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ABSTRACT
The emergence of microRNAs (miRNA) as significant regulators of pathophysiological processes has provided new
therapeutic strategies in atherosclerotic status. Recently, the author has described that microRNA-92a-3p
(miR-92a-3p), having pleiotropic manner is a potential therapeutic target in atherosclerosis-related diseases. The
author has previously described that mild renal dysfunction was associated with endothelial dysfunction in women
and that the cardio-renal interrelationship may be also suggested under mild renal dysfunction. Shang et al. suggested
mcroiRNA-92a (miR-92a) as a crucial link between chronic kidney disease (CKD) and cardiovascular disease (CVD)
by mediating uremia-impaired endothelial dysfunction. On the evidences of relationships between miR-92a and flowmediated vasodilation (FMD) and between miR-92a and estimated glomerular filtration rate (eGFR) level, the author
indicates that miR-92a gene expression profile in endothelial cell and the circulating level reflecting FMD study and
eGFR level which were established indicators may be an early diagnostic biomarker in atherosclerosis-related CKD,
having a link between CVD and CKD. Shang et al. also indicated miR-92a as a link among CKD-induced uremia,
oxidative stress, and endothelial dysfunction. On the proof of the interrelationship among miR-92a profile, FMD
study, and eGFR level, the author suggests that atherosclerosis-related CKD cause oxidative stress, leading to miR-92a
expression, endothelial dysfunction, and renal dysfunction. In CKD with advanced stage, oxidative stress derived
from uremic toxin mainly contributes to miR-92a gene expression profile, endothelial dysfunction, and renal failure.
Wiese et al. showed that renal injury significantly increased endothelial miR-92a-3p and dual inhibition of
miR-92a-3p and miR-489-3p significantly reduced atherosclerotic lesion compared to control, thereby, suggesting that
miR-92a-3p and/or miR-489-3p are potential therapeutic targets in atherosclerosis-related CKD. The author
emphasizes that clinically and genetically, the studies have provided a link between CVD and CKD mediated by
endothelial dysfunction even at early stage.
Keywords: Endothelial dysfunction; MicroRNA-92a-3p; MicroRNA-489-3p; Atherosclerosis-related CKD; Link between
CVD and CKD
INTRODUCTION

The emergence of miRNA as significant regulators of
pathophysiological processes has indicated novel molecular
insights and provided new treatment strategies in atherosclerotic
status [1]. Recently, the author has described that miR-93a-3p,
having pleiotropic manner is a potential therapeutic target in
atherosclerosis-related diseases [2]. Several clinical studies
suggested the associations of CVD and CKD mediated by

endothelial dysfunction. Our previous study [3] and other
reports [4-6] restricting analysis to subjects with eGFR>60
mL/min/1.73m2 namely early decline in kidney diseases showed
relation between FMD study and eGFR value. The author has
previously described that mild renal dysfunction was associated
with endothelial dysfunction in women and that the cardio-renal
interrelationship may be also suggested under mild renal
dysfunction [3]. Shang et al. [7] suggested miR-92a as a crucial
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link between CKD and CVD by mediating uremia-impaired
endothelial dysfunction. On the evidences of relationships
between FMD and miR-92a [8] and between eGFR and miR-92a
[7], the author indicates that miR-92a gene expression profile in
endothelial cell and circulating level reflecting FMD study and
eGFR level may be an early diagnostic biomarker in
atherosclerosis-related CKD, having a link between CVD and
CKD. Shang et al. also indicated miR-92a as a link among CKDinduced uremia, oxidative stress, and endothelial dysfunction
[7]. The author suggests that atherosclerosis-related CKD cause
oxidative stress, leading to miR-92a expression, endothelial
dysfunction, and renal dysfunction. In CKD with late stage,
oxidative stress derived from uremic toxin mainly contributes to
miR-92a gene expression profile, endothelial dysfunction, and
renal failure. Wiese et al. [9] showed that renal injury
significantly increased endothelial miR-92a-3p and dual
inhibition of miR-92a-3p and miR-489-3p significantly reduced
atherosclerotic lesion compared to control. Furthermore they
indicated that Tgfb2 and Fam220a were ascertained by gene
receptor assays as direct targets of miR-489-3p and miR-92a-3p,
respectively. The current knowledges of miR-92a-3p and
miR-489-3p as novel multifunctional biomarkers in
atherosclerosis-related CKD, namely a link between CVD and
CKD will be reviewed in this article.
ASSOCIATIONS OF CVD AND CKD WITH EARLY STAGE
MEDIATED BY ENDOTHELIAL DYSFUNCTION

Endothelial dysfunction has been implicated as one of the main
pathophysiological mechanisms contributing to the relation of
CVD and CKD [10]. Endothelial dysfunction, so-called
endothelial activation is regarded as a key initiation process in
atherosclerotic condition and also contributed to arteriosclerotic
status (arterial stiffness) [10]. Endothelial dysfunction caused by
chronic inflammation and oxidative stress is traditionally
thought to be an early and significant aspect of CKD [10,11].
Systemic inflammation and oxidative stress are almost universal
in CKD, leading to endothelial dysfunction [10,12]. Previous
studies have suggested that eGFR level [13] is associated with
endothelial dysfunction in community-based [4-6,14,15]. With
regard to the restricting analysis to subject with eGFR>60
mL/min/1.73m2, a few reports has been studied [4-6]. Flowmediated vasodilation (FMD), and nitroglycerin-mediated
vasodilation (NMD) in the brachial artery is a potent procedure
for estimating vascular endothelial and vascular smooth muscle
cell (VSMC) function [16]. FMD and NMD examinations are
useful tool of the vascular reactivity. The author has reported
some studies on FMD and NMD including migraine, CVD,
CKD, and dyslipidema [3,17-20]. The author has described that
mild renal dysfunction with eGFR>60 mL/min/1.73 m2 was
associated with endothelial dysfunction in women and the
cardio-renal interrelationship may be also suggested under mild
renal dysfunction [3]. It can be suggested that mild renal
dysfunction might be a cardiovascular risk factor in women as
previously described [3].
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miR-92A AS THERAPEUTIC TARGET IN ATHEROSCLEROSISRELATED DISEASE

miR-92a as pleotropic biomarker in atherosclerosis
Kumar et al. [21] mentioned that atherosclerosis occurs in
arterial regions under disturbed flow condition, partially caused
by changings in gene expression. miRNAs are small, noncoding
genes that post-transcriptionally regulate gene expression by
targeting messenger RNA transcripts. miR -92a is one of the
flow-sensitive miRNA, so-called mechano-miRs, regulate
endothelial gene expression, endothelial dysfunction, and
atherosclerotic condition. The key signaling pathways that are
targeted by these flow-sensitive microRNAs include the
endothelial cell cycle, inflammation, apoptosis, and NO
signaling [21]. Furthermore, Kumar et al. [22] also studied the
role of flow-sensitive microRNAs and long noncoding RNAs
(lncRNAs) in vascular dysfunction and atherosclerosis. While,
extracellular vesicles (EVs) are emerging as important regulators
of vascular homeostasis and cardiovascular disease progression
[23]. Atherosclerotic stimuli such as oxidized low-densitylipoprotein (ox LDL) or interleukin (IL)-6, increase miR-92a-3p
expression in endothelial cells, as well as in corresponding
endothelial microvesicles in vitro [23]. Liu et al [23]
demonstrated that clinical and experimental atherosclerotic
conditions such as ox LDL and IL-6 can promote the packaging
of functional miR-92a-3p into endothelial microvesicles, thereby
promoting angiogenic responces in the recipient endothelial
cells in a STAT3 (signal transducer and activator of transcription
3)-THBS1 (thrombospondin 1)- dependent manner [23]. Chang
et al. [24] suggested that miR-92a exerts its effects on
physiological responses in a novel biological manner. They have
demonstrated that miR-92a-containing extracellular vesicles
from endothelial cells modulate macrophage functions and
phenotypes [24].

Inhibition of miR-92a in atherosclerosis - related CVD
Loyer et al. [25] mentioned that microRNA, selectively regulated
by ox LDL and share stress are called as atheromiRs. They
suggested
that
increased
miR-92a
expression
and
proinflammatory markers are recognized under the exposure
condition of endothelial cells to oxidized LDL and low share
stress [25]. Furthermore, they demonstrated that inhibition of
miR-92a prevents endothelial dysfunction and atherosclerosis in
mice. Inhibition of miR-92a improves neovasculization after
myocardial or hind limb ischemia [26]. Hinkel et al. [27]
suggested that inhibition of miR-92a protected against ischemia/
reperfusion injury in a large-animal study. Daniel et al. indicated
that inhibition of endothelial miR-92a improves reendothelialization and prevents neointima lesion after vascular
injury [28]. These evidences have provided endothelial and
cardioprotective effects of genetic inhibition of miR-92a.
miR-92a-3p has many targets including KLF2, KLF4 [29,30], the
fibronectin adhesion molecule integrin α5 (ITGA5), SOCS5,
and SIRT1 [31,32]. Recently, Rogg et al. [31] studied miR target
regulation using miR-92a-3p and suggested that miRs have cell
type-specific effects in vivo. A novel function of miR-92a-3p in
endothelial cell autophagy and cardiomyocyte metabolism was
discovered by analysis of miR-92a targets in cell subtypes. Rogg
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et al. [31] also indicated that inhibition of miR-92a-3p regulates
endothelial cell autophagy through Atg4a and cardiomyocyte
metabolic switching through Abca8b and Cd36 regulation. Gou
et al. [33] also suggested that miR-92a overexpression reduces
endothelial function and suppresses the heme oxygenase-1
(HO-1) expression. They demonstrated that inhibition of
miR-92a suppresses oxidative stress and improves endothelial
function by upregulating HO-1 in db/db mice.
miR-92A IN ATHEROSCLEROSIS - RELATED CAD (INVERSE
RELATIONSHIP BETWEEN miR-92A EXPRESSION AND FMD
STUDY)

Endothelial innate immunity has emerged as a significant
mechanism underlying the interaction among oxidative stress
condition, inflammation status, and endothelial dysfunction.
Chen et al [8] reported that miR-92a is inversely correlated with
endothelial function assessed by FMD study and is positively
correlated with serum interleukin-1β in patient with CAD.
They suggested that sterol regulatory element-binding protein 2
(SREBP2) – miR-92a-inflammasome exacerbates endothelial
dysfunction under oxidative stress condition. The reports [7,8]
indicated the significant relationship between miR-92a and
FMD study, showing close relation of vascular reactivity and
gene expression, thereby it is putative that FMD examination,
surrogate marker of endothelial dysfunction may partially reflect
miR-92a gene expression profile as previously described [2].
miR-92A IN ATHEROSCLEROSIS-RELATED CKD

Interrelationship among FMD study, eGFR level, and
miR-92a gene profile
As our previous study [3] and other reports [4-6] restricting
analysis to subjects with eGFR>60 mL/min/1.73m2, namely
early decline in kidney diseases showed relation between FMD
study and eGFR value, these result support that both FMD and
eGFR are early and sensitive markers reflecting systemic
atherosclerotic condition and renal function. Chen et al. [8]
demonstrated a significantly inverse relationship between FMD
test and miR-92a expression. Shang et al. [7] revealed a
significantly inverse correlation between eGFR and miR-92a
expression even at the early stage in CKD after adjusting
confounding factors. They suggested that miR-92a level has
promise as a diagnostic marker or early predictor of CKDassociated vascular impairment. On the evidences of
relationships between FMD and miR-92a [8] and between eGFR
and miR-92a [7], the author indicates that miR-92a may be an
early diagnostic marker as atherosclerosis-related CKD, because
both FMD study and eGFR value are established indicators.
Chen et al. [8] showed that miR-92a is upregulated in
endothelial cells by elevated oxidative stress in patients with
stable CAD. Shang et al. [7] mentioned that CKD causes
increased oxidative stress in the vessel wall, suggesting
endothelial dysfunction as a common complication of renal
failure [7]. They indicated miR-92a as a link among CKDinduced uremia, oxidative stress, and endothelial dysfunction
[7]. The author suggests that atherosclerosis-related CKD cause
oxidative stress, in turn leading to miR-92a gene expression in
endothelial cell and circulating level, systemic endothelial
J Carcinog Mutagen, Vol.11 Iss.2 No:1000345

dysfunction assessed by FMD, and renal dysfunction estimated
by eGFR level even at the early stage in CKD.

Interrelationship among uremic toxin, endothelial
dysfunction, and miR-92a profile
Oxidative stress originating from accumulated uremic toxins is
also considered as a contributing factor in endothelial
dysfunction. Indoxyl sulfate (IS) and p-cresylsulfate (pCS),
protein-bound uremic toxins can damage vascular endothelial
cells. IS and pCS have been found to associate with CV events
[34]. Some studies which show significantly correlation between
uremic toxin and vascular reactivity, namely endothelial
dysfunction, have been reported [35-38]. Yu et al. [35] described
that an oral absorbent to decrease IS level improved endothelial
function assessed by FMD. Six I et al. [36] indicated the
deleterious vascular effects of IS and reversal by oral adsorbent
AST-120 in CKD by using Pulse Wave Velocity (PWV) for
evaluation of vascular reactivity. Wang et al. also suggested the
significantly inverse correlation between IS level and vascular
reactivity index (VRI) value in patients with stage 3-5 CKD [37].
Meanwhile, Matsumoto et al. noted that IS directly affects the
vascular
function,
particularly,
endothelium-dependent
vasorelaxation, suggesting this effect due to the increased
oxidative stress [38]. The endothelial toxicity due to IS was
established, including increased oxidative stress, inhibition of
NO production, and endothelial inflammation [39]. Shang et al.
[7] also showed a positive correlation between IS and circulating
miR-92a in patients with CKD, demonstrating the evidence for
the causal relation between uremic toxin and miR-92a-mediated
endothelial dysfunction. They suggest that miR-92a is a crucial
marker, linking between CKD and CVD by mediating uremiaimpaired endothelial dysfunction. In addition, they provided
miR-92a as a potent treatment target in patients with CVD and
CKD. The author suggests that CKD in advanced stage cause
oxidative stress mainly derived from uremic toxin, in turn
leading to miR-92a gene expression in endothelial cell and
circulating level, endothelial dysfunction, and renal failure.
DUAL INHIBITION of miR-92A-3P and miR-489-3P in
ATHEROSCLEROSIS-RELATED CKD

miR-92a-3p as a pleiotropic biomarker in atherosclerosisrelated CKD
Endothelial dysfunction encompasses a spectrum of biological
processes and miRNAs, small non-coding RNAs that posttranscriptional regulate gene expression, have emerged as critical
regulators of endothelial gene regulatory networks [9,21].
miR-92a-3p has emerged as a significant regulator of both
angiogenesis and endothelial dysfunction through targeted
suppression of protective endothelial genes. miR-92a-3p was also
demonstrated as a pro-atherogenic miRNA in endothelial cells.
The author previously described that miR-92a-3p, having
pleiotropic manner is a potential therapeutic target in
atherosclerosis-related disease [2]. Clinical evidences have
suggested that CKD is associated with endothelial dysfunction
and the author has described the association of brachial artery
measures with estimated GFR >60 mL/min/1.73 m2 in a crosssectional study of the community-based women, indicating a
3
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potent link between CVD and CKD even at the early stage [3].
Recently, miR-92a-3p was found to be elevated in serum from
CKD patients and aortic miR-92a-3p was raised in rats with
adenine-induced CKD [7,9]. In addition, the study indicated
that inhibition of endothelial miR-92a-3p has a potential
therapeutic strategy in atherosclerosis-related CKD.

from uremic toxin mainly contribute to miR-92a profile,
endothelial dysfunction, and renal failure on the basis of the
proof of relationship among uremic toxin, FMD study, and
miR-92a expression profile. Results provided that miR-92a-3p
and/or miR-489-3p are potential treatment targets in
atherosclerosis-related chronic kidney disease.

miR-489-3p as a novel biomarker in renal disease

CONCLUSIONS

With respect to miR-489, Wei et al. suggested that miR-489 acts
as a tumor suppresser and plays roles in cardiac hypertrophy and
mouse stem cell quiescence and that be upregulated in clear cell
papillary renal cell carcinoma [40-42]. They suggested that
miR-489 is induced via hypoxia-inducible factor (HIF-1) during
ishemic kidney disease to protect kidneys by targeting
proinflammatory genes such as CXCL2 and CXCL10 [40,43].
Wiese et al. [9] revealed a novel role for miR-489-3p in
endothelial cells by demonstrating that miR489-3p directly
targets Tgfb2 in endothelial cells and locked-nuucleic acid (LNA)
inhibition of miR-489-3p in vivo significantly increased Tgfb2
expression in aortic endothelium.

1. The author indicates that microRNA-92a gene expression
profile in endothelial cell and circulating level reflecting flowmediated vasodilation study and estimated glomerular filtration
rate level may be an early diagnostic biomarker in
atherosclerosis-related chronic kidney disease, having a link
between cardiovascular disease and chronic kidney disease.

miR-92a-3p and miR-489-3p in atherosclerosis-related
CKD
Wiese et al. [9] showed that renal injury significantly increased
endothelial miR-92a-3p and dual inhibition of miR-92a-3p and
miR-489-3p significantly reduced atherosclerotic lesion
compared to control. Tgfb2 and FAM220A were ascertained by
gene receptor assays as direct targets of miR-489-3p and
miR-92a-3p, respectively. They also revealed that in human
coronary artery endothelial cells, over-expression of miR-92a-3p
decreased FAM220A expression and inhibition of miR-92a-3p
increased FAM220A expression. Furthermore, miR-92a-3p
overexpression increased STAT3 phosphorylation, through
direct regulation of FAM220A [9]. They concluded that dual
inhibition of endothelial miR-92a-3p and miR-489-3p decreases
CKD-associated atherosclerosis and that inhibition of
miR-92a-3p and miR-489-3p through a dual LNA therapy
markedly decreased atherosclerotic lesion and altered
endothelial gene expression profile.
SUMMARY

The author has previously described that mild renal dysfunction
was associated with endothelial dysfunction in women and that
the cardio-renal interrelationship may be also suggested under
mild renal dysfunction. On the basis of the evidence of
interrelationship among miR-92a profile, FMD study, and eGFR
level, the author indicates that miR-92a gene expression profile
may be a diagnostic early biomarker in atherosclerosis-related
CKD, having a connection between cardiovascular disease and
chronic kidney disease. The author suggests that atherosclerosisrelated CKD cause oxidative stress, in turn leading to miR-92a
gene expression in endothelial cell and circulating level, systemic
endothelial dysfunction assessed by FMD, and renal dysfunction
estimated by eGFR level. This mechanism may be present even
at early stage in CKD, as cardio-renal interrelationship may be
also suggested under mild renal dysfunction. In CKD with
advanced stage, the author suggests that oxidative stress derived
J Carcinog Mutagen, Vol.11 Iss.2 No:1000345

2. It is putative that microRNA-92a, having multifunctional
manner show a link between cardiovascular disease and chronic
kidney disease mediated by endothelial dysfunction.
3. The author suggests that atherosclerosis-related chronic
kidney disease cause oxidative stress, in turn leading to
microRNA-92a expression, endothelial dysfunction, and renal
dysfunction. In addition, especially in chronic kidney disease
with late stage, oxidative stress derived from uremic toxin mainly
contributes to microRNA-92a gene expression profile,
endothelial dysfunction, and renal failure.
4 It is strongly suggested that mcroRNA-92a-3p and/or
microRNA-489-3p are potential therapeutic targets in
atherosclerosis-related chronic kidney disease.
5. The author emphasizes that clinically and genetically, the
studies have provided a link between cardiovascular disease and
chronic kidney disease mediated by endothelial dysfunction
even at early stage.
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