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Abstract

Chronic Kidney Disease (CKD) is defined as abnormalities of kidney structure or function,
present for >3 months, with implications for health. Amongst CKD complications the most
fatal is cardiovascular disease, which together with Chronic Kidney Disease Mineral and
Bone Disorder (CKD-MBD) share a possible origin in Wnt signaling pathway disturbances.
Sclerostin, a potent Wnt signaling inhibitor may possibly be used as a potential new marker
of exercise influence on vascular calcification and mineral and bone disorder in hemodialysed
adults.
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Introduction

Chronic Kidney Disease (CKD) is defined as abnormalities of kidney structure or function,
present for >3 months, with implications for health. CKD diagnostic criteria includes either
elevated GFR or presence of kidney damage, such as: albuminuria, urine sediment
abnormalities, electrolyte and other abnormalities due to tubular disorders, abnormalities
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detected by histology, structural abnormalities detected by imaging or history of kidney
transplantation [1]. Severity of CKD can be classified using estimated glomerular filtration
rate (GFR), and one can distinguish 5 stages: Kidney damage with normal or increased GFR
(GFR > 90 ml/min per 1.73 m?, Kidney damage with mild decreased GFR (60-89),
Moderately decreased GFR (30-59 ml/min per 1.73 m?), Severely decreased GFR (15-29
ml/min per 1.73 m?) and Kidney failure (GFR less than 15 ml/min per 1.73m?) [11]. Some
studies suggest that even mild increase of serum creatinine may be associated with increased
death rate from any cause[3].
CKD incidence is rising worldwide. In Europe, Japan and Australia screening surveys
identified that the occurrence of CKD may be as high as 6 to 11% [4]. Studies revealed that
hypertension, diabetes, hyperlipidaemia, obesity, and smoking are considered to be risk
factors of the CKD in the general population [5]. The character of the disease is progressive,
and it may lead to end stage renal disease (ESRD), cardiovascular disease, and premature
death [2]. Most patients with ESRD is treated with haemodialysis (HD) or peritoneal dialysis,
despite that renal transplant is associated with longer life expectancy and better quality of
life. Unfortunately, limited number of organ donors does not allow to perform more
transplants [7]. As Chantrel F. et al. reports, for patients between 60 and 69 years old, for
1000 patients in dialysis in 2011, 127 died within the year, whereas for 1000 patients of the
same age, who have a functioning kidney transplant, 24 died within the year [21].

Most ESRD patients receiving haemodialysis die from cardiovascular - related causes [8].
This is only partly explained by high prevalence of risk factors for atherosclerosis -
calcifications present in patients with mineral metabolism disorders occurring in progress of
ESRD are also relevant, and has a prevalence rate of nearly 90% in ESRD patients [9,10,42].
Another noteworthy condition related to CKD is Chronic Kidney Disease Mineral and Bone
Disorder (CKD-MBD). It includes renal osteodystrophy and extraskeletal (vascular)
calcification related to abnormalities of bone mineral metabolism. Classifying vascular
calcifications together with bone metabolism abnormalities clearly shows that disturbances in
calcium, inorganic phosphorus, vitamin D, PTH and FGF23 are responsible not only for
increased risk of fractures, but also for increase of incidence cardiovascular complications.
[1,13]. As it was proven, disturbance in mineral and bone metabolism in patients with CKD is
an important cause of morbidity and decreased quality of life [6]. Many papers suggest that
early treatment of CKD-MBD may result in improved management of CKD and it’s
complications [12].

Both the vascular calcifications and bone mineral density drop may result from enhanced
activation of intracellular Wnt signalling pathway: Physiologically, Wnt signalling pathway
is responsible for cell differentiation into osteoblasts, and there is evidence which suggests
that pathological activation of Wnt signaling pathway may possibly be involved in CKD-
MBD [13,14]. A potent Wnt signaling pathway inhibitor, sclerostin is shown to be
upregulated in atherosclerosis and in CKD [14,zr6dto na CKD]. Sclerostin is a protein, which
is encoded by a SOST gene. Loss-of-function mutations in this gene are associated with an
autosomal-recessive disorder, sclerosteosis, which causes progressive bone overgrowth,
which is a consequence of lack of physiological, anti - anabolic function of sclerostin on bone
tissue [23].

There is also evidence that exercise may lower the sclerostin concentrations in adults [17].
For HD patients regular exercise can provide numerous benefits, such as increasing self-
reliance, improving mood, improving biochemical parameters taken into consideration when
contemplating transplantation, but also decreases the risk of atherosclerosis and improves
cardiovascular parameters [18,19].
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In this paper we elucidate the possible role of sclerostin in CKD, but also the influence of
physical activity on the sclerostin serum levels, and hypothesise if sclerostin might become a
marker for physical activity influence on bone and cardiovascular health in HD patients.

Sclerostin in Chronic Kidney Disease (CKD)

An increase in sclerostin (SCL) serum concentration is observed from the 3rd stage of CKD,
and in patients with end-stage renal failure it’s concentration is several times higher than in
patients with proper kidney function [38]. This is most likely due to the greatly increased
production - it has been proven, that renal elimination of sclerostin increases with declining
kidney function [37]. There is evidence that both bone tissue and vasculature participates in
enhancement of the SCL production: Presence of the vascular calcification, even in coronary
arteries, as seen in computed tomography and in pathology images has been linked to serum
sclerostin concentration in numerous research, and the results acquired by both experimental
methods were consistent [39,40,41,42]. Another studies may show possible correlation
between increased risk of calcification of heart valves and high level of sclerostin in blood
serum [50]. It is possible, that hyperphosphatemia, present in CKD, is associated with
increased DNA methyltransferase activity and methylation of the promoter region of SM22a
gene, allowing more adaptability of vascular smooth muscle cells and simplified their
transformation into osteoblast - like cells, which induce alkaline phosphatase activity, causing
the vascular tissue mineralization process [43]. An expression of SCL in those osteoblast -
like cells has been proven, and they may contribute to SCL serum concentration [42].
However, it must be stated, that not all study results considering this matter are consistent - a
negative correlation between SCL serum level and VC is also sometimes reported [42,44].
Qureshi A.R et al. reported no correlation between vascular SOST mRNA expression and
circulating sclerostin levels, which means that vasculature may not be the primary source of
serum SCL [41]. Another serum sclerostin source is the bone tissue - high levels of sclerostin
correlate with increased BMD in dialysis patients, but high SCL production in bone tissue in
CKD patients is not fully understood [46].

Despite the lack of consensus on the sclerostin source, it’s concentration may be used as a
marker of bone turnover - Boltenstal et al. demonstrated that serum and bone sclerostin are
inversely associated with bone turnover and bone mass in CKD [48]. Cejka et al., presented a
bone biopsy study of 60 hemodialysis patients, which shown the same conclusion - a negative
correlation between bone formation rate and sclerostin levels. Authors stated, that SCL could
be a useful biomarker for the prediction of high, but not low bone turnover [49]. That may
indicate that a lower sclerostin serum concentration, which may be induced by proper
physical activity may result in higher bone formation in HD adults.

Influence of physical activity on sclerostin level in blood serum
Microdamage of the bone tissue, as generally accepted, acts as a signal for a need of bone
replacement. Therefore, exercise during which a mechanical load is inflicted to the bone
generates microdamage, thus increases the anabolic activity of the bone tissue. Only recently
it has been found, that microdamage to the bone tissue suppresses SOST gene expression and
sclerostin production and therefore increases bone anabolism, potentiate repair processes and
forming of new bone tissue [22,23,24]. Osteogenesis is therefore increased by the muscle
contraction and relaxation, which in result inhibits the synthesis of sclerostin.

In study of Ardawi et al., premenopausal women performing physical activity for more than
120 min per week showed significantly lower serum sclerostin levels than sedentary controls
[32]. Similar finding were described by Hinton et al., in which sclerostin concentrations in
serum decreased by 7% in 12 months of resistance training twice a week or 12 months of
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completion of a jump protocol three times a week [33]. Janik et al. came up to comparable
results in their study, in which sclerostin concentrations were lower by 12,04% in women at
the age of 50-75 year after the 12 weeks of 40 minutes bike ergometer physical training 3
times per week [17].

There are also studies showing no effect of physical activity on sclerostin level. For example,
Bergstrom et al. in their study depicted that even a year - long exercise program, which
consisted of three fast 30-min walks and one or two 1-h aerobic training sessions per week,
did not alter significantly sclerostin serum level in postmenopausal women [34].

Csaszarné Gombos et al. shown that serum sclerostin concentrations increased in participants
in the resistance exercise group and walking group compared to its base level [29].
Additionally, the study of Falk et al., in which blood samples were taken after plyometric
exercises and the study of Sharma-Ghimire et al., in young women researched response to
the whole-body vibration and high intensity resistance exercise also came to the conclusion
that  sclerostin  concentrations  increased  after  acute  exercise  [30,31].
When considering studies depicting acute exercise one must notice that those studies most
often don’t include long term variability. In study conducted by Kouvelitoli sclerostin
concentration increased from pre-exercise to 5 min after exercise and returned to baseline
levels by 1h - as authors conclude it is difficult to extrapolate from one, acute exercise bout,
how the body adapts to chronic training [26]. Katelyn I. Guerriereno et al. claimed that this
difference may result from other mediators of sclerostin production such as estrogen and
PTH. Guerriereno conducted a study in which fluctuations in serum Ca were minimised using
dietary approach, showing no significant response in serum concentrations of sclerostin
related to an acute bout of plyometric jump exercise in young, healthy men [28]. Kerschan-
Schindl et al. shown in their study that despite sclerostin concentration did not significantly
differ before and after the 246 km race, serum sclerostin levels decreased during the follow-
up period [35].

Despite numerous differences in study results, it seems that sclerostin serum concentration
level decreases after taking up a long - term, regular exercise. Moreover, the type of training,
its duration, the number of repetitions of a given exercise, frequency and load influence the
concentration of sclerostin in the blood [25,27]

The possible role of sclerostin as physical activity intensity marker in
HD patients

Overall, most studies show, that sclerostin levels are associated with cardiovascular
calcification and mortality [45]. However sclerostin levels are in some studies positively
related to higher bone mineral density in CKD patients, it may only be an evidence of an
upregulation due to a lack of sufficient inhibition of Wnt signaling pathway. Noteworthy,
each study used a different method to assay serum sclerostin levels [16]. It is shown, that
physical activity lowers the serum concentration of sclerostin in HD patients, despite it’s well
proven role in maintaining high bone mineral density in adults [17,22]. It is possible that a
sufficient amount of physical activity in HD patients may lower sclerostin levels, without
influencing negatively neither cardiovascular nor bone symptoms. Possibly, while
maintaining proper physical activity during HD an increase of serum sclerostin level from the
patient’s baseline may indicate a need of additional CKD -MBD treatment or of modification
of physical activity intensity. This has partially been proven using an animal model of mild
CKD - moderate-intensity exercise reduced serum sclerostin levels and bone resorption rate
[36]. All this possibilities indicate a strong need in research in this field. Fortunately, the
interest in Wnt signaling pathway inhibitors in nephrology is constantly rising. [20].
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