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Abstract: The endothelium is a monolayer of cells lining the inner of blood and lymphatic vessels. 
Endothelial cells (ECs) release subtracts that prevent platelet and leukocyte adhesion and aggrega-
tion and modulate blood flow, which is essential for the normal function of the vascular system. ECs 
play indispensable roles in angiogenesis, homeostasis, stimulus or immune response under normal 
physiological conditions and its dysfunction is closely associated with pathologies such as cancer, 
diabetes, and pulmonary hypertension. Abnormal EC metabolism, especially fatty acid dysfunc-
tional metabolism, contributes to the leading causes of pulmonary diseases. Expanding the 
knowledge of ECs’ dysfunctional metabolism in disease could pave a new way for new therapeutic 
approaches. In this review, we focus on discussing the latest advances in EC fatty acid metabolism 
in health and disease, with emphasis on its roles in the pathology of pulmonary hypertension (PH). 

Keywords: endothelium; vascular biology; lipid; metabolism 
 

1. Role of Endothelial cell in angiogenesis, homeostasis, stimulus/immune response 
ECs lining the inner blood and lymphatic vessels are essential for the vascular sys-

tem[1, 2]. In adults, ECs remain quiescent for years but still retain the capacity to switch 
rapidly from quiescent cells to activated sprout cells to initiate new vessel formation(an-
giogenesis) under certain conditions such as inflammation or injury[3, 4]. This tightly reg-
ulated process starts with the migratory tip cells and is followed by proliferating stalk 
cells until new vessel sprouts are created.  The quiescent phalanx cells stimulated by an-
giogenic signals like vascular endothelial growth factor (VEGF), then proceed to line the 
established vessels to form the matured blood vessels[5]. 

Given that ECs occupy an important location between circulating blood and tissues, 
which enables ECs quick response to the changes in the environment via releasing a host 
of biologically active substances including relaxing factors [PGI2, EDRF(NO), and EDHF] 
and contracting factors (arachidonic acid metabolites, endothelin-1 and angiotensin II)[6]. 
These endothelium-derived factors are maintained in a balance to control blood flow and 
pressure and maintain the antithrombotic and anticoagulant balance in the bloodstream, 
which is extremely important for homeostasis[6, 7]. 

Under hormonal and chemical signal stimulation, ECs produce mediators such as 
nitric oxide synthase (NOS) and phospholipase A2 to modulate the responses of numer-
ous cells, including vascular smooth muscle, platelets, and leukocytes[8, 9]. For instance, 
nitric oxide (NO) synthesized from endothelial NOS (eNOS), directly regulate the blood 
vessel dilation by stimulating soluble guanylyl cyclase, leading to an increase in cyclic 
guanosine monophosphate (cGMP) and subsequent relaxation of vascular smooth mus-
cle, plays essential roles in maintaining vascular homeostasis[8, 10, 11]. 
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ECs act as a natural barrier inside blood vessels, are the first to recognize microbial 
components in the circulation, which indicates that ECs’ recognition and response may be 
essential to early innate immune system activation. In addition, ECs express several innate 
immune receptors including the toll-like receptor (TLR), NOD-like receptors (NLR), and 
chemokine receptors[12]. For instance, in response to microbial stimulation, ECs could 
secrete pro-inflammatory cytokine interleukin-8 (IL-8) via NOD1-dependent signal-
ing[13]. Moreover, ECs stimulated with Muramyl dipeptide could increase IL-6 secretion, 
which is required for CD4+ T helper cell-17 (Th17) polarization[14]. 

2. Endothelial Cell Metabolism 
EC metabolism is confined to glucose, fatty acids (FAs) and amino acids (AAs), the 

three major substrates for energy and biomass production in ECs, which have been exten-
sively studied and summarized [15-17]. The following sections will discuss ATP sources 
in ECs’ metabolic routine including proliferation, migration, and differentiation. 

3. Glucose and Amino Acid Metabolism 
Glycolysis is the main energy resource in cultured ECs, with higher rates of glycolysis 

and glucose consumption, which is also presented in many types of cancer cells[18]. ECs 
prefer to utilize glycolysis instead of oxidative metabolism, that is because the ECs need 
to maintain reactive oxygen species (ROS) levels in control[19] and enhance the diffusion 
of oxygen to perivascular cells[19, 20]. Additional reasons are glycolysis produces faster 
kinetic ATP under pro-angiogenic signals during angiogenesis [18], which is essential for 
ECs’ rapid proliferation and migration[18, 21]. In addition to glucose-derived carbons, 
ECs also utilize glutamine to sustain proliferation and vascular expansion[22, 23]. Gluta-
mine, the most abundant circulating nonessential amino acid (NEAA) can supply 30% of 
the tricarboxylic acid (TCA) carbons, comparable to glycolysis and fatty acid oxidation 
(FAO)-derived carbon[24, 25]. Depletion of either glutamine or arginine makes ECs vul-
nerable to ROS-induced damage during proliferation and migration, which is due to the 
endothelial eNOS dysfunction [23, 26]. 

4. Fatty acids (FAs) Metabolism 
However, lipid uptake and metabolism are central to the function of organs such as 

heart, skeletal muscle, and adipose tissue, which differ from that of many other cell 
types[15]. This process requires passive diffusion from the blood or transport of FA into 
the cell for FAO[27]. ECs metabolize FAs to acetyl-coenzyme A (acetyl-CoA) to sustain 
the TCA cycle, which facilitates deoxy nucleotide triphosphate (dNTP) synthesis for EC 
proliferation[25, 28]. Endothelial-specific deficiency or silencing of carnitine palmitoyl 
transferase 1-A (CPT1A), the rate-limiting enzyme in FAO, causes vascular sprouting de-
fects in vivo and in vitro owing to a reduction in proliferation, but not migration[29]. Fur-
thermore, during lymphatic EC (LEC) differentiation, LECs upregulate CPT1A to support 
their proliferation, but also to promote their differentiation through acetyl-CoA produc-
tion[30]. 

5. Fatty acid uptake and transport protein 
Lipid uptake and metabolism are central to the function of organs such as heart, skel-

etal muscle, and adipose tissue, especial brown adipose tissue (BAT)[31]. These organs 
rely on FAs as their main source for energy production and therefore require an efficient 
supply system of FAs[25]. Uptake and activation of FA, like long-chain FAs (LCFAs) is 
integral to many cellular processes, including membrane synthesis, intracellular signal 
transduction, energy metabolism, posttranslational modifications, and transcriptional 
regulation of metabolic genes[32]. 

In mammals, lipids circulate in the blood as nonesterified free fatty acids (NEFAs), 
including medium-chain (with 6–12 carbons) and short-chain FAs (with 6 carbons), but 
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mostly (≈90%) as esterified FA, including (LCFAs; FAs with 12–20 carbons). The LCFAs 
are transported in the bloodstream in the form of triglyceride (TG)-rich lipoproteins, phos-
pholipids, and cholesteryl esters in lipoproteins[33], while uptake LCFAs requires transfer 
from the circulation across the EC barrier, a process coordinated by several membrane 
proteins including fatty acid translocase (FAT)/CD36[34-36], fatty acid binding proteins 
(FABPs)[37-42], long-chain fatty acylcoenzyme A (CoA) synthetase (ACSL)[43], and fatty 
acid transport proteins (FATPs)[44-46]. The major fatty acid transporter includes CD36, 
FABPs and FATPs, which will be summarized in the following sections. 

6. CD36 
CD36, also named fatty acid translocase (FAT), is the best characterized FA trans-

porter that belongs to the CD36 class B scavenger receptor family including SR-B1, a lipo-
protein binding receptor and the LIMP2 (lysosomal integral membrane protein 2)[47]. 
CD36 shares similar expression pattern as Fatp1 and Fatp4 by platelets, monocytes, ECs, 
and parenchymal cells in WAT, BAT, heart muscle, and skeletal muscle[48, 49]. Besides 
its important biological roles in binding LCFAs and facilitating their uptake into cells [35, 
36, 50, 51], it also recognizes lipoproteins, bacterial lipids, and nonlipid ligands (eg,throm-
bospondin-1)[49, 52].  

CD36 plays an important role in facilitating FA import into cells and is involved in a 
variety of cell signaling processes including Notch signaling [53-58], but the biological role 
of CD36 in the endothelium is still not fully understood. In EC, CD36 plays role in FA 
delivery via optimizing radiolabeled long-chain FAs into the heart, skeletal muscle, and 
brown adipose tissue [59]and mediating albumin transcytosis[60]. ECs utilize FAs in a 
CD36-dependent manner to promote their migration and invasion for new vessel for-
mation following vascular injury [61]. In addition, extracellular vesicles (EV) inhibit angi-
ogenic microvascular endothelial cell (MVEC) functions also via CD36-dependent Signal-
ing Pathway[62]. It has also been reported that EC-specific knockout of CD36 in mice had 
increased glucose clearance compared with controls when fed with multiple diets and 
Female EC CD36/LDLR-deficient mice have reduced atherosclerosis[63]. Moreover, CD36 
silencing in cultured LECs could suppress cell respiration, via reducing VEGF-C-medi-
ated VEGFR2/AKT phosphorylation and destabilizing VE-cadherin junctions, which 
highlights a new mechanism for the etiology of visceral obesity and insulin resistance[64]. 
Beside the important role of CD36 in FA uptake and FAO in ECs[65], CD36-dependent FA 
uptake is also required for Megakaryocyte (MK) maturation and proplatelet for-
mation[66], differentiation and activation of Tumor-Associated Macrophages[67], metas-
tasis and resistance in cancer[56, 68], regulation of inflammation in non-alcoholic steato-
hepatitis(NASH)[69]. A summary of additional functions of CD36 can be found in the 
cited review[70]. 

It was reported that CD36 can be upregulated by the transcription factor peroxisome-
proliferator activated receptor gamma (PPARγ)[71-73] and is strongly induced by cold 
exposure in the BAT and, together with LPL, mediated increased cellular TG accumula-
tion to sustain thermogenesis[74]. In additional, DHHC4 and DHHC5 could pal-
mitoylated CD36 for its plasma membrane localization and FA uptake activity, deficiency 
in DHHC4 or DHHC5 leads to decreased FA uptake and increased susceptibility to 
cold[57].  

7. The FABPs 
The FABPs are a family consist by at least 13 members that act as intracellular FA 

handling proteins[75]. They exhibit unique patterns of tissue expression[76], with a direct 
positive correlation to the lipid metabolizing capacity of the tissue. FABPs actively facili-
tate the transport of FAs to specific organelles in the cell for lipid oxidation in the mito-
chondrion or peroxisome, transcriptional regulation in the nucleus, signaling, trafficking 
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and membrane synthesis in the endoplasmic reticulum (ER), and regulation of enzyme 
activity and storage as lipid droplets in the cytoplasm[77]. 

Among the FABPs, FABP4 ,also known as A-FABP and aP2, is predominantly ex-
pressed in microvascular ECs in several physiological and pathological tissues[40, 78-80], 
playing a pro-angiogenic role by promoting EC proliferation, survival, and migration[40, 
79, 81]. In additional, Fabp4 is also expressed in adipocytes, macrophages, cardiac and 
renal capillaries and veins in both humans and mice[40, 78]. Fabp5, also known as E-FABP 
and mal1[82-84], is expressed in the endothelium of placenta, heart, skeletal muscle, small 
intestine, lung, and renal medulla, in the epidermis of lung, as well as by tissue cells of 
several organs such as heart, skeletal muscle, and lung[38, 39]. In contrast to the cytosolic 
FABPs, the PM-associated FABP (FABPPM) belongs to a separate family of FA handling 
proteins[42], which is larger (~40 kDa) than the small cytosolic FABPs. FABPPM is associ-
ated with biological membranes found both in mitochondria and on the extracellular side 
of cardiomyocytes, myocytes, hepatocytes, adipocytes, and ECs[41, 42]. More information 
about the classification and expression pattern of FABPs is summarized in other reviews 
[85, 86]. 

In contrast to CD36/FAT, FABPs as a cytosolic non-enzymatic protein can directly 
bind free LCFA[87], which overcome the insolubility of LCFA in aqueous phase and facil-
itating the delivery of LCFA to different intracellular sites for oxidation. In addition to 
binding LCFAs, FABPs bind eicosanoids and other compounds including prostaglandin 
E1 (PGE1)[76, 88]. Beyond FABPs’ essential role for metabolic homeostasis and different 
lipid-mediated biological processes in various tissues[88-90], FABPs are also involved in 
CVDs, abnormal lipid signaling, high lipid storage, trafficking, and signaling capacity of 
macrophages and adipocytes[76, 89]. FABPs’ expression and function are tightly regu-
lated by various molecules including angiogenic regulator Notch[58], VEGF[40], 
mTORC1[79] and PPARγ [91-94]. 

FABPs can bind a variety of hydrophobic ligands, such as LCFAs, eicosanoids, leu-
kotrienes and prostaglandins[95, 96]. Among all the FABPs, FABP4 and FABP5 are not-
edly studied, they share 55 % amino acid sequence homology and have a primarily mi-
crovascular expression pattern in both microvascular and large blood vessel ECs[39, 97]. 
FABP4 deficient mice exhibit marked protection against insulin resistance, atherosclero-
sis, fatty liver disease, and asthma, which indicates FABP4 playing an important role in 
regulation of glucose and lipid homeostasis as well as inflammation[89, 95, 98-102]. More-
over, FABP4 plays pro-angiogenic role in ECs by modulating stem cell factor/c-kit path-
way, which can be inhibited by mTORC1 inhibitor Rapamycin[79]. Consistent with these 
studies, FABP4 specific inhibitor, BMS309403, exhibits therapeutic potential in treatment 
with EC dysfunction associated diseases including atherosclerosis and diabetes [103-105].  

Similarly, FABP5 also plays an essential role in FA uptake in the heart and skeletal 
muscle ECs[97], regulation of inflammatory, metabolic responses and angiogenesis [89, 
106-108]. Consistent with these findings, it was reported that mice with combined defi-
ciency of FABP4 and FABP5 exhibited greater protection against diet-induced obesity, in-
sulin resistance, and atherosclerosis than mice deficient for either of them[99, 109]. In ad-
dition, during the process of FA transport, FABP4 and FABP5 are both induced by PPARγ 
[110] and they can in turn regulate PPARγ signaling [111-113]. However, Notch signaling 
regulated FABP4 expression during triacylglycerol hydrolysis and LCFA transport was 
not interrupted by inhibition of PPARγ [58]. 

8. FATPs 
FATPs, also known as SLC27 or SLC27A, belong to a six members family of trans-

membrane spanning proteins, which allow and enhance the uptake of LCFA) into cells[34, 
114-116]. Individual FATPs expression pattern has been analyzed by specific primers for 
each FATP in murine heart, muscle, BAT, WAT, liver, and kidney[117]. In details, Fatp1 
is mainly expressed by tissue cells in muscle, WAT, and BAT[48]. Fatp2 is expressed in 
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the kidney and liver, whereas Fatp5 is exclusively detected in the liver[48, 118, 119]. Fatp3 
is the only FATP member that is expressed specifically in the vasculature, at least in mus-
cular tissues[44, 48, 120]. Fatp4 has a similar expression pattern as FATP1, but is also ex-
pressed in the skin, intestine and in endothelium, while Fatp6 is strictly expressed in the 
heart[44, 121-124]. In general, the FATPs are predominately localized to the PM, Golgi 
network, and the endoplasmic reticulum (ER)[125-127]. However, under insulin stimula-
tion, FATP1 and FATP4 will be transported to the PM of adipocytes and myocytes[128-
130]. 

All FATPs have been shown to enhance cellular LCFA uptake[44-46], by interacting 
with the FA in the plasma membrane, trapping the FA through its activation or interacting 
with membrane transporters providing vectorial transfer of FA to mitochondrial[31], but 
its nature function in ECs is still need further interpretation. It was reported that knock-
down of CD36 and FATP3, but not of FATP4, can attenuate Angiopoeitin2 (Angpt2) stim-
ulated FA uptake process in ECs, which indicates further investigation in animal models 
with targeted EC deletion of FATP3 and FATP4, and their functional protein interactions 
is needed[31]. It reported that EC FATP4 can use mitochondrial ATP to activate FA and 
influence EC FA uptake and oxidation[131]. VEGF-B has been demonstrated to regulate 
the uptake and trans-endothelial transport of LCFAs via FATP3 and FATP4 within the 
endothelium[44], which is also required for 3-hydroxyisobutyrate (3HIB)-induced FA up-
take[132]. Given that FABPs’ role in facilitating FAs accumulation, this family proteins 
have strong association with cardiometabolic disease including atherosclerosis and 
CVD[133, 134].  

Fatp4 knockout mice are embryonically/neonatally lethal, which is attributed to de-
fects either in embryonic FA absorption or to a disrupted epidermal barrier with aberrant 
lipid content[124, 135]. Somatic FATP4 mutation has been found in patients with ichthy-
osis prematurity syndrome, which is related with premature birth, respiratory symptoms, 
and swollen skin with severe caseosa-like scaling[136-138]. Overexpression of FATP1 in 
suprabasal keratinocytes restores the neonatal lethality and rescues the skin phenotype in 
Fatp4 mutants, which indicates FATP1 and FATP4 sharing common substrate prefer-
ences, enzymatic activities, and biological functions[139]. As expected, FATB4 is required 
for incorporation of saturated ultralong-chain fatty acids into epidermal ceramides and 
monoacylglycerols and its mutation causing FA accumulation[139]. 

FATP5, like the other members of the FATP family, can enhance the FA uptake[34] 
and activate LCFAs and very long-chain fatty acids by catalyzing the covalent attachment 
of coenzyme A (CoA)[140]. Furthermore, FATP5 is also involved in the reactivation of C24 
bile acids to their CoA derivatives[141, 142]. Consistently, in FATP5 knockout mice model, 
it shows that FATP5 is a liver-specific protein required for efficient hepatic LCFA uptake 
and hepatic lipid homeostasis[143]. In addition to its major role in lipid metabolism, 
FATP5 is also involved in tumorigenesis and metastasis in different cancers including 
lung cancer, esophageal squamous cell carcinoma (ESCC), hepatocellular carcinoma 
(HCC) and Colorectal Carcinoma (CRC). 

9. Endothelial fatty acid storage and lipolysis 
Lipid droplets as the central regulators of FA uptake and metabolism[148], are cyto-

solic fat storage organelles present in most eukaryotic cells including ECs[149]. Lipid 
droplets are dynamically synthesized and broken down in response to cellular needs and 
environmental signals[150], which is tightly balanced by LD biogenesis and Lipolysis. 
Synthesis of neutral lipids is the first step of lipid droplet biogenesis, where activated FAs 
were esterified by diacylglycerol acyltransferases (DGAT1 and DGAT2) to diacylglycerol 
or by acylCoA:cholesterol Oacyltransferases (ACAT1 and ACAT2) to sterol, respec-
tively[151]. Lipolysis relies on the direct activation of LD-associated lipases, such as adi-
pose triglyceride lipase (ATGL), hormone-sensitive lipase (HSL) and monoglyceride li-
pase (MGL)[152-155]. Under basal conditions, perilipin limits access of cellular HSL and 
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ATGL to the core of TG within LDs, thereby preventing uncontrolled TG hydrolysis and 
limiting release of free FAs and glycerol[156]. 

Lipid metabolism in ECs is derived primarily from the role of LPL on the surface of 
capillary ECs, where LPL hydrolyzes very low-density lipoproteins (VLDL) and chylomi-
crons to generate FFA [54] for energy utilization in skeletal and cardiac muscle or re-es-
terified into TG in liver[157]. In ECs, ATGL elucidates same significance in lipid storage 
by initiating TG hydrolysis as in adipose tissue[158], while DGAT1 is primarily responsi-
ble for TG synthesis[155]. ATGL knockout mice were suffered from severe micro- and 
macrovascular endothelial dysfunction, which can be partially rescued in by chronically 
treated with a PPARα agonist[159]. In human aortic endothelial cells (HAEC), silencing 
ATGL decreased efficiency of stimulus-induced arachidonic acid (AA) release and pros-
tacyclin secretion[160], and increased incidence of atherosclerosis[161]. 

Lipid droplets exhibit their ability to buffer excess lipids, thereby providing immedi-
ate protection from lipotoxicity, and to release them later, gradually and according to cel-
lular needs[149], which is particularly important for ECs exposed to rapidly changing con-
ditions of stress[162, 163]. 

10. Endothelial cell derived FAO in health 
Mitochondria are the main site of ATP production in many cell types, like ECs, my-

ocytes and adipocytes [164]. For example, cardiomyocytes primarily burn FAs to supply 
ATP, however, in ECs, mitochondria are more than an energy powerhouse [25, 30, 164-
168]. FAO-derived carbons sustain the TCA cycle to produce the precursors aspartate and 
glutamate from its intermediates oxaloacetate (OAA) and a-ketoglutarate (a-KG) for 
dNTP synthesis during the proliferation of stalk cells[25]. Silencing CPT1A, a rate-control-
ling enzyme of FAO that imports FAs into the mitochondria, perturbs EC sprouting in 
vitro due to a decrease in the dNTP pool[25]. Moreover, lymphatic ECs proliferation dur-
ing lymphatic development also rely on FAO to produce dNTPs, which is same in vascu-
lar ECs[30, 169]. 

Under glucose deprivation condition, ECs will increase their FAO flux in an adeno-
sine monophosphate activated protein kinase (AMPK)–dependent manner to generate 
more ATPs[170]. Recent reports also reveal that FAO has a broad role in cell fate control 
including ECs and immune cells[171]. Silencing CPT2 in mouse model could cause aug-
mented embryonic endothelial-to-mesenchymal transition (EndoMT), required for nor-
mal cardiac development, which is evidenced by thickened cardiac valves increased per-
meability in these mice[172].  

11. Fatty acid metabolism in Pulmonary Hypertension 
Given multiple molecules and their complex regulation network involved in FA me-

tabolism in ECs, any abnormality in these regulations will lead to a pathological state and 
even develop into diseases like PH and cancer. Here, we will only discuss the abnormal 
EC-driven FA oxidation in pulmonary hypertension. Additional diseases involving FA 
metabolism, including cancer, can be found in other reviews[16, 17, 173].  

Pulmonary arterial hypertension (PAH) is characterized by an increase in pulmonary 
vascular resistance, resulting in elevated resting pulmonary artery pressure and right ven-
tricular failure[174]. Besides other cell types that are known to be involved in PAH path-
ogenesis (e.g. smooth muscle cells, fibroblasts and leukocytes), recent studies have 
demonstrated that EC share a crucial role in the initiation and progression of PAH[175]. 
Indeed, silencing Prolyl-4 Hydroxylase 2(PHD2) or bone morphogenetic protein receptor 
2(BMPR2) induced EC hyperproliferation contributes to loss of small pulmonary arteri-
oles and vascular occlusion. Plexiform lesions in severe PAH represent an extreme type 
of disordered angiogenesis[176, 177]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 September 2022                   doi:10.20944/preprints202209.0095.v1

https://doi.org/10.20944/preprints202209.0095.v1


 7 of 13 

 

To data, increasing evidence indicates that FA metabolism dysfunction is closely as-
sociated with pathogenesis of pulmonary hypertension[179-182]. In both heritable pulmo-
nary arterial hypertension (HPAH) and right ventricular hypertrophy mouse model, FA 
metabolic genes are abnormally changed due to FA oxidation deficiency caused lipid dis-
position[179, 180]. In addition, circulating levels of FABP-4, FGF-21, and adiponectin were 
significantly elevated in human PH lungs and experimental PH rat lungs[183]. Indeed, 
increased pulmonary arterial pressures are associated with increases in the ratio of 
FDG/FTHA uptake in the RV, which reflects a shift towards increased FA oxidation and 
glycolysis associated with RV failure in PAH[184]. Alternatively, in the SU5416/hypoxia 
(SuHx) rat model, oral treatment with the PPARγ agonist pioglitazone completely re-
verses severe PAH and vascular remodeling and prevents RV failure, which also relies on 
suppressing Cpt1b and Fabp4 FAO[185]. However, the role of EC FA metabolism is 
largely unexplored and under intensive investigation.  

12. Therapeutic opportunities 
So far, many candidates that can regulate FA uptake or FAO have been applied in 

laboratory and clinical trials. Recent studies have demonstrated the beneficial therapeutic 
effect of CPT1 inhibition by etomoxir (ETO) in pathological ocular angiogenesis[25]. In-
deed, ETO reduced tumor growth in an FAO-dependent tumor model, though it remains 
to be determined if this is also due to tumor angiogenesis inhibition[186]. In addition, the 
c agonist pioglitazone that could reverse PH and prevent right heart failure via FAO, 
could also be a potential therapeutic candidate[185]. Moreover, FAO inhibitor Oxfenicine 
promoted de-remodeling of pulmonary arteries in SuHx rats by increasing mitochondrial 
mass and decreasing the density of perivascular macrophage infiltration and attenuated 
endothelin-1 induced vasoconstriction, which indicates FAO inhibition may be beneficial 
in human PAH[187]. 
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