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Abstract

In chronic kidney disease (CKD) patients, vascular calciycation (VC) and cardiac valve calciycation (CVC) are
the major reasons of increased risk of cardiovascular events. Originally thought to be a passive kind of dead or dying
cells, VC and CVC have since been identiyed as a disease caused by an active and highly controlled cellular process.
Several of the processes implicated in VC have recently been identiyed, and many of them may be exacerbated in
CKD patients. FGF-23/Klotho axis, Wnt pathways, PI3K/Akt signalling, P38MAPK signalling pathway, and microRNAs,
in particular, have been demonstrated to be disturbed in CKD patients and may have a role in vascular calciycation.
Moreover, multiple researches conyrmed the hazards of CVC in CKD patients as well as the molecular processes
behind it. The purpose of this review is to describe the risk variables and pathophysiological processes that may be
implicated in the relationship among CKD and VC and CVC development.
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Introduction

Chronic kidney disease (CKD) progression is associated with a
number of signi cant consequences, including cardiovascular events,
which are the leading cause of mortality in CKD patients [1].
Cardiovascular events are frequently caused by vascular calci cation
(VC) and cardiac valve calci cation (CVC) [2,3]. As compared to the
non-CKD population, the incidence of vascular calci cation or CVCin
CKD is substantially greater, increasing the likelihood of sudden
mortality [3,4]. In CKD patients, VC is caused by two separate but
overlapping vascular pathologies: atherosclerosis and arteriosclerosis.
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(e.g., Wntl, Wnt3a) bind to their receptors, cell-surface Frizzled (FZD)
and low density-lipoprotein-receptor-related protein 5/6 (LRP 5/6),
the canonical Wnt signalling pathway is activated. When the FZD/LRP
5/6 receptor complex is activated, GSK-3b is inactivated, and catenin
accumulates in the cytoplasm and translocates to the nucleus, where it
can heterodimerize with members of the lymphoid enhancer factor/T-
cell factor transcription factor family to induce the expression of
speci ¢ genes. Wnt signalling pathways have been implicated in
vascular diseases, including endothelial dysfunction and migration,
VSMC trans di erentiation, and VC. Wnt signalling is important in
VSMC calci cation produced by high-phosphate and bone
morphogenetic protein 2 (BMP-2). We found higher expressions of
-catenin, GSK-3, and Wnt-5a in the calci c region of VC in patients
with end-stage renal disease (ESRD), and logistic regression analysis
revealed that Wnt-5a was an independent risk factor for vascular
calci cation in ESRD patients. Moreover, PI3K/Akt can activate the
-catenin signalling pathway by cross-linking the MAPK signalling
pathway to cause VC and CKD. e MAPK signalling pathway is an
important mechanism that facilitates eukaryotic signal transmission
and is important in osteoblast development and mineralization of
VSMCs. A recent research found that P38MAPK can modulate the
canonical Wnt-catenin signalling pathway in the brain, thymus gland,
and spleen by inactivating GSK-3. Nevertheless, whether this route is
implicated in calci cation has to be investigated further. MicroRNAs
(miRs) are short noncoding RNAs that control cellular processes such
as proliferation, di erentiation, and death by regulating target gene
expression via mRNA degradation, translational repression, or mRNA
modi cation. Many investigations have found that miRs are linked to
VSMC calci cation. MiR-125b was shown to be down regulated in
calci ed aortas of apoE mutant rats, and its analogues have been shown
tosuppresscalci cation of rataortic SMCs cultivated in high-phosphate
media. BMP-2 inhibited the expression of miR-30b and miR-30c in
vitro, and miR-30b expression was likewise inhibited in calci ed
human coronary arteries. MiR-29 a/b expression was shown to be low
incalci caortas from mice as well as CKD patients. e Wnt pathways
are a collection of signal transduction pathways that include the
canonical Wnt pathway as well as the non-canonical Wnt/calcium
pathway. When Wnt ligands (e.g., Wntl, Wnt3a) bind to their
receptors, cell-surface Frizzled (FZD) and low density-lipoprotein-
receptor-related protein 5/6 (LRP 5/6), the canonical Wnt signalling
pathway is activated. When the FZD/LRP 5/6 receptor complex is
activated, GSK-3b is inactivated, and -catenin accumulates in the
cytoplasm and translocates to the nucleus, where it can heterodimerize
with members of the lymphoid enhancer factor/T-cell factor
transcription factor family to induce the expression of speci ¢ genes.
Clinical investigations have revealed that diabetics have a high risk of
vascular calci cation, and valve failure is a more severe disease. High
blood glucose and carbohydrate metabolic products such as AGEs can
harm human cells, including endothelial cells, by activating numerous
signalling pathways (e.g., PI3K and JAK/STAT) and downstream
factors (e.g., RANK). Hypertension was seen in almost 70% of the CKD
patients studied in China, and blood pressure regulation was
inadequate. Hypertension-induced vasospasm contraction and
endothelial dysfunction might impair the synthesis and release of
vascular dilators, worsening the endothelium-dependent vasodilator
response system. Pathological investigations of aortic valve disorders
revealed that the most prominent pathological features are lipidosis
and in ammatory in Itration. As a result, hyperlipemia, hypertension,
and diabetes can all cause endothelial dysfunction, which can then lead
to valvular and vascular calci cation. In ammation and reactive
oxygen species (ROS) are two prevalent diseases related with CVC in

CKD patients. In ammatory cytokines such as the interleukin-6 (IL-6)
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