial dilation is insufficient, there is greater coupling
between the pericardium, right heart and left heart (interventricular dependance), and peri-
cardial restraint, as showed by greater septal flattening and higher ratio of pressure in the
right atrium to pulmonary capillary wedge pressure at rest and during exercise in patients
with the obese HFpEF phenotype [60]. Increased EAT thickness may change myocardial
substrate utilization, including increased oxygen consumption, impaired oxygen use, and
increased dependance on fatty acid oxidation, and thus contributes to a reduction in cardiac
reserve and aerobic capacity among obese HFpEF [60-62]. In addition, space limitations
in the cardiac fossa due to increased EAT thickness may aggravate RV dysfunction and
contribute to an increase in intracardiac pressures, especially during exercise [60].

Koepp et al. examined patients with the obese phenotype of HfpEF and divided them
into increased EAT thickness (=9 mm in echocardiography) and normal EAT thickness [63].
It has been demonstrated that obese HfpEF patients with increased EAT thickness have
more pronounced hemodynamic derangements at rest and during exercise, including
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greater elevation in cardiac filling pressures, more severe pulmonary hypertension, and
greater pericardial restraint than the obese HFpEF group with normal EAT thickness [63].
Additionally, peak oxygen consumption was 20% lower in patients with increased EAT
compared to the normal EAT group [63]. Van Woerden et al. examined EAT in patients
with the HF and LV ejection fraction (EF) > 40% (HFpEF and HF with mildly reduced EF)
and in the healthy control group using cardiac magnetic resonance (CMR) [64]. It was
shown that despite similar BMI, the HF group has significantly higher total and ventricular
EATV compared to the control group, and there were no differences in atrial EATV between
the groups. These results show that not obesity per se, but rather fat distribution, may
contribute to HF development. Additionally, HF patients with AF and /or diabetes had
more EAT than HF patients without these disorders. Patients with higher total EATV had
higher plasma levels of troponin T, creatine kinase muscle-brain fraction and glycated
hemoglobin, and worse kidney function. There were no significant associations between
EATV and NT-proBNP concentration. In the HF group, total EATV was positively correlated
with LV end-systolic volume and with left and right atrial volume. On the contrary, global
longitudinal and circumferential strain were negatively correlated with total EATV [64].

In obese patients with increased plasma volume, the ability of LV to dilate is in-
sufficient, leading to cardiac overfilling and disproportionate increases in cardiac filling
pressures. It seems that the inadequate ventricular distensibility is caused by cardiac fi-
brosis and microvascular rarefaction [65,66]. Moreover, the quantity of fibrosis assessed in
CMR is associated with prognosis and outcomes in HFpEF [67]. Obese patients displayed
more EAT [8,9] and therefore it seems likely that they were more exposed to cytokines
released from the EAT reservoir. As previously noted, in patients with CVDs, the EAT
reservoir becomes a site of deranged adipogenesis and a source of proinflammatory factors
with deleterious effects on myocardium, including fibrosis. Packer et al. postulated that
epicardial fat is a transducer of systemic metabolic disorders and a systemic inflamma-
tory state caused by obesity on the heart [68]. Some researchers pointed to myocardial
accumulation of triglycerides and myocardial fibrosis as the main causes of LV diastolic
dysfunction [69-71]. Additionally, it has been shown that EAT can release vasoactive agents
which, via vasa vasorum, reach the microvascular network and may reduce coronary flow
reserve [72,73]. One of the most recent studies showed that EAT thickness was of prognostic
value in patients with HFpEF, which may be due to increased mechanical restraint and
secretion of proinflammatory and proatherogenic adipokines [74]. In contrast, in HFrEF,
greater EAT thickness seems to have a protective role, while EAT thinning is associated
with a worse prognosis [74]. It is suggested that measuring EAT thickness can be useful to
classify patients with or at increased risk of heart failure [75].

Further studies are needed to better understand the influence of EAT on the pathogen-
esis of HFpEF and EAT's potential applicability as a target for novel drugs.

4. Atrial Fibrillation

AF is the most common arrythmia in the adult population in the world, and its preva-
lence is increasing. It is estimated that AF affects up to 4% of the population in Australia,
Europe, and the USA [76]. The involvement of hemodynamic stress in the pathogenesis of
AF is well-documented, and hypertension is the most common risk factor [77]. Valvular
diseases also significantly contribute to the development of this arrhythmia [78]. These
disorders cause the remodeling of heart chambers, including enlargement of the left atrium
(LA) and an increase in LA pressure. Alleviation of hemodynamic stresses can reduce
AF’s burden [77,78]. However, there is a large group of patients with AF who do not
have hypertension or valvular disease but do have the features of atrial myopathy (LA
enlargement, increased LA pressure), as observed in imaging studies [79]. It is known
that inflammation is associated with the development of atrial myopathy [80], including
both inflammation in course of systemic inflammatory diseases [81-84] and metabolic
disorders accompanied by adipose tissue inflammation [85,86]. The risk of developing AF
is especially increased in rheumatoid arthritis [81] and psoriasis [82]. Among the metabolic
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diseases, special attention should be paid to obesity [85] and diabetes mellitus [86]. In
these states, AF’s burden was proportional to the severity of metabolic disorders, such as
glycemic control [85-88].

The literature indicates several potential mechanisms linking EAT with AF, including:
(i) proinflammatory status of EAT; (ii) reactive oxygen species (ROS) released from EAT;
(iii) fatty infiltration of the atrium; (iv) dysfunction of the autonomic nervous system in EAT.

AF and inflammation are closely associated [80-86]. EAT can release inflammatory fac-
tors and contribute to inflammation and fibrosis in the adjacent myocardium via paracrine
signaling. It should be emphasized that EAT has some features of brown adipose tissue,
such as the presence of the uncoupling protein-1, which is a thermogenic protein specific
to brown adipocytes [89]. These properties are mainly expressed in conditions of health
and low oxidative stress [90-92]. The healthy EAT is a source of adiponectin, which may
reduce inflammation and fibrosis [91-94]. In obesity, EAT loses its protective properties
and becomes a tissue with a proinflammatory profile, subsequently increasing the risk of
atrial myopathy and AF [95-99]. Mazurek et al. showed that inflammatory activity of EAT
reflected by maximal standardized uptake value of FDG in PET/CT was higher in patients
with AF than in the control group and it was not related to BMI [100].

It has been suggested that ROS play an important role in the pathogenesis of AF [101,102].
EAT has been shown to be richer in ROS than other fat depots [103], but at the same time,
this effect was reduced by adiponectin [93].

It also seems that fatty infiltration into atrial myocardium plays an important role
in the pathogenesis of AF, as demonstrated by histological examinations [104]. Fatty
infiltration was more pronounced in persistent AF, compared with paroxysmal AF [105].
EATV and fatty infiltration were associated with cardiac conduction abnormalities [106].
It was postulated that EAT can change electrophysiological features and ion currents by
cytokine, adipokine, and adipocyte infiltration, causing electrical substrate formation for
AF [107]. Opolski et al. showed that increased EATV along the LA assessed by CT was
associated with AF after coronary artery bypass grafting [108].

It should be noted that EAT contains significant amounts of ganglionated plexi which
are a part of the autonomic nervous system (ANS), which may play a role in the patho-
genesis of AF [109,110]. The thickness of the EAT was related to ANS dysfunction [111],
and catheter ablation of epicardial fat-reduced cardiac ANS activity, which makes it an
interesting therapeutic perspective [112].

There are also several other less-understood potential mechanisms which may ex-
plain the involvement of EAT in the pathogenesis of AF, such as the local aromatase
effect [113-115]. A significant positive correlation was determined between the total aro-
matase content of EAT and the occurrence/duration of triggered atrial arrhythmias [114].
Further mechanisms are pending investigation.

In clinical terms, the relationship between epicardial adipose tissue and AF is extremely
interesting. Obesily is a well-known risk factor for AF [85] and every 1 kg/ m? reduction in
BMI reduces the risk of AF by about 7% [116]. There is an association between the severity
of obesity and the volume and thickness of EAT [8,9]. The relationship between AF and
EAT has been investigated in many studies using noninvasive imaging methods such as
transthoracic echocardiography, CT, or CMR, showing that: (i) the prevalence of AF is
related to the volume/thickness of the EAT; (ii) EAT promotes AF persistence; (iii) higher
EATYV is associated with lower catheter ablation efficacy.

Results from the Framingham Heart Study involving 2317 patients who underwent CT
showed that higher EATV was associated with 40% higher odds of AF and remained signif-
icant regardless of traditional risk factors including age, sex, MI, or HF [117]. Interestingly,
there was no association between AF prevalence and adipose tissue elsewhere [117].

Chekakie et al. showed a relationship between EATV and both persistent and parox-
ysmal AF using CT imaging [118]. Patients with persistent AF had a higher EATV than
patients with paroxysmal AF or sinus rhythm [118]. The same conclusions were reached
by Batal et al., who suggested that EAT can promote AF persistence [119]. Muhib et al.
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showed similar results in patients with hypertrophic cardiomyopathy using CMR to assess
EAT [120].

From a clinical point of view, Wong et al. [121] and Tsao et al. showed a strong
relationship between EAT and AF recurrence after catheter ablation. Patients with higher
EATV had worse outcomes and early AF recurrence after ablation [121,122].

Finally, two meta-analyses confirmed a relationship between AF and EAT [123,124].
Wong et al. showed the strongest association between persistent AF and EAT, but the
association with paroxysmal AF was also significant [123]. Interestingly, the strength of
associations between AF with EAT was greater than for between AF and abdominal or
overall adiposity [123]. Gaeta et al., based on the analysis of seven imaging studies, demon-
strated a 32 mL higher EATV between the AF group and patients with sinus rhythm [124],
further indicating that EAT plays a crucial role in AF development and persistence.

5. COVID-19

COVID-19 is a complex multisystem infectious disease caused by the SARS-CoV-2
virus, which predominantly affects the lungs [125]. Since COVID-19 was first diagnosed in
December 2019, it has caused a significant burden to healthcare systems worldwide. There-
fore, there is an urgent need to investigate the pathophysiological mechanisms underlying
COVID-19.

After more than a year of the COVID-19 pandemic, there are reports indicating a
potential relationship between EATV and cardiovascular complications of SARS-CoV-2
infection. Systemic inflammation has a central role in the development and progression of
COVID-19 [126,127], and there are several studies which have shown that inflammatory
and thrombotic biomarkers such as D-dimer or ferritin predict the clinical severity of
COVID-19 [128-130]. Growing evidence shows that obesity adversely affects the course of
mortality due to COVID-19 [131]. In one study, it has been postulated that EAT may have
immunomodulatory properties and may be a reservoir for SARS-CoV-2, thus facilitating
the spread of the virus and enhancing the inflammatory response [132].

Studies conducted so far on a small number of patients suggest that EATV and
attenuation in CT: (i) were independent predictors of severe and unfavorable COVID-
19 courses, including death; (ii) may be associated with cardiovascular complications in
patients with COVID-19.

Abrishami et al. assessed inflammatory parameters (including CRP) and EAT (volume
and density) by CT on admission in 100 patients with COVID-19 [133]. Patients were
followed until death or discharge. The mortality rate was 17% and was higher in obese
patients. Among laboratory tests, increased lactate dehydrogenase (LDH) and decreased
platelet count were significantly associated with death. EATV was similar in patients who
died and in those who survived, but EAT density was significantly lower in patients who
died (p =0.79 and p = 0.008, respectively) [133]. Similar results were obtained by Deng et al.
among patients aged 18 to 40. In addition, patients with severe COVID-19 had significantly
higher EATV [134].

lacobellis et al. assessed EAT thickness and density depending on the COVID-19
severity [135]. Patients with most severe course of COVID-19 had significantly greater EAT
attenuation than those presenting with mild and moderate COVID-19 (p < 0.01), but EAT
thickness was similar in all patients [135].

Grodecki et al. examined the relationship of EAT quantified on CT with the severity
of pneumonia and adverse outcomes among patients with COVID-19 [136]. The primary
outcome was clinical deterioration (intensive care unit admission, invasive mechanical
ventilation, or vasopressor therapy) or in-hospital death. Among 109 patients, the primary
outcome occurred in 21.1% of patients, and both EATV and attenuation were independent
predictors of clinical deterioration or death (p = 0.011 and p = 0.003, respectively). The
severity of pneumonia was also associated with these EAT parameters. Further, there
was a correlation between EATV and CRP level and LIDH level [136]. The results of the
above-mentioned studies indicate that the assessment of EAT by CT may be useful in risk
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stratification in patients suffering from SARS-CoV-2 infection. However, all these studies
were performed in small groups of patients (n = 41-109) and studies on larger groups
are needed.

COVID-19 can cause myocardial injury and other cardiovascular complications, in-
cluding acute myocarditis, pulmonary embolism, or acute heart failure [137-141]. The
exact mechanism of heart damage in the course of SARS-CoV-2 infection is not fully under-
stood, but it may occur directly or indirectly, or in both ways [137]. Some cardiovascular
complications are asymptomatic during acute infection, but emerging data have reported
on post-COVID-19 heart syndrome [142]. It has been suggested that low EAT density in
CT may indicate myocardial injury, as it occurs mainly in severe and critical COVID-19
patients [143]. Wei et al. showed in a group of 400 patients with laboratory-confirmed
COVID-19 that patients with COVID-19-associated myocardial injury had a history of
CVDs, primarily hypertension, diabetes, hypercholesterolemia, and CAD. These patients
had higher plasma concentrations of 1L-6 and higher risk of adverse in-hospital events
(death, invasive mechanical ventilation, admission to an intensive care unit). A chest CT
performed on admission showed that these patients also had a higher EATV (139.1 vs.
92.6 cm?, p = 0.036) and that EATV over 137.1 cm? was a strong independent predictor for
myocardial injury in patients with COVID-19 [144].

Based on hitherto studies, EATV and EAT density seem to either reflect or affect the
overall course of COVID-19, including pulmonary and cardiovascular complication, but
more studies are needed to elucidate the mechanisms underlying this association.

6. Therapeutic Options to Affect EAT

Since EAT affects the development and progression of CVDs, EAT is a promising thera-
peutic target in cardiovascular patients. However, none of the therapeutic tools available to
date have been specifically developed for EAT. However, it has been shown that (i) lifestyle
changes, (ii) bariatric surgery, and (iii) pharmacotherapy can reduce EATV [145,146] by a
pleiotropic or an off-target effect (Figure 3).
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Figure 3. Therapeutic options to affect epicardial adipose tissue.

Both resistance [147,148] and endurance training reduce EATV [147,149,150].
Christensen et al. showed that physical activity can reduce EATV up to 32%, as assessed by
CMR [147]. The results of our pilot study in 30 amateur ultramarathon runners are in line
with these data [151]. We found that ultrarunners have significantly lower CMR-assessed
EATYV than the sedentary control group, lower rate of pathologically high levels of plasma
IL-6 (>1 pg/mL) and better lipid profile [151]. Therefore, the benefits of regular physical
activity to reduce cardiovascular risk may extend beyond the traditional risk factors, as
physical activity seems to modulate the EATV and activity.
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Another way to reduce EATV is diet [152-155]. Twenty severely obese subjects fol-
lowed a 6-month weight-loss program with a very low-calorie diet, achieving a 33%
reduction in echocardiographic EAT thickness [155].

There are several small-group studies (n = 23 to 65) investigating the effect of bariatric
surgery on EAT [156-159]. Two years after bariatric surgery, EAT thickness was reduced by
31% in a group of 51 operated patients, as assessed by echocardiography [159].

Although the positive effect of lifestyle modifications of EAT and overall cardiovas-
cular health is clear, the compliance remains a concern. Therefore, pharmacotherapy
remains a field of great interest regarding the modulation of EATV and function. The
following groups of drugs were shown to affect EAT: (i) statins, (ii) antidiabetic drugs,
(iii) anti-inflammatory drugs.

Statins have been shown to decrease EATV [160,161]. Alexopoulos et al. demonstrated
that statin therapy leads to a reduction in EATV, and intensive therapy was more effective
than moderate-intensity therapy in a group of 420 postmenopausal women with hyper-
lipidemia [160]. There was no correlation between EATV and lipid-lowering effect. Hence,
this effect may have been secondary to anti-inflammatory effects of statins [160], which is
consistent with the reports on EAT in patients with severe aortic stenosis [162]. Parisi et al.
showed a relationship between statin therapy, EAT thickness reduction, and EAT inflam-
matory status, both in vivo and in vitro [162]. Raggi et al. indicated that statins reduce EAT
attenuation in CT independent of their lipid-lowering effect, which indirectly indicates
a reduction in EAT inflammation [163]. The clinical benefit of statin therapy in patients
with CAD has been known for a long time [164]. However, the range of statin pleiotropic
effects is growing, including their anti-inflammatory effects and modulation of EAT [164].
Tawakol et al. showed that statin therapy resulted in rapid, dose-dependent reductions in
FDG uptake in PET/CT, representing changes in atherosclerotic plaque inflammation [165].
Even short-term intensive statin therapy significantly reduced the volume of EAT compared
to placebo in patients with AF who underwent pulmonary vein isolation [161]. Hence, the
anti-inflammatory effect of statins on EAT seems to reduce the risk of atrial myopathy, as
demonstrated both in animal and human models [166,167]. The antiarrhythmic effect of
statins was also confirmed in randomized trials and was most pronounced in the secondary
prevention of AF [168-170]. Statins also ameliorate cardiac fibrosis, as demonstrated in
animal models of HFpEF [171,172]. The positive effect of statin therapy on LV's diastolic
function was also seen in clinical settings [173,174]. Statin use is also associated with a
reduced risk of morbidity and mortality in patients with HF [69,175]. In patients with
HFpEF, statin use was associated with reduced mortality [176,177], which was confirmed in
meta-analyses [178,179]. On the contrary, no benefit on clinical outcomes was observed in
patients with HFrEF [180]. It has been suggested that statins can reduce EAT’s metabolic ac-
tivity [163]. With the exception of statins, Rivas Galvez et al. showed a significant reduction
in thickness of EAT after 6 months of treatment with other lipid-lowering drugs, proprotein
convertase subtilisin/kexin type 9 (PCSK-9) inhibitors [181]. All these data may suggest
that statins and PCSK-9 inhibitors may exert their pleiotropic effects at least partly through
EAT, although the underlying mechanisms of action are yet incompletely understood.

Another group of drugs that affect EAT are antidiabetic drugs, including thiazolidine-
diones, metformin, sodium-glucose cotransporter 2 (SGLT2) inhibitors, and incretin-based
agents. Interest in antidiabetic drugs particularly increased after the publication of the
results of the EMPA-REG and LEADER trials, which showed that SGLT2 inhibitors and
glucagon-like peptide-1 receptor (GLP-1) agonists could have a cardioprotective effect by a
mechanism independent of blood glucose level reduction [182,183]. The older groups of
drugs (pioglitazone, metformin) also reduced the risk of cardiovascular complications in
patients without diabetes, but with insulin resistance or pre-diabetes [184,185].

Metformin has been the most widely used antidiabetic drug for over 60 years. There
is evidence of its anti-inflammatory effects on adipose tissue in diabetic and obese pa-
tients [186,187]. The anti-inflammatory effect of metformin has been confirmed by both
its anti-aging and antitumor properties [188,189]. Similarly, pioglitazone was shown to
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reduce mast cells and inflammatory macrophages in adipose tissue [190,191]. These prop-
erties seem to be independent of the presence of diabetes mellitus [192]. Ziyrek et al. has
shown that metformin monotherapy for 3 months reduced EAT thickness by 10% [193].
The exact mechanism by which metformin interacts with EAT is not clear, but it appears
to shift the metabolism into fat oxidation and upregulate the thermogenesis [193,194]. It
has recently been shown to be effective against endothelial dysfunction [195]. Chen et al.
reported that metformin reduced the secretion of the proinflammatory cytokine, activin A,
from epicardial fat [196]. Sardu et al. showed that metformin reduced the inflammatory
burden in PCAT and improved prognosis in prediabetic patients with acute MI treated with
coronary artery bypass grafting [197]. Metformin through its pleiotropic effect influences
the pathogenesis of many cardiovascular diseases [198,199]. One of the mechanisms under-
lying metformin’s mode of action is the activation of adenosine monophosphate-activated
protein kinase, which has an anti-inflammatory effect [198,200]. Studies performed in
animal models indicated that SGLT2 inhibitors, GLP-1 agonists, and dipeptidyl peptidase-4
(DPP-4) inhibitors [201-203] have similar anti-inflammatory effects in adipose tissue, but
further studies are needed to draw firm conclusions.

Thiazolidinediones are another group of drugs which reduce inflammation and the
release of proinflammatory cytokines from EAT [204-206]. These effects may contribute to
the reduced the risk of MI and stroke in patients treated with thiazolidinediones [207,208].

SGLI2 inhibitors were shown to reduce EATV assessed by CMR, among patients
with type 2 diabetes, both with and without obesity [209-211]. SGLT2 inhibitors also
improved the inflammatory status of EAT [209]. They have been documented to be effective
against HF and endothelial dysfunction [212,213]. This group of drugs causes a significant
reduction in body weight, and one of the mechanisms of action is the stimulation of visceral
fat burn [214]. In one study, dapagliflozin caused a reduction in EAT thickness independent
of weight loss [215], perhaps thanks to the improvement of EAT cells’ sensitivity to insulin
and a reduction in local proinflammatory chemokines secretion [216]. Although SGLT2
inhibitors are relatively new drugs, the first meta-analyses have already confirmed their
beneficial impact on EAT [217].

Finally, incretin-based drugs, which include GLP-1 agonists and DPP-4 inhibitors,
were also shown to reduce EAT thickness, measured by echocardiography [218] and EATV,
assessed by CMR [219]. This effect was mainly weight-loss-dependent [219]. Importantly,
despite the reduction in body weight, incretin-based drugs did not reduce the proinflam-
matory properties of adipose tissue [220,221], although they inhibited the development of
atherosclerosis in animal models [222]. It has been shown that GLP-1 receptors are present
in EAT, in contrast to subcutaneous adipose tissue [223]. Hence, it has been suggested that
GLP-1 agonists affect EAT by stimulating pre-adipocyte differentiation, thermogenesis,
and adipocyte browning [224,225]. DPP-4 inhibitors also reduce EAT thickness [226] but
can have an adverse effect on its inflammatory status, which may stimulate myocardial
fibrosis [227-229]. On the other hand, several studies have shown the anti-inflammatory
properties of DPP-4 inhibitors [230-232]. These studies have suggested that these drugs
downregulate the receptor for advanced glycation end-products [233], activate cyclic adeno-
sine monophosphate/protein kinase A signaling and IL.-6 production [234], and reduce
ROS generation and intercellular adhesion molecule-1 expression [235].

Taking into account the inflammatory nature of atherosclerosis, three anti-inflammatory
drugs are important in the context of EAT modulation: (i) canakinumab, (ii) methotrexate,
and (iii) colchicine.

Canakinumab is a human anti-interleukin-1-beta (IL-1f3) monoclonal antibody which
was shown to improve cardiovascular outcomes in over 10,000 patients with a history of
CAD and elevated CRP levels in the CANTOS study [236]. Inhibition of the IL-13 /1L-6
signaling cascade with canakinumab led to a significant reduction in cardiovascular risk
(nonfatal M, nonfatal stroke, or cardiovascular death), independent of lipid-level lowering,
but with an increased risk of serious infections [236]. Subgroup analysis showed that
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cardiovascular benefits were achieved due to a reduction in CRP concentration during
canakinumab therapy [237].

Methotrexate reduces the proinflammatory effects of I1L-6, 1L-12, and TNF-alfa and
increases the anti-inflammatory effects of IL-10 and IL-1 receptor antagonists [238]. In
patients treated with methotrexate for rheumatoid conditions, it reduced the risk of Ml
by 18%, according to a recent meta-analysis [239]. In the CIRT study that investigated the
benefits of methotrexate on outcomes in patients with a history of acute coronary syndrome,
MI, and diabetes or metabolic syndrome, no benefits regarding the composite endpoint
including nonfatal MI, nonfatal stroke, and cardiovascular death were shown [240]. This
is probably due to the fact that elevated CRP levels were not taken into account as an
inclusion criterion, in contrast to the CANTOS study.

The efficacy of colchicine in patients with stable CAD was demonstrated by LoDoCo
and LoDoCo2 studies [241,242]. In the LoDoCo study, a reduction in a composite endpoint
consisting of MI, cardiac arrest, or noncardioembolic stroke was observed in colchicine
group, compared to the placebo group [241]. In LoDoCo2 study, a significant reduction
in the primary composite endpoint of cardiovascular death, nonprocedural M, ischemic
stroke, or ischemia-driven coronary revascularization was achieved in colchicine group,
compared to the placebo [242]. The benefits of adding colchicine to standard therapy were
also shown in COLCOT study, which included patients with a history of MI within the last
month [243]. The primary efficacy endpoint (a composite of cardiovascular death, resus-
citated cardiac arrest, MI, stroke, or urgent hospitalization for angina requiring coronary
revascularization) occurred in 5.5% in the colchicine group compared to 7.1% in the placebo
group (p = 0.02) [242]. Adding colchicine to standard therapy led to a lower risk of ischemic
cardiovascular events, compared to the placebo.

Hitherto, there have been no studies evaluating the effects of canakinumab, methotrex-
ate, and colchicine on EAT. Further reports on new drugs affecting EAT and inflammatory
mechanisms are expected in the near future. Potential pharmacological therapeutic options
are summarized in Table 1.

Table 1. Pharmacological therapeutic options to affect epicardial adipose tissue.

Ph logical Therapeutic Options
Group of Drugs Potential Mechanisms of Action
anti-inflammatory [160,162-165)
Statins modulation of EAT [164]

J EAT metabolic activity [163]

PCSK-9 inhibitors

unknown

Metformin

anti-inflammatory [186,187,196-198,200]

1 fat oxidation and thermogenesis [193,194]

| endothelial dysfunction [195]

activation of adenosine monophosphate-activated protein kinase [198,200]

Thiazolidinediones

anti-inflammatory [190,191,204-206]

SGLT2 inhibitors

anti-inflammatory [210,217]

| endothelial dysfunction [213]
stimulation of visceral fat burn [215]
T EAT cells sensitivity to insulin [217]

GLP-1 agonists

1 pre-adipocyte differentiation |225]
1 thermogenesis [226]
1 adipocyte browning [226]

DPP-4 inhibitors

anti-inflammatory [231-233|

downregulation of the receptor for advanced glycation end-products [234]

1 cyclic adenosine monophosphate/protein kinase A signaling and 11-6 production [235]
J ROS generation and intercellular adhesion molecule-1 expression [236]
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Table 1. Cont.

Pharmacological Therapeutic Options

Group of Drugs Potential Mechanisms of Action
Canakinumab anti-inflammatory [237]
Methotrexate anti-inflammatory [239]
Colchicine anti-inflammatory [242,243]

1 "

EAT—epicardial adipose tissue; DPP-4—dipeptidyl peptidase-4; GLP-1—glucagon-like peptide-1 receptor;
ROS—reactive oxygen species; SGLI2 glucose ¢ porter 2,

7. Conclusions

EAT is not only an adipose tissue in the histological sense, but is above all a metabol-
ically active tissue, modulating numerous pathophysiological processes in the course of
CVDs. In presence of cardiovascular risk factors, the protective properties of EAT are
destroyed and it becomes a pro-inflammatory tissue promoting the development and
progression of CVDs including CAD, heart failure, arrhythmias, and cardiovascular com-
plications of COVID-19. EAT’s function can be modulated and potentially restored by
changing the lifestyle and anti-inflammatory drugs. The development of novel therapies
specifically targeting EAT might revolutionize the prognosis in patients with CVD. The
search for potential drug targets in EAT is an exciting challenge we currently face.
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7. Podsumowanie i wnioski

W pierwsze] z prezentowanych prac oceniono wpltyw ekstremalnie intensywnego
wysitku fizycznego na ilo$¢ nasierdziowej tkanki thuszczowej, wyrazong jako pole powierzchni
w cm? oraz jej korelacje z czynnikami ryzyka choroby wiencowej. Do badania wlaczono 30
zdrowych ultramaratonczykéw amatorow i 9 ochotnikéw prowadzacych siedzacy tryb zycia.
[lo§¢ nasierdziowej tkanki thuszczowej oceniano przy uzyciu rezonansu magnetycznego
(Siemens, 3T) w 4 lokalizacjach: dookota 3 gtownych tetnic wiencowych (galaz przednia
zstepujaca [GPZ], galaz okalajaca [GO], prawa tetnica wiencowa [PTW]) oraz na powierzchni
prawej komory [PK]. Dodatkowo oceniano sktad ciata przy uzyciu analizatora Tanita,
lipidogram, osoczowe st¢zenie interleukiny 6 oraz grubo$¢ kompleksu intima-media (ocena
metoda ultrasonograficzng z punktem odcigcia > 0.9 mm). Ilo§¢ nasierdziowej tkanki
thuszczowej w grupie ultramaratonczykow byla istotnie mniejsza we wszystkich badanych
lokalizacjach w poréwnaniu z grupa kontrolng (GPZ: 1.12 £ 0.4 vs 1.86 + 0.41; PTW: 0.88 +
0.39 vs 1.78 £ 0.34; GO: 0.90 + 0.36 vs 1.74 £ 0.49; PK: 2.07 £ 0.97 vs 5.23 £2.77 [cm?]; p <
0.001 dla wszystkich). Zgodnie z oczekiwaniami, ultramaratonczycy mieli mniejszy odsetek
thuszczu trzewnego (10.78 £4.01 vs 23.17 £ 5.9 [%]; p < 0.001) oraz lepszy profil lipidowy niz
grupa kontrolna (nie-HDL: 119.14 + 25.07 vs 173.89 £27.10, LDL: 102.68 + 22.45 vs 144.86
+ 23.12 [mg/dl]; p < 0.001 dla wszystkich). Nie zaobserwowano natomiast rdznic w grubosci
kompleksu intima-media w obrgbie tetnic szyjnych (p=0.99 dla lewej tetnicy szyjnej, p= 0.68
dla prawej tetnicy szyjnej). Nie byto takze istotnej statystycznie réznicy w stezeniu interleukiny
6 pomiedzy grupami (p= 0.16), jednak w grupie biegaczy czestos¢ wystgpowania patologicznie
wysokiego stezenia interleukiny 6 (jako punkt odcigcia przyjeto stezenie > 1 pg/ml) byla 3-
krotnie niZsza niz w grupie kontrolnej (17% vs 56%, p < 0.05). Dodatkowo dla grupy biegaczy
uzyskano dodatnig korelacj¢ pomiedzy objetoscig tkanki thuszczowej otaczajacej gataz przednia
zstepujaca, gataz okalajacg oraz prawg komore a odsetkiem catkowitego tluszczu trzewnego (R
> 0.42 dla wszystkich, p <0.02 dla wszystkich) oraz pomigdzy objetoscia ttuszczu wokot galezi
okalajacej a stezeniem frakcji LDL i nie-HDL cholesterolu (R > 0.41 dla wszystkich, p < 0.03
dla wszystkich). Nie obserwowano natomiast korelacji pomiedzy iloscig okotowiencowe;j
tkanki tluszczowej a stezeniem interleukiny 6.

Wyniki badania wskazuja, ze ekstremalnie intensywny trening fizyczny moze obniza¢
ryzyko sercowo-naczyniowe poprzez redukcje ilosci 1 prozapalnej aktywnosci nasierdziowej
tkanki thuszczowej, jednak potrzebne sa dalsza badania potwierdzajace zaleznos$ci wynikajace

z badan prowadzonych w ramach niniejszej pracy doktorskiej. Do ograniczen badania nalezy
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fakt, ze grupy ultramaratonczykow oraz ochotnikow prowadzacych siedzacy tryb zycia roznity
si¢ w zakresie wyjSciowej charakterystyki (masa ciata, wskaznik masy ciala, procentowa
zawarto$¢ tkanki thuszczowej w organizmie). Ponadto do badania wlaczono wylacznie
me¢zczyzn rasy kaukaskiej, a badane kohorty byty mate. Na podstawie uzyskanych wynikow
mozemy zatem jedynie spekulowacé nad potencjalnymi korzy$ciami z uprawiania sportow o
ekstremalnej intensywnos$ci dla uktadu sercowo- naczyniowego. Docelowo, aby uzyskaé
bardziej wiarygodne wyniki nalezy przeprowadzi¢ badanie w wigkszej populacji oraz z
odpowiednio dobrang grupg kontrolg (umiarkowanie aktywna fizycznie, z porownywalng masg
1 sktadem ciata).

W kolejnej pracy poréwnano ekspresje genéw w okotowiencowej tkance thuszczowej u
pacjentdw z zaawansowang chorobg wiencowa i w grupie kontrolnej. Probki tkanki uzyskano
W czasie operacji pomostowania aortalno- wiencowego (n = 21, grupa badana) lub
kardiochirurgicznej operacji niewiencowej u chorych z wcze$niej wykluczong chorobg
wiencowa (n = 19, grupa kontrola: stenoza aortalna, niedomykalno$¢ mitralna, tetniak aorty
piersiowej zakwalifikowane do leczenia kardiochirurgicznego). Badane grupy nie réznity sie
istotnie pod wzgledem wieku, pici, wspotchorobowosci (w tym nadcis$nienie tetnicze,
zaburzenia lipidowe, nikotynizm), frakcji wyrzutowej lewej komory czy przyjmowanych
lekow. Sposroéd 67 528 transkryptow, 1348 zostato zidentyfikowanych jako tzw. geny o
zroznicowanej ekspresji (ang. differentially expressed genes, DEGs). W celu okreslenia
znaczenia genow o zroéznicowanej ekspresji zastosowano wartos¢ ,,fold change” (FC). Sposrod
nich, 416 (30,9%) wykazywato nadekspresje, a 932 (69,1%) zaklasyfikowano do grupy o
zmniejszonej ekspresji w porOéwnaniu z grupa kontrolg. Wsrdéd gendow wykazujacych
zwigkszong ekspresje znalazly si¢ m.in. te kodujgce molekuly o dzialaniu prozapalnym i
proaterogennym, takie jak: chemokiny CXCLS8, CXCL2, interleukina 6, selektyna E, receptor
dla lipoprotein o niskiej gestosci, metaloproteinazy z grupy ADAMTS. Najwigksza réznice
posrad nich wykazano dla chemokiny CXCL8 (FC +193), selektyny E (FC +91), interleukiny
6 (FC +49) i metaloproteinazy ADAMTS4 (FC +28). Wsrod gendéw o zmniejszonej ekspresji
zidentyfikowano m.in. geny kodujace biatka sygnatowe, enzymy, mikroRNA czy rdzne typy
kolagenu. Sg wsrod nich molekuly powigzane z niedokrwieniem i remodelingiem mig¢$nia
sercowego, funkcja ptytek krwi 1 mitochondriow (np. miR- 3671, miR- 4524a, multimeryna,
biglikan, TFPI, glukuronidazy, miR- 548, kolagen typu I, III 1 IV).

Dodatkowo wyrézniono grupe tzw. ,,upstream regulators” zwigzanych z genami o
zrdznicowanej ekspresji. Termin ten odnosi si¢ do dowolnej molekuty, ktéra moze wptywac na

ekspresje, transkrypcje czy fosforylacje innej czasteczki. W tej niejednorodnej grupie uwage
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zwracajg m.in. geny kodujace ptytkopochodny czynnik wzrostu (ang. platelet-derived growth
factor, PDGF), biatko grupy 2 o wysokiej mobilno$ci (ang. high mobility group box 2, HMGB?2)
czy ESCIT (ang. evolutionarily conserved signaling intermediate in toll pathway), ktére
literatura wskazuje jako potencjalne czasteczki prozapalne i promiazdzycowe. Co wigcej, uzyte
oprogramowanie Ingenuity Pathway Analysis (IPA) powigzato geny o zréznicowanej ekspresji
w cale sieci powigzan i zalezno$ci, tzw. $ciezki kanoniczne i sieci. Wérod aktywowanych
szlakow znalazta si¢ m.in. ,$ciezka uktadu krzepnigcia” zawierajagca molekuty znane ze
swojego promiazdzycowego i prozapalnego charakteru (inhibitor szlaku czynnika tkankowego,
aktywator plazminogenu, receptor dla urokinazy, trombomodulina).

Podsumowujac, przeprowadzone badanie bylto jednym z pierwszych, ktére wykazato
zmieniong ekspresje nie tylko pojedynczych genow w PCAT, ale catych sieci i $ciezek z nich
stworzonych, dostarczajac kolejnych dowodow na to, ze badana tkanka jest aktywnym Zrédtem
promiazdzycowych molekut mogacych przyspiesza¢ rozwoj choroby wiencowej. Gtéwnym
ograniczeniem badania jest brak walidacji danych za pomoca reakcji tancuchowej polimerazy,
co nie byto mozliwe ze wzgledu na niewystarczajaca ilos¢ materiatu biologicznego pozostatego
po wykonaniu analizy DEGs. Ponadto, poniewaz w grupie badanej znajdowali si¢ pacjenci z
cigzka, objawowa choroba wiencowa, zakwalifikowani do CABG, wynikdw nie mozna
ekstrapolowa¢ na pacjentow z mniej zaawansowang chorobg wiencowa. Co wigcej, na
podstawie powyzszego badania obserwacyjnego trudno jest zidentyfikowac¢ jedng konkretng
Sciezk¢ zwigzang z rozwojem 1 progresja choroby wiencowej. Wreszcie, réznice w ekspresji
gen6w miedzy grupg badang i kontrolng nie dowodza zwiazku przyczynowego miedzy DEGs
w obrgbie PCAT i1 rozwojem miazdzycy tetnic wiencowych. Podsumowujac, profil ekspresji
genow prozapalnych w EAT u pacjentéw z chorobg wiencowa wydaje si¢ mie¢ zwigzek z
rozwojem 1 progresja miazdzycy, jednak powyzsze obserwacje wymagaja walidacji w
kolejnych badaniach.

Trzecig prace, artykut pogladowy, poswigcono podsumowaniu aktualnego stanu wiedzy
na temat udziatu EAT w patogenezie chorob uktadu sercowo-naczyniowego, w tym choroby
wiencowej, niewydolnosci serca i migotania przedsionkdéw. Zwrdocono takze uwage na mozliwy
zwigzek pomigdzy EAT a przebiegiem COVID-19. Na koniec zaprezentowano EAT jako
potencjalny cel terapeutyczny w leczeniu chor6b uktadu sercowo-naczyniowego w przysziosci.

Podsumowujac, cykl prezentowanych prac demonstruje, ze okolosercowa tkanka
tluszczowa jest jednym z najwazniejszych elementow bioracych udzial w patogenezie choréb
uktadu sercowo-naczyniowego, jednak kolejne badania na poziomie molekularnym sa

kluczowe, aby zidentyfikowac¢ konkretne geny i kodowane przez nie biatka, ktoérych modulacja

68



moglaby zmieni¢ niekorzystny fenotyp EAT u pacjentéw z chorobami sercowo-naczyniowymi.
Negatywny wplyw EAT na uktad krazenia moze by¢ ograniczony juz teraz poprzez interwencje
niefarmakologiczne, a dzi¢ki dalszemu rozwojowi badan na poziomie ekspresji genow, istnieje

szansa identyfikacji nowych celow terapeutycznych w obrgbie EAT.
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