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Cardiovascular diseases are the leading cause of death worldwide, and arterial hypertension is a recognized cardiovascular

risk factor that is responsible for high morbidity and mortality. Arterial hypertension is the result of an inflammatory process

that results in the remodeling and thickening of the vascular walls, which is associated with an immunological response.

Previous studies have attempted to demonstrate the relationship between oral disease, inflammation, and the development of

systemic diseases. The existence of an association between periodontitis and hypertension is a controversial issue because

the underlying pathophysiological processes and inflammatory mechanisms common to both diseases are unknown.

arterial hypertension  periodontitis  inflammation  miRNAs

1. Introduction

Arterial hypertension is the most common chronic disease and the leading cause of heart failure, stroke, and chronic kidney

disease. It has a high prevalence and is one of the main contributors to morbidity and mortality worldwide, as well as being an

important risk factor for the development of cardiovascular diseases .

It must be considered that inflammation, which is a protective response to damage or infection of a cell , is a key feature in

the initiation, progression, and clinical involvement of various cardiovascular diseases, along with the immune system.

Elevated markers of inflammation, such as C-reactive protein (CRP), cytokines, and adhesion molecules, have been reported

in hypertensive patients, which supports the role of inflammation in the pathogenesis of hypertension. Furthermore, in

normotensive individuals, these markers have been associated with the risk of developing hypertension; in hypertensive

patients, the markers have been associated with end-organ damage and a risk of future cardiovascular events. Therefore,

understanding the role of inflammation in hypertension provides new insights for new therapeutic approaches that target

inflammation for the treatment of hypertension and its complications .

Considering that the human organism functions as an integral whole, another disease commonly associated with

cardiovascular disease and arterial hypertension is periodontitis, which is associated with a negative impact on the quality of

life related to oral health . Periodontitis is an inflammatory, infectious disease that affects the tissues that support the teeth,

representing the most common cause of tooth loss in adults . Furthermore, it was the 11th most prevalent global disease in

2016 .

It has been hypothesized that local inflammation caused by periodontitis can spread to a systemic level, influencing the

subject’s inflammatory burden . Recently, some authors who study the contribution of inflammation to the most common

chronic diseases, such as diabetes, obesity, and cardiovascular and neurological diseases, have introduced the concept of

“low-grade systemic inflammation” . Low-grade systemic inflammation is characterized by a systemic production of

inflammatory factors, constituting a risk factor for the diseases . Similarly, periodontitis causes a state of low-

grade systemic inflammation through the production and spillover into the bloodstream of inflammatory markers that affect

endothelial function .

In recent years, the concept of a state of low-grade systemic inflammation as a common background of various diseases,

including periodontitis, has attracted increasing scientific attention. Following this hypothesis, periodontitis could contribute, at

least in part, to the development and progression of chronic systemic diseases by constantly inducing a condition of low-grade

systemic inflammation, which is a silent risk factor for many of these diseases . In this regard, Muñoz et al., in their study,

confirmed that people with periodontitis had a 60% higher risk of suffering from hypertension than those with healthy gums. In
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addition, it was revealed that the markers of systemic inflammation, such as CRP and leukocyte count, were elevated in

patients with periodontitis and acted as mediators of this association .

Even though the study of the relationship between low-grade systemic inflammation and the development of cardiovascular

and periodontal diseases has increased considerably in the last decade, to date, there has been no consensus on the

relevance of this association or the level of impact of one disease over the other. There are still unresolved questions, such

as: What are the cellular mechanisms that promote the initiation and perpetuation of low-grade systemic inflammation? What

are the molecular events involved in the clinical manifestation of systemic inflammation? Is there evidence that suggests that

conditions such as high blood pressure and periodontitis have a background in low-grade systemic inflammation? Therefore,

the study of the epigenetic regulation of arterial hypertension and periodontitis is interesting. The epigenetic regulation of gene

expression includes DNA methylation, histone modification, and the presence of noncoding RNAs, which seem to play a

prominent role in clarifying these questions. Noncoding RNAs (ncRNAs) are RNA molecules that do not encode proteins.

They are functional RNA molecules that play vital roles in cellular processes, including transcription and translation. The most

important ncRNAs that have been identified in regulation of gene expression in transcriptional and posttranscriptional levels

include microRNAs (miRNAs), small interfering RNA (siRNA), piwi-interacting RNA (piRNA), and long ncRNA (lncRNA),

among others. miRNAs are small noncoding RNAs approximately 20 nucleotides in length that regulate posttranscriptional

gene expression by binding to 3′ untranslated regions (UTRs), coding sequences, or 5′ UTRs of target messenger RNA

(mRNA) and leading to the inhibition of mRNA translation or degradation. miRNAs are predicted to regulate approximately

30% of the human protein-coding genome and participate in the control of the expression of genes involved in various

biological processes such as apoptosis, proliferation, differentiation, and metastasis. Like other ncRNAs, miRNAs have been

associated with diseases, including hypertension and periodontitis .

2. Hypertension

Hypertension (HT) is a disease that constitutes the main risk factor for cerebrovascular disease and coronary heart disease

and accounts for 54% of cerebrovascular diseases and 47% of ischemic heart disease in the world . In Chile, ischemic

heart disease is the leading cause of death, followed by cerebrovascular disease (42.8 and 42.7 deaths per 100,000

inhabitants, respectively) . Hypertension is characterized by an increase in pressure inside the blood vessels (arteries) and

is defined as systolic blood pressure figures greater than or equal to 140 mmHg and diastolic blood pressure figures less than

or equal to 90 mmHg, according to the guidelines for the management of arterial hypertension of the European Society of

Cardiology and the European Society of Arterial Hypertension . According to the 2006 Quality of Life and Health Survey,

arterial hypertension is the main chronic disease reported in the population . The global prevalence of hypertension was

estimated to be 1.13 billion in 2015. This high prevalence of hypertension is consistent throughout the world, regardless of

income status; it also becomes progressively more common with advancing age. It is estimated that the number of people

with hypertension will increase by 15–20% by 2025, reaching about 1.5 billion .

Hypertension can be classified into essential or primary HT, which corresponds to approximately 90% of cases and secondary

HT in 10% of patients in whom a correctable cause can be detected. Essential HT is a polygenic disorder influenced by

multiple genes or genetic combinations. On this genetic basis, a series of acquired or environmental factors exert a

deleterious effect on the development of hypertension. These factors include overweight and obesity, a diet rich in salt and

low in potassium, a sedentary lifestyle, alcohol consumption, and stress. The causes of secondary HT are classified as

frequent and infrequent. The former includes parenchymal kidney disease, renovascular disease, primary

hyperaldosteronism, sleep apnea-hypopnea syndrome, and hypertension induced by drugs, including alcohol. Rare causes

include Cushing’s syndrome, hyperparathyroidism, coarctation of the aorta, and several different adrenal dysfunction

syndromes . The renin–angiotensin–aldosterone system, in addition to its vascular actions, induces oxidative stress at the

tissue level, which specially produces endothelial dysfunction, with a breakdown of the balance between the relaxing factors

of the blood vessel (nitric oxide (NO), endothelial hyperpolarizing factor (EDHF)) and vasoconstrictor factors (mainly

endothelins), thus configuring the hypertensive pathology. The endothelium exerts a protective function of the arterial wall due

to its anti-inflammatory, vasodilation, and antithrombotic properties. When it is dysfunctional, its vasodilator capacity

decreases and there is vasoconstriction, arterial stiffness, and vascular inflammation with remodeling, which leads to an

increase in total peripheral resistance and, consequently, to an increase in blood pressure .
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3. Hypertension and Inflammation

Currently, the concept of inflammation has evolved in multiple directions to explain the different pathophysiological

circumstances in which the histological and functional alteration of an organ occurs. HT is the result of an inflammatory

process that includes the remodeling and thickening of the vascular walls and is associated with an immunological response.

In this way, the concurrence of inflammatory cells, with forms of innate immunity and adaptive immunity , is described along

the arterial and venous blood vessels. The immune system, inflammation, and hypertension are interrelated, as the immune

system triggers an inflammatory process, in which blood pressure can rise, stimulating organ damage. Cells of the innate

immune system produce reactive oxygen species (ROS), such as superoxide and hydrogen peroxide, which are intended to

kill pathogens. The long-term process of inflammation increases the production of ROS, causing oxidative stress that leads to

endothelial dysfunction. Effector T cells and regulatory lymphocytes, which are part of the adaptive immune system, play an

important role in constricting blood vessels in hypertension .

It must be borne in mind that inflammation is a tissue process that is made up of a series of molecular, cellular, and vascular

phenomena with a defensive purpose against physical, chemical, or biological aggressions ; it currently predominates

in the pathophysiology of cardiovascular diseases and, among these, arterial hypertension. The inflammatory process is

initiated by a gradient of chemotaxis factors expressed in the forms of intercellular (ICAM-1) and vascular (VCAM-1) adhesion

molecules that result in the adhesion of monocytes to the vascular wall and their extravasation into interstitial space and the

formation of a cellular assembly of macrophages, neutrophils, basophils, mast cells, and eosinophils. At the same time, the

activation of a state of platelet adhesiveness and the formation of fibrin networks that configure a prothrombotic state take

place on the intravascular endothelial surface. Innate immunity and adaptive immunity reactions are added to this

inflammatory process. In innate immunity, complement activation, acute phase protein expression, and cytokine release take

place; while adaptive immunity plays a significant role in the inflammatory response, as it helps to orchestrate the immune

response and eliminate pathogens .

All of this leads to verifying that inflammation is a complex process, which occurs as a response both to infections and a

variety of stimuli that cause tissue damage. If the local acute inflammatory response, which is the immediate reaction to the

offending agent, is successful, the offending agent is eliminated, the damage does not spread, there are no systemic

manifestations, and the tissue is satisfactorily repaired. On the contrary, if the process did not limit the damage, the initially

local acute inflammation is transformed into a systemic inflammatory process that does not induce injury or loss of

functionality in the infiltrated tissue, which is a distinctive feature of a low-level chronic inflammation state. In this state, the

tissue shows high levels of inflammatory factors and infiltrating immune cells, while not exhibiting structural alterations or loss

in its primary functions .

Recent experimental and clinical information suggests that cardiovascular disease, specifically arterial hypertension, could be

the consequence of a low-grade systemic inflammatory process. This picture of systemic inflammation is characterized by an

increase in the circulating levels of acute-phase proteins, such as C-reactive protein, cytokines with inflammatory activity,

such as tumor necrosis factor alpha (TNF-α), and interleukins such as interleukin (IL)-1 and IL-6, which are considered

markers of systemic inflammation in hypertension .

4. Inflammation and Periodontitis

Another disease that is characterized by low-grade systemic inflammation is periodontitis , which is the most common

chronic inflammatory disease observed in humans, affecting the supporting tissues of the teeth (periodontal ligament, alveolar

bone, and root cementum). In the world, its prevalence averages 33%, being more prevalent in some countries than others

and affecting almost half of adults in the United Kingdom and the United States and 60% of those over 65 years of age.

Recent estimates from the World Health Organization suggest that periodontitis is found in 5–20% of middle-aged adults (35–

44 years) in Europe and up to 40% of older people (65–74 years). It is a major public health problem, causing tooth loss,

disability, masticatory dysfunction, and poor nutritional status. Periodontitis compromises speech, reduces quality of life, and

is a growing burden on the economy .
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In Chile, there are few studies with published representative samples that assess the periodontal condition; however, studies

show that there is an unfavorable periodontal condition in the population and that signs of periodontal destruction are found in

adolescence, which may be one of the causes of the toothless adult population. The prevalence of this periodontal damage

increases with age, in the female gender, and in the presence of smoking. In addition, it is distributed in a social gradient, with

greater damage in the socially less favored groups, with important influences being family income and parents’ education .

Its etiology is multifactorial and it is involved in the etiopathogenesis of alcohol, insufficient diet, lack of exercise, and stress,

among others .

The first step for the development of periodontal disease is the entry of bacteria, such as Gram-negative anaerobic species or

their products to the periodontal tissues, causing damage to them. The bacteria produce virulence factors (e.g.,

lipopolysaccharide (LPS), lipoteichoic acid) that encounter the epithelial cells of the periodontal sulcus. On the other hand, the

cells of the junctional epithelium (EU) produce defensins and proinflammatory cytokines, such as IL-1 and TNF, which

increase the caliber of blood vessels and induce the expression of cell adhesion proteins. Subsequently, IL8, another cytokine

with an important role, attracts polymorphonuclear cells (PMNs) to the site where the bacteria accumulate. These PMNs in the

periodontal sulcus release reactive oxygen species and different enzymes that can cause microscopic tissue damage.

Despite this, it is often possible to establish a balance of the immune response that helps resolve the inflammatory process.

This immune response controls the microorganisms that accumulate in the periodontal sulcus, silently and without expressing

appreciable inflammatory clinical signs. Meanwhile, the inflammatory process progresses, becoming chronic, and the

degradation of the supporting tissues begins, causing the formation of the periodontal pocket, a loss of clinical attachment,

and bone loss .

Among the main inflammatory mediators involved in periodontitis are IL-6 and TNF-α, although other authors also highlight

the role of IL-1 and IL-8 . Therefore, in the progression of periodontitis, the local inflammatory response is determined by

the concentration of bacteria in the periodontal sulcus , the susceptibility of the host , unfavorable lifestyles and innate

immunity mechanisms, and the release of proinflammatory molecules . These molecules can pass into the systemic

circulation and act on distant organs, accentuating an inflammatory state. Higher levels of these molecules are present in

patients with periodontitis . Likewise, periodontitis has been proposed as a factor that induces and contributes to low-

grade systemic inflammation and vice versa . Consequently, periodontitis may be an indirect risk factor for

cardiovascular disease .

5. Hypertension, Periodontitis, and Inflammation

Patients with periodontitis have a higher risk of developing cardiovascular disease (CVD), as clinical markers of one pathology

are associated with the other. Different studies have demonstrated better endothelial function after periodontal treatment,

which is essential for vascular risk in hypertension . Del Pinto et al. mention periodontitis as the main source of low-

grade systemic inflammation. The proinflammatory signaling cascade triggered in periodontitis causes hyperpermeability of

endothelial cells and the subsequent release of cytokines/interleukins (TNF-α, IL-1, IL-6) into the bloodstream, which affect

endothelial function, causing alterations in the vascular structure. In addition, periodontitis has been associated with increased

odds of antihypertensive treatment failure, as well as with cerebrovascular disease, coronary heart disease, and chronic

kidney disease .

Endothelial dysfunction occurs due to the reduction in nitric oxide (NO) production caused by the release into the bloodstream

of inflammatory markers such as TNF-α and IL-6. Periodontal treatment reduces systemic inflammation, allowing for the

improvement of endothelial function by increasing the bioavailability of NO . A meta-analysis that included 16 studies

conducted in the last 15 years shows the possible influence of periodontal diseases on HT. This association can be described

by common risk factors or by the diffusion of infectious and inflammatory components of periodontal lesions through the

bloodstream, immune response, or glucose and lipid metabolism .

Although the most likely explanation for understanding the association between HT and periodontitis could be related to low-

grade systemic inflammation (Figure 1), an initial path in the study of the relationship between periodontitis and HT is the

possibility of a epigenetic influence, mediated by microRNAs, on the appearance and development of these pathologies; this

possibility makes it interesting to study epigenetic regulation, which includes not only DNA methylation and histone
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modification but also the expression of miRNAs , which could play a prominent role in the relationship between the

pathologies (Figure 1).

Figure 1. Relationship between arterial hypertension, inflammation, and periodontitis.

6. MicroRNAs as Risk Biomarkers for Hypertension and/or
Periodontitis

miRNAs are small noncoding RNA molecules (19–25 nucleotides) that participate in epigenetic regulation at the

posttranscriptional level. Genes that contain miRNAs can be located in intergenic areas, in which the regulation of their

expression is produced by their own elements, or in intronic or exonic regions, in which the expression of the miRNA is closely

related to the expression of the gene in question. The miRNA can act by degrading the mRNA if there is total complementarity

or by repressing translation if the complementarity is partial. Because most of the target sites in the mRNA have only partial

base complementarity with each miRNA, the same miRNA can interact with more than 100 different mRNAs. Furthermore,

each mRNA can contain multiple binding sites for different miRNAs, giving rise to a complex regulatory network of gene

expression.

miRNAs have been stably detected in different body fluids, including plasma, and are mainly transported in exosomes or

microvesicles, which are associated with proteins (such as Argonaute RISC catalytic component 2 (Ago2) or nucleophosmin 1

(Npm1)), lipoproteins, and even apoptotic bodies. This suggests that circulating miRNAs would be secreted in a regulated

manner in response to a stress situation, thus acting as a true intercellular communication system, regulating gene expression

and the phenotype of receptor cells. In addition, they can be passively released by damaged or necrotic cells and could not be

degraded by RNAses present in plasma .

The alteration of the expression values of miRNAs directly affects the expression of their target mRNAs; therefore, miRNAs

are considered potentially causative elements of disease. Extracellular miRNAs, like their intracellular forms, are expressed in
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cardiomyocytes, fibroblasts, endothelial cells, and vascular smooth muscle cells; they control many of the aspects of the

biology of the cardiovascular system, such as cardiac remodeling and fibrosis, apoptosis, inflammation, proliferation,

angiogenesis, and metabolism. Circulating miRNAs are useful biomarkers in clinical practice due to their biological and

physicochemical properties. They are highly stable, can be obtained using minimally invasive techniques, and can originate

from necrotic cells or be actively secreted from living cells. The circulating miRNA profile can be highly specific depending on

the tissue and the disease; it can also be altered in situations of cellular stress and pathophysiological conditions and have a

long half-life within the sample .

Alterations in the expression of miRNAs are present in almost all cardiovascular diseases, such as in the development of

ventricular hypertrophy, heart failure, and other conditions, including arterial hypertension. An example of this is miR-155,

which regulates the expression of the miRNA receptor type 1 angiotensin II, which is positively related to blood pressure ;

although other miRNAs associated with arterial hypertension have also been reported (Table 1). Similarly, in periodontal

disease, miRNAs exert control over aspects of innate and adaptive immunity. As proof of this, miR-15a, miR-29b, miR-125a,

miR-146a, miR-148/148a, and miR-223 were found to be upregulated as a result of periodontal disease in both human and

mouse studies, while miR -92 was downregulated ; this constitutes examples of different miRNAs reported in the literature

associated with periodontitis (Table 2). However, to date, there are no miRNA studies that link arterial hypertension with

periodontitis.

Table 1. MicroRNAs related to arterial hypertension.
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MicroRNAs Model Sample Size Main Finding Reference

miR-33a-5p,
-144-3p

In
vivo

Blood samples from 84
unrelated subjects (42 patients
diagnosed with arterial
hypertension and 42
normotensive subjects)

Hypertensive patients vs. control group:
increased expression of miR-33a (p = 0.001)
and miR-144 (p = 0.985), decreased
expression of ABCA1 (p = 0.007) and ABCG1
(p = 0.550) transporters.

miR-153
In

vivo

Arteries from male normotensive
Wistar rats and spontaneously
hypertensive rats ranging from
12 to 16 in age

Increased expression of miR 153 in the arteries
of spontaneously hypertensive rats (SHR) that
exhibited decreased levels of Kv7.4.

miR-145

In
vivo
and
in

vitro

Thoracic aortas from 10 26-
week-old male spontaneously
hypertensive rats and 10 age-
matched normotensive male
Wistar–Kyoto rats as control
group
Rat vascular endothelial cells
isolated from the thoracic aortas

miR-145 functions as a key mediator in the
pathogenesis of hypertension through SLC7A1
targeting.

miR-126
In

vitro
HUVEC cells

Endothelial cells express miR-126, which
inhibits VCAM-1 expression.

miR-146
In

vitro

THP-1, U937, HL-60, WEHI-3,
293/IL-1R/MD2/TLR4, BJAB,
and Mono-Mac-6 cells

The role of miR-146 in the control of toll-like
receptor and cytokine signaling through the
downregulation of IL-1 kinase 1 and TNF
receptor-associated factor 6 protein levels.

miR-296-5p, -
let-7e, hcmv-
miR-UL112.

In
vivo

Whole blood from 194
hypertensive patients and 97
healthy volunteers

Twenty-seven differentially expressed miRNAs.
Expressions of miR-296-5p, let-7e, and a
human cytomegalovirus (HCMV)-encoded
miRNA, hcmv-miR-UL112 were validated in
plasma samples from 24 hypertensive patients
and 22 control subjects.

miR-637
In

vitro
PC12 rat pheochromocytoma
cells

ATP6V0A1 expression was affected by
differential effects of miR-637, altering vacuolar
pH and consequently CHGA processing and
exocytotic secretion.
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MicroRNAs Model Sample Size Main Finding Reference

miR-1
In

vivo

Hearts isolated from Wistar rats
divided into six groups: control,
isoproterenol, ischaemia,
ischaemia–propranolol,
ischaemia–propranolol-miR-1,
and ischaemia–AMO (n = 7 for
each group)

The beta-adrenergic pathway can stimulate
arrhythmogenic miR-1 expression, contributing
to ischemic arrhythmogenesis, and beta-
blockers produce their beneficial effects in part
by downregulating miR-1.

miR-483-3p

In
vivo
and
in

vitro

Hearts obtained from age and
gender matched transgenic mice
over-expressing the human
AT1R under the mouse α-MHC
promoter and corresponding
littermate non-transgenic mouse
lines in C3H and C57BL/6
genetic backgrounds (n = 3 for
each for group)
Primary human aortic smooth
muscle cells

AT1R-regulated expression levels of
angiotensin-1 and angiotensin-1 converting
enzyme (ACE-1) proteins in VSMCs are
specifically modulated by miR-483-3p.

miR-221,
-222, -155

In
vitro

HUVEC cells

Increased expression of miR-155 and miR-221
in HUVEC and VSMC cells. The angiotensin II
type 1 receptor (AT1R) is a target of miR-155 in
HUVEC. Ets-1 and its downstream genes,
including VCAM1, MCP1, and FLT1, were
upregulated in angiotensin II-stimulated
HUVECs, and this effect was partially reversed
by overexpression of miR-155 and miR-221/2

miR-208, -155
In

vivo

Aortas from 8-, 16-, and 24-
week-old spontaneously
hypertensive rats and 8-, 16-,
and 24-week-old normotensive
male Wistar–Kyoto rats as
control group

The miR-155 level was negatively correlated
with blood pressure (r = −0.525, p < 0.05). The
expression of miR-208 in the aorta of
hypertensive rats was negatively correlated
with blood pressure (r = −0.400, p < 0.05) and
age (r = −0.684, p < 0.0001).

MiR-21, -122,
-637, -let-7e

In
vivo

Plasma samples from 30
hypertension patients, 30 white
coat hypertension patients, and
30 normotensive subjects

The expression levels of MiR-21, miR-122,
miR-637, and let-7e were significantly
increased in the group of hypertensive subjects
compared to the group of normotensive
subjects (p = 0.017, p = 0.022, p = 0.048 and p
= 0.013, respectively).

miR-34a, -21,
-126, -146a

In
vivo

Plasma samples from 15
normotensive and 15
hypertensive subjects

Circulating expression of miR-34a was higher
(~170%; p < 0.01) whereas expression of miR-
21, miR-126, and miR-146a were markedly
lower (~50%, ~55%, and ~55% respectively; p
< 0.05) in the hypertensive versus
normotensive.

miR-212, -132
In

vivo

Internal mammary artery with
AngII receptor blockers (n = 16)
and β-blockers (n = 9) from
patients undergoing coronary
artery by-pass graft surgery

miR-132 and miR-212 were upregulated in the
heart, aortic wall, and kidney of rats with
hypertension (159 ± 12 mm Hg) and cardiac
hypertrophy after chronic Ang II infusion. In
addition, activation of the endothelin receptor,
another Gαq-coupled receptor, also increased
miR-132 and miR-212.

miR-208b,
-133a

In
vivo

Blood and urine samples from
102 subjects with untreated
newly diagnosed essential
hypertension

miRNA-208b and miRNA-133a showed distinct
profiles in peripheral blood cells isolated from
untreated patients with newly diagnosed
hypertension. Their gene expression levels
revealed a strong correlation with urinary
albumin excretion levels.

miR-25, -29a,
-26b

In
vivo

Blood samples from 104 acute
Stanford type A aortic dissection

4-miRNA (miR-25, miR-29a, and miR-155)
were significantly elevated, while miR-26b was
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MicroRNAs Model Sample Size Main Finding Reference
+ patients (of which 74 with
hypertension and 30 without
hypertension), and 103 age-
matched acute Stanford type A
aortic dissection individuals (of
which 59 with hypertension and
44 without hypertension

decreased in AAAD+ serum samples compared
to AAAD individuals), which may serve as a
non-invasive biomarker for the diagnosis of
AAAD, especially for subjects with
hypertension.

miR-505

In
vivo
and
in

vitro

Peripheral blood from 101
hypertensive patients and 91
healthy volunteers
HUVEC cells

The plasma level of hsa-miR-505 was
significantly elevated in hypertensive patients.

miR-92a
In

vivo

Plasma samples from 60 healthy
volunteers with normal carotid
intima-media thickness (nCIMT),
60 healthy volunteers with
increased CIMT (iCIMT), 60
hypertensive patients with
nCIMT and 60 hypertensive
patients with iCIMT

miR-92a levels showed a significant positive
correlation with mean 24-h systolic blood
pressure (r = 0.807, p < 0.001), mean 24-h
diastolic blood pressure (r = 0.649, p < 0.001),
pulse pressure 24-h mean (PP) (r = 0.697, p <
0.001), 24-h daytime PP (r = 0.654, p < 0.001),
24-h nighttime PP (r = 0.573, p < 0.001), CIMT
(r = 0.571, p < 0.001) and cfPWV (r = 0.601, p
< 0.001).

miR-29a,
-29b, -29c

In
vivo

Whole blood from 54 patients
with untreated hypertension and
30 healthy individuals

It was observed higher expression levels of
miR-29a (p < 0.001), miR-29b (p < 0.001), and
miR-29c (p < 0.001) in hypertensive patients
compared to healthy control individuals.

miR-30e,
-374b, -21

-
Data obtained from Gene
Expression Omnibus database

It was identified three crucial genes in the
hypertensive kidney, such as COL12A1, ASPN,
and SCN2A. ASPN could work in conjunction
with COL12A1, and both could be targets for
miR-21. SCN2A could be a new target for miR-
30e and miR-374b.

miR-9, -126
In

vivo

Peripheral blood mononuclear
cells of patients with essential
hypertension (n = 60) and of
healthy controls (n = 29) for
comparison

Hypertensive patients showed significantly
lower miR-9 (p < 0.001) and miR-126 (p <
0.001) expression levels compared to healthy
controls.

miR-425, -155
In

vitro
Human embryonic stem cell-
derived cardiomyocytes

The combination of miR-425 and miR-155
reduced NPPA expression to a greater extent
than miR-425 or miR-155 alone, regardless of
whether they separately also reduced NPPA
expression.

miR-223
In

vivo
Samples from lean (n = 19) and
obese (n = 19) patients

miR-223 mimics the downregulation of TLR4
expression in primary macrophages while
downregulating the expression of FBXW7, a
well-described suppressor of Toll-like receptor
4 (TLR4) signaling.

miR-1, -133a,
-26b, -208b,
-499,

In
vivo

Peripheral blood mononuclear
cells from 152 hypertensive
patients and 30 healthy
volunteers

Hypertensive patients showed significantly
lower miR-133a expression levels (p < 0.001)
and higher expression levels of miR-26b (p =
0.037), miR-1 (p = 0.019), miR-208b (p =
0.016), miR-499 (p = 0.033) and miR-21 (p =
0.002) compared to healthy controls.

miR-17-5p,
-106a-5p,
-106b-3p,
-15a-5p, -15b-
5p, -16-5p

In
vivo

Case and control pairs (N = 15
pairs) selected from individuals
with hypertension treatment

MiRs from the miR-17 and miR-15 families
were downregulated in progressive chronic
kidney disease with high blood pressure under
hypertension treatment compared with
appropriate controls.

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]
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Table 2. MicroRNAs related to periodontitis.

MicroRNAs Model Sample Size Main Finding Reference

miR-361-5p
In

vivo
Whole blood samples from 50
paired hypertensive patients

Significant differences in hsa-miR-361-5p and
hsa-miR-362-5p expression levels between
samples from patients with salt-sensitive and
salt-resistant hypertension (p = 0.023 and
0.049, respectively)

miR-34b

In
vitro
and
in

vivo

Vascular smooth muscle cells
from the medial layer of the
thoracic aorta collected from a
total of 36 female spontaneously
hypertensive and Wistar-Kyoto
rats

The negative regulatory association between
miR-34b and its target, CDK6, was confirmed,
which has potential as a new therapeutic target
in the treatment of hypertension.

miR-181a-5p,
-27, -125a-5p,
-27a-3p, -21-
5p, -30a-5p,
-98, -92, -22-
3p, -100-5p,
-99b-5p

In
vitro

Human dermal microvascular
endothelial cells

Significant suppression of ADM-encoded
mRNA expression by endogenous miR-181a-
5p, ATP2B1 by miR-27 family, FURIN by miR-
125a-5p, FGF5 by let-7 family, GOSR2 by miR-
27a-3p, JAG1 for miR-21-5p, SH2B3 for miR-
30a-5p, miR-98, miR-181a-5p, and miR-125
family, TBX3 for miR-92 family, ADRA1B for
miR-22-3p, ADRA2A by miR-30a-5p and miR-
30e-5p, ADRA2B by miR-30e-5p, ADRB1 by
the let-7 and miR-98 family, EDNRB by the
miR-92 family, and NOX4 by the miR-92 family,
miR -100-5p and miR-99b-5p (n = 3–9; p <
0.05 versus scrambled anti-miR).

[100]

[101]

[102]

MicroRNAs Model Sample Size Main Finding Reference

let-7a, -125b, -100,
-21

In
vivo

Gingival tissue samples
collected from 100 individuals
with healthy gingiva and 100
chronic periodontitis patients

Expression analysis revealed that let-7a
and miR-21 were upregulated, whereas
miR-100, miR-125b, and LIN-28 were
downregulated in chronic periodontitis
patients relative to healthy individuals.
They found that NF-κB was a common
target among all four miRNAs.

let-7a, let-7c,
-130a, miR301a,
miR-520d and
miR-548a, miR-
181b, miR-19b,
miR-23a, miR-30a,
miR-let7a, miR-
301a

In
vivo

Normal healthy gingiva and
diseased gingival tissues
obtained from patients
undergoing periodontal
treatment

miR-let-7a, let-7c, miR-130a, miR301a,
miR-520d, and miR-548a were more than
8-fold up-regulated compared to healthy
gingiva. MiR-181b, miR-19b, miR-23a,
miR-30a, miR-let7a, and miR-301a were
successfully amplified and increased
significantly more in periodontitis cases
than in healthy subjects.

miR-1274b, -let-
7b-5p, -24-3p,
-19b-3p, -720,
-126-3p, -17-3p,
-21-3p.

In
vivo

Gingival tissue samples from 9
nonsmoker individuals with
chronic periodontitis and 9
nonsmoker individuals with
aggressive periodontitis

No differences were observed in the
expression profiles of miRNAs between
aggressive periodontitis and chronic
periodontitis (p > 0.05). The most
expressed miRNAs in both groups were
hsa-miR-1274b, hsa-let-7b-5p, hsa-miR-
24-3p, hsa-miR-19b-3p, hsa-miR-720, hsa-
miR-126-3p, hsa-miR-17-3p, and hsa-miR-
21-3p.

miR-146a, -155 In
vivo

Gingival crevicular fluid from 24
healthy individuals with chronic
periodontitis, 24 patients with
chronic periodontitis in
association with DM type 2, 24
healthy individuals with
clinically healthy periodontium
or 24 patients with clinically

They revealed that miR-146a and miR-155
levels were significantly associated with
periodontitis.

[19]

[103]

[104]

[105]
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MicroRNAs Model Sample Size Main Finding Reference
healthy periodontium in
association with DM type 2

miR-17
In

vivo

Healthy human tooth samples
collected from 8 individuals and
teeth affected by periodontal
disease collected from seven
periodontics clinic patients
diagnosed with chronic
periodontitis

They found that inflammation resulted in an
inhibition of miR-17 levels, which partly
reversed the differentiation potential of
mesenchymal stem cells (MSCs) isolated
from periodontitis-affected periodontal
ligament tissue (PDLSC). They confirmed
that Smurf1 is a direct target of miR-17 in
PDLSC.

miR-200b
In

vivo

Gingival excess tissue sample
was collected from obese and
normal weight subjects

The miRNA profile of gingival tissue from
obese patients with periodontitis, compared
to normal weight patients, showed 13
upregulated and 22 downregulated
miRNAs, among which miR-200b was
validated by qRT-PCR for significantly
increase in obesity.

miR-21-5p, -498,
-548a-5p, -495-3p,
-539-5p, -34c-3p,
-7a-2-3p

In
vitro

LPS-treated cells from primary
human periodontal ligament
isolated from explanted healthy
periodontal ligament

It was identified 22 upregulated miRNAs
and 28 downregulated miRNAs in the LPS-
treated periodontal ligament. Seven
upregulated (miR-21-5p, 498, 548a-5p)
and downregulated (miR-495-3p, 539-5p,
34c-3p, and 7a-2-3p) miRNAs.

miR-302a-3p
In

vitro

LPS-treated cells from human
mandibular osteoblast-like cells
and LPS-treated cells of
immortalized normal oral
keratinocyte

miR-302a-3p regulates RANKL expression
in HMOB within the PGE2 -IFNγ regulatory
network.

miR-543
In

vitro
Human periodontal ligament-
derived stem cells

miR-543 was upregulated during
osteogenic differentiation of human
periodontal ligament-derived stem cells.
Functional experiments showed that
overexpression of miR-543 could enhance
osteogenesis, while inhibiting miR-543
resulted in reduced formation of
mineralized nodules. The ERBB2
transducer, 2 (TOB2) was identified as a
target gene of miR-543.

miR-664a-3p,
-501-5p, -21-3p

In
vivo

Serum samples from 30 healthy
patients without periodontitis
and 30 patients with chronic
periodontitis

The expression of hsa-miR-664a-3p, hsa-
miR-501-5p, and has-miR-21-3p was
higher in the periodontitis group than in the
control group (p < 0.05).

miR-126*, -20a,
-142-3p, -19a, -let-
7f, -203, -17, -223,
-146b, 146a, -155,
-205

In
vivo

Gingival tissues obtained from 10 periodontitis patients and 10 healthy
subjectshasHsa-miR-126*, hsa-miR-20a, hsa-miR-142-3p, hsa-miR-19a, hsa-
lehasf, hsa-has-203, has-miR-17hassa-miR-223, hsa-miR-14has hsa-miR-
146a, hsa-miR-155, and hsa-miR-205 showed differential expression levels in
subjects with periodontitis in relation to healthy subjects.

miR-128, -34a,
-381, -15b, -211,
-372, -656

In
vivo
and
in

vitro

Gingival tissues from
periodontitis patients and
healthy subjects
THP-1 cells and CA9-22
challenged with
Porphyromonas gingivalis

The gingival tissues of patients with
periodontitis showed a higher expression of
miRNA-128, miRNA-34a, and miRNA-381
and a decrease in the expression of
miRNA-15b, miRNA-211, miRNA-372, and
miRNA-656.

miR-150, -223,
-200b, -379,
-199a-5p, -214.

In
vitro

Primary human gingival
fibroblasts obtained from
patient gingival connective
tissue explants

The most overexpressed miRNAs (by
>2.72 times) were hsa-miR-150, hsa-miR-
223 and hsa-miR-200b, and the three most
underexpressed miRNAs (by <0.39 times)
were hsa-miR-379, hsa-miR-199a-5p and

[106]
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