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Abstract

Rationale: Increasing prevalence of obesity and its associated risk with cardiovascular diseases
demands a better understanding of the contribution of different cell types within this complex
disease for developing new treatment options. Previous studies could prove a fundamental role of
the Fat mass and obesity associated gene (Fto) within obesity; however, its functional role within
different cell types is less understood.

Objectives: We identify endothelial FTO as a previously unknown central regulator of both
obesity-induced metabolic and vascular alterations.

Methods and Results: We generated endothelial Ffo-deficient mice and analyzed the impact of
obesity on those mice. While the loss of endothelial FTO did not influence the development of
obesity and dyslipidemia, it protected mice from high fat diet (HFD)- induced glucose intolerance
and insulin resistance by increasing AKT phosphorylation in endothelial cells and skeletal muscle.
Furthermore, loss of endothelial FTO prevented the development of obesity-induced hypertension
by preserving myogenic tone in resistance arteries. In Ffo-deficient arteries, microarray analysis
identified upregulation of Lijpocalin-type prostaglandin D synthase (L-Pgds) with significant
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increases in prostaglandin D, (PGD,) levels. Blockade of PGD,-synthesis inhibited the myogenic
tone protection in resistance arteries of endothelial Ffo-deficient mice on HFD; conversely, direct
addition of PGD» rescued myogenic tone in HFD-fed control mice. Myogenic tone was increased
in obese human arteries with FTO inhibitors or PGD, application.

Conclusion: These data identify endothelial FTO as a previously unknown regulator in the
development of obesity-induced metabolic and vascular changes, which is independent of its
known function in regulation of obesity.
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Abstract

The present study demonstrates that deletion of FTO from endothelium in mice has no effect on
the ability of mice to gain weight in response to high fat diet (i.e., they still become obese).
However, obese mice lacking endothelial FTO have marked improvements in insulin sensitivity,
myogenic tone of resistance arteries, and blood pressure. These effects are mediated by altered
expression of L-PGDS, the main enzyme used to make PGD». In obese human arteries, inhibition
of FTO or application of PGD, also increased myogenic tone, similar to that seen in mouse
arteries. This work identifies a novel pathway regulating the vascular response to obesity.

Keywords
Fto; endothelial cell; obesity; PGD,; hypertension; type 2 diabetes mellitus

Subject Terms:
Vascular Biology; Vascular Disease

INTRODUCTION

The worldwide incidence of obesity is dramatically increasing and presents health care
systems with high economic burdens through accelerated development of cardiovascular
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diseases (CVDs)L. This impact on cardiovascular health is primarily due to the development
of hyperglycemia, insulin resistance, and dyslipidemia2-4. Furthermore, obesity alters
vascular homeostasis, which favors the ontogeny of pathologic hypertension, further
increasing CVD risk and mortality: 6.

Previous genome-wide association studies (GWAS) in human attempting to identify
candidate genes that influence obesity proved that different single nucleotide polymorphisms
(SNP) within the Fat mass and obesity associated gene (FTO) highly correlate with
increased risk of obesity”. Although there are controversial reports, if those SNPs correlate
with FTO or Iroquois homeobox 3 (IRX3) expression in human tissues, murine studies
proved a causative role of FTO within Ffo-deficient mice being protected against the
development of obesity8-10. Further, metabolic analysis in Leptin-deficient mice showed a
functional role of FTO in glucose tolerance additionally linking FTO to obesity-induced
metabolic alterations!!. Although FTO is known to be a N6-methyladenosine RNA
demethylase, important cell types and molecular mechanism leading to obesity-induced
metabolic alterations by loss of FTO remained largely unknown?2.

Within obesity-induced alterations, endothelial cells (EC) have a central role because of their
unique localization. As EC are the cell type in contact with the flowing blood, they represent
a barrier for metabolites to the following organs. Previous studies proved that obesity
decreases AKT phosphorylation in EC, which impaired glucose and insulin tolerance by
decreasing interstitial insulin concentration and glucose uptake of skeletal muscle!3. In
addition to their metabolic role, EC significantly impact peripheral resistance via tight
heterocellular communication with adjacent smooth muscle cells (SMC), especially in
resistance arteries, which are the main contributor to vascular resistancel4. In those arteries,
the EC can influence myogenic tone via endothelial derived hyperpolarization (EDH),
release of prostaglandins and nitric oxide. While EDH depends on the activation of
endothelial small and intermediate Ca2* -activated potassium channel (IKc,, SKcg) and
inward rectifier potassium channels (K;,) leading to EC hyperpolarization and subsequent
spread of hyperpolarization to adjacent SMC, prostaglandins activate G-protein coupled
receptors on SMC to induce hyperpolarization, and nitric oxide activates cGMP to directly
dilate SMC15-17_ In this way, EC have a direct impact on peripheral resistance and blood
pressure.

Because EC are a central cell type in obesity-induced metabolic and vascular changes, we
wanted to analyze the functional role of endothelial FTO in this process!3: 18, Therefore, we
generated EC-specific Ffo deficient mice. Surprisingly, we identified a direct influence of
endothelial FTO on the development of obesity-induced insulin resistance, hyperglycemia,
hypertension and vascular resistance, without influencing the development of obesity.
Further, we could verify the functional role of FTO in regulation of vascular resistance in
human obese arteries. These data suggest that FTO has an essential metabolic and vascular
effect mediated in the endothelium, which is independent of the gene’s role in obesity.
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Detailed methods can be found in the Online Methods section. The data that support the
findings of this study are available from the corresponding author on reasonable request.

Male CDH5 CreERT?2 Frof™ox/flox mice were either injected with vehicle (EC Fto™f or
tamoxifen to induce knockout of endothelial FTO (EC Fto?4). At 8 weeks, mice were either
kept on normal chow or were placed on a 60% high fat diet (BioServ, F3282) for 12 weeks
to induce obesity. £-Pgds™~ mice were generated as described!®.

Radiotelemetric blood pressure measurement.

Catheters were implanted in the right carotid artery under isoflurane anesthesia as previously
described?0. After a recovery period of 7 days, blood pressure was measured for 7 days and
mean arterial pressure calculated.

Pressure myograph analysis.

Murine third order mesenteric arteries and resistance arteries from human adipose tissue
were isolated, surrounding tissue removed, cannulated on glass pipettes and pressurized at
80 mmHg until myogenic tone developed, as previously described?!.

Metabolic parameters.

In vivo insulin stimulation, insulin tolerance test and glucose tolerance test were performed
as described?2. SiRNA-transfected human aortic endothelial cells (HAOEC) were subjected
to mitochondrial stress tests via seahorse assays as previously described?2.

Quantification and statistical analysis.

RESULTS

Represented data are mean + SEM (Note: For datapoints, where SEM was too small to be
visualized, exact SEM values are reported in Online Table I). Power analysis for each group
was determined as described?*. For statistical data analysis,Graph Pad Prism 7 software was
used. To analyze normal distribution of data, Shapiro-Wilk test was performed and revealed
normal distribution of all data (see Online Table 11 for exact p-values). Therefore, if groups
of two were analyzed, unpaired t-test was performed. If groups were >2, one-way ANOVA
following Tukey’s post-hoc test was performed (e.g., insulin tolerance tests). Two-way
ANOVA with Tukey’s post-hoc was used for multiple comparisons. No experiment-wide
multiple test correction was applied. For all experiments, a p-value <0.05 was defined as
significant.

Loss of endothelial FTO does not influence the development of obesity.

Because the F7o gene has been linked to obesity, and the cardiovascular system and

metabolic indices are intimately linked, we first sought to determine if FTO protein changed
in obese conditions8: 1. 25, Mice were either fed normal chow (NC) or a high fat diet (HFD)
for 12 weeks to induce obesity and the FTO protein was analyzed in adipose and third order
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mesenteric arteries (where total peripheral resistance can be tightly regulated). In both
adipose and mesenteric arteries FTO protein was increased, however it was statistically
significant in mesenteric arteries (Figure 1A). In situ hybridization revealed Fzo mRNA in
both smooth muscle and endothelium (Online Figure I). Because of the key role of
endothelium in metabolic disease, we decided to focus on the functional role of endothelial
FTO in obesity and obesity-induced metabolic and vascular changes!3: 1826 To do this,
tamoxifen-inducible EC-specific Fto-deficient mice were generated (EC Fto?4; Figure 1B).
We verified successful cre-mediated recombination of the Frolocus in ECs of EC FroA4
mice by analyzing genomic DNA using PCR (band size approx. 700 bp; Figure 1C). To
further verify the successful knockout of endothelial FTO protein, third order mesenteric
arteries were immunostained using an anti-FTO antibody demonstrating the loss of FTO
protein in EC of EC FtoA4 mice (Figure 1D).

Next, 8 week old EC Fto™f and EC Fto®2 mice were either fed NC or a HFD for 12 weeks
to induce obesity (Figure 1E). There was no change in inflammation status of adipose tissue
in these mice (Online Figure I1). In addition, analysis of body weight gain over time and
body weight at 20 weeks (Figure 1F; Online Figure I11) revealed that loss of endothelial FTO
did not influence body weight in both NC-fed and HFD-fed mice. The epigonadal fat mass
(Figure 1G) was also not different between EC Fto™f and EC FtoA4 mice after both NC and
HFD feeding (NC: 0.52 vs. 0.66 g; HFD: 2.9 vs. 2.8 g, respectively). Further analysis of
body length (Online Figure I11) revealed no differences between EC Fto™f and EC Fto?4
mice in both NC-fed and HFD-fed mice. Analysis of weight gain over time, body weight,
epigonadal fat mass and body length revealed no tamoxifen-dependent effects (Online
Figure 111). Last, we could detect no change in IRX3 protein in mesenteric arteries from
either EC Fto™ and EC Fto®2 mice (Online Figure I11). Thus, although there is in an
increase in FTO protein in mesenteric arteries on a high fat diet, FTO, at least in
endothelium, does not appear to influence the capacity to regulate obesity.

Loss of endothelial FTO antagonizes obesity-induced metabolic changes.

To investigate if endothelial FTO is important in the development of obesity-induced
dyslipidemia and insulin resistance, blood lipid levels and glucose metabolism were
analyzed in NC-fed and HFD-fed EC Fto" and EC Fto™2 mice. Analysis of total
triglyceride (Online Figure 1V), total cholesterol (Online Figure 1V) and low density
lipoprotein (LDL; Online Figure IV) revealed no difference between EC Fto™f and EC
Fto™4 mice after NC or HFD feeding. High density lipoprotein (HDL), ratios of LDL/HDL,
and total cholesterol/HDL were also not influenced by loss of endothelial FTO (Online
Figure IV). Conversely, glucose tolerance, as measured by glucose tolerance test (GTT), was
significantly improved in HFD-fed EC Fto™ mice compared to HFD-fed EC Fto"
controls (Figure 2A-B) and fasting blood glucose levels were significantly reduced in HFD-
fed EC Fto™2 mice compared to HFD-fed EC Fto™f mice (Online Figure V). In line with
these observations, the loss of endothelial FTO significantly reduced serum glycated
hemoglobin (Hbalc) levels in HFD-fed mice (HFD: EC Fto™ 6.6%: EC Fto? /A 4.6%)
(Figure 2C). Further, loss of endothelial FTO protected against the HFD-induced
development of insulin resistance (Figure 2D-E) and hyperinsulinemia (Figure 2F). We
could observe no difference in brown adipose tissue function by cold-challenge (Online
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Figure V) or on mitochondrial function by F7O knockdown in ECs (Online Figure V). /n
vivo insulin stimulation revealed that HFD-feeding reduced AKT phosphorylation at S473
(p-AKT S473) in skeletal muscle, but that AKT phosphorylation was still evident in EC
Fto™A mice (Figure 5G); Further, this effect was also seen i vitro (Online Figure V). Taken
together, HFD-fed mice lacking FTO in the endothelium are hyperlipidemic similar to
controls, but are protected against changes of other key metabolic parameters, chiefly the
capacity to respond to insulin.

Loss of endothelial FTO protects from obesity-induced alterations in vascular resistance
and hypertension.

To investigate if loss of endothelial FTO not only improves obesity-induced metabolic
changes, but also has protective effects on the development of hypertension, blood pressure
was analyzed in NC-fed and HFD-fed EC Fto™f and EC Fro~4 mice using radiotelemetry.
Although the baseline blood pressure was not altered in NC-fed EC Fz024 mice, loss of
endothelial FTO protected against HFD-induced development of hypertension (Figure 3A)
and increases in heart rate (Figure 3B). Since pressure-induced constriction of resistance
arteries, which is defined as myogenic tone, is a major determinant of vascular resistance
and blood pressure, myogenic tone was analyzed in third order mesenteric arteries of NC-
fed and HFD-fed EC Fto™ and EC FtoA2 mice. Similar to blood pressure measurements in
NC-fed mice, no difference in myogenic tone was observed between arteries of NC-fed EC
Fto™f and EC Fto®2 mice (Figure 3C). However, myogenic tone was protected from HFD-
induced decreases in arteries from EC Fto24 mice, but not from EC Fto™ mice (Figure 3D)
suggesting that the loss of endothelial FTO has protective effects on vascular resistance.
Further analysis of active (Figure 3E-F) and passive luminal diameters (Figure 3G—H)
revealed that HFD-feeding impaired pressure-induced constriction and not stiffness of the
arteries and that the loss of endothelial FTO antagonized this development. There was no
effect of tamoxifen on these responses (Online Figure V1).

As EDH is a regulator of myogenic tone in resistance arteries, vasoactive response to the
IKc4 and SK¢, channel activator NS309 (1 umol/L), and barium chloride (30 pmol/L),
which inhibits K;, channel function, were assessed and found not to be altered (Online
Figure VI). Also, smooth muscle depolarization using potassium chloride (40 mM)
demonstrated no differences between genotypes (Online Figure V1), and neither was
endothelial-dependent vasodilation using acetylcholine (Ach) (Online Figure VII). However,
loss of endothelial FTO preserved the vasodilatory response to insulin under HFD conditions
(Online Figure VII), an observation in line with data from Figure 2D-E showing also a
preserved insulin sensitivity in glucose homeostasis. These data suggest that the loss of
endothelial FTO protects from HFD-induced hypertension and preserves myogenic tone and
insulin-sensitivity in resistance arteries independent of EDH, responses to Ach (e.g., nitric
oxide), or dysfunction of smooth muscle contraction.

Endothelial FTO regulates prostaglandin D, levels in mouse and human arteries.

In order to identify candidate signaling pathways that may be involved in FTO-dependent
metabolic and vascular effects, DNA microarrays of thoracic aortae of Fto™* and Fto™/~
mice were performed and 32 transcripts identified, which showed more than 3-fold change
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in expression by FTO deficiency (Online Table I11). Interestingly, these data revealed that the
Lipocalin-type prostaglandin D synthase (L-Pgds), which is known to be important in
glucose metabolism and regulation of vascular resistancel’”: 19, was 4.4-fold upregulated by
FTO deficiency. The upregulation of L-Pgdsin thoracic aortae was verified using gRT-PCR
showing a 10-fold increase of transcript expression in Ffo-deficient mice (Online Figure
VIII). Further analysis of protein lysates from third order mesenteric arteries verified that L-
PGDS protein was also significantly upregulated in HFD-fed EC FroA“2 mice compared to
EC Fto™" mice (Figure 4A). Because L-PGDS converts prostaglandin Hs to prostaglandin
D, (PGD,), we measured PGD,, levels and found they were significantly upregulated in both
NC-fed and HFD-fed EC Ft0”2 mice compared to their respective control (NC: EC Fto™
2.3 ng/mL and EC FtoA72 4.1 ng/mL; HFD: EC Fto™f1.1 ng/mL and EC Ftc? /4 6.6
ng/mL) (Figure 4B). To further verify that increased PGD>, levels mediate effects of
endothelial FTO deficiency on myogenic tone, third order mesenteric arteries were isolated
from HFD-fed EC Fto™f mice and PGD-, was applied. PGD, increased myogenic tone in
vessels of HFD-fed EC Fro™ mice to levels of HFD-fed EC Ft02 mice (Figure 4C), in
effect rescuing the artery from the effects of HFD. In accordance with myogenic tone data
from HFD-fed EC Fto2 mice, PGD, addition restored pressure-induced contractility to
levels of arteries from NC-fed mice, without influencing overall arterial stiffness (i.e.,
passive tone; Figure 4D-E). Conversely, when PGD, synthesis was inhibited by inhibiting
L-PGDS using 10 puM AT-56, the myogenic tone in HFD-fed EC Fz024 mimicked the
myogenic tone from HFD-fed EC Fto™ (Figure 4F) with affecting only the active, but not
the passive diameter (Figure 4G—H). Further, the addition of PGD, significantly increased
AKT phosphorylation in primary cultures of human endothelial cells (Online Figure VIII).
Also, global deletion of L-Pgdshad no additional pathological changes on blood pressure or
myogenic tone in presence of HFD-feeding (Online Figure 1X).

Last, human arteries from obese or healthy individuals were tested for /7O mRNA
expression, which was found to be significantly increased in obese arteries (Figure 5A).
After incubation of arteries from obese individuals with FTO inhibitors rhein or FB23-2,
myogenic tone increased (Figure 5B). The myogenic tone from obese human arteries also
increased after direct addition of PGD (Figure 5C). When summed, data from mouse and
human suggest that obesity increases FTO expression, which acts to decrease L-PGDS and
reduces PGD;, levels in resistance arteries, with subsequent decreases in insulin tolerance
and myogenic tone/ blood pressure. Reversing these effects (e.g., with FTO pharmacological
inhibition/ genetic deletion or addition of PGD5) provided protective effects on both obesity-
induced metabolic and vascular changes (Figure 5D).

DISCUSSION

The detrimental effects of obesity-induced metabolic and vascular changes are well

known2 3.5 However, little is known about the role of different cell types in the
chronological progression of obesity-induced alterations favoring the deadly effects of
obesity, especially of CVDs. Here, we could demonstrate that the loss of endothelial FTO
protected from obesity-induced insulin resistance, hyperglycemia and hypertension in
presence of adipose tissue inflammation and obesity. These data demonstrate that FTO has a
previously unknown function in the vasculature and in the ontogeny of obesity-induced
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hypertension. Also, it identifies endothelial FTO as an important regulator in obesity-
induced metabolic alterations, which is independent from its known effect on obesity®. In
addition, our data signify that ECs and specifically endothelial FTO are key mediators in the
progression from adipose tissue inflammation to subsequent metabolic and vascular
alterations.

We could validate that loss of endothelial FTO did not influence HFD-induced obesity,
subsequent inflammation of adipose tissue and the development of dyslipidemia. However,
endothelial FTO deletion was protective against the subsequent development of
hyperglycemia, hyperinsulinemia, and insulin resistance suggesting that loss of endothelial
FTO allowed to maintain physiological EC function under pathologically obese conditions.
Indeed, previous studies could clearly show that insulin movement across the EC is vital for
maintaining insulin sensitivity28. In detail, maintenance of insulin sensitivity of ECs had a
protective effect on insulin resistance by specifically preserving skeletal muscle insulin
sensitivity, even in presence of dyslipidemial3: 18, Mechanistically, this was dependent on
HFD-induced impairment of insulin-dependent AKT and eNOS phosphorylation in EC
leading to reduced interstitial insulin concentration and glucose uptake of skeletal musclel3.
Furthermore, this study showed that decreased AKT and eNOS phosphorylation in EC was
sufficient to impair glucose and insulin tolerance in mice and that restoration of this pathway
reversed the metabolic consequences!3. These data stress the importance of AKT and eNOS
signaling within EC to maintain physiological barrier function to subsequent organs.
Interestingly, we could prove that knockdown of F70did not influence mitochondrial
function, but increased insulin-induced AKT phosphorylation in EC and skeletal muscle in
HFD conditions. These data suggest that loss of endothelial FTO protects from HFD-
induced insulin resistance and hyperglycemia by antagonizing decreased AKT
phosphorylation in EC and subsequently in skeletal muscle in obese conditions.

Because FTO is a m6A RNA-demethylase and this RNA modification is known to affect
MRNA stability, we analyzed which transcripts were altered in expression to identify
mediators of FTO-dependent effects!? 27. Interestingly, we found that £-Pgds, which is
known to be m6A-methylated?8, was upregulated by FTO deficiency on mRNA and protein
level. L-PGDS is expressed in EC and a known metabolic and vascular effector by
synthesizing PGD,17: 1929 The loss of endothelial FTO significantly increased PGD,
levels in the vasculature, thus preventing from HFD-induced decrease. Furthermore, we
could reveal that PGD, stimulation significantly increased AKT phosphorylation in EC
suggesting that increased PGD, levels mediate metabolic effects by the loss of endothelial
FTO. In line with our finding, a previous report showed that L-Pgd’s deficiency in mice
significantly impaired glucose and insulin tolerance®® and vice versa, that increased PGD,
levels improved insulin sensitivity in HFD-fed mice30. Collectively, our data suggest that
increased PGD>, levels allow maintaining insulin sensitivity under obese conditions by
increasing AKT phosphorylation.

In addition to a metabolic function of endothelial FTO, we demonstrate that loss of
endothelial FTO protected from HFD-induced hypertension and increases in heart rate.
Additional analysis of vascular reactivity in resistance arteries identified that loss of
endothelial FTO did not affect depolarization-induced contractility, EDH signaling or Ach-
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induced vasodilation. However, it protected from HFD-induced decreases in myogenic tone
by preserving pressure-induced contraction. This observation correlating reduced myogenic
tone with increased blood pressure in obese and diabetic conditions has also been described
in resistance arteries of human, mice and rats and is thought to develop with progression of
hypertension as a failure of regulatory mechanism to protect subsequent organs from flow-
induced injury31-37, Interestingly, we could show that the addition of PGD, rescued
myogenic tone in resistance arteries of HFD-fed mice and vice versa that inhibiting the
PGD,-synthase L-PGDS reduced myogenic tone in resistance arteries of HFD-fed
endothelial FTO-deficient mice, suggesting PGD» as a mediator of FTO in regulation of
vascular resistance. Collectively, our data suggest that loss of endothelial FTO preserved
myogenic tone in resistance arteries by increasing L-PGDS expression and PGD>, levels,
respectively, contributing to the protection from obesity-induced hypertension. Experiments
using human obese arteries could demonstrate vasoactive effects in accordance to murine
data, as myogenic tone was rescued by either FTO inhibition or PGD,.

This work identifies endothelial FTO as an important regulator of obesity-induced
hyperglycemia, insulin resistance, and hypertension in the presence of obesity and
dyslipidemia in mice. Interestingly, even with the protective CVD effects of FTO deletion
from endothelium, the mice were still obese and were dyslipidemic. Based on the data
presented herein, it is possible FTO and/or L-PGDS could present as a novel drug target to
protect from metabolic and vascular risk factors in the setting of obesity and subsequent
CVDs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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GWAS Genome-wide association study
HAOEC Human aortic endothelial cells
Hbalc Glycated hemoglobin
HDL High-density lipoprotein
HFD High fat diet
IKca Intermediate Ca2* -activated potassium channel
IRX3 Iroquois homeobox 3
ITT Insulin tolerance test
Kir Inward rectifier potassium channels
LD Lumen diameter
LDL Low-density lipoprotein
L-PGDS Lipocalin-type prostaglandin D synthase
NC Normal chow
PGD» Prostaglandin D,
SKca Small Ca?* -activated potassium channel
SMC Smooth muscle cell
SNP Single nucleotide polymorphism
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NOVELTY AND SIGNIFICANCE

What Is Known?

. The Fat mass and obesity associated gene ~70 gene has been associated with
obesity.

. Endothelial dysfunction is a hallmark of obesity-associated cardiovascular
diseases.

. Myogenic tone, blood pressure, and insulin sensitivity are severely altered in
obesity.

What New Information Does This Article Contribute?
. Obesity increases FTO expression in vascular tissue in mouse and human.

. Selective deletion of FTO from endothelium in mice results in preservation of
myogenic tone, blood pressure, and insulin sensitivity only in high fat diet-
induced obese animals.

. In endothelium, FTO regulates L-PGDS transcript and protein expression,
thereby determining the amount of PGD, that is present in the vasculature and
altering myogenic tone and insulin sensitivity.

. Human arteries have improved myogenic tone in response to FTO inhibition
or addition of PGD,.
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Figure 1: Loss of endothelial FTO did not affect the development of obesity.
(A) Representative western blot and quantification for FTO and total protein expression are

shown for lysates of adipose and mesenteric arteries isolated from NC-fed and HFD-fed 20
week old C57BL6 mice (n=3 mice) (*~=0.036 mesenteric NC vs. HFD; n.s. for adipose NC
vs. HFD). The image was chosen to present the respective mean value. (B) Schematic
illustration of the floxed Ftolocus (EC Fto™). Administration of tamoxifen resulted in cre-
mediated deletion of exon 3 in the F7o gene of endothelial cells (EC Fto?4). (C) PCR
analysis of Ffoexon 3 deletion in the heart from EC Fto?4 and EC Fto™f mice. (D)
Immunofluorescence of FTO protein (red), cell nuclei (DAPI, blue) as well as inner and
outer elastic laminae (IEL, EEL; autofluorescence, green) in third order mesenteric arteries
isolated from EC Fto and EC FtoA2 mice. Scale bar is 5 um for both images. (E)
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Experimental design for tamoxifen injections and induction of obesity. The 6 week old mice
were injected with either vehicle (EC Fto™), or tamoxifen (EC Fro?4) for 10 days. At 8
weeks, mice were either kept on normal chow (NC; EC Fto™black bars/lines, EC Fto?4
green bars/lines), or fed a high fat diet (HFD; EC Fto™ grey bars/lines, EC FtoA2 blue
bars/lines), for 12 weeks. (F) Measurement of weight gain over time in 7-20 week old NC-
fed and HFD-fed EC Fto" and EC FtoA2 mice (n=8-11; *£<0.0007 NC-fed EC Fto™vs.
HFD-fed EC Fto™, *p<0.0001 NC-fed EC Fro™vs. HFD-fed EC Fto?4; *P<0.0001 NC-
fed EC Fto4 vs. HFD-fed EC Fto?4; *P<0.0001 NC-fed EC Fto4 vs. HFD-fed EC Fto™"
from week 12 to 20; n.s. between genotypes on one chow). (G) Analysis of epigonadal fat
mass of 20 week old NC-fed and HFD-fed EC Fto™ and EC FtoA2 mice (n=9-10;
*P<0.0001 NC-fed EC Fto™ vs. HFD-fed EC Fto™™, #P<0.0001 NC-fed EC Fto™vs.
HFD-fed EC Fto?4; #P<0.0001 NC-fed EC Fto”4 vs. HFD-fed EC Fro4, #P<0.0001 NC-
fed EC FtoAAvs. HFD-fed EC Fto™: n.s. between genotypes on one chow). In this figure,
values are means + SEM. For statistical analysis, t-test was used in A or one way ANOVA (F
+G) were performed followed by Tukey’s post-hoc test, *p<0.05 was defined as significant.
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Figure 2: Loss of endothelial FTO specifically improves glucose metabolism in HFD-fed mice.
Experiments were performed in 20 week old NC-fed and HFD-fed EC Fro™f and EC FtoY4

mice. Colors for bars and lines: NC-fed EC Fto™f black and EC Ft0&2 green; HFD-fed EC
Fto™ grey and EC Fto?2 blue. (A) Glucose tolerance was measured by intraperitoneal (i.p)
injection of glucose and (B) the respective area under curve (AUC) determined (n=6-9;
*P<0.0001 NC-fed EC Fto™fvs. HFD-fed EC Fro™, * P<0.0001 NC-fed EC FtoAA vs.
HFD-fed EC Fto™"; #P=0.0002 HFD-fed EC Fto?2vs. HFD-fed EC Fto™. n.s. NC-fed
EC FtoY2vs. NC-fed EC Fto™). (C) Serum Hbalc levels were measured (n=3-7;
*P=0.0011 NC-fed EC Fto™fvs. HFD-fed EC Fto™", * P=0.0024 NC-fed EC FtcA2 vs.
HFD-fed EC Fto™", #P=0.0060 HFD-fed EC Fto?2vs. HFD-fed EC Fto™. n.s. NC-fed
EC Fto™Avs. NC-fed EC Fro™f). (D) Insulin tolerance was analyzed after i.p. injection of
insulin and (E) the respective AUC calculated (n=3-7; *P=0.0076 NC-fed EC Ftoys.
HFD-fed EC Fto™", *P=0.0159 NC-fed EC Fto"4 vs. HFD-fed EC Fto™"; #P=0.0180
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HFD-fed EC Fto&2 vs. HFD-fed EC Fto™: n.s. NC-fed EC Fto2 vs. NC-fed EC Fto™T),
(F) Measurement of serum insulin levels (n=3-6; *P=0.0027 NC-fed EC Fto™ vs. HFD-fed
EC Fto™", *pP=0.0058 NC-fed EC FtoA4 vs. HFD-fed EC Fto™"; #P=0.0410 HFD-fed EC
FtoAA s, HFD-fed EC Fto™: n.s. NC-fed EC Fto&Avs. NC-fed EC Fto™). (G)
Representative western blot and quantification for p-AKTS473 and total AKT are shown for
lysates isolated from skeletal muscle after in vivo insulin stimulation (n=3; *~=0.0099 NC-
fed EC Fto™ with vs. wio insulin; *£=0.0053 NC-fed EC Fto24 with vs. w/o insulin;
*P=0.0012 HFD-fed EC Fto™ with vs. w/o insulin; n.s. HFD-fed EC Fto™ with vs. w/o
insulin). The respective western blot was selected to reflect the mean value. Molecular
weight marker is 60 kDa. In this figure, values are means £ SEM. For statistical analysis,
one way ANOVA were performed followed by Tukey’s post-hoc test (A-F); student’s t-test
was used in G; *p<0.05 was defined as significant.
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Figure 3: Endothelial FTO deficiency protects from HFD-induced vascular changes and
hypertension.

Experiments were performed in 20 week old NC-fed and HFD-fed EC Fto™f and EC Fto?
mice. Colors for bars and lines: NC-fed EC Fto™# black and EC Fto?4 green; HFD-fed EC
Fto grey and EC Fro4 blue. Radiotelemetric analysis of (A) mean arterial pressure and
(B) heart rate (n=5-8; For (A): *P=0.0484 NC-fed EC Ftovs. HFD-fed EC Fto".
*P=0.0386 NC-fed EC Fto?4vs. HFD-fed EC Fto™, #p=0.0484 HFD-fed EC Fto?A vs.
HFD-fed EC Fto™f: n.s. NC-fed EC Fto2 vs. NC-fed EC Fto™": For (B): *P=0.0050 NC-
fed EC Fto™" vs. HFD-fed EC Fto™™, P=0.1070 NC-fed EC Fto?4 vs. HFD-fed EC Fto™.
P=0.1016 HFD-fed EC FtoA4 vs. HFD-fed EC Fto™. n.s. NC-fed EC FtoA4 vs. NC-fed
EC Fto™™). Pressure myograph analysis in third order mesenteric arteries of NC-fed (C, E,
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G, left column) and HFD-fed mice (D, F, H, right column). (C-D) Analysis of myogenic
tone with respective (E-F) active and (G-H) passive curves (n=4-8; For (C, E, G): NC-fed
EC Fto™fys. NC-fed EC Fro™fn.s. at all pressures; For (D): HFD-fed EC Fto?4 vs. HFD-
fed EC Fto™fns. at 20 and 40 mmHg, *P=0.0422/ 0.056/ 0.050/ 0.0206 at 60/ 80/ 100/ 120
mmHg; For (F): HFD-fed EC Fto&A vs. HFD-fed EC Fto™n.s. at 20 and 40 mmHg,
*P=0.0454/ 0.0322/ 0.0271/ 0.0239 at 60/ 80 / 100/ 120 mmHg; For (H): HFD-fed EC
FtoA2 vs. HFD-fed EC Fto™f n.s. at all pressures). In this figure, values are means + SEM.
For statistical analysis, one way ANOVA was performed followed by Tukey’s post-hoc test,
*p<0.05 was defined as significant.
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Figure 4: Increased PGD> levels can rescue HFD-induced vascular changes.
Experiments were performed in 20 week old NC-fed and HFD-fed EC Fro™f and EC FtoY4

mice. Colors for bars and lines: NC-fed EC Fto™f black and EC Ft0A2 green; HFD-fed EC
Fto™ grey and EC Fto?2 blue; HFD-fed EC Fto™"+PGD, red and HFD-fed EC FtoA4
+AT56 purple. (A) Representative western blot and quantification for Lipocalin-type
Prostaglandin D2 synthase (L-PGDS) relative to total protein staining from protein lysates of
third order mesenteric arteries isolated from HFD-fed EC Fro and EC FtoA2 mice (n=3;
*P=0.041). The image was selected to reflect the respective mean value. (B) PGD, ELISA
of thoracic aortae isolated from NC-fed and HFD-fed EC Fto™ and EC Fto24 mice (n=3-
5; *P=0.0025 NC-fed EC Fro™fvs. HFD-fed EC Fro™, *P<0.0001 NC-fed EC FtoAA vs.
HFD-fed EC Fto™™, *p<0.0001 HFD-fed EC Fto?2 vs. HFD-fed EC Fro™"; #p<0.0001
NC-fed EC Fro?4 vs. NC-fed EC Fto™). (C-E) Pressure myograph analysis in third order
mesenteric arteries isolated from HFD-fed EC Fto" mice after addition of PGD, or vehicle
alone (DMSO) in comparison to vessels of HFD-fed EC Fto22 mice. Analysis of (C)
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myogenic tone and respective (D) active and (E) passive curves (n=3; For (C): HFD-fed EC
Fto + DMSO vs. HFD-fed EC Fto™ + PGD, n.s. at 20 and 40 mmHg, *P=0.0370/
0.0132/ 0.046/ 0.048 at 60/ 80/ 100/ 120 mmHg; For (D): HFD-fed EC Fro™ + DMSO vs.
HFD-fed EC Fto™f + PGD, n.s. at 20, 40 and 120 mmHg, *~=0.0410/ 0.0302/ 0.043 at 60/
80/ 100 mmHg; For (E): HFD-fed EC Fto™f + DMSO vs. HFD-fed EC Fto™f + PGD, n.s.
at all pressures). (F-H) Pressure myograph analysis in third order mesenteric arteries isolated
from EC FtoA2 mice after addition of AT56 or vehicle alone (DMSO) in comparison to
vessels of HFD-fed EC Fto™ mice (n=>5; For (F): HFD-fed EC Ft0”2 mice vs. HFD-fed
EC Fto”2 mice + AT-56 n.s. at 20 and 40 mmHg, *P=0.045/ 0.039/ 0.033/ 0.022 at 60/ 80/
100/ 120 mmHg; For (G): HFD-fed EC Fto?4 mice vs. HFD-fed EC Fto22 mice + AT-56
n.s. at 20 and 40 mmHg, *~=0.046/ 0.048/ 0.041/ 0.032 at 60/ 80/ 100/ 120 mmHg; For (H):
HFD-fed EC Ft0~2 mice vs. HFD-fed EC Fto”2 mice + AT-56 n.s. at all pressures). In this
figure, values are means + SEM. For statistical analysis, unpaired students t-test (in A) or
one-way ANOVA (in B-H) was performed followed by Tukey’s post-hoc test, *p<0.05 was
defined as significant.
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Figure 5: Inhibition of FTO or increased PGDo-levels can rescue vascular changes in obese
humans.

Experiments were performed with adipose arteries isolated from healthy and obese humans
(n=3 healthy and n=3 obese). (A) gRT-PCR for F7O demonstrates significantly increased
FTOexpression in obese arteries (*/=0.0400) (B-C) Analysis of myogenic tone in arteries
isolated from adipose tissue of obese human in (B) presence of FTO inhibitors rhein and
FB23-2 or (C) after addition of PGD, (n=3 per condition; For (B): Obese vs. obese + Rhein
n.s. at 20-60 and 120 mmHg, *P=0.025/ 0.048 at 80/ 100 mmHg; Obese vs. obese + FB-23—
2 n.s. at 20 and 40 mmHg, *~=0.041/ 0.038/ 0.042/ 0.047 at 60/ 80/ 100/ 120 mmHg; For
(C): Obese vs. obese + PGD; n.s. at 20-60 and 120 mmHg, *~P=0.045/ 0.048 at 80/ 100
mmHg). In this figure, values are means + SEM. For statistical analysis, unpaired students t-
test (in A) or one-way ANOVA (in B-C) was performed followed by Tukey’s post-hoc test,
*p<0.05 was defined as significant. (D) Illustrates a proposed mechanism for FTO’s role in
endothelium for regulating PGD, with downstream pathophysiological outcomes. Red
(inhibitory) and green (addition) are at pathway checkpoints that can reverse the proposed
etiology.
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