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Abstrakt

Pies dostupnou a efektivni terapii hypercholesterolémii a hypertenze je v zdpadnim
svété mortalita v diisledku kardiovaskularnich chorob stdle velice vysoka. Zanétlivé
zmény v arterialni sténé, ale i v tukové tkani hraji zasadni roli v rozvoji aterosklerézy.
Makrofagy se uplatiiuji v procesu aterogeneze jiZ od iniciace rozvoje, kdy jeSté ve formé
monocyti adheruji a migruji do arteridlni stény v disledku aktivace endotelu a
stimulace prozanétlivé pusobicimi latkami. Je zndmo, Ze tukova tkan je vyznamnym
endokrinnim organem a soucasti tukové tkané je velké mnozstvi makrofagli schopnych
produkovat fadu prozanétlivé ptlisobicich cytokinG a prispivat krozvoji mirného
chronického zanétu, zdsadniho v rozvoji aterosklerozy.

Ve vzorcich subkutanni, visceralni a perivaskularni tukové tkané (SAT, VAT, PVAT) od
zdravych subjektd jsme analyzovali makrofagy a jejich polarizaci, genovou expresi
prozanétlivych cytokinti a vliv latek uvolnénych VAT na miru adheze monocytt
k endotelu. V nékterych analyzach doplnili o vzorky SAT, VAT a PVAT od pacientl
s angiologicky potvrzenou chorobou perifernich cév (PAD). Vysledky jsme porovnavali
jednak mezi skupinami zdravych a nemocnych subjektli, mezi jednotlivymi typy tukové
tkané vramci skupin (SAT, VAT, PVAT) a dale jsme analyzovali pripadné vztahy k
rizikovym faktortim kardiovaskuldrnich chorob.

Vzorky tukové tkané skupiny PAD vykazovaly vyznamné vySsi genovou expresi vSech
sledovanych prozanétlivych genii a to nejvice v pripadé VAT. Nicméné v genové expresi
nebyly nalezeny signifikantni rozdily mezi jednotlivymi typy tukové tkané a rozdily
nebyly nalezeny ani ve vztahu krizikovym faktorim kardiovaskuldrnich chorob.
Produkty VAT analyzované prostfednictvim kondicionovanych médii VAT (ATCM
ziskanych inkubaci VAT v kultivacnim médiu in vitro) vyznamné zvysily miru adheze
monocytd k takto ovlivnénému endotelu. Dale jsme prokazali, Ze v tomto procesu z nami
sledovanych cytokini hraji nejzasadnéjsi roli IL-1 a TNF-a. V pripadé ackoli MCP-1 a
RANTES rostla mira adheze monocytt k endotelu s jejich rostouci koncentraci v ATCM,
ale jejich selektivni inhibice nevedla ke sniZzeni miry adheze monocyti k endotelu.
Ovlivnéni endotelidlnich bunék ATCM vedlo k prozanétlivym zménam v genové expresi,
dosSlo k vyznamnému zvySeni exprese adheznich molekul (ICAM-1, VCAM-1) a
Priitokovou cytometrii se ndm podarilo definovat fenotypy polarizovanych makrofaga
v tukové tkani na zakladé povrchovych znaki a vliv jednotlivych rizikovych faktort
makrofagl. Prokazali jsme vztah mezi rostouci koncentraci nonHDL cholesterolu a
proporci prozanétlivé polarizovanych makrofagt, pricemz VAT vykazovala uzsi vztah
nez SAT. Obezita vedla k vysS$i proporci prozanétlivych makrofagli pouze v SAT.
V pripadé VAT bylo zastoupeni prozanétlivych populaci makrofagt zvyseno ve vztahu k
pohlavi (muzi), véku nad 51 let, ale i v disledku hypercholesterolémie. Lécba statiny
naopak vedla ke snizeni zastoupeni prozanétlivych populaci makrofagi ve VAT.
Uzavirame tedy, Ze jsme prokazali vztah proporce prozanétlivych makrofagl v tukové
tkani k hlavnim rizikovym faktortim ateroskleroézy.



Uvod

Ateroskleréza neboli kornaténi cév je chronické zanétlivé onemocnéni charakterizované
ukladanim na lipidy bohatych lipoproteinovych ¢astic do plaku uvnitr cév. Ackoli ke
klinickym priznaklim dochazi az po radé dekad rozvoje aterosklerézy, na zakladé
rizikovych faktord, 1ze do jisté miry predikovat riziko vyskytu akutnich komplikaci,
dolnich koncetin. Tradi¢né jsou sledovany hladiny triglyceridd, nizkodenznich (LDL) a
vysokodenznich (HDL) lipoproteinovych ¢astic véetné jejich poméru, enzymy uplatiujici
se v redistribuci lipidii krevnim fecistém a koncentrace apolipoproteinu A-I,
apolipoproteinu B-100, lipoproteinu(a), hladiny fibrinogenu a fibrinolytické kapacity.
Diabetes, koureni a obezita jsou také povazovany za zasadni rizikové faktory rozvoje
kardiovaskularnich chorob.

Nicméné aterogeneze neni pouze pasivni ukladani lipidovych ¢astic, ale jednd se o
aktivni proces, v némz kromé hyperlipidemie zasadni ulohu hraje chronicky zanét (Khot
et al.,, 2003; Libby, 2012; Ridker, 1999; Ridker et al., 2002; Ross et al., 1977). Makrofagy
jsou pritomny ve vSech fazich vyvoje aterosklerotického plaku od tvorby tzv. fatty
streaks aZz po vysoce kalcifikované léze. Zanétlivé procesy provazi cely proces a

s postupnym rozvojem choroby se jesté stupnuji do podob nekrotickych loZisek.

Jsou to pravé makrofagy, které proces rozvoje aterosklerotickych plakl provazi od
pocatku vyvoje. Nejen Ze propojuji metabolismus lipidi a zanétlivych procesi
probihajicich v 1ézich, ale i samy vyznamnym zptisobem prispivaji k rozvoji chronického
zanétu produkci prozanétlivych medidtori (Duque & Descoteaux, 2014). Makrofagy
tvoii Sirokou $kdlu fenotypl v zavislosti na mikroprostiedi, vnémz dochazi k jejich
makrofagy. Toto oznaceni vychazi ze zjednoduSeného modelu in vitro, kdy stimulace
produkty T-helper 1 bunék (Th1) vede k diferenciaci prozanétlivym smérem na M1
makrofagy s typickou expresi NO syntazy a produkci prozanétlivych cytokini a
stimulace produkty T-helper 2 bunék (Th2) vede ktypicky vysoké expresi naopak
zdUraznit, Ze se jedna o vyrazné zjednoduseni. Zejména tkanové makrofagy exprimuji
znaky, které neodpovidaji ani M1 ani M2 klasifikaci. Ale i v této diserta¢ni praci budou

popisované populace makrofagli vlidské tukové tkani pro zjednodusSeni oznacovany

/////



Makrofagy v cévnich sténach jsou zasadni ve vychytavani LDL castic a jejich nasledném
odstranéni v procesu zvaném reverzni transport cholesterolu. Cim% mohou makrofagy
pusobit i protektivné z hlediska rozvoj ateroskler6zy (Van Eck et al., 2002). Jedna se o
eflux prebytecného celularniho cholesterolu z perifernich tkani prostrednictvim malych
HDL castic do jater, kde je prebyteCny cholesterol preménén na Zlucové kyseliny a
vyloucen z organismu (Rader et al., 2009). Cholesterol je v optimalnim mnoZstvi pro
buniky esencialni, ale jeho nadbytek piisobi cytotoxicky. Dale se makrofagy uplatiiuji pri
eferocytoze, tedy procesu receptorem zprostfedkované fagocytézy umirajicich a
mrtvych bunék a jejich zbytkd. Pravé pri selhdni tohoto mechanismu debris z mrtvych
bunék vede k prohloubeni lokalnich zanétlivych zmén v dasledku tzv. sekundarni
nekrézy (Schrijvers et al, 2005). ZvySena akumulace mrtvych bunék v kombinaci
svysokym uklddanim ptebytecnych lipidd vytvari tzv. nekrotické jadro
v aterosklerotickych placich.

Migrace monocytli do cévni stény probiha kaskadovité. Je iniciovana lokalni aktivaci
endotelu, kdy dochazi ke zvySeni exprese adheznich molekul na povrchu endotelu
vdisledku stimulace prozanétlivymi cytokiny nebo fyzikalniho ptlisobeni toku krve
(Gerhardt & Ley, 2015). Prvotni zachyceni a zpomaleni tzv. rolling monocytu po povrchu
endotelu zajiStuji selektiny, zejména selektin P (SelP) a selektin E (SelE) a jejich
glykoproteinovy ligand selektinu P (Huang et al., 2013; Martins et al., 2007). Exprese
SelP a SelE na povrch endotelidlnich bunék se zvySuje stimulaci prozanétlivymi cytokiny
(Martins, et al., 2007). Nasledné tuto reverzibilni vazbu monocytu k endotelu zesiluji
vazby integrinii a jejich imunoglobulinové ligandy zejména interceluldrni adhezni
molekula 1 (ICAM-1), vaskularni adhezni molekula 1 (VCAM-1) a fibronektin (Imai et al.,
2010; Sen et al,, 2013; Tan et al.,, 2000). Pevné adherovany monocyt migruje pres vrstvu
endotelu bud' paracelularni cestou, tedy mezi buinikami, nebo transcelularni cestou,

primo skrz endotelidlni bunky (Gerhardt, et al., 2015; Mamdouh et al., 2009).

Tukova tkan produkuje endokrinné pisobici molekuly, které se podileji zejména na
rozvoji chorob spojenych metabolismem a s chronickym zanétem (Kershaw & Flier,
2004). Zdrojem téchto bioaktivnich latek jsou nejen plné diferencované adipocyty, ale i
dalSi bunécné typy, které jsou soucasti tukové tkané a tvori tzv. stromovaskularni frakci
(SVF). Mezi né se radi jednak fibroblasty, kmenové burky, preadipocyty a dalsi, ale i

bunky bilé krevni rady jako jsou makrofagy schopné produkovat velké mnozZstvi

.....
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Je tedy znamo, Ze v tukové tkani je vyznamné zastoupeni makrofagt, ale jejich fenotypy
nebyly drive jasné definovany a nebyly zndmé jejich vztahy ke kardiovaskularnim
chorobam. Déle je znamo, Ze tukova tkan produkuje radu bioaktivnich latek, ale nebylo
prokazano, Ze primo tato kombinace latek miiZe sama o sobé aktivovat endotel a tim

adhezi monocytl k endotelu jako inicidlniho kroku extravazace.

Cile Prace

=>» Popsat fenotypy makrofagt v lidské tukové tkani a jejich vztah k rizikim rozvoje

kardiovaskularnich onemocnéni.

=>» Porovnat genovou expresi prozanétlivych cytokinl v jednotlivych depozitech
tukové tkané (SAT, VAT, PVAT) u zivych darci ledvin a dale je porovnat s expresi

u pacientl s prokazanou ateroskler6zou perifernich arterii.

=>» Vkondicionovanych médiich ziskanych inkubaci tukové tkané zméfrit
koncentrace uvolnénych cytokint (ATCM). Zavést a zmérit vliv téchto produkti
tukové tkané na adhezi monocytli k endotelu a stanovit genovou expresi v

ovlivnénych endotelidlnich bunkach.



Material a metodika

Ucastnici studif byli detailné informovani o smyslu, cili a struktufe studie a podepsali
informované souhlasy s Ucasti ve studii. Studie byly schvaleny Etickou komisi Institutu

klinické a experimentalni mediciny a Thomayerovy nemocnice.

Zakladni klinické a laboratorni hodnoty analyzované skupiny LKD byly mirné lepsi ve
srovnani shodnotami primeérné ceské populace hodnocené vramci post-MONICA
(Cifkova et al., 2010). Primérné BMI, koncentrace celkového cholesterolu bylo nizsi u
LKD (konkrétni hodnoty viz jednotlivé publikace). Pocty osob s hypercholesterolémii a
dyslipoproteinémii byly zcela minoritni. V nékterych analyzach byli LKD doplnéni o
skupinu pacienti s potvrzenou chorobou perifernich cév (PAD). Skupina pacient s PAD
vykazovala horsi klinické a laboratorni hodnoty ve srovnani s LKD, ale v primérném

BMI se nelisila.

Koncentrace lipoproteinii

Pied zahdjenim operace byla LKD a pacientim s PAD na la¢no (min 10 hod la¢néni)
odebrana Kkrev. Plasma byla separovana do 30 minut od odbéru. Koncentrace
cholesterolu a triglycerida byly kvantifikovany pfimou metodou - enzymatickym kitem
HDL-C plus 3rd generation (Roche) na Cobas Mira+ autoanalyzatoru (Roche).
Koncentrace non-HDL cholesterolu byla dopoc¢itana jako rozdil celkového cholesterolu a
frakce HDL cholesterolu. Data od LKD a od pacientt s PAD byla analyzovana identickymi

metodami.

Izolace stromovaskularni frakce (SVF) tukové tkané

SAT, VAT a PVAT byla odebrana peroperacné od Zivych darcti ledvin (LKD) béhem
nefrektomie, pripadné vramci rekonstrukce perifernich arterii od pacientl
s angiograficky potvrzenou chorobou perifernich cév (PAD). Vzorky byly odebirany ze
stejnych lokalit u obou skupin. VAT byl odebiran z oblasti vné Gerotovy fascie a PVAT
byl odebiran z oblasti renalni arterie. Po ociSténi od vSech viditelnych zbytkl vazivové
tkané a cév byla tukova tkan nastrihdna na malé kousky (asi 2 mm) a pres filtr byly
vzorky promyty fosfatovym pufrem (PBS bez Ca%* a Mg?*), aby se odstranila rezidua
krve. Ocisténa tkan byla inkubovdna v roztoku kolagenazy (2 mg/ml kolagenazy v
roztoku PBS s pridanym 2% albuminem) a inkubovany ve vodni lazni asi 15 min pfi

37°C. Homogenat byl filtrovdn pifes 50 um filtr a centrifugovan. Takto izolovana



stromovaskuldrni frakce byla analyzovdna pomoci pritokové cytometrie (CyAn;

Beckman Coulter).

Priitokova cytometrie
Pro rozliSeni jednotlivych fenotypli monocytii/makrofagli byly pouzity monoklonalni
protilatky s navazanymi fluorochromy (CD14, Phycoerythrin-Cyanine, CD16,
Phycoerythrin-Texas Red X, CD36, FITC, CD163 Phycoerythrin, PE/Clone RM 3/1). Data
byla hodnocena v softwaru Kaluza (Beckman Coulter). Viabilita analyzovanych bunék
byla hodnocena pomoci 7-AAD (7-Aminoactinomycinu D) a pouze vzorky s viabilitou
nad 75 % byly zatfazeny do analyz. Gate pro rozdéleni CD16+ a CD16- populace byl
vytvoren na zadkladé jasné viditelného prechodu u paralelné méreného vzorku krve

stejného jedince.

Genova exprese v tukové tkani
Pro analyzu genové exprese tukové tkané byly vzorky tukové tkané ihned po odebrani
mrazeny v tekutém dusiku a uchovavany pfti -80°C aZ do analyzy. Z priblizné 200 mg
tukové tkané RNA izolovana pomoci TRIzol Reagent (Molecular Research Centre). V
pripadé ovlivnénych endotelidlnich bunék analyzovanych v posledni diskutované studii
byla RNA izolovana pomoci RNeasy Plus mini kit (Qiagen). Po odstranéni rezidui DNA
pomoci DNase I (Sigma Aldrich), cDNA byla prepsana podle instrukci vyrobce za uZiti
kitu High Capacity RNA-to-cDNA Master Mix kit (Life Technologies). Nasledné byla
mérena mira exprese sledovanych cytokini pomoci Corbett Life Science Rotor Gene

3000 (Qiagen) za pouziti 5x HOT FIREPol® EvaGreen® qPCR Mix Plus (Solise BioDyne).

V tukové tkani byly analyzovany geny TNF-a (tumor necrosis factor a), MCP-1 (CCLZ, C-
C motiv chemokin ligand 2) a IL-6. Beta-2-microglobulin (B2ZM) byl pouzit pro
normalizaci. Mira exprese sledovanych genli byla porovnavana mezi jednotlivymi
depozity tukové tkané (SAT, VAT, PVAT) a zaroveinl mezi zdravymi Zivymi darci ledvin a

pacienty s prokazanou ateroskler6zou perifernich arterii (PAD).

V endotelialnich bunkach byly analyzované nasledujici geny: MCP-1, IL-6, syntaza oxidu
dusnatého 3 (NOS3), transformujici ristovy faktor 3 (TGF-f), SelE, ICAM-1, VCAM-1,.
Glyceraldehyd 3-fosfat dehydrogenaza (GAPDH) bylo pouzito jako endogenni kontrola
pro normalizaci. Relativni genova exprese byla vyhodnocena pomoci metody AACt

(Pfaffl, 2001).



Kondicionovana média

Pro analyzu vlivu produktii tukové tkané na adhezi monocytl k endotelu byla vytvorena
tzv. kondicionovana média, kterymi byly nasledné ovliviiovany endotelidlni bunky v in-
vitro modelu. Thned po odebrani vzorki VAT od LKD byl vzorek v aseptickych
podminkach ocistén od viditelné vazivové tkané, cév a zbytkil krve. Takto oCiSténé a na
malé kousky nastfithané vzorky tkané (2 mm3) byly inkubovany v odpovidajicich
mnozstvich kultivatniho média (1 g VAT respektive SVF izolované z1 g VAT v 1 ml
roztoku EBM-2 Lonza s 0,2 % hovézi sérovy albumin bez mastnych kyselin (Sigma
Aldrich)) po dobu 24 hodin. Kondicionovana média z VAT (ATCM) a ze SVF (SVFCM)

byla pouzita pro analyzu miry adheze monocyti k endotelu.
Méieni adheze monocytii k endotelu

V adheznim modelu byla mira adheze hodnocena na zakladé intenzity fluorescence
adherovanych monocyti THP-1 (ECACC 88081201) kovlivnénym endotelidlnim

bunikdm (primarni linie HUVEC -Human Umbilical Vein Cells, Lonza).

THP-1 bunky byly kultivovany v RPMI-1640 (Biosera) s 10% fetalni bovinni sérum
(FBS) (Gibco™), 2 mM L-glutamin (Sigma Aldrich) a 100 U/ml penicilin-streptomycin
(Biosera). Buiitky HUVEC byly kultivovany v endtelidlnim ristovém médiu-2 BulletKit
(Lonza, CC-3156 & CC-4176).

Plné konfluentni vrstva endotelidlnich bunék byla ovlivnéna ATCM (ptfipadné SVFCM)
v 5% koncentraci v EBM-2 s 2 % FBS v hexaplikatu na 96-jamkovych ¢ernych destickach
s Cirym dnem. TNF-a (10ng/ml, R&D Systems) byl pouzit jako pozitivni kontrola. Po
24hodinach bylo médium odstranéno a pridany THP-1 bunky znacené pomoci calcein-
AM (calcein-acetoxymethyl, Molecular Probes). Po 30 min inkubace byly monocyty
odmyty a na zakladé intenzity fluorescence byla vyhodnocena mira adheze monocytt

k endotelu.
Koncentrace cytokini méienych v kondicionovanych médiich a krevnim séru

Koncentrace cytokint IL-1{3, MCP-1, TNF-a, MCP-1, IL-4, IL-5, IL-10, CXCL5 a RANTES
v kondicionovanych médiich byly méreny pomoci Luminex performance assay (R&D
Systems Inc). Desticky byly ¢teny pomoci Luminex 100 analyzer (PerkinElmer Life Inc.)
a vyhodnoceny pres xPONENT software (Luminex). Mann-Whitney test byl pouZit pro

statistickou analyzu.



Hs-CRP

CRP mérené vysokosenzitivni metodou (hsCRP) byl méfen immunoturbidimetrickou
analyzou (Cobas Mira Plus, Roche).



Vysledky a diskuze

Hlavnim cilem diserta¢ni prace bylo ovérit, zda produkty lidské tukové tkdné mohou
ovlivitiovat pfimo adhezi monocytii k endotelu jakoZto inicidlniho kroku jejich migrace
do cévni stény piipadné dale do mista zanétu a dale popsani polarizovanych fenotypi
makrofagli vlidské tukové tkani a jejich vztahu krizikovym faktorim

kardiovaskularnich chorob.

V analyzach genové exprese prozanétlivych cytokinl (TNF-a, MCP-1, IL-6) v SAT, VAT a
PVAT u LKD a pacientd s PAD jsme prokazali vys$si genové exprese ve skupiné pacientt
s PAD ve srovnani s LKD. Ve VAT byly prokazany signifikantné vyssi genové exprese ve
vSech analyzovanych genech v porovnani pacientti s PAD neZz LKD. Ackoli zmény v SAT
byly stejného sméru, zadny rozdil nedosadhl statistické vyznamnosti. V PVAT
signifikantné vyssi exprese byla naméfena u IL-6, ackoli u zbylych genli primérné
hodnoty pacientd s PAD vyss$i nez LKD, nedosahovaly hranice vyznamnosti. Vztah
genové exprese a rizikovych faktori kardiovaskuldrnich chorob jsme neprokazali.
Predpokladané prozanétlivé zmény ve VAT jsou v souladu i s plasmatickou koncentraci
prozanétlivych markerti - TNF-a a hsCRP. Vysledky potvrdily dtlezitost VAT v rozvoji

aterosklerézy.

Pro ovéreni, zda tukova tkan mize svymi produkty ovlivnit migraci makrofaga
z krevniho obéhu, jsme zavedli adhezni model monocyti kendotelu. Tento model
pouzivd média ziskana inkubaci VAT v kultivacnim médiu in vitro. Plsobeni ATCM
vyznamné zvysilo miru adheze monocytii k endotelu. Mira adheze rostla proporéné ke
koncentraci IL-1B (p<0,0001, r=0,82), TNF-a (p<0,0001, r=0,70), MCP-1 (p<0,0001,
r=0,69), RANTES (CCL2, p<0,01, r=0,54) a piekvapivé i IL-10 (p<0,0001, r=0,67) méiené
v ATCM. CoZ kromé IL-10, je vsouhlasu sjejich proaterogennim a prozanétlivym
charakterem (Ait-Oufella et al., 2011; Henrichot et al., 2005; Lin et al., 2014; Virani et al,,
2011). Jsou v souhlasu s vysledky Henrichotovy starsi prace zamérené na chemotakticky
efekt ATCM, s tim Ze MCP-1 v nasi analyze nevykazovalo tak silny efekt (Henrichot, et al.,
2005). Ale MCP-1 se primarné uplatiiuje v chemotaxi jako takové, kterou analyzoval
Henrichot, nemusi se tedy samostatné aktivovat endotelidlni buriky. Prekvapivé také
monocyti kendotelu. Ackoli vysledky kolegli naznacuji potencidlné i mozny

prozanétlivy vliv IL-10 (Gimeno et al, 2003; Mtairag et al, 2001), stimulace
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endotelidlnich bunék samotnym IL-10 vyznamné neovlivnila miru adheze. MiZeme se

tedy domnivat, Ze se jednalo o synergii s dalsi slozkou ATCM.

Kokultivace s ATCM signifikantné zvySila genovou expresi v endotelidlnich bunkach
adheznich molekul (ICAM-1, VCAM-1), coZ potvrzuje platnost vysledki miry zvySené
adheze monocyti k endotelidlnim bunkdm. Navic doslo ke zvySeni genové exprese
zvySeni exprese prozanétlivym smérem miZe prispivat k polarizaci migrujicich

monocytli/makrofagi prozanétlivym smérem (Luckett-Chastain et al., 2016).

Selektivni inhibice IL-1B a TNF-a v ATCM vedly k vyznamnému sniZeni miry adheze
monocyti Kk endotelu, navic snizily i expresi prozanétlivych cytokini a adheznich
molekul. Selektivni inhibice MCP-1 a RANTES nevedla k vyznamnym rozdiliim oproti
stimulace ATCM. Lze tedy predpokladat, Ze IL-1f3 a TNF-a jsou témi stéZejnimi cytokiny

uvolnovanymi tukovou tkani, které ovliviiuji adhezi monocytt k endotelu.

Analyzovali jsme, zda prevazna cast cytokini v ATCM je produkovana v adipocytech,
nebo SVF. Ukazalo se, Ze prevazna cast téchto molekul je tvoiena adipocyty s vyjimkou
IL-13 a TNF-a produkovanymi buinikami SVF. Je tfeba pripustit moZné zkresleni
v diisledku difuze z tukové tkané do ATCM, zatimco koncentrace cytokinti SVFCM dobte
reflektuji jejich produkci buiikami SVF do média. V souladu s publikovanymi pracemi lze
usuzovat, Ze v ramci bunék obsazenych ve SVF vyznamnou ¢ast této produkce mohou
produkovat pravé makrofagy (Bing, 2015; Sims & Smith, 2010; Vicennati et al., 2002;
Weisberg et al., 2003).

Makrofagy v tukové tkani vykazuji vysokou variabilitu. Na zakladé literatury jsme pro
analyzu makrofagi v lidské tukové tkani vybrali zakladni znaky sledované i na krevnich
monocytech CD14 a CD16 (CD14+16-, CD14+16+) (Ajami & Steinman, 2018; Coen et al.,
2010; Thaler et al, 2016). Tyto zakladni znaky jsme doplnili o CD36, scavengerovy
receptor uplatiiujici se jak v transportu cholesterolu a lipidg, tak i fagocytozy, a dale o
al, 2013). Ukazalo se, Ze CD36 je vysoce exprimovany u Casti prozanétlivych
CD14+CD16+ makrofagl (CD14+CD16+CD36Phigh) a CD163 je vice exprimovany naopak u
protizanétlivych CD14+CD16- makrofagl (CD14+CD16-CD163+). Takto definované
populace makrofagi jsme analyzovali ve vztahu krizikovym faktorim

kardiovaskularnich chorob.
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Piitomnost obezity (BMI = 30 kg/m?2) vedla kvyznamné vys$Simu zastoupeni
prozanétlivych makrofagli (CD14+CD16+, CD14+CD16+CD36hish) pouze v pripadé SAT a
nikoli ve VAT, ackoli je zpravidla pravé VAT spojovana s rozvojem kardiovaskularnich a
metabolickych chorob (Gruzdeva et al., 2018). Je vSak treba pripustit, Ze se nejednalo o
morbidné obézni skupinu, navic vétSina z analyzovanych subjektti byli LKD (n = 16) a
v piipadé pacienti s PAD (n = 11) neni obezita hlavnim rizikovym faktorem rozvoje
choroby. Tyto dvé skupiny se ani vyznamné neliSily v primérnym BMI. Na druhou
stranu v pripadé VAT ostatni sledované rizikové faktory, pohlavi (muz), vék (nad 51 let),

vedly k vyznamnému zvySeni zastoupeni prozanétlivé polarizovanych makrofagu.

Déle jsme zjistili, Ze proporce prozanétlivych makrofagli ve VAT roste s koncentraci
nonHDL cholesterolu v krevni plasmé rostouci zastoupeni prozanétlivych makrofagi a
to i vintervalu fyziologickych hodnot (nonHDL < 4mmol/1). V ptipadé SAT byly tyto
vztahy podobné, ale statisticky méné vyznamné neZ v pripadé VAT. Obdobné v pripadé
Bayesovské analyzy spojeného souboru, kde skupina LKD byla doplnéna o pacienty
s PAD, hypercholesterolémie signifikantné zvysila zastoupeni prozanétlivych makrofaga
(CD14+CD16-CD163+) oproti tzv. nulové populaci bez kardiovaskularnich rizikovych
faktort pouze ve VAT. Prekvapivé l1écba statiny naopak ve VAT signifikantné snizila
pozitivni vliv 1éCby statiny nejen prostiednictvim redukce hladiny lipidd, ale i zdnétu v

téle (Kwon et al,, 2017; Nissen et al., 2005; Park et al., 2008).
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Zavéry

Diky unikdtnimu projektu transplantace ledvin od Zijicich darct (LKD) béZiciho v IKEM
se nam podafilo definovat fenotypy makrofagi vlidské tukové tkani na zakladé
povrchovych znakli mérenych pritokovou cytometrii. U takto definovanych populaci
jsme prokazali vyznamné vazby s rizikovymi faktory kardiovaskularnich chorob. Ukazali
jsme negativni vliv pohlavi, véku, hypercholesterolémie a koncentrace nonHDL
cholesterolu na zvySené zastoupeni prozanétlivych makrofagii ve VAT. Obezita se
vyznamné zvySila proporci prozanétlivych makrofagi pouze v SAT. Analyza genové
exprese ve VAT prokazala vyznamné zvySeni exprese prozanétlivych cytokini u skupiny
pacientli s PAD v porovnani se zdravymi jedinci (LKD). Vysledky méfeni miry adheze
monocytld k endotelu ovlivnénému ATCM potvrzuji, Ze produkty tukové tkané zvysuji
miru adheze a tukova tkan mtize piimo prispivat Kk jejich extravazaci z krevniho obéhu
do arterialni stény. Miru adheze vyznamné ovlivnily IL-1f3, TNF-a, MCP-1, RANTES a

-----

nejvétsi vliv na adhezibilitu monocytd k endotelu byl zjistén u IL-1 s TNF-c.
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Abstract

Despite the availability of effective therapy of hypercholesterolemia and hypertension,
cardiovascular mortality continues to be very high in the Western world. Inflammatory
changes occurring in the arterial wall as well as in the adipose tissue play a major role in
the development of atherosclerosis. Macrophages are involved in the process of
atherogenesis as early as atherosclerosis begins to develop, when, still as monocytes,
they migrate and adhere to the arterial wall as a result of endothelial activation and
stimulation by pro-inflammatory substances. Adipose tissue has long been recognized as
an important endocrine organ, with part of adipose tissue made up by a large amount of
macrophages capable of producing a large number of anti-inflammatory cytokines,
which contribute to the development of mild chronic inflammation essential for the
development of atherosclerosis.

In samples of subcutaneous, visceral and perivascular adipose tissue (SAT, VAT, and
PVAT, respectively) obtained from healthy subjects, we analyzed macrophages and their
polarization, gene expression of pro-inflammatory cytokines and the effect of substances
released by VAT on the level of monocyte adhesion to the endothelium. In some
analyses, we included samples of SAT, VAT and PVAT obtained from patients with
angiography-documented peripheral arterial disease (PAD). Results were compared
both between the groups of healthy and diseased subjects and between individual types
of adipose tissue (SAT, VAT, PVAT); in addition, we sought to analyze their relationship
to cardiovascular risk factors.

Adipose tissue samples of the PAD group exhibited significantly higher gene expression
of all the pro-inflammatory genes assessed, most significantly in VAT; however,
otherwise no significant differences were found between the individual types of adipose
tissue or their relation to cardiovascular risk factors. The products of VAT analyzed
using adipose tissue-conditioned media (ATCM, obtained by incubation of VAT in a
culture medium in vitro) significantly increased the level of monocyte adhesion to the
treated endothelium. Besides, we demonstrated that, among the cytokines studied, the
critical role in the process of atherogenesis is played by IL-1 and TNF-a. While, in the
case of with MCP-1, RANTES and IL-10, the level of adhesion to the endothelium
increased with their increasing concentrations in ATCM, their selective inhibition did
not document any major effect on the monocyte adhesion. Moreover, ATCM was shown
to provoke pro-inflammatory changes in gene expression, as documented by increased
expression of adhesion molecule (ICAM-1, VCAM-1) as well as pro-inflammatory IL-6
genes and decreased expression of the anti-inflammatory TGF-f3 gene.

Using flow cytometry, we were able to define the phenotypes of polarized macrophages
based on the surface markers in adipose tissue and the influence of individual
cardiovascular risk factors on the proportions of polarized pro-inflammatory (M1) and
anti-inflammatory (M2) macrophages. We demonstrated a relationship between
increasing concentrations of non-HDL cholesterol and the proportion of M1 polarized
macrophages, with VAT exhibiting a closer association compared with SAT. Obesity was
associated with a higher proportion of pro-inflammatory macrophages only in SAT.
Regarding VAT, the proportion of pro-inflammatory macrophage populations was
higher in men, in those aged >51 years and, also, in individuals with
hypercholesterolemia. By contrast, statin therapy was associated with a decrease in the
proportion of macrophage populations in VAT. In conclusion, we have demonstrated a
relation between the proportion of pro-inflammatory macrophages in adipose tissue
and the major risk factors of atherosclerosis.
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Introduction

Atherosclerosis, or hardening of the arteries, is a chronic inflammatory disease
characterized by an accumulation of lipid-rich lipoprotein particles to form plaques
within the arteries. Although clinical symptoms do not appear until after several decades
of atherosclerosis developing, one may predict based on the presence of risk factors, the
risk of acute complications, the most frequent of which include myocardial infarction,
stroke and peripheral artery disease (PAD). The parameters traditionally assessed
include levels of triglycerides, low-density (LDL) and high-density lipoproteins (HDL)
cholesterol including the ratio thereof, enzymes involved in lipid distribution within the
vascular bed as well as concentrations of apolipoprotein A-I, apolipoprotein B-100,
lipoprotein(a), fibrinogen levels and fibrinolytic capacity, with the other major
cardiovascular risk factors including diabetes, smoking and obesity are also considered
major cardiovascular risk factors.

Atherosclerosis is not only a passive accumulation of lipid particles, it is an active
process with a crucial role played also by chronic inflammation, in addition to
hyperlipidemia (Khot, et al., 2003; Libby, 2012; Ridker, 1999; Ridker, et al., 2002; Ross,
et al, 1977). Macrophages are present in all phases of development of the
atherosclerotic plaque from the formation of so-called fatty streaks up to highly calcified
lesions. In fact, inflammatory processes accompany the entire process and, as the
disease progresses, they lead up to the formation of necrotic lesions.

It is just the macrophages which accompany the process of atherosclerotic plaque
formation since its very inception. Not only they link lipid metabolism and the
inflammatory processes occurring in the lesions, they themselves significantly
contribute to the development of chronic inflammation through the production of pro-
inflammatory mediators (Duque, et al., 2014). Depending on the microenvironment
where their differentiation occurs takes place, macrophages form a large range of
phenotypes. They are traditionally divided into pro-inflammatory and anti-
inflammatory macrophages (M1 and M2 macrophages, respectively). The classification
is based on a simplified in vitro model whereby stimulation by T-helper 1 cell (Th1)
products leads to differentiation to pro-inflammatory M1 macrophages with typical
nitric oxide (NO) synthase expression and production of pro-inflammatory cytokines
while stimulation by T-helper 2 cell (Th2) products entails typically high expression of

arginase and, rather, anti-inflammatory cytokines (Lu, et al., 2013; Mills, et al., 2000). It
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should be emphasized that the above is a huge oversimplification. In particular, tissue
macrophages express markers not consistent with the M1 or M2 classification; however,
for the sake of simplicity, the populations of macrophages in human adipose tissue
described in this doctoral thesis are referred to pro-inflammatory and anti-

inflammatory ones.

The macrophages present in the arterial wall are essential for the uptake of LDL
particles and their subsequent removal in a process called reverse cholesterol transport
whereby the macrophages may also have a protective effect (Van Eck, et al., 2002). The
process involves the efflux of excess cellular cholesterol from peripheral tissue to the
liver via small HDL particles where excess cholesterol is converted into bile acids to be
eliminated from the body (Rader, et al., 2009). While optimal amounts of cholesterol are
essential for the cell, its excess has a cytotoxic effect. Furthermore, macrophages are
involved in efferocytosis, i.e., the process of receptor-mediated phagocytosis of dying
and dead cell and their residues. Should this mechanism fail, the debris of dead cells
exacerbates local inflammation as a result of what is referred to as secondary necrosis
(Schrijvers, et al., 2005). Increased accumulation of dead cells, combined with a massive
buildup of excess lipids, resulting in the formation of the so-called necrotic core of the

atherosclerotic plaque.

Monocyte migration to the vessel wall proceeds in a cascade-like manner. It is initiated
by local endothelial activation associated with enhanced adhesion molecule expression
on the endothelial surface stimulated by pro-inflammatory cytokines or shear stress of
the bloodstream (Gerhardst, et al., 2015). The primary tethering and slowing down are
called monocyte rolling. The monocytes on the endothelial surface are attached by
selectins bindings, in particular, selectin P (SelP) and selectin E (SelE) and their
glycoprotein selectin P ligand (Huang, et al., 2013; Martins, et al., 2007). The expression
of SelP and SelE on the endothelial cell surface is enhanced by the stimulation of pro-
inflammatory cytokines (Martins, et al., 2007). This reversible attachment of the
monocyte to endothelial cells is subsequently strengthened by bonds of integrins and
their immunoglobulin ligands, in particular, intercellular adhesion molecule 1 (ICAM-1),
vascular adhesion molecule 1 (VCAM 1) and fibronectin (Imai, et al., 2010; Sen, et al,,
2013; Tan, et al., 2000). The strongly adhering monocyte then migrates across the

endothelial layer either via the paracellular pathway, i.e., between the cells, or via the
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transcellular pathway, i.e., directly across the endothelial cell (Gerhardt, et al., 2015;
Mamdouh, et al., 2009).

Adipose tissue produces molecules with endocrine action which are involved in the
development of diseases related to metabolism and chronic inflammation (Kershaw, et
al, 2004). Not only fully differentiated adipocytes are the source of these bioactive
substances but, also, other types of cells making up adipose tissue and creating so-called
stromal vascular fraction (SVF). SVF includes, among others, fibroblasts, stem cells, pre-
adipocytes, and other cells as well as white blood cells such as macrophages capable of
producing large amounts of pro-inflammatory and anti-inflammatory cytokines
depending on their polarization.

To summarize, while adipose tissue is known to contain a large proportion of
macrophages, their phenotypes have not been clearly defined nor have their
associations with cardiovascular disease been investigated in detail to date. Besides,
adipose tissue has been shown to produce a number of bioactive substances, yet further
research is warranted to determine whether this combination per se could directly
activate the endothelium and, in turn, monocyte adhesion to the endothelium as the

initial step in extravasation.

Aims of the study

= To describe the phenotypes of macrophages in human adipose tissue and their
relationship to the risk of developing cardiovascular disease.

= To compare the gene expression of pro-inflammatory cytokines in individual
depots of adipose tissue (subcutaneous, SAT; visceral, VAT; and perivascular
adipose tissue, PVAT) in living kidney donors (LKDs) and, further, to compare
this gene expression with that in patients with established atherosclerosis of the
peripheral artery disease (PAD).

= To determine the concentrations of cytokines released from the whole of VAT
into adipose tissue conditioned media (ATCM). To assess, using ATCM, the effect
of adipose tissue released products on monocyte adhesion to the endothelium
and to measure changes in gene expression of adhesion molecules and cytokines

in ATCM-treated endothelial cells.
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Material and methodology

Study participants were informed in detail about the purpose, goals and structure of the
study and signed informed consent with their participation. The studies were approved
by the joint Ethics Committee of the Institute for Clinical and Experimental Medicine and
Thomayer Hospital.

The values of the basal clinical and laboratory characteristics of LKDs were slightly more
favorable than those of the randomized population sample reported in the post-MONICA
study (Cifkova, et al., 2010). The average values of BMI and total cholesterol were lower
in LKDs (for specific values, see relevant publications). The numbers of study
participants with hypercholesterolemia and dyslipoproteinemia were negligible. In
some of the analyses, the group of LKDs was complemented with patients with
established peripheral artery disease (PAD). The group of PAD patients, while having
clinical and laboratory values less favorable compared with LKDs, did not differ in

average BMIL

Lipoprotein concentrations
Prior to surgery, LKDs and PAD patients had fasting blood samples drawn (after at least
10-hour fasting), with plasma separated within 30 minutes of collection. Cholesterol and
triglyceride levels were determined by a direct method using an HDL-C plus 3rd
generation enzymatic kit (Roche) and a Cobas Mira+ autoanalyzer (Roche). Non-HDL
cholesterol levels were calculated as the difference between total cholesterol and the
HDL-cholesterol fraction. Data from LKDs and PAD patients were analyzed using

identical methods.

Isolation of adipose tissue stromal vascular fraction (SVF)
Samples of SAT, VAT and PVAT were obtained intraoperatively from living kidney
donors during nephrectomy, and during peripheral artery reconstruction performed in
patients with angiography-documented peripheral artery disease (PAD). The samples
were obtained from the same sites in either group. VAT samples were obtained from the
area outside Gerota’s fascia, with PVAT samples retrieved from the area surrounding a
renal artery. Once cleansed of all visible residues of fibrous tissue and vessels, adipose
tissue was cut into small pieces (approx. 2 mm) and the samples were filtered and

washed with phosphate-buffered solution (calcium- and magnesium-free PBS) to
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remove residual blood. Cleansed tissue was incubated in a collagenase solution (2
mg/ml collagenase in PBS with 2% albumin added) and incubated in a water bath for
approx. 15 mins at 37°C. The homogenate was subsequently filtered using a 50 um filter
and centrifuged. The stromal vascular fraction isolated in this fashion was analyzed by

flow cytometry (CyAn; Beckman Coulter).

Flow cytometry
To distinguish individual phenotypes of monocytes/macrophages, monoclonal
antibodies with attached fluorochromes were used (CD14, Phycoerythrin-Cyanine,
CD16, Phycoerythrin-Texas Red X, CD36, FITC, CD163 Phycoerythrin, PE/Clone RM 3/1).
Data were analyzed using Kaluza software (Beckman Coulter). Viability of the analyzed
cells was assessed using 7-AAD (7-aminoactinomycin D), with only samples with
viability over 75% were included in analyses. The gate for dividing the CD16+ and CD16-
populations was defined as clearly visible transition zone in blood samples obtained in

parallel from the same individual.

Gene expression in adipose tissue

For analysis of adipose tissue gene expression, adipose tissue samples were frozen
immediately after collection in liquid nitrogen at —80°C until analysis. RNA from an
approx. 200 mg of adipose tissue was isolated using TRIzol Reagent (Molecular Research
Centre). Regarding the treated endothelial cells analyzed study, RNA was isolated using
an RNeasy Plus mini kit (Qiagen). Upon removal of residual DNA with DNase I (Sigma
Aldrich), cDNA was transcribed according to manufacturer’s instructions using a High
Capacity RNA-to-cDNA Master Mix kit (Life Technologies), with the rate of expression of
the studied cytokines subsequently determined by means of using Corbett Life Science
Rotor Gene 3000 (Qiagen) and 5x HOT FIREPol® EvaGreen® qPCR Mix Plus (Solise
BioDyne).

The genes analyzed in adipose tissue included those for TNF-a (tumor necrosis factor a),
MCP-1 (CCL2, C-C motif chemokine ligand 2) and IL-6, with beta-2-microglobulin (B2M)
used as housekeeper. The rate of expression of the genes studied was compared among
the individual adipose tissue depots (SAT, VAT, PVAT) and, at the same time, between
LKDs and patients with established peripheral arterial disease (PAD).
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Analysis of gene expression in endothelial cells was analyzing the following genes MCP-
1, IL-6, nitric oxide synthase 3 (NOS3), transforming growth factor  (TGF-f), SelE,
ICAM-1, VCAM-1, with glyceraldehyde 3-phopsphate dehydrogenase (GAPDH) used as
housekeeper. Relative gene expression was assessed using the AACt method (Pfaffl,

2001) adjusted for negative control (not stimulated cells).

Conditioned media

For analysis of the influence of adipose tissue products on monocyte adhesion to the
endothelium, so called conditioned media were prepared to subsequently treat
endothelial cells in an in vitro model. Samples of VAT obtained from LKDs were cleansed,
under aseptic conditions, to remove all visible fibrous tissue, vessels and residual blood.
Next, the cleansed adipose tissue samples cut into small pieces (2 mm3) were incubated
in corresponding amounts of culture media (1 g VAT, or more accurately SVF isolated
from 1 g of VAT in 1 ml EBM-2 Lonza solution with 0.2% fatty acid-free bovine serum
albumin (Sigma Aldrich)) for 24 hours. Conditioned media from VAT (ATCM) were used

for adhesiveness analysis.

The collected conditioned media (ATCM and SVFCM) were stored at —80°C until further

analyses.

Measurement of monocyte adhesion to the endothelium

In our adhesion model, the rate of adhesion was assessed based on the intensity of
fluorescence of THP-1 monocytes (ECACC 88081201) adhered to treated endothelial
cells (primary HUVEC [Human Umbilical Vein Cells] line, Lonza, lot. 369948).

The THP-1 cells were cultured in RPMI-1640 (Biosera) with 10% fetal bovine serum
(FBS) (Gibco™), 2 mM L-glutamine (Sigma Aldrich) and 100 U/ml penicillin-
streptomycin (Biosera). HUVEC cells were cultured in an endothelial cell grow medium-
2 BulletKit (Lonza, CC-3156 & CC-4176).

A fully confluent layer of endothelial cells was treated with 5% ATCM (or, alternatively,
SVFCM) in EBM-2 with 2% FBS in hexaplicate in 96-well black plates with clear bottom,
with TNF-a (10 ng/ml, R&D Systems) used as positive control. After 24 hours, the
medium was collected and calcein-AM (calcein-acetoxymethyl, Molecular Probes)-

labeled THP-1 cells added. Following 30-min incubation, monocytes were washed away
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to assess the level of monocyte adhesion to endothelial cells based on fluorescence

intensity.

Cytokine concentrations measured in conditioned media and blood serum
Concentrations of cytokines IL-113, MCP-1, TNF-a, MCP-1, IL-4, IL-5, IL-10, CXCL5 and
RANTES in conditioned media were measured using Luminex performance assay (R&D
Systems, Inc.). Plates were read using a Luminex 100 analyzer (PerkinElmer Life, Inc.)
and analyzed using xXPONENT software (Luminex). Statistical analysis was performed

with the Mann-Whitney test.

Hs-CRP
High-sensitivity CRP (hsCRP) was determined by immunoturbidimetry (Cobas Mira
Plus, Roche).
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Results and discussion

The main goals of the present doctoral thesis were to verify whether human adipose
tissue products can directly affect monocyte adhesion to the endothelial cells as the
initial step in their migration to the vessel and/or farther to the site of inflammation, and
to describe polarized macrophage phenotypes in human adipose tissue and their
relationship to cardiovascular risk factors.

In our analyses of the gene expression of pro-inflammatory cytokines (TNF-o, MCP-1, IL-
6) in SAT, VAT and PVAT both in LKDs and PAD patients, we documented higher rates of
gene expression in the group of patients with PAD compared with LKDs. In VAT, the
rates of gene expression were shown to be significantly higher in all genes analyzed in
PAD patients compared with LKDs. While the changes occurring in SAT showed the
same trend, no difference reached statistical significance. In PVAT, significantly higher
rates of gene expression were observed with IL-6 and, although, in the remaining genes,
the average values in PAD patients higher than those in LKDs, they did not reach limits
of significance. No association between gene expression and cardiovascular risk factors
was found. The presumably pro-inflammatory changes in VAT are also consistent with
the plasma levels of pro-inflammatory markers, i.e., TNF-a and hsCRP. Our results thus
support the important role of VAT in the development of atherosclerosis.

To determine whether or not adipose tissue can affect macrophage migration from the
circulation, we developed a model of monocyte adhesion to the endothelium. The model
uses media obtained by VAT incubation in a culture medium in vitro. ATCM significantly
increased the level of monocyte adhesion to endothelial cells. The level of adhesion
increased proportionately to the concentrations of IL-13 (p<0.0001, r=0.82), TNF-a
(p<0.0001, r=0.70), MCP-1 (p<0.0001, r=0.69), RANTES (CCL2, p<0.01, r=0.54) and,
quite surprisingly, also IL-10 (p<0.0001, r=0.67) as measured in ATCM. The finding is
consistent with their pro-atherogenic and pro-inflammatory effect, with the exception of
IL-10(Ait-Oufella, et al,, 2011; Henrichot, et al., 2005; Lin, et al, 2014; Virani, et al,,
2011). Likewise, our data are consistent with those reported in an earlier Henrichot’s
study focused on the chemotactic effect of ATCM (except for MCP-1, not shown to have
such a strong effect in our analysis) (Henrichot, et al., 2005). However, given the fact
that MCP-1 is primarily involved in chemotaxis as such - as proposed by Henrichot - it
may not necessarily activate endothelial cells. Quite surprisingly, increasing

concentrations of anti-inflammatory IL-10 in ATCM were significantly associated with
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increasing levels of monocyte adhesion to endothelial cells. While data reported by other
authors (Gimeno, et al.,, 2003; Mtairag, et al., 2001) suggest a possible pro-inflammatory
effect of IL-10, stimulation of endothelial cells by IL-10 alone had no significant effect on
the rate of adhesion, with the implication being synergy with another component of
ATCM was at play.

Co-culture with ATCM was significantly associated with enhanced gene expression in
endothelial cells of adhesion molecules (ICAM-1, VCAM-1) thus supporting the validity
of our results of increased rate of monocyte adhesion to endothelial cells. Furthermore,
there was an increase in the gene expression of pro-inflammatory IL-6 and, conversely, a
decrease in the gene expression of anti-inflammatory TGF-B. A local increase in
expression toward pro-inflammatory activity may contribute to polarization of
migrating monocytes/macrophages towards pro-inflammatory action (Luckett-
Chastain, et al., 2016).

Unlike inhibition of MCP-1 and RANTES, selective inhibition of IL-1 and TNF-a in ATCM
resulted in a significant decrease in the rate of monocyte adhesion to the endothelium as
well as a decrease in the expression of pro-inflammatory cytokines and adhesion
molecules. It is thus presumably the two cytokines (IL-1f3 and TNF-«) which are the
main cytokines released by adipose tissue and affecting most monocyte adhesion to
endothelial cells.

We were also interested to see whether the predominant amount of cytokines in ATCM
is produced by adipocytes or by SVF. Higher concentrations of MCP-1, RANTES, IL-6 and
IL-10 were measured in ATCM compared to SVFCM, on contrary concentrations of IL-1f3
and TNF-a were the same of slightly higher in the SVFCM compared to ATCM. Our data
clearly show that MCP-1, RANTES, IL-6 and IL-10 are formed predominantly in
adipocytes. On the other hand IL-1 and TNF-a are produced by cells of SVF. Possibility
of cytokine diffusion from adipose tissue to ATCM must be considered, whereas
cytokines measured in SVFCM mirror their production by SVF cells into the medium.
Consistent with previous reports, one may assume that it is just macrophages that may
be the source of a significant proportion of this production by cells comprising SVF
(Bing, 2015; Sims, et al., 2010; Vicennati, et al., 2002; Weisberg, et al., 2003).

Adipose tissue macrophages exhibit high variability. Based on a literature search, we
selected for analysis of macrophages in human adipose tissue the basic markers

assessed also in the monocytes CD14 and CD16 (CD14+16-, CD14+16+) (Ajami, et al,,
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2018; Coen, et al,, 2010; Thaler, et al., 2016). These basic markers were complemented
by CD36, a scavenger receptor involved both in cholesterol and lipid transport and
phagocytosis, and by CD163, generally considered a marker of M2 polarized
macrophages (Barros, et al, 2013). It turned out that CD36 is highly expressed in a
proportion of pro-inflammatory CD14+CD16+ macrophages (CD14+CD16+CD36high)
and, conversely, CD163 is highly expressed in anti-inflammatory CD14+CD16-
macrophages (CD14+CD16-CD163+). The populations of macrophages defined in this
manner were subsequently analyzed in relation to cardiovascular risk factors.

In our subjects, obesity (BMI = 30 kg/m?2) was associated with a significantly higher
proportion of pro-inflammatory macrophages (CD14+CD16+, CD14+CD16+CD36hish)
only in SAT, but not in VAT, although it is just VAT which has been implicated in the
development of cardiovascular and metabolic disease (Gruzdeva, et al., 2018).
Admittedly, our study participants were not morbidly obese, in addition most of the
obese subjects were LKDs (n = 16) while, in PAD patients (n = 11) obesity is the not the
main risk factor for the development of PAD. Moreover, the two groups did not even
differ in their average BMI. On the other hand, in the case of VAT, the other risk factors
assessed, i.e., male sex and age (over 51 years) were associated with a significant
increase in the proportion of pro-inflammatory polarized macrophages.

Another observation made in our study was that the proportion of pro-inflammatory
macrophages in VAT increases with increasing plasma concentrations of nonHDL
cholesterol, yet within physiological values (nonHDL < 4 mmol/1). A similar correlation
was seen in SAT, yet statistically less significant compared with VAT. Similarly, in
Bayesian analysis, where the group of LKDs was complemented with PAD patients,
hypercholesterolemia significantly increased the proportion of pro-inflammatory
macrophages while decreasing the proportion of the population of M2 polarized
macrophages (CD14+CD16-CD163+) versus the so-called zero population, i.e., one
without any cardiovascular risk factors. While, surprisingly, statin therapy in VAT
significantly decreased the proportion of M2 polarized macrophages. Even earlier
reports confirmed the beneficial effect of statin therapy not only due to reduction of
lipid levels but, also inflammation in the body (Kwon, et al., 2017; Nissen, et al., 2005;
Park, et al., 2008).
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Conclusion

Thanks to the unique project of kidney transplantation using organs from living kidney
donors (LKDs) currently ongoing at IKEM, we were able to define phenotypes of
macrophages in human adipose tissue based on surface markers measured by flow
cytometry. In the defined populations, we have documented significant associations
with cardiovascular risk factors. We have demonstrated the adverse effects of sex, age,
hypercholesterolemia and non-HDL cholesterol concentrations on increased
proportions of pro-inflammatory macrophages in VAT. Obesity significantly increased
the proportion of pro-inflammatory macrophages only in SAT. Analysis of gene
expression in VAT showed a significant increase in the expression of pro-inflammatory
cytokines in PAD patients compared with healthy individuals (LKDs). Our data on the
rate of monocyte adhesion to the ATCM-treated endothelium show that adipose tissue
products increase the level of adhesion and that adipose tissue may directly contribute
to their extravasation from the circulation to the arterial wall. The level of adhesion was
significantly affected by IL-13, TNF-a, MCP-1, RANTES and, surprisingly, also by IL-10
(given its presumably anti-inflammatory action). Our measurements using selective
inhibitors suggest that the strongest effect on the level of monocyte adhesion to the

endothelium is exerted by IL-18 and TNF-a.
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