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INTRODUCTION AND AIMS: In CKD patients, hyperphosphatemia worsens the
high risk of vascular calcification by increasing the severity of secondary
hyperparathyroidism and systemic inflammation and also, by directly inducing the
osteogenic differentiation of vascular smooth muscle cells (VSMC). Importantly, in
primary cultures of VSMC from normal human aortas, exposure to high inorganic
phosphate (P) also downregulates microRNA-145 (miR-145), the prevalent micro
RNA in VSMC. The reductions in VSMC levels of miR-145 were associated to a drastic
switch in the vascular-contractile phenotype favouring the development of severe car-
diovascular disorders including restenosis and atherosclerosis. Because of the high risk
of adverse cardiovascular events in CKD, this study examined: a) The contribution of
miR-145 targeting of the Osterix gene, reported in osteoblasts, to the osteogenic differ-
entiation of VSMC; b) The impact of miR145 reductions on the propensity of VSMC to
calcify, both in vitro and in experimental CKD models, and c) The downregulation of
vascular miR-145 levels by uremia in the absence of hyperphosphatemia.
METHODS: Aortic calcium (Ca), miR-145 content, and mRNA levels of markers of
osteogenic differentiation (a-actin, Runx2, Osterix) were measured in: a) A7r5 cells (rat
aorta VSMC) exposed to calcifying (2mM Ca; 3mM inorganic P) or non-calcifying
(1mM Ca; 1mM inorganic P) conditions, for 4 days, with and without miR-145 over-
expression or silencing prior to treatment; b) Aortas from 5/6 nephrectomized (NX)
rats fed a high P diet for a month; and c) Aortas from mice with 75% nephron reduc-
tion fed a normal chow diet for 31=2 months.
RESULTS: In A7r5 cells exposed to calcifying conditions, miR-145 silencing further exacer-
bated Ca deposition (53%, p<0.05). Importantly, in A7r5 cells exposed to non-calcifying
conditions, miR-145 silencing also compromised their vascular phenotype (reduced mRNA
levels of a-actin, 27%; and increased mRNA levels of Runx2, 15%; and Osterix, 86%;
p<0.05) and increased Ca content (64%; p<0.01). In contrast, miR-145 overexpression
markedly attenuated the osteogenic differentiation (increased mRNA levels of a-actin, 89%;
and decreased mRNA levels of Runx2, 31%; and Osterix, 68%; p<0.05) and the high Ca
deposition (47%, p<0.05) induced by the calcifying media. Accordingly, in 5/6 NX rats fed
a high P diet for a month, a model that mimics advanced CKD with hyperphosphatemia,
the lowest aortic miR-145 levels concurred with an aortic Ca content significantly higher
than normal (p<0.05). Significantly, 31=2 months after 75% nephron reduction in mice, a
model that mimics the slow progression of human CKD, with no hyperphosphatemia and
despite no elevations in aortic Ca content, there was an 85% reduction in aortic miR-145
(p<0.001) concurring with an 80% reduction in aortic a-actin (p<0.001), with no signifi-
cant changes in markers of osteogenic differentiation.
CONCLUSIONS: The maintenance of vascular miR-145 from early CKD stages should
prevent/attenuate the loss of vascular health and reduce high P-induced osteogenic dif-
ferentiation prompting calcification.
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INTRODUCTION AND AIMS: Chronic kidney disease (CKD) patients are at
extremely high risk for bone fracture. Uremic conditions have been shown to induce

the mechanical deterioration of the elastic properties in weight-bearing bones with
osteocyte apoptosis as well as a decrease in bone mass. The pharmacological use of
renin-angiotensin system (RAS) inhibitors is associated with approximately a 30%
reduction in the incidence of fracture in hemodialysis patients; however, the mecha-
nism involved is still to be clarified. This study examined the effect of RAS inhibition
on CKD-induced impaired bone strength, with a focus on bone qualities.
METHODS: Sprague-Dawley rats underwent subtotal nephrectomy (Nx) at 14 weeks of
age and were administered olmesartan (3 mg/kg/day, Nx-O, n=7) or hydralazine (10 mg/
kg/day, Nx-H, n=6) from 21 to 27 weeks of age. Storage modulus of femoral diaphysis was
measured by dynamic mechanical analysis. Bone mineral density (BMD) was measured by
single-energy X-ray absorptiometry. Chemical compositions and biological apatite in femo-
ral diaphysis were measured using confocal Raman spectroscopic measurements and
microbeam transmission X-ray diffraction analysis, respectively. Bone histomorphometry
was performed using femoral diaphysis cut longitudinally. Primary osteocytes were
obtained from mouse femurs and reacted with angiotensin II and olmesartan. The produc-
tion of reactive oxygen species, cell viability, and DNA fragmentation were examined.
RESULTS: Administration of olmesartan suppressed kidney damage-induced impair-
ment of bone elasticity (storage modulus; Nx 2.27 6 0.81�109 Pa, Nx-O 3.45 6 0.53�
109 Pa and Nx-H 1.33 6 0.83 Pa). Kidney damage decreased BMD that was not affected
by olmesartan (Nx 156 6 7 mg/cm2, Nx-O 146 6 11 mg/cm2 and Nx-H 146 6 13 mg/
cm2). However, olmesartan improved both the kidney damage-induced increase of pento-
sidine/matrix (Nx 0.810 6 0.136, Nx-O 0.485 6 0.046 and Nx-H 0.749 6 0.123) and
ameliorated apatite disorientation (Nx 5.6 6 0.6, Nx-O 6.9 6 0.5, and Nx-H 6.8 6 0.2) in
femoral diaphysis. Compared to Nx, Nx-O showed reduced osteoclast activity (erosion
depth; Nx 10.75 6 1.12 lm, Nx-O 8.47 6 1.10 lm and Nx-H 12.38 6 2.24 lm),
increased mineralization (MAR; Nx 1.28 6 0.39 lm/day, Nx-O 2.43 6 0.17 lm/day and
Nx-H 0.76 6 0.88 lm/day), and reduced osteocyte apoptosis (empty lacunae; Nx 55.3 6

22.3 N/mm2, Nx-O 36.6 6 12.2 N/mm2 and Nx-H 67.9 6 13.6 N/mm2) although the
number of osteoblasts and osteoclasts did not change in Nx-O. In cultured primary osteo-
cytes, olmesartan inhibited ROS production, DNA fragmentation, and impairment of cell
viability that were increased by angiotensin II.
CONCLUSIONS: RAS inhibition ameliorates the CKD-induced impairment of bone fragil-
ity while maintaining bone quality by inhibiting ROS production and osteocyte apoptosis.
RAS inhibition also modulates CKD-induce abnormal bone resorption as well as mineraliza-
tion with functional improvement of bone cells, especially osteocytes. Therefore, the RAS
inhibitor may specifically reduce the risk for fragility fracture in patients with CKD.
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Departamento de Qu�ımica, Faculdade de Cîencias e Tecnologia, Universidade Nova de
Lisboa Caparica Portugal and 7VitaK VitaK, Maastricht University Maastricht
Netherlands

INTRODUCTION AND AIMS: Vascular calcification (VC) is a complex process
depending on the presence of systemic and local calcification inhibitors, highly
prevalent in chronic kidney disease (CKD). The identification of a fetuin-A-containing
mineral complex, or calciprotein particle (CPP), highlighted a possible mechanism to
prevent systemic mineralization. Nevertheless, the composition and pathophysiological
significance of circulating CPPs associated to CKD remains elusive. Extracellular
vesicles (EVs) are novel players in pathological VC, although their potential use as VC
biomarkers is still unknown. GRP is a novel inhibitor of cardiovascular calcification,
shown to be involved in the mineralization-competence of VSMCs-derived EVs. Our
aim is to investigate the association of GRP with CPP formation and circulating EVs,
and study the pathogenic effect of CKD CPPs and EVs in vascular calcification.
METHODS: Biological CPPs and EVs were isolated from healthy (CTR) and CKD
patients by differential centrifugation and ultracentrifugation, and characterized in
terms of protein and mineral content using ultrastructural, analytical, molecular and
immuno-based techniques. To evaluate the effect of CPPs and EVs in vascular calcifica-
tion, different variations of CKD5 and CTR sera combined with isolated CPPs and
EVs, were used to culture primary vascular smooth muscle cells (VSMCs) in calcifying
conditions. Mineralization was evaluated through calcium quantification and qPCR for
gene expression analysis.
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RESULTS: Our results showed that CPPs derived from CKD stage 5 (CKD5) serum
contain lower levels of the mineralization inhibitors fetuin-A and GRP, and increased
maturation of the mineral crystals. CKD5 EVs were loaded with decreased levels of
fetuin-A and GRP while increased annexin VI. Increased mineralization of VSMCs cul-
tured in CKD5 serum was inhibited when CPPs and EVs were removed, and supple-
mentation of CTR depleted CPPs and EVs sera with isolated CKD5 CPPs and EVs
induced mineralization. Uremic CPPs and EVs alter VCMCs calcification by modulat-
ing cell differentiation and inflammation. Incubation of CKD5 CPPs with cGRP abol-
ished calcification promoted by CKD5 CPPs.
CONCLUSIONS: CPPs and EVs are important players in the mechanisms of
widespread calcification occurring in CKD, with a preponderant role for GRP.
Decreased levels of mineralization inhibitors, such as GRP and fetuin-A leading to the
formation of a more crystalline mineral in CPP, and to a decreased mineralization
inhibitory capacity of EVs, are most likely major factors responsible for the CPPs and
EVs toxicity. GRP is shown to be a crucial component in calcification inhibitory mech-
anisms, and we propose a biomarker utility for this protein to assess an individual’s cal-
cific risk.
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INTRODUCTION AND AIMS: Patients with chronic kidney disease have an
enormously higher risk of cardiovascular events than people with intact renal function.
Beyond classical / traditional cardiovascular risk factor, chronic kidney disease -

mineral and bone disorder (CKD-MBD) may contribute to this high cardiovascular
risk. CKD-MBD comprises an increased expression of the phosphaturic fibroblast
growth factor 23 (FGF-23). In several cohort studies, plasma levels of FGF-23 were
associated with markedly increased risk of cardiovascular events. Of note, two different
ELISAs for FGF-23 measurement are available, which either measure both biologically
intact FGF-23 and its inactive fragments (“C-terminal FGF-23”), or only biologically
intact FGF-23. Until now, most large cohort studies measured C-terminal FGF-23 as
outcome predictor, while data on intact FGF-23 are very sparse. It has been claimed
that most FGF-23 in advanced CKD is biologically active, and the use of two different
ELISAs therefore dispensable. The purpose of this study was firstly to analyze the
degree to which intact FGF-23 accumulates across the spectrum of CKD, and secondly
whether intact FGF-23 outperforms cterminal FGF-23 as a predictor of cardiovascular
events.
METHODS: Among 544 patients of our ongoing CARE for HOMe - study, we
measured c-terminal FGF-23 and intact FGF-23 from plasma samples stored at study
inclusion (varying from 2008 to 2014). Glomerular filtration rate (eGFR) was estimated
with the MDRD equation; all patients had CKD G 2 - G 4 at study inclusion. We fol-
lowed these patients annually to assess the occurrences of cardiovascular events,
defined as coronary, carotid and peripheral arterial revascularization, stroke, acute
myocardial infarction or death of any cause.
RESULTS: We found a rather weak correlation between c-terminal FGF-23 and intact
FGF-23 (r = 0.398; p < 0.001). eGFR was correlated to a similar extent with c-terminal
FGF-23 (r = 0.419) and intact FGF-23 (r = 0.339), but not with the intact / c-terminal
FGF-23 ratio (r = 0,008; p = 0.789). During a mean follow-up of 4.6 6 2.0 years, 146
cardiovascular events occurred. In univariate Kaplan-Meier analyses, tertiles of c-ter-
minal FGF-23 and intact FGF-23 predicted cardiovascular events in CKD patients (log-
rank test <0.001). In Cox regression analysis, c-terminal FGF-23, but not intact FGF-
23, remained an independent outcome predictor after adjustment for eGFR (and subse-
quently for age, gender, diabetes mellitus, intact FGF-23 and plasma phosphorus).
CONCLUSIONS: Although it has been hypothesized that the most FGF-23 that accu-
mulates in CKD is biologically active, i. e. intact FGF-23, our data show that the iFGF/
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