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Abstract

Leptin is the current treatment for metabolic disorders associated with acquired and congenital
generalized lipodystrophy (CGL). Although excess leptin levels have been associated with
vascular inflammation and cardiovascular disease in the context of obesity, the effects of chronic
leptin treatment on vascular function remain unknown in CGL. Here, we hypothesized that leptin
treatment will improve endothelial function via direct vascular mechanisms. We investigated the
cardiovascular consequences of leptin deficiency and supplementation in male gBscl2~/~
(Berardinelli-Seip 2 gene—deficient) mice—a mouse model of CGL. CGL mice exhibited reduced
adipose mass and leptin levels, as well as impaired endothelium-dependent relaxation. Blood
vessels from CGL mice had increased NADPH Oxidase 1 (Nox1) expression and reactive oxygen
species production, and selective Nox1 inhibition restored endothelial function. Remarkably,
chronic and acute leptin supplementation restored endothelial function via a PPARy-dependent
mechanism that decreased Nox1 expression and reactive oxygen species production. Selective
ablation of leptin receptors in endothelial cells promoted endothelial dysfunction, which was
restored by Nox1 inhibition. Lastly, we confirmed in aortic tissue from older patients undergoing
cardiac bypass surgery that acute leptin can promote signaling in human blood vessels. In
conclusion, in gBscl2~/~ mice, leptin restores endothelial function via peroxisome proliferator
activated receptor gamma-dependent decreases in Nox1. Furthermore, we provide the first
evidence that vessels from aged patients remain leptin sensitive. These data reveal a new direct
role of leptin receptors in the control of vascular homeostasis and present leptin as a potential
therapy for the treatment of vascular disease associated with low leptin levels.
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In 2014, the US Food and Drug Administration approved the use of the adipocyte-derived
hormone, leptin for the treatment of eating and metabolic disorders associated with
congenital and acquired generalized lipodystrophy (CGL)—a disease also known as
Berardinelli-Seip syndrome (BSCL). Restoration of leptin levels in these patients, who have
a near total lack of adipose tissue and, therefore, negligible leptin levels, has proven to be
extremely efficient at decreasing appetite, blood glucose, triglycerides, and liver fat content
and markedly improved insulin sensitivity, enabling these patients to discontinue or reduce
diabetes mellitus medications.1-3

The adipokine leptin is best known as a key regulator of food intake, energy expenditure,
insulin sensitivity, and lipid metabolism.#~" However, it is also a pleiotropic hormone, and
leptin receptors are more broadly expressed enabling many additional roles, notably in the
regulation of cardiovascular function.8-12 Compelling evidence from our group!3-15 and
others16.17 has indicated that increased leptin sensitivity or levels in the context of obesity
contributes to hypertension and cardiovascular disease via increased sympathetic activity,
aldosterone production, and renal sodium retention. Leptin is also a potent modulator of
vascular function.11:18-21 However, the effect of leptin on the vascular endothelium, which
delicately balances counterregulatory pathways that control vasomotion, vascular cell
proliferation, thrombosis, inflammation, and oxidation, remains controversial. Indeed,
although a few studies have suggested that leptin promotes endothelial dysfunction via
reactive oxygen species (ROS)-dependent mechanisms,22 others have shown that leptin
stimulates NO production and protects the vascular endothelium from oxidative stress.
18,23-25 An explanation for these seemingly disparate effects has remained elusive and a
barrier to the field.

Despite a vast body of literature reporting the deleterious effects of excess leptin on the
cardiovascular system, the cardiovascular consequences of a deficiency in leptin and the
effects of chronic leptin supplementation on vascular function remain unknown in patients
experiencing CGL. Mice deficient in the BSCLZ2 (Berardinelli-Seip 2) gene (also called
Seipin) closely recapitulate the human CGL syndrome associated with BSCL2 mutation. As
humans, gBsc/2”'~ (global Bscl/2-deficient) mice present with a near total absence of adipose
tissue, organomegaly, insulin resistance, and type 2 diabetes mellitus. The function of
BSCLZ2is not completely elucidated. However, this endoplasmic reticulum protein has been
shown to regulate lipid droplet biogenesis and phospholipid metabolisms, as well as
adipocyte differentiation and maintenance.26-30 Herein, we used gBsc/2”/~ mice to better
understand the contribution of leptin to cardiovascular health and more specifically to test
the hypothesis that leptin restores cardiovascular function via direct vascular mechanisms in
CGL.
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Materials and Methods

The data that support the findings of this study are available from the corresponding author
on reasonable request.

Detailed description of the methods used is available in the online-only Data Supplement.

Statistical Analysis

Results

All data are presented as mean+SEM. P<0.05 was considered significant. Differences in
means between 2 groups for nonrepeated variables were compared by ftest. Differences in
means among groups and treatments were compared by 2-way ANOVA with repeated
measures, when appropriate. Tukey test was used as the post hoc test (GraphPad).

Leptin Treatment Restores Blood Glucose Levels in Lipodystrophic Mice

The lipodystrophic phenotype in gBscl2~/~ mice was confirmed by the reduction in fat mass
(gBscl2*/*: 8.6+0.3 versus gBscl2~/~: *2.4+0.2% body fat; */<0.05), reduced plasma leptin
levels, and elevated blood glucose levels (Table S2 in the online-only Data Supplement)
compared with gBscl2*/* mice. Chronic leptin treatment restored blood glucose and
circulating leptin levels by decreasing and increasing respective levels in gBscl2~~ mice.
Neither plasma cholesterol nor triglyceride levels were affected by CGL or leptin treatment
(Table S2).

Lipodystrophy Impairs Endothelial Function via Mechanisms Independent of
Hyperglycemia

The effects of CGL on vascular function were first investigated by conducting concentration
response curves to acetylcholine (ACh) and sodium nitroprusside in aortic rings from
gBscl2~ and gBscl2*/* mice. gBscl2~~ mice had a marked reduction in ACh-mediated
relaxation (Figure 1A) compared with control mice with no differences in sodium
nitroprusside-induced vasodilatation (Figure 1B), which together reflect impaired
endothelium-dependent relaxation. To determine whether Bscl2 deletion per seis
responsible for endothelial dysfunction, concentration response curves to ACh were
conducted in iBscl2~/~ (inducible Bscl2 KO) mice a week after the last tamoxifen injection.
iBscl2~/~ mice exhibited significant decreases in Bscl2 transcript expression in aorta and
adipose tissue (Figure S1A and S1B) but maintained fat mass (Figure 1C). Endothelium-
dependent relaxation in iBscl2~~ mice (Figure 1D) was not impaired which suggests that 1
week of Bscl2 deficiency in aorta and adipose tissue is insufficient to cause endothelial
dysfunction and strongly support a role for fat mass reduction in endothelial dysfunction. To
investigate the potential role of hyperglycemia in lipodystrophy-associated endothelial
dysfunction, gBscl2~/~ mice were treated with the SGLT?2 (sodium glucose cotransporter 2)
inhibitor dapagliflozin. Dapagliflozin restored blood glucose levels in gBscl2~/~ mice
(Figure 1E) in a manner similar to leptin (Table S2); however, it failed to restore endothelial
function (Figure 1F) excluding hyperglycemia as a cause of endothelial dysfunction in CGL
mice.
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Leptin Restores Endothelial Function by Attenuating Nox1-Derived ROS Production

To determine whether leptin deficiency in gBscl2~/~ mice is the cause of endothelial
dysfunction, vascular studies were repeated 7 days after chronic leptin infusion, as well as in
aortic rings exposed to leptin for 2 hours. As reported in Figure 2A and 2B, both chronic and
acute leptin treatment fully restored endothelium-dependent relaxation, supporting a direct
action of leptin on the vascular endothelium. This was further supported by data showing
that endothelial cell-specific deletion of the leptin receptor (Figure S2) impaired ACh-
(Figure 2C) but not sodium nitroprusside—mediated relaxation (Figure 2D). Inhibition of
nitric oxide (NO) production with N(w)-nitro-L-arginine methyl ester completely abolished
ACh-mediated relaxation in both gBscl2~/~ and gBscl2*/* mice confirming the NO
dependence of vasorelaxation in the aorta but also suggesting that the levels of bioavailable
NO are compromised in gBscl2~/~ (Figure 2E). Neither lipodystrophy nor leptin treatment
altered eNOS (endothelial NO synthase) expression or phosphorylation levels (Figure 2F)
suggesting that CGL-induced reductions in bioavailable NO are not mediated by decreases
in eNOS expression or activity and that leptin restores endothelial function via mechanisms
independent of eNOS. Therefore, we next investigated the potential contribution of ROS,
which are potent inhibitors of NO signaling.3! CGL increased ROS levels and the expression
of ROS-generating enzymes as reflected by increased aortic dihydroethidium staining
(Figure 3A), H,0, levels (Figure 3B), and aortic Nox1, NoxA1, NoxO1, and Nox2 gene
expression levels (Figure 3C). No difference was observed for Nox4 (Figure 3C). Chronic
leptin treatment (Figure 3C), but not blood glucose restoration with SGLT2 inhibition
(Figure S3A), abolished ROS production and completely restored Nox expression levels.
Endothelial leptin receptor deficiency led to an increase in NADPH Oxidase 1 (Nox1) and
its coactivator NoxALl in aorta (Figure 3D). The contribution of high ROS levels and
specifically Nox1-derived ROS to endothelial dysfunction was demonstrated by the ability
of the superoxide mimetic, tempol, catalase, the Nox1-4 inhibitor (GKT137831; Figure S3B
through S3D), and the specific Nox1 (GKT771; Figure 3E) inhibitor to improve endothelial
function in gBscl2~/~ mice. Consistent with these data, selective Nox1 inhibition with
GKT771 restored endothelial function in leptin receptor=C~'~ mice (Figure 3F), suggesting
that the lack of endothelial leptin signaling leads to endothelial dysfunction via Nox1-
dependent mechanisms. Selectivity of the Nox1 inhibitor was confirmed by demonstrating
that GKT77I inhibits Nox1-derived ROS in human umbilical vascular endothelial cells
transduced with Nox1/NoxA1/NoxO1 but not Nox5 transduced human umbilical vascular
endothelial cells (Figure S4A and S4B). Although chronic leptin treatment reduced Nox1,
Nox1, NoxAl, and NoxO1 expression, acute leptin incubation (2 hours) was without effects
on their level of expression (Figure S5).

Leptin Restores Endothelial Function via PPARy-Dependent Mechanisms

The expression of peroxisome proliferator activated receptor gamma PPARY), which has
been identified as a regulator of vascular oxidative stress, was reduced in aortic tissue
(Figure 4A) from gBscl2~/~ mice, similarly to its target genes CD36and CYP27al (Figure
S6). Reduced endothelial cell expression of PPAR-y was also observed in mice with
endothelial-specific deletion of leptin receptor (Figure 4A), while chronic leptin treatment
restored aortic PPARy expression in gBscl2~~ mice (Figure 4A) and increased CD36 and
CYP27al expression (Figure S6). This pathway was conserved in humans as leptin
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increased PPAR-y expression in discarded human aortic segments (Figure 4B) and isolated
human umbilical vascular endothelial cells (Figure 4C). The functional importance of
PPAR-y was shown by the ability of the agonist pioglitazone to restore endothelial function
in lipodystrophic mice (Figure 4D), while antagonism of PPAR~y with GW9662 blunted the
protective effects of leptin on endothelial function in gBscl2~~ mice (Figure 4E) without
altering relaxation in gBscl2*/* mice (Figure S7), suggesting that leptin confers vascular
protection via PPARy-dependent mechanisms. Lastly, PPARy activation with pioglitazone
reduced Nox1-derived ROS in endothelial cells transduced with Nox1/NoxA1/NoxO1
(Figure 4F).

Leptin Lowers CGL-Associated Vascular and Systemic Inflammation

As leptin has been associated with inflammation,32:33 we quantified the expression of
markers of macrophage and T-regulatory cell infiltration in aorta, as well as IL
(interleukin)-1p plasma levels. These experiments revealed that CGL increased vascular
TNFa (tumor necrosis factor alpha), /L-Ip, and F4/80 gene expression but did not alter the
expression of the T-regulatory cell marker forkhead box P3 (FOxP3) (Figure 5A). In
addition, CGL elevated circulating IL-1p levels (Figure 5B). Remarkably, chronic leptin
treatment completely abolished vascular inflammation and reduced IL-1 levels in gBscl2™/~
mice (Figure 5A and 5B).

Arteries From Patients Undergoing Cardiac Bypass Surgery Remain Sensitive to Leptin

To investigate whether arteries develop leptin resistance, which would limit the beneficial
effects of leptin therapy, aortic segments discarded from patients undergoing cardiac bypass
surgery (patient information in Table S3) were incubated with leptin for 15 to 60 minutes.
Leptin treatment elevated signal transducer and activator of transcription 3 phosphorylation
levels in the 60-minute incubation time point (Figure 6) suggesting that arteries from older
patients remained leptin sensitive.

Discussion

While leptin is the current therapy for the management of appetite and metabolic
dysfunction associated with congenital and acquired generalized lipodystrophy, an
underlying concern for the patients receiving leptin is the potential cardiovascular side
effects of chronic administration of a hormone that is elevated in obesity and associated with
the development of hypertension, vascular inflammation, and cardiovascular disease. Our
study is the first to address this concern, and our results show that chronic leptin infusion, in
addition to restoring metabolic function, fully restores endothelial function and significantly
reduced vascular and systemic inflammation in a mouse model of CGL. These findings
imply that in individuals with low leptin levels, chronic leptin treatment is not only safe but
beneficial for the cardiovascular system. Moreover, our data indicate that blood vessels do
not become leptin resistant and that endothelial leptin signaling has an important role in the
maintenance of endothelial function likely via PPAR-y-dependent regulation of vascular
redox status.
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Our studies were focused on the Bscl2-deficient mouse—a model established by Chen et
al?8 that generally recapitulates the metabolic phenotype of patients experiencing
Berardinelli-Seip congenital lipodystrophy.34 Indeed, gBscl2~~ mice exhibit a near total
absence of adipose tissue and develop hyperglycemia, insulin resistance, and hepatic
steatosis, which are consistent with that observed in human patients.3:28:35.36 Therefore, the
gBscl2~/~ mouse is an appropriate model of the human disease and useful to investigate the
impact of leptin on cardiovascular function.

Hyperglycemia, insulin resistance, and hepatic steatosis are all leading risk factors for
cardiovascular disease. However, the cardiovascular phenotype of lipodystrophic patients
remains unclear. Indeed, only a few isolated case reports have focused on congenital
lipodystrophy and cardiovascular function and reported that atherosclerosis, coronary artery
disease, hypertrophic cardiomyopathy, hypertension, and sudden cardiac death appear early
in life in lipodystrophic patients.36-42 The present study utilized gBscl2~/~ mice to
determine the effects of CGL on endothelial function, which is a robust index of
cardiovascular health, and also to provide pertinent information on whether leptin therapy
provided to correct metabolic disorders associated with CGL has deleterious effects on the
cardiovascular function of individuals with lipodystrophy.

We reported that mice with CGL have markedly reduced endothelial function, which is a
direct consequence of reduced circulating leptin levels and impaired endothelial leptin
signaling. Chronic leptin supplementation was capable of restoring endothelial function, and
acute application of leptin to isolated blood vessels demonstrates a direct effect.
Conceptually, this is further supported by the compromised endothelial function seen in
mice with selective ablation of leptin receptors in endothelial cells. Further arguments in
support of reduced endothelial leptin signaling mediating endothelial dysfunction in CGL
were provided by data ruling out direct contributions of Bsc/2 gene deletion and
hyperglycemia on endothelial function. Taken together, these results suggest that endothelial
leptin signaling is a key regulator of vascular integrity and that leptin, which has been widely
regarded as both a positive20 and negative*3 modulator of endothelial function, exerts
vasculoprotective effects at physiological levels. Therefore, in CGL patients, leptin therapy
is likely to improve cardiovascular function and reduce the risk of cardiovascular disease via
direct regulation of endothelial function.

In the context of obesity, high leptin levels and sustained stimulation of hypothalamic leptin
receptors lead to the development of a resistance to the metabolic effects of leptin.® This key
feature of obesity, which contributed to the failure of clinical trials testing leptin as a therapy
for obesity,*! has raised the question of whether lipodystrophic patients receiving leptin
supplementation for life also develop a progressive vascular leptin resistance. This concern
is reduced by our data in aortic biopsies discarded from older overweight and obese patients
undergoing coronary artery bypass surgery showing that blood vessels remain sensitive to
the direct actions of leptin despite having been exposed to high circulating leptin for
numerous years. These data suggest that the vascular endothelium and the neurons
controlling leptin-mediated sympathoactivation and the adrenal glands!? do not desensitize
in response to sustained leptinl4 and support the concept of selective resistance previously
proposed by Hall et al,® Haynes et al, 10 and Rahmouni et al.1”
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Previous reports investigating the contribution of leptin to endothelial function have reported
conflicting results. While several studies have shown that leptin relaxes conduit and
resistance arteries and increases NO production via Akt-dependent mechanisms,20:21.44
others have presented excess leptin as a major contributor to endothelial dysfunction in
cardiovascular diseases.*>=47 In contradiction with all these studies, we reported that leptin
protects the vascular endothelium through mechanisms that are independent of eNOS levels
or phosphorylation (indices of activity). Instead, we found that a reduction and lack of
endothelial leptin signaling increase vascular Nox1 expression and conversely that chronic
leptin supplementation reduces Nox1 expression, as well as that of its coactivators, NoxO1
and NoxAL. Interestingly, acute leptin supplementation restored endothelial function without
reducing Nox1, NoxO1, and NoxA1 expression. These findings suggest that leptin can
restore endothelial function via 2 different mechanisms: reduction in Nox1 expression while
administered chronically and reduction in Nox1 activity in acute conditions. However, both
mechanisms appear to involve PPARy. Indeed, we showed that acute PPAR-y agonism
mimicked the effects of leptin and restored endothelial function, whereas acute PPARy
antagonism abolished the protective effects of leptin supplementation without altering
endothelial function in control conditions, which may suggest that PPAR-y-mediated
regulation of endothelial function is leptin specific. In addition, while chronic leptin
treatment elevated PPARy expression back to control levels, endothelial cell-specific
deletion of the leptin receptor triggered an Nox1-dependent endothelial dysfunction and
reduced PPARy similar to CGL. Therefore, leptin appears to control both Nox1 expression
and activity via PPARy-dependent mechanisms. These results are in line with previous
studies reporting that PPARy ligands decrease Nox1 and its coactivators subunits p22phox
and p47phox expression in endothelial cells and showing that PPARy activators diminish
NADPH oxidase activity in endothelial cell membrane fraction.#8:4% However, a limitation
of our study is the lack of unambiguous evidence that leptin restores endothelial function
through PPARy-dependent mechanisms and the lack of experiments investigating the direct
molecular links between leptin receptor and PPAR-y, as well as between PPAR~y and Nox1.
Although additional studies are required, recent work may suggest the contribution of
intermediary factors such as retinol-binding protein 7, an endothelium-specific PPARy
target, or even adiponectin, which has been shown to mediate the protective effects of
PPARy.50:51 Other studies may also involve the reduction in endothelial PPARYy in the
metabolic alterations associated with CGL.52

Lastly, in addition to lowering vascular redox status and improving endothelium-dependent
relaxation, leptin reduced vascular and systemic inflammation, likely macrophage
infiltration, and macrophage-mediated cytokine production. Although in apparent
contradiction with the many reports indicating that excess leptin leads to activation of
monocytes, T cells, and neutrophils, these novel findings support the potential protective
effects of leptin reported in certain severe inflammatory conditions.>3 Additional studies are
warranted to determine whether these protective effects of leptin on vascular inflammation
are also PPARy-Nox1 dependent.

In conclusion, this study provides the first evidence that lipodystrophy-associated reductions
in leptin levels impair endothelial leptin signaling leading to increased Nox1 expression and
ROS production, likely via a PPARy-dependent mechanism that impairs endothelium-
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dependent relaxation. We have also demonstrated that leptin replacement therapy fully
restores endothelial function. Taken together, these results indicate that the leptin
replacement therapy provided to control the metabolic alterations associated with
lipodystrophy may also be extremely beneficial to cardiovascular health and may limit the
progression of cardiovascular disease associated with lipodystrophy.

Perspectives

Overall, our findings provide novel mechanistic insights into the underlying causes of
endothelial dysfunction and cardiovascular disease in CGL. In addition, our data present
leptin therapy as a possible new avenue for the treatment of vascular diseases developing in
conditions associated with reduction in adiposity such as type 1 diabetes mellitus, cachexia,
or even acquired lipodystrophy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

Novelty and Significance

What Is New?

Endothelial leptin signaling regulates NO bioavailability via reducing
endothelial Nox1 expression.

Endothelial leptin signaling regulates Nox1 expression, which appears to be
via PPARy-dependent mechanisms.

Human arteries remain leptin sensitive with aging and metabolic diseases.

Chronic leptin treatment decreases systemic and vascular inflammation in
lipodystrophy.

What Is Relevant?

Leptin replacement therapy fully restores endothelial function in congenital
generalized lipodystrophy via endothelium-dependent mechanisms.

Leptin may represent a new avenue for the treatment of vascular diseases in
conditions associated with reduced adipose mass.

We found that leptin replacement therapy reverts endothelial dysfunction in a mouse
model of congenital generalized lipodystrophy by upregulating endothelial PPAR-y
expression and reducing Nox1-derived reactive oxygen species.
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Congenital lipodystrophy induces endothelial dysfunction independent of hyperglycemia
and acute loss of Bscl2 (Berardinelli-Seip 2). Concentration response curves (CRCs) to
acetylcholine (ACh; A) and sodium nitroprusside (SNP; B) in aortic rings from gBscl2*/*
and gBscl2™/~ (Berardinelli-Seip 2 gene—deficient) mice; body fat composition analyzed by
nuclear magnetic resonance (C), CRC to ACh in aortic rings from Gt(ROSA)26Sortm1 (cre/

tamoxifen inducible estrogen receptor)Tyj/J mice treated with corn oil (iBscl2*/*) or

tamoxifen (iBscl2~/~ [inducible Bscl2 KOJ; D). Mice were treated for 5 consecutive days.
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Experiments were performed 1 wk after the last injection. Glucose levels (E) and CRC to
ACh in aortic rings from gBscl2*/* and gBscl2~/~ mice treated or not with the SGLT2
(sodium glucose cotransporter 2; dapagliflozin, 1 mg/kg per d for 7 d; F). Data are presented
as means+SEM. n=4 to 8. */<0.05 vs gBscl2*/*. ttest was used for comparison between 2
groups. Two-way ANOVA test followed by Tukey multiple comparison test was used for
comparison between 4 groups.
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Figure 2.
Leptin replacement restores endothelial function in congenital generalized lipodystrophy by

direct vascular mechanisms. Concentration response curves (CRCs) to acetylcholine (ACh)

in aortic rings from gBscl2*/* and gBscl2~/~ (Berardinelli-Seip 2 gene—deficient) mice
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treated with leptin (10 pg/d for 7 d, osmotic mini-pump; A) or in aortic rings from gBscl2*/*
and gBscl2™/~ mice incubated with leptin (10 ug/mL for 2 h; B). CRC to ACh (C) or sodium
nitroprusside (SNP; D) in aortic rings from endothelial leptin receptor (LepR) wild-type
(LepREC*/*) or deficient (LepREC™") mice. CRC to Ach in the presence of N(w)-nitro-L-
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arginine methyl ester (100 umol/L) in aortic rings from gBscl2*/* and gBscl2~/~ mice (E).
eNOS (endothelial NO synthase) phosphorylation at Serl177 site, and total eNOS levels in
thoracic aortas from gBscl2*/* and gBscl2™~ mice treated chronically with leptin or not (F).
n=4to 8. *F<0.05 vs gBscl2+/+; *P<0.05 vs LepRECH*, ttest was used for comparison
between 2 groups. One-way ANOVA followed by Tukey multiple comparison test was used
for comparison between 3 different groups. Two-way ANOVA test followed by Tukey
multiple comparison test was used for comparison between 4 groups.
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Figure 3.
Lipodystrophy-associated endothelial dysfunction is mediated by NADPH Oxidase 1-

derived reactive oxygen species. Dihydroethidium staining in aortic sections (10 pm; A),
H»0, quantification in aortic segments measured by Amplex Red (B), Nox1 NoxAl,
NoxO1, Nox2, Nox4 gene expression in thoracic aorta from gBscl2*/* and gBscl2~/~
(Berardinelli-Seip 2 gene—deficient) mice (C) or from endothelial leptin receptor (LepR)
wild-type (LepREC**) or deficient (LepREC ") mice (D). Concentration response curve
(CRC) to acetylcholine (Ach) in the presence of GKT771 (10 uM; E) in aortic rings from
gBscl2*/* and gBscl2~/~. CRC to Ach in presence of GKT771 (10 uM) in aortic rings from
LepREC** or LepREC~~ mice (F). Data are presented as means+SEM. Real-time
polymerase chain reaction graphs are presented as interleaved from minimal to maximal.
n=4to 6. */<0.05 vs gBscl2*/*. *P<0.05 vs LepREC**, ttest was used for comparison
between 2 groups. One-way ANOVA followed by Tukey multiple comparison test was used
for comparison between 3 different groups. Two-way ANOVA test followed by Tukey
multiple comparison test was used for comparison between 4 groups.
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Figure 4.

Leptin increases peroxisome proliferator-activated receptor gamma expression and restores
endothelial function in congenital generalized lipodystrophy. PPAR~y gene expression in
thoracic aorta from gBscl2*/* or gBscl2™/~ (Berardinelli-Seip 2 gene—deficient) mice treated
or not with leptin (10 ug/d for 7 d; osmotic mini-pump) and PPARy gene expression in
pulmonary endothelial cells from endothelial leptin receptor (LepR) wild-type (LepREC**)
or deficient (LepREC™") mice (A). PPAR-y gene expression after metreleptin stimulation (8
or 24 h) in human aortic segments (B) or human umbilical vascular endothelial cells
(HUVECS; C); concentration response curves to acetylcholine (ACh) in presence or not of
pioglitazone (10 pM; D) and in presence or not of leptin (10 pg/mL) +GW9662 (5 puM; E) in
aortic rings from gBscl2*/* or gBscl2™~ mice; pioglitazone preincubation effects (10 pM/2
h) on superoxide production in HUVEC transduced with Nox1/NoxA1/NoxO1 (F). Data are
presented as means+SEM. For PPARy gene expression in mouse samples, Real-time
polymerase chain reaction graph is presented as interleaved from minimal to maximal. n=3
to 6. *A<0.05 vs gBscl2*/*; *£<0.05 vs LepREC**: 1/<0.05 vs Nox1/NoxA1/NoxO1-
transduced HUVEC. ttest was used for comparison between 2 groups. One-way ANOVA
followed by Tukey multiple comparison test was used for comparison between 3 different
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groups. Two-way ANOVA test followed by Tukey multiple comparison test was used for
comparison between 4 groups.
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Figure 5.
Leptin reduces inflammation in lipodystrophy. Inflammatory markers in thoracic aorta

measured by real-time polymerase chain reaction (RT-PCR; A) and IL (interleukin)-1p
plasma levels (B) from gBscl2*/* or gBscl2~/~ (Berardinelli-Seip 2 gene—deficient) mice
treated or not with leptin (10 pg/d for 7 d; osmotic mini-pump). Data are presented as means
+SEM. RT-PCR graph is presented as interleaved from minimal to maximal. */<0.05 vs
gBscl2*/*; 1£<0.05 vs gBscl2~/~. n=4 to 6. Two-way ANOVA test followed by Tukey
multiple comparison test was used for comparison between 4 groups. FOxP3 indicates
forkhead box P3; IL-1 Interleukine 1B; and TNF-a,, tumor necrosis factor-a.
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Leptin activates leptin signaling in aortic segments from older patients. Signal transducer
and activator of transcription 3 phosphorylation levels at the Tyr’9° site (A) and total Stat3
and B-actin ratio (B) in human aortic segments after short-term stimulation with leptin (10

ug/mL; 0"=baseline; 15'—60" of leptin exposition). Data are presented as means+SEM.
*P<0.05 vs 0”. One-way ANOVA followed by Tukey multiple comparison test was used.
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