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Mutational single nucleotide polymorphism
rs198389 and demethylation promoted
natriuretic peptide B gene transcription in
heart failure caused by
dilated cardiomyopathy
B-type natriuretic peptide (BNP) system is critical to
cardiovascular physiological and pathological processes,
especially in the development and progression of heart
failure (HF) caused by dilated cardiomyopathy (DCM-
HF).1,2 Single nucleotide polymorphism (SNP) in the non-
coding region, especially the promoter region, might
correlate well with plasma BNP levels, and potentially
affect the susceptibility of DCM-HF, through interacting
with transcription factor and regulating natriuretic pep-
tide B (NPPB) gene transcription.3,4 Meanwhile, NPPB
gene methylation might promote the process of DCM-HF
development by dysregulating its gene transcription and
affecting plasma BNP levels.5 This study demonstrated
that: i) in all three SNP sites identified in the NPPB
gene, mutational rs198389 in the promoter region pro-
moted NPPB gene transcription through its combination
with androgen receptor (AR); ii) as the critical tran-
scription factor of NPPB gene, glucocorticoid receptor
alpha (GR-ɑ) more obviously promoted NPPB gene tran-
scription in combination with wild-type rs198389, and
retinoid X receptor alpha (RXR-ɑ) more obviously inhibi-
ted NPPB gene transcription in combination with muta-
tional rs198389; iii) NPPB gene methylation depressed
NPPB gene transcription, and its demethylation acceler-
ated NPPB gene unmethylation and transcription.

AR, RXR-ɑ, and GR-ɑ were cloned into the vector
pcDNA3.1 and transferred into human embryonic kidney
293T (HEK293T) cells. After these cells were lysed, their
supernatant was applied to analyze luciferase activity with
dual-luciferase reporter assay (Promega, Madison, WI, USA)
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on the luminescence detector Lux-T020 (BLT, Guangzhou,
China). Genomic deoxyribonucleic acid (DNA) was con-
verted with sodium bisulfite of EZ DNA Methylation-Gold Kit
(Zymo, Irvine, CA, USA) and amplified on the Applied Bio-
systems Veriti-384 Polymerase Chain Reaction (PCR) in-
strument (Thermo Fisher Scientific, Waltham, MA, USA). As
shown in Figure 1A, one CpG island and two amplicons were
identified between �5000 and þ1000 base pairs around the
transcriptional start site of NPPB gene. There were 34 and
25 CpG sites in the two amplicons of NPPB gene, respec-
tively. EpiTYPER DNA methylation analysis (Agena, San
Diego, CA, USA) was applied for quantitative analyses of
NPPB gene methylation on the MassARRAY analyzer 4-ma-
trix-assisted laser-desorption/ionization time-of-flight mass
spectrometer. This study was approved by the Ethics
Committee of the Chinese People’s Liberation Army Gen-
eral Hospital (No. S2019-066-01).

In 50 participants, including 25 patients with DCM-HF
[mean age: 52 � 11.7 years; 19 males (76.0%)] and 25
healthy control participants [mean age: 57 � 8.8 years; 15
males (60.0%); p > 0.05 for all]. Sanger sequence showed no
SNP sites in its three exons and two introns. Three SNP sites
were identified in other regions, including rs198389 (T > C)
in the promoter region, rs198388 (C > T) in the 30 non-
coding region, and rs3753581 (C > T) in the 50 non-coding
region (Fig. 1A). Percentages of mutational rs198389 (C),
rs198388 (T), and rs3753581 (T) had no difference between
patients with DCM-HF and healthy control participants
(P > 0.05 for all; Fig. 1B). Mutational rs198389 (C)
(r Z 0.289, P < 0.05) rather than rs3753581 (T) (r Z 0.265,
P > 0.05) and rs198388 (T) (r Z 0.213, P > 0.05) positively
correlated with NT-proBNP levels. Luciferase activity of
HEK293T cells with NPPB gene promoter with mutational
behalf of KeAi Communications Co., Ltd. This is an open access
by/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.gendis.2024.101345&domain=pdf
www.sciencedirect.com/science/journal/23523042
http://www.keaipublishing.com/en/journals/genes-diseases
https://doi.org/10.1016/j.gendis.2024.101345
https://doi.org/10.1016/j.gendis.2024.101345
http://creativecommons.org/licenses/by/4.0/


Figure 1 Mutational single nucleotide polymorphism (SNP) rs198389 and demethylation promoted natriuretic peptide B (NPPB)
transcription in heart failure (HF) caused by dilated cardiomyopathy (DCM-HF). (A) Location of SNP rs198389 (T > C), critical
transcription factor [androgen receptor (AR), glucocorticoid receptor alpha (GR-ɑ), and retinoid X receptor alpha (RXR-ɑ)], and 34
and 25 CpG sites in the two amplicons around the transcriptional start site (TSS) of NPPB gene. (B) Percentages of mutational
rs198389 (C), rs198388 (T), and rs3753581 (T) in patients with HF caused by DCM-HF and healthy control participants. (C) Luciferase
activity of human embryonic kidney 293T cells with NPPB gene promoter with wild-type (T) or mutational (C) rs198389, and with
and without AR, GR-ɑ, and RXR-ɑ. (D) Enzyme-linked immunosorbent assay showed that GR-ɑ levels were significantly higher in
patients with HF caused by DCM-HF than in healthy control participants. (E) Chromatin immunoprecipitation (ChIP) assay showed
that GR-ɑ was more binding to NPPB gene promoter with wild-type (T) than that with mutational (C) rs198389. (F) ChIP assay
showed that GR-ɑ was binding to both NPPB gene promoter with wild-type (T) and mutational (C) rs198389. (G) Matrix-assisted
laser-desorption/ionization time-of-flight mass spectrometer (MALDI-TOF-MS) showed methylation levels for different CpG sites of
NPPB gene-1 in patients with HF caused by DCM-HF and healthy control participants. (H) MALDI-TOF-MS showed methylation levels
for different CpG sites of NPPB-2 in patients with DCM-HF and healthy control participants. (I) Methylation levels in the histogram
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rs198389 (C) was significantly higher than that of HEK293T
cells with NPPB gene promoter with wild-type rs198389
(T) (P < 0.05; Fig. 1C), suggesting that mutational rs198389
promoted NPPB gene transcription.

Whether there was NPPB gene promoter with wild-type
(T) or mutational (C) rs198389, luciferase activity of
HEK293T cells was significantly increased after the over-
expression of AR and GR-ɑ and decreased after the over-
expression of RXR-ɑ (P < 0.05 for all; Fig. 1C). When with
NPPB gene promoter with wild-type rs198389 (T), increased
luciferase activity of HEK293T cells induced by AR and
decreased luciferase activity of HEK293T cells induced by
RXR-ɑ were significantly less and increased luciferase ac-
tivity of HEK293T cells induced by GR-ɑ was significantly
more than those of HEK293T cells with NPPB gene promoter
with mutational rs198389 (C) (P < 0.05 for all), suggesting
that mutational rs198389 increased promotion effect of AR
and inhibition effect of RXR-ɑ and reduced promotion ef-
fect of GR-ɑ on NPPB gene transcription. In 70 participants,
including 35 patients with DCM-HF [mean age: 54 � 14.3
years; 29 males (82.9%)] and 35 healthy control participants
[mean age: 61 � 12.3 years; 24 males (68.6%); P > 0.05 for
all], enzyme-linked immunosorbent assay showed that GR-ɑ
levels were significantly higher in patients with DCM-HF
than healthy control participants (P < 0.05; Fig. 1D). GR-ɑ
levels positively correlated with NT-proBNP levels
(r Z 0.318, P < 0.05). Chromatin immunoprecipitation
assay showed that GR-ɑ was binding to both NPPB gene
promoter with wild-type (T) and mutational (C) rs198389,
and more binding to NPPB gene promoter with wild-type (T)
than that with mutational (C) rs198389 (P < 0.05; Fig. 1E,
F), suggesting that GR-ɑ promoted NPPB gene transcription
in combination with wild-type rs198389.

In 24 participants, including 12 patients with DCM-HF
[mean age: 55 � 10.0 years; 10 males (83.3%)] and 12
healthy control participants [mean age: 57 � 11.9 years; 8
males (66.7%); P > 0.05 for all], Figure 1GeJ showed
methylation levels for different CpG sites of NPPB gene in
patients with DCM-HF and healthy control participants. The
cpG_5 site of NPPB gene was significantly hypo-methylated
in patients with DCM-HF compared with healthy control
participants (P < 0.05). Its methylation levels negatively
correlated with NT-proBNP levels (r Z �0.428, P < 0.05).

There were both methylation-specific and unmethyla-
tion-specific PCRproducts of NPPB gene in the humancardiac
myocytes (HCM) cells (Fig. 1K�M). Unmethylation-specific
PCR products had a gradual increment in the HCM cells as the
concentrations of decitabine increased from 0 to 50 mM,
showing a significantly positive relationship between deci-
tabine concentrations and gene unmethylation (P< 0.05). At
for different CpG sites of NPPB-1 in patients with DCM-HF and healt
for different CpG sites of NPPB-2 in patients with DCM-HF and healt
and time on unmethylation-specific (U) and methylation-specific (M)
human cardiac myocytes (HCM). (L) Unmethylation-specific (U) PC
histogram. (M) Methylation-specific (M) PCR products of NPPB gen
transcription PCR showed that decitabine had a significant and posi
of NPPB gene in the HCM cells. (O) Western blotting showed that d
gene protein levels in the HCM cells.
the same concentrations of decitabine, unmethylation-spe-
cific PCR products treated for 48 h were more than those
treated for 24 h, showing a significant concentration-time
dependence (P < 0.05). NPPB gene messenger ribonucleic
acid (mRNA) levels were gradually elevated in the HCM cells
as the concentrations of decitabine increased from 0 to
50 mM, showing a significantly positive relationship between
decitabine concentrations and gene transcription (P < 0.05;
Fig. 1N). At the same concentrations of decitabine, NPPB
gene mRNA levels treated for 48 h were higher than those
treated for 24 h, showing a significant concentration-time
dependence (P < 0.05). NPPB gene protein levels were
gradually up-regulated in the HCM cells as the concentra-
tions of decitabine increased from 0 to 50 mM, showing a
significantly positive relationship between decitabine con-
centrations and gene translation (P < 0.05; Fig. 1O).

Mutational rs198389 has been illustrated to be very
common and related to higher BNP levels in the general US
population.2e4 However, there have been nearly no basic
studies to confirm realistic roles and molecule mechanisms
of SNP profoundly regulating NPPB gene transcription. This
study confirmed that mutational rs198389 promoted NPPB
gene transcription through its combination with AR. GR-ɑ
more obviously promoted NPPB gene transcription in com-
bination with wild-type rs198389, and RXR-ɑmore obviously
inhibited NPPB gene transcription in combination with
mutational rs198389.

It remains unclear whether NPPB gene hyper-methylation
leads to remarkably reduced NPPB gene transcription, and
demethylation induces changed methylation and transcrip-
tion of NPPB gene.5 Firstly, this study found that NPPB gene
transcription was down-regulated owing to DNAmethylation.
Secondly, this study realized that DNA methyltransferase in-
hibitors resolved methylative suppression of NPPB gene and
effectively promoted its subsequent transcription.

This study supported mutational rs198389, transcription
factor, and methylation as the significant mechanisms
regulating NPPB gene transcription in DCM-HF might enjoy
therapeutic strategies based on gene editing, transcription
factor enhancement, and demethylation of NPPB gene.
Future population-based studies with large-scale samples
could be performed to analyze their effects on disease
severity or patient prognosis of DCM-HF.
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