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Abstract

Background: Preeclampsia (PE) patients demonstrate increases in placental leptin production in
midgestation, and an associated increase in late gestation plasma leptin levels. The consequences
of mid-Ilate gestation increases in leptin production in pregnancy is unknown. Our previous

work indicates that leptin infusion induces endothelial dysfunction in nonpregnant female mice
via leptin-mediated aldosterone production and endothelial mineralocorticoid receptor (ECMR)
activation, which is ablated by ECMR deletion. Therefore, we hypothesized that leptin infusion

in mid-gestation of pregnancy induces endothelial dysfunction and hypertension, hallmarks of
clinical PE, which are prevented by ECMR deletion.

Methods: Leptin was infused via miniosmotic pump (0.9mg/kg/day) into timed-pregnant ECMR-
intact (WT) and littermate-mice with ECMR deletion (KO) on gestation day (GD)11-18.

Results: Leptin infusion decreased fetal weight and placental efficiency in WT mice compared
to WT+vehicle. Radiotelemetry recording demonstrated that blood pressure (BP) increased in
leptin-infused WT mice during infusion. Leptin infusion reduced endothelial-dependent relaxation
responses to acetylcholine (ACh) in both resistance (2nd order mesenteric) and conduit (aorta)
vessels in WT pregnant mice. Leptin infusion increased placental endothelin-1 production
evidenced by increased prepro-endothelin-1 and endothelin converting enzyme-1 expressions in
WT mice. Adrenal aldosterone synthase (CYP11B2) and angiotensin Il type 1 receptor b (A71Rb)
expression increased with leptin infusion in pregnant WT mice. KO pregnant mice demonstrated
protection from leptin-induced reductions in pup weight, placental efficiency, increased BP and
endothelial dysfunction.
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Conclusions: Collectively, these data indicate that leptin infusion in midgestation induces
endothelial dysfunction, hypertension and fetal growth restriction in pregnant mice which is
ablated by ECMR deletion.
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Introduction

Preeclampsia (PE) is a hypertensive disorder of pregnancy affecting around 5% of
pregnancies in the US 1. PE prevalence 2 and severity 3 is increasing in the US

and is diagnosed with late gestation (>20 weeks) hypertension presenting alongside a
clinical marker of placental dysfunction. PE pregnancies increase the likelihood of adverse
pregnancy events, notably fetal growth restriction (FGR) and also increase the risk of
cardiovascular diseases for both mother and offspring post-pregnancy 4-/. Therefore, PE is
currently recognized as a significant contributor to overall cardiovascular disease burden
8, PE is characterized by a pro-hypertensive milieu including endothelial dysfunction

9.10 immune dysfunction 11-13 and altered renin-angiotensin aldosterone system (RAAS)
activation 1415, Importantly, the placenta is a focal point of PE pregnancies and PE
placentas demonstrate dysregulated secretions of hormones in mid-late gestation including
increased secretion of antiangiogenic peptides (sFlt-1), decreased placental growth factor
(PLGF), increased proinflammatory immune cytokines 16: 17, and also, increased secretion
of leptin 1819,

Leptin is a hormone traditionally associated with obesity, and the primary source of leptin
in nonpregnancy is the adipose tissue. However, the placenta is a potent producer of
leptin in pregnant women and is believed to be responsible for the steady increase in
plasma leptin levels observed in pregnancy across the gestational period 20-23, Although
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pregnancy increases placental leptin production, clinical studies indicate that placental
leptin production and plasma leptin levels increase in PE patients following midgestation

in association with the presentation of hypertension 18- 19, This leads to a dissociation of
maternal adiposity with leptin levels in PE patients 24 25, High leptin levels in late gestation
of PE patients is associated with reductions in fetal birth weight and increased PE severity
26-33 however, the mechanisms via which leptin promotes late gestation PE pathology are
unknown.

Endothelial dysfunction is a key characteristic of PE pregnancies in both PE patients 34
and rodent PE models 3. Emerging clinical data indicates that reductions in endothelial-
dependent vascular relaxation responses predicts PE severity 3237, Our laboratory
previously demonstrated that increases in leptin receptor activation in nonpregnant female
mice promotes endothelial dysfunction and hypertension 38 39 and further, that leptin-
mediated endothelial dysfunction in female mice is ablated by deletion of the endothelial
mineralocorticoid receptor (ECMR) 40, Furthermore, we showed that high progesterone
levels in pregnancy increases ECMR expression in females, indicating that high leptin levels
and high ECMR expression in late gestation of PE pregnancies may serve to potentiate
endothelial dysfunction 40. Therefore, we hypothesized in the current study that leptin
infusion in midgestation induces endothelial dysfunction and hypertension of pregnancy,
which are ablated by ECMR deletion.

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

All procedures and protocols were approved by the Augusta University Institutional

Animal Care and Use Committee (IACUC protocol #2011-0108) and are compliant with
guidelines set forth by the NIH. All animals were housed in an American Association of
Laboratory Animal Care-approved animal care facility at Augusta University. Animals were
housed at ambient temperature with 12:12 hour light-dark cycles with food and water ad
libitum. Mice with intact endothelial mineralocorticoid receptor (WT) or endothelial-specific
mineralocorticoid receptor (ECMR) deletion (KO), originally provided by Dr. Iris Jaffe

41 (Tufts University), were bred and housed at Augusta University. KO mice (C57BL6
background) were generated by flanking loxP sites on MR exons in mice and breeding

with vascular endothelial (VE)-cadherin Cre recombinase transgene (Cre+) mice to achieve
an endothelial cell-specific MR deletion. Breeding across generations continued with Cre+
heterozygotes bred with Cre- homozygote mice, both with homozygote MR flox/flox, which
generates an even distribution of KO mice and WT littermates. Female mice were bred

with male littermates at 10-14 weeks of age and gestation day (GD)1 was determined

via the detection of a vaginal plug. Mice were confirmed pregnant at GD11 and either

saline sham surgery (vehicle) or miniosmotic pump (Alzet, Cupertino, CA) containing leptin
(0.9mg/kg/kg, Prospec Ness-Ziona, Israel) was implanted in the subcutaneous area posterior
to the subscapular region. This time-point was chosen for GD11 as a midgestation point
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in a mouse’s gestation period (~19.5 gestation days). Pregnant females were sacrificed at
GD18 under isofluorane anesthesia and tissues and plasmas were harvested along with the
collection of pup and placental weights ex-utero.

Statistical analysis was performed in Graphpad Prism® software (La Jolla, CA). All bar data
were expressed as mean+S.E.M. In non-repeated variables, effects of KO, leptin or their
interaction were measured by two-way ANOVA and differences among means measured by
Tukey’s multiple comparison test or student’s unpaired two-tailed t-test. Analysis of blood
pressure and vascular concentration response curves utilized two-way ANOVA. P value of
<0.05 was considered significant.

Additional Methods details can be found in the Supplemental Data File.

Leptin infusion reduced fetal growth and placental efficiency without significantly affecting
maternal weight

Compared to their vehicle counterparts, leptin infusion significantly reduced pup weight by
GD 18 in WT mice without affecting pup weight in KO mice (Figure 1A). In addition,
ECMR deficiency increased pup weight in pregnant mice. Neither leptin treatment nor
ECMR deficiency affected litter size (Figure 1B). Placental efficiency, assessed as pup
weight as a ratio to placental weight, decreased with leptin infusion in WT mice, but not KO
mice (Figure 1C). However, ECMR deficiency significantly increased placental efficiency

in pregnant mice. Furthermore, leptin infusion did not significantly affect placental weight
(Figure 1D), resorptions (Figure 1E) or maternal body weight (Supplemental Table S2).
Neither leptin infusion nor ECMR deficiency affected heart or kidney weights expressed as a
ratio to body weight (Supplemental Table S2). Leptin infusion increased plasma leptin levels
in WT and KO pregnant mice (Supplemental Table S2).

Leptin infusion increased blood pressure in late gestation of pregnant mice

Radiotelemetry recording of blood pressure and heart rate was performed prior to mating as
well as across the pregnancy of WT pregnant mice with vehicle or leptin infusion (Figure
2A-D). WT pregnant mice demonstrated similar MAP, SBP, DBP and HR at prepregnancy
baseline and from GD8-11. Leptin infusion increased MAP, SBP and DBP, but not heart
rate, in WT pregnant mice (Figure 2A-D).

Leptin infusion decreased endothelial function in resistance and conduit vessels in WT,
pregnant mice

Leptin infusion significantly reduced endothelial-dependent relaxation responses to
acetylcholine (ACh) in 2" order mesenteric arteries (resistance arteries) and aortas in WT
mice (Figure 3A,B). Preincubation of mesenteric arteries (Figure 3A, B) with LNAME
ablated leptin-induced differences in ACh-mediated relaxation in WT mice. Leptin infusion
did not reduce endothelial-independent relaxation responses to sodium nitroprusside

(SNP) (Figure 3C,D) nor increase contraction to phenylephrine (Phe) (Figure 3E,F), KCI
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(Supplemental Figure S1A,B) or endothelin-1 (ET-1) (Supplemental Figure S1C) in WT
pregnant mice. Ex vivoincubation with leptin did not alter endothelial relaxation to ACh in
aortas of female mice, indicating that leptin has no direct effect on endothelial relaxation in
female mice (Supplemental Figure S2).

Endothelial MR deletion prevents leptin-induced increases in BP in pregnant mice

Vehicle- and leptin-infused mice with endothelial-specific MR knockout (KO) demonstrated
similar MAP, SBP and DBP and HR both prior to pregnancy (prepregnancy) and at GD8-11
(Fig 4A-D). However, in contrast to WT pregnant mice, leptin infusion did not increase
MAP, SBP, or DBP in pregnant mice with ECMR deletion, indicating that ECMR deletion
prevents leptin-induced late gestation blood pressure increases in pregnant mice.

Endothelial MR deletion prevents leptin-induced endothelial dysfunction in pregnant mice

In contrast to WT pregnant mice, leptin infusion did not reduce ACh-mediated relaxation

in aortas of KO pregnant mice and LNAME ablated ACh-mediated relaxation equally in
vehicle- and leptin-infused KO pregnant mice (Figure 5A). Leptin infusion did not decrease
SNP-mediated relaxation (Figure 5B), contraction to Phe (Figure 5C) nor KCI (Figure 5D)
in KO pregnant mice. Supplemental Table S3 demonstrates ECMR deletion significantly
increased maximal relaxation (Rmax) of thoracic aorta to ACh as well as relaxation to

SNP and reduced maximal constriction (Emax) of Phe. In addition, pregnant leptin-infused
KO mice demonstrated significantly higher maximal relaxation of thoracic aorta to ACh
and lower maximal constriction to Phe compared to leptin-infused WT pregnant mice. No
significant differences in vascular half maximum (ECsp) were observed across all groups for
any concentration response curve.

Leptin increases placental endothelin-1 production in pregnant mice

Previous studies indicate that increased endothelin-1 (ET-1) production is a crucial mediator
of endothelial dysfunction in rodent PE models #2. Placental prepro-endothelin 1 (PPET-1)
(Figure 6A) as well as endothelin converting enzyme-1 (ECE-1) (Figure 6B) MRNA
expressions increased with leptin infusion in pregnant WT mice, but not KO mice. However,
markers of placental dysfunction placental growth factor (PLGF) and soluble FMS-like
tyrosine kinase-1 (sFLT-1) (Supplemental Figure S3A,B) did not increase with leptin
infusion in WT mice, but PLGF expression increased with leptin infusion in pregnant

KO mice. Leptin infusion did not increase plasma levels of proinflammatory cytokines as
depicted in Supplemental Table S4. However, ECMR deficiency significantly decreased
concentrations of IL-12, 1L-23, IL-1a, IL-1b, IL-17a and GM-CSF, indicating a reduced
inflammatory phenotype in KO pregnant mice.

Leptin increases adrenal CYP11B2 and AT1Rb expression in WT pregnant mice

Our previous work demonstrates that leptin increases aldosterone synthase expression in
nonpregnant female mice 39, Leptin infusion significantly increased adrenal CYP11B2
(aldosterone synthase gene) protein expression in WT pregnant mice, but not KO mice
(Figure 6C). Leptin did not increase adrenal angiotensin Il type 1 receptor a (A71Ra)
MRNA expression in WT pregnant mice (Figure 6D), however, did increase A7ZR6 mRNA
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expression (Figure 6E). Leptin infusion failed to increase adrenal A71Raor ATI1Rb mRNA
expressions in KO pregnant mice.

Discussion

Leptin is a reproductively-tied hormone, evidenced in that leptin is required for fertility

in both humans and in mice, and further, in that leptin levels steadily increase in a

healthy pregnancy?9-23. Some speculations indicate that leptin is a nutrient-sensor for
healthy reproduction or a mechanism for angiogenesis and growth hormone stimulation,
however, the role of leptin in pregnancy is incompletely understood at present*3. Compelling
and consistent clinical data report that midgestation rises in placental leptin production,

and subsequently increases in plasma leptin levels, are associated with PE incidence and
severity 26-33.44 however, the physiological consequences of this increase in leptin in

PE pathogenesis is largely unknown. The novel results of the current study indicate that
mid-late gestation leptin infusion induces endothelial dysfunction, hypertension and fetal
growth restriction (FGR) in murine pregnancy, which is characteristic of the pathogenesis of
late gestation PE in human patients. This report introduces an important potential model
isolating the effects of leptin in late gestation to promote endothelial impairment and
indicates that high leptin levels of PE patients promotes adverse cardiovascular and fetal
growth consequences of PE.

In previous studies, our laboratory showed that leptin infusion in female nonpregnant mice
induces reductions in acetylcholine-mediated, endothelial-dependent vascular relaxation
38,39 Endothelial dysfunction, and in particular reductions in NO bioavailability, is a
hallmark of human PE patients 42. Endothelial dysfunction is a predictor of PE severity

and indeed it has been proposed that vascular dysfunction is a crucial early event of PE
pregnancies contributing to placental ischemia 4°. Our study demonstrates for the first time
that leptin infusion in midgestation in pregnant mice induces endothelial dysfunction in the
resistance and conduit vasculature in a preclinical mouse model. Furthermore, we show that
inhibition of nitric oxide synthase (NOS) with LNAME ablates differences in ACh-mediated
relaxation responses between WT pregnant mice with and without leptin infusion. These
data suggest that decreases in NO-mediated relaxation may play a role in leptin-induced
endothelial-dysfunction, however, further studies investigating the degree of phosphorylation
of eNOS and other mechanisms of vasodilation known to mediate relaxation in females,
such as endothelial-derived hyperpolarizing factor (EDHF)*6, are warranted to confirm

this conclusion. No differences were observed between WT and WT+leptin pregnant

mice in vascular responses to SNP or Phe responses and only the resistance vasculature
demonstrated an increase in KCI-mediated constriction with leptin infusion in WT pregnant
mice. These data indicate that smooth muscle function, was not significantly altered by
leptin infusion in WT pregnant mice. Rather, these data indicate that leptin infusion leads to
a decrease in endothelial relaxation capacity in late- gestation pregnancy.

We report novel data that leptin infusion in WT pregnant mice induces an increase in adrenal
CYP11BZ2expression in association with an increase in A71Rb, but not A71Ra, mRNA
expression, indicating an increase in ligand for endothelial mineralocorticoid receptors.

Our published works show that nonpregnant female mice increase CYP11B2expression in
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response to adrenal leptin receptor activation, which is a Ca2*-dependent mechanism 3°.

A previous study by our laboratory also reported sodium restricted diet decreased vascular
relaxation to acetylcholine female mice in association with increased adrenal A7Z/band
CYP11B2adrenal expression levels in females compared to males 47. These data indicate
that CYP11B2and AT1Rbadrenal activity may be a female-specific relationship that
further increases in pregnant females with high leptin levels. KO mice demonstrated a

lack of increase in CYP11B2and AT1Rbexpression in response to leptin, which indicates
that endothelial MR activation may serve as a feedback role to increase CYP11B2and
ATI1Rbexpression in response to stimuli. Indeed, studies demonstrate that MR inhibition
(eplerenone) increases CYP11B2 activity in female mice8 and that endothelial MR deletion
reduces CYP11B2 activity in female KO mice with diet-induced obesity45. These data
indicate that endothelial MR activation is a crucial mediator of CYP11B2expression

and activation, which may play a role in the protection of pregnant KO mice from leptin-
induced endothelial dysfunction, hypertension and FGR. Whether this increase in CYP11B2
expression is mediated by A71Rb-mediated adrenal signaling warrants further investigation.

Endothlin-1 (ET-1) is a potent vasoconstrictive peptide whose levels significantly increase in
PE patients 42 49 and animal models of PE®0: 51, Previous studies demonstrate an association
of leptin and ET-1 in the pathogenesis of FGR and adverse pregnancy 2 53, however, a
causative relationship is unreported to-date. Leptin increased both placental PPET-1 and
ECE-1 in the placentas of WT mice, indicating that leptin plays a role in PE-associated
increases in ET-1 production. Arteries of leptin-infused WT mice did not contract moreso

to maximal ET-1 dose than sham WT mice, indicating that vascular ET-1 sensitivity did not
increase with leptin infusion in pregnant WT mice. Therefore, future studies are warranted
to determine if ET-1 receptor blockade may prevent endothelial dysfunction in pregnant
leptin-infused mice.

Endothelial MR deletion protected pregnant mice from leptin-induced endothelial
dysfunction. Previous studies by our laboratory demonstrated that high progesterone levels,
in particular those of pregnancy, induces increased ECMR expression and is the rationale for
our previously observed sex-difference favoring higher ECMR expression in female humans
and mice 4. Ablation of ECMR has shown to improve endothelial function in several female
mouse models of endothelial dysfunction both in our laboratory 4% 54 and in others’ 46. In
the current study, we surmise that improvement of endothelial function by ECMR deletion
in leptin-infused pregnant mice protected these mice from hypertension and resulted in
improved placental blood flow, preventing FGR and improving placental efficiency. The
mechanism whereby leptin promotes placental efficiency is most likely linked to endothelial
dysfunction, which is a hallmark of PE, particularly severe PE 34 55 56, These data indicate
that the primary cardiovascular risk and risk to placental function, which reduces efficiency,
that leptin poses in late gestation of PE is to injure the vascular endothelium.

PE is currently believed to be initiated by early gestation placental ischemia and failure

of the spiral arteries to remodel into distensible vessels. In the current study we mimic

the placental-derived surge in leptin production of PE patients and we observed that

this hormone promotes endothelial dysfunction, hypertension and FGR as assessed by
reduced pup weight and placental efficiency. We show that blood pressure begins to rise in
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leptin-infused pregnant mice immediately following leptin infusion, however, as endothelial
function is a terminal measurement we are unable to determine whether the development

of endothelial dysfunction predisposed these mice to increases in blood pressure or vice
versa. Future studies are warranted to elucidate the timeline of pathology of hypertension

in response to leptin in pregnant mice. Interestingly, this model also provides some insight
into whether midgestation leptin propagates placental dysfunction. Markers of placental
dysfunction PLGF and sFLT-1 as well as proinflammatory cytokine levels neither decreased
nor increased in response to leptin infusion in WT pregnant mice. These data indicate

that placental dysfunction resulting in increases in proinflammatory cytokines, sSFLT-1 and
decreases in PLGF may precede increases in placental leptin secretion in PE patients.
Whether these factors may play a role in promoting leptin production in the placenta is a
compelling notion that remains to be investigated.

The model presented in this report provides a valuable preclinical tool in that the
cardiovascular consequences of hyperleptinemia are mimicked only in late gestation,
without leptin “priming” in early gestation. Leptin is a reproductive hormone that induces
fetal growth and trophoblast invasion in early pregnancy, however, high leptin levels in
early gestation are also associated with adverse pregnancy outcomes, including PE and FGR
which is most clinically apparent in the growing prevalence of obesity in pregnancy. Rising
rates of obesity in premenopausal women predispose to PE, FGR, gestational diabetes,
among other complications. These patients whom go on to develop PE maintain high leptin
levels throughout their pregnancy which likely contribute to their cardiovascular and fetal
risks, however, the assessment of adipose leptin regulation in pregnancy as well as whether
early gestation leptin infusion regulates ET-1 and CYP11B2 remains unexplored. Leptin
itself is a placental preeclampsia-associated hormone, in that several reports indicate that
placental leptin production increases in PE patients in midgestation and that the placental
trophoblasts are a source of the increased leptin production. Trophoblast shedding and
release of these cells into the circulation is a phenomenon increased by PE in pregnancy®’,
further studies are warranted to determine if trophoblastic shedding increases placental
leptin secretion from these cells.

An important notion in our current study is that our female leptin-infused mice demonstrated
endothelial dysfunction, hypertension and FGR in the absence of a significant change in
body weight or in litter size. A recent report in rats demonstrated that leptin infusion in
Sprague Dawley rats failed to result in an increase in blood pressure, however did result

in adverse fetal outcomes and reduced NO bioavailability °8. The rats in this particular
study lost a significant amount of weight and body fat in response to the leptin infusion,

a phenotype that we do not observe in the mouse model, therefore, the metabolic effects

of leptin are a consideration that must be monitored in all studies of leptin infusion of
pregnancy and offer an intriguing hypothesis of the variable effects of leptin dependent of-
and independent of- its hypothalamic appetite suppression effects.

Perspectives

Increases in placental leptin production, and subsequent plasma leptin levels, in PE patients
indicates an increased risk for adverse PE outcomes for both mother and fetus. Leptin
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infusion in midgestation induces an endothelial dysfunction phenotype in pregnant WT
mice and further results in hypertension and fetal growth restriction. Genetic deletion

of ECMR ablates leptin-induced endothelial dysfunction, hypertension and fetal growth
restriction in pregnant mice. In association, leptin infusion increases adrenal CYP11B2
protein and adrenal A7ZRb mRNA expression in pregnant mice. These data indicate that
increases in plasma leptin levels in late-gestation PE potentiate PE pathology via increases
in aldosterone production and ECMR activation, promoting endothelial dysfunction and
placental dysfunction and resulting in hypertension and fetal growth restriction. Further
studies are needed to better understand the evolutionary role of the leptin and ECMR
relationship in pregnancy to determine if therapeutics targeted at these pathways may be
advantageous to PE women presenting with endothelial dysfunction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Pathophysiological Novelty and Relevance

What is New?

Leptin infusion in mid-late gestation pregnancy induces a model of clinical
PE characteristics including endothelial dysfunction, hypertension and fetal
growth restriction

Endothelial MR deletion protects pregnant mice from endothelial dysfunction,
hypertension and fetal growth restriction induced by leptin infusion

Leptin infusion increases adrenal aldosterone synthase and placental ET-1
production in pregnant mice, which is prevented by endothelial MR deletion

What is Relevant?

Preclinical data in this report indicates that midgestation rises in plasma leptin
levels in PE patients contributes to cardiovascular and fetal consequences on
PE in late gestation

Placental ET-1 production and adrenal aldosterone may contribute to late-
gestation pathology in PE patients with high leptin levels

Clinical/Pathophysiological Implications

The data in this report indicates that therapeutics targeting downstream, mechanisms of
leptin secretion in pregnancy (such as eplerenone) may be a promising target to improve
cardiovascular and fetal outcomes in PE patients presenting with elevated leptin levels.
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Figure 1. Leptin infusion induces fetal growth restriction in WT, but not KO, pregnant mice.
GD18 pup weights (A), average litter size by fetal number (B), placental efficiency (ratio

of pup/placenta weight) (C), placental weights (D), reabsorbed pups (resorptions) per litter
(E) in WT and KO pregnant mice with and without leptin infusion. 2-Way ANOVA with
Tukey’s posthoc test for multiple comparisons. N=6 WT+Vehicle and WT+Leptin, N=7
KO+Vehicle, N=4 KO+Leptin. *P<0.05.
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Radiotelemetry recording and average blood pressures at GD11-18 of blood pressure prior to
mating (prepregnancy), during GD 8-11 and following vehicle or leptin miniosmotic pump
implantation in WT mice (GD11-18). Mean arterial pressure (MAP) (A), systolic blood
pressure (SBP) (B), diastolic blood pressure (DBP) (C) and heart rate (D) are depicted
across all time points and the summary data of average recording from GD11-18. 2-way
ANOVA with repeated measures depicted below each phase of recording and results of
student’s t-test in the average pressures at GD11-18. N=4 WT+vehicle, N=4 WT+leptin,

*P<0.05.
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Figure 3. Leptin infusion reduces endothelial function in WT pregnant mice
Vascular relaxation responses in 2"d order mesenteric arteries (Mesenteric) and thoracic

aorta (aorta) in WT+vehicle and WT+leptin pregnant mice (GD 18). Leptin infusion
decreased endothelial-dependent relaxation responses to acetylcholine (ACh) in both
mesenteric arteries (A) and aorta (B) with and without LNAME preincubation.

Leptin infusion did not reduce endothelial-independent relaxation responses to sodium
nitroprusside (SNP) in either mesenteric arteries (C) or aorta (D) nor increase phenylephrine
(Phe)-induced contraction in mesenteric arteries (E) or aorta (F). N=5 for both groups

Hypertension. Author manuscript; available in PMC 2023 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Faulkner et al.

Page 18

mesenteric arteries, N=5 WT+vehicle aorta, N=6 WT+leptin aorta. 2-way ANOVA with
repeated measures.*P<0.05,
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Figure 4. Endothelial MR deletion prevented leptin-mediated increases in BP in pregnant mice
Radiotelemetry recording and average blood pressures at GD11-18 of blood pressure prior to

mating (prepregnancy), during GD 8-11 and following vehicle or leptin miniosmotic pump
implantation in KO mice (GD11-18). Mean arterial pressure (MAP) (A), systolic blood
pressure (SBP) (B), diastolic blood pressure (DBP) (C) and heart rate (D) are depicted
across all time points and the summary data of average recording from GD11-18. 2-way
ANOVA with repeated measures depicted below each phase of recording and results of
student’s t-test in the average pressures at GD11-18. N=5 KO+vehicle, N=4 KO+leptin,

*P<0.05.
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Figure 5. Endothelial MR deletion prevented leptin-mediated reduction in endothelial relaxation
In pregnant mice
Vascular relaxation responses in thoracic aorta of KO+vehicle and KO+leptin pregnant mice
(GD 18). Leptin infusion did not reduce endothelial-dependent relaxation responses to ACh
in KO pregnant mice in the absence of or presence of LNAME preincubation (A). Leptin did
not reduce SNP-mediated endothelial-independent relaxation responses in KO pregnant mice
(B). Leptin infusion also did not increase vascular constriction responses to phenylephrine
(Phe) (C) or KCI (D) in KO pregnant mice. N=6 KO+vehicle, N=4 KO+leptin. 2-way
ANOVA with repeated measures.*P<0.05.
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Figure 6. Leptin increases placental endothelin-1 production and increases adrenal CYP11B2
and AT1Rb expression in pregnant mice

Placental mRNA expression of prepro-endothelin-1 (PPET-1) (A) and endothelin converting
enzyme-1 (ECE-1) increased with leptin infusion in WT pregnant mice (B). Adrenal protein
expression of CYPI11B2increased in WT mice infused with leptin (C). Adrenal angiotensin
Il type 1 receptor a (A721Ra) mRNA expression did not increase with leptin infusion in WT
pregnant mice (D) in contrast to the leptin-induced increase in AT1Rb observed in leptin-
infused WT pregnant mice (E). Placental N values: N=7 WT+Vehicle, N=9 WT+Leptin,
N=4 KO+Vehicle, N=4 KO+Leptin. Protein expression data N=4 for all groups. Adrenal N
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values: N=5 WT+Vehicle, N=4 WT+Leptin, N=5 KO+Vehicle, N=4 KO+Leptin. Student’s
unpaired t-test for paired comparisons to respective Vehicle, 2-way ANOVA with Tukey’s
posthoc test for multiple comparisons for protein expression. *P<0.05.
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