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Introduction. The aim was to highlight the existence of a relationship between vitamin D deficiency, chronic inflammation,
and proteinuria, by measuring neutrophil gelatinase associated lipocalin (NGAL) and common inflammatory markers after
administration of paricalcitol, a vitamin D analog, in vivo and in vitro.Methods. 40 patients with end-stage chronic kidney disease
(CKD) and secondary hyperparathyroidism and 40 healthy subjects were enrolled. Serum calcium, phosphorus, 25(OH)-vitamin
D, parathyroid hormone (PTH), erythrocyte sedimentation rate, high-sensitivity C-reactive protein, interleukin- (IL-) 17, IL-6,
IL-1𝛽, interferon-gamma (IFN-𝛾), tumor necrosis factor-alpha (TNF-𝛼), plasmatic and urinary NGAL, and 24 h albuminuria and
proteinuria weremeasured before and 24 h after an intravenous bolus of paricalcitol (5mcg). Human peripheral bloodmononuclear
cells were isolated and stimulated with phytohaemagglutinin. NGAL, IL-1𝛽, IL-17, IL-6, TNF-𝛼, and IFN-𝛾 were measured in the
culture medium and in the 24 h urine collection. Results. 25(OH)-vitamin Dwas lower in CKD than in controls (𝑝 < 0.0001), while
inflammatory markers were higher in CKD group (𝑝 < 0.0001). In vivo and in vitro studies showed a downregulation of NGAL, IL-
17, IL-6, IL-1𝛽, TNF-𝛼, and IFN-𝛾 after paricalcitol administration (𝑝 < 0.0001).Conclusions. 25(OH)-vitamin D regulates immune
and inflammatory processes. Further studies are needed to confirm these data in order to improve the treatment of CKD patients.

1. Introduction

Microinflammation state is a pathologic feature of chronic
kidney diseases (CKD). Renal inflammation, characterized
by the infiltration of inflammatory cells including T cells
and macrophages and the release of proinflammatory and
chemoattractant cytokines to kidney parenchyma, is a critical
process leading to progression of disease in CKD patients.

Vitamin D has been shown to have potent anti-inflam-
matory effects and, consequently, has been considered for
adjunctive therapy in the treatment of numerous chronic
diseases including asthma, rheumatoid arthritis, multiple
sclerosis, diabetes mellitus type 1, psoriasis, chronic inflam-
matory bowel diseases, and prostate cancer [1–3]. A variety
of pro- and anti-inflammatory effects for vitamin D have
previously been reported [4, 5].

Several lines of evidence have suggested a potential anti-
inflammatory activity of 1,25(OH)2 vitamin D3 and vitamin
D analogs in CKD [6–9]. In animal models of primary
glomerular diseases, administration of paricalcitol or 1,25
(OH)2 vitamin D3 reduces glomerular infiltration of inflam-
matory cells [6, 10]. Consistently, a reduced inflammation
is associated with higher serum 25(OH)-vitamin D levels in
patients with CKD [11].

Evidence is also mounting that paricalcitol, a synthetic
vitamin D analog, is renoprotective in different experimental
nephropathies [6, 12]. The effect of paricalcitol on renal
inflammation was investigated in a mouse model of obstruc-
tive nephropathy. Paricalcitol reduced infiltration of T cells
and macrophages in the obstructed kidney. Moreover, the
benefits are greater with the newer vitamin D analogs,
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paricalcitol or doxercalciferol, when compared with calcitriol
[13, 14].

The mechanism by which vitamin D and its analogs
reduce inflammation remains poorly understood.

It is possible that 1,25(OH)2 vitamin D3 may exert its
immunomodulatory action through regulating the activity of
many types of immune cells such as macrophages, dendritic
cells, and T cells [15, 16].

An important marker of inflammation in CKD patients
is neutrophil gelatinase associated lipocalin (NGAL), a 25-
kDa glycoprotein first found involved in a variety of cellular
processes, including the innate immune response [17–20].
NGAL expression is also found in epithelial cells and it is
strongly and rapidly induced in the nephrons in the presence
of inflammation and in response to renal epithelial injury [21–
25].

In this study we evaluated the anti-inflammatory action
of paricalcitol in CKDpatients with secondary hyperparathy-
roidism. For this purpose, we measured the common inflam-
matory markers, some hallmarks of Th-1 (IFN-𝛾, IL-1𝛽, and
TNF-𝛼), Th-2 (IL-6), and Th-17 (IL-17) response, as well
as NGAL production before and after a single intravenous
administration of paricalcitol in vivo and in vitro.

2. Materials and Methods

Patients andControls.The study series consisted of 40 patients
with CKD stages 4 and 5 and secondary hyperparathyroid-
ism [20 men (50%) mean age 62.9 ± 14 y]. Patients with
inflammatory disease, cancer, poorly controlled diabetes
mellitus (hemoglobin A1c of >11%), hyperphosphatemia
(>6.5mg/dL), or hypercalcemia (>10.5mg/dL) were excluded
from the study.

Calcitriol therapy in CKD patients was suspended five
weeks before the study.

The causes of renal failure were diabetes (𝑛 = 20), neph-
roangiosclerosis (𝑛 = 8), chronic glomerulonephritis (𝑛 = 4),
polycystic kidney disease (𝑛 = 2), and other causes (𝑛 = 6).

Control group consisted of 20 healthy subjects (HS) [10
men and 10 women, mean age 54.8 ± 4.8 y].

The studywas approved by the local ethics committee and
fully informed consent was obtained from all participants.

2.1. In Vivo

Management of Blood Samples. CKD patients were hospi-
talized; blood samples were collected in the morning at
08.00 h before and after 24 hours of a single intravenous
administration of 5mcg of paricalcitol (Zemplar, Abbott s.r.l.,
Italy).

Blood samples were collected into chilled vacutainer
tubes containing potassium ethylenediamine tetraacetate.
Tubes were instantly cooled on ice and centrifuged at
3000 rpm for 10min at 4∘C within 30min. Plasma was stored
at −80∘C until analyzed. As a control, we analyzed plasma
samples of healthy donors. Furthermore, we collected blood
samples from CKD patients and HS in order to obtain sera to
measure biochemical parameters.

At 08:30 amwe administered a single intravenous dose of
paricalcitol (5mcg) to CKD patients.

We decided to use intravenous and not oral administra-
tion of paricalcitol to prevent deficient absorption of the drug
due to gastrointestinal disorders.

We measured biochemical parameters, including serum
levels of urea, creatinine, calcium, phosphorus, PTH, albu-
minuria 24 hours, proteinuria 24 hours, erythrocyte sedi-
mentation rate (ESR), 25(OH)-vitamin D levels, and high
sensitivity C-reactive protein (hsCRP), according to standard
methods in the routine clinical laboratory.

Plasmatic and urinary NGAL levels and plasmatic IL-17,
IL-6, IL-1𝛽, TNF-𝛼, and IFN-𝛾 levels were measured using a
commercially available ELISA kit (R&D system,Milan, Italy).

The same determinations weremade before and after 24 h
of intravenous paricalcitol administration (5mcg).

2.2. In Vitro

Isolation of Human Peripheral Blood Mononuclear Cells
(PBMC). PBMC were isolated from heparinized, venous
blood of patients affected by CKD 24 hours before and after
paricalcitol administration.

PBMC, after centrifugation over Ficoll-Hypaque gradi-
ent, were then washed three times in RPMI 1640 medium
(Sigma) and cultured in 24-well plates at a concentration of
2 × 106 cells/mL per well in RPMI 1640 medium. PBMC
were cultured at 37∘C in 5% CO

2
atmosphere, in RPMI 1640

supplemented with 50𝜇g/mL gentamicin and 5% fetal calf
serum (FCS, Sigma). All reagents were supplied by Sigma
Aldrich (Milan, Italy).

Treatments of PBMC. Phytohaemagglutinin A (PHA), used
as a stimulator of PBMC at a concentration of 10 𝜇g/mL, was
supplied by Sigma Aldrich (Milan, Italy).

48 hours after treatment, the supernatants were har-
vested, and suitable aliquots were stored at –80∘C until cytok-
ine analysis.

Limulus Test. Culture media and reagents tested for the
presence of endotoxin using the E-Toxate kit (Sigma, Milan)
were found to contain <10 pg of endotoxin per mL.

Cytokine Evaluations. Supernatants from PBMC in different
experimental conditions were harvested, centrifuged, and
kept at −80∘C until titration for the presence of IL-17, IL-6,
IFN-𝛾, IL-1𝛽, TNF-𝛼, and NGAL by an immunoenzymatic
method (ELISA); the kits used were supplied by R&D system
(Milan, Italy) and NGAL (BioPorto Diagnostics, Verona,
Italy), respectively. The minimum detectable dose of IL-17
was less than 15 pg/mL, of IL-6 less than 1.4 pg/mL, of IFN-
𝛾 less than 1.5 pg/mL, of IL-1𝛽 less than 1 pg/mL, of TNF-𝛼
less than 1.6 pg/mL, and of NGAL less than 0.1 ng/mL.

2.3. Statistical Analysis. Statistical analyses were performed
with NCSS for Windows (version 4.0), the MedCalc (version
8.0) software, and the GraphPad Prism (version 5.0) package.
Data were presented as mean ± SD for normally distributed
values (at Kolmogorov-Smirnov test) and median [IQ range]



International Journal of Endocrinology 3

Table 1: Baseline demographic, clinical, and laboratory data of the study population.

Parameter CKD patients (𝑛: 40) HS (𝑛: 20) 𝑝 value
Gender (M/F) 20/20 10/10 —
Age (years) 62.9 ± 14 54.8 ± 4.8 0.003
Albumin (g/dL) 3.8 ± 6 4.09 ± 0.40 0.02
Calcium (mg/dL) 8.7 ± 0.7 9.15 ± 0.5 0.04
Phosphate (mg/dL) 5.63 ± 1.22 3.4 ± 0.35 <0.05
Ca × P product (mg2/dL2) 50.58 ± 11.8 33.4 ± 6.3 <0.05
ALPh (IU/L) 80.5 (63–110) 71.5 ± 17 0.27
PTH (pg/mL) 92.8 (33.35–85.75) 44 (11.1–15.5) <0.05
hsCRP (mg/L) 3.66 (2.0–5.37) 0.49 (0.1–0.69) <0.05
ESR (mm/h) 34.8 ± 8.4 4.5 ± 2.3 <0.05
Vitamin D (ng/mL) 11.67 ± 9.89 51.13 ± 0.4 <0.05
Urea (mg/dL) 234.40 (176.74–274.32) 35.6 ± 9.9 <0.05
Serum creatinine (mg/dL) 7.2 ± 1.9 0.75 ± 1.2 <0.0001
NGAL (ng/mL) 180.43 ± 86.50 29.78 ± 25.8 <0.0001
IL-17 (pg/mL) 105.9 ± 17.2 10.54 ± 13 <0.0001
IL-6 (pg/mL) 45.7 ± 10.6 15.9 ± 6.9 <0.05
IL-1𝛽 (pg/mL) 11.71 ± 3.96 1.2 ± 0.8 <0.0001
TNF-𝛼 (pg/mL) 52.56 ± 8.92 13.1 ± 2.6 <0.05
IFN-𝛾 (pg/mL) 28.3 ± 8.5 0.98 ± 0.6 <0.0001
Erythrocytes (𝑛 × 106) 3.36 ± 0.46 4.75 ± 0.26 <0.05
Hemoglobin (g/dL) 10.20 ± 1.33 13.46 ± 0.6 <0.05
Ferritin (ng/mL) 287 (150–437) 176 (163–189) 0.01
CKD: chronic kidney disease; HS: healthy subjects; hsCRP: high-sensitivity C-reactive protein; ALPh: alcaline phosphatase; ESR: erythrocyte sedimentation
rate; NGAL: neutrophil gelatinase associated lipocalin; IL-17: interleukin-17; IL-6: interleukin-6; IL-1𝛽: interleukin-1 beta; IFN-𝛾: interferon-gamma; TNF-𝛼:
tumor necrosis factor-alpha.

for nonnormally distributed values. Differences between
groups were established by unpaired 𝑡 test for normally
distributed values and by Kruskal-Wallis analysis followed by
Dunn’s test for nonparametric values. Spearman’s correlation
coefficient was calculated to examine the relation between
variables. Before testing correlations, all nonnormally dis-
tributed values were log-transformed to better approximate
normal distributions. Stepwise multiple regression analyses
were performed in order to assess independent relationships.
All results were considered significant if 𝑝 was < 0.05.

3. Results

3.1. In Vivo. Themain characteristics of the study cohort are
summarized in Table 1. The mean age of CKD patients was
62.9 ± 14 years.

The calcium/phosphorus metabolism was significantly
altered in CKD subjects compared with HS, total serum
calcium levels being lower and phosphorus and the serum
CaxP product higher. At baseline, 25(OH)-vitamin D levels
were low in CKD patients: all of our study participants had
baseline 25(OH)-vitamin D levels <20 ng/mL, and 70% had a
level <15 ng/mL. PTH levels were significantly higher in CKD
patients compared with healthy controls (𝑝 < 0.0001).

Inflammatory markers, such as ESR and hsCRP, were
higher than values in healthy controls (𝑝 < 0.0001). Sixty
percent of our patients had an elevated baseline hsCRP

(>2.5mg/L), while seventy percent had ESR values
>30mm/h. Also baseline plasmatic and urinary NGAL val-
ues and plasmatic inflammatory cytokines (IL-17, IL-6, IL-1𝛽,
TNF-𝛼, and IFN-𝛾) in CKD patients were significantly
higher than in healthy subjects.

After intravenous paricalcitol administration, there was a
significant increase in 25(OH)-vitamin D levels (𝑝 < 0.0001)
associated with a reduction of PTH, but not in a statistically
significant way (𝑝 = 0.2).

Calcium and phosphorus levels andCaxP product did not
change in significant way.

ESR values were reduced after paricalcitol in a statistically
significant way (𝑝 = 0.02); hsCRP values were also reduced,
but not in a significant way (𝑝 = 0.3). After paricalcitol
supplementation, a significant reduction (𝑝 < 0.0001) in
NGAL values and in cytokine levels occurred in plasma
samples obtained from CKD patients, Figure 1.

We observed a slight reduction in the levels of albu-
minuria 24 h and proteinuria 24 h in CKD patients after
paricalcitol, but not in a significant way (𝑝 = 0.1).

3.2. In Vitro. PBMC stimulation induced a significantNGAL
upregulation and cytokine production, both in uremic
patients and HS compared with unstimulated PBMC.

In CKD patients after paricalcitol supplementation, there
was a significant reduction of NGAL and inflammatory
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Figure 1: Values of serological parameters, before and after paracalcitol supplementation. A significant reduction (𝑝 < 0.0001) in NGAL
values and in cytokine levels (IL-17, IFN-gamma, IL-1 beta, TNF-alfa, and IL-6) occurred fromplasma samples obtained from all CKDpatients
∗𝑝 < 0.0001.

cytokine production by stimulated PBMC (𝑝 < 0.0001),
returning to values similar to those of healthy subjects.

Table 2 summarizes those results.

Univariate Correlations for Paricalcitol.At univariate analysis,
in vivo NGAL was found to be directly correlated with ESR
(𝑟 = 0.35; 𝑝 = 0.02), IL-17 (𝑟 = 0.64; 𝑝 < 0.0001), IL-6
(𝑟 = 0.90; 𝑝 < 0.0001), IFN-𝛾 (𝑟 = 0.90; 𝑝 < 0.0001), IL-1𝛽

(𝑟 = 0.51; 𝑝 = 0.0007), TNF-𝛼 (𝑟 = 0.59; 𝑝 < 0.0001), and
hsPCR (𝑟 = 0.81; 𝑝 < 0.0001).

In vitro NGAL was found to be directly correlated with
ESR (𝑟 = 0.35; 𝑝 = 0.02), hsPCR (𝑟 = 0.36; 𝑝 = 0.002), IL-17
(𝑟 = 0.97, 𝑝 < 0.0001), IL-6 (𝑟 = 0.94, 𝑝 < 0.0001), IL-1𝛽
(𝑟 = 0.97; 𝑝 < 0.0001), and TNF-𝛼 (𝑟 = 0.96; 𝑝 < 0.0001),
while an inverse correlation was found with 25(OH)-vitamin
D levels (𝑟 = −0.48; 𝑝 = 0.001).
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Table 2: Production in vitro of NGAL and inflammatory cytokines.

(a) CKD patients

Before paricalcitol After paricalcitol
PBMC + PHA PBMC PBMC + PHA PBMC
(10𝜇g/mL) (10𝜇g/mL)

IL-17 (pg/mL) 39 ± 6.2 <15 19 ± 3.8 <15
IL-6 (pg/mL) 66 ± 9.8 <1.4 31 ± 5.9 <1.4
IFN-𝛾 (pg/mL) 174 ± 32.9 <1.5 78 ± 11.7 <1.5
IL-1𝛽 (pg/mL) 97 ± 13.3 <1 42 ± 4.3 <1
TNF-𝛼 (pg/mL) 202 ± 31.4 <1.6 104 ± 15.8 <1.6
NGAL (ng/mL) 78 ± 9.2 <0.1 21 ± 4.1 <0.1

(b) HS

PBMC + PHA PBMC
(10𝜇g/mL)

IL-17 (pg/mL) 21 ± 2.9 <15
IL-6 (pg/mL) 32 ± 4.2 <1.4
IFN-𝛾 (pg/mL) 59 ± 7.9 <1.5
IL-1𝛽 (pg/mL) 43 ± 7.1 <1
TNF-𝛼 (pg/mL) 97 ± 13.9 <1.6
NGAL (ng/mL) 16 ± 3.1 <0.1
CKD: chronic kidney disease; HS: healthy subjects; NGAL: neutrophil
gelatinase associated lipocalin; IL-17: interleukin-17; IL-6: interleukin-6; IL-
1𝛽: interleukin-1 beta; IFN-𝛾: interferon-gamma; TNF-𝛼: tumor necrosis
factor-alpha.

In contrast, no significant correlation was found for
other parameters such as albuminuria, proteinuria 24 h, PTH,
calcium, or phosphorus (𝑟 range from 0.42 to 0.12; 𝑝 range
from 0.82 to 0.27).

Multiple Regression Analysis. All variables found to be sig-
nificantly correlated with NGAL at univariate analysis were
introduced in a multivariate model using NGAL as a depen-
dent variable. In vivo, after adjustment for other factors,
significance was maintained for the correlation between
NGAL and ESR (𝛽 = 0.32; 𝑝 = 0.001), hsCRP (𝛽 = 0.81;
𝑝 < 0.0001), IL-17 (𝛽 = 0.32; 𝑝 = 0.006), IL-6 (𝛽 = 0.78;
𝑝 < 0.0001), and IFN-𝛾 (𝛽 = 0.75; 𝑝 < 0.0001) and TNF-𝛼
(𝛽 = 0.76; 𝑝 < 0.0001).

In vitro significance was maintained for the correlation
between NGAL and 25(OH)-vitamin D (𝛽 = −0.28, 𝑝 =
0.001) and IL-1𝛽 (𝛽 = 0.08, 𝑝 = 0.001), IL-6 (𝛽 = 0.59, 𝑝 =
0.0001), and TNF-𝛼 (𝛽 = 0.43, 𝑝 = 0.002). In contrast, the
correlation with ERS, hsCRP, and IL-17, found at univariate
analysis, was lost.

Table 3 summarizes the data obtained.

4. Discussion

Aside from its classical role as a modulator of calcium
metabolism and bone health, vitamin D has been shown to
have potent anti-inflammatory effects and, consequently, has
been considered for adjunctive therapy in the treatment of
numerous chronic diseases including asthma, arthritis, and

Table 3: Univariate and multiple regression analysis of NGAL in
CKD patients.

(a) In vivo

Variable Partial 𝑅 𝛽 𝑝 value
ESR 0.35 (p= .02) 0.32 0.001
hs-CRP 0.81 (p< 0.0001) 0.81 <0.0001
IL-17 0.64 (p< 0.0001) 0.32 0.006
IL-6 0.90 (p< 0.0001) 0.78 <0.0001
IFN-𝛾 0.90 (p< 0.0001) 0.75 <0.0001
TNF-𝛼 0.59 (p< 0.0001) 0.76 <0.0001
IL-1𝛽 0.51 (p= 0.0007) 0.23 0.13

(b) In vitro

Variable Partial 𝑅 𝛽 𝑝 value
ESR 0.35 (p= 0.02) 0.75 0.4
hs-CRP 0.36 (p= 0.002) 0.35 0.3
IL-17 0.97 (p< 0.0001) 0.41 0.07
IL-6 0.94 (p< 0.0001) 0.59 0.0001
TNF-𝛼 0.96 (p< 0.0001) 0.43 0.0002
IL-1𝛽 0.97 (p< 0.0001) 0.08 0.001
Vitamin D −0.48 (p= 0.001) −0.28 0.001
Dependent variable: NGAL; 𝛽: standardized coefficient of correlation.
NGAL: neutrophil gelatinase associated lipocalin; IL-17: interleukin-17; IL-
6: interleukin-6; IL-1𝛽: interleukin-1 beta; IFN-𝛾: interferon-gamma; TNF-
𝛼: tumor necrosis factor-alpha; hsCRP: high-sensitivity C-reactive protein;
ESR: erythrocyte sedimentation rate.

prostate cancer [1, 3]. A variety of pro- and anti-inflammatory
effects for vitamin D have previously been reported [5].

We showed the acute effects of a single intravenous
administration of paricalcitol on inflammation in vivo and
in vitro. For this purpose, we used NGAL, IL-17, IL-6, IL-
1𝛽, TNF-𝛼, and IFN-𝛾 as inflammatory markers. In recent
years, 25(OH)-vitamin D deficiency in humans has received
significant attention in CKD patients [26]. Moreover, VDR
gene polymorphisms have been shown to be associated with
left ventricle hypertrophy in patients with renal diseases [27].

Our results demonstrate that paricalcitol possesses
an anti-inflammatory activity, resulting in a significant
reduction of inflammatory markers and proinflammatory
cytokines in patients with advanced CKD.

After acute paricalcitol supplementation, there is a signif-
icant reduction in plasmatic and urinary NGAL values and in
IL-17, IL-6, IL-1𝛽, TNF-𝛼, and IFN-𝛾 levels in CKD patients;
values return to a normal range.

It is known that 1,25(OH)2 vitamin D3 modulates the
immune system by determining direct regulatory effects
on the functions of B and T lymphocytes and influencing
the phenotype and function of the antigen presenting cells
(APC) and dendritic cells (DC), promoting properties that
favor the induction of tolerogenic T regulators rather than
T effectory [28]. This adjustment is mediated by the action
of 1,25(OH)2D3 on nuclear transcription factors, such as
NF-AT and NF-𝜅B or direct interaction with VDRE in the
promoter regions of the genes of cytokines. The vitamin is
produced by the macrophages and by DC, T, and B cells, and
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is, therefore, capable of contributing physiologically, through
VDR expressed in their nucleus, to the regulation of innate,
rather than adaptive, autocrine and paracrine immunity [28,
29]. Vitamin D also enhances the response of the innate
immune system through activation of toll-like receptor (TLR)
[30, 31].

Our results confirm vitamin D immunomodulatory
action, which is conducted by effectively inhibiting proin-
flammatory cytokines (IL-17, IL-6, IL-1𝛽, TNF-𝛼, and IFN-𝛾)
produced in vitro by PBMC.

In vivo basal production of IL-17, IL-6, IL-1𝛽, IFN-𝛾, TNF-
𝛼, and NGAL is increased in CKD patients compared to
healthy controls.

In vitro the PBMC produced a significant upregulation of
NGAL, IL-17, IL-6, IL-1𝛽, TNF-𝛼, and IFN-𝛾 in both uremic
patients and HS. Paricalcitol supplementation determined a
significant reduction of NGAL and inflammatory cytokine
production by PBMC in CKD patients.

Thus, the anti-inflammatory effects of paricalcitol appear
to be mediated by non-PTH mechanisms.

As already mentioned, our study confirmed calcium-
phosphorus metabolism alterations in CKD patients, but
PTH did not vary in a significant way and no correlation
was found between inflammatory indices and values of PTH,
calcium, or phosphorus in vivo or in vitro.

After intravenous paricalcitol administration associated
with a significant increase in 25(OH)-vitamin D levels, there
was a reduction of PTH levels, but not in a statistically
significant way. Probably a single acute administration of par-
icalcitol is not sufficient to determine a significant reduction
of PTH levels but, by VDR binding, increases the amount of
free and measurable 25(OH)-vitamin D in circulation.

A recent study has found that human monocytes are
capable of responding to treatment with two different forms
of vitamin D: 1,25(OH)2 vitamin D3 and 25(OH) vitamin
D3. 25(OH) vitamin D3 is converted into a functionally
active form, 1,25(OH)2 vitamin D3, by the enzyme 25-
hydroxyvitamin D3-1a-hydroxylase (CYP27b1), a process
that primarily occurs in the kidneys [32, 33]. However, it
has been shown that monocytes, macrophages, and dendritic
cells also express CYP27b1 [30, 34]. Therefore, 1,25(OH)2
vitamin D3 can be produced locally and exerts immunomod-
ulatory effects [35].

Moreover, Zhang et al. demonstrated that 15 ng/mL
25(OH) vitamin D3 [a concentration amount considered as
vitamin D deficiency in this study] did not suppress LPS-
induced cytokine (IL-6 and TNF-𝛼) production in human
monocytes. Conversely, they found that 25(OH) vitamin D3
at 30 ng/mL (a level considered to be sufficient in humans)
significantly inhibited cytokine production induced by LPS,
in vitro [36].

These data support the hypothesis that, to achieve optimal
anti-inflammatory effects by vitamin D, it is important to
maintain serum 25(OH)-vitamin D levels at 30 ng/mL in the
physiologic range [37].

At baseline, 25(OH)-vitamin D levels were low in CKD
patients: all of our study participants had baseline 25(OH)-
vitamin D levels <20 ng/mL, and 70% had a level <15 ng/mL,
which is not surprising as 1,25(OH)2 vitamin D3 deficiency

occurs early in the course of kidney disease, given that the
renal tubule is the site of active vitamin D3 synthesis [38].

After intravenous paricalcitol administration, there was
a significant increase in 25(OH)-vitamin D levels. This
increased production was accompanied by a highly signi-
ficant reduction of the production of proinflammatory cytok-
ines.

The low levels of 25(OH)-vitamin D may, therefore,
favour the onset and the maintenance of chronic inflamma-
tion typical of our patients.

Current studies suggest that patients with chronic inflam-
matory diseases, who are vitamin D deficient (20 ng/mL),
may benefit from oral supplementation to achieve serum
25(OH) vitamin D3 levels >30 ng/mL [36]. Additionally,
active vitamin D may delay the progression of CKD [39].

In conclusion, our findings demonstrate reduction in
inflammation after acute treatment with paricalcitol in
patients with CKD and also confirm the involvement of this
hormone inmineralmetabolism. Furthermore, these benefits
were not attributable to improvement in PTH.

In view of its important anti-inflammatory and immun-
omodulatory role, vitaminD can be used for therapeutic pur-
poses in patients with CKD in addition to its specific role for
secondary hyperparathyroidism. It is important to maintain
serum levels of 25(OH)-vitamin D ≥ the value of 30 ng/mL
in order to prevent the onset of subclinical inflammation
typical of the terminal stages of CKD. It can also reduce the
risk of cardiovascular diseases and proteinuria, especially as
a preventive drug in early-stage patients.

The results of the present study show not only the appear-
ance of new anti-inflammatory options offered by vitamin D,
but also a new avenue of investigation on the effects of this
vitamin on the complex cytokine network, with implications
that go beyond the contrast of anti-inflammatory response.
Indeed, vitaminD exerts direct effects on T cells andmodifies
their response to activation, thereby playing a key role in
adaptive immune responses.The anti-inflammatory effects of
vitamin D would consequently allow clinicians to intervene
in diseases resulting from inappropriate type 1 immune
responses.

Conflict of Interests

Silvia Lucisano, Adriana Arena, Giovanna Stassi, Daniela
Iannello, Gaetano Montalto, Adolfo Romeo, Giuseppe
Costantino, Rosaria Lupica, Valeria Cernaro, Domenico
Santoro, and Michele Buemi declare no conflict of interests.

References

[1] L. A. Plum and H. F. Deluca, “Vitamin D, disease and therapeu-
tic opportunities,”Nature Reviews Drug Discovery, vol. 9, no. 12,
pp. 941–955, 2010.

[2] D. A. Searing, Y. Zhang, J. R. Murphy, P. J. Hauk, E. Goleva, and
D. Y. M. Leung, “Decreased serum vitamin D levels in children
with asthma are associated with increased corticosteroid use,”
Journal of Allergy and Clinical Immunology, vol. 125, no. 5, pp.
995–1000, 2010.



International Journal of Endocrinology 7

[3] A.V.Krishnan andD. Feldman, “Molecular pathwaysmediating
the anti-inflammatory effects of calcitriol: implications for
prostate cancer chemoprevention and treatment,” Endocrine-
Related Cancer, vol. 17, no. 1, pp. R19–R38, 2010.

[4] S.Wu and J. Sun, “VitaminD, vitaminD receptor, andmacroau-
tophagy in inflammation and infection,” Discovery Medicine,
vol. 11, no. 59, pp. 325–335, 2011.

[5] X. Guillot, L. Semerano, N. Saidenberg-Kermanac’h, G. Falgar-
one, and M.-C. Boissier, “Vitamin D and inflammation,” Joint
Bone Spine, vol. 77, no. 6, pp. 552–557, 2010.

[6] M. Mizobuchi, J. Morrissey, J. L. Finch et al., “Combination
therapy with an angiotensin-converting enzyme inhibitor and
a vitamin D analog suppresses the progression of renal insuf-
ficiency in uremic rats,” Journal of the American Society of
Nephrology, vol. 18, no. 6, pp. 1796–1806, 2007.

[7] S. Matthias, R. Busch, J. Merke, G. Mall, M. Thomasset, and E.
Ritz, “Effects of 1,25(OH)

2

D
3

on compensatory renal growth in
the growing rat,”Kidney International, vol. 40, no. 2, pp. 212–218,
1991.

[8] U. Schwarz, K. Amann, S. R. Orth, A. Simonaviciene, S.Wessels,
and E. Ritz, “Effect of 1,25(OH)

2

vitamin D
3

on glomeruloscle-
rosis in subtotally nephrectomized rats,” Kidney International,
vol. 53, no. 6, pp. 1696–1705, 1998.

[9] K. Makibayashi, M. Tatematsu, M. Hirata et al., “A vitamin D
analog ameliorates glomerular injury on rat glomerulonephri-
tis,”The American Journal of Pathology, vol. 158, no. 5, pp. 1733–
1741, 2001.

[10] V. Panichi,M.Migliori, D. Taccola et al., “Effects of 1,25(OH)
2

D
3

in experimental mesangial proliferative nephritis in rats,” Kid-
ney International, vol. 60, no. 1, pp. 87–95, 2001.

[11] D. Zehnder, M. Quinkler, K. S. Eardley et al., “Reduction of the
vitaminD hormonal system in kidney disease is associated with
increased renal inflammation,”Kidney International, vol. 74, no.
10, pp. 1343–1353, 2008.

[12] S. Lucisano, M. Buemi, A. Passantino, C. Aloisi, V. Cernaro,
and D. Santoro, “New insights on the role of vitamin D in
the progression of renal damage,” Kidney and Blood Pressure
Research, vol. 37, no. 6, pp. 667–678, 2013.

[13] M. Teng, M. Wolf, M. N. Ofsthun et al., “Activated injectable
vitamin D and hemodialysis survival: a historical cohort study,”
Journal of the American Society of Nephrology, vol. 16, no. 4, pp.
1115–1125, 2005.

[14] M. Hirata, K. Makibayashi, K. Katsumata et al., “22-Oxacalcit-
riol prevents progressive glomerulosclerosis without adversely
affecting calcium and phosphorus metabolism in subtotally
nephrectomized rats,”NephrologyDialysis Transplan-tation, vol.
17, no. 12, pp. 2132–2137, 2002.

[15] C. M. Veldman, M. T. Cantorna, and H. F. DeLuca, “Expression
of 1,25-dihydroxyvitamin D

3

receptor in the immune system,”
Archives of Biochemistry and Biophysics, vol. 374, no. 2, pp. 334–
338, 2000.

[16] C. Mathieu and L. Adorini, “The coming of age of 1,25-
dihydroxyvitamin D

3

analogs as immunomodulatory agents,”
Trends in Molecular Medicine, vol. 8, no. 4, pp. 174–179, 2002.

[17] E. Van Etten and C. Mathieu, “Immunoregulation by 1,25-
dihydroxyvitamin D

3

: basic concepts,” Journal of Steroid Bio-
chemistry and Molecular Biology, vol. 97, no. 1-2, pp. 93–101,
2005.

[18] L. Kjeldsen, D. F. Bainton, H. Sengeløv, and N. Borregaard,
“Identification of neutrophil gelatinase-associated lipocalin as a
novelmatrix protein of specific granules in human neutrophils,”
Blood, vol. 83, no. 3, pp. 799–807, 1994.

[19] T. H. Flo, K. D. Smith, S. Sato et al., “Lipocalin 2 mediates an
innate immune response to bacterial infection by sequestrating
iron,” Nature, vol. 432, no. 7019, pp. 917–921, 2004.

[20] H. R. Jang and H. Rabb, “The innate immune response in
ischemic acute kidney injury,”Clinical Immunology, vol. 130, no.
1, pp. 41–50, 2009.

[21] G. R. Kinsey, L. Li, and M. D. Okusa, “Inflammation in acute
kidney injury,” Nephron Experimental Nephrology, vol. 109, no.
4, pp. e102–e107, 2008.

[22] K. Colpaert and E. A. Hoste, “Acute kidney injury in burns: a
story of volume and inflammation,” Critical Care, vol. 12, no. 6,
pp. 192–193, 2008.

[23] J. B. Cowland, T. Muta, and N. Borregaard, “IL-1𝛽-specific
up-regulation of neutrophil gelatinase-associated lipocalin is
controlled by I𝜅B-𝜁,” The Journal of Immunology, vol. 176, no.
9, pp. 5559–5566, 2006.

[24] D. Bolignano, V. Donato, G. Coppolino et al., “Neutrophil
gelatinase-associated lipocalin (NGAL) as a marker of kidney
damage,”American Journal of Kidney Diseases, vol. 52, no. 3, pp.
595–605, 2008.

[25] M. Haase, R. Bellomo, P. Devarajan et al., “Accuracy of neu-
trophil gelatinase-associated lipocalin (NGAL) in diagnosis and
prognosis in acute kidney injury: a systematic review andmeta-
analysis,”American Journal of Kidney Diseases, vol. 54, no. 6, pp.
1012–1024, 2009.

[26] D. Santoro, D. Caccamo, G. Gagliostro et al., “Vitamin D
metabolism and activity as well as genetic variants of the
vitamin D receptor (VDR) in chronic kidney disease patients,”
Journal of Nephrology, vol. 26, no. 4, pp. 636–644, 2013.

[27] D. Santoro, G. Gagliostro, A. Alibrandi et al., “Vitamin D
receptor gene polymorphism and left ventricular hypertrophy
in chronic kidney disease,”Nutrients, vol. 6, no. 3, pp. 1029–1037,
2014.

[28] M. Cutolo, “Vitamin D and autoimmune rheumatic diseases,”
Rheumatology, vol. 48, no. 3, pp. 210–212, 2009.

[29] E. Van Etten and C. Mathieu, “Immunoregulation by 1,25-
dihydroxyvitamin D

3

: basic concepts,” The Journal of Steroid
Biochemistry and Molecular Biology, vol. 97, no. 1-2, pp. 93–101,
2005.

[30] P. T. Liu, S. Stenger, H. Li et al., “Toll-like receptor triggering of
a vitamin D-mediated human antimicrobial response,” Science,
vol. 311, no. 5768, pp. 1770–1773, 2006.

[31] M. Hewison, “Antibacterial effects of vitamin D,” Nature
Reviews Endocrinology, vol. 7, no. 6, pp. 337–345, 2011.

[32] P. Lips, “Vitamin D physiology,” Progress in Biophysics and
Molecular Biology, vol. 92, pp. 4–8, 2006.

[33] M. F. Holick, “Sunlight and vitamin D for bone health and pre-
vention of autoimmune diseases, cancers, and cardiovascular
disease,” The American Journal of Clinical Nutrition, vol. 80,
supplement 6, pp. 1678S–1688S, 2004.

[34] M. Hewison, L. Freeman, S. V. Hughes et al., “Differential
regulation of vitamin D receptor and its ligand in human
monocyte-derived dendritic cells,” The Journal of Immunology,
vol. 170, no. 11, pp. 5382–5390, 2003.

[35] M. Hewison, F. Burke, K. N. Evans et al., “Extra-renal 25-
hydroxyvitamin D

3

-1𝛼-hydroxylase in human health and dis-
ease,”The Journal of Steroid Biochemistry andMolecular Biology,
vol. 103, no. 3–5, pp. 316–321, 2007.

[36] Y. Zhang, D. Y. M. Leung, B. N. Richers et al., “Vitamin
D inhibits monocyte/macrophage proinflammatory cytokine
production by targeting MAPK phosphatase-1,” The Journal of
Immunology, vol. 188, no. 5, pp. 2127–2135, 2012.



8 International Journal of Endocrinology

[37] D. D. Bikle, “Vitamin D: newly discovered actions require
reconsideration of physiologic requirements,” Trends in
Endocrinology andMetabolism, vol. 21, no. 6, pp. 375–384, 2010.

[38] A. Levin, G. L. Bakris, M. Molitch et al., “Prevalence of
abnormal serum vitamin D, PTH, calcium, and phosphorus
in patients with chronic kidney disease: results of the study to
evaluate early kidney disease,” Kidney International, vol. 71, no.
1, pp. 31–38, 2007.

[39] J. Tian, Y. Liu, L. A.Williams, andD. de Zeeuw, “Potential role of
active vitamin D in retarding the progression of chronic kidney
disease,” Nephrology Dialysis Transplantation, vol. 22, no. 2, pp.
321–328, 2007.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


