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A B S T R A C T

Background: 1, 25-Dihydroxyvitamin D3 (1, 25(OH)2D3), an active form of vitamin D3, plays a crucial role
in the mitigation of inflammation damage. Recent studies have revealed that apelin and its receptor
(apelin/APJ system) could significantly ameliorate LPS-induced inflammation-response. This investiga-
tion aimed to appraise the effects of 1, 25(OH)2D3 on the apelin/APJ system and production of adhesion
molecules and inflammatory mediators in LPS–activated RAW264.7 macrophage cells.
Methods: Murine RAW264.7 cells were pretreated with 1, 25(OH)2D3, followed stimulation with LPS
(1 mg/mL) for 24 h. The effect of 1, 25(OH)2D3 on LPS-induced cell injury was determined by MTT assay,
whereas, enzyme-linked immunosorbent assay (ELISA), qPCR and western blotting were used to evaluate
cytokine production and apelin/APJ system expression. Intercellular adhesion molecule-1 (ICAM-1) and
vascular cell adhesion molecule-1 (VCAM-1) protein expression were measured by flow cytometry.
Results: The levels of IL-1β, IL-6, and TNF-α cytokines were significantly increased by incubation with LPS.
LPS also increased the protein expression of adhesion molecules, including VCAM-1 and ICAM-1.
However, pretreatment with 1, 25(OH)2D3 markedly inhibited LPS-induced production of inflammatory
cytokines and adhesion molecules. Moreover, we found that 1, 25(OH)2D3 could induced the apelin/APJ
system expression. Further experiments demonstrated the significant increase of apelin/APJ system
expression at both the protein and mRNA levels in LPS-activated cells when pretreated with 1, 25(OH)2D3.
Conclusion: Taken together, our results indicated that 1, 25(OH)2D3 confers an anti-inflammatory effect
through a likely mechanism involving a reduction in pro-inflammatory mediators and adhesion
molecules via up-regulation of the apelin/APJ system in RAW264.7 cells.
© 2019 Maj Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier B.V. All rights

reserved.
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Introduction

The inflammatory is a local response of the immune system
defense against cell injury. The excessive inflammatory response to
injury is known as a major problem for the progression of diseases
such as atherosclerosis, inflammatory bowel disease, rheumatoid
arthritis, and sepsis [1]. The production of pro-inflammatory
cytokines such as tumor necrosis factor-α (TNF-α), interleukin
(IL)-1, IL-6, and nitric oxide by macrophage have been proposed in
development of Lipopolysaccharide (LPS)-induced cell injury.
However, macrophage activation modulates the amount of pro-
d by Elsevier B.V. All rights reserved.
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inflammatory mediators synthesize in immune response, thereby
amplify the host response to the cell injury. Conversely, excessive
macrophage activation by an increase in cytokine production could
have detrimental effects [2,3]. In addition, adhesion molecules
such as induced vascular cell adhesion molecule-1 (VCAM-1) and
vascular cell adhesion molecule-1 (VCAM-1) are essential for the
mediation of macrophages binding to epithelial cell in inflamma-
tory conditions. Studies have revealed that activation of TNF-α by
nuclear factor-kB (NF-kB) induced VCAM-1 and ICAM-1 expres-
sion to indicate the severity of inflammation in RAW264.7 cells
[4,5]. Reports have confirmed that LPS, from the cell wall of Gram-
negative bacteria, causes cytokines and reactive oxygen species
(ROS) production in macrophage cells and associated with
multiorgan dysfunction such as myocardial dysfunction in septic
shock [6,7]. TNF-α production by LPS synergically enhanced large
amounts of cytokine production in macrophage cells. Therefore,
prevention of macrophages activation and inflammatory media-
tors may ameliorate the severity of inflammatory diseases [8,9].

Apelin, identified as an endogenous ligand of the orphan G
protein-coupled receptor APJ, is known to have many important
physiological functions. The main sources of apelin in serum are
adipocytes cells and also found in a wide variety of human tissues.
Apelin is initially synthesized as a 77-amino acid pre-propeptide
that finally is cleaved to mature shorter peptides of 36,17,13 and 12
amino acids in length [10]. Many factors such as hypoxia, oxidative
stress, inflammation are regulated by apelin expression [11]. A
number of studies indicated that apelin has the main role in the
inhibition of cell apoptosis, inflammation and macrophage
activation [12,13]. The anti-inflammatory effect of apelin by
down-regulation of the inflammatory cytokines in cultured cells
has been shown in vitro and in vivo studies. It has been reported
that apelin exhibited anti-inflammatory effects by a reduction in
TNF-α and IL-6 in rat peritoneal macrophages. In fact, apelin may
have anti-inflammatory properties that attenuate the functions of
activated macrophages [14–16].

1, 25-Dihydroxyvitamin D3 (1, 25(OH)2D3) is conceived as a key
mediator in response to inflammation. 1, 25(OH)2D3 has been
demonstrated that displays extraskeletal, anti-inflammatory and
immunomodulatory functions. Therefore, its deficiency may
trigger various inflammatory diseases like atherosclerosis [17].
Investigations represent that 1, 25(OH)2D3 can elevate the
differentiation rate of monocyte toward macrophages so barri-
cades the extrication of inflammatory cytokines and eventually,
diminishes the potency of antigens representing the process to
lymphocytes [18]. 1, 25(OH)2D3 has been involved in up-regulation
of anti-inflammatory cytokines like interleukin (IL)-10, provided
that it implicates in down-regulation of pro-inflammatory
cytokines production such as IL-6, IL-12, and TNF-α. It has been
suggested that 1, 25(OH)2D3 supplement can be used in chronic
inflammatory disease to moderate excessive cytokine activity
[19,20]. However, little is known from macrophage models about
the relationship between apelin/APJ system and 1, 25(OH)2D3.
Considering the ability of 1, 25(OH)2D3 against inflammation, we
aimed to underline 1, 25(OH)2D3 influence on the production of
pro-inflammatory mediators in LPS-activated RAW264.7 cells and
its direct effect on apelin expression in activated macrophage cells.

Material and methods

Cell culture and 1, 25(OH)2D3 treatments

Murine macrophage cell line (RAW264.7) was obtained from
Iran National Cell Bank (NCBI code: C639, Pasteur Institute,
Tehran). RAW264.7 cells were cultured in DMEM supplemented
with 10% fetal bovine serum (FBS; Gibco) and 1% penicillin/
streptomycin in 5% CO2 at 37 �C in humidified atmosphere. The 125
(OH)2D3 (Cayman Chemicals, Ann Arbor, USA) was dissolved in
ethanol for in vitro experiments and stored at �80�C until use. Cells
with 70–80% confluence were detached from culture plates by
using 0.25% Trypsin-EDTA solution (Gibco). After 3 to 4 passages,
cells were used for different analyses. Prior to the treatment, cells
were plated at a density of 5 � 104 cells/ml in 96-well plates for
further cell viability measurement. To run this assay, the medium
was replaced with fresh DMEM medium (0.5% FBS) containing
diluted 1, 25(OH)2D3 (25, 50, and 100 nM) for 4 h, followed
stimulation with 1 mg/mL of LPS (E. coli serotype 0127, B8, Sigma)
for an additional 24 h to make the cell injury model. Meanwhile,
the control cells were set in DMEM medium (1, 25(OH)2D3

untreated; 0.5% ethanol only). The viability of cells was measured
by the MTT assay, after interventions, 20 mL of 3-(4, 5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide ((MTT) solution of
5 mg/mL in PBS) were added to the each wells (0.5 mg/ml per well)
for another 4 h. Finally, the culture medium was carefully removed,
and 50 ml of dimethyl sulfoxide (DMSO) was added into each well.
The optical density at 570 nm was measured using the microplate
reader (Bio-Tek, ELX 800, USA).

Flow cytometry determination of ICAM-1 (CD54) and VCAM-1
(CD106)

For flow cytometry, after incubation, cells were washed and
incubated with fluorochrome-conjugated monoclonal antibodies
(mAbs) for 45 min at 4 �C. Phycoerythrin (PE) labeled anti-VCAM-1
(CD106) and PE-anti-ICAM-1 (CD54) was purchased from BD
Biosciences Inc. Background fluorescence was determined by
measuring the fluorescent signal from cells stained with fluoro-
chrome-labeled isotype-matched. Flow cytometry was performed
using a FACSCalibur (BD Biosciences) flow cytometer, and data
were analyzed using FlowJo software (Tree Star, Ashland, OR). In all
the experiments, cells were gated on forward and side scatter to
eliminate dead cells and debris.

Determination of IL‑1β, IL-6, and TNF-α

RAW264.7 cells were seeded onto 6-well plates at a density of
1 �106 cells/ml and incubated for overnight. Then, treated with
100 nM of 1, 25(OH)2D3 for 4 h, followed stimulation with LPS (1
mg/ml) and incubation for an additional 24 h. The concentration of
cytokines TNF-α, IL-1β, and IL-6 were quantified using mouse-
specific ELISA kit (ExCell Biotech (Taicang) Co., Ltd., China) according
to the manufacturer's instructions. The optical density (OD) was
measured at 450 nm using a microplate reader (stat fax 2100, USA).

Real-time quantitative PCR

RT-qPCR analysis was performed following standard protocols
as previously described [21]. Total RNA from Raw264.7 cells was
isolated by RNAX-Plus solution kit (Cat: YT9065; YTA Co) according
to the manufacturer instructions and 1 mg RNA was reverse
transcripted into cDNA (Cat no. YT4500, Yekta Tajhiz Azma). TNF-α,
IL-1β, IL-6, apelin, and APJ were quantified by using SYBR Green
PCR Master Mix (Yekta Tajhiz, Tehran, Iran) on a LightCycler1 96
real-time PCR detection system (Roche Molecular Systems, Inc).
β-actin was included as internal reference and data were analyzed
by 2–DDCt method. The sequences of primers used for the PCR were
exhibited in Table1.

Western blotting

The protein expression was measured by Western blotting
analysis. All of the primary and secondary antibodies were
purchased from Santa Cruz Biotechnology. Briefly, cells were



Fig. 1. Protective effect of 1, 25(OH)2D3 against LPS-activated RAW264.7 cells
cytotoxicity. 1, 25(OH)2D3 was no-toxic to RAW264.7 cells. Cells were pretreated
with 1, 25(OH)2D3 (25, 50, and 100 nM) for 4 h, and then stimulated with
lipopolysaccharide (LPS; 1 mg/ml) for 24 h. MTT assay was performed to assess the
cell viability of RAW264.7 cells. The values are expressed as the means � SEM.
**p < 0.01 vs. control group, #p < 0.05, ##p < 0.01 vs. LPS group (n = 3 in each group).

Table 1
Primer sequences used in quantitative real-time polymerase chain reaction (qPCR) analysis.

Gene name Forward/Reverse Primer Sequence (5-3) Accession number Annealing (8C)

Apelin F: CCTCCAGATGGAACAGGACTA NM_013912.4 59
R: GCGAAATTTCCTCCTGCCTCC

Apelin receptor (APJ) F: TGGCTGACTTGACCTTTGTG NM_011784.3 58
R: GCAAAAGACACTGGCGTACA

IL-1β F: GTTGACGGACCCCAAAAGAT NM_008361.4 59
R: CCTCATCCTGGAAGGTCCAC

IL-6 F: ACAAAGCCAGAGTCCTTCAGA NM_031168.2 58
R: TCCTTAGCCACTCCTTCTGT

TNF-α F: ACTGAACTTCGGGGTGATCG NM_013693.3 59
R: TCTTTGAGATCCATGCCGTTG

β-actin F: AGAGGGAAATCGTGCGTGAC NM_007393.5 60
R: CAATAGTGATGACCTGGCCGT
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washed with PBS and lysed in ice-cold RIPA lysis buffer containing
protease inhibitors (sc-24948). The supernatant was separated
from cell debris using centrifugation at 12,000 g for 10 min at 4 �C,
and protein concentration was determined via the Bradford assay
(Bio-Rad, Hercules, California). An equal amount of 40 mg of
protein from each sample was resolved in 12% Tris-glycine SDS
polyacrylamide gel (SDS-PAGE). Then, protein bands were trans-
ferred in Tris-glycine buffer at 300 mA for 1 h on to polyvinylidene
fluoride membranes (PVDF, Millipore Corporation, Bedford, MA,
USA). After blocking for 2 h in 5% (w/v) skimmed dry milk in Tris-
buffered saline containing Tween-20 (TBST) at room temperature,
the membrane was washed and incubated with appropriate
primary antibodies; Apelin (46 kDa);(1: 200 Santa Cruz, sc-
293441), APJ (42 kDa);(1: 200 Santa Cruz, sc-33823) and β-actin
(1: 4000 Santa Cruz, sc-69879) for 24 h at 4 �C. Afterward, the
membrane was washed with TBST and incubated with secondary
antibody (sc-2020) at room temperature for 2 h. Peroxidase
labeling bands were visualized by using Western blotting luminol
Reagent (Santa Cruz Technology, Santa Cruz, CA, USA). Semiquan-
titatively analyses on developed bands were performed by ImageJ
software (version 1.41). The relative protein levels of apelin and APJ
were normalized to β-actin. Blots were stripped and probed for β-
actin.

Statistical analysis

All statistical calculations were performed using SPSS 19.0
software and GraphPad Prism 6.0 software. The normality
distributions of results were analyzed by Kolmogorov–Smirnov
test. Also, the Levene test was applied for the equality of variances.
Differences between the groups were analyzed using a one-way
analysis of variance (ANOVA) followed by Tukey’s honestly
significant difference (HSD) multiple range test. All date are
expressed as mean � SEM. A value of p < 0.05 was considered
statistically significant.

Results

Effects of 1, 25(OH)2D3 on the cell viability in LPS-activated RAW264.7
macrophage cells

To evaluate the effects of 1, 25(OH)2D3 and LPS on the cell
viabilities of RAW264.7 cells, MTT assay was performed. The cells
were pretreated with various concentrations of 1, 25(OH)2D3 (25,
50, and 100 nM), followed stimulation with LPS for 24 h. An MTT
assay revealed that survival rate in LPS group was significantly
decreased as compared with the control group (p < 0.01; Fig. 1),
while in LPS treatment group, the significant increase in cell
viability was observed when pretreated with 50 nM and 100 nM of
1, 25(OH)2D3 as compared with LPS group (p < 0.05, p < 0.01,
respectively; Fig. 1). As shown in Fig. 1, up to 100 nM of 1, 25
(OH)2D3 treatment no cellular toxicity effects were observed in
Raw264.7 cells. In addition, 1, 25(OH)2D3 attenuated LPS induced
cell injury in macrophage cells in a concentration-dependent
manner. Moreover, The average levels of 25(OH)D3, an indicator of
optimal levels of vitamin D3 are thought to be about 70–100 nM in
serum [22]. So, was used 100 nM of 1, 25(OH)2D3 in the treated
group for subsequent experiments. Collectively, these results
indicated that 1, 25(OH)2D3 significantly protect macrophage cells
against LPS induced cytotoxicity in Raw264.7 cells.

1, 25(OH)2D3 inhibits the cytokines levels of TNF-α, IL-6, and IL-1β in
LPS-activated RAW264.7 macrophage cells

A number of studies have confirmed that overproduction of
proinflammatory mediators such as TNF-α, IL-6, and IL-1β, are
essential for the induction of chronic inflammation. To determine
the effect of 1, 25(OH)2D3 on the production of pro-inflammatory
mediator, we used ELISA in our study. As shown in Fig. 2, treatment
with LPS enhanced the activation of inflammatory cytokine both at
the mRNA and protein levels in RAW264.7 cells (p < 0.0001;
Fig. 2A, B). Meanwhile, mRNA and protein expression of IL-1β, IL-6,
and TNF-α were significantly blocked by 1, 25(OH)2D3 (100 nM) in
LPS treatment group (p < 0.001; Fig. 2A, B).



Fig. 2. 1, 25(OH)2D3 inhibits the inflammation in LPS-activated RAW264.7 cells. Cells were pretreated with 1, 25(OH)2D3 (100 nM) for 4 h, and then stimulated with
lipopolysaccharide (LPS; 1 mg/ml) for 24 h. (A) mRNA expression profile for IL-6, IL-1β and TNF-α. (B) Protein levels of IL-6, IL-1β and TNF-α in RAW264.7 cells. The values are
expressed as the means � SEM. ****p < 0.0001 vs. control group, ###p < 0.001 vs. LPS group (n = 3 in each group).

Fig. 3. 1, 25(OH)2D3 mitigates the surface expression of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) in LPS-activated
RAW264.7 cells. Cells were pretreated with 1, 25(OH)2D3 (100 nM) for 4 h, and then stimulated with lipopolysaccharide (LPS; 1 mg/ml) for 24 h. The surface protein expression
was measured by Flow cytometry. The values are expressed as the means � SEM. ***p < 0.001 vs. control group; ##p < 0.01 vs. LPS (n = 3 in each group).
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1, 25(OH)2D3 suppresses the cell surface expression of ICAM-1 and
VCAM-l in LPS-activated RAW264.7 macrophage cells

Expression of ICAM-1 (CD54) and VCAM-l (CD106) are
important in the development of atherosclerosis plaque through
activation of macrophage inflammatory cytokines. To investigate
whether 1, 25(OH)2D3 could inhibit ICAM-1 (CD54) and VCAM-l
expression we examined the protein expression of ICAM-1 (CD54)
and VCAM-l by Flow cytometry in LPS-activated RAW264.7
macrophage cells. As shown in Fig. 3, There was no obvious
difference between the control and 1, 25(OH)2D3 groups to the
VCAM-1 and ICAM-1 expression. In LPS group, LPS increased
significantly VCAM-1 and ICAM-1 protein expression on the
surface of RAW264.7 cells as compared with control and 1, 25
(OH)2D3 group, respectively (p < 0.001; Fig. 3B). However,
pretreated with 1, 25(OH)2D3 reduced protein expression of
VCAM-1 and ICAM-1 in LPS treatment group (p < 0.01).

1, 25(OH)2D3 augments apelin/APJ system in LPS-activated RAW264.7
macrophage cells

Studies have demonstrated that apelin/APJ system has an
important role in suppression of inflammation. We next deter-
mined whether 1, 25(OH)2D3 induced modulation of the apelin/APJ
system expression in RAW264.7 cells. Thus, qPCR and western
blotting were performed to analyze the mRNA and protein
expression of apelin/APJ. As shown in Fig. 4, 1, 25(OH)2D3

significantly increased the expression of both apelin and APJ
Fig. 4. 1, 25(OH)2D3 upregulates the protein and mRNA expression of apelin, and apeli
(OH)2D3 (100 nM) for 4 h, and then stimulated lipopolysaccharide (LPS; 1 mg/ml) for 24 h
measured using qPCR and western blot. (A) mRNA expression profile for apelin and APJ. (B
density of expression level of apelin and APJ. The values are expressed as the means � SEM
protein and mRNA expression values among groups; means followed by the same letter a
differences (p < 0.05), (n=3 in each group).
mRNA (p < 0.05; Fig. 4A). Interestingly, 1, 25(OH)2D3 showed a
synergistic effect on apelin and APJ mRNA expression level in LPS
treatment cells, although in the LPS group the difference did not
reach statistical significance. However, apelin and APJ protein
expression in RAW264.7 cells were consistent with its mRNA
expression patterns. Similarly, immunoblotting analysis showed
that both apelin and APJ protein expression was increased
significantly under 1, 25(OH)2D3 administration (p < 0.05;
Fig. 4B, C). These results showed that 1, 25(OH)2D3 significantly
increased apelin and APJ expression specifically under LPS
treatment.

Discussion

The activation of macrophage has been shown to play a crucial
role in the enhanced expression of several pro-inflammatory
cytokines, including IL-1β, IL-6, and TNF-α. The mechanisms
underlying the macrophage activation have been the subject of
intense investigation, especially its regulation and function in
inflammation [23]. In this current study, we evaluatedin vitro the
effects of 1, 25(OH)2D3 on proinflammatory cytokines and
adhesion molecules production with apelin/APJ system regulation
in LPS-activated RAW264.7 macrophage cells. We indicated that 1,
25(OH)2D3 treatment associated with a significant reduction in
TNF-α, IL-6, and IL-1β expression at mRNA and protein levels in
LPS-activated RAW264.7 cells. However, this findings were in
agreement with the previous studies that revealed the inhibitory
effects of 1, 25(OH)2D3 against inflammatory cytokines production
n receptor (APJ) in LPS-activated RAW264.7 cells. Cells were pretreated with 1, 25
. Relative expression profile for apelin and APJ in both protein and mRNA levels were
) Western blot analysis of apelin and APJ in RAW264.7 cells. (C) Quantification of the
. Western blot results are normalized to β-actin. Small letters compare every relative
re not different (p > 0.05), while means followed by different letters show significant
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in activated murine and human macrophages [24,25]. Further
experiments were carried out to investigate the effects of 1, 25
(OH)2D3 on VCAM-1 and ICAM-1 expression. The results clearly
showed that VCAM-1 and ICAM-1 protein expression were
completely abolished by 1, 25(OH)2D3 treatment in LPS-activated
macrophages. A number of studies have shown that 1, 25(OH)2D3

has potent anti-inflammatory effects and therefore has been
assumed for adjunctive therapy for numerous chronic diseases
including asthma, rheumatoid arthritis, and atherosclerosis
[26,27]. Studies have also revealed that 1, 25(OH)2D3 interferes
with NF-kB as a master regulator of inflammatory mediator by the
increased IkBα expression, consequently interfering with the
nuclear translocation of the activated NF-kB subunits [28]. Dong
Ma et al. identified that 1, 25(OH)2D3 regulates cell proliferation
and inflammation in macrophage cells by attenuating of NF-kB
subunit interaction [29].

The peptide apelin and its G-protein coupled receptor, APJ,
have been shown to be associated with the pathophysiology of
cardiovascular diseases [11]. However, several studies have
demonstrated the anti-inflammatory effects of apelin. Leeper
et al. showed that the apelin medicated attenuating of pro-
inflammatory cytokines in abdominal aortic aneurysm by
inhibiting of macrophage [12]. Furthermore, Izgut-Uysal
et al. confirmed that apelin inhibited the release of inflamma-
tory cytokines in LPS-activated peritoneal macrophages [14].
Zhang et al. reported the protective effects of apelin adminis-
tration against LPS-activated acute lung injury in vivo and in
vitro experiment [30]. Moreover, Liu et al. indicated the anti-
atherogenic effects of apelin by inhibition of foam cell
formation in THP-1 macrophage cells [31]. In vitro evidence
has shown that apelin repression by miR-497 facilitates foam
cell formation in human THP-1 cell line [15]. Nevertheless,
studies have attested the inhibitory effect of 1, 25(OH)2D3

against foam cell formation in macrophages from diabetics
patients [32]. However, an actual relationship between miR-
497 and 1, 25(OH)2D3 with regarding the apelin regulation is
not completely elucidated. Yang et al. reported that apelin and
APJ up-regulated in macrophage cells under hypoxia. They also
indicated that apelin treatment could protect RAW264.7
macrophage from apoptosis and inflammation process by
down-regulating chemokines and angiogenic factors [33]. Since
apelin plays a crucial role in atherosclerosis, we encourage to
determine that 1, 25(OH)2D3 could regulate apelin expression
in LPS-stimulated RAW264.7 cells. The direct effect of 1, 25
(OH)2D3 on apelin expression in macrophage cells physiology
has never been investigated to date. In this present in vitro
study, we explored that pretreatment of stimulated RAW264.7
cells with 1, 25(OH)2D3 augments significantly apelin/APJ and
improves LPS-activated cytotoxicity leading to the formation of
inflammatory cytokines in RAW264.7 cells.

These reports generate clues for the effect of 1, 25(OH)2D3 on
the apelin/APJ system activation in LPS-stimulated RAW264.7
macrophage cell. Recent work supports the protective effects of
apelin by pleiotropic mechanisms against injury induced by LPS
[13]. It is possible that some signaling pathway have been
implicated in 1, 25(OH)2D3 treatment. However, the limitations
of this investigation is the lack of study about the knockdown or
overexpression of apelin/APJ system effects on production of
inflammatory mediator for better understanding of the interplay
between 1, 25(OH)2D3 and apelin/APJ system in inflammation.
Taken together, our results demonstrated the anti-inflammatory
effects of 1, 25(OH)2D3 in LPS-activated RAW264.7 cells by the
prevention of inflammatory cytokines and adhesion molecules
production. Of particular importance, our results indicated that 1,
25(OH)2D3, as native form of vitamin D3, may regulate inflamma-
tory response in LPS-induced injury in macrophages through a
likely activation of apelin/APJ system and provided the new insight
into macrophage function.

Conflict of interest

The authors declare no conflict of interest.

Authors’ contributions

Yousef Faridvand, Maohammad Nouri and Sammad Ghaffari
designed experiments and analyzed results. Yousef Faridvand,
Nazanin Bagherpour-Hassanlouei, Samira Nozari, Nasrin Nasiri
and Hadi Rajabi performed experiments, wrote the manuscript,
and helped the manuscript revising and language editing.

Acknowledgments

The authors thank the Student Research Committee, Tabriz
University of Medical Sciences, Tabriz, Iran, for all support
provided.

References

[1] Fenyo IM, Gafencu AV. The involvement of the monocytes/macrophages in
chronic inflammation associated with atherosclerosis. Immunobiology
2013;218:1376–84.

[2] Tang J, Lobatto ME, Hassing L, van der Staay S, et al. Inhibiting macrophage
proliferation suppresses atherosclerotic plaque inflammation. Sci Adv 2015;1.

[3] Geovanini GR, Libby P. Atherosclerosis and inflammation: overview and
updates. Clin Sci 2018;132:1243–52.

[4] Wu S, Xu H, Peng J, Wang C, Jin Y, Liu K, et al. Potent anti-inflammatory effect of
dioscin mediated by suppression of TNF-alpha-induced VCAM-1, ICAM-1and
EL expression via the NF-kappaB pathway. Biochimie 2015;110:62–72.

[5] Remick DG, Strieter RM, Eskandari MK, Nguyen DT, Genord MA, Raiford CL,
et al. Role of tumor necrosis factor-alpha in lipopolysaccharide-induced
pathologic alterations. Am J Pathol 1990;136:49–60.

[6] Sebai H, Sani M, Aouani E, Ghanem-Boughanmi N. Cardioprotective effect of
resveratrol on lipopolysaccharide-induced oxidative stress in rat. Drug Chem
Toxicol 2011;34:146–50.

[7] Baumgarten G, Knuefermann P, Nozaki N, Sivasubramanian N, Mann DL,
Vallejo JG. In vivo expression of proinflammatory mediators in the adult heart
after endotoxin administration: the role of toll-like receptor-4. J Infect Dis
2001;183:1617–24.

[8] Kavurma MM, Rayner KJ, Karunakaran D. The walking dead: macrophage
inflammation and death in atherosclerosis. Curr Opin Lipidol 2017;28:91–8.

[9] Lei M, Jiao H, Liu T, Du L, Cheng Y, Zhang D, et al. siRNA targeting mCD14
inhibits TNF-alpha, MIP-2, and IL-6 secretion and NO production from LPS-
induced RAW264.7 cells. Appl Microbiol Biotechnol 2011;92:115–24.

[10] Kawamata Y, Habata Y, Fukusumi S, Hosoya M, Fujii R, Hinuma S, et al.
Molecular properties of apelin: tissue distribution and receptor binding.
Biochim Biophys Acta 2001;1538:162–71.

[11] Yu XH, Tang ZB, Liu LJ, Qian H, Tang SL, Zhang DW, et al. Apelin and its receptor
APJ in cardiovascular diseases. Clin Chim Acta 2014;428:1–8.

[12] Leeper NJ, Tedesco MM, Kojima Y, Schultz GM, Kundu RK, Ashley EA, et al.
Apelin prevents aortic aneurysm formation by inhibiting macrophage
inflammation. Am J Physiol Heart Circ Physiol 2009;296:H1329–35.

[13] Obara S, Akifusa S, Ariyoshi W, Okinaga T, Usui M, Nakashima K, et al.
Pyroglutamated apelin-13 inhibits lipopolysaccharide-induced production of
pro-inflammatory cytokines in murine macrophage J774. 1 cells. Mod Res
Inflamm 2014;3:59.

[14] Izgut-Uysal VN, Gemici B, Birsen I, Acar N, Ustunel I. The effect of apelin on the
functions of peritoneal macrophages. Physiol Res 2017;66:489–96.

[15] Cui J, Ren Z, Zou W, Jiang Y. miR-497 accelerates oxidized low-density
lipoprotein-induced lipid accumulation in macrophages by repressing the
expression of apelin. Cell Biol Int 2017;41:1012–9.

[16] Xin Q, Cheng B, Pan Y, Liu H, Yang C, Chen J, et al. Neuroprotective effects of
apelin-13 on experimental ischemic stroke through suppression of
inflammation. Peptides 2015;63:55–62.

[17] Cantorna MT, Snyder L, Lin YD, Yang L. Vitamin D and 1,25(OH)2D regulation of
T cells. Nutrients 2015;7:3011–21.

[18] Giraldo DM, Cardona A, Urcuqui-Inchima S. High-dose of vitamin D
supplement is associated with reduced susceptibility of monocyte-derived
macrophages to dengue virus infection and pro-inflammatory cytokine
production: an exploratory study. Clin Chim Acta 2018;478:140–51.

[19] Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu C. Vitamin D: modulator of the
immune system. Curr Opin Pharmacol 2010;10:482–96.

[20] Gubatan J, Mitsuhashi S, Longhi MS, Zenlea T, Rosenberg L, Robson S, et al.
Higher serum vitamin D levels are associated with protective serum cytokine
profiles in patients with ulcerative colitis. Cytokine 2018;103:38–45.

http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0005
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0005
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0005
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0010
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0010
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0015
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0015
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0020
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0020
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0020
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0025
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0025
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0025
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0030
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0030
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0030
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0035
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0035
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0035
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0035
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0040
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0040
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0045
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0045
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0045
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0050
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0050
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0050
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0055
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0055
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0060
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0060
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0060
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0065
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0065
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0065
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0065
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0070
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0070
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0075
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0075
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0075
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0080
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0080
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0080
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0085
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0085
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0090
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0090
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0090
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0090
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0095
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0095
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0100
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0100
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0100


Y. Faridvand et al. / Pharmacological Reports 71 (2019) 811–817 817
[21] Faridvand Y, Nozari S, Atashkhoei S, Nouri M, Jodati A. Amniotic membrane
extracted proteins protect H9c2 cardiomyoblasts against hypoxia-induced
apoptosis by modulating oxidative stress. Biochem Biophys Res Commun
2018;503:1335–41.

[22] Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B.
Estimation of optimal serum concentrations of 25-hydroxyvitamin D for
multiple health outcomes. Am J Clin Nutr 2006;84:18–28.

[23] Orekhov AN, Sobenin IA, Gavrilin MA, Gratchev A, Kotyashova SY, Nikiforov
NG, et al. Macrophages in immunopathology of atherosclerosis: a target for
diagnostics and therapy. Curr Pharm Des 2015;21:1172–9.

[24] Wang Q, He Y, Shen Y, Zhang Q, Chen D, Zuo C, et al. Vitamin D inhibits COX-2
expression and inflammatory response by targeting thioesterase superfamily
member 4. J Biol Chem 2014;289:11681–94.

[25] Villaggio B, Soldano S, Cutolo M. 1,25-dihydroxyvitamin D3 downregulates
aromatase expression and inflammatory cytokines in human macrophages.
Clin Exp Rheumatol 2012;30:934–8.

[26] Christakos S, Dhawan P, Verstuyf A, Verlinden L, Carmeliet G. Vitamin D:
Metabolism, Molecular Mechanism of Action, and Pleiotropic Effects. Physiol
Rev 2016;96:365–408.

[27] Calton EK, Keane KN, Newsholme P, Soares MJ. The impact of vitamin d levels
on inflammatory status: a systematic review of immune cell studies. PLoS One
2015;10:e0141770.
[28] Stio M, Martinesi M, Bruni S, Treves C, Mathieu C, Verstuyf A, et al. The Vitamin
D analogue TX 527 blocks NF-kappaB activation in peripheral blood
mononuclear cells of patients with Crohn’s disease. J Steroid Biochem Mol Biol
2007;103:51–60.

[29] Ma D, Zhang RN, Wen Y, Yin WN, Bai D, Zheng GY, et al. 1, 25(OH)2D3-induced
interaction of vitamin D receptor with p50 subunit of NF-kappaB suppresses
the interaction between KLF5 and p50, contributing to inhibition of LPS-
induced macrophage proliferation. Biochem Biophys Res Commun
2017;482:366–74.

[30] Zhang H, Chen S, Zeng M, Lin D, Wang Y, Wen X, et al. Apelin-13 Administration
Protects Against LPS-Induced Acute Lung Injury by Inhibiting NF-kappaB
Pathway and NLRP3 Inflammasome Activation. Cell Physiol Biochem
2018;49:1918–32.

[31] Liu XY, Lu Q, Ouyang XP, Tang SL, Zhao GJ, Lv YC, et al. Apelin-13 increases
expression of ATP-binding cassette transporter A1 via activating protein
kinase C alpha signaling in THP-1 macrophage-derived foam cells.
Atherosclerosis 2013;226:398–407.

[32] Riek AE, Oh J, Bernal-Mizrachi C. Vitamin D regulates macrophage
cholesterol metabolism in diabetes. J Steroid Biochem Mol Biol
2010;121:430–3.

[33] Yang F, Bai Y, Jiang Y. Effects of Apelin on RAW264.7 cells under both normal
and hypoxic conditions. Peptides 2015;69:133–43.

http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0105
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0105
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0105
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0105
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0110
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0110
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0110
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0115
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0115
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0115
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0120
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0120
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0120
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0125
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0125
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0125
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0130
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0130
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0130
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0135
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0135
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0135
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0140
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0140
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0140
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0140
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0145
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0145
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0145
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0145
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0145
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0150
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0150
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0150
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0150
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0155
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0155
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0155
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0155
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0160
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0160
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0160
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0165
http://refhub.elsevier.com/S1734-1140(18)30759-X/sbref0165

	1, 25-Dihydroxyvitamin D3 activates Apelin/APJ system and inhibits the production of adhesion molecules and inflammatory m...
	Introduction
	Material and methods
	Cell culture and 1, 25(OH)2D3 treatments
	Flow cytometry determination of ICAM-1 (CD54) and VCAM-1 (CD106)
	Determination of IL‑1β, IL-6, and TNF-α
	Real‐time quantitative PCR
	Western blotting
	Statistical analysis

	Results
	Effects of 1, 25(OH)2D3 on the cell viability in LPS-activated RAW264.7 macrophage cells
	1, 25(OH)2D3 inhibits the cytokines levels of TNF-α, IL-6, and IL-1β in LPS-activated RAW264.7 macrophage cells
	1, 25(OH)2D3 suppresses the cell surface expression of ICAM-1 and VCAM-l in LPS-activated RAW264.7 macrophage cells
	1, 25(OH)2D3 augments apelin/APJ system in LPS-activated RAW264.7 macrophage cells

	Discussion
	Conflict of interest
	Authors’ contributions
	Acknowledgments
	References


