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Abstract

Background

Reduced neutrophil apoptosis plays an important role in the pathogenesis of acute exacerba-

tion chronic obstructive pulmonary disease (AECOPD). The p38 mitogen-activated protein ki-

nase (MAPK) signaling pathway is involved in neutrophil apoptosis. 1α,25-Dihydroxyvitamin

D3 (1α,25VitD3) can induce tumor cell apoptosis. The aim of this study was to assess the ef-

fects of 1α,25VitD3 on peripheral blood neutrophil apoptosis in AECOPD and examine the

role of the p38 MAPK signaling pathway.

Methods

The study enrolled 36 AECOPD patients and 36 healthy volunteers. Venous blood samples

were obtained from both groups. Serum 25-hydroxyvitamin D (25-(OH) D) levels in periph-

eral venous blood were assayed using liquid chromatography-tandemmass spectrometry

(LC-MS/MS); the neutrophils were separated and cultured with SB203580 (a p38 inhibitor)

and 1α,25VitD3. Neutrophil apoptosis was measured using flow cytometry, and phospho-

p38 MAPK protein expression was detected by Western blot. Statistical analysis was per-

formed using analysis of variance. Student's t-test and Pearson's correlation coefficient

were used for the between-group differences and correlation analysis, respectively.

Results

The 25-(OH) D levels were lower in AECOPD patients than in healthy controls, and the pe-

ripheral blood neutrophil apoptosis results were similar. 1α,25VitD3 increased the apoptosis

rate and the level of phospho-p38 MAPK in peripheral blood neutrophils of AECOPD pa-

tients. SB203580 partly inhibited 1α,25VitD3-induced peripheral blood neutrophil apoptosis
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and phospho-p38 MAPK overexpression. The 25-(OH) D levels were positively correlated

with increased peripheral blood neutrophil apoptosis and phospho-p38 MAPK levels. In ad-

dition, expression of the phospho-p38 MAPK protein was also positively correlated with pe-

ripheral blood neutrophil apoptosis.

Conclusion

Our results suggest that 1α,25VitD3 induces peripheral blood neutrophil apoptosis through

the p38 MAPK signaling pathway in AECOPD patients.

Introduction
Chronic obstructive pulmonary disease (COPD), a major cause of morbidity and mortality
throughout the world, is characterized by persistent airflow limitation and airway and systemic
inflammation responses [1]. The increased number of neutrophils in the lungs and the in-
creased activation and priming of neutrophils in peripheral blood play important roles in the
pathogenesis of AECOPD [2–5]. Apoptosis, known as programmed cell death, plays a critical
role in regulating the inflammation response. Neutrophil activation by inflammatory stimuli
delays apoptosis, resulting in the increased release of inflammatory cytokines that may lead to
an inflammatory pulmonary disease with systemic impact, which is related to the course of
AECOPD [5,6]. Thus, new therapeutic COPD treatments that focus on resolving neutrophil
apoptosis are being explored. Increasing evidence indicates that the p38 MAPK signaling path-
way plays an important role in COPD pathogenesis, including chronic inflammation, cell che-
motaxis, airway wall remodeling, corticosteroid insensitivity, and airflow obstruction [7–9].
However, the correlation between the P38 MAPK signaling pathway and the apoptosis of pe-
ripheral blood neutrophils in COPD is insufficient. Therefore, further studies focusing on
the p38 MAPK signaling pathway and peripheral blood neutrophil apoptosis in COPD are
necessary.

Recent studies have shown that a substantial proportion of COPD patients have a vitamin
D deficiency [10,11], which has been linked to an accelerated decline in lung function,
reduced immunity, and increased inflammation in COPD [12–14]. The biological effects of
1α,25VitD3 are primarily mediated via the nuclear transcription factor, vitamin D receptor
(VDR), which triggers the expression of vitamin D-responsive genes. Vitamin D and its active
form (1α,25VitD3) exert multiple (e.g., apoptosis induction, anti-proliferative) effects in im-
mune regulatory cells and cancer cells [15–18]. Vitamin D receptors are expressed in neutro-
phils [19]. Hirsch et al. reported that vitamin D down regulates neutrophil function and
decreases neutrophil activity, but little is known about the relationship between 1α,25VitD3
and peripheral blood neutrophil apoptosis in COPD [20]. As a result, research on the molecu-
lar mechanisms behind the induction of peripheral blood neutrophil apoptosis by 1α,25VitD3
in COPD is necessary.

Therefore, we investigated the effect of 1α,25VitD3-induced neutrophil apoptosis in periph-
eral blood through the p38 MAPK signaling pathway in COPD patients.
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Methods

Patients and methods
Study subjects. Hospitalized patients with documented COPD diagnoses according to the

Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria and that presented
with an acute exacerbation were included. Acute exacerbation was defined by any combination
of the following criteria: worsening dyspnea, increase in sputum volume and increase in spu-
tum purulence [21]. All AECOPD patients with a new chest CT scan. Rules inhaled Salmeterol
and fluticasone (250 μg) two times a day in patients with COPD. Except for individual cases of
oral contraceptive use, no medication was taken by the group subjects. Subjects were excluded
if there was a recent history of oral vitamin D and vitamin D intoxication (because of unusual
dietary supplementation), HIV infection, immunosuppressive therapy, liver cirrhosis, hyper-
calcemia, renal insufficiency, chronic enteritis, or diabetes. Asthma, tuberculosis, bronchiecta-
sis, lung cancer, and other lung disorders were also excluded. The study was approved by the
Ethics Committee of Huashan Hospital at Fudan University. All participants provided written
informed consent.

Study design. To investigate the effects of 1α,25VitD3 on the apoptotic behavior of pe-
ripheral blood neutrophils in AECOPD patients, 36 AECOPD patients and 36 healthy adult
volunteers were enrolled throughout a single year (2 GOLD level III patients, 1 GOLD level IV
COPD patient, and 3 healthy controls each month). All patients were investigated upon admis-
sion. Peripheral venous blood samples of 25 mL were obtained from the healthy controls and
AECOPD patients, Venous blood samples of 5 mL were obtained to detect 25-(OH) D levels,
and venous heparin blood samples of 20 mL were obtained and immediately processed for cell
culture. On the first day of admission, venous blood was obtained from all AECOPD patients
before the administration of drugs. After 3 to 5 days and at discharge (usually after 11 days),
demographic and clinical data, lung function tests, smoking habits, and microbiological find-
ings were collected from the patient’s chart. For hospital stays< 11 days, an ambulatory visit
was scheduled.

Neutrophil separation and culture. Neutrophils were isolated by Percoll density gradient
centrifugation (Pharmacia Corporation, US). All neutrophil samples with> 94% viability and
purity were confirmed by Trypan Blue staining. The neutrophils were washed and resuspended
at a concentration of 1 × 106 cells/mL in RPMI 1640 medium containing 10% fetal calf serum
in 5% CO2 and incubated at 37°C with 90% relative humidity.

1α,25VitD3 and SB203580 treatment. All neutrophils were isolated from the healthy
controls (Group A) and COPD patients. To pretreat the neutrophils from COPD patients in
the preliminary experiments, 1 × 10–7, 3 × 10–7, and 6 × 10–7 M doses of 1α,25VitD3 were
used, and a dose of 6 × 10–7 M 1α,25VitD3 was chosen for additional experiments. Neutrophils
from the COPD patients were divided into 4 groups: 1) the COPD control group (Group B); 2)
the SB203580(+) + 1α,25VitD3 COPD group (Group C) (Tocris Bioscience, Ellisville, MO),
which was pretreated with 2.5 μM × 10–5 SB203580 for 0.5 h, followed by incubation with
1α,25VitD3 (6 × 10–7 M) (Sigma-Aldrich); 3) the 1α,25VitD3 group (Group D), which was
treated with 6 × 10–7 M 1α,25VitD3; 4) the COPD SB203580(+) group (Group E), which was
pretreated with 2.5 μM × 10–5 SB203580 as described for group 2. The abovementioned groups
of neutrophils were cultured for 24 h at 37°C. The SB203580 (an inhibitor highly specific for
p38) doses were chosen based on previous studies and preliminary experiments. Each group
was divided into 2 wells, 1 for flow cytometry and another for Western blot analysis. After the
24 h treatment, neutrophil samples were collected for subsequent experiments.

LC-MS/MS method for serum 25-(OH) D. Serum sample was extracted by adding 1 mL
of methyl tert-butyl ether and 20 μL of isotope-labeled internal standard to 200 μL of serum.
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The mixture was vortexed, centrifuged, dried down and then reconstituted in 100 μL of 80%
methanol. Serum 25-(OH) D2 and 25-(OH) D3 were determined using a LC-MS/MS method.
LC analysis was performed on a Shimadzu system (Kyoto, Japan). Chromatographic separation
was achieved on a reverse phase column (50 mm × 4.6 mm, 5 μm, Phenomenex) at a 1.0 mL/min
flow rate with a gradient elution using water and methanol (containing 0.2% formic acid) as the
mobile phase. An API4000 tandemmass spectrometer (Applied Biosystems/MDS Sciex, To-
ronto, Canada) equipped with an atmospheric pressure chemical ionization source was used for
quantitative analysis.

Measurement of the neutrophil apoptotic index by flow cytometry. The percentages of
apoptotic neutrophils were determined using the Annexin V-fluorescein isothiocyanate
(FITC)/propidium iodide (PI) kit (BioVision) and detected by flow cytometry according to the
manufacturer’s protocol. Briefly, after the SB203580 and 1α,25VitD3 treatments, the neutro-
phils were collected and resuspended in binding buffer ([pH 7.5] 10 mMHEPES, 2.5 mM
CaCl2, 140 mM NaCl), incubated with Annexin V-FITC/PI for 10 min in the dark, and ana-
lyzed using flow cytometry. Neutrophils in the early stage of apoptosis stained positively for
Annexin V-FITC; those in the late stage stained positively for both Annexin V-FITC and PI.
The data were analyzed using the Modfit and Cell Quest software programs (Becton, Dickinson
and Company). Apoptotic neutrophils were measured immediately after obtaining the blood
sample (baseline apoptosis) and after culturing for 24 h. The apoptosis rate represents the pro-
portion of apoptotic neutrophils measured minus the baseline value and was considered for
further analysis.

Western blot detection of phospho-p38 MAPK. The medium was removed, and the cells
were washed twice with phosphate-buffered saline (PBS). After adding 0.6mL of cold RIPA
buffer (10 mM Tris pH 7.5, 100 mMNaCl, 1 mM EDTA, 0.5% sodium deoxycholate, 0.1%
SDS, 1% Triton X 100) and protease inhibitors, the cells were scraped at 4°C. The cell lysate
samples were subjected to centrifugation at 14,000 × g for 15min at 4°C. The resultant protein
samples were separated by SDS-PAGE and transferred onto a polyvinylidene difluoride mem-
brane (Millipore). The membrane was stained with Ponceau S to confirm the uniform transfer
of all samples and then incubated in blocking solution (PBS with 0.05% tween 20 and 5% non-
fat dry milk) for 1 h at room temperature. These samples were then incubated overnight with
anti-p38 MAPK and anti-phospho-p38 MAPK antibodies (1:1,000 final dilution; Cell Signaling
Technology), with anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibodies
(Sigma-Aldrich) as the loading control. Immunoreactive bands were detected by incubation
with a horseradish peroxidase–conjugated secondary antibody and a chemiluminescence sub-
strate (Chemicon, Temecula, CA). The scanned films were densitometrically analyzed using
Quantity One software (Fuji2000).

Statistical analysis
The results are expressed as the mean ± standard deviation (SD). The statistical significance be-
tween the different groups was determined by analysis of variance (ANOVA) and Student’s t-
test; Chi-square statistics were used to analyze participants’ gender and smoking habits. We
used the Pearson's correlation coefficient for the correlation analysis. p< 0.05 was considered
statistically significant.

Results
A total of 36 AECOPD patients and 36 healthy adult volunteers were enrolled in the study. The
characteristics of the study population are shown in Table 1. Among AECOPD patients, 53%
used long-term domiciliary oxygen therapy, and the overall mean FEV1 in percent predicted
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was 39%. There was no significant difference in the gender, age, and smoking habits between
AECOPD patients and healthy controls. The 25-(OH) D levels were significantly higher in the
healthy controls than in the AECOPD patients.

Effect of 1α,25VitD3 on the apoptosis of neutrophils
The apoptosis rate was upregulated in a dose-dependent manner in the 1α,25VitD3 AECOPD
group. These results are shown in Fig 1. Low doses of 1α,25VitD3 (1 × 10–7 M) did not signifi-
cantly affect apoptosis (p> 0.05), However, at higher doses (i.e., 3 × 10–7 M and 6 × 10–7 M),
1α,25VitD3 increased the apoptosis rate significantly (p< 0.05) in AECOPD patients. Here,
we used a 6 × 10–7 M dose of 1α,25VitD3 in culture for further investigation. The peripheral
blood neutrophil apoptosis rate was increased in the 1α,25VitD3 AECOPD group compared to
the AECOPD control group (p< 0.05) (Fig 2).

Effect of 1α,25VitD3 on the expression of phospho-p38 MAPK
To assess whether p38 MAPK was activated in the peripheral blood neutrophil apoptosis
induced by 1α,25VitD3, we measured the p38 MAPK expression (phospho-p38 MAPK) by
Western blot (Fig 3). The phospho-p38 MAPK level was higher in the healthy control group
than in the AECOPD control group (p< 0.05). Increased phospho-p38 MAPK levels were
detected in the 1α,25VitD3 AECOPD group compared to the AECOPD control group
(p< 0.05). Conversely, no differences were observed regarding the total amount of p38 MAPK
expressed by neutrophils in all groups (p> 0.05).

Effect of p38 MAPK inhibitors on 1α,25VitD3-induced neutrophil
apoptosis and phospho-p38 MAPK
To further elucidate the role of the p38 MAPK signaling pathway in 1α,25VitD3-induced apo-
ptosis, we observed the effects of SB203580, a specific p38 inhibitor, on 1α,25VitD3-induced

Table 1. Baseline characteristics of the study sample, presented as the mean ± s.d. for continuous variable and as the percentage for categorical
variables.

Controls AECOPD P**

Subjects (n) 36 36

Male/Female (n) 28/8 30/6 0.55

Age (years) 70.83±9.3 71.50 ± 8.6 0.95

Smoking habits (n#) 8/25/3 6/28/2 0.72

FEV1% pred on admission* 95±8.5 39±7.4 <0.05

Resting PaO2† 8.5±1.8

LTDOT %§ 53

Exacerbations %##

<2 last 12 months 86

�2 last 12 months 14

25-(OH) D levels 52.3 ± 15.43 33.63± 10.3 <0.05

#smokers/ex-smokers/nonsmokers.

*FEV1: Forced expiratory volume in 1 s.

†PaO2: arterial oxygen tension.
§LTDOT: Long-term domiciliary oxygen therapy.
##Exacerbations requiring either hospitalization or treatment with oral antibiotics or oral steroids.

**Associations were tested with t-test and Chi-square.

doi:10.1371/journal.pone.0120515.t001
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apoptosis. As shown in Figs 2 and 3, peripheral blood neutrophil apoptosis was reduced in the
SB203580(+) AECOPD group compared to the AECOPD control group (p< 0.05), as was the
case with phospho-p38 MAPK protein expression (p< 0.05). Moreover, the peripheral blood
neutrophil apoptosis rate was greater in the 1α,25VitD3 AECOPD group than in the SB203580
(+) + 1α,25VitD3 AECOPD group (p< 0.05); similar results were observed for phospho-p38
MAPK (p< 0.05).

Correlative analysis
As shown in Fig 4A and 4B, the 25-(OH) D level was positively correlated between the ratio of
peripheral blood neutrophil apoptosis and phospho-p38 protein (r = 0.78 and r = 0.63, respec-
tively, p< 0.05). In addition, there was a positive correlation between the phospho-p38 protein
level and the ratio of peripheral blood neutrophil apoptosis (r = 0.81, p< 0.05, Fig 4C).

Discussion
COPD patients are at particularly high risk for developing neutrophil-mediated inflammatory
diseases. It has been assumed that the neutrophil half-life in vitro is a reflection of its life span
in vivo [22]. Our experiments found that the peripheral blood neutrophil apoptosis rate of
AECOPD patients is lower than that in healthy controls, which may result from the pathogene-
sis of COPD. Our results are in agreements with a previous report [6].

Fig 1. 1α,25VitD3 induced peripheral blood neutrophil apoptosis in a dose-dependent manner in the AECOPD patients.Neutrophils were cultured for
24 h in the absence or presence of 1×10–7 M, 3 ×10–7 M or 6 ×10–7 M 1α,25VitD3 as indicated, and then assessed for apoptosis of neutrophils by flow
cytometry. The data are presented as the means±sd, n = 6, *P < 0.05, **P > 0.05.

doi:10.1371/journal.pone.0120515.g001
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The possibility that vitamin D insufficiency and deficiency may increase COPD risk has
only been recognized recently [11–13]. Serum 25-(OH) D levels reflect vitamin D status. Low
25-(OH) D levels were commonly observed in COPD, which may be due to the diminished
production of pre-vitamin D3 associated with skin aging caused by smoking and limited UVB
exposure [23,24]. Our experiments found that the rate of vitamin D deficiency or insufficiency
in AECOPD patients was high. Meanwhile, another study also observed a high prevalence of

Fig 2. 1α,25VitD3 increased peripheral blood neutrophil apoptosis in the AECOPD patients.Neutrophils (1 ×106) were pretreated with SB203580
(2.5 μM × 10–5) for 0.5 h, followed by incubation with 1α,25VitD3 (6 ×10–7 M) for 24 h. Neutrophil apoptosis was analyzed with flow cytometry (a). The right
lower quadrant (RLQ) contains early apoptotic neutrophils with positive Annexin V-PE binding and negative 7-AAD binding (Annexin V-PE [z], 7-AAD [–]).
The vital neutrophils in the lower left quadrant (LLQ) are Annexin V-PE (-),7-AAD (-). The upper right quadrant (RUQ) contains late apoptotic and necrotic
neutrophils (Annexin V-PE [z], 7-AAD [z]). The amount of neutrophil apoptosis in the RUD and RLD quadrants are shown in (b), expressed as the % of the
total cell count (10,000).The experiments shown are representative of at least 3 experiments. The data are presented as the means ± sd, n = 36,*p < 0.05.

doi:10.1371/journal.pone.0120515.g002

Fig 3. Effect of 1α,25VitD3 on the expression of phospho-p38 MAPK in the peripheral blood neutrophil of the AECOPD patients.Neutrophils (1×106)
were pretreated with SB203580 (2.5 μM×10–5) for 0.5 h, followed by incubation with 1α,25VitD3 (6 ×10-7M) for 24 h. Western blot was used to analyze the
phospho-p38 MAPK and p38 MAPK levels. The experiments shown are representative of at least 3 experiments. *p < 0.05.

doi:10.1371/journal.pone.0120515.g003
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vitamin D deficiency, and the relationship between lung function and systemic levels of vita-
min D was almost linear [11]. In a recent study using vitamin D as a treatment for COPD,
Lehouck et al. [25] found that high doses of vitamin D supplementation significantly reduced
the exacerbation rate per patient-year by 43% in COPD patients with severe vitamin D defi-
ciency, However, the underlying mechanisms between 1α,25VitD3 and AECOPD pathogenesis
are poorly understood. Notably, this study showed that 1α,25VitD3 induced apoptosis in the
neutrophils of AECOPD. In our study, we investigated whether 1α,25VitD3 could induce pe-
ripheral blood neutrophil apoptosis in AECOPD in vivo and examined the appropriate con-
centration of 1α,25VitD3 required for intervention. We found that 1α,25VitD3 could not
induce peripheral blood neutrophil apoptosis at a dose of 1 × 10–7 M, which was confirmed by

Fig 4. correlation analysis. The serum 25-(OH) D level correlates with the neutrophil apoptosis in the AECOPD patients(a). The serum 25-(OH) D level
correlates with the phospho-p38 MAPK in the AECOPD patients(b). The correlation between the neutrophil apoptosis and phospho-p38 MAPK/p38 MAPK in
AECOPD patients(c). The r and p values were assessed using Pearson's correlation analysis.

doi:10.1371/journal.pone.0120515.g004
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data from Hirsch et al. [20]. However, 1α,25VitD3 could significantly induce peripheral blood
neutrophil apoptosis in AECOPD patients at 3 × 10–7 M and 6 × 10–7 M doses, which are con-
sistent with the conditions used in NB4 cell lines [26]. This result supported the hypothesis
that 1α,25VitD3 could induce peripheral blood neutrophil apoptosis in AECOPD patients, and
the efficiency of apoptosis induction is best at 6 × 10–7 M.

The p38 MAPK signaling pathway plays an important role in human neutrophil apoptosis
[22]. To explore the possible mechanism of peripheral blood neutrophil apoptosis in AECOPD
patients, we used SB203580, a specific p38 MAPK inhibitor, which significantly decreased neu-
trophil apoptosis. We also observed that the serum25-(OH) D levels were positively correlated
with phospho-p38 protein and with peripheral blood neutrophil apoptosis. In addition, the lev-
els of phospho-p38 MAPK and apoptotic neutrophils were lower in AECOPD patients than
those in healthy controls. The phospho-p38 MAPK level positively correlated with peripheral
blood neutrophil apoptosis. The results indicated that 1α,25VitD3 could induce peripheral
blood neutrophil apoptosis in AECOPD via p38 MAPK activation. Therefore, we speculated
that vitamin D insufficiency and deficiency may affect the activation of phospho-p38 MAPK
and lead to decreased peripheral blood neutrophil apoptosis, which may be one possible im-
portant pathogenesis of AECOPD. However, determining whether other apoptotic signaling
pathways can affect peripheral blood neutrophil apoptosis in COPD is worthy of further study.

Conclusion
Our data demonstrated that 1α,25VitD3 could induce peripheral blood neutrophil apoptosis in
AECOPD and that the mechanism of apoptosis was related to the p38 MAPK pathway.

Acknowledgments
The authors would like to thank the staff members at the Department of Respiratory Medicine,
Xuhui Central Hospital, for critical reading of the manuscript.

Author Contributions
Conceived and designed the experiments: HHY. Performed the experiments: SJL. Analyzed the
data: XDC. Contributed reagents/materials/analysis tools: FL YZZ YG PZ RHY XQJ WJL JWX
LD NZ YH. Wrote the paper: HHY.

References
1. Vestbo J, Hurd SS, Rodriguez-Roisin R. The 2011 revision of the global strategy for the diagnosis,

management and prevention of COPD (GOLD)—why and what? Clin Respir J. 2012; 6: 208–214. doi:
10.1111/crj.12002 PMID: 22906068

2. Hoenderdos K, Condliffe A. The neutrophil in chronic obstructive pulmonary disease. Am J Respir Cell
Mol Biol. 2013; 48: 531–539. doi: 10.1165/rcmb.2012-0492TR PMID: 23328639

3. Oudijk EJ, Nijhuis EH, Zwank MD, van de Graaf EA, Mager HJ, Coffer PJ, et al. Systemic inflammation
in COPD visualised by gene profiling in peripheral blood neutrophils. Thorax. 2005; 60: 538–544.
PMID: 15994259

4. Oudijk EJ, GerritsenWB, Nijhuis EH, Kanters D, Maesen BL, Lammers JW, et al. Expression of prim-
ing-associated cellular markers on neutrophils during an exacerbation of COPD. Respir Med. 2006;
100: 1791–1799. PMID: 16531033

5. Oudijk EJ, Lammers JW, Koenderman L. Systemic inflammation in chronic obstructive pulmonary dis-
ease. Eur Respir J Suppl. 2003; 46: 5s–13s. PMID: 14621102

6. Pletz MW, Ioanas M, de Roux A, Burkhardt O, Lode H. Reduced spontaneous apoptosis in peripheral
blood neutrophils during exacerbation of COPD. Eur Respir J. 2004; 23: 532–537. PMID: 15083750

7. Chung KF. p38 mitogen-activated protein kinase pathways in asthma and COPD. Chest. 2011; 139:
1470–1479. doi: 10.1378/chest.10-1914 PMID: 21652557

1α,25-Dihydroxyvitamin D3 Induces Neutrophil Apoptosis in AECOPD

PLOSONE | DOI:10.1371/journal.pone.0120515 April 23, 2015 9 / 10

http://dx.doi.org/10.1111/crj.12002
http://www.ncbi.nlm.nih.gov/pubmed/22906068
http://dx.doi.org/10.1165/rcmb.2012-0492TR
http://www.ncbi.nlm.nih.gov/pubmed/23328639
http://www.ncbi.nlm.nih.gov/pubmed/15994259
http://www.ncbi.nlm.nih.gov/pubmed/16531033
http://www.ncbi.nlm.nih.gov/pubmed/14621102
http://www.ncbi.nlm.nih.gov/pubmed/15083750
http://dx.doi.org/10.1378/chest.10-1914
http://www.ncbi.nlm.nih.gov/pubmed/21652557


8. Ratcliffe MJ, Dougall IG. Comparison of the anti-inflammatory effects of Cilomilast, Budesonide and a
p38 Mitogen activated protein kinase inhibitor in COPD lung tissue macrophages. BMC Pharmacol
Toxicol. 2012; 13: 15. doi: 10.1186/2050-6511-13-15 PMID: 23148608

9. Gaffey K, Reynolds S, Plumb J, Kaur M, Singh D. Increased phosphorylated p38 mitogen-activated
protein kinase in COPD lungs. Eur Respir J. 2013; 42: 28–41. doi: 10.1183/09031936.00170711
PMID: 23060629

10. Garcia de Tena J, El HachemDebek A, Hernandez Gutierrez C, Izquierdo Alonso J. The role of vitamin
D in chronic obstructive pulmonary disease, asthma and other respiratory diseases. Arch Bronconeu-
mol. 2014; 50: 179–184. doi: 10.1016/j.arbres.2013.11.023 PMID: 24447429

11. Persson LJ, Aanerud M, Hiemstra PS, Hardie JA, Bakke PS, Eagan TM. Chronic obstructive pulmonary
disease is associated with low levels of vitamin D. PLoS One. 2012; 7: e38934. doi: 10.1371/journal.
pone.0038934 PMID: 22737223

12. Black PN, Scragg R. Relationship between serum 25-hydroxyvitamin d and pulmonary function in the
third national health and nutrition examination survey. Chest. 2005; 128: 3792–3798. PMID: 16354847

13. Herr C, Greulich T, Koczulla RA, Meyer S, Zakharkina T, Branscheidt M, et al. The role of vitamin D in
pulmonary disease: COPD, asthma, infection, and cancer. Respir Res. 2011; 12: 31. doi: 10.1186/
1465-9921-12-31 PMID: 21418564

14. Berg I, Hanson C, Sayles H, Romberger D, Nelson A, Meza J, et al. Vitamin D, vitamin D binding pro-
tein, lung function and structure in COPD. Respir Med. 2013; 107: 1578–1588. doi: 10.1016/j.rmed.
2013.05.010 PMID: 23809536

15. Carboni I, Campione E, Specchio F, Chimenti S. [New functions and applications of vitamin D in internal
medicine]. Clin Ter. 2012; 163: e441–e444. PMID: 23306760

16. Chiang KC, Yeh CN, Chen SC, Shen SC, Hsu JT, Yeh TS, et al. MART-10, a new generation of vitamin
D analog, is more potent than 1alpha,25-dihydroxyvitamin D(3) in inhibiting cell proliferation and induc-
ing apoptosis in ER+ MCF-7 breast cancer cells. Evid Based Complement Alternat Med. 2012; 2012:
310872. doi: 10.1155/2012/310872 PMID: 23304196

17. Chen TC, Kittaka A. Novel vitamin d analogs for prostate cancer therapy. ISRN Urol. 2011; 2011:
301490. doi: 10.5402/2011/301490 PMID: 22084796

18. Linker-Israeli M, Elstner E, Klinenberg JR, Wallace DJ, Koeffler HP. Vitamin D(3) and its synthetic ana-
logs inhibit the spontaneous in vitro immunoglobulin production by SLE-derived PBMC. Clin Immunol.
2001; 99: 82–93. PMID: 11286544

19. Takahashi K, Nakayama Y, Horiuchi H, Ohta T, Komoriya K, Ohmori H, et al. Human neutrophils ex-
press messenger RNA of vitamin D receptor and respond to 1alpha,25-dihydroxyvitamin D3. Immuno-
pharmacol Immunotoxicol. 2002; 24: 335–347. PMID: 12375732

20. Hirsch D, Archer FE, Joshi-Kale M, Vetrano AM, Weinberger B. Decreased anti-inflammatory re-
sponses to vitamin D in neonatal neutrophils. Mediators Inflamm. 2011; 2011: 598345. doi: 10.1155/
2011/598345 PMID: 22219556

21. Vestbo J, Hurd SS, Rodriguez-Roisin R. [An overview of global strategy for the diagnosis, management
and prevention of chronic obstructive pulmonary disease (GOLD) (revised 2011)]. Zhonghua Yi Xue Za
Zhi. 2012; 92: 937–938. PMID: 22781561

22. Frasch SC, Nick JA, Fadok VA, Bratton DL, Worthen GS, Henson PM. p38 mitogen-activated protein ki-
nase-dependent and-independent intracellular signal transduction pathways leading to apoptosis in
human neutrophils. J Biol Chem. 198; 273: 8389–8397.

23. Finklea JD, Grossmann RE, Tangpricha V. Vitamin D and chronic lung disease: a review of molecular
mechanisms and clinical studies. Adv Nutr. 2011; 2: 244–253. doi: 10.3945/an.111.000398 PMID:
22332056

24. JanssensW, Lehouck A, Carremans C, Bouillon R, Mathieu C, Decramer M. Vitamin D beyond bones
in chronic obstructive pulmonary disease: time to act. Am J Respir Crit Care Med. 2009; 179: 630–636.
doi: 10.1164/rccm.200810-1576PP PMID: 19164701

25. Lehouck A, Mathieu C, Carremans C, Baeke F, Verhaegen J, Van Eldere J, et al. High doses of vitamin
D to reduce exacerbations in chronic obstructive pulmonary disease: a randomized trial. Ann Intern
Med. 2012; 156: 105–114. doi: 10.7326/0003-4819-156-2-201201170-00004 PMID: 22250141

26. Testa U, Grignani F, Barberi T, Fagioli M, Masciulli R, Ferrucci PF, et al. PML/RAR alpha+ U937 mutant
and NB4 cell lines: retinoic acid restores the monocytic differentiation response to vitamin D3. Cancer
Res. 1994; 54: 4508–4515. PMID: 7519122

1α,25-Dihydroxyvitamin D3 Induces Neutrophil Apoptosis in AECOPD

PLOSONE | DOI:10.1371/journal.pone.0120515 April 23, 2015 10 / 10

http://dx.doi.org/10.1186/2050-6511-13-15
http://www.ncbi.nlm.nih.gov/pubmed/23148608
http://dx.doi.org/10.1183/09031936.00170711
http://www.ncbi.nlm.nih.gov/pubmed/23060629
http://dx.doi.org/10.1016/j.arbres.2013.11.023
http://www.ncbi.nlm.nih.gov/pubmed/24447429
http://dx.doi.org/10.1371/journal.pone.0038934
http://dx.doi.org/10.1371/journal.pone.0038934
http://www.ncbi.nlm.nih.gov/pubmed/22737223
http://www.ncbi.nlm.nih.gov/pubmed/16354847
http://dx.doi.org/10.1186/1465-9921-12-31
http://dx.doi.org/10.1186/1465-9921-12-31
http://www.ncbi.nlm.nih.gov/pubmed/21418564
http://dx.doi.org/10.1016/j.rmed.2013.05.010
http://dx.doi.org/10.1016/j.rmed.2013.05.010
http://www.ncbi.nlm.nih.gov/pubmed/23809536
http://www.ncbi.nlm.nih.gov/pubmed/23306760
http://dx.doi.org/10.1155/2012/310872
http://www.ncbi.nlm.nih.gov/pubmed/23304196
http://dx.doi.org/10.5402/2011/301490
http://www.ncbi.nlm.nih.gov/pubmed/22084796
http://www.ncbi.nlm.nih.gov/pubmed/11286544
http://www.ncbi.nlm.nih.gov/pubmed/12375732
http://dx.doi.org/10.1155/2011/598345
http://dx.doi.org/10.1155/2011/598345
http://www.ncbi.nlm.nih.gov/pubmed/22219556
http://www.ncbi.nlm.nih.gov/pubmed/22781561
http://dx.doi.org/10.3945/an.111.000398
http://www.ncbi.nlm.nih.gov/pubmed/22332056
http://dx.doi.org/10.1164/rccm.200810-1576PP
http://www.ncbi.nlm.nih.gov/pubmed/19164701
http://dx.doi.org/10.7326/0003-4819-156-2-201201170-00004
http://www.ncbi.nlm.nih.gov/pubmed/22250141
http://www.ncbi.nlm.nih.gov/pubmed/7519122


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


