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Chronic kidney disease (CKD) is characterized
by a high prevalence of cardiovascular disease and,
more importantly, a high mortality from cardiovascu-
lar disease" ?. Recently, it has been widely accepted
that individuals with CKD often present with muscle
wasting, malnutrition, inflammation, and their inter-
relationships, the so-called protein-energy wasting
(PEW)?. PEW has gained a lot of attention in recent
years because it is closely associated with decreased
quality of life and increased mortality and hospitaliza-
tion, as well as increased atherosclerotic cardiovascular
disease, in patients with CKD?. Recent evidence sug-
gests that systemic inflammation is a common basis
and a potential therapeutic target of PEW* ?; how-
ever, the mechanisms underlying PEW, especially the
pathway linking muscle wasting and vascular disease,
remain poorly understood.

Myostatin, a member of the transforming growth
factor (TGF)-B superfamily, is predominantly pro-
duced in the skeletal muscle in response to stress con-
ditions and negatively regulates skeletal muscle
growth®. It is currently accepted that myostatin acti-
vates several intracellular signaling pathways to inhibit
muscle differentiation, decrease protein synthesis, and
stimulate protein degradation®. The upregulation of
myostatin in skeletal muscle has been shown as a
major pathway responsible for muscle wasting in
patients with advanced CKD” ¥, It is suggested that
the activation of myostatin depends on the inflamma-
tion to cause muscle wasting in CKD because the
upregulation of myostatin is directly associated with
the interleukin-6/signal transducer and activator of
transcription 3 cascade in CKD muscles” ¥.

More recently, several lines of evidence indicate
that myostatin and its receptors are expressed not only
in skeletal muscle but also in the vasculature and play
a role in vascular inflammation, fibrosis, and athero-

sclerotic damage®?. In a study utilizing human speci-

mens, the expression of myostatin was undetectable in
normal vessels but became increasingly detectable in
vascular smooth muscle cells (VSMCs) and in infil-
trating macrophages in progressive atherosclerotic
lesions”. In vitro studies have further shown that myo-
statin upregulates monocyte chemoattractant protein
(MCP)-1, downregulates cell proliferation, and disor-
ganizes cytoskeletal structure in cultured VSMCs® ?,
suggesting an active role of myostatin in the develop-
ment of atherosclerosis. Considering that myostatin is
upregulated in the skeletal muscle and that it plays a
pivotal role in muscle wasting in CKD”¥, it is reason-
able to assume that myostatin also plays a role in vas-
cular diseases associated with CKD; however, only
limited data are available regarding the effects of myo-
statin on the vasculature.

In this issue of the Journal of Atherosclerosis and
Thrombosis, Esposito et al.'” utilized vascular speci-
mens obtained from 16 patients with CKD undergo-
ing renal transplantation and examined the expression
of myostatin and related factors compared with that of
control nonuremic donors. The results demonstrated
that the expression of myostatin was upregulated,
accompanied by the upregulation of atrogin-1 and
MuRF-1, members of ubiquitin E3 ligases, increased
expression of MCP-1, a major pro-inflammatory che-
mokine, and decreased expression of cytoskeleton pro-
tein and Klotho, in the arterial wall of patients with
CKD. Moreover, myostatin induced Smad 2/3 phos-
phorylation and upregulated TGF-f and collagen-1
expression in cultured VSMCs, suggesting a profi-
brotic effect of myostatin on VSMCs'". Finally, the
main alterations induced by myostatin in the arterial
wall of patients with CKD were confirmed in primary
human VSMCs exposed to uremic serum. These find-
ings suggest that uremia increases myostatin gene
expression and promotes vascular inflammation, ubig-
uitin-dependent proteolysis, and stiffness in the arte-
rial wall of patients with CKD.

Address for correspondence: Tomoaki Morioka, Department of Metabolism, Endocrinology, and Molecular Medicine, Osaka City University Graduate School of
Medicine, 1-4-3, Asahi-machi, Abeno-ku, Osaka 545-8585, Japan E-mail: m-tomo@med.osaka-cu.ac.jp

Received: March 20, 2020  Accepted for publication: March 30, 2020
Copyright©2020 Japan Atherosclerosis Society

This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

1036



Chronic kidney disease

Other wasting conditions?

7

Skeletal muscle

\/

Muscle wasting
sarcopenia

inflammation

[yt
¥

Protein synthesis |
Protein degradation 1

Vascular wall

\

Vascular inflammation/remodeling

Fibrosis/stiffness

=/

| Protein-energy wasting (PEW) |

& | Quality of life

1 Hospitalization

1 Atherosclerotic CVD

1 Mortality

Fig.1. Schematic representation of the potential role of myostatin activation in the develop-
ment of sarcopenia and atherosclerosis in patients with chronic kidney disease

CVD, cardiovascular disease.

In the data produced by Esposito ez al., despite
the upregulation of these genes, it remains unknown
why protein expression levels of myostatin and
MCP-1 were not increased in the arterial wall of
patients with CKD'?. Moreover, another study by Lee
et al. just recently reported that lower serum myostatin
levels are associated with higher scores of aortic calcifi-
cation as well as with lower skeletal muscle mass and
lower bone mineral density, in 71 patients with CKD
undergoing dialysis'?. Although the authors suggested
a protective effect of myostatin against vascular calcifi-
cation and a close link between decreased skeletal
muscle mass and vascular calcification, the exact
mechanism responsible for the negative association
between serum myostatin levels and vascular calcifica-
tion remains unclear. Thus far, it remains undeter-
mined how CKD affects the regulation of gene expres-
sion, protein expression at the cellular/tissue level, and
serum levels of myostatin, all of which need to be
revealed in future research.

The study conducted by Esposito ez al'” pro-
vided a direct evidence for the involvement of myo-
statin in CKD-induced inflammation, protein degra-
dation, and vascular remodeling in the arterial wall.
Considering that myostatin plays a major role in the
development of skeletal muscle wasting in CKD',
the study by Esposito ez al. suggested that the activa-
tion of myostatin is a possible link between inflamma-

tion, vascular disease, and skeletal muscle wasting in
the context of CKD (Fig. 1). Further studies are war-
ranted to confirm this hypothesis in a population of
patients with CKD and a wide range of glomerular fil-
tration ratio. Moreover, it is interesting to speculate
that the activation of myostatin is a common pathway
linking muscle wasting and vascular disease not only
in CKD but also in other wasting conditions such as
cancer and cardiac cachexia.
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