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Abstract

Pathology often results from a deregulation of the gene expression program. We
now know that gene regulation is under the control of a wealth of non-coding RNAs
whose existence was unknown until the turn of the 20" century. This review focuses on
the control at the post-transcriptional level through small non-coding RNAs known as
microRNAs (miRNAs), short single strand nucleic acids that either induce translational
repression or mRNA decay through base pairing with the 3’ untranslated region of their
mRNA targets. Since the dawn of the new millennium, many progresses were made to
understand the roles of miRNA in the nephrology field. We and others have shown that a
number of miRNAs are deregulated during the course of Chronic kidney disease (CKD) and
associated cardiovascular damage, eg vascular calcifications and atherosclerosis. miR-223’s
gene expression is enhanced in vivo in aortas of a murine model of CKD in vitro while it is
decreased in the serum, and enhanced in vitro in vascular smooth muscle cells subjected
to the uremic toxins. Recently, we have shown that miR-223 affects the gene regulation at
multiple levels by using a multi-omics approach and that its expression is decreased in the
serum of a large cohort of CKD patients, where it is correlated with all-cause mortality,
but also cardiovascular and renal events. miR-223 could have role(s) in CKD vascular
remodelling and may therefore be a useful target to prevent or treat complications of the
CKD pathogenesis.

Introduction

CKD patients afflicted by later stages of chronic kidney disease (CKD) exhibit a high
cardiovascular morbimortality, correlated with the appearance of cardiovascular disorders
(CVD) [1]. CVD are allegedly the first killers in the world accounting for 30% of all global
deaths [2]. This is particularly true in the course of CKD, and finally results in vascular
calcifications.This is increasingly frequent with the ageing of the population and it is
estimated that prevalence of CVD will reach 23.3 million by 2030. Most of the deaths are
caused by atherosclerosis, a pathological process that will impact any artery. Due to the
complexity of the described process, it is widely believed that nontraditional predictive
factors will be useful for diagnosis and prognosis.

microRNAs (miRNAs) are a newly described class of molecules that are endogenous
interfering RNAs. They are now new promising biomarkers for numerous pathologies.
Their molecular description is 20-25 nt non-coding RNAs that regulate very precisely
the gene regulatory networks by affecting both the stability and translation of mRNAs in
a post-transcriptional manner [3]. Their current number is estimated at approx. 2 000,
and their corresponding genes occupy approximately 3% of the genome [3,4]. They are
first transcribed as a larger RNA product, pri-miRNA, a few hundred to a few thousand
nucleotides long transcript. It is then cleaved in the nucleus by the RNase III Drosha into a
pre-miRNA hairpin (60 to 70 nt) that will translate to the cytoplasm by way of Exportin 5.
There it will be recognized and cleaved by the Dicer RNase III [5]. This results in a double
stranded RNA, comprising the 5’ and 3’ strands that will be recognized by RNA-induced-
silencing complex (RISC) that contains Argonaute 2 (Ago2), another endonuclease and
be unwound to single strand RNA. Finally, the RISC complex carries the mature miRNA to its
target messenger RNAs, triggering gene silencing [3].

The active strand of the miRNA, the seed sequence, ( appox.7-8 nt long, located in
nucleotides 2-8 of the miRNA) binds in a complementary way with target mRNAs most
often in its 3 prime Untranslated Region (3’ UTR).(Guo et al,, 2010) Outside of the seed
region, frequent mismatches are present in the binding between miRNA and mRNA targets
explaining why a given miRNA can bind dozens of different messengers. Conversely,
one target mRNA can be regulated by several miRNAs. This explains why nowadays it is
considered that the 2 000 miRNAs known to date regulate the expression of approximately
1/3rd to 2/3rd of the human genes [6]. The binding of miRNA to its mRNA target finally
results in translation inhibition, or the induction of messenger degradation. In the current
paradigm, mammalian microRNAs in a vast majority act by destabilizing their target mRNAs
and decreasing levels of translation [6].

'HEMATIM UR 4666, CURS, Université de Picardie Jules Verne, Amiens, France
2INSERM U1148, Université Paris Sorbonne Nord, 93017 Bobigny, France

Article Information

DOI: 10.31021/ijrdt.20202107
Article Type: Review

Journal Type: Open Access

Volume: 2 Issve: 1

Manuscript ID: |JRDT-2-107

Publisher: Boffin Access Limited

Received Date: 02 April 2020
Accepted Date: 28 April 2020
Published Date: 29 April 2020

*Corresponding author:

Laurent Metzinger

Université de Picardie Jules Verne

Equipe HEMATIM UR 4666

Centre Universitaire de Recherche en Santé
Batiment

CURS - POLE J+2 Avenue Laennec- site Hopital
Sud 80054 Amiens cedex 1.

E-mail: laurent.metzinger@u-picardie.fr

Citation: Metzinger L. microRNAs as Promising
Biomarkers of Chronic Kidney Disease. The Case of
miR-223. Int] Ren Dis Ther. 2020 Apr;2(1):107.

Copyright: © 2020 Metzinger L, et al. This
is an open-access article distributed under the
terms of the Creative Commons Attribution 4.0
international License, which permits unrestricted
use, distribution and reproduction in any
medium, provided the original author and source

are credited.

Int ] Ren Dis Ther Volume: 2.1



Journal Home: https://www.boffinaccess.com/journals/renal-diseases-therapy/index.php

Boffin Access

FOSTERING KNOWLEDGE

ARTERY

whd l,
A
< /»m”"ﬁwruat
&

N
s

Figure 1: Summary of the central action of miR-223 on the effects
of inorganic phosphate (Pi) on both vascular smooth muscle cell
trasndifferentation and vessel osteoclastogenesis, triggering
vascular calcification.
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Figure 2: Animal models showing the effects of miR-223 in vivo on
cardiovascular events linked to vascular calcification: (A) Murien
model of chronic kidney disease (CKD) and atherosclerosis
(ApoE KO). Mice with both CKD and ApoE KO display vascular
calcifications. (B) Rat restenosis model. Sponge treatment
decreases miR-223 levels and diminishes restenosis in carotid.

It has been shown since 2008 that circulating miRNAs are present
in the human blood [7,8] in which they are carried by microvesicles,
that confer the stability and the protection needed against RNase
activity [9] or complexed with chaperon protein argonaute 2. Various
papers in the cancer field suggested a link between several miRNA's
seric levels with tissue amounts [7], emphasing their roles as
potential non-invasive biomarkers. A pioneer paper from Dimmeler’s
team has shown that miRNA levels are significantly different in the
serum of patients with coronary artery diseases (CAD) compared
to healthy counterparts [10]. A spike-in of a known amount of
exogenous synthetic Caenhorabditis elegans miR-39 miRNA is
increasingly common as no further experimental bias is usually
added as reference [8].

CKD is characterized by a slow and progressive loss of kidney

function leading to vessel and bone damage. microRNAs were
suggested to be involved in the pathophysiology of CKD by us and
other teams [11-13] with relevance to the control of vascular
smooth muscle cell (VSMC trans-differentiation that occurs during
the vascular complications of CKD), suggesting that miRNAs are
important modulators of cell vessel function in CKD-related
cardiovascular disease [14] (Figure 1).

Our team was the first to show that levels of miR-223 are altered
in damaged vessels and plasma of a murine model of CKD [4,15]. In
aorta, miR-223 levels were twice higher in CKD mice whereas they
more 3-times higher in mice that had endured both CKD surgery
and APoE KO, that had vascular calcification [15]. On the other hand,
our results established that miR-223 seric levels decreased during
the course of CKD at the latter stages in all pathological conditions.
Finally, administration of the calcium-free phosphate binder
sevelamer carbonate partially corrects the miRNA deregulations
in aortas, suggesting a possible direct link between the observed
miRNA alterations and the vascular damage caused by CKD [14]. miR-
223 also has arole in osteoclast differentiation, with an impact on the
vascular calcification and osteoporosis process [16] (Figure 2).

miR-223 is highly expressed in recently isolated endothelial cells,
but its levels diminish very quickly during routine cell subculture
[17]. Vascular endothelial cell growth factor and basic fibroblast
growth factor further decreased its expression. We also recently
found miR-223 to be expressed in freshly isolated endothelial cells
from the brain microvasculature [4]. It is thus reasonable to consider
that in vessels, miR-223 is present in both aortic cells from the media
and endothelial cells from the intima. It is now widely recognized that
chronic low-grade inflammation plays a key role in the initiation and
propagation of CKD. Thus, the strong increase in the inflammatory
miR-223 expression during the course of CDK and atherosclerosis in
our experimental models is striking, and it will be interesting to find
outif this increase is beneficial (but not enough to alleviate symptoms
in the latter stages of CKD) or detrimental. Our experimental results
on a rat modle of restenosis seem to indicate that miR-223 increase
is detrimental and that an inhibitory strategy using a sponge itrating
miR-223 decreases restenosis [18].

The question is how miR-223 can be transferred to vessel cells?
Tabet et al. [19] suggest that high-density lipoproteins (HDL) deliver
miR-223 deliver functional microRNAs (miRNA). They showed
that HDL delivers miR-223 to endothelial cells in order to suppress
expression of intercellular adhesion molecule 1 (ICAM-1). This
would be the first example of an extracellular miRNA regulating gene
expression in cells where it is not transcribed.

Also, microvesicles such as exosomes from urine have been
demonstrated to contain miRNA [9]. The miRNA content in exosomes
has been proposed to reflect the underlying pathophysiology of
certain kidney diseases that represent of course another new
reservoir for biomarker discovery but exosomes have also the
capacity to shuttle their cargo between kidney cells and change the
recipient cell’s proteome and function [20].

miR-223 impacts various levels of gene regulation in
an osteoclast cell line

We used a multi-omics approach combining microarray
transcriptomics, SELDI-TOF and MALDI-TOF proteomics and
NMR-based metabolomics to study the impact of over-expression
and inhibition of miR-223, a pleiotropic regulator of metabolic-
related disease, in the RAW monocyte-macrophage cell line [21].
We analyzed the levels of proteins, mRNAs, and metabolites to
identify genes involved in miR-223 regulation, candidate disease
biomarkers and potential therapeutic targets. We observed that both
up- and down-regulation of miR-223 induced profound changes in
the mRNA, protein and metabolite profiles of the RAW monocyte-
macrophage cells. Among the deregulated genes, we found that 52
proteins were significantly altered when comparing scramble, pre-
and anti-miR223 treatment. Using dedicated databases, 16 out of
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