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Abstract

Although the deleterious influence of protein deficiency on fetal programming is well
documented, the impact of a Western diet on epigenetic mechanisms is less clear. We hypothesized
that high fat high sucrose diet (HFHSD) consumption during pregnancy leads to epigenetic
modifications within the progeny’s compensatory renin-angiotensin system (RAS), affecting
autonomic and metabolic functions. Dams were fed HFHSD (45% fat and 30% sucrose) or regular
chow (RD) from mating until weaning of the pups (~7 weeks). Offspring from both groups were
then maintained on chow and studied in adulthood (3—7 months). Offspring from HFHSD-exposed
dams (OH) exhibited no difference in body weight or fasting blood glucose compared to controls
(OR). In 3-month-old offspring, DNA methylation was significantly lower for the ACE2 gene
(P<0.05) in the brainstem, kidney and cecum. Moreover, ACE2 activity in the hypothalamus was
increased at 7 months (OH: 91 £1 vs. OR: 74 £4 AFU/mg/min, P<0.05). Although baseline blood
pressure was not different between groups, vagal tone in OH was significantly impaired compared
to OR. At the same time, OH offspring had a 1.7 fold increase in AT, receptor expression and a
1.3 fold increase in ADAM17 mRNA. DOCA-salt treatment further revealed and exacerbated
hypertensive response in the OH progeny (OH: 130 +6 vs. OR: 108 £3 mmHg, P<0.05). Taken
together, our data suggest that perinatal exposure to HFHSD resulted in epigenetic modifications
of the compensatory brain RAS, potentially affecting plasticity of neuronal networks leading to
autonomic dysfunction in the male offspring.
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Introduction

Brain development is a process that starts /in utero and takes years in humans, with data
suggesting that maturity of the central nervous system (CNS) is not reached until the early
twenties. Therefore, the environment during pregnancy and early life is critical in shaping
adult cardiovascular (CV) fitness and CNS plasticity. Early studies, soon after World War 11,
have shown the long-term impact of food deprivation on CV function, suggesting that an
adverse perinatal environment can direct the offspring for a programmed sensitivity to CV
diseases later in life (Barker 1990, 1995; Stein et al. 1996). While the effects of nutrient
restriction have been well documented in experimental models and humans, the role of a
hyper-caloric diet is less understood.

It is well established that the autonomic nervous system is involved in the regulation of
systemic glucose and blood pressure (BP). Clinical investigations have revealed a high risk
of developing type 2 diabetes if autonomic dysfunction is present, indicating the importance
of autonomic regulation in glucose homeostasis; however, the underlying mechanisms are
poorly understood. Pre-autonomic command neurons within the paraventricular nucleus
(PVN) of the hypothalamus are key parts of many of these regulatory pathways (O’Hare and
Zsombok 2016; Wulsin et al. 2015). Chemical stimulation or lesions within the PVN alter
plasma glucose level, indicating that the activity of pre-autonomic PVN neurons pivotally
controls glucose homeostasis (Zelena et al. 2006). Within the PVN, the importance of the
brain renin-angiotensin system (RAS) is also well established in the maintenance of normal
BP and in neuro-cardiovascular dysregulation, leading to increased sympathetic activity and
hypertension (Xu et al. 2011). Angiotensin (Ang)-11, by means of its type 1 receptor (AT1R),
promotes increased sympathetic activity, enhanced glutamatergic activity, salt and water
reabsorption, vasoconstriction, aldosterone and vasopressin release and inflammation, all
contributing to high BP. On the other hand, ACE2 (Angiotensin Converting Enzyme type 2)
cleaves Ang-1l into the vasodilator peptide Ang-(1-7) and has been identified as a pivotal
player in the ACE2/Ang-(1-7)/Mas receptor compensatory axis of the RAS (Xu et al. 2011).
While numerous overexpression studies (Der Sarkissian et al. 2008; Diez-Freire et al. 2006;
Huentelman et al. 2005; Yamazato et al. 2007; Yamazato et al. 2009; Feng et al. 2010; Feng
et al. 2008; Xiao et al. 2011; Sriramula et al. 2011; Zheng et al. 2011; Xia et al. 2009)have
established the benefits of ACE2 in preventing the progression and improving the treatment
of hypertension in experimental models, our group was the first to show post-translational
impairment of endogenous ACE2 in the PVN during hypertension (Xia et al. 2013;
Deshotels et al. 2014).

High fat feeding up-regulates components of the RAS in several tissues including heart,
brain, adipose, pancreas and blood (Gupte et al. 2008). ACE2 plays a significant role in
maintaining BP and glucose homeostasis (Xia and Lazartigues 2010; Chhabra et al. 2013).
Knocking out ACE2 leads to exacerbated neurogenic hypertension, up-regulation in the
classical RAS pathway and increased inflammation within the brain (Xia et al. 2013). The
classical RAS is also up-regulated by high fat feeding and animal models of type 2 diabetes
mellitus have elevated level of circulating Ang-I1. Not surprisingly, this can be countered by
AT1R blockade, which also attenuates obesity-associated hypertension in rats (Boustany et
al. 2005). An overactive RAS deteriorates the insulin signaling pathway and promotes
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hyperglycemia (Folli et al. 1997; Henriksen 2007). The molecular basis underlying the
epigenetic control of autonomic function is largely unknown and this uncertainty greatly
hampers the ability to implement effective strategies for reducing type 2 diabetes,
neurogenic hypertension and their complications.

Several studies highlighted how maternal nutrition dictates tissue specific gene expression
and the level of methylation of those genes in the progeny (Gluckman et al. 2007; Burdge et
al. 2007). Perinatal exposure to high fat diet has been shown to program the vascular RAS,
resulting in aortic stiffness and renal renin activity, ultimately making the progeny prone to
hypertension (Armitage et al. 2005). It was shown that a first hit treatment with maternal
high fat feeding induces high BP in female offspring rats but not males, while, vascular
endothelium-mediated relaxation was deteriorated in both sexes of offspring (Khan et al.
2003; Khan et al. 2004). Prenatal exposure to high sucrose increases Ang-I1 levels and AT{R
expression within major arteries, which leads to increased baseline BP in aged offspring (Wu
et al. 2016). Moreover, data about diet-induced programming indicate predictive adaptive
responses to maternal hyper-caloric diet which can either speed the development of the
offspring in order to account for a shorter lifespan or slow development in order to maintain
low energy requirements (Berghénel et al. 2016).

There is a need to understand the mechanisms by which epigenetic programming of the
cardiovascular system occurs. DNA methylation is the most widely studied epigenetic
mechanism, which alters gene expression without changing the DNA sequence. Most
existing epidemiological studies rely on peripheral blood DNA, whereas epigenetic
alterations are tissue-specific and it is unclear whether and to what extent methylation
variation in peripheral blood could reflect the epigenetic profile in specific tissues. DNA
methylation events may occur during the lifetime of the parental generation and then passed
onto the progeny. It can occur right before implantation of the fetus and can have a direct
impact on its development. Finally, it can also occur within the fetus, which is affected by
the perinatal environment (Reik et al. 2001; Bird 2002; Lillycrop et al. 2007). DNA
methylation is often linked to silencing of a gene, however, it really depends on the location
of methylation on the DNA. For example, the glucocorticoid receptor gene promoter is
susceptible to methylation induced by stress or restricted prenatal nutrition. This leads to
increased glucocorticoid receptor gene expression which entails behavioral and CV
dysfunction in the offspring (Meaney and Szyf 2005; Jin et al. 2011).

In the present study, we hypothesized that high fat high sucrose diet (HFHSD) consumption
during pregnancy would lead to DNA methylation modifications within the progeny’s
compensatory RAS, affecting autonomic and metabolic functions. Our data show reduced
ACE2 methylation in various tissues, associated with enhanced ACE2 activity in the brain
and hypersensitivity to hypertension among the offspring. To the best of our knowledge, this
is the first evidence for DNA methylation modifications within the compensatory RAS
following perinatal exposure to a hyper-caloric diet.
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Methods

Animals and diet

Mice were housed in a temperature- and humidity-controlled facility under a 12-hour dark/
light cycle. Wild type males and females C57BI/6J mice (10-12 week-old) were housed
together and fed either regular diet (RD; Harlan Laboratories, 2019S) and autoclaved tap
water or 45% kcal high-fat diet (OpenSource Diets®, D12451) and 30% sucrose in the
drinking water (HFHSD) until mating. Pregnant females were further maintained on RD or
HFHSD until the pups were weaned. Post weaning the offspring from dams on RD (OR) and
those from HFHSD-fed dams (OH) were given regular diet (Harlan Laboratories, 2019S).
All the following procedures were performed in the male progeny, as per National Institutes
of Health guidelines and approved by the Institutional Animal Care and Use Committee at
the Louisiana State University Health Sciences Center (#3116).

DNA methylation bisulfite sequencing

DNA extraction, Methyl-Seq library preparation, and sequencing were carried out by a
service provider (Omega Bioservices, Norcross, GA). DNA was extracted from various
samples using the E.Z.N.A. HP Tissue DNA Kit (Omega Bio-tek, Norcross, GA) according
to the manufacturer’s protocol. DNA concentration was measured using the QuantiFluor
dsDNA System on a Quantus Fluorometer (Promega, Madison, WI). An Agilent
SureSelectXT Methyl-Seq Target Enrichment kit (Agilent Technologies, Santa Clara, CA)
was used for targeted methylation sequencing. Briefly, 3 ug of genomic DNA was
fragmented using a Bioruptor sonicator (Diagenode, Denville, NJ). DNA fragment ends
were repaired, 3’ adenylated, and ligated to methylated adapters. The resulting adapter-
ligated libraries were hybridized with a custom designed SureSelect Methyl-Seq capture
probe pool to enrich target sequences. The captured target DNA libraries were eluted, and
underwent bisulfite conversion to modify unmethylated cytosine residues to uracil residues
using an EZ DNA Methylation-Gold Kit (Zymo Research, Irvine, CA). The libraries were
PCR-amplified, Illumina indexed added, and pooled for multiplexed sequencing on an
Illumina HiSeq 2500 sequencer (Illumina, San Diego, CA) using the pair-end 100 bp run
format.

BP recording and autonomic function

For each surgery, mice were anesthetized with isoflurane (2%) in an oxygen flow (1 L/min)
and placed on a heating pad to maintain body temperature. Post-operative care included an
injection of Buprenorphine-SR (1.2 mg/Kg, sc) for sustained relief of pain. Before the
DOCA-salt paradigm, mice underwent uni-nephrectomy and after a week of recovery, they
were implanted with telemetry probes (TA11PA-C10, Data Sciences International) for
conscious BP monitoring, as described previously (Xia et al. 2013; Sriramula et al. 2015). A
week later, baseline BP was recorded for 3 days. Mice (n=5) were then implanted
subcutaneously with a DOCA-silicone sheet for delivery of 0.75 mg of DOCA per gram of
body weight). Drinking water was then replaced with 1% NaCl. BP was continuously
recorded for an additional 2 weeks. At the end of the protocol, mice were euthanized under
anesthesia and the brain and plasma were collected and stored at —80°C until used.
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Autonomic function was assessed, in conscious freely moving mice, prior to DOCA-salt
treatment, using a pharmacological method involving ip injection of propranolol (B-blocker,
4 mg/kg), atropine (muscarinic receptor antagonist, 1 mg/kg) and chlorisondamine
(ganglionic blocker, 5 mg/kg). Each injection was separated by at least a 3-hour recovery
period. Changes in HR (AHR) or mean arterial pressure (AMAP) were calculated following
administration of these blockers. For each mouse, BP was recorded continuously for one to
two hours using a higher sampling rate of 2000 Hz for baroreceptor reflex analysis.
Spontaneous baroreceptor reflex sensitivity (SBRS), reflecting the baroreflex control of HR,
was calculated by the sequence method using HemoLab software, (http://
www.haraldstauss.com/HaraldStaussScientific/products/default.html), as previously (Xia et
al. 2013; Stauss et al. 2006).

Plasma insulin levels

Blood was collected following decapitation and plasma insulin concentrations were
measured using ELISA Kits (Crystal Chem Inc, Cat# 90080; ALPCO Diagnostics, 80-
CPTMS-EQ1) according to the manufacturer’s protocol.

Plasma glucose levels

Blood was collected following decapitation and plasma glucose concentrations were
measured using a glucose assay kits (Sigma-Aldrich, Product Code GAGO-20) according to
the manufacturer’s protocol. Fasting blood glucose was measured, after 6 hours of fasting,
with a TRUEtrack blood glucose monitoring system (Nipro Diagnostics).

Plasma cholesterol levels

Blood was collected following decapitation and total cholesterol level was measured using
colorimetric analysis provided in the kit (WAKO, pure Chemical Industries, Ltd, Cat
431-52501, CA).

Quantitative real-time PCR (QRT-PCR)

RNA was isolated from hypothalamus and liver using Qiagen RNeasy® Mini kit (Qiagen,
Valencia, CA). One-Step qRT-PCR was performed using Power SYBR Green RNA-to-C+ 1-
Step Kit (Life Technologies, USA). A total of 5 ng target mRNA was added per well and
assayed on a LightCycler® 480 11 (Roche, Indianapolis, IN) using pactin mRNA as an
internal control. Fold changes in target genes were determined by the 272ACt method. The
primer sequences are listed in table 1.

ACE2 activity

ACE?2 activity from hypothalamus homogenates was measured using a fluorogenic substrate
Mca-APK(Dnp), as described previously (Pedersen et al. 2011; Sriramula et al. 2017).
Measurements were performed in duplicate for each sample, in the presence and absence of
DX600 (ACEZ2 inhibitor). Specific activity from each sample was then normalized to protein
content and presented as Fluorescence Units (FU)/min/ug protein.

Cell Mol Neurobiol. Author manuscript; available in PMC 2019 January 01.


http://www.haraldstauss.com/HaraldStaussScientific/products/default.html
http://www.haraldstauss.com/HaraldStaussScientific/products/default.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mukerjee et al.

Statistics

Results

Page 6

Data are presented as mean £SEM. Unless otherwise stated, data were analyzed by Student’s
ttest, one-way ANOVA followed by Tukey’s post-hoc test for multiple comparisons
between means, two-way ANOVA followed by bonferroni’s post-hoc test for multiple
comparisons between means or repeated-measures ANOVA followed by Bonferroni’s post-
hoc test for multiple comparisons, as appropriate, using Prism 5 (GraphPad Software, San
Diego, CA). Differences were considered statistically significant at £<0.05.

Impact of HFHSD on metabolic parameters in dams and offspring

For this study, after being housed with their male counterpart, dams were fed HFHSD, or
chow, during gestation (3 weeks) and remained on this diet until weaning of the pups at 21
days.

C57BI6/J females (3-month-old), exposed to a HFHSD, supplemented with 30% sucrose in
the drinking water, for 7 weeks exhibited a significant increase in plasma cholesterol levels
(Figure 1A) compared to the RD group (HFHSD: 194 £5 vs. RD: 117 +5 mg/dL, P<0.05).
Therefore, direct exposure to the hypercaloric diet increased total calorie intake within the
HFHSD-fed dams leading to a change in lipid profile. Interestingly, non-fasted insulin levels
were significantly lower in dams exposed to HFHSD (Figure 1B) while unfasted plasma
glucose was not different between the groups (HFHSD: 200 +27 vs. RD: 219 +13 mg/dL,
P>0.05). Together these data suggest that HFHSD intake led to hyperlipidemia and insulin
secretory deficiency in the mothers.

Following weaning, all pups were fed RD. Perinatal exposure to HFHSD (OH) or RD (OR)
led to similar growth curves and there were no significant differences in body weight (Figure
1C) or fasting blood glucose (Figure 1D) in pups. Similarly, 6-month-old offspring showed
no differences in plasma insulin (Figure 1E) and plasma glucose (Figure 1F) levels.

Impact of HFHSD on BP and autonomic regulation in offspring

Figure 2A shows averaged BP recordings in baseline conditions and following DOCA-salt
treatment. Perinatal exposure to HFHSD did not significantly alter baseline BP parameters
(Figure 2B-C) but resulted in a significant tachycardia in OH pups (Figure 2D). As
expected, baseline SBRS was not altered by HFHSD perinatal exposure (Figure 2E) and
sympathetic drive to the heart (Figure 2F) and the vasculature (Figure 2G) were also similar
between progenies. However, there was a distinct deterioration in vagal tone (Figure 2H), as
evidenced by a reduced tachycardic response to atropine, in these young OH mice that may
have contributed to the persistent tachycardia in this group.

To determine whether exposure of HFHSD may have programmed neuronal networks to
respond differently to cardiovascular challenges, 3-month-old mice were subjected to a low-
dose DOCA-salt treatment to induce neurogenic hypertension (Sriramula et al. 2015; Xia et
al. 2013). Interestingly, this mild DOCA-salt paradigm produced only a small increase in
systolic BP (+14 +4 mmHg, P<0.05, Figure 2B) and diastolic BP (+11 £2 mmHg, P<0.05,
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Figure 2C) in OR pups. However, the OH progeny exhibited a more pronounced elevation of
both systolic (+35 £3 mmHg, P<0.05, Figure 2B) diastolic BP (+29 +2 mmHg, P<0.05,
Figure 2C). HR was not affected by DOCA-salt treatment in the OR group and the
tachycardia previously observed at baseline, persisted in OH mice undergoing DOCA-salt
treatment (Figure 2D).

HFHSD-induced epigenetic effect on the compensatory RAS

To determine the impact of HFHSD on epigenetic changes within the compensatory RAS,
we examined gene methylation of its major component, ACE2. While brain and kidney are
involved in BP regulation, the gut microbiota has recently be shown to modulate BP and
metabolic homeostasis (Gomez-Guzman et al. 2015; Mell et al. 2015; Patten et al. 2004). We
observed, a consistent decrease in the levels of mMACE2 methylation in the brainstem, kidney
and cecum of 3-month-old OH mice (Figure 3A-C, P<0.05), supporting a role for HFHSD
in regulating this epigenetic process. To determine whether this reduced methylation was
linked to altered gene expression, we assessed gene expression for AT1;,R, ADAM17 and
ACE2 in the hypothalamus, another brain region critical for BP regulation. The 3-month-old
OH progeny exhibited significantly higher levels of AT1,R mRNA (Figure 3E), as well as an
increase in ADAM17 mRNA (OH: 1.3 £0.1 vs. OR: 1.0 £0.04, P<0.05). In-spite of
decreased ACE2 gene methylation, ACE2 activity did not increase within the 3-month OH
offspring (Figure 3F), possibly due to the negative regulation exerted by AT14R and
ADAML17 on this enzyme (Xia et al. 2013; Pedersen et al. 2015). However, at 7 months, the
putative inhibitory effect of AT14R (Figure 3E) and ADAM17 (OH: 1.1 £0.2 vs. OR: 1.0
+0.1) was lost and this was associated with increased ACE2 activity within OH offspring
compared to the OR controls (Figure 3F). Together, our data suggest that perinatal exposure
to HFHSD shaped the expression of the brain RAS, most notably resulting in an increase in
ACE?2 expression and activity within the CNS.

Discussion

Recent evidence suggests that epigenetic mechanisms, especially DNA methylation, play a
critical role in the development of cardio-metabolic diseases (Wahl et al. 2017; Ligthart et al.
2016). In addition, gene methylations are most commonly thought to be associated with
impaired gene expression. In this study, we investigated the effects of perinatal HFHSD
exposure on the main component of the RAS compensatory axis, ACE2. The main finding is
that a 7-week exposure of gestating and nursing dams to HFHSD unexpectedly led to a
reduction of ACE2 methylation in major organs such as the brain, kidney and cecum.
Moreover, within the brain, these epigenetic changes were associated with temporary
changes in ACE2 and AT14R gene expression and ultimately translated into enhanced ACE2
activity, associated with alterations of autonomic function.

ACE?2 has been reported to play a critical role within the central nervous system in
modulating autonomic function and BP regulation (Mendoza and Lazartigues 2015). Despite
its compensatory role in alleviating the deleterious effects of the classical RAS (7.e. ACE/
Ang-11/AT1R) activation, endogenous expression of this enzyme has been shown to fluctuate
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with the development of hypertension, often with a rise in activity early on, followed by a
reduction as the disease is established (Burrell et al. 2005).

We observed a significant decrease in ACE2 gene methylation in 3-month-old OH pups
which should have led to an increased ACE2 activity. However, at that age, it was
accompanied by an increased AT14R and ADAM17 gene expression which could have
potentially down-regulated the compensatory activity of ACE2 (Sriramula et al. 2015; Xia et
al. 2013). This hypothesis is supported by the observation that reduction of AT4R and
ADAML17 gene expression in the 7-month-old OH offspring was associated with an
increased hypothalamic ACE2 activity. It remains to be determined whether this elevated
ACE?2 activity could have impacted the impaired parasympathetic drive observed in 3-
month-old offspring. Furthermore, the predictive adaptive mechanism found in 7-month-old
mice, where ACE2 activity is increased and AT, receptor expression is decreased must be
put to test. A second hit test with DOCA- salt treatment in 7-month old mice, could reveal, if
these changes are adequately robust to protect these mice from a cardiovascular insult.

Due to experimental constraints and tissue availability, ACE2 gene expression was studied
within the hypothalamus while ACE2 gene methylation was measured in the brainstem.
However, both regions play are closely connected in the regulation of autonomic control of
BP and our observation that ACE2 methylation is also reduced in the kidney and cecum
(Figure 3A-C) strongly suggests that ACE2 methylation was uniformly reduced all over the
body.

The “second hit” test is often used in epigenetic studies to assess the impact of system
plasticity in the face of a future challenge. Here, DOCA-salt treatment unmasked enhanced
sensitivity to hypertension in the offspring exposed to HFHSD, suggesting that epigenetic
modifications of ACE2 and other genes may have lowered the threshold for the development
of hypertension. To the best of our knowledge, this is the first report showing alterations in
ACE?2 activity due to epigenetic modifications. Other groups have reported reduction in
ACE?2 protein expression following hyper-cholesterolemic diets (Tikoo et al. 2015) or trends
to reduced expression after high fructose diets (Tain et al. 2016). Interestingly, in the later,
an inhibitor of soluble epoxide hydrolase was shown to increase ACE2 expression and
attenuate the high fructose-induced hypertension, supporting the critical role of ACE2 in
maintaining a normal BP. In this study, we did not assess ACE2 activity following the
development of DOCA-salt hypertension in the OH progeny. However, in RD-fed mice, we
have previously reported a reduction in ACE2 activity in the brain and a parallel rise in
AT1,R. Further work is needed to determine how ACE2 activity is affected by hypertension
in HFHSD-exposed pups.

Our group previously reported that ACE2 expression within the pancreas can regulate
glucose homeostasis and prevent the development of diabetes in experimental models
associated with obesity, including high fat diet (Bindom et al. 2010; Chodavarapu et al.
2016). To the best of our knowledge, no study has previously investigated the impact of a
hyper-caloric diet on epigenomic modifications within the compensatory RAS. The fact that
a similar reduction was observed in the brain, kidney and cecum strongly supports the global
character of this mechanism, likely affecting organs that contribute to BP regulation and
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possibly other physiological functions. We previously reported that Ang-11 signaling
activation leads to ADAML17 up-regulation, promoting ACE2 shedding from the plasma
membrane, a process that is thought to be deleterious through impairment of the enzyme’s
compensatory activity (Xia et al. 2013). However, although ADAM17 gene expression was
increased in the brain, and possibly other tissues, by HFHSD exposure, it did not result in a
reduction of ACE2 activity.

The goal of this study was to determine whether perinatal exposure to a HFHSD could
induce epigenomic modifications within the compensatory RAS that could be translated into
impaired autonomic and metabolic functions. While our data are encouraging and support
this hypothesis, we acknowledge several limitations, the main one being the lack of protein
expression for several of our targets. More work is warranted in this direction and towards
the reversal of these epigenomic modifications. In conclusion, we provided evidence for
perinatal HFHSD to trigger epigenomic modifications within the compensatory RAS,
potentially altering autonomic function and exposing the male progeny to higher sensitivity
to CV and possibly metabolic diseases.
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Figure 1. Effect of HFHSD on metabolic parametersin damsand their offspring
Direct exposure to HFHSD led to a significant increase in total plasma cholesterol levels

(A), while plasma insulin levels in unfasted dams (n=4-5) was significantly lowered (B).
Next, among the offspring, body weight (n=13) increased uniformly between the OR and
OH mice (C) and fasting blood glucose levels (D) at 30 or 90 days were not different.
Unfasted plasma insulin (E) and plasma glucose (F) levels were unchanged between the 2
groups (n=3-6). Statistical significance: */<0.05 and **/~<0.001 vs. RD (Student’s ~test).
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Figure 2. Perinatal exposureto HFHSD sensitizes mice to neurogenic hypertension
Average (n=4-5) 30 min BP traces (A) before and after DOCA-salt treatment (12 days) in

OR (grey line) and OH (black line) progeny. DOCA-salt treatment led to significantly
increased systolic (B), and diastolic (C) BP in OH mice compared to OR (n=4). In addition,
OH mice exhibited a persistent tachycardia compared to OR mice (D). Baseline spontaneous
baroreceptor sensitivity (SBRS; E) as well as sympathetic tone to the heart (F) and
vasculature (G) were unchanged between groups while vagal tone (Student’s #test) (H) was
significantly reduced in OH mice (n=4-7). Statistical significance: *P<0.05 vs. OR mice,
#p<0.05 vs. OR+DOCA mice and $/<0.05 vs. OH mice using one-way ANOVA followed by

Tukey’s multiple comparison test.
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Figure 3. HFHSD induced methylation changesin ACE2 gene within the offspring
DNA methylation of the mACE2 gene was consistently downregulated in brainstem (A),

kidney (B) and cecum (C) of OH mice (Student’s £test; n=6). Gene expression was
transiently increased for ACE2 (D) and AT 4R (E) in 3-month old OH offspring but
normalized in 7-month old animals. At that later time point, ACE2 activity was significantly
increased (two-way ANOVA with Bonferroni post hoc test, n=3-6/group) in OH mice (F).
Statistical significance: *P<0.05, **P<0.01 and ***P<0.001 vs. OR mice, #/<0.05 vs. OH

mice.
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Primers used for gRT-PCR

Table 1

Gene Forward primer Reverse primer

mACE2 gag gat aag cct aaa atc agc tct tg | tcg gaa cag gaa cat ttc gtt
MAT,R tca cca gat caa gtg cat ttt ga aga gtt aag ggc cat ttt gct tt
mADAM17 | tgc agg gtt taa agg gta tgg a att gaa gtg tct ttc acc agg ttt t
mp-Actin cat cct ctt cct ccc tgg aga aga aca gga ttc cat acc caa gaa gga ag
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