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ABSTRACT
Polyphenols have gained significant attention in protecting several chronic diseases, such as cardiovas-
cular diseases (CVDs). Accumulating evidence indicates that polyphenols have potential protective roles 
for various CVDs. Hypertension (HTN) is among the hazardous CVDs accounting for nearly 8.5 million 
deaths worldwide. HTN is a complex and multifactorial disease and a combination of genetic suscept-
ibility and environmental factors play major roles in its development. However, the underlying regula-
tory mechanisms are still elusive. Polyphenols have shown to cause favourable and beneficial effects in 
the management of HTN. Noncoding RNAs (ncRNAs) as influential mediators in modulating the biolo-
gical properties of polyphenols, have shown significant footprints in CVDs. ncRNAs control basic 
functions in virtually all cell types relevant to the cardiovascular system and, thus, a direct link with 
blood pressure (BP) regulation is highly probable. Recent evidence suggests that a number of ncRNAs, 
including main small ncRNAs, microRNAs (miRNAs) and long ncRNAs (lncRNAs), play crucial roles with 
respect to the antihypertensive effects of polyphenols. Indeed, targeting lncRNAs by polyphenols will be 
a novel and promising strategy in the management of HTN. Herein, we reviewed the effects of 
polyphenols in HTN. Additionally, we emphasized on the potential effects of polyphenols on regulations 
of main ncRNAs, which imply the role of polyphenols in regulating ncRNAs in order to exert protective 
effects and thus proposing them as new targets for HTN treatment.
Abbreviations : CVD: cardiovascular disease; BP: blood pressure; HTN: hypertension, lncRNAs: long 
noncoding RNAs; p38-MAPK: p38-mitogenactivated protein kinase; OPCs: oligomeric procyanidins; GTP: 
guanosine triphosphate; ROS: reactive oxygen species; cGMP: cyclic guanosine monophosphate; SGC: 
soluble guanylate cyclase; PI3K: phosphatidylinositol 3-kinase; cGMP: Cyclic GMP; eNOS: endothelial NO 
synthase; ERK ½: extracellular signal-regulated kinase ½; L-Arg: L-Arginine; MAPK: mitogen-activated 
protein kinases; NO: Nitric oxide; P: Phosphorus; PDK1: Phosphoinositide-dependent kinase 1; PI3-K: 
Phosphatidylinositol 3-kinase; PIP2: Phosphatidylinositol diphosphate; ncRNAs: non-protein-coding RNA; 
miRNAs: microRNAs; OPCs: oligomeric procyanidins; RES: resveratrol; GE: grape extract; T2DM: type 2 
diabetes mellitus; IL: interleukin; TNF-α: tumour necrosis factor-alpha; NF-κB: nuclear factor NF-kappa-B; 
ALP: alkaline phosphatase; PARP1: poly [ADP-ribose] polymerase 1; HIF1a: Hypoxia-inducible-factor 1A; 
NFATc2: nuclear factor of activated T cells 2; PAD: peripheral artery disease; SHR: spontaneously 
hypertensive rat; RAAS: renin-angiotensin-aldosterone system; AT1R: angiotensin type-1 receptor; Nox: 
NADPH oxidase; HO-1: haem oxygenase-1; JAK/STAT: Janus kinase/signal transducers/activators of the 
transcription; PNS: panax notoginseng saponin; snoRNA: small nucleolar RNA; hnRNA: heterogeneous 
nuclear RNA; VSMCs: vascular smooth muscle cells; irf7: interferon regulatory factor 7; limo2: LIM only 
domain 2; GWAS: genome-wide association study; GAS5: Growth arrest-specific 5; Asb3, Ankyrin repeat 
and SPCS box containing 3; Chac2: cation transport regulator homolog 2; Pex11b: peroxisomal mem-
brane 11B; Sp5: Sp5 transcription factor; EGCG: epigallocatechin gallate; ApoE: Apo lipoprotein E; ERK- 
MAP kinase: extracellular signal-regulated kinases-mitogen-activated protein kinase; PAH: pulmonary 
artery hypertension; PAP: pulmonary arterial pressure; HIF1a: hypoxia-inducible-factor 1A; NFATc2: 
nuclear factor of activated T cells 2; HMEC-1: Human microvascular endothelial cells; stat2: signal 
transducers and activators of transcription 2; JNK: c-Jun N-terminal kinase; iNOS: inducible NO synthase. 
SNP: single nucleotide polymorphism; CAD: coronary artery disease
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1. Introduction
Hypertension (HTN) is one of the most common predomi-
nant non-communicable medical conditions involving the 
cardiovascular system and affecting as many as one billion 
people worldwide with high morbidity and mortality [1]. 
HTN is a complex and multifactorial illness attributed to 
both genetic and/or environmental factors involving 

persistent elevation of systemic blood pressure (BP) [2]. 
Despite a large degree of available therapeutic options, the 
prevalence of HTN is predicted to be increased over the next 
decade [3].

In this context, current evidence strongly suggests that dietary 
patterns significantly attribute to the management of HTN [4]. 
Recently, beneficial effects of polyphenols on HTN has gained 
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much attention due to their little side effects and low toxicities [5]. 
Polyphenol biomolecules (phenolic compounds) are the most 
widely distributed secondary metabolites from plants in dietary 
sources with significant antioxidant and anti-inflammatory effects 
both in vitro and in vivo [6].

A vast body of literature evinces their beneficial effects 
on human health, especially in diets associated with high 
consumption of fruits and vegetables [7]. Growing evi-
dence indicates that polyphenols have multiple targets 
and can mediate multiple cellular signalling pathways in 
order to exert their antihypertensive effects [8].

Genetic mutations and abnormal synthesis of transcrip-
tional factors play pivotal role in the pathogenesis of HTN 
[9]. Non-protein-coding RNAs (ncRNAs) are among the 
small molecules that have increasingly gained attention in 
various cellular processes. ncRNA is a functional RNA mole-
cule that is transcribed from DNA, but is not translated into 
proteins and has been shown to be involved in regulating gene 
expression and inhibiting the translation and degradation of 
messenger RNAs (mRNAs) [10].

Cellular fate is determined through different expressions of 
key pathways that are regulated by long non-coding RNAs 
(lncRNAs). lncRNAs are considered as a member of the 
ncRNA family. Manipulation of lncRNAs by pathogens or 
genomic re-arrangements have been shown to exert great 
effects on disease outcomes [11]. Association of ncRNAs 
with various human diseases has recently been highlighted, 
focusing mainly on miRNAs. However, reports on lncRNAs 
in relation to HTN are limited at present.

After the discovery of ncRNAs, numerous studies have 
identified that many polyphenols exert their antihypertensive 
and ant inflammatory effects by regulating different ncRNAs, 
which are implicated in regulating the progress of various 
cardiovascular diseases (CVDs) [12].

In this review, we summarize the antihypertensive proper-
ties and potential applications of some promising dietary 

polyphenols, as novel therapeutic strategies for HTN, focusing 
mainly on ncRNAs.

2. Polyphenols and HTN

2.1. Classifications of polyphenols

Polyphenols are a distinct type of secondary metabolites 
derived from plants which have multiple potential applica-
tions against a number of diseases. Polyphenols are either 
classified into flavonoids and non-flavonoids, or are subdi-
vided into sub-classes depending on the number of phenolic 
units within their molecular structure, substituent groups, 
and/or a linkage type between phenol units. Classifications 
and natural sources of polyphenols are summarized in Fig. 1.

The structural diversity of flavonoid molecules rises from 
variations in hydroxylation pattern and oxidation state result-
ing in a wide range of compounds such as flavanols, antho-
cyanidins, isoflavones, flavones, flavonols, flavanones, and 
flavanonols [13]. Although polyphenols contain several 
hydroxyl groups located on the aromatic rings, non- 
flavonoids encompass a single aromatic ring. Non-flavonoid 
compounds include phenolic acids, stilbenes, and lignans [14].

2.2. Biological roles of polyphenols in HTN

Recent studies regarding polyphenols primarily encompasses 
epidemiologic cohort and case-control studies. They have 
represented that daily intake of polyphenols has a strong 
impact on the prevention of different types of CVDs including 
HTN [15]. Besides, numerous studies suggest that polyphe-
nols could exert their antihypertensive and ant inflammatory 
effects by regulating multiple cellular signalling pathways [16]. 
The potential mechanisms of action through which polyphe-
nols may exert their protective properties leading to reduced 
risk of HTN are shown in Fig. 2.

Figure 1. Schematic classification of polyphenols and their natural sources.
Polyphenols are classified in to two groups of non-flavonoids and flavonoids. Non-flavonoids are subdivided into phenolic acids, lignans and stilbenes. Flavonoids are 
subdivided into flavonols, flavones, flavanones, flavan-3-ols, anthocyanins and isoflavones.
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2.2.1 Antioxidant properties
Oxidative stress following the production of free radicals and 
reactive oxygen species (ROS) is a keystone process in various 
diseases including CVDs [17]. Polyphenols have been shown 
to counteract the process of oxidative stress and play as strong 
antioxidants neutralizing the produced free radicals [18]. 
Accumulating evidence indicates that flavonoids have poten-
tial antioxidant properties. There is an emerging view that 
flavonoids and their metabolites may not only act as conven-
tional hydrogen-donating antioxidants but may also exert 
modulatory actions in cells by targeting protein and lipid 
kinases signalling pathways [19].

The most common mechanism of action of flavonoids in 
modulation of BP is their antioxidant properties. It has been 
documented that these polyphenols are potent direct scaven-
gers of free radicals and ROS [20]. Flavonoids are oxidized by 
free radicals, resulting in more stable and less reactive com-
pounds; they have been used as reducing agents as well. 
Among the most potent antioxidant compounds, flavonols 
(i.e. quercetin), flavanones (i.e. naringenin and hesperidin), 
flavones (i.e. apigenin), flavan-3-ols (i.e. catechins), stilbenes 
(i.e. resveratrol), have been shown to directly scavenge free 
radicals and thus, restore vascular functionality [21]. Dietary 
pro-anthocyanidins exhibit characteristics of both antioxi-
dants and signalling molecules and their antioxidant proper-
ties is attributed to scavenging ROS [22].

Moreover, polyphenols by providing antioxidant effects, 
may counteract senescence and thereby restore the mitochon-
drial function of vascular smooth muscle and endothelial cells 

by modulation of signal transduction [4]. For instance, flavo-
noid subgroups such as flavanones and anthocyanins, as well 
as phenolic acids such as caffeic acid, have shown antioxidant 
activities by enhancing cellular defence through activation of 
transcription factors of antioxidant and cytoprotective 
enzymes, such as the extracellular signal-regulated kinase 
(ERK)/nuclear factor (erythroid-derived 2)-like 2 (Nrf2) sig-
nalling pathway [23].

It is noteworthy that polyphenols also modulate different 
signalling pathways which may lead to upregulation of key 
anti-oxidative genes, such as haem oxygenase-1 (HO-1), 
NAD(P)H dehydrogenase quinone 1 (NQO1), glutamate– 
cysteine ligase (through its catalytic subunit–GCLC), and 
induction of endogenous antioxidant enzymes, such as glu-
tathione peroxidase (GPX), superoxide dismutase (SOD), cat-
alase and glutathione reductase (GR), which are substantial 
elements in the process of oxidative stress [24].

Among the pathways being over activated in CVDs and 
HTN, is the renin-angiotensin-aldosterone system (RAAS). 
Activation of RAAS and as a consequence, increased circulat-
ing and tissue levels of its primary effector peptide, angioten-
sin II (Ang II), are among the most prominent processes 
observed in HTN. Alongside, oxidative stress markers were 
shown to be elevated and correlated with circulating AngII 
levels in HF patients. Ang II-mediated hypertrophy was 
observed to be attenuated by delphinidin (an anthocyanidin), 
which was reflective of reduced activation of extracellular 
signal-regulated kinases 1/2) (ERK1/2), mitogen-activated pro-
tein kinases (MAPK) and c-Jun N-terminal kinase (JNK). 

Figure 2. Summary of the potential mechanisms of action through which polyphenols may affect endothelial health and reduce the risk of hypertension.
Red note refers to the signalling pathways regulated by polyphenols in hypertension.↑denotes increase, ↓denotes decrease.
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Additionally, reports indicate that pretreatment with delphi-
nidin, significantly reduced both H2O2 and O2

•−, which was 
reflective of reduced NADPH oxidase (Nox) activity, particu-
larly Nox2 [25].

The new venue in the treatment of CVDs has focused on 
the application of antioxidants and free radical scavenging 
molecules in order to target the ROS produced as the con-
sequence of overproduction of Ang II. Antioxidant therapy 
may have an advantage over conventional therapies, such as 
angiotensin converting enzyme inhibitors (ACEIs) and angio-
tensin receptor blockers (ARBs), due to their ability to sca-
venge the ROS generated not only by Ang II, but also by the 
pro-inflammatory cytokines over-produced in CVDs [25] 
such as HTN.

2.2.2 Anti-Inflammatory action
Chronic inflammation plays a central role in numerous non- 
communicable diseases, including CVDs and HTN. Major 
inflammatory biomarkers in this process include various cyto-
kines such as Interleukin (IL) 1, 3, 6, 8, and 18, tumour 
necrosis factor-alpha (TNF-α), and macrophage colony- 
stimulating factor. Phenolic compounds exert anti- 
inflammatory activities by altering the recruitment of inflam-
matory cells, decreasing the production of pro-inflammatory 
molecules such as TNF-α, IL-6 and C-reactive protein (CRP), 
and inhibiting the production of adhesion molecules such as 
vascular cell adhesion molecule-1 (VCAM-1) and intercellular 
adhesion molecule-1 (ICAM-1)] by the endothelium, thereby 
suppressing cellular migration of monocytes into the sub- 
endothelial space [26]. Polyphenols are likely to promote 
their anti-inflammatory properties by modulating transcrip-
tional pathways and/or signalling cascades that modulate gene 
expression leading to inhibition of inflammatory mediators. 
Among the polyphenols, some flavonoids such as anthocya-
nins and flavan-3-ols, phenolic acids (including chlorogenic 
and caffeic acids), and resveratrol are the most promising 
anti-inflammatory agents due to affecting the aforementioned 
inflammatory biomarkers and through regulation of several 
signalling pathways, including MAPK, janus kinase/signal 
transducers/activators of the transcription (JAK/STAT), and 
the NF-κB pathways [27,28]. Strong correlation between dys-
lipidemia and HTN is well documented. Concerning vascular 
health, migration and accumulation of oxidized LDL choles-
terol (ox-LDL cholesterol), which is formed as a result of ROS 
and free radical attack in vascular intima, has been long 
considered as one of the main events in CVDs. However, it 
only represents the first step in the development of the dis-
ease, which also involves macrophages’ activity in discharging 
various mediators of inflammation, sustaining the whole pro-
cess of infiltration of smooth muscle cells, formation of foam 
cells, and infiltration/proliferation of leukocytes [29]. 
Many polyphenols have been reported to bind to LDL by 
various mechanisms, providing a protection in CDVs such 
as HTN [30,31].

2.2.3 Maintenance of endothelial health
Vascular functions, including maintenance of vascular tone, 
redox balance, and inhibition of platelet aggregation and 

coagulation, are key factors for endothelial health and preven-
tion of HTN and atherosclerosis [32].

Endothelial cells produce substances needed for the main-
tenance of healthy vascular function, including nitric oxide 
(NO), carbon monoxide (CO), endothelium-dependent 
hyperpolarizing factors, endothelium-derived contracting fac-
tors, vasoactive prostanoids and prostacyclin, endothelin (ET), 
and superoxide [33].

Endothelial dysfunction is markedly evoked by reduced 
availability of NO as a consequence of increased oxidative 
stress, generation of free radicals, and other stress factors. 
Polyphenols may improve the release of NO from the 
endothelial cells, leading to activation of cyclic guanosine 
monophosphate (cGMP) in vascular smooth muscle cells 
and exert blood vessel relaxation, as well as antioxidant, anti- 
inflammatory, and antithrombotic effects [34].

Flavonoids, such as anthocyanins, flavones (i.e. luteolin), 
flavanones (i.e. naringin), flavan-3-ols (i.e. epicatechin), flavo-
nols (i.e. kaempferol), isoflavones, and resveratrol may play 
a direct role in improving the bioavailability of NO in the 
bloodstream by augmenting the activation of inducible NO 
synthase (iNOS) and endothelial NO synthase (eNOS) pro-
vided by modulation of signalling pathways; for instance, 
through alteration in phosphatidylinositol 3-kinase (PI3K)/ 
Akt or the adenosine monophosphate-activated protein kinase 
(AMPK) pathways [35].

Majority of polyphenols such as caffeic acid, kaempferol, 
quercetin, luteolin, and biochanin A, may exert vasorelaxing 
effects also by directly acting on vascular smooth muscle cells 
(through activation of BK channels or inhibition of Ca2 
+ channels) or indirectly (through activation of Ca2+- 
activated K+ channels in endothelial cells, leading to hyper-
polarization and inhibition of Ca2+ influx into vascular 
smooth muscle cells), leading to vasorelaxation [36]. 
However, some polyphenols, such as resveratrol, have been 
shown to act through more than one of the aforementioned 
mechanisms [37].

Resveratrol [38], a vasoactive polyphenol, is abundantly 
found in red wine and has the ability to activate eNOS by 
stimulating the membrane oestrogen receptor. Some of these 
beneficial effects may in part be due to resveratrol being 
a phytoestrogen [39].

2.2.4 Modulating platelet aggregation
Notoginsenoside Ft-1 (Ft-1), a saponin from Panax notogin-
seng (PNS), can enhance platelet aggregation by activating 
signalling network mediated through P2Y12 (a Gq-coupled 
receptor that initiates ADP-induced platelet aggregation) and 
induce proliferation, migration, and tube formation in cul-
tured human umbilical vein endothelial cells. Reports indicate 
that Ft-1 enhances proliferation of fibroblasts via activating 
PI3K/Akt/mTOR signalling pathway. Moreover, Ft-1 has 
shown to accelerate wound healing by orchestrating multi-
faceted factors in promoting re-epithelialization, granulation 
tissue formation, synthesis of collagen, angiogenesis, and pre-
venting excessive inflammatory responses [25]. Several poly-
phenol groups, such as apigenin, curcumin and luteolin, 
quercetin, epicatechin, and resveratrol, have been shown to 
reduce platelet aggregation through the aforementioned anti- 
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inflammatory pathways and also by inhibition of adhesion 
molecules [40,41].

The effects of polyphenolic compounds and their molecu-
lar actions in the cardiovascular system depends on both the 
type of the polyphenol and the respective CVD. Recent find-
ings are suggestive of the interplay of polyphenols and tran-
scriptional regulators mainly lncRNAs [9] which are 
thoroughly discussed in the next sections

3. A brief history and applications of ncRNAs

Since the 1950s, various types of ncRNAs and the main RNA 
participants in gene expression such as the ribosomal RNAs 
(rRNAs), transfer RNAs (tRNAs), messenger RNA (mRNA), 
small nucleolar RNA (snoRNA), small nuclear RNA (snRNA), 
micro RNA (miRNA), the RNA component of the signal recogni-
tion particle (7SL RNA), lncRNAs, circular RNA, and heteroge-
neous nuclear RNA (hnRNA) have been discovered and their 
central roles as scions of protein synthesis have been greatly 
established [42]. ncRNAs play central roles in the regulation of 
gene expression, from transcription to splicing and translation. 
They also contribute significantly to genome organization and 
stability.

Based on their sizes, ncRNAs are categorized in to three 
groups: small, about 20 nucleotides; intermediate, less than 
200 nucleotides, and longer than 200 nucleotides [43].

Small ncRNAs are categorized in to small interfering RNAs 
(siRNAs) and miRNAs. Intermediate ncRNAs are small 
nuclear RNAs that are involved in splicing during protein 
synthesis, nucleolar RNAs that modify ribosome RNA, tran-
scription start site (TSS)-associated RNAs and promoter- 
associated small RNAs [44]. Other ncRNAs with sizes over 
200 nucleotides are categorized as lncRNAs.

These small, single-stranded RNA sequences not only help 
us improve our understanding of the physiological and patho-
physiological processes at the cellular level, but might also 
become a valuable part of clinical practice in the future [45].

Eiring et al. reported that the dual role of miRNA genes in 
silencing activity is through base pairing with mRNA targets or 
decoying activity that interferes with the function of regulatory 
proteins in the development of different diseases. By the same 
token, the authors introduced a new concept that miRNAs can 
work as molecular decoys for RNA-binding proteins [46].

In the miRNAs biogenesis pathway, Drosha and Dicer, the 
two miRNA processing enzymes that are required for the 
maturation of miRNAs, are spatially separated, being localized 
in the nucleus and in the cytoplasm, respectively. Main function 
of miRNAsis to inhibit protein synthesis of protein-coding 
genes, either by inhibition of translation or mRNA degradation. 
Additionally, miRNAs can switch between translation repres-
sion and activation in coordination with cell cycle [47].

miRNAs which are most abundant in the skeletal or heart 
muscle, are the so-called myomiRs [48]. miR-1, miR-133, 
miR-208 and miR-499 are among the most widely investi-
gated miRNAs in cardiac pathologies [49,50].

A recent report suggested that miR-1-1 and miR-1-2 were 
specifically expressed in cardiac and skeletal muscle precursor 
cells and that miR-1 regulates ventricular cardio myocytes 
[51]. Following this finding, Cheng et al. reported that 

miRNA-1 promotes myogenesis, while miR-133 which is clus-
tered with miR-1, stimulates myoblast proliferation [51]. Later 
on, Rooij et al. reported the association of miRNAs with HF 
and cardiac hypertrophy [52]. Additionally, more than 100 
miRNAs were identified to be dysregulated during cardiac 
hypertrophy and HF using miRNA microarray analysis [53].

3.1. ncRNAs and HTN

New drug development is based on targeting genes and their 
encoded proteins being involved in various signalling path-
ways. Although pharmacotherapies using various classes of 
drugs have been shown to have some efficacy in reducing 
cardiovascular mortality (33%), major adverse cardiovascular 
events (29%) and HF (37%), HTN remains one of the world’s 
greatest public health hazards [54]. This highlights the need to 
further understand the underlying molecular mechanisms of 
HTN and targeted therapeutic treatments.

Pathogenesis of HTN entails a complex interaction of 
different organs and systems, including an over-activation 
(e.g. RAAS, sympathetic nervous systems, central and periph-
eral nervous system, including renal nerves) or under- 
activation (e.g. parasympathetic nervous system, renal dopa-
mine, atrial natriuretic peptide) of systems that increase vas-
cular reactivity and sodium retention, remodelling of blood 
vessels and dysfunction of vascular endothelia [55].

Since genetics plays pivotal role in the pathogenesis of 
HTN as well as other CVDs [56–58], unravelling genetic 
compartments that predispose one to high BP is of great 
significance. However, considering several identified HTN- 
related biomarkers, polymorphisms/mutations of genes only 
account for a very small part in predisposition to HTN [59].

ncRNAs are emerging as key players of transcription reg-
ulation in both health and disease states like HTN. They 
control basic functions in virtually all cell types relevant to 
the cardiovascular system and, thus, a direct involvement with 
BP regulation is highly probable [60]. Due to the growing 
technology of genomics, such as microarrays and next- 
generation sequencing (NGS), ncRNAs have increasingly 
gained attention in normal cellular processes, as well as in 
disease progression. Two major types of ncRNA, namely 
miRNA and lncRNA, have been extensively studied in both 
hypertensive patients and animal models [61]. One important 
aspect of the transcriptional regulation by ncRNAs is the fact 
that each individual miRNA regulates a comprehensive set of 
genes, thus affecting cellular pathways and governing biologi-
cal functions. To date, miRNAs are the most well- 
characterized and widely studied group of short ncRNAs in 
HTN. lncRNAs are also found to play important roles in 
HTN. Evidences have shown that due to the characteristics 
of ncRNAs in affecting various processes in HTN, these 
molecules could be potentially considered as both biomarkers 
and therapeutic targets in HTN [62,63].

HTN is also regulated by epigenetic phenomena like his-
tone modification, DNA methylation, chromatin remodelling, 
and especially, ncRNA-mediated targeting of various genes, 
e.g. G-protein-coupled receptor kinase type 4 (GRK4) phos-
phorylates histone deacetylase type 1 (HDAC1), promoting its 
nuclear export to the cytoplasm, resulting in increased Ang II 

RNA BIOLOGY 579



Ta
bl

e 
1.

 m
iR

N
A 

as
so

ci
at

ed
 w

ith
 h

yp
er

te
ns

io
n.

m
iR

N
A

St
ra

in
/o

rg
an

is
m

/t
is

su
e/

ce
ll 

ty
pe

/d
is

ea
se

U
p/

D
ow

n 
Re

gu
la

te
d

M
et

ho
d 

of
 D

et
ec

tio
n

Re
gu

la
to

ry
 R

ol
e

Re
f

m
iR

-1
H

AS
M

Cs
/ 

VS
M

C/
SH

Rs
U

p-
 re
gu

la
tio

n
RT

-q
PC

R 
an

d 
w

es
te

rn
 b

lo
t 

an
al

ys
is

M
iR

-1
 r

eg
ul

at
es

 t
he

 p
ro

lif
er

at
io

n 
of

 V
SM

Cs
 b

y 
ta

rg
et

in
g 

IG
F-

 
1

[1
07

]

le
t-

7 
g

H
um

an
 P

AS
M

Cs
 a

nd
 m

ou
se

 lu
ng

s 
in

du
ce

d 
by

 h
yp

ox
ia

D
ow

n-
 

re
gu

la
tio

n
qP

CR
-a

rr
ay

le
t-

7 
g 

an
d 

LO
X-

1 
in

hi
bi

t 
th

ei
r 

ex
pr

es
si

on
 m

ut
ua

lly
[1

08
]

m
iR

-2
1

LE
AO

D
, M

CT
, h

yp
ox

ia
, h

yp
ox

ia
/S

ug
en

54
16

, l
un

g 
an

d 
se

ru
m

 o
f 

PH
 p

at
ie

nt
s

D
ow

n-
 

re
gu

la
tio

n
RT

-q
PC

R
M

iR
-2

1 
lo

w
er

s 
bl

oo
d 

pr
es

su
re

 in
 s

po
nt

an
eo

us
 h

yp
er

te
ns

iv
e 

ra
ts

[1
09

]

m
iR

-1
53

SH
R/

 M
as

/ 
M

CA
s/

 N
T 

M
As

U
p-

 re
gu

la
tio

n
RT

-q
PC

R
M

iR
-1

53
 t

ar
ge

tin
g 

of
 K

CN
Q

4 
co

nt
rib

ut
es

 t
o 

va
sc

ul
ar

 
dy

sf
un

ct
io

n 
in

 h
yp

er
te

ns
io

n
[1

10
]

m
iR

- 
19

9a
- 

5p

H
PA

SM
Cs

/ 
H

PA
EC

s
U

p-
 re
gu

la
tio

n
Bi

oi
nf

or
m

at
ic

s 
to

ol
s

M
iR

-1
99

a-
5p

 in
flu

en
ce

s 
pu

lm
on

ar
y 

ar
te

ry
 h

yp
er

te
ns

io
n 

vi
a 

do
w

nr
eg

ul
at

in
g 

Sm
ad

3
[1

11
]

m
iR

34
b

VS
M

Cs
D

ow
n-

 
re

gu
la

tio
n

RT
-q

PC
R

D
ow

n-
re

gu
la

te
d 

m
iR

-3
4b

 is
 r

es
po

ns
ib

le
 f

or
 t

he
 e

le
va

tio
n 

of
 

bl
oo

d 
pr

es
su

re
[1

12
]

m
iR

- 12
5a

PA
H

/ 
CT

EP
H

U
p-

 re
gu

la
tio

n
RT

-q
PC

R
M

iR
-1

25
a 

pr
om

ot
es

 t
he

 p
ro

lif
er

at
iv

e 
ph

en
ot

yp
e 

of
 

en
do

th
el

ia
l c

el
ls

 in
 p

ul
m

on
ar

y 
hy

pe
rt

en
si

on
[1

13
]

m
iR

-9
8

PA
EC

s 
fr

om
 P

H
 p

at
ie

nt
s,

 P
AE

Cs
 u

nd
er

 h
yp

ox
ia

 a
nd

 in
 lu

ng
 f

ro
m

 
m

ic
e 

in
du

ce
d 

by
 S

ug
en

54
16

/h
yp

ox
ia

D
ow

n-
 

re
gu

la
tio

n
Bi

oi
nf

or
m

at
ic

s 
ap

pr
oa

ch
 u

si
ng

 m
ul

tip
le

 p
re

di
ct

io
n 

al
go

rit
hm

s 
(m

iR
Ba

se
, P

ic
Ta

r, 
an

d 
Ta

rg
et

Sc
an

)
PP

AR
γ 

re
gu

la
te

s 
m

iR
-9

8 
to

 m
od

ul
at

e 
ET

-1
 e

xp
re

ss
io

n 
an

d 
PA

EC
 p

ro
lif

er
at

io
n

[1
14

]

m
iR

-2
10

O
vi

ne
 U

te
rin

e 
Ar

te
rie

s,
 P

AE
Cs

 in
du

ce
d 

by
 h

yp
ox

ia
U

p-
 re
gu

la
tio

n
RT

-q
PC

R
M

iR
-2

10
 m

od
ul

at
es

 t
he

 h
yp

ox
ic

 h
um

an
 P

AS
M

Cs
 b

y 
M

KP
-1

[1
15

]

m
iR

-3
0c

PA
EC

s 
fr

om
 P

H
 p

at
ie

nt
s/

 R
at

 in
du

ce
d 

by
 h

yp
ox

ia
 a

nd
 p

ul
m

on
ar

y 
ar

te
rie

s 
(P

A)
 f

ro
m

 P
H

 p
at

ie
nt

s
D

ow
n-

 
re

gu
la

tio
n

qP
CR

-a
rr

ay
M

iR
-3

0c
 c

on
tr

ib
ut

es
 t

o 
th

e 
de

ve
lo

pm
en

t 
of

 h
yp

ox
ia

 
pu

lm
on

ar
y 

hy
pe

rt
en

si
on

[1
16

]

580 E. SHIRAZI-TEHRANI ET AL.



receptor type 1 (AT1R) expression and greater pressure 
response to Ang II [64].

3.1.1. miRNAs and HTN
miRNAs are master gene regulators which control the expres-
sions of specific genes by inducing mRNA cleavage or redu-
cing translation to regulate gene expression. A single miRNA 
regulates one to several hundred genes, and a single gene 
could be regulated by more than one miRNA. They are post- 
transcriptional regulators of expression in eukaryotics and are 
involved in many biological processes, thus having 
a potentially profound impact on illnesses such as HTN 
[65,66].

Like mRNAs, certain miRNAs are highly expressed in 
healthy cardiac tissue and thus probably play a role in the 
maintenance of normal cardiac function. Recently, some 
miRNAs have been found to play as biomarkers for some 
CVDs. It is demonstrated that specific miRNAs (miR-126, 
miR-155, 296–5p, let-7e and miR-181/a) are differentially 
expressed during the development of HTN, although the 
expression levels of these miRNAs are not consistent among 
different reports [67]. Microarray studies have found three 
up-regulated miRNAs (miR-425, miR-505 and miR-210) in 
plasma from hypertensive patients. Among these three 
miRNAs, plasma miR-505 was reported to be consistently 
elevated in all hypertensive patients [68].

Abnormal expression of miRNAs in tissues and body fluids 
has also been observed. It was found that serum miR-29/a 
level in patients with hypertensive left ventricular hypertrophy 
is significantly higher than that in patients with HTN alone, 
which suggests that miR-29/a may be directly related to the 
occurrence of cardiac hypertrophy in hypertensive 
patients [69].

Circulating miRNAs originate from tissues and are stable 
in serum, urine, plasma and blood cells and are resistant to 
endogenous RNases. Additionally, their expressions are 

associated with HTN. All together makes miRNAs as potential 
biomarkers for HTN [70].

miRNAs linked to HTN are listed in Table 1.

3.1.2. lncRNAs and HTN
lncRNA is defined as a class of transcripts with more than 200 
nucleotides in length that are loosely defined as RNA mole-
cules without the protein-coding function which is now 
reported to have strong epigenetic regulation potentials [71]. 
lncRNAs have emerged as a new aspect of biology with 
evidences revealing their prominent roles in regulation of 
splicing, imprinting, epigenetic and gene transcription [72].

According to the relative genomic location on the coding 
region, lncRNAs are categorized in to different groups includ-
ing intergenic lncRNAs (or lincRNAs), intronic lncRNAs, 
sense lncRNAs and antisense lncRNAs [73]. Like miRNAs, 
lncRNAs have been detected in the blood of HTN patients, 
suggesting their potentials as circulating biomarker for 
HTN [74].

Despite growing appreciation of the importance of 
lncRNAs in normal physiological processes as well as in 
diseases, the number of articles related to lncRNAs in HTN 
are limited. Although, the molecular mechanisms of 
lncRNAs are not fully understood and had not yet been 
completely decoded, the role of lncRNAs in HTN has been 
documented. It has been shown that dysregulation of 
lncRNA contributes to the pathogenesis of HTN by directly 
acting on vascular cells and indirectly affecting other 
organs [74].

An in vitro study on one particular lncRNA, XR007793, is 
suggestive of its up-regulation in vascular smooth muscle cells 
(VSMCs). Reciprocally, knocking down of XR007793 has 
shown to attenuate VSMC proliferation and migration. 
Absence of XR007793 also inhibited interferon regulatory 
factor 7 (irf7), signal transducers and activators of transcrip-
tion 2 (stat2) and LIM only domain 2 (limo2) [75]. Results of 

Table 2. lncRNA associated with hypertension.

lnRNA

Strain/organism/ 
tissue/cell type/ 

disease Up/Down Regulated Method of Detection Regulatory Role Ref

GAS5 VSMC/ EC Down-regulation RT-qPCR GAS5 expression down regulated in HT. knockdown increased SBP 
and DBP and mean arterial BP (in SHR) retinal neovascularization 
and capillary leakage, endothelial activation and proliferation

[79]

sONE BHRs Down-regulation qPCR Lycium Barbarum L. ameliorated HTN, reduced sONE expression and 
improved eNOS expression compared to high salt diet rats

[103]

749 
lncRNAs

SHRs/ 
normotensive 
Wistar-Kyoto 
(WKY) rats

Differential expression 
between SHR and 
normotensive rats

Microarray, RNASeq, 
mRNA trasncrptome 
analysis

Asb3, Chac2, Pex11b, Sp5 [117]

MALAT1 HUVECs Up-regulation RNASeq, Microarray, 
qPCR

Vessel growth, endothelial cell function [118]

CDKN2B- 
AS1

HT patients/ VSMC Up-regulation qPCR to test if published 
9p21.3 SNPs are 
associated with BP

Significant difference in genotype freq of the 4 SNPs betw HT and 
NT. Association betw rs10757274 & rs2383207 (AA) and SBP.

[119]

XR007793 Sprague-Dawley 
rats/ VSMCs

Up-regulation qRT-PCR Kncockdown of XR007793 repress VSMC proliferation & migration. 
Reduced transcript expression of stat2, lmo2 and irf7.

[76].

H19 PASMCs/ SD rats, 
C57/BL6 mice/ 
PAH model

Up-regulation Discovery meta-analysis, 
genome-wide SNP 
genotype

H19-let-7b-AT1R axis contributes to the pathogenesis of PAHT by 
stimulating PASMCs proliferation

[120]

AK098656 Human plasma/ 
HASMCs

Up-regulation Microarray, qRT-PCR Promotes VSMCs proliferation and migration [77]
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another experiment indicated that miR-23b inhibitor reduced 
the expression of VSMC marker and promoted proliferation 
and migration of VSMC. This study showed that XR007793 
aggravates the loss of function of VSMCs by negatively reg-
ulating miR-23b [76].

Several BP-related loci have been located on human gen-
ome using GWAS, including the lncRNA H19 locus which is 
linked to variations in systolic BP. Moreover, four SNPs 
(rs10757274, rs2383207, rs10757278, and rs1333049), that 
are located on the lncRNA, CDKN2B-AS1, were found to 
confer increased susceptibility to the development of 
HTN [77].

A recently discovered lncRNA, AK098656, a human- 
specific expressed lncRNA, has been verified to be upregu-
lated while lncRNA-AK125261 was downregulated in the 
plasma of hypertensive patients, suggesting a promising future 
of lncRNA-based biomarkers in HTN [78] [78]. Plasma 
lncRNA growth arrest-specific 5 (GAS5) has also been 
reported to be decreased in patients with coronary artery 
disease (CAD) [79].

lncRNAs that have been found to be associated with essen-
tial HTN are summarized in Table 2.

4. Modulating effects of polyphenols on main 
ncRNAs involved in HTN

Many documents have reported that polyphenols provide 
protective effects in oxidative-related disease such as HTN 

[80]. Polyphenols are mainly derived from fruits, vegeta-
bles, tea, coffee, cocoa, mushrooms, beverages, and tradi-
tional medicinal herbs such as Salvia miltiorrhiza and 
serve as natural antioxidants [81]. Polyphenols exert 
their antihypertensive properties mainly [82] by modulat-
ing important signalling pathways involved in numerous 
cellular functions such as AKT/PI3K, NF-KB and ERK 
signalling pathways [83]. As described earlier, polyphenols 
have also direct and indirect anti-oxidant effects [84], 
enabling cells to reduce the damages caused by ROS 
[85]. Apart from the mentioned effects, three major epi-
genetic changes including alteration in chromatin struc-
ture, DNA methylation and most importantly expression 
of miRNAs, have been observed in myocytes treated by 
polyphenols [86]. Schematic view of regulation of miRNAs 
and lncRNAs by polyphenols which have been dysregu-
lated in HTN is depicted in Fig. 3.

4.1. Polyphenols and miRNAs

Recent findings revealed that polyphenols could interact with 
cellular signalling cascades, regulate the activity of transcription 
factors and consequently affect the expression of genes [87]. 
Polyphenols have been shown to affect the expression of 
miRNAs as well. Furthermore, expression of miRNAs can be 
affected by different external stimuli including nutrients such as 
vitamins, lipids, and phytochemicals [88]. Thus, miRNAs appear 

Figure 3. Schematic view of regulation of miRNAs and lncRNAs by polyphenols which have been dysregulated in HTN.
lncRNAs and miRNAs regulating the function of RAAS, vascular smooth muscle cells (VSMCs) and the endothelium are depicted. miRNA: microRNA; lncRNA: long non- 
coding RNA; RAAS: Renin angiotensin aldosterone system; VSMC: vascular smooth muscle cell.
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as interesting mediators in regulating polyphenols’ biological 
effects [88].

Flavanones are exclusively abundant in citrus fruits and 
present potential protective effects in cardiovascular illnesses. 
To date, only one study has reported the impact of two major 
flavanones, Hesperidin and Naringenin, on miRNA expres-
sion in Apo lipoprotein E-deficient (ApoE) mice [88]. This 
study revealed that Hesperidin and Naringenin, given as sup-
plements for 2 weeks, affected the expression of 97 and 69 
miRNAs respectively, with 31 miRNAs in common. These 
data suggest that miRNAs could be also potential targets of 
flavanones underlying their health effects [88].

miR-29 family is an important endogenous regulator which is 
proven to be linked to cardiovascular injury. Over-expression of 
miR-29/b can improve cardiac function. Reduction in the expres-
sion of miR-29/b has shown to decrease BP and improve the 
cardiac function in hypertensive rats [89].

Notably, among the polyphenols, epigallocatechin gallate 
(EGCG) and resveratrol have shown to modulate several classes 
of miRNA that are involved in all the stages of HTN develop-
ment [90].

A report by Ming-Ju et al. demonstrated differentially 
expressed genes and miRNAs in response to EGCG treatment in 
pulmonary hypertension fibroblasts (PH-Fibs) using a NGS and 
bioinformatics approach. These changes in gene expression 
mainly affected oxidative and inflammatory processes, suggesting 
that EGCG may modulate cell signalling pathways involved in the 
mentioned processes, such as MAPK, NF-κB, and AMPK path-
ways. Moreover, it may also modulate epigenetic changes, such as 
DNA methylation and histone acetylation [90]. Some in vitro and 
in vivo studies have shown the effects of EGCG on fibroblasts, such 
as attenuating cell proliferation, enhancing antioxidant defence 
systems, and inhibiting inflammation. EGCG significantly upre-
gulated miR-29/b-2-5, a miRNA involved in HTN. Conversely, 
polyphenol-rich green tea extract improved cardiomyocytes adi-
pose tissue metabolism by down-regulating miR-29 [91].

João et al. found that a group of miRs are involved in the 
regulation of the inflammatory response, such as miR-21, 
miR-181b, miR-663, miR-30c2, miR-155 and miR-34a that 
were found to be highly altered in the group consuming the 
resveratrol-containing grape extract (GE-RES) for 12 months. 
Long-term supplementation with GE-RES has shown to 
down-regulate the expression of key pro-inflammatory cyto-
kines with the involvement of inflammation-related miRs in 
circulating immune cells of type 2 diabetes (T2DM) hyper-
tensive patients and support a beneficial immune-modulatory 
effect in diabetic patients with HTN [92].

Resveratrol has shown to modulate specific miRNAs in ischae-
mic hearts including miR-21, miR-20b, mir-27a and miR-9. miR- 
21 was shown to regulate ERK-MAP kinase signalling pathway in 
cardiac fibroblasts regulating cardiac structure and function [93]. 
Opposite to cancer cells, miR-21 expression is significantly 
reduced in ischaemic heart, thus restoring its expression in these 
conditions would be desirable [94].

Another miRNA which is the target of resveratrol is miR-27a. 
miR-27a is upregulated during cardiac hypertrophy [143]. 
Furthermore, miR-27/a controls PI3-kinase pathway that regulates 
cardiac hypertrophy and induces cardiac protection [61]. 

Resveratrol affects several signalling pathways in the heart includ-
ing PI3-kinase pathway [144, 145] presumably by influencing the 
expression of miR-27/a.

In this context, other evidences indicated that resveratrol 
prevented MCT-induced pulmonary vascular remodelling via 
miR-638 regulating NR4A3/cyclin D1 pathway [95]. Another 
report indicated that miRNA-150-5p might be involved in the 
antihypertensive effect of EGCG through specificity protein 1 
(SP1)/AT1R pathway in aorta of SHRs [96].

Quercetin with antioxidant and anti-proliferative properties 
has been reported to improved pulmonary artery hypertension 
(PAH) and pulmonary arterial pressure (PAP) possibly by affect-
ing the expression of poly [ADP-ribose] polymerase 1 (PARP1) 
and miR-204 and their downstream targets, Hypoxia-inducible- 
factor 1A (HIF1a) and nuclear factor of activated T cells 2 
(NFATc2) [97].

Similarly, miR-155 has been demonstrated to be related to 
HTN through targeting RAAS [9]. Protection from athero-
sclerosis and HTN is a generalized effect of polyphenols [98]. 
However, further studies on other polyphenols are necessary 
to confirm that miR-155 serves as a real target of polyphenols.

Modulation of miRs by polyphenols has also been studied in 
monocytes and macrophages. Polyphenols including resveratrol, 
quercetin, and isorhamnetin that were studied in macrophages, all 
target miR-155 [87]. miR-155 is proposed as a biomarker of HTN 
[99]. In contrast, in a monocyte cell line, THP-1, resveratrol 
upregulated miR-663 and impairs the up-regulation of the pro- 
inflammatory miR, miR-155. Interestingly, resveratrol also modu-
lated heart and skeletal muscle functions through miRs, such as 
miR-20b, miR-149, miR-133, miR-21, and miR-27b [100].

Anti-inflammatory properties of quercetin and iso-
rhamnetin were accompanied by an increase in haem 
oxygenase 1 levels, a downstream target of the transcrip-
tion factor Nrf2, known to suppress chronic inflammation. 
Furthermore, pro-inflammatory miRNA-155 was down- 
regulated by quercetin and isorhamnetin but not by quer-
cetin-3-glucoside [101].

4.2. Polyphenols and lncRNAs

lncRNAs are usually expressed in a cell-type and tissue-specific 
manner, indicating their importance in developmental processes 
and disease mechanisms [102]. The results of a study by Zhang, 
X., et al. showed that Lycium barbarum had anti-hypertensive 
effects and might lower BP by suppressing the expression of 
lncRNA sONE in BHR model [103]. Another study demon-
strated that overexpression of H19 improved human microvas-
cular endothelial cells (HMEC-1) viability, migration and tube 
formation capacity, showing pro-angiogenic effects. Alongside, 
overexpression of H19 leads to down-regulation of miR-181a 
which, in turn, activates JNK and AMPK signalling and ulti-
mately promotes neovascularization. These findings have pro-
vided in vitro evidence that H19 might be one of the potential 
targets for the treatment of atherosclerosis-related diseases, such 
as peripheral artery disease (PAD) [104].

Fisetin, a flavonoid in found in fruits, nuts and vegetables 
possesses antioxidant and anti-inflammatory properties. 
Fisetin effectively suppresses calcineurin-NFATC3 involved 
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cellular hypertrophic effects as observed in H9c2 cells and in 
SHR hearts. Fisetin also enhances cardiac function and 
restores cardiac morphology and therefore, may be considered 
as a potential agent against HTN associated hypertrophy and 
cardiac deterioration [105]. Protective effect of fisetin against 
Ang II–induced apoptosis by Activation of IGF-IR-PI3K-Akt 
Signalling in SHR potentially restores cardiac function [83].

Overall, the antihypertensive mechanisms of polyphenols 
have revealed that these natural-based molecules could target 
the expression of main lncRNAs.

5. Challenges and outlook

Application of polyphenols may be considered as a new ther-
apeutic strategy for HTN [106]. Accordingly, future studies 
should focus on:

(a) Considering the promising results of various animal 
models, ncRNAs could be considered as novel therapeutic 
options as either synthetic ‘agomiRs’ or ‘antagomiRs’.

(b) Studying the anti-inflammatory effects of polyphenols 
and their analogues focusing on other types of ncRNAs.

(c) Demonstration of the safety and effectiveness of poly-
phenols in clinical trials.

6. Conclusion

In spite of the continuous efforts of the scientific commu-
nity to understand the pathogenesis of HTN, many aspects 
at the molecular level remain elusive. The elucidation of 
molecular processes regulated by (small) RNA sequencing 
technologies and the identification of novel ncRNA targets 
in the pathogenesis of HTN are valuable and exciting stra-
tegies that may eventually lead to the development of novel 
treatments to prevent and reverse the consequences 
of HTN.

There are currently a small number of studies that support 
the role of ncRNAs in BP regulation and HTN. ncRNAs are, 
however, a relatively new area of investigation in HTN 
research.

Various functions of ncRNAs, in particular, miRNAs and 
lncRNAs, have unlocked opportunities and developments in 
clinical trials for RNA interference (RNAi) as the next venue 
for medical therapy. New strategies in drug development 
could emphasize on repressing/inhibiting the upregulated 
ncRNAs. Alternatively, deficient ncRNAs could be replaced 
or enhanced by the overexpression of ncRNAs or utilizing 
synthetic ncRNAs. The advantages that ncRNAs provide over 
the conventional drug molecules are their action on any gene 
of interest and their potential of gene repression, which some 
traditional drug molecules could not access. Application of 
ncRNAs in CVDs especially HTN may open up a new venue 
for smart treatment of such illnesses.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding

The authors reported there is no funding associated with the work 
featured in this article.

ORCID
Marzieh Mousaei http://orcid.org/0000-0002-3488-2609

References

[1] Wulandari C. The effect of flavonoid consumption on blood 
pressure: a systematic review. Open Access Indonesian Journal 
of Medical Reviews. 2022;2(1):186–192.

[2] Derhaschnig U, Testori C, Riedmueller E, et al. Hypertensive 
emergencies are associated with elevated markers of inflamma-
tion, coagulation, platelet activation and fibrinolysis. J Hum 
Hypertens. 2013;27(6):368–373.

[3] Lugo-Gavidia LM, Burger D, Matthews VB, et al. Role of micro-
particles in cardiovascular disease: implications for endothelial 
dysfunction, thrombosis, and inflammation. Hypertension. 
2021;77(6):1825–1844.

[4] Yamagata K. prevention of vascular endothelial dysfunction by 
polyphenols: role in cardiovascular disease prevention. In: 
Phytopharmaceuticals: potential therapeutic applications. Wiley 
Online Library; 2021. p. 223–246. doi:10.1002/9781119682059. 
ch11

[5] Tanghe A, Heyman E, Vanden Wyngaert K, et al. Evaluation of 
blood pressure lowering effects of cocoa flavanols in diabetes 
mellitus: a systematic review and meta-analysis. J Funct Foods. 
2021;79:104399.

[6] Hooper L, Kay C, Abdelhamid A, et al. Effects of chocolate, cocoa, 
and flavan-3-ols on cardiovascular health: a systematic review and 
meta-analysis of randomized trials. Am J Clin Nutr. 2012;95 
(3):740–751.

[7] Lapuente M, Estruch R, Shahbaz M, et al. Relation of fruits and 
vegetables with major cardiometabolic risk factors, markers of 
oxidation, and inflammation. Nutrients. 2019;11(10):2381.

[8] Andriantsitohaina R, Auger C, Chataigneau T, et al. Molecular 
mechanisms of the cardiovascular protective effects of 
polyphenols. Br J Nutr. 2012;108(9):1532–1549.

[9] Bátkai S, Thum T. MicroRNAs in hypertension: mechanisms and 
therapeutic targets. Curr Hypertens Rep. 2012;14(1):79–87.

[10] Salabi F, Jafari H, Navidpour S, et al. Systematic and computa-
tional identification of androctonus crassicauda long non-coding 
RNAs. Sci Rep. 2021;11(1):1–14.

[11] Majidinia M, Karimian A, Alemi F, et al. Targeting miRNAs by 
polyphenols: novel therapeutic strategy for aging. Biochem 
Pharmacol. 2020;173:113688.

[12] Miranda A, Steluti J, Fisberg RM, et al. Dietary intake and food 
contributors of polyphenols in adults and elderly adults of Sao 
Paulo: a population-based study. Br J Nutr. 2016;115 
(6):1061–1070.

[13] Singla RK, Dubey AK, Garg A, et al. Natural polyphenols: chemi-
cal classification, definition of classes, subcategories, and 
structures. J AOAC Int. 2019;102(5):1397–1400.

[14] Bellavia D, Caradonna F, Dimarco E, et al. Non-flavonoid poly-
phenols in osteoporosis: preclinical evidence. Trends Endocrinol 
Metab. 2021;32(7):515–529.

[15] Habauzit V, Morand C. Evidence for a protective effect of 
polyphenols-containing foods on cardiovascular health: an update 
for clinicians. Ther Adv Chronic Dis. 2012;3(2):87–106.

[16] Hügel HM, Jackson N, May B, et al. Polyphenol protection and 
treatment of hypertension. Phytomedicine. 2016;23(2):220–231.

[17] Pehlivan FE. Diet-Epigenome interactions: epi-drugs modulating 
the epigenetic machinery during cancer prevention. In: 
Epigenetics to optogenetics-a new paradigm in the study of biol-
ogy. IntechOpen; 2021. p. 18. doi:10.5772/intechopen.95374.

584 E. SHIRAZI-TEHRANI ET AL.

https://doi.org/10.1002/9781119682059.ch11
https://doi.org/10.1002/9781119682059.ch11
https://doi.org/10.5772/intechopen.95374


[18] Tsao R. Chemistry and biochemistry of dietary polyphenols. 
Nutrients. 2010;2(12):1231–1246.

[19] Yi J, Li S, Wang C, et al. Potential applications of polyphenols on 
main ncRNAs regulations as novel therapeutic strategy for cancer. 
Biomed Pharmacother. 2019;113:108703.

[20] Hemati N, Asis M, Moradi S, et al. Effects of genistein on blood 
pressure: a systematic review and meta-analysis. Food Res Int. 
2020;128:108764.

[21] Mohammadi M, Ramezani-Jolfaie N, Lorzadeh E, et al. 
Hesperidin, a major flavonoid in Orange juice, might not affect 
lipid profile and blood pressure: a systematic review and meta- 
analysis of randomized controlled clinical trials. Phytother Res. 
2019;33(3):534–545.

[22] Liang Y, Wang J, Gao H, et al. Beneficial effects of grape seed 
proanthocyanidin extract on arterial remodeling in spontaneously 
hypertensive rats via protecting against oxidative stress. Mol Med 
Rep. 2016;14(4):3711–3718.

[23] Garcia C, Blesso CN. Antioxidant properties of anthocyanins and 
their mechanism of action in atherosclerosis. Free Radic Biol Med. 
2021;172:152–166.

[24] Dos Baiao DS, da Silva DV, Paschoalin VM. Beetroot, 
a remarkable vegetable: its nitrate and phytochemical contents 
can be adjusted in novel formulations to benefit health and sup-
port cardiovascular disease therapies. Antioxidants. 2020;9 
(10):960.

[25] Najjar RS, Feresin RG. Protective role of polyphenols in heart 
failure: molecular targets and cellular mechanisms underlying 
their therapeutic potential. Int J Mol Sci. 2021;22(4):1668.

[26] Tangney CC, Rasmussen HE. Polyphenols, inflammation, and 
cardiovascular disease. Curr Atheroscler Rep. 2013;15(5):1–10.

[27] Markovics A, Biró A, Kun-Nemes A, et al. Effect of anthocyanin-rich 
extract of sour cherry for hyperglycemia-induced inflammatory 
response and impaired endothelium-dependent vasodilation. 
Nutrients. 2020;12(11):3373.

[28] Sha W, Liu M, Sun D, et al. Resveratrol ameliorated endothelial 
injury of thoracic aorta in diabetic mice and Gly-LDL-induced 
HUVECs through inhibiting TLR4/HIF-1α. J Cell Mol Med. 
2021;25(13):6258–6270.

[29] Chen C-Y, Jin, X., Yi, L., et al. Inhibitory effect of delphinidin on 
monocyte–endothelial cell adhesion induced by oxidized low- 
density lipoprotein via ROS/p38MAPK/NF-κB pathway. Cell 
Biochem Biophys. 2011;61(2):337–348.

[30] Poloni DM, Dangles O, Vinson JA. Binding of plant polyphe-
nols to serum albumin and LDL: healthy implications for heart 
disease. J Agric Food Chem. 2019;67(33):9139–9147.

[31] Tung W-C, Rizzo B, Dabbagh Y, et al. Polyphenols bind to low 
density lipoprotein at biologically relevant concentrations that are 
protective for heart disease. Arch Biochem Biophys. 
2020;694:108589.

[32] Monsalve B, Concha-meyer A, Palomo I, et al. Mechanisms of 
endothelial protection by natural bioactive compounds from fruit 
and vegetables. Anais da Academia Brasileira de Ciências. 2017;89 
(1 suppl):615–633.

[33] Steven S, Frenis, K., Oelze, M., et al. Vascular Inflammation and 
Oxidative Stress: Major Triggers for Cardiovascular Disease. 
Oxidative medicine and cellular longevity. 2019.

[34] Yamagata K. Polyphenols regulate endothelial functions and 
reduce the risk of cardiovascular disease. Curr Pharm Des. 
2019;25(22):2443–2458.

[35] Mozos I, Flangea C, Vlad DC, et al. Effects of anthocyanins on 
vascular health. Biomolecules. 2021;11(6):811.

[36] Silva H, Lopes NMF. Cardiovascular effects of caffeic acid and its deri- 
vatives: a comprehensive review.Frontiers in physiology. 2020. p. 20.

[37] Tan CS, Loh YC, Tew WY, et al. Vasorelaxant effect of 3,5,4′- 
trihydroxy-trans-stilbene (resveratrol) and its underlying mechan-
ism. Inflammopharmacology. 2020;28(4):869–875.

[38] Mirhadi E, Roufogalis BD, Banach M, et al. Resveratrol: mechan-
istic and therapeutic perspectives in pulmonary arterial 
hypertension. Pharmacol Res. 2021;163:105287.

[39] Fragopoulou E, Argyrou C, Detopoulou M, et al. The effect of 
moderate wine consumption on cytokine secretion by periph-
eral blood mononuclear cells: a randomized clinical study in 
coronary heart disease patients. Cytokine. 2021;146:155629.

[40] Liu X, Martin DA, Valdez JC, et al. Aronia berry polyphenols have 
matrix-dependent effects on the gut microbiota. Food Chem. 
2021;359:129831.

[41] Bian Y, Liu P, Zhong J, et al. Quercetin attenuates adhesion 
molecule expression in intestinal microvascular endothelial cells 
by modulating multiple pathways. Dig Dis Sci. 2018;63 
(12):3297–3304.

[42] Gomes AQ, Nolasco S, Soares H. Non-coding RNAs: 
multi-tasking molecules in the cell. Int J Mol Sci. 2013;14 
(8):16010–16039.

[43] Fernandes JC, Acuña S, Aoki J, et al. Long non-coding RNAs in 
the regulation of gene expression: physiology and disease. 
Noncoding RNA. 2019;5(1):17.

[44] Todd LA, Bui-Marinos MP, Katzenback BA. Post-transcriptional 
regulation of frog innate immunity: discovery of frog microRNAs 
associated with antiviral responses and ranavirus infection using 
a Xenopus laevis skin epithelial-like cell line. Facets. 2021;6 
(1):2058–2083.

[45] Bhaskaran M, Mohan M. MicroRNAs: history, biogenesis, and 
their evolving role in animal development and disease. Vet 
Pathol. 2014;51(4):759–774.

[46] Eiring AM, Harb JG, Neviani P, et al. miR-328 functions as an 
RNA decoy to modulate hnRNP E2 regulation of mRNA transla-
tion in leukemic blasts. Cell. 2010;140(5):652–665.

[47] Roberts TC. The microRNA biology of the mammalian nucleus. 
Mol Ther Nucleic Acids. 2014;3:e188.

[48] Mayr B, Niebauer J, Breitenbach-Koller H. Circulating miRNAs as 
predictors for morbidity and mortality in coronary artery disease. 
Mol Biol Rep. 2019;46(5):5661–5665.

[49] Zhou S-S, Jin J-P, Wang J-Q, et al. miRNAS in cardiovascular 
diseases: potential biomarkers, therapeutic targets and challenges. 
Acta Pharmacol Sin. 2018;39(7):1073–1084.

[50] Shirazi-Tehrani E, Firouzabadi N, Tamaddon G, et al. Carvedilol 
alters circulating MiR-1 and MiR-214 in heart failure. 
Pharmgenomics Pers Med. 2020;13:375.

[51] Kalayinia S, Arjmand F, Maleki M, et al. MicroRNAs: roles in 
cardiovascular development and disease. Cardiovasc Pathol. 
2021;50:107296.

[52] Lu P, Ding F, Xiang YK, et al. Noncoding RNAs in cardiac 
hypertrophy and heart failure. Cells. 2022;11(5):777.

[53] Andersen GB, Knudsen A, Hager H, et al. mi RNA profiling 
identifies deregulated mi RNA s associated with osteosarcoma 
development and time to metastasis in two large cohorts. Mol 
Oncol. 2018;12(1):114–131.

[54] Bavishi C, Bangalore S, Messerli FH. Outcomes of intensive blood 
pressure lowering in older hypertensive patients. J Am Coll 
Cardiol. 2017;69(5):486–493.

[55] Wu G, Jose PA, Zeng C. Noncoding RNAs in the regulatory 
network of hypertension. Hypertension. 2018;72(5):1047–1059.

[56] Bahramali E, Firouzabadi N, Rajabi M, et al. Association of renin– 
angiotensin–aldosterone system gene polymorphisms with left 
ventricular hypertrophy in patients with heart failure with pre-
served ejection fraction: a case–control study. Ann Clin Exp 
Hypertens. 2017;39(4):371–376.

[57] Firouzabadi N, Tajik N, Bahramali E, et al. Gender specificity 
of a genetic variant of angiotensin-converting enzyme and risk 
of coronary artery disease. Mol Biol Rep. 2013;40(8):4959–4965.

[58] Bahramali E, Rajabi M, Jamshidi J, et al. Association of ACE gene 
D polymorphism with left ventricular hypertrophy in patients 
with diastolic heart failure: a case–control study. BMJ open. 
2016;6(2):e010282.

[59] Murakami K. Non-coding RNAs and hypertension–unveiling 
unexpected mechanisms of hypertension by the dark matter of 
the genome. Curr Hypertens Rev. 2015;11(2):80–90.

RNA BIOLOGY 585



[60] Marques F, Booth S, Charchar F. The emerging role of 
non-coding RNA in essential hypertension and blood pressure 
regulation. J Hum Hypertens. 2015;29(8):459–467.

[61] Patel RS, Masi S, Taddei S. Understanding the role of genetics in 
hypertension. Eur Heart J. 2017;38(29):2309–2312.

[62] Liyanage KIP, Ganegoda GU. Therapeutic Approaches and Role 
of ncRNAs in Cardiovascular Disorders and Insulin Resistance. 
BioMed Research International. 2017. p. 10.

[63] Jusic A, Devaux Y, Action E-C-C. Noncoding RNAs in 
hypertension. Hypertension. 2019;74(3):477–492.

[64] Sequeira-Lopez MLS, Weatherford ET, Borges GR, et al. The 
microRNA-processing enzyme dicer maintains juxtaglomerular 
cells. J Am Soc Nephrol. 2010;21(3):460–467.

[65] Fabian MR, Sonenberg N, Filipowicz W. Regulation of mRNA 
translation and stability by microRNAs. Annu Rev Biochem. 
2010;79:351–379.

[66] Ketting RF, Cochella L. Concepts and functions of small RNA 
pathways in C. elegans. Current topics in developmental biology. 
2021. doi:10.1016/bs.ctdb.2020.08.002.

[67] Badawy HK, Abo-Elmatty DM, Mesbah NM. Differential expres-
sion of microRNA let-7e and 296-5p in plasma of Egyptian 
patients with essential hypertension. Heliyon. 2018;4(11):e00969.

[68] Li S, Zhu J, Zhang W, et al. Signature microRNA expression 
profile of essential hypertension and its novel link to human 
cytomegalovirus infection. Circulation. 2011;124(2):175–184.

[69] Wei L-H, Huang X-R, Zhang Y, et al. Smad7 inhibits angiotensin 
II-induced hypertensive cardiac remodelling. Cardiovasc Res. 
2013;99(4):665–673.

[70] Nemecz M, Alexandru N, Tanko G, et al. Role of microRNA in 
endothelial dysfunction and hypertension. Curr Hypertens Rep. 
2016;18(12):87.

[71] Zhuo Y, Zeng Q, Zhang P, et al. Functional polymorphism of 
lncRNA MALAT1 contributes to pulmonary arterial hypertension 
susceptibility in Chinese people. Clin Chem Lab Med. 2017;55 
(1):38–46.

[72] Shi L, Tian C, Sun L, et al. The lncRNA TUG1/miR-145-5p/FGF10 
regulates proliferation and migration in VSMCs of hypertension. 
Biochem Biophys Res Commun. 2018;501(3):688–695.

[73] Jin Q, Zhao, Z., Zhao, Q., et al. Long noncoding RNAs: emerging 
roles in pulmonary hypertension. In: Heart failure reviews. 2019. 
p. 795–815.

[74] Sekar D, Nallaswamy D, Lakshmanan G. Decoding the functional 
role of long noncoding RNAs (lncRNAs) in hypertension progres-
sion. In: Hypertension research. 2020. p. 724–725.

[75] Jiang X, Ning Q. Long noncoding RNAs as novel players in the 
pathogenesis of hypertension In: Hypertension Research. 
SpringerNature; 2020. p. 597–608.

[76] Wu Y-X, Zhang S-H, Cui J, et al. Long noncoding RNA XR007793 
regulates proliferation and migration of vascular smooth muscle 
cell via suppressing miR-23b. Med Sci Monit. 2018;24:5895.

[77] Jin L, Lin, X., Yang, L., et al. AK098656, a novel vascular smooth 
muscle cell–dominant long noncoding RNA, promotes hyperten-
sion. Hypertension. 2018;71(2):262–272.

[78] Hou J, Wang L, Wu Q, et al. Long noncoding RNA H19 upregu-
lates vascular endothelial growth factor A to enhance mesenchy-
mal stem cells survival and angiogenic capacity by inhibiting 
miR-199a-5p. Stem Cell Res Ther. 2018;9(1):1–12.

[79] Wang Y-N-Z, Shan K, Yao M-D, et al. Long noncoding 
RNA-GAS5: a novel regulator of hypertension-induced vascular 
remodeling. Hypertension. 2016;68(3):736–748.

[80] Rudra A, Arvind I, Mehra R. Polyphenols: types, sources and 
therapeutic applications. Int J Home Sci. 2021;7(3):69–75

[81] Song F-L, Gan R-Y, Zhang Y, et al. Total phenolic contents and 
antioxidant capacities of selected Chinese medicinal plants. 
Int J Mol Sci. 2010;11(6):2362–2372.

[82] Ra J-E, Woo S-Y, Jin H, et al. Evaluation of antihypertensive 
polyphenols of barley (Hordeum vulgare L.) seedlings via their 
effects on angiotensin-converting enzyme (ACE) inhibition. Appl 
Biol Chem. 2020;63(1):1–9.

[83] Chen Y-P, Sivalingam K, Shibu MA, et al. Protective effect of 
Fisetin against angiotensin II-induced apoptosis by activation 
of IGF-IR-PI3K-Akt signaling in H9c2 cells and spontaneous 
hypertension rats. Phytomedicine. 2019;57:1–8.

[84] Polyphenols: mechanisms of Action in Human Health and 
Disease

[85] Boo YC. Can plant phenolic compounds protect the skin from 
airborne particulate matter? Antioxidants. 2019;8(9):379.

[86] Gerhauser C. Epigenetics, Plant (Poly) phenolics, and Cancer 
Prevention. In: Recent advances in polyphenol research first 4. 
John Wiley & Sons; 2014. p. 143–207.

[87] Milenkovic D, Jude B, Morand C. miRNA as molecular target of 
polyphenols underlying their biological effects. Free Radic Biol 
Med. 2013;64:40–51.

[88] Milenkovic D, Deval C, Gouranton E, et al. Modulation of 
miRNA expression by dietary polyphenols in apoE deficient 
mice: a new mechanism of the action of polyphenols. PloS one. 
2012;7(1):e29837.

[89] Han X, Wang C, Li Y, et al. miR-29b in regulating blood 
pressure and cardiac function in the rat model of 
hypertension. Exp Ther Med. 2019;17(5):3361–3366.

[90] Tsai M-J, Chang W-A, Liao S-H, et al. The effects of 
Epigallocatechin Gallate (EGCG) on pulmonary fibroblasts of 
Idiopathic Pulmonary Fibrosis (IPF)—A next-generation sequen-
cing and bioinformatic approach. Int J Mol Sci. 2019;20(8):1958.

[91] Ren D, Li F, Gao A, et al. Hypoxia-induced apoptosis of cardio-
myocytes is restricted by ginkgolide B-downregulated 
microRNA-29. Cell Cycle. 2020;19(10):1067–1076.

[92] Tomé-Carneiro J, Larrosa M, Yáñez-Gascón MJ, et al. One-year 
supplementation with a grape extract containing resveratrol mod-
ulates inflammatory-related microRNAs and cytokines expression 
in peripheral blood mononuclear cells of type 2 diabetes and 
hypertensive patients with coronary artery disease. Pharmacol 
Res. 2013;72:69–82.

[93] Ramanujam D, Schön AP, Beck C, et al. MicroRNA-21–dependent 
macrophage-to-fibroblast signaling determines the cardiac response to 
pressure overload. Circulation. 2021;143(15):1513–1525.

[94] Abd-Aziz N, Kamaruzman NI, Poh CL. Development of 
MicroRNAs as potential therapeutics against cancer. J Oncol. 
2020;2020.

[95] Liu Y-Y, Zhang WY, Wang CG, et al. Resveratrol prevented experi-
mental pulmonary vascular remodeling via miR-638 regulating 
NR4A3/cyclin D1 pathway. Microvasc Res. 2020;130 103988.

[96] Qian B-J, Tian -C-C, Ling X-H, et al. miRNA-150-5p associate 
with antihypertensive effect of epigallocatechin-3-gallate revealed 
by aorta miRNome analysis of spontaneously hypertensive rat. 
Life Sci. 2018;203:193–202.

[97] Rajabi S, Najafipour H, Jafarinejad Farsangi S, et al. Perillyle 
alcohol and Quercetin ameliorate monocrotaline-induced pul-
monary artery hypertension in rats through PARP1-mediated 
miR-204 down-regulation and its downstream pathway. BMC 
Complementary Medicine and Therapies. 2020;20(1):1–12.

[98] Kawai Y, Nishikawa T, Shiba Y, et al. Macrophage as a target of 
quercetin glucuronides in human atherosclerotic arteries implica-
tion in the anti-atherosclerotic mechanism of dietary flavonoids. 
J Biol Chem. 2008;283(14):9424–9434.

[99] Solich J, Kuśmider M, Faron-Górecka A, et al. Serum level of 
miR-1 and miR-155 as potential biomarkers of stress-resilience of 
NET-KO and SWR/J mice. Cells. 2020;9(4):917.

[100] Bladé C, Baselga-Escudero L, Salvadó MJ, et al. mi RNA s, poly-
phenols, and chronic disease. Mol Nutr Food Res. 2013;57 
(1):58–70.

[101] Boesch-Saadatmandi C, Loboda A, Wagner AE, et al. Effect of quer-
cetin and its metabolites isorhamnetin and quercetin-3-glucuronide 
on inflammatory gene expression: role of miR-155. J Nutr Biochem. 
2011;22(3):293–299.

[102] Pinkney HR, Wright BM, Diermeier SD. The lncRNA toolkit: 
databases and in silico tools for lncRNA analysis. Noncoding 
RNA. 2020;6(4):49.

586 E. SHIRAZI-TEHRANI ET AL.

https://doi.org/10.1016/bs.ctdb.2020.08.002


[103] Zhang X, Yang X, Lin Y, et al. Anti-hypertensive effect of Lycium 
barbarum L. with down-regulated expression of renal endothelial 
lncRNA sONE in a rat model of salt-sensitive hypertension. 
Int J Clin Exp Pathol. 2015;8(6):6981.

[104] Zhu A, Chu L, Ma Q, et al. Long non-coding RNA H19 
down-regulates miR-181a to facilitate endothelial angiogenic 
function. Artif Cells Nanomed Biotechnol. 2019;47 
(1):2698–2705.

[105] Lin K-H, Shibu MA, Peramaiyan R, et al. Bioactive flavone fisetin 
attenuates hypertension associated cardiac hypertrophy in H9c2 
cells and in spontaneously hypertension rats. J Funct Foods. 
2019;52:212–218.

[106] Pons Z, Margalef M, Bravo FI, et al. Grape seed flavanols decrease 
blood pressure via Sirt-1 and confer a vasoprotective pattern in 
rats. J Funct Foods. 2016;24:164–172.

[107] Liu K, YING Z, QI X, et al. MicroRNA-1 regulates the prolifera-
tion of vascular smooth muscle cells by targeting insulin-like 
growth factor 1. Int J Mol Med. 2015;36(3):817–824.

[108] Zhang W-F, Zhu, T. T., Xiong, Y. W., et al. Negative feedback 
regulation between microRNA let-7g and LOX-1 mediated 
hypoxia-induced PASMCs proliferation. Biochem Biophys Res 
Commun. 2017;488(4):655–663.

[109] Zhang B, Yao, Y., Sun, Q. F., et al. Circulating mircoRNA-21 as 
a predictor for vascular restenosis after interventional therapy in 
patients with lower extremity arterial occlusive disease. Biosci 
Rep. 2017;37 (2):1–10.

[110] Carr G, Barrese V, Stott JB, et al. MicroRNA-153 targeting of 
KCNQ4 contributes to vascular dysfunction in hypertension. 
Cardiovasc Res. 2016;112(2):581–589.

[111] Liu Y, Liu G, Zhang H, et al. MiRNA-199a-5p influences pulmon-
ary artery hypertension via downregulating Smad3. Biochem 
Biophys Res Commun. 2016;473(4):859–866.

[112] Yang F, Li H, Du Y, et al. Downregulation of microRNA-34b is 
responsible for the elevation of blood pressure in spontaneously 
hypertensive rats. Mol Med Rep. 2017;15(3):1031–1036.

[113] Huber LC, Ulrich, S., Leuenberger, C., et al. Featured article: 
microRNA-125a in pulmonary hypertension: regulator of 
a proliferative phenotype of endothelial cells. Exp Biol Med. 
2015;240(12):1580–1589.

[114] Kang B-Y, Park KK, Kleinhenz JM, et al. Peroxisome proliferator– 
activated receptor γ and microRNA 98 in hypoxia-induced 
endothelin-1 signaling. Am J Respir Cell Mol Biol. 2016;54 
(1):136–146.

[115] Jin Y, Pang T, Nelin LD, et al. MKP-1 is a target of miR-210 and 
mediate the negative regulation of miR-210 inhibitor on hypoxic 
hPASMC proliferation. Cell Biol Int. 2015;39(1):113–120.

[116] Xing Y, Zheng X, Li G, et al. MicroRNA-30c contributes to the 
development of hypoxia pulmonary hypertension by inhibiting 
platelet-derived growth factor receptor β expression. 
Int J Biochem Cell Biol. 2015;64:155–166.

[117] Gopalakrishnan K, Kumarasamy S, Mell B, et al. Genome-wide 
identification of long noncoding RNAs in rat models of cardio-
vascular and renal disease. Hypertension. 2015;65(1):200–210.

[118] Michalik KM, You, X., Manavski, Y., et al. Long noncoding RNA 
MALAT1 regulates endothelial cell function and vessel growth. 
Circ Res. 2014;114(9):1389–1397.

[119] Bayoglu B, Yuksel H, Cakmak HA, et al. Polymorphisms in the 
long non-coding RNA CDKN2B-AS1 may contribute to higher 
systolic blood pressure levels in hypertensive patients. Clin 
Biochem. 2016;49(10–11):821–827.

[120] Su H, Xu X, Yan C, et al. LncRNA H19 promotes the proliferation 
of pulmonary artery smooth muscle cells through AT 1 R via 
sponging let-7b in monocrotaline-induced pulmonary arterial 
hypertension. Respir Res. 2018;19(1):254.

RNA BIOLOGY 587


	Abstract
	1.  Introduction
	2.  Polyphenols and HTN
	2.1.  Classifications of polyphenols
	2.2.  Biological roles of polyphenols in HTN
	2.2.1  Antioxidant properties
	2.2.2  Anti-Inflammatory action
	2.2.3  Maintenance of endothelial health
	2.2.4  Modulating platelet aggregation


	3.  Abrief history and applications of ncRNAs
	3.1.  ncRNAs and HTN
	3.1.1.  miRNAs and HTN
	3.1.2.  lncRNAs and HTN


	4.  Modulating effects of polyphenols on main ncRNAs involved in HTN
	4.1.  Polyphenols and miRNAs
	4.2.  Polyphenols and lncRNAs

	5.  Challenges and outlook
	6.  Conclusion
	Disclosure statement
	Funding
	References

