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Abstract

Rationale: Lower natriuretic peptide (NP) levels may contribute to the development of
cardiometabolic diseases. Blacks have lower NP levels than middle-aged and older white adults. A
high-carbohydrate challenge causes an upregulation of a negative ANP regulator microRNA-425
(miR-425) which reduces atrial-NP (ANP) levels in whites.

Objectives: We designed a prospective trial to study racial differences in 1) NP levels among
young adults, 2) NP response to a high-carbohydrate challenge, and 3) explore underlying
mechanisms for race-based differences.

Methods and Results: Healthy self-identified blacks and whites received three days of study
diet followed by a high-carbohydrate challenge. Gene expression from whole blood RNA was
assessed in the trial participants. Additionally, atrial and ventricular tissue samples from the
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Myocardial Applied Genomics Network (MAGNet) repository were examined for NP system gene
expression. Among 72 healthy participants, we found that B-type-NP, N-terminal-pro-B-type-NP
(NTproBNP), and mid-regional-pro-ANP (MRproANP) levels were 30%, 47%, and 18% lower in
blacks compared with whites (p<0.01), respectively. The decrease in MRproANP levels in
response to a high-carbohydrate challenge differed by race [blacks 23% (95%CI: 19% to 27%) vs.
whites 34% (95% Cl: 31% to 38%); Pinteraction<0-001], with no change in NTproBNP levels. We
did not observe any racial differences in expression of genes encoding for NPs (NMVPRA/NPPB) or
NP signaling (MVPRZ) in atrial and ventricular tissues. NP processing (corin), clearance (NPR3)
and regulation (miR-425) genes were ~3.5, ~2.5, and ~2 fold higher in blacks than whites in atrial
tissues, respectively. We also found a 2-and 8-fold higher whole blood RNA expression of gene
encoding for Neprilysin (MME) and miR-425among blacks than whites.

Conclusions: Racial differences in NP levels are evident in young healthy adults suggesting a
state of NP deficiency exists in blacks. Impaired NP processing and clearance may contribute to
race-based NP differences. Higher miR-425 levels in blacks motivate additional studies to
understand differences in NP downregulation after physiological perturbations.

Clinical Trial Registration: .
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INTRODUCTION

The heart is the primary source of natriuretic peptides (NPs)! that circulate in two main
isoforms; atrial NP (ANP) and B-type NP (BNP).L: 2 Prior studies have revealed substantial
heritability of NP levels,3 and suggested a role for common genetic variants* ° in elucidating
causes for variation in circulating NP levels. Large-scale human genetic studies have put
forth the concept of “NP deficiency” (low NP levels) as a biological contributor to the
development of cardiometabolic diseases such as hypertension and diabetes.>” We and
others have observed that blacks have lower resting NP levels as compared with whites in
middle-aged and older individuals.8-11 We have also established that the predictive ability of
NP as a biomarker may be diminished in blacks with obesity or kidney dysfunction.12
Although these pivotal studies establishing black race as an NP deficient state were
conducted in individuals free of prevalent cardiovascular and renal disease, NP levels were
examined in older individuals (56 to 64 years),8-11 in whom “subclinical” cardiometabolic
disease may exist.

Black individuals are at higher risk for cardiometabolic disease than whites.13 Important
factors underlying this excess risk are higher rates of obesity, insulin resistance, and diabetes
in blacks as compared to whites.1# 15 Population-based studies have suggested an inverse
relationship between clinical components of cardiometabolic disease (i.e., obesity, high
blood glucose, and dyslipidemia) and NP levels.16-20 A relative “NP deficiency” in blacks
could contribute to an impaired ability to maintain energy homeostasis, lipolysis, and insulin
sensitivity, possibly serving as a unifying mechanism underlying racial disparities in
cardiometabolic disease.

We have previously shown that in young, healthy whites, a high-carbohydrate challenge
causes an acute reduction in circulating ANP levels.2! However, there are no data on how
the NP system responds to a carbohydrate challenge in blacks. In an effort to translate
insights from human genetic studies into a clinical setting, and to evaluate and implement
individualized approaches for the assessment of NPs,22 we conducted a clinical trial to
investigate: 1) whether circulating NPs are lower in young healthy blacks as compared with
young healthy whites; 2) the change in NPs in response to a high-carbohydrate challenge in
blacks and whether there is a difference in the magnitude of change in blacks versus whites;
and 3) the mechanisms of race-related NP difference and race-specific NP response to a
high-carbohydrate challenge.

METHODS

A detailed description of the study populations, trial protocol, and laboratory assessment are
provided in Online Method I and Figure 1. Moreover, the data that support the findings of
this study will be available from the corresponding author upon reasonable request.

Circ Res. Author manuscript; available in PMC 2020 November 08.
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Study design, setting, and location.

Our study was a single-center, prospective, physiological clinical trial approved by the
institutional review board at the University of Alabama at Birmingham (UAB). Participants
were recruited from the university campus and surrounding areas. All participants signed
informed consent. Atrial and ventricular tissues from organ donor hearts with normal
ventricular function in the Myocardial Applied Genomics Network (MAGNet) repository
were assessed for the genetic assessment.23 Moreover, induced pluripotent cell-derived
cardiomyocytes (iPSC-CMs) from the participants recruited for Phenotyping Lipid traits in
iPS derived Hepatocytes Study (PhLiPS study)?4 at the University of Pennsylvania (UPenn)
were also utilized for the genetic assessment.

Study outcomes and measurements.

The primary outcome of our study was baseline differences in circulating NPs in young
healthy blacks and whites. The secondary outcome was the change in NP levels in response
to a high-carbohydrate challenge between blacks and whites. We further performed gene
expression profiling from whole blood RNA in the trial participants as well as in the atrial
and ventricular tissues from the MAGNet repository. Total RNA sequencing (RNA-Seq) of
genes associated with NPs were done in iPSC-CMs from healthy white and black adults of
PhLiPS study.24

Laboratory measurements.

All blood specimens were obtained in EDTA, PAXgene, or gold top tubes, and immediately
processed and frozen at —80°C until assayed. Additionally, buffy coats were extracted and
stored at —80°C till the end of the study, at which time DNA was isolated for ancestry
determination. Serum glucose was measured using a Sirrus Stanbio (Boerne, TX) analyzer
using glucose oxidase reagent (minimum detectable limit = 2 mg/dL, intra-assay CV% <2,
inter-assay CV% <3). Insulin was measured using a TOSOH 900 AIA (S. San Francisco,
CA, minimum detectable limit = 0.5 uU/mL, intra-assay and inter-assay CV% <4). N-
terminal pro ANP (NTproANP) is more stable in plasma and has a longer half-life i.e.,
60-120 minutes as compared with mature ANP (2-5 minutes).2> Moreover, NTproANP is
produced in 1:1 ratio to ANP.1: 2 We and others have measured NTproANP in various
previous studies.?!: 26-29 However, NTproANP measurements, performed using available
immunoassays, have a relatively high intra-plate CV. Therefore, an intermediate portion of
NTproANP i.e., mid-regional-proANP (MRproANP) was measured using
immunoluminometric sandwich assays (BRAHMS KRYPTOR compact plus, Hennigsdorf,
Germany, minimal detectable limit = 2.1 pmol/L, inter-assay CV% <2 and intra-assay CV%
<6.5).30 Plasma N-terminal-proBNP (NTproBNP) concentration was measured using an
electrochemiluminescence immunoassay (Elecsys proBNP, Roche, Indianapolis, IN,
minimum detectable limit = 5 pg/mL, inter- and intra-assay CV% <2).2! Plasma BNP was
measured by a two-site immunoenzymatic assay (Alere Triage BNP test, minimum
detectable limit = 1.0 pg/mL, inter- and intra-assay CV% <10).31 African Americans are an
admixed population, therefore ancestry proportion among self-identified blacks was
performed. The description for the assessment of African American ancestry is outlined in
the Online Method Il. Gene expression levels were assessed from whole blood for the study
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participants at UAB as well as from atrial and ventricular tissues for subjects in the MAGNet
repository. A detail description of RNA isolation and mRNA levels assessment are depicted
in the Online Method III.

gRT-PCR using atrial and ventricular tissues from the MAGNet repository.

The atrial and ventricular tissues from organ donor hearts with normal ventricular function
were obtained from the MAGNet repository.23 A total of 45 (15 from blacks, 30 from
whites) left atrial (LA) and left ventricular (LV) samples were assessed (using gRT-PCR) to
examine the genes encoding NP production (i.e., NPPA and NPPB), NP processing (i.e.,
corinand furin), NP signaling receptor (MPRI), and NP clearance [i.e., membrane metallo-
endopeptidase (MME) and NP receptor 3 (NPR3)]. The expression of microRNA-425
(miR-425), and microRNA-155 (miR-155) were also assessed in these tissues. Plasma BNP
and MRproANP levels were measured in stored plasma samples from a sub-group (8 from
blacks, 19 from whites) of these tissue samples from the MAGNet repository.

RNA sequencing using induced pluripotent cell-derived cardiomyocytes in the UPenn

cohort.

A multi-ethnic cohort of healthy individuals were recruited (n=91) and mononuclear cells
isolated from their peripheral blood were used to generate induced pluripotent stem cells.?*
We differentiated the various cell lines into iPSC-CMs using a feeder-free two-dimensional
differentiation protocol based on a published procedure that is standard in the field.32 The
iPSC-CM colonies were examined for troponin positivity as a measure of quality using flow
cytometry. The details of the differentiation protocol and RNA-seq assessment are described
in Online Method IV.

Statistical analysis.

Our study was powered to detect the change in ANP levels in response to a high-
carbohydrate challenge among black individuals. Based on a prior investigation among
whites,?! a high-carbohydrate challenge can reduce circulating plasma ANP levels up to
27%. With an estimated standard deviation of 0.2 (a high estimate) and utilizing prespecified
sample size of 30 black individuals,?! our study was powered to detect a change as small as
11% in ANP levels after a high-carbohydrate challenge, with $=0.8 and a=0.05. We
expected similar effect size for change in ANP levels after a high-carbohydrate challenge
among whites.

All analyses were conducted using STATA, version 14.2 MP (StataCorp LP), and LIMMA R
package. Baseline characteristics of participants were compared between blacks and whites
using Student’s t-test (normal distribution) or Mann-Whitney test (non-normal distribution)
for continuous variables and Pearson y? test for categorical variables. The normality of
continuous variables was assessed using histogram and Q-Q plots (visual assessment) as
well as Shapiro Wilk test (statistical assessment). Plasma NP levels at baseline and after a
high-carbohydrate challenge were found to have a non-normal distribution and were log-
transformed for the analyses. Linear regression models were used to assess the racial
differences in plasma NP levels. Choosing white race as a reference, a relative percentage
difference in plasma NP levels with 95% confidence interval (ClI) in blacks was calculated
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using the following formula: (ef — 1) x 100 (where B is the beta coefficient from linear
regression). As the assessment of different NP fragments are not independent to each other,
we did not use the statistical correction of multiple testing in the aforementioned models.
Linear mixed-effect models excluding missing data (<1%) from 72 individuals were used to
assess the effect of high-carbohydrate challenge overtime on plasma NP levels. In these
models, we assessed for repeated measurements of NP levels with fixed effects of race, time,
and their multiplicative interaction term (race*time), accounting for the correlation among
repeated measures in the same person. Participants were treated as random effects in these
models. The percentage difference with 95% CI in plasma NP levels after 8 hours in overall
as well as by race was calculated: [(e® — 1) x 100 multiplied by 8 hours (where B is the beta
coefficient from linear regression)]. The models mentioned above were further assessed after
adjusting for their baseline demographics [i.e., age, sex, body mass index (BMI), insulin].

Gene expression from PAXgene whole blood tubes and atrial/ventricular tissues.

For relative mMRNA levels of genes related to NPs, we performed 2-sample t-test with Welch
correction for unequal variance. Furthermore, mRNA levels of NPPA, NPPB, corin, furin,
NPR1, NPR3, MME, miR-425, and miR-155 levels were log transformed to assess the
relative difference between white and black individuals in a multivariable linear regression
model (including age, sex, and BMI). A two-sided p<0.05 was considered statistically
significant.

RNA sequencing from iPSC-CMs.

RESULTS

RNA sequencing was performed on the Hiseq2500 using 100-bp paired-end reads, and ~30
million read pairs were generated per biological sample. Fastq files were aligned against a
human reference (hg19/hGRC37) using the STAR aligner (v2.6). Duplicate reads were
removed using MarkDuplicates from Picard tools, and per gene read counts for Ensembl
(v75) gene annotations were computed. Expression levels of NPRA, NPPB, corin, and furin
in counts per million (CPM) were normalized and transformed using the VOOM procedure
in the LIMMA R package. PCA analysis revealed sources of unwanted variation associated
with technical sources of variation such as batch and RIN score. Rather than directly
adjusting for them, the surrogate variable analysis was used to account for sources of latent
(hidden) variation. Using the svaseq function in the R SVA package, 11 significant surrogate
variables were determined for the iPSC-CMs samples. Differential gene expression between
races was performed with the LIMMA R package using the following linear model, this
model adjusts for any sex, age, and surrogate variables:

Y = Bg + P1xrace + Poxsex + PaxAge + Pa:N-XSVA_L:SVA_N

(where Y is log2 transformed gene expression, the race is either black or white individuals
plus adjustments for sex, age, and 11 surrogate variables).

We screened 94 subjects from March 2017 to October 2018 at UAB to examine baseline
plasma NP levels and the effects of a high-carbohydrate challenge on the same. The study
flow-chart is shown in Online Figure I. A total of n=13 subjects were ineligible after
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screening (Online Method 1). Seven participants picked up meals for the second visit but
were unable to attend the protocol, three subjects were found ineligible after the screening
(two had high blood glucose levels, and one had anemia), two participants were unable to
complete the protocol due to difficulties with the blood draw, and one subject was tested
positive for pregnancy on the protocol visit. Our final study sample included 72 individuals,
34 self-reported blacks, and 38 self-reported whites.

Baseline characteristics of participants are shown in Online Table I. The mean age of
participants was 27 years. We studied the similarly equal proportion of men and women in
both groups, with a mean BMI of ~27 kg/m? (Online Table 1). The mean systolic BP was
115 mmHg (IQR, 108-124 mmHg) in blacks and 112 mmHg (105-118 mmHg) in whites
(Online Table I). A total of 24 black individuals provided consent to isolate DNA for
ancestry proportion analyses. The proportion of African ancestry among self-identified
blacks in our study was ~90%.

Racial differences in natriuretic peptide levels among young, healthy adults.

The median BNP and NTproBNP levels in blacks were 17 pg/mL (IQR: 13-23 pg/mL) and
14 pg/mL (IQR: 14-23 pg/mL), while in whites were 22 pg/mL (IQR: 18-33 pg/mL) and 33
pag/mL (IQR: 18-53 pg/mL), respectively (Online Table I). In the unadjusted analysis, log
plasma BNP and NTproBNP levels were 28% (95% ClI: 11% to 42%, p=0.002) and 51%
(95% ClI: 34% to 66%, p<0.001) lower in black participants compared with whites,
respectively (Table 1). After adjusting for age, sex, BMI, and insulin, the differences in
plasma BNP and NTproBNP levels in blacks compared with whites remained similar (30%
lower for BNP and 47% lower for NTproBNP) (Table 1). The median MRproANP levels
were significantly lower in blacks as compared with whites 43 pmol/L (IQR: 33-55 pmol/L)
vs. 52 pmol/L (IQR: 45-65 pmol/L), p=0.02 (Online Table I). Log plasma MRproANP levels
were significantly lower in both unadjusted (18%; 95% CI: 3% to 31%, p=0.02) as well as
multivariable-adjusted model (18%; 95% CI: 2% to 31%, p=0.03) (Table 1).

Multivariable linear regression models using natural log-transformed NP as the dependent
variable and race as the independent variable was used to assess statistical difference by
race. White race was chosen as reference. Values shown were beta coefficient (95%
confidence interval) which were on the log NP scale. Percentage lower than whites was the
estimated % difference in NP levels in blacks versus whites which was calculated by using
the formula (eP-1)*100 assuming all other variables in the model remained constant.

Racial differences in natriuretic peptide response to a high-carbohydrate challenge.

Fasting serum glucose levels were similar between the groups (93.7 + 2.0 mg/dL in blacks
versus 93.1 + 1.0 mg/dL in whites, p=0.81) (Online Table I). After a high-carbohydrate
challenge, serum glucose levels increased and peaked at 1 hour with levels of 129.9 + 7.3
mg/dL in blacks and 126.8 + 6.2 mg/dL in whites (Figure 2, Panel A). Fasting serum insulin
levels were higher in blacks compared with whites (14.3 + 3.2 versus 6.6 = 0.6 pU/mL,
p=0.01) (Online Table I). Black individuals had a greater insulin resistance as compared
with whites (HOMA-IR: 3.6 + 1.0 in blacks versus 1.4 + 0.1 in whites, p=0.03). Serum
insulin levels peaked at 1 hour and were 98.5 + 10.1 uU/mL in blacks compared to 69.7 +
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6.7 pU/mL in whites (p=0.004 for interaction) (Figure 2, Panel B). Black individuals showed
hyperinsulinemia to glucose load suggesting reduced insulin sensitivity.

After a high-carbohydrate challenge, there was a significant decrease in plasma MRproANP
levels in all participants in both unadjusted and multivariable-adjusted models (i.e., age, sex,
BMI, and insulin). In the multivariable-adjusted model, we observed a 29% (47 pmol/L to
33 pmol/L, p<0.001) decrease in the circulating MRproANP levels 8-hours after a high-
carbohydrate challenge. The reduction in plasma MRproANP levels after a high-
carbohydrate challenge differed significantly by race (p<0.001, in a multivariable-adjusted
model). Therefore, we further examined the reduction in plasma MRproANP levels stratified
by race. We observed a 34% (52 pmol/L to 34 pmol/L, p<0.001) and 23% (43 pmol/L to 33
pmol/L, p<0.001) reduction in plasma MRproANP levels in whites and blacks, respectively
(Figure 3, Panel A). Plasma NTproBNP levels did not change after a high-carbohydrate
challenge over time in both blacks and whites (p=0.5 for time) (Figure 3, Panel B).

Gene expression in atrial and ventricular tissues from the MAGNet repository.

To assess potential mechanisms for racial differences in NP levels, the expression data of
genes encoding NPs (i.e., MPPA and NPPB), NP processing (i.e., corinand furin), NP
signaling receptor (MPRI), and NP clearance (i.e., MME and NPR3) in LA and LV tissue
samples were compared in blacks vs. whites. The mean age of the study individuals from
MAGNet repository was 57 years. The proportion of African ancestry among black
individuals (n=15) was ~77%. We observed similar NPPA (p=0.25) and NPPB (p=0.98)
expression levels by race in the LA (Figure 4, Panels A-B) in an unadjusted as well as
multivariable-adjusted analyses. The relative expression levels of corin, NPR3, miR-425,
and miR-155 were higher in the atrium than in the ventricle tissue samples which may
reflect the physiological role these genes play in NP (particularly ANP) processing,
clearance, and regulation. In multivariable model after adjusting for age, sex, and BMI, we
observed a ~3.5-fold higher corin expression levels in LA among blacks as compared to
whites (Figure 5, Panel A; p=0.003). The expression levels of furinwere similar in blacks
compared to whites in the LA (Figure 5, Panel B; p=0.47). The expression levels of NP
signaling receptor i.e. NPR1 were similar between blacks and whites in the LA (Online
Figure 1l; p=0.15). The expression levels of NPR3were ~2.5 fold higher in LA tissues
among blacks as compared with whites (Figure 5, Panel C; p=0.002). However, the
expression levels of NPPA (p=0.17), NPPB (p=0.60), corin (p=0.09), furin (p=0.95), NPR1
(p=0.79), and NPR3(0.95) were similar between blacks and whites in LV tissues from the
MAGNet repository. Heart is not the primary site for MME expression (Online Figure 111),33
and no differences were observed in the expression levels of MME in LA and LV tissues
across both races. The expression of miR-425 was ~2-fold higher in LA tissue in blacks
(p=0.003) as compared with whites (Figure 6, Panel A), while similar in LV tissue between
blacks and whites. However, miR-155 expression in LA (Figure 6, Panel B) and LV tissue
was similar between blacks and whites (p=0.87 for both).

Additionally, a total of 27 plasma samples (blacks=8, whites=19) which were available for
assessment were examined for BNP and MRproANP levels. We found that BNP and
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MRproANP levels were 70% (95% CI: 50% to 94%) and 21% (95% CI: 8% to 34%) lower
in blacks as compared with whites, respectively.

Gene expression in induced pluripotent stem cells derived cardiomyocytes in the UPenn

cohort.

The RNA-seq data in human iPSC-CMs comprised of 37 white (49% women) and 34 black
(68% women) individuals were assessed. The median age of white and black individuals
was 27 years (IQR: 24-30) and 32 years (IQR: 27-41), respectively. Among black
individuals, the proportion of African ancestry was ~72%. We found that more than 80% of
iPSC-CMs showed troponin positivity by flow cytometry. Furthermore, PCA assessment,
before and after the adjustment, outlined in the Online Figure V. We observed similar NPFPA
(p=0.66) and NPPB (p=0.67) expression levels by race in the iPSC-CMs in an unadjusted as
well as multivariable-adjusted analysis (Online Figure V, Panel A and B). Additionally, we
did not observe any difference in the NP processing genes i.e. corin (p=0.73) and furin
(p=0.79) as expression levels were similar between white and black individuals in iPSC-
CMs (Online Figure V, Panel C and D). We observed that the transcript levels of genes
encoding for NP clearance (i.e., MME and NPRI) were low (10 times lower than NPPA, ref

gene) in iPSC-CM s in both races, which is consistent with gene-tissue expression database.
33-35

Whole Blood mRNA expression in the clinical trial participants.

Whole blood samples collected in a PAXgene RNA tube from 49 study participants at UAB
who provided consent for the genetic study were analyzed. The baseline characteristics of
these 49 study participants are shown in Online Table Il. Gene expression profiling
performed for all of the aforementioned genes revealed robust expression (CTs <27
indicative of abundant target nucleic acid) only for MME, miR-425and miR-155 genes,
indicating that whole blood mRNA is a good source to study transcript levels of these two
genes. Also, the expression of MME (Online Figure 1l1), miR-425and miR-155in whole
blood is well recognized.* 36. 37 Of note, MME (known as Neprilysin) is responsible for NP
clearance, and we have previously shown that miR-425 is a negative regulator of ANP.
Among these 49 study participants (20 black and 29 white individuals), we observed a 3-
fold higher MME mRNA levels among black individuals compared with whites (p=0.007)
(Figure 7, panel A). Similarly, in multivariable adjusted analysis including age, sex, and
BMI, we observed 2-fold higher MAME mRNA levels in blacks compared with whites
(p=0.009).

Next, we investigated whether the race-specific response in MRproANP levels to a high-
carbohydrate challenge was related to differential miR-425 and miR-155 expression by race.
Among a sub-group (n=49) of clinical trial participants, black individuals had 9-fold higher
miR-425 expression levels as compared with whites at baseline (p=0.006) (Figure 7, panel
B). In the multivariable-adjusted model, we observed ~8 fold higher miR-425 expression
levels in blacks as compared with whites (p<0.001). However, we did not observe any
difference in miR-155 expression levels by race (p=0.71) (Figure 7, panel C).
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DISCUSSION

In this clinical trial, we found that baseline levels of both N-terminal and mature BNP were
significantly lower in blacks compared with whites in “young” healthy adults. We also
observed that the circulating plasma MRproANP levels were significantly lower in blacks
compared with whites. Additionally, we found that a high-carbohydrate challenge acutely
decreases the circulating plasma MRproANP levels in both healthy blacks and whites with
no change in NTproBNP levels. However, the decrease in circulating plasma MRproANP
levels after a high-carbohydrate challenge was ~50% greater in magnitude in whites
compared with blacks. We observed that the expression levels of genes encoding for NPs
(NPPAINPPB) were similar between blacks and whites in atrial and ventricular tissues as
well as in iPSC-CMs. However, the expression of genes affecting NP processing (corir),
clearance (NPR3/MME) and negative-regulation (miR-425) were higher among blacks as
compared with whites in atrial tissues from the MAGNet repository. Additionally, levels of
MME (Neprilysin; NP clearance enzyme) mRNA and m/iR-425 (a negative regulator of
ANP) in whole blood were 2- and 8-fold higher in blacks compared with whites. Taken
together, these findings suggest that black individuals harbor an NP-deficient state that may
be attributable to the negative regulation of NP transcript, impaired NP processing, and
enhanced clearance of circulating NPs.

In previous work done by us and others, it has been shown that the black race is associated
with lower circulating NP levels as compared with white individuals.8-11 However, the mean
age of participants in the population-based cohorts in which this hypothesis was examined
was in the fifth to sixth decade of life811 when individuals typically accumulate subclinical
cardiovascular and kidney disease. Our physiologic study is the first to provide support to
the hypothesis that black race is an “NP deficient” state by demonstrating lower NP levels
from a young age. Both NPs i.e., NTproBNP/BNP and MRproANP were found to be
similarly lower in blacks compared to whites. Interestingly, pro- and mature NPs are known
to have different clearance mechanisms,38 thus one may assume that impaired synthesis/
production likely accounts for the observed lower NP levels in blacks. However, we did not
observe any differences in the qRT-PCR from atrial and ventricular tissues as well as RNA-
seq expression levels of NPPAINPPB (NP encoding genes) in iPSC-CMs by race. In fact, the
expression levels of NPR3 (clearance receptor) and blood expression levels of Neprilysin (an
enzyme responsible for cleavage of NPs)37 were higher in black individuals compared with
whites. These findings put forward the notion that increased clearance rather than
differences in production may be a cause of “NP deficiency” in blacks. Additionally, the
expression levels of corinwere higher in blacks as compared with whites. However, a
previous study did not detect any increase in corin enzymatic activity despite higher corin
mRNA and protein expression.39 We speculate that impaired NP processing may also
contribute to lower NP levels among blacks. Nonetheless, further work is needed to
understand the mechanisms behind regulation of NP processing including corin activity.40: 41
In summary, increased clearance and impaired processing in NPs are possible reason behind
differences in circulating NP levels by race. Additionally, our data suggest the differences in
the regulators of NP system such as miR-425 may play a role in how the NP system
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responds to physiological perturbations such as a high-carbohydrate challenge, which needs
to be investigated further in future studies.

We observed that plasma NTproBNP levels remained steady while MRproANP levels were
acutely decreased after a high-carbohydrate challenge among black and white individuals,
confirming that a high-carbohydrate challenge causes ANP suppression in both races. These
data of reduction in MRproANP levels with no effect on NTproBNP were consistent with
our previous work.21 This suggests that pathways regulating the two peptides of the NP
system (ANP and BNP) may differ upon challenging the NP system with a physiological
perturbation.?! Additionally, the magnitude of reduction in the circulating ANP levels
(~34%) after a high-carbohydrate challenge in whites noted in the current trial was similar to
our previous study (~30%).21

In our prior study, we observed that one of the underlying mechanisms of ANP suppression
involved a glucose-induced increase in the expression of a negative regulator of ANP
production, miR-42521 The difference in the magnitude of suppression of ANP levels
among white (~34%) compared with black (~23%) individuals raises the possibility that
there may be underlying biological differences in how heart responds to a high-carbohydrate
challenge. By examining the baseline expression of miR-425 levels by race, we determined
that the race-specific ANP response to a high-carbohydrate challenge could be associated
with the racial difference in the miR-425 levels. Future studies will be required to investigate
whether mechanistic pathways such as the race-based differences in NP regulation by
miR-425, assessment of miR-425 levels in different cellular and extracellular compartments
as well as glucose-induced expression of miR-425 differ by race.

Previous studies have explored the response of NPs to a high-carbohydrate challenge.#2 43
Goetze examined six healthy individuals and found a similar decrease in proANP levels after
a high-carbohydrate challenge.*3 Similarly, Asferg et al. observed a reduction in ANP levels
after a high-carbohydrate challenge in obese men over the period of 2 hours.#2 Both these
studies were limited by smaller sample sizes, short duration of follow up, and incomplete
profiling of the NP system. To the best of our knowledge, no prior study has examined the
ANP response after a high-carbohydrate challenge in young healthy black individuals, and
further compared the degree of ANP suppression with whites.

Public health implications in an era of precision medicine.

The awareness of NP deficiency being associated with a higher risk of hypertension® 8 and
diabetes** came from human genetics. However the impact of NP deficiency in the
development of cardiometabolic disease has not been fully realized. Also, it has been known
that ANP has a higher affinity for NPR1,%° therefore, one can postulate that lower ANP
levels in blacks (as demonstrated in our study by lower MRproANP levels) may have
significant functional implications. Reversing NP deficiency in blacks using NP augmenting
therapies may mitigate the racial disparities in cardiometabolic disease. There are NP
analogs available,® and treatments such as Neprilysin inhibitors (LCZ696) which augment
NP levels have recently been approved for heart failure.4’- 48 The precision medicine
approach of reversing NP deficiency in blacks prior to the development of cardiometabolic
disease will need to be tested.
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Our study suggests that the endocrine system (i.e., NP system) of the heart in white
individuals may be more vulnerable to dietary habits such as high-carbohydrate intake.
Since ANP has well known favorable cardiometabolic effects, prevention strategies for
cardiometabolic disease using dietary interventions should be individualized based on racial
profile and genetic makeup.

One could conceive that the biggest limitation of our study is the generalizability of our
results. Our study protocol required strict adherence to a 3-day standardized diet, and a
mandatory fasting the night before the protocol and for 8 hours following consumption of
the high-carbohydrate drink. The complexity of our protocol limited the sample size.
However, it has provided us an advantage to reduce inherent variation that is present in
larger studies where NP levels are measured on a random salt background. Our findings
need to be replicated in populations of different ethnicities such as Asians, Hispanics, etc.,
individuals with cardiovascular disease such as heart failure, and individuals from different
age groups such as younger children and adolescents. We did not measure mature ANP
among study participants due to the known analytical issues with the measurement.#9: 50 Qur
study had an adequate sample size to study the main effect of a high-carbohydrate challenge
on ANP suppression in black and white individuals. However, larger sample size is needed
to investigate the differences in ANP suppression in subgroups (such as lean versus obese)
of black and white individuals. Also, there is an ongoing debate on whether race is a
biological construct. We recognize that recruitment in our clinical trial was based on self-
identification of blacks which is an admixed population. To overcome this limitation, we ran
ancestry proportions on the self-identified blacks in our trial and found that participants had
an average of 90% African ancestry.

Conclusions.

Young healthy black individuals have lower NP levels which may be due to an impaired
processing or increased receptor/enzymatic clearance rather than differences in the
production. Lower NP levels in black individuals may be an under-recognized biological
determinant contributing to health disparities. Dynamic decreases in ANP levels in both
blacks and whites with perturbations such as a high-carbohydrate challenge demonstrates a
key physiologic link in the cardiometabolic axis, the effects of which need to be further
investigated. Our study indicates that whites have lower baseline miR-425 levels and higher
MRproANP reduction after a high-carbohydrate diet. Efforts to decrease the burden of
cardiometabolic disease should be individualized based on clinical risk factors with race-
based personalized prevention strategies.
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Nonstandard Abbreviations and Acronyms:

NP Natriuretic Peptide

ANP Atrial Natriuretic Peptide

BMI Body Mass Index

BNP B-type Natriuretic Peptide

CRU Clinical Research Unit

iPSC-CM Induced Pluripotent Cell Derived Cardiomyocytes

MAGNet Myocardial Applied Genomics Network

MME Membrane Metallo-Endopeptidase

MRproANP Mid Regional Pro Atrial Natriuretic Peptide

NPR1 Natriuretic peptide receptor 1

NPR3 Natriuretic peptide receptor 3

NTproBNP N-terminal Pro B-Type Natriuretic Peptide

PCR Polymerase Chain Reaction
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NOVELTY AND SIGNIFICANCE
What Is Known?

. Blacks have lower resting natriuretic peptide (NP) levels than middle-aged
and older white individuals.

. A high-carbohydrate challenge reduces circulating atrial-NP levels in young
healthy whites.

What New Information Does This Article Contribute?

. Young healthy black individuals have lower NP levels as compared with
whites suggesting that black race is a NP deficiency state.

. Diminished processing and/or increased receptor/enzymatic clearance may be
a reason behind racial differences in NP levels.

. White individuals had a higher decrease in atrial-NP levels than blacks after a
high-carbohydrate challenge indicating that the NP response to physiological
stress maybe regulated differently in blacks and whites.

. The study establishes a key pathophysiologic link of the role NPs may play in
the cardiometabolic health.

Middle-aged and older black individuals are known to have lower resting NP levels, and a
high carbohydrate challenge reduces circulating atrial-NP levels among young healthy
whites. This study demonstrates that young black individuals have lower NP levels
compared to whites and diminished processing or increased receptor/enzymatic clearance
may explain the racial difference in NP levels. This study outlines that white individuals
have a greater decline in atrial-NP levels after a high carbohydrate challenge compared to
black individuals.

Circ Res. Author manuscript; available in PMC 2020 November 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Patel et al.

Page 19

Study Cohorts and Laboratory Assessment
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Figure 1.

Study Cohorts and Laboratory Assessment
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Serum glucose (Panel A) and insulin (Panel B) levels at baseline and in response to a high-
carbohydrate challenge in black and white Individuals. Data are presented as mean + SEM.
2-way analysis of variance was used to generate p-values for serum glucose and serum
insulin by race and time, and to assess for interaction with race and time.
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Differences in plasma MRproANP (Panel A) and NTproBNP (Panel B) in response to a
high-carbohydrate challenge by race. Linear mixed models using natural log-transformed
MRproANP and NTproBNP as the dependent variable and Time as the independent variable
were used. Values are predicted log MRproANP (Panel A) and log NTproBNP (Panel B)

with 95% confidence interval.

Linear mixed models adjusted for age, sex, body mass index, and serum insulin levels were

used to assess p-value by race.
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Figure 4.

Differences in NPPA and NPPB expression levels between black and white individuals in
left atrial tissue. The NMPPA (Panel A) and NPPB (Panel B) expression levels were
normalized to the housekeeping control gene 18s. The NPPA and NPPB expression levels in
blacks (n=15) were relative to white (n=30) individuals from atrial tissues from organ donor
hearts with normal ventricular function in the Myocardial Applied Genomics Network
(MAGNEet) repository. Data are presented as mean £ SEM. 2-sample t-test with Welch
correction for unequal variance was used to assess the p-value by race.
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Figure 5.

Differences corin, furin and NPR3 expression levels between black and white individuals in
left atrial tissue. The corin (Panel A), furin (Panel B) and NPR3 (Panel C) expression levels
were normalized to the housekeeping control gene 18s. The corin, furin and NPR3
expression levels in blacks (n=15) were relative to white (n=30) individuals from atrial
tissues from organ donor hearts with normal ventricular function in the Myocardial Applied
Genomics Network (MAGNet) repository. Data are presented as mean + SEM. Data are
presented as mean + SEM. 2-sample t-test with Welch correction for unequal variance was
used to assess the p-value by race.
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Figure 6.

Differences in microRNA-425and microRNA-155 expression levels between black and
white individuals in left atrial tissue. The microRNA-425 (Panel A) and microRNA-155
(Panel B) expression levels were normalized to the housekeeping control gene U6. The
microRNA-425 and microRNA-155 expression levels in blacks (n=15) were relative to white
(n=30) individuals from atrial tissues from organ donor hearts with normal ventricular
function in the Myocardial Applied Genomics Network (MAGNet) repository. Data are
presented as mean + SEM. Data are presented as mean + SEM. 2-sample t-test with Welch
correction for unequal variance was used to assess the p-value by race.
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Figure 7.

Baseline differences in MME, microRNA-425, and microRNA-155 expression levels in
whole blood by race. The MME (Panel A) expression levels was normalized to the
housekeeping control gene 18s, while miR-425 (Panel B) and miR-155 (Panel C)
expression levels were normalized to the single nucleotide U6. The MME, miR-425, and
miR-155expression levels in blacks (n=20) were relative to white (n=29) individuals. Data
are presented as mean + SEM. Data are presented as mean + SEM. 2-sample t-test with
Welch correction for unequal variance was used to assess the p-value by race.
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Racial differences in baseline plasma natriuretic peptides levels in young healthy blacks and whites.

Table 1.

Whites Blacks % p-value
B (95% ClI) Difference

Plasma NTproBNP
Unadjusted Reference | -0.72 (-1.09 to —0.35) | -51% <0.001
Age, sex, BMI, Insulin | Reference | -0.63 (-0.98to -0.28) | —-47% 0.001
Plasma BNP
Unadjusted Reference | -0.33 (-0.54 to -0.12) | -28% 0.002
Age, sex, BMI, Insulin | Reference | -0.35(-0.57 to -0.13) | —30% 0.002
Plasma MRproANP
Unadjusted Reference | -0.20 (-0.37 to —0.03) | -18% 0.02
Age, sex, BMI, Insulin | Reference | -0.20 (-0.37 to -0.02) | —-18% 0.03
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