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The vitamin D receptor functions as a transcription regulator in the absence of 1,25dihydroxyvitamin D3
25-Hydroxyvitamin D3 induces osteogenic differentiation of human mesenchymal
stem cells; Yan-Ru Lou, Tai Chong Toh, Yee Han Tee, & Hanry Yu
Scientific Reports | 7:42816 | DOI: 10.1038/srep42816 2017
Wikipedia: Nuclear factor of activated T-cells (NFAT) is a general name applied
to a family of transcription factors shown to be important in immune response. One
or more members of the NFAT family is expressed in most cells of the immune
system. NFAT is also involved in the development of cardiac, skeletal muscle, and
nervous systems. The NFAT transcription factor family consists of five
members NFATc1, NFATc2, NFATc3, NFATc4, and NFAT5. NFATc1 through
NFATc4 are regulated by calcium signaling. Calcium signaling is critical to NFAT
activation because calmodulin (CaM), a well-known calcium sensor protein,
activates the serine/threonine phosphatase Calcineurin (CN). Activated CN rapidly
dephosphorylates the serine-rich region (SRR) and SP-repeats in the amino termini
of NFAT proteins, resulting in a conformational change that exposes a nuclear
localization signal, resulting in NFAT nuclear import. Nuclear import of NFAT
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proteins is opposed by maintenance kinases in the cytoplasm and export kinases in the
nucleus. Export kinases, such as PKA and GSK-3β, must be inactivated for NFAT nuclear
retention.
NFAT proteins have weak DNA-binding capacity. Therefore, to effectively bind DNA, NFAT
proteins must cooperate with other nuclear resident transcription factors generically referred
to as NFATn. This important feature of NFAT transcription factors enables integration and
coincidence detection of calcium signals with other signaling pathways such as ras-MAPK or
PKC. In addition, this signaling integration is involved in tissue-specific gene expression
during development. A screen of ncRNA sequences identified in EST sequencing projects
discovered a 'ncRNA repressor of the nuclear factor of activated T cells' called NRON.
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At Emory: Geometric mean for serum parathyroid hormone (PTH) concentrations
in patients with stage 3 and 4 chronic kidney disease treated with placebo or
cholecalciferol, 50 000 IU once weekly, for 12 weeks. Serum PTH levels were
measured in participants treated with placebo (diamonds) or cholecalciferol
(squares) at baseline, 6 weeks, and 12 weeks of the study. The PTH levels of the 2
study groups are not significantly different at each of the 3 time points (P = .14).
Error bars indicate 95% confidence intervals.
Abstract OBJECTIVE: To investigate the efficacy of cholecalciferol (vitamin
D3) in raising serum 25-hydroxyvitamin D (25[OH)]D) levels and reducing
parathyroid hormone (PTH) levels in patients with chronic kidney disease (CKD).
METHODS: In this double-blind, randomized controlled pilot study, participants
with CKD stage 3 and 4 (estimated glomerular filtration rate, 15-59 mL/min/1.73
m2), vitamin D insufficiency (serum 25[OH]D <30 ng/mL), and serum intact PTH
levels >70 pg/mL were randomly assigned to receive either 50 000 IU of
cholecalciferol or placebo once weekly for 12 weeks. Primary outcomes (25[OH]D
and PTH levels) were measured at baseline, week 6, and week 12. Secondary
outcomes (1,25-dihydroxvitamin D and bone turnover markers) were measured at
baseline and week 12. Because of skewed data distribution, statistical analyses were
performed on a logarithmic scale. The difference between the group means was
exponentiated to provide the geometric mean ratio. A linear mixed model using an
unstructured variance-covariance matrix was used to examine change in the primary
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and secondary outcomes over time.
RESULTS: Geometric mean serum 25(OH)D concentrations of the study groups were
similar at baseline (P = .77). At week 6, a significant difference between the treatment and
placebo groups was detected (P = .001); this difference was maintained at week 12 (P = .002).
Among cholecalciferol-treated participants, serum 25(OH)D concentration increased on
average from 17.3 ng/mL (95% confidence interval [CI], 11.8-25.2) at baseline to 49.4 ng/mL
(95% CI, 33.9-72.0) at week 12. As-treated analysis indicated a trend toward lower PTH
levels among cholecalciferol-treated participants (P = .07).
CONCLUSION: Weekly cholecalciferol supplementation appears to be an effective
treatment to correct vitamin D status in patients with CKD.
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Geometric mean for serum parathyroid hormone (PTH) concentrations in patients
with stage 3 and 4 chronic kidney disease treated with placebo or cholecalciferol, 50
000 IU once weekly, for 12 weeks. Serum PTH levels were measured in
participants treated with placebo (diamonds) or cholecalciferol (squares) at
baseline, 6 weeks, and 12 weeks of the study. The PTH levels of the 2 study groups
are not significantly different at each of the 3 time points (P = .14). Error bars
indicate 95% confidence intervals.
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Abstract BACKGROUND: Vitamin D deficiency contributes to secondary
hyperparathyroidism, which occurs early in chronic kidney disease (CKD).
OBJECTIVES: We aimed to determine whether high-dose cholecalciferol
supplementation for 1 y in early CKD is sufficient to maintain optimal vitamin D
status (serum 25-hydroxyvitamin D [25(OH)D] concentration ≥30 ng/mL) and
decrease serum parathyroid hormone (PTH). A secondary aim was to determine the
effect of cholecalciferol on blood pressure and serum fibroblast growth factor-23
(FGF23).
DESIGN: This was a double-blind, randomized, placebo-controlled trial. Forty-six
subjects with early CKD (stages 2-3) were supplemented with oral cholecalciferol
(vitamin D group; 50,000 IU/wk for 12 wk followed by 50,000 IU every other week
for 40 wk) or a matching placebo for 1 y.
RESULTS: By 12 wk, serum 25(OH)D increased in the vitamin D group only
[baseline (mean ± SD): 26.7 ± 6.8 to 42.8 ± 16.9 ng/mL; P < 0.05] and remained
elevated at 1 y (group-by-time interaction: P < 0.001). PTH decreased from baseline
only in the vitamin D group (baseline: 89.1 ± 49.3 to 70.1 ± 24.8 pg/mL; P = 0.01)
at 12 wk, but values were not significantly different from baseline at 1 y (75.4 ±
29.5 pg/mL; P = 0.16; group-by-time interaction: P = 0.09). Group differences were
more pronounced in participants with secondary hyperparathyroidism (group-bytime interaction: P = 0.004). Blood pressure and FGF23 did not change in either
group.
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CONCLUSIONS: After 1 y, this oral cholecalciferol regimen was safe and sufficient to
maintain serum 25(OH)D concentrations and prevent vitamin D insufficiency in early CKD.
Furthermore, serum PTH improved after cholecalciferol treatment, particularly in patients
who had secondary hyperparathyroidism.
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FIGURE 2. Least-squares mean (+SEM) serum 25(OH)D concentrations in early
chronic kidney disease subjects who were randomly assigned to receive vitamin D
or a placebo for 1 y. Subjects with early-stage chronic kidney disease (mean eGFR:
62 + 15) were randomly assigned to receive 50,000 IU vitamin D/wk for 12 wk
followed by 50,000 IU vitamin D every other week for 40 wk (n = 22) or an
identically matched placebo (n = 24). Serum 25(OH)D concentrations are reported
across time and by treatment group. The vitamin D group (solid line) had a
significant increase in serum 25(OH)D by 12 wk, which remained elevated from
baseline at 52 wk. The placebo group (dashed line) had a significant decrease in
25(OH)D by 12 wk. The group*time was determined with mixed-model repeatedmeasures ANOVA.
*Significant change from baseline, P , 0.05 (paired t test); a significant difference
from placebo, P , 0.05 (t test). eGFR, estimated glomerular filtration rate;
group*time, group-by-time interaction; 25(OH)D, 25-hydroxyvitamin D.
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Mitochondria, calcium-dependent neuronal death and neurodegenerative disease.
Eur J Physiol 464:111–121, 2012. Michael R. Duchen
Fig. 3 Scheme of pathways involved in glutamate-induced excitotoxicity. Calcium
influx through voltage-gated or NMDAR-gated channels is followed by
mitochondrial Ca2+ influx through the mitochondrial calcium uniporter (MCU).
While the physiological consequence of raised intra-mitochondrial [Ca2+] is an
increased activity of the three rate limiting enzymes of the TCA cycle, pathological
and prolonged Ca2+ influx leads to mitochondrial Ca2+overload. NMDAR
mediated Ca2+ influx is closely coupled to the generation of NO by nNOS; raised
Ca2+ may activate the NADPH oxidase (Nox), while mitochondrial Ca2+ overload
may also increase generation of superoxide by the electron transport chain (ETC).
Nitrosative or oxidative stress arising either from the ETC or from Nox activation
may cause over activation of PARP. PARP consumes NAD+ to form PAR polymers,
causing depletion of NAD+, failure of glycolysis and so failure of mitochondrial
substrate supply. This culminates in the loss of Δψm, ATP depletion and cell death.
The PAR polymers generated by PARP may also cause release of AIF which
amplifies cell death following its
translocation to the nucleus.
Abstract Understanding the mechanisms of neuronal dysfunction and death
represents a major frontier in contemporary medicine, involving the acute cell death
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in stroke, and the attrition of the major neurodegenerative diseases, including Parkinson's,
Alzheimer's, Huntington's and Motoneuron diseases. A growing body of evidence implicates
mitochondrial dysfunction as a key step in the pathogenesis of all these diseases, with the
promise that mitochondrial processes represent valuable potential therapeutic targets. Each
disease is characterised by the loss of a specific vulnerable population of cells--dopaminergic
neurons in Parkinson's disease, spinal motoneurons in Motoneuron disease, for example. We
discuss the possible roles of cell type-specific calcium signalling mechanisms in defining the
pathological phenotype of each of these major diseases and review central mechanisms of
calcium-dependent mitochondrial-mediated cell death.
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Fig. 1. Comparison of the mean values of free cytosolic calcium concentration
(expressed in nmol/l) of PBMC in early stage CKD patients before and after 6
months vitamin D3 supplementation (* P<0.001, n=14). Data are given as mean ±
SEM.
Fig. 2. Comparison of the mean values of PMCA activity of RBC membrane
(expressed in nmol of inorganic phosphate (Pi) produced per mg of plasma
membrane protein per hour) in early stage CKD patients before and after 6 months
vitamin D3 supplementation (n=14). Data are given as mean ± SEM.
Fig. 3. Comparison of the mean values of PMCA activity of RBCs membrane
(expressed in nmol of inorganic phosphate (Pi) produced per mg of plasma
membrane protein per hour) in early stage CKD patients and healthy donors (*
P<0.001, n=28). Data are given as mean ± SEM.
Fig. 4. The dependence of PMCA activity on age of CKD patients ( ) and healthy
donors (○) (n=28). No significant correlation was detected. These results indicate
that vitamin D3 supplementation had a lowering effect on [Ca2+]i and negligible
effect on PMCA activity in CKD patients.
Abstract Chronic kidney disease (CKD) is associated with increased concentration
of intracellular calcium, which is pathological and may lead to irreversible damage
of cell functions and structures. The aim of our study was to investigate the impact
of 6 months vitamin D(3) supplementation (14 000 IU/week) on free cytosolic
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calcium concentration ([Ca(2+)](i)) and on the plasma membrane calcium ATPase (PMCA)
activity of patients with CKD stage 2-3. PMCA activity of patients was also compared to that
of healthy volunteers. Vitamin D(3) supplementation of CKD patients resulted in the decrease
of [Ca(2+)](i) (119.79+/-5.87 nmol/l vs. 105.36+/-3.59 nmol/l, n=14, P<0.001), whereas
PMCA activity of CKD patients (38.75+/-22.89 nmol P(i)/mg/h) remained unchanged after
vitamin D(3) supplementation (40.96+/-17.74 nmol P(i)/mg/h, n=14). PMCA activity of early
stage CKD patients before supplementation of vitamin D(3), was reduced by 34 % (42.01+/20.64 nmol P(i)/mg/h) in comparison to healthy volunteers (63.68+/-20.32 nmol P(i)/mg/h,
n=28, P<0.001). These results indicate that vitamin D(3) supplementation had a lowering
effect on [Ca(2+)](i) and negligible effect on PMCA activity in CKD patients.
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Abstract
BACKGROUND: Cardiovascular events are frequent and vascular endothelial
function is abnormal in patients with chronic kidney disease (CKD). We
demonstrated endothelial dysfunction with vitamin D deficiency in CKD patients;
however the impact of cholecalciferol supplementation on vascular stiffness and
vasomotor function, endothelial and bone biomarkers in CKD patients with low 25hydroxy vitamin D [25(OH)D] is unknown, which this study investigated.
Methods: We assessed non-diabetic patients with CKD stage 3/4, age 17–80 years
and serum 25(OH)D ,75 nmol/L. Brachial artery Flow Mediated Dilation (FMD),
Pulse Wave Velocity (PWV), Augmentation Index (AI) and circulating blood
biomarkers were evaluated at baseline and at 16 weeks. Oral 300,000 units
cholecalciferol was administered at baseline and 8-weeks.
Results: Clinical characteristics of 26 patients were: age 50614 (mean61SD) years,
eGFR 41611 ml/min/1.73 m2, males 73%, dyslipidaemia 36%, smokers 23% and
hypertensives 87%. At 16-week serum 25(OH)D and calcium increased (43616 to
84629 nmol/L, p,0.001 and 2.3760.09 to 2.4260.09 mmol/L; p = 0.004,
respectively) and parathyroid hormone decreased (10.868.6 to 7.464.4; p = 0.001).
FMD improved from 3.163.3% to 6.163.7%, p = 0.001. Endothelial biomarker
concentrations decreased: E-Selectin from 566662123 to 525662058 pg/mL; p =
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0.032, ICAM-1, 3.4560.01 to 3.1061.04 ng/mL; p = 0.038 and VCAM-1, 54633 to 42633
ng/mL; p = 0.006. eGFR, BP, PWV, AI, hsCRP, von Willebrand factor and Fibroblast Growth
Factor-23, remained unchanged.
Conclusion: This study demonstrates for the first time improvement of endothelial
vasomotor and secretory functions with vitamin D in CKD patients without significant
adverse effects on arterial stiffness, serum calcium or FGF-23.
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Figure 2. 25 (OH) D levels in patients treated with ergocalciferol and placebo.
Bonferroni post tests following two way repeated measures ANOVA at 1,3 and 6
months p=0.0001.
(* = statistically significant).
Figure 3. Percentage rise from baseline flux in arbitrary units (AU) after
iontophoresis of ACh. Absolute values of percentage change influx (AU): baseline ergocalciferol 964.8, placebo 785.9 (p = NS). 1 month - ergocalciferol 979.5,
placebo 690.9 (p = NS). 3 months – ergocalciferol 543.7, placebo 613.5 (p = NS). 6
months – ergocalciferol 1130.0, placebo 540.6 (p = 0.012). p values are Bonferroni
post test following two way repeated measures ANOVA. (* = statistically
significant).
Abstract BACKGROUND AND OBJECTIVES: Vitamin D deficiency and
endothelial dysfunction are non-traditional risk factors for cardiovascular events in
chronic kidney disease. Previous studies in chronic kidney disease have failed to
demonstrate a beneficial effect of vitamin D on arterial stiffness, left ventricular
mass and inflammation but none have assessed the effect of vitamin D on
microcirculatory endothelial function.
STUDY DESIGN: We conducted a randomised controlled trial of 38 patients with
non diabetic chronic kidney disease stage 3-4 and concomitant vitamin D deficiency
(<16 ng/dl) who received oral ergocalciferol (50,000 IU weekly for one month
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followed by 50,000 IU monthly) or placebo over 6 months. The primary outcome was change
in microcirculatory function measured by laser Doppler flowmetry after iontophoresis of
acetylcholine. Secondary endpoints were tissue advanced glycation end products, sublingual
functional capillary density and flow index as well as macrovascular parameters. Parallel in
vitro experiments were conducted to determine the effect of ergocalciferol on cultured human
endothelial cells.
RESULTS: Twenty patients received ergocalciferol and 18 patients received placebo. After 6
months, there was a significant improvement in the ergocalciferol group in both endothelium
dependent microcirculatory vasodilatation after iontophoresis of acetylcholine (p = 0.03) and a
reduction in tissue advanced glycation end products (p = 0.03). There were no changes in
sublingual microcirculatory parameters. Pulse pressure (p = 0.01) but not aortic pulse wave
velocity was reduced. There were no significant changes in bone mineral parameters, blood
pressure or left ventricular mass index suggesting that ergocalciferol improved endothelial
function independently of these parameters. In parallel experiments, expression of endothelial
nitric oxide synthase and activity were increased in human endothelial cells in a dose
dependent manner.
CONCLUSIONS: Ergocalciferol improved microcirculatory endothelial function in patients
with chronic kidney disease and concomitant vitamin D deficiency. This process may be
mediated through enhanced expression and activity of endothelial nitric oxide synthase.
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followed by 50,000 IU monthly) or placebo over 6 months. The primary outcome was change
in microcirculatory function measured by laser Doppler flowmetry after iontophoresis of
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dependent microcirculatory vasodilatation after iontophoresis of acetylcholine (p = 0.03) and a
reduction in tissue advanced glycation end products (p = 0.03). There were no changes in
sublingual microcirculatory parameters. Pulse pressure (p = 0.01) but not aortic pulse wave
velocity was reduced. There were no significant changes in bone mineral parameters, blood
pressure or left ventricular mass index suggesting that ergocalciferol improved endothelial
function independently of these parameters. In parallel experiments, expression of endothelial
nitric oxide synthase and activity were increased in human endothelial cells in a dose
dependent manner.
CONCLUSIONS: Ergocalciferol improved microcirculatory endothelial function in patients
with chronic kidney disease and concomitant vitamin D deficiency. This process may be
mediated through enhanced expression and activity of endothelial nitric oxide synthase.
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Figure 5. Fold increase in eNOS expression by RT-PCR in cultured HAEC.
Figure 6. Nitrite levels in supernatants of HAEC. Cultured in low dose (12 ng/dl)
and high dose (120 ng/dl) ergocalciferol after 24 h incubation.
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Klotho, phosphate and FGF-23 in ageing and disturbed mineral metabolism.
Makoto Kuro-o Kuro-o, M. Nat. Rev. Nephrol. 9, 650–660 (2013)
Figure 1 | FGF–Klotho endocrine axes. a | Endocrine axes mediated by βKlotho
(left) and Klotho (right). FGF-19 is an intestine-derived satiety hormone targeting
the liver to induce metabolic responses to feeding. FGF-21 is a liver-derived hunger
hormone targeting white adipose tissue to induce metabolic responses to fasting.
These hormones require βKlotho to bind to their cognate FGFRs with high affinity.
Similarly, FGF-23 requires Klotho for binding to FGFRs. FGF-23 secreted from
bone acts on the kidney and the parathyroid gland to regulate mineral homeostasis.
b | Analogous feedback loops in the FGF–Klotho endocrine axes involving FGF-23,
FGF-19 and FGF-21. Whether or not there is a CYP gene(s) that is downregulated
by FGF-21 in white adipose tissue remains unknown. Permission to reproduce panel
b obtained from Elsevier Ltd ©
Kuro-o, M. Trends Endocrinol. Metab. 19, 239–245 (2008).
Abbreviations: CYP, cytochrome P450 superfamily; FGF, fibroblast growth factor;
FGFR, fibroblast growth factor receptor; FXR, farenoid X receptor; PTH,
parathyroid hormone; PPAR, peroxisome proliferator-activated receptor; RXR,
retinoid X receptor; VDR, vitamin D receptor.
Abstract High concentrations of extracellular phosphate are toxic to cells.
Impaired urinary phosphate excretion increases serum phosphate level and induces a
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premature-ageing phenotype. Urinary phosphate levels are increased by dietary phosphate
overload and might induce tubular injury and interstitial fibrosis. Extracellular phosphate
exerts its cytotoxic effects by forming insoluble nanoparticles with calcium and fetuin-A;
these nanoparticles are referred to in this Review as calciprotein particles. Calciprotein
particles are highly bioactive ligands that can induce various cellular responses, including the
osteogenic transformation of vascular smooth muscle cells and cell death of vascular
endothelial cells and renal tubular epithelial cells. Calciprotein particles are detected in the
serum of animal models of kidney disease and in patients with chronic kidney disease (CKD)
and might be associated with a (mal)adaptation of the endocrine axes mediated by fibroblast
growth factors and Klothos that regulate phosphate homeostasis and ageing. These
observations raise the possibility that calciprotein particles contribute to the pathogenesis of
CKD. This theory, if verified, is expected to provide novel diagnostic markers and therapeutic
targets in CKD.
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Figure 1. A and B, Association of plasma (P-) s-aklotho and eGFR according to
FGF-23 concentrations below (A) and above (B) the median (73 pg/mL). In the
group with lower FGF-23 values (A), analysis showed a significant correlation
between s-aklotho and eGFR. Regression line and 95% confidence interval are
shown. The s-a klotho concentrations in the group with FGF-23 above median (B)
were normally distributed after logarithmic transformation. There was no significant
association with eGFR.
Figure 2. Comparison of percent changes during the 8-week study period in the
cholecalciferol and placebo group.
A, The percent change (%) of plasma (P-) s--klotho was not significantly different
between both groups.
B, Percent change of FGF-23 showed a borderline significance between the groups.
C, The percent change of 1,25-diOHD was significantly different between the
groups. Mann-Whitney U test was used.
Abstract
CONTEXT: Relations between fibroblast growth factor-23 (FGF-23), soluble αklotho (s-α-klotho), and kidney function in chronic kidney disease (CKD) are still
unclear. Especially the role of s-α-klotho requires further study.
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OBJECTIVES: Our objectives were to analyze the relation of s-α-klotho to estimated
glomerular filtration rate (eGFR), FGF-23, and other parameters of calcium-phosphate
metabolism and to investigate the response of s-α-klotho to cholecalciferol.
PATIENTS, DESIGN, AND SETTING: Twenty-four CKD (stage 1-5) patients participated
in this 8-week randomized controlled trial (vitamin D and chronic renal insufficiency).
INTERVENTIONS: Interventions included 40 000 IU cholecalciferol or placebo weekly.
MAIN OUTCOME MEASURE: S-α-klotho was determined by ELISA with antihuman
klotho antibodies 67G3 and 91F1.
RESULTS: For all patients, s-α-klotho concentrations did not differ between CKD stages.
When patients were subdivided based on FGF-23 concentrations, a positive association of sα-klotho with eGFR became apparent in patients with lower than median FGF-23
concentrations but not in those above median value. Patients with s-α-klotho below 204
pg/mL showed higher age, lower phosphate clearance, and lower bone-specific alkaline
phosphatase compared with patients with higher s-α-klotho. Treatment with cholecalciferol
significantly increased 1,25-dihydroxyvitamin D. The increase of FGF-23 had only borderline
significance. There was no significant effect of high-dose cholecalciferol administration for 8
weeks on plasma s-α-klotho.
CONCLUSIONS: CKD patients with s-α-klotho below 204 pg/mL had higher age, lower
phosphate clearance, and lower bone-specific alkaline phosphatase. An association of s-αklotho with eGFR was observed only in the presence of close to normal, but not high, FGF-23
concentrations. Cholecalciferol treatment did not change s-α-klotho concentrations.
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Maintenance target levels of serum calcium, phosphorus, and intact parathyroid
hormone as the primary outcome measure did not show significant difference
infrequencies between two groups. In summary, treatment of CKD-mineral and
bone disorders in CKD patients at stages 3 to 5 using ergocalciferol has a similar
long-term efficacy and safety profile as calcitriol.
a There are very significant differences (P<0.01) between baseline and final values
in group VitD2 by paired-samples t test.
b There areverysignificant differences (P<0.01) between baseline and final values in
group aVitD3 by paired-samples t test.
c There are significant differences (P<0.05) between baseline and final values in
group aVitD3 by paired-samples t test.
d There are very significant differences (P<0.01) between group VitD2 and group
aVitD3 on final values by independent-samples t test.
e There are significant differences (P<0.01) between group VitD2 and group aVitD3
on final values by independent-samples t test.
Abstract To compare the efficacy and safety of ergocalciferol and calcitriol in
stage 3 to 5 chronic kidney disease (CKD) patients, a randomized, prospective,
controlled, open-labeled study was designed. 204 patients were enrolled into the
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present study with following-up duration of 33.2±3.8 months. Patients in Group VitD2
(n=104) and Group aVitD3 (n=100) were treated by ergocalciferol and calcitriol, respectively.
The 25-hydroxyvitamin D levels of group VitD2 increased significantly from 15.14±7.46 to
37.32±10.49ng/ml (P<0.001, t=-19.692) and increased more (P<0.001, t=-14.982) than those
of group aVitD3, which increased from 14.90±6.15 to 18.08±7.55ng/ml. Maintenance target
levels of serum calcium, phosphorus, and intact parathyroid hormone as the primary outcome
measure did not show significant difference in frequencies between two groups. In summary,
treatment of CKD-mineral and bone disorders in CKD patients at stages 3 to 5 using
ergocalciferol has a similar long-term efficacy and safety profile as calcitriol.
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This study represents the first randomized prospective, double-blind, placebocontrolled trial of the efficacy of 1,25(OH),D3 on bone histology and serum
biochemistry in patients with mild to moderate renal failure. Sixteen patients with
chronic renal impairment (creatinine clearance 20 to 59 ml per mm) received either
l,25(OH)2D3, at a dose of 0.25 to 0.5 g daily (eight patients), or placebo. Transiliac
crest bone biopsies were performed before entrance into the study and after 12
months of experimental observation. None of the patients were symptomatic or had
radiological evidence of bone disease. Of the thirteen patients who completed the
study, initial serum 1 ,25(OH)2D levels were low in seven patients and parathyroid
hormone levels were elevated in seven patients. Bone histology was abnormal in all
patients. 1,25(OH),D treatment was associated with a significant fall in serum
phosphorus and alkaline phosphatase concentrations as well as with histological
evidence of an amelioration of hyperparathyroid changes. In contrast to previous
reports, no deterioration of renal function attributable to the treatment occurred,
perhaps because a modest dose of l,25(OH)2D3 was employed combined with
meticulous monitoring. Further investigation is required to determine whether
alternative therapeutic strategies (smaller doses or intermittent therapy) may avoid
the potential for suppressing bone turnover to abnormally low levels in the long
term.
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Table 3. In all patients, cancellous bone mass, mean trabecular diameter, mean
trabecular plate density and mean wall thickness were within the normal range at
the beginning of the study and after 12 months of therapy. No significant changes
were observed in these parameters.
Table 5. Mineral apposition rate was not significantly different from normal
controls at baseline or after therapy in all patients. Fraction of trabecular surfaces
exhibiting double or single tetracycline labels was not different from normals at
baseline. There was a trend towards a decrease in labelling after 12 months of
treatment with 1,25(OH)2D3 and a trend in the placebo group toward an increase in
tetracycline labelling. Both trends did not achieve statistical significance.
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Volume of lamellar osteoid was above the normal range at baseline in two out of the
seven patients who received 1,25(OH)2D and in two of the controls receiving
placebo (Table 4). Abnormal bone formation as evidenced by the presence of
woven osteoid was found at baseline in all biopsies. Mean thickness of lamellar
osteoid seams was not increased. The number of osteoblasts per unit of trabecular
boundary length and the bone-osteoblast interface were elevated at baseline in eight
and nine patients, respectively; therefore, the mean values for both of these histomorphometric parameters were significantly higher in the patients than in age- and
sex-matched normal controls. Also, the number of osteoclasts per unit trabecular
boundary length and the bone-osteoclast interface were elevated in nine and eleven
patients, respectively, resulting in a significant increase in mean values of these
parameters at baseline in both the patients that received placebo and 1,25(OH)1D3.
Four patients exhibited trabecular fibrosis at baseline; those were the patients with
the lowest creatinine clearances.
Administration of placebo for 12 months did not change lamellar osteoid volume
and the number of osteoblasts and osteoclasts as well as bone-osteoblast interface
and bone osteoclast interface were unchanged and continued to be above the normal
range. Volume and surface of woven osteoid showed a further increase.
Administration of 1,25(OH)2D3 for 12 months resulted in a significant decrease in
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lamellar osteoid volume and thickness. Woven osteold volume and surface were significantly
reduced of osteoblasts and osteoclasts, that is, the osteoblastic index and osteoclastic index).
At the end of 1,25(OH)2D3 therapy five out of seven patients still exhibited some woven
osteoid and the number of osteoblasts as well as bone-osteoblast interface was normal or low
normal in all patients. The number of osteoclasts and bone-osteoclast interface was still
above normal in three patients.
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Thirteen patients in the predialysis phase of chronic renal failure (CRF) were treated
with calcitriol (0.25 micrograms/day) and 12 with placebo. After 1 year of study, an
increase in bone mineral density in the calcitriol group measured by dual-energy Xray absorptiometry was seen for the femoral neck and lumbar spine when compared
to the placebo group (p < 0.001 and p < 0.01, respectively). We conclude that a
steady low dose of calcitriol started in the predialysis phase of CRF is beneficial to
the patients with CRF. This may be partly due to suppression of secondary
hyperparathyroidism.
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Abstract Besides its effects on bone metabolism, calcitriol has an important
immunomodulatory effect, which may be protective for a renal allograft. Therefore,
we evaluated the effects of oral calcitriol administration in renal transplant
recipients. One hundred ten renal transplant recipients (78 men, 32 women) of mean
age 35.2 +/- 11.4 years and mean posttransplantation follow-up of 50.7 +/- 22.9
months were entered into the study. Patients in group 1 (n = 57) received calcitriol
therapy and patients in group 2 (n = 53) did not. The mean start of calcitriol therapy
was 22.4 +/- 19.1 months posttransplantation. We restrospectively collected
pretransplantation and posttransplantation laboratory and clinical data as well as
creatinine levels before and after the initiation of calcitriol therapy at 6-month
intervals for 2 successive years. There were no significant differences in terms of
age, gender, immunosuppression, bone mineral densitometry, and follow-up. Our
results showed that patients in group 1 had lower pretransplantation and
postransplantation body mass index (P < .03; P < .03, respectively), lower
posttransplantation third year parathyroid hormone levels (P < .02), and lower
requirements for pulse steroid doses (P < .04). Using Friedman repeated measures
variance test to analyze the effect of calcitriol, the increase in creatinine levels was
significantly lower in group 1 (P < .04). There was no significant difference between
follow-up time and calcitriol dose (P > .05). In conclusion, calcitriol therapy may
reduce the rate of loss of renal function among patients receiving renal transplants.
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Fig. 1. Active Vitamin D may inhibit the activation of renal fibrogenic cells by
inducing anti-fibrotic HGF expression. Active Vitamin D induces HGF mRNA
expression and protein secretion in renal interstitial fibroblasts (NRK-49F), as
shown by RT-PCR (A) and Western blot analyses (B). (C) Diagram shows the
potential pathways leading to Vitamin D inhibition of renal fibrosis. Ligand-bound
VDR trans-activate HGF gene expression (1). Increased HGF upreguates Smad corepressor TGIF expression and inhibits mesangial cell activation (2). HGF blocks
the nuclear translocation of the activated-Smads in renal interstitial fibroblasts,
thereby preventing myofibroblast activation (3). In tubular epithelial cells, HGF
induces SnoN expression, thereby inhibiting TGF-/Smad-mediated tubular EMT (4).
TGF-1, via its Smad signaling, promotes tubular EMT and myofibroblastic
activation from glomerular mesangial cells and interstitial fibroblasts, respectively
(5).
Fig. 2. Active Vitamin D preserves renal epithelial cell phenotypes by suppressing
Snail and Id expression. In normal physiologic conditions, E-proteins, a family of
bHLH transcription factors, bind to the E-boxes and trans-activate E-cadherin and
Vitamin D receptor genes (1). In the fibrotic kidney, an increased Snail and Id
proteins repress E-box-mediated gene expression through distinctive mechanisms.
Snail displaces E-proteins from binding to the E-boxes via its DNA-binding
capacity (2), whereas Id sequesters the gene activating activity of E-proteins
through physically interacting with them (3).
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Abstract Vitamin D, especially its most active metabolite 1,25-dihydroxyvitamin D(3) or
calcitriol, is essential in regulating a wide variety of biologic processes, such as calcium
homeostasis, immune modulation, cell proliferation and differentiation. Clinical studies show
that the circulating level of calcitriol is substantially reduced in patients with chronic renal
insufficiency. Administration of active Vitamin D results in significant amelioration of renal
dysfunction and fibrotic lesions in various experimental models of chronic kidney diseases.
Active Vitamin D elicits its renal protective activity through multiple mechanisms, such as
inhibiting renal inflammation, regulating renin-angiotensin system and blocking mesangial
cell activation. Recent studies indicate that calcitriol induces anti-fibrotic hepatocyte growth
factor expression, which in turn blocks the myofibroblastic activation and matrix production
in interstitial fibroblasts. Furthermore, in vivo and in vitro studies demonstrate that active
Vitamin D effectively blocks tubular epithelial to mesenchymal transition (EMT), a
phenotypic conversion process that plays a central role in the evolution of renal interstitial
fibrosis. Together, it is becoming increasingly clear that a high level of active Vitamin D may
be obligatory in the maintenance of normal kidney structure and function. Thus,
supplementation of active Vitamin D could be a rational strategy for the therapeutics of
chronic kidney diseases.
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Abstract
BACKGROUND: Recently, it has been reported that urinary angiotensinogen
levels is a specific index of the intrarenal renin-angiotensin-aldosterone system
(RAAS) status and it is significantly correlated with urinary albumin:creatinine (Cr)
ratio in hypertensive patients. The aim of the present study was to assess the effect
of activation of the Vitamin D receptor with calcitriol on albuminuria and urinary
angiotensinogen as a novel biomarker of the intra-renal RAAS status in patients
with diabetic nephropathy (DN).
METHODS: Ninety-eight patients with type 2 diabetes and albuminuria who were
treated with RAAS inhibitors (angiotensin-converting enzyme inhibitor (ACE-i) or
angiotensin receptor blocker (ARB)) have participated in this study. Patients were
randomized to receive either placebo (n = 50) or 0.25 μg/day calcitriol (n = 48). We
have examined urinary albumin:Cr ratio and urinary angiotensinogen:Cr ratio
before and 24 weeks later after treatment in both group.
RESULTS: The mean urinary albumin:Cr ratio and urinary angiotensinogen:Cr
ratio were significantly higher in patients with DN than in normal controls
(p < 0.001). Urinary angiotensinogen:Cr ratio was significantly, positively correlated
with urinary albumin:Cr ratio in both groups (in the placebo group; p = 0.01,
r = 0.4236, in calcitriol group; p = 0.01, r = 0.4564).
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CONCLUSION: These data indicated that administration of Vitamin D receptor activator in
combination with RAAS inhibitors had an additional benefit in lowering albuminuria in
patients with DN. More pronounced reduction of urinary albumin:Cr ratio that was positively
correlated with angiotensinogen:Cr ratio in calcitriol group suggested that Vitamin D receptor
activation might blunt albuminuria by reducing urinary angiotensinogen levels reflecting
intra-renal RAAS status.
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CONCLUSION: These data indicated that administration of Vitamin D receptor activator in
combination with RAAS inhibitors had an additional benefit in lowering albuminuria in
patients with DN. More pronounced reduction of urinary albumin:Cr ratio that was positively
correlated with angiotensinogen:Cr ratio in calcitriol group suggested that Vitamin D receptor
activation might blunt albuminuria by reducing urinary angiotensinogen levels reflecting
intra-renal RAAS status.
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Conclusion These data indicated that administration of Vitamin D receptor
activator in combination with RAAS inhibitors had an additional benefit in lowering
albuminuria in patients with DN. More pronounced reduction of urinary albumin:Cr
ratio that was positively correlated with angiotensinogen:Cr ratio in calcitriol group
suggested that Vitamin D receptor activation might blunt albuminuria by reducing
urinary angiotensinogen levels reflecting intra-renal RAAS status.
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Methods: This double-blind, randomized placebo-controlled trial was performed to
answer the above question. Sixty-eight patients with CKD stage 3–4, urine protein
to creatinine ratio (UPCR) > 1 g/g, and serum 25OH-D level < 30 ng/mL were
enrolled. Patients were randomly assigned to receive 12-week treatment with oral
ergocalciferol plus placebo (n = 36) or oral ergocalciferol plus calcitriol (n = 32).
Results: The mean baseline values of UPCR of both groups were comparable
(3.6±3.8 g/g in combined group and 3.5 ± 3.0 g/g in ergocalciferol group).
Following 12-week treatment, there were significant reductions in UPCR from
baseline in both groups (2.3 ± 2.1 g/g in combined group and 2.4 ± 2.0 g/g in
ergocalciferol group). The percentage reductions in UPCR of both groups were not
significantly different. The mean eGFR and blood pressure did not differ between
baseline and 12-week follow-up and between both groups. No severe hypercalcemia
or serious side effects were noted in both groups.
Conclusions: The proteinuria lowering effect of ergocalciferol in CKD patients
with vitamin D deficiency was demonstrated. Additional calcitriol supplement did
not have more effects on proteinuria.
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Design, setting, participants, & measurements: Patients with stages 3–4CKD
(n=110) with a PTH level.120 pg/ml were recruited and randomized to 0.25 mg/d of
calcitriol or 1 mg/d of paricalcitol between April 2009 and July 2011. Subsequent
dose adjustments were by protocol to achieve 40%–60% PTH suppression below
baseline. The primary endpoint was the rate of confirmed hypercalcemia of .10.5
mg/dl between groups.
Results: Forty-five patients in each group completed the 24 weeks of treatment.
Both agents suppressed PTH effectively (252% with paricalcitol and 246% with
calcitriol; P=0.17), although the paricalcitol group reached a 40% reduction in PTH
sooner at a median 8 weeks (interquartile range [IQR], 4, 12) versus 12 weeks (IQR,
8, 18; P=0.02) and had a lower pill burden of 240 (IQR, 180, 298) versus 292 (IQR,
231, 405; P=0.01). Confirmed hypercalcemia was very low in both groups (three
with paricalcitol and one with calcitriol) and was not significantly different
(P=0.36). Both groups had small increases in calcium and phosphorus levels (0.3–
0.4 mg/dl in each electrolyte) and significant decreases in alkaline phosphatase, a
marker of high bone turnover, with no significant differences between groups.
Conclusions: These results show that both calcitriol and paricalcitol achieved
sustained PTH and alkaline phosphatase suppression in stages 3–4 CKD, with small
effects on serum calcium and phosphorus and a low incidence of hypercalcemia.
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Objective - To determine whether alfacalcidol used in management of overt renal
bone disease may safely prevent renal bone disease when used earlier in course of
renal failure.
Design - Double blind, prospective, randomised, placebo controlled study.
Setting - 17 nephrology centres from Belgium, France, the Netherlands, and the
United Kingdom.
Subjects - 176 patients aged 18-81 with mild to moderate chronic renal failure
(creatinine clearance 15-50 ml/mi) and with no clinical, biochemical, or
radiographic evidence of bone disease.
Interventions - Alfacalcidol 0.25 ug (titrated according to serum calcium
concentration) or placebo given for two years.
Main outcome measures - Quantitative histology of bone to assess efficacy of
treatment and renal function to assess safety.
Results - 132 patients had histological evidence of bone disease at start of study.
Biochemical, radiographic, and histological indices of bone metabolism were
similar for the 89 patients given alfacalcidol and the 87 controls given placebo.
After treatment, mean serum alkaline phosphatase activity and intact parathyroid
hormone concentration had increased by 13% and 126%/ respectively in controls
but had not changed in patients given alfacalcidol (P< 0.001). Hypercalcaemic
episodes occurred in 10 patients given alfacalcidol (but responded to decreases in
drug dose) and in three controls. Histological indices of bone turnover significantly
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improved in patients given alfacalcidol and significantly deteriorated in controls: among
patients with abnormal bone histology before treatment, bone disease resolved in 23 (421/.) of
those given alfacalcidol compared with two (4%) of the controls (P < 0.001). There was no
difference in rate of progression of renal failure between the two groups.
Conclusion - Early administration of alfacalcidol can safely and beneficially alter the natural
course of renal bone disease in patients with mild to moderate renal failure.
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Abstract BACKGROUND: Despite treatment with renin–angiotensin–
aldosterone system (RAAS) inhibitors, patients with diabetes have increased risk of
progressive renal failure that correlates with albuminuria. We aimed to assess
whether paricalcitol could be used to reduce albuminuria in patients with diabetic
nephropathy.
METHODS: In this multinational, placebo-controlled, double-blind trial, we
enrolled patients with type 2 diabetes and albuminuria who were receiving
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. Patients
were assigned (1:1:1) by computer-generated randomisation sequence to receive 24
weeks’ treatment with placebo,1 μg/day paricalcitol, or 2 μg/day paricalcitol. The
primary endpoint was the percentage change in geometric mean urinary albumin-tocreatinine ratio (UACR) from baseline to last measurement during treatment for the
combined paricalcitol groups versus the placebo group. Analysis was by intention to
treat. This trial is registered with ClinicalTrials.gov, number NCT00421733.
FINDINGS: Between February, 2007, and October, 2008, 281 patients were
enrolled and assigned to receive placebo(n=93), 1 μg paricalcitol (n=93), or 2 μg
paricalcitol (n=95); 88 patients on placebo, 92 on 1 μg paricalcitol, and 92 on2 μg
paricalcitol received at least one dose of study drug, and had UACR data at baseline
and at least one timepoint during treatment, and so were included in the primary
analysis. Change in UACR was: –3% (from 61 to 60 mg/mmol;95% CI –16 to 13)
in the placebo group; –16% (from 62 to 51 mg/mmol; –24 to –9) in the combined
paricalcitol groups, with a between-group difference versus placebo of –15% (95%
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CI –28 to 1; p=0.071); –14% (from 63 to 54 mg/mmol; –24 to –1) in the 1 μg paricalcitol
group, with a between-group difference versus placebo of –11%(95% CI –27 to 8; p=0.23);
and –20% (from 61 to 49 mg/mmol; –30 to –8) in the 2 μg paricalcitol group, with a betweengroup difference versus placebo of –18% (95% CI –32 to 0; p=0.053). Patients on 2 μg
paricalcitol showed a nearly, sustained reduction in UACR, ranging from –18% to –28%
(p=0.014 vs placebo). Incidence of hypercalcaemia,adverse events, and serious adverse
events was similar between groups receiving paricalcitol versus placebo.
INTERPRETATION: Addition of 2 μg/day paricalcitol to RAAS inhibition safely lowers
residual albuminuria in patients with diabetic nephropathy, and could be a novel approach to
lower residual renal risk in diabetes.
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Abstract
BACKGROUND: Chronic kidney disease (CKD) is associated with elevations in
serum phosphate, calcium-phosphorus product and bone-specific alkaline
phosphatase (BAP), with attendant risks of cardiovascular and bone disorders.
Active vitamin D can suppress parathyroid hormone (PTH), but may raise serum
calcium and phosphate concentrations. Paricalcitol, a selective vitamin D activator,
suppressed PTH in CKD patients (stages 3 and 4) with secondary
hyperparathyroidism (SHPT) with minimal changes in calcium and phosphate
metabolism.
METHODS: The VITAL study enrolled patients with CKD stages 2-4. We
examined the effect and relationship of paricalcitol to calcium and phosphate
metabolism and bone markers in a post hoc analysis of VITAL. The study
comprised patients with diabetic nephropathy enrolled in a double-blind, placebocontrolled, randomized trial of paricalcitol (1 or 2 μg/day). Urinary and serum
calcium and phosphate, serum BAP, and intact PTH (iPTH) concentrations were
measured throughout the study.
RESULTS: Baseline demographics and calcium, phosphate, PTH (49% with iPTH
<70 pg/mL), and BAP concentrations were similar between groups. A transient,
modest yet significant increase in phosphate was observed for paricalcitol 2 μg/day
(+0.29 mg/dL; P < 0.001). Dose-dependent increases in serum and urinary calcium
were observed; however, there were few cases of hypercalcemia: one in the 1μg/day group (1.1%) and three in the 2-μg/day group (3.2%). Significant reductions
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in BAP were observed that persisted for 60 days after paricalcitol discontinuation (P < 0.001
for combined paricalcitol groups versus placebo). Paricalcitol dose-dependent reductions in
iPTH were observed. Paricalcitol in CKD patients (±SHPT) was associated with modest
increases in calcium and phosphate.
CONCLUSION: Paricalcitol reduces BAP levels, which may be beneficial for reducing
vascular calcification.
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Abstract CONTEXT: Vitamin D is associated with decreased cardiovascularrelated morbidity and mortality, possibly by modifying cardiac structure and
function, yet firm evidence for either remains lacking.
OBJECTIVE: To determine the effects of an active vitamin D compound,
paricalcitol, on left ventricular mass over 48 weeks in patients with an estimated
glomerular filtration rate of 15 to 60 mL/min/1.73 m(2).
DESIGN, SETTING, AND PARTICIPANTS: Multinational, double-blind,
randomized placebo-controlled trial among 227 patients with chronic kidney
disease, mild to moderate left ventricular hypertrophy, and preserved left ventricular
ejection fraction, conducted in 11 countries from July 2008 through September
2010.
INTERVENTION: Participants were randomly assigned to receive oral
paricalcitol, 2 μg/d (n =115), or matching placebo (n = 112).
MAIN OUTCOME MEASURES: Change in left ventricular mass index over 48
weeks by cardiovascular magnetic resonance imaging. Secondary end points
included echocardiographic changes in left ventricular diastolic function.
RESULTS: Treatment with paricalcitol reduced parathyroid hormone levels within
4 weeks and maintained levels within the normal range throughout the study
duration. At 48 weeks, the change in left ventricular mass index did not differ
between treatment groups (paricalcitol group, 0.34 g/m(2.7) [95% CI, -0.14 to 0.83
g/m(2.7)] vs placebo group, -0.07 g/m(2.7) [95% CI, -0.55 to 0.42 g/m(2.7)]).
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Doppler measures of diastolic function including peak early diastolic lateral mitral annular
tissue velocity (paricalcitol group, -0.01 cm/s [95% CI, -0.63 to 0.60 cm/s] vs placebo group,
-0.30 cm/s [95% CI, -0.93 to 0.34 cm/s]) also did not differ. Episodes of hypercalcemia were
more frequent in the paricalcitol group compared with the placebo group.
CONCLUSION: Forty-eight week therapy with paricalcitol did not alter left ventricular
mass index or improve certain measures of diastolic dysfunction in patients with chronic
kidney disease.
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Vitamin D seems to protect against cardiovascular disease, but the reported effects
of vitamin D on patient outcomes in CKD are controversial. We conducted a
prospective, double blind, randomized, placebo controlled trial to determine
whether oral activated vitamin D reduces left ventricular (LV)mass in patients with
stages 3–5 CKD with LV hypertrophy. Subjects with echocardiographic criteria of
LV hypertrophy were randomly assigned to receive either oral paricalcitol (1 mg)
one time daily (n=30) or matching placebo (n=30) for 52 weeks. The primary end
point was change in LV mass index over 52 weeks, which was measured by cardiac
magnetic resonance imaging. Secondary end points included changes in LV volume,
echocardiographic measures of systolic and diastolic function, biochemical
parameters of mineral bone disease, and measures of renal function. Change in LV
mass index did not differ significantly between groups (median [interquartile
range], 22.59 [26.13 to 0.32] g/m2 with paricalcitol versus 24.85 [29.89 to 1.10]
g/m2 with placebo). Changes in LV volume, ejection fraction, tissue Dopplerderived measures of early diastolic and systolicmitral annular velocities, and ratio of
early mitral inflow velocity to early diastolic mitral annular velocity did not differ
between the groups. However, paricalcitol treatment significantly reduced intact
parathyroid hormone (P,0.001) and alkaline phosphatase (P=0.001) levels as well as
the number of cardiovascular-related hospitalizations compared with placebo. In
conclusion, 52 weeks of treatment with oral paricalcitol (1 mg one time daily)
significantly improved secondary hyperparathyroidism but did not alter measures of
LV structure and function in patients with severe CKD.
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Abstract—Altered vitamin D metabolism and low levels of the active form of this
vitamin, 1,25-dihydroxy-vitamin D, is a hallmark of chronic kidney disease (CKD),
but there is still no randomized controlled trial testing the effect of active forms of
vitamin D on vascular function in patients with CKD. Paricalcitol and endothelial
function in chronic kidney disease (PENNY) is a double-blinded randomized
controlled trial (ClinicalTrials.gov, NCT01680198) testing the effect of an active
form of vitamin D, paricalcitol (2 μg/d×12 weeks) on endothelium-dependent and
endothelium-independent vasodilatation in 88 patients with stage 3 to 4 CKD and
parathormone >65 pg/mL (paricalcitol, n=44; placebo, n=44). Paricalcitol treatment
reduced parathormone (−75 pg/mL; 95% confidence interval, –90 to –60), whereas
parathormone showed a small rise during placebo (21 pg/mL; 95% confidence
interval, 5–36). Blood pressure did not change in both study arms. Baseline flowmediated dilation was identical in patients on paricalcitol (3.6±2.9%) and placebo
(3.6±2.9%) groups. After 12 weeks of treatment, flow-mediated dilation rose in the
paricalcitol but not in the placebo group, and the between group difference in flowmediated dilation changes (the primary end point, 1.8%; 95% confidence interval,
0.3–3.1%) was significant (P=0.016), and the mean proportional change in flowmediated dilation was 61% higher in paricalcitol treated patients than in placebotreated patients. Such an effect was abolished 2 weeks after stopping the treatment.
No effect of paricalcitol on endothelium-independent vasodilatation was registered.
Paricalcitol improves endothelium dependent vasodilatation in patients with stage 3
to 4 CKD. Findings in this study support the hypothesis that vitamin D may exert
favorable effects on the cardiovascular system in patients with CKD.
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Figure 2. Endothelium-dependent (flow-mediated dilation [FMD]) vasodilation at
baseline, after 12 weeks of treatment, and 2 weeks after stopping treatment (14th
weeks) in patients receiving paricalcitol and placebo. Data are mean±SD. At 12th
and 14th weeks, we also reported (top) the mean proportional change in FMD
induced by paricalcitol (PCT) vs placebo group expressed as percentage.
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Abstract
BACKGROUND AND AIMS: Vitamin D receptor activation (VDRA) ameliorates
endothelial dysfunction in CKD patients but also increases phosphate and FGF-23,
which may attenuate the beneficial effect of VDRA on endothelial function.
METHODS AND RESULTS: This is a pre-specified secondary analysis of the
PENNY trial (NCT01680198) testing the effect of phosphate and FGF-23 on the
flow mediated vasodilatory (FMD) response to paricalcitol (PCT, 2 μg/day) and
placebo over a 12-weeks treatment period. Eighty-eight stage G3-4 CKD patients
were randomized to PCT (n = 44) and Placebo (n = 44). Endothelial function was
assessed by measuring endothelium dependent forearm blood flow (FBF) response
to ischemia. The FMD response was by the 61% higher in PCT treated patients than
in those on placebo (P = 0.01). Phosphate (+11%, P = 0.039), calcium (+3%,
P = 0.01) and, particularly so, FGF23 (+164%, P < 0.001) increased in PCT treated
patients. Changes in FMD by PCT associated inversely with phosphate (r = -0.37,
P = 0.01) but were independent of FGF-23, calcium and PTH changes. The response
to PCT was maximal in patients with no changes in phosphate (1st tertile),
attenuated in those with mild-to-moderate rise in phosphate (2nd tertile) and
abolished in those with the most pronounced phosphate increase (3rd tertile) (effect
modification P = 0.009). No effect modification by FGF-23 and other variables was
observed.
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CONCLUSIONS: The beneficial effect of PCT on endothelial function in CKD is maximal
in patients with no or minimal changes in phosphate and it is abolished in patients with a
pronounced phosphate rise. These findings generate the hypothesis that the endothelium
protective effect by VDRA may be potentiated by phosphate lowering interventions.
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Formal effect modification analysis showed that among patients within the 1st
tertile of serum phosphate changes, the absolute FMD increase was on average by
the 4% higher in PCT treated than in placebo treated patients corresponding to a
137% proportionally higher rise in FMD (Fig. 5, left panels). The difference in
FMD increase between PCT and placebo was still relevant (2% in absolute terms
and 70% in proportional terms) in the 2nd tertile but null in those with serum
phosphate changes in the 3rd tertile (P for the effect modification Z 0.009, see Fig. 5,
left panels). Data adjustment for baseline eGFR and phosphate binders use did not
affect the strength of this interaction which remained highly significant (P = 0.01).
Changes in FGF23 (12 weeks baseline) did not modify the simultaneous changes in
FMD induced by PCT versus placebo (Fig. 5), the difference in absolute and
proportional DFMD between PCT treated and placebo treated patients being almost
identical throughout tertiles of DFGF23 (Fig. 5, right panel). FMD changes were
independent of changes in serum calcium (r = 0.18, P = 0.25), PTH (r = 0.25, P =
0.10), 25 OHVD (r = 0.02, P = 0.91), CRP (rho = 0.22, P = 0.15), Renin (r = 0.06, P
= 0.70), aldosterone (r = 0.04, P = 0.81) and eGFR (r = 0.15, P = 0.32) and there was
no effect modification by these parameters on FMD changes during the trial (P
ranging from 0.10 to 0.80).
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Figure 1 | The putative inhibitory effects of magnesium on the process of vascular
calcification. Abnormalities in mineral metabolism, particularly
hyperphosphataemia, and loss of inhibitors of mineralization leads to the formation
and deposition of Ca/P nanocrystals, which are taken up by VSMCs. Lysosomal
degradation of the endocytosed crystals results in intracellular release of Ca and Pi.
In addition, Pi accumulates in the cell via uptake through Pit-1 and probably also
Pit-2. To compensate for excess Ca/P, VSMCs form matrix vesicles loaded with
Ca/P products and the mineralization inhibitors. The intracellular Ca-burst induced
by endocytosed nanocrystals and Pi uptake triggers apoptosis, resulting in the
formation of Ca/P-containing apoptotic bodies. Matrix vesicles and apoptotic
bodies cause a positive feedback loop through nanocrystal release into the
surrounding milieu, thus amplifying the calcification process. Furthermore, Ca/P
nanocrystals and Pi induce the expression of genes that promote the calcification–
mineralization process and repress the expression of factors that inhibit
calcification, resulting in transdifferentiation of VSMCs to osteoblast-like cells and,
ultimately, vessel calcification. Mg interferes with the process of vascular
calcification by inhibiting transformation of amorphous Ca/P to apatite and by
forming Mg-substituted whitlockite crystals, which result in smaller, more soluble
deposits. Secondly, Mg functions as a Ca-channel antagonist and thus inhibits the
entry of Ca into the cells. Thirdly, Mg enters the cell via TRPM7 and restores the
balance between expression of calcification promoters and inhibitors by neutralizing
phosphate-induced inhibition of MGP and BMP7 and enhanced expression of
RUNX2 and BMP2. These effects prevent osteoblastic conversion and calcification
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of VSMCs. In addition, Mg acts on the CaSR; activation of this receptor by calcimimetics
has been shown to inhibit VSMC calcification but the molecular mechanisms have not yet
been identified.
Abbreviations: BMP, bone morphogenetic protein; Ca, calcium; CaSR, calcium-sensing
receptor; FGF1R, fibroblast growth factor receptor-1; LRP 5/6, LDL receptor-related protein
5/6; Mg, magnesium; MGP, matrix gla protein; OPG, osteoprotegerin; OPN, osteopontin; Pi,
inorganic phosphate; Pit, sodium-dependent phosphate transporter; PPi, pyrophosphate;
RUNX2, runt-related transcription factor 2; TRPM7, transient receptor potential cation
channel subfamily M member 7; VDR, vitamin D receptor; VSMC, vascular smooth muscle
cell. Permission obtained from Oxford University Press © Massy, Z. A. & Drüeke, T. B. Clin.
Kidney J. 5 (Suppl. 1), i52–i61 (2013).
Abstract Cardiovascular complications are the leading cause of death in patients with
chronic kidney disease (CKD). Abundant experimental evidence suggests a physiological role
of magnesium in cardiovascular function, and clinical evidence suggests a role of the cation
in cardiovascular disease in the general population. The role of magnesium in CKD-mineral
and bone disorder, and in particular its impact on cardiovascular morbidity and mortality in
patients with CKD, is however not well understood. Experimental studies have shown that
magnesium inhibits vascular calcification, both by direct effects on the vessel wall and by
indirect, systemic effects. Moreover, an increasing number of epidemiologic studies in
patients with CKD have shown associations of serum magnesium levels with intermediate
and hard outcomes, including vascular calcification, cardiovascular events and mortality.
Intervention trials in these patients conducted to date have had small sample sizes and have
been limited to the study of surrogate parameters, such as arterial stiffness, vascular
calcification and atherosclerosis. Randomized controlled trials are clearly needed to
determine the effects of magnesium supplementation on hard outcomes in patients with CKD.
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Figure 1 - Main correlates of Ln baseline sclerostin.
Abstract
BACKGROUND AND AIMS: 1,25(OH)2Vitamin D increases the expression of
the sclerostin gene. Whether vitamin D receptor activation (VDRA) influences
serum sclerostin in CKD and whether compounds interfering with VDRA like
Advanced Glycosylation End Products (AGEs) may alter the sclerostin response to
VDRA is unknown.
METHODS AND RESULTS: Eighty-eight stage G3-4 CKD patients randomly
received 2 μg paricalcitol (PCT)/day (n = 44) or placebo (n = 44) for 12 weeks.
Sclerostin, a major AGE compound like pentosidine, and bone mineral disorder
biomarkers were measured at baseline, at 12 weeks and 2 weeks after stopping the
treatments. At baseline, in the whole study population sclerostin correlated with
male gender (P = 0.002), BMI (P < 0.001), waist circumference (P < 0.001), serum
pentosidine (P = 0.002) and to a weaker extent, with diabetes (P = 0.04),
1,25(OH)2Vitamin D (r = 0.22, P = 0.04) and serum phosphate (r = -0.26, P = 0.01).
Sclerostin increased during PCT treatment (average + 15.7 pg/ml, 95% CI: -3.0 to
+34.3) but not during placebo (P = 0.03) and the PCT effect was abolished 2 weeks
after stopping this drug. The increase in sclerostin levels induced by PCT was
modified by prevailing pentosidine levels (P = 0.01) and was abolished by statistical
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adjustment for simultaneous changes in PTH but not by FGF23 changes.
CONCLUSIONS: VDRA by paricalcitol causes a moderate increase in serum sclerostin in
CKD patients. Such an effect is abolished by adjustment for PTH, suggesting that it may
serve to counter PTH suppression. The sclerostin rise by PCT is attenuated by pentosidine, an
observation in keeping with in vitro studies showing that AGEs alter the functioning of the
VDRA.
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Figure 2
Upper side: correlation between Ln baseline sclerostin and pentosidine.
Lower side: effect modification of pentosidine on the link paricalcitol & sclerostin.
Figure 3 - Changes in serum sclerostin induced by paricalcitol expressed as
paricalcitol/placebo ratio.
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Figure 2 | The osteoblast differentiation program. a | In vivo: bone surface shows
organization of indicated osteoblast lineage cells (black, mineralized tissue).
Mesenchymal stem cells and osteoprogenitor cells cannot be seen. b | In vitro:
stages of differentiation of committed preosteoblast cells isolated from newborn
rodent calvarium or bone marrow stromal cells. Peak expression of genes that are
markers for the three major stages are shown. At mineralization, a feedback signal
from sclerostin secreted by osteocytes inhibits BMP and Wnt osteogenic-mediated
bone formation by regulating the number of cells entering the osteoblast lineage. c |
Examples of transcription factors regulating osteoblast differentiation and in vivo
bone formation are shown. Within the triangle are those that increase during
differentiation, whereas those above the triangle are functional on gene promoters at
the indicated stages of maturation. Permission obtained from American Society for
Bone and Mineral Research © Favus, M. J. (Ed.) Primer on the Metabolic Bone
Diseases and Disorders of Mineral Metabolism, 6th edn (2006).

94

