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Background: This study aimed to investigate the effects of 1,25-dihydroxyvitamin D3 (1,25(0H),D,) on airway changes in
chronic obstructive pulmonary disease (COPD) rats exposed to air pollutant particles less than 2.5 microme-
ters in diameter (PM2.5), and to evaluate the mechanisms.

Material/Methods: Three groups were included in this study: a normal group, a COPD model group, and a COPD with 1,25(0H),D,
treatment group. In each group, the rats were divided into four subgroups: control and different doses of
PM2.5 (1.6, 8 and 40 mg/kg body weight). Apoptosis in lung tissue was detected by terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL). The expression of c-Jun N-terminal kinase 1 (JNK1) and mucin 5AC
(MUC5AC) were detected by real-time polymerase chain reaction (RT-PCR), Western blotting and immunofluo-
rescence staining.

Results: Compared with corresponding subgroups in normal group, the apoptotic rates in COPD group were significant-
ly increased. By contrast, 1,25(0H),D, treatment group significantly reduced COPD-induced apoptosis in lung
tissue. Upon the dose increase of PM2.5, the apoptotic rate was also elevated in each group. Compared with
the corresponding control in each group, PM2.5 increased apoptosis in a dose-dependent manner. Importantly,
1,25(0H),D, also prevented apoptosis in COPD rats exposed to PM2.5. Mechanically, the expression of MUC5AC
and JNK1 in COPD group was significantly upregulated, compared with corresponding subgroups in the normal
group. Treatment with 1,25(0H),D, reduced expression of MUC5AC and JNK1 in COPD rats. It was found that
the expression of MUC5AC and JNK1 was elevated with the dose increase of PM2.5 in each group. Consistently,
1,25(0H),D, also reduced the expression of MUC5AC and JNK1 in COPD rats exposed to PM2.5.

Conclusions: 1,25(0H),D, prevented lung injury in COPD rats with or without PM2.5 exposure. Our results suggest that
1,25(0H),D, is useful to mitigate the injury caused by COPD.
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Background

Chronic obstructive pulmonary disease (COPD), featured by
incomplete, reversible airflow obstruction, is caused by multi-
factors including genetic and environmental factors [1]. As
previously reported, long-term smoking, air pollution, chemi-
cal substances, repeated respiratory tract infections, bio-fuel
smog, and occupational dust inhalation could damage bron-
chial mucosa and induce bacterial invasion and inflammation
reaction of airway and pulmonary, which may eventually lead
to heart failure, pulmonary hypertension, pulmonary heart dis-
ease, and other obvious pathophysiological changes and lung
disorders [2]. Among them, smoking is one of the most im-
portant risk factors leading to the development of COPD [3,4].

Air pollutant particles less than 2.5 micrometers in diameter
(PM2.5) become more and more severe with industrial devel-
opment. Due to the relatively large surface area, PM2.5 can
absorb large amounts of toxic substances. Meanwhile, PM2.5
has the feature of small volume, which can be inhaled and de-
posited in the alveolar, and can aggravate airway inflamma-
tion and immune response induced by COPD [5]. The immune
disorder induced by PM2.5 is related to, but also aggravates,
COPD [6]. Therefore, it is of significance to find treatment for
COPD in the condition of PM2.5 exposure.

1,25-dihydroxyvitamin D3 (1,25(0H),D.) is a member of the
steroid hormone family and has multiple biological effects [7].
In addition to the regulation of calcium and phosphorylation
homeostasis, 1,25(0H),D, can also inhibit proliferation of tu-
mor and normal cells, inhibit the production of inflammatory
factors, and regulate immune response and cell adhesion [8].
1,25(0H),D, plays an important role in the immune regulation
of chronic airway inflammation and autoimmune diseases [9].
In this study, a COPD model was established in rats. Thereafter,
we evaluated the protective effects of 1,25(0H),D, on airway
changes in COPD rats exposed to different doses of PM2.5.

Material and Methods

Preparation of PM2.5

PM2.5 was sampled in the tenth floor of the Outpatient
Building in Jiangxi Provincial Chest Hospital (about 30 meters
high) by total suspended particles (TSP)/PM10/PM2.5 Particle
Sampler (Beijing Geological Instrument and Dick Mechanical &
Electrical Technology Co., Ltd., Beijing, China). Sampling points
were densely populated areas without industrial enterprises.
A glass fiber filter membrane (90 mm) was applied to collect
PM2.5 samples in a 24-hour continuous pattern from January
2014 to March 2014. Sampling was stopped when the weath-
er was bad (rain, snow, etc.). The filter membrane absorbing
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PM2.5 was then immersed in distilled water and oscillated by
an ultrasonic oscillator. The sample was filtrated by multi-layer
sterile gauze. The filtrate was centrifuged at 4°C (10,000 rpm)
for 20 minutes, and the supernatant was collected. The su-
pernatant was oscillated by ultrasonic oscillator again and the
particulate matter at the bottom was collected. Finally, the su-
pernatant and collected particles were mixed and underwent
vacuum freeze drying. The samples were preserved in 4°C, and
diluted into three doses by sterile water for later use.

Experimental groups

Seventy-two adult male Wistar rats (180-250 g, six-months
old) were purchased from Hunan SJA Experimental Animal
Company (Hunan, China). After one-week adaption, the rats
were divided into three groups (n=24 in each group): a nor-
mal group, a COPD group, and a COPD with 1,25(0H),D, group.
Additionally, the rats in each group were divided into four sub-
groups receiving saline, 1.6 mg/kg, 8.0 mg/kg, or 40 mg/kg
PM2.5. As described previously [10], the rats in the COPD
group were modeled by injection of endotoxin into their air-
flow twice (1 g/L, the first and the fourteenth day) and smog
exposure in a chamber (one hour/day, from the second to the
thirtieth day). After COPD, the rats were raised for six weeks.
COPD rats were administrated with 1,25(0H),D, by gavage
for six weeks (1 pg/day) in the COPD with 1,25(0H),D, group
(group C). Twenty-four hours after last PM2.5 treatment, the
rats were anesthetized by 10% chloral hydrate. Lung tissue
was collected after decapitation of the rats.

TUNEL assay

Terminal deoxynucleotidyl transferase dUTP nick end label-
ing (TUNEL) assay was carried out in the tissues embedded in
paraffin. The samples were sectioned into 2-um slices, under-
went dewaxing in ethanol (75%, 80%, 95%, and 100%) and
washed by PBS (three times, five minutes each time). Fresh
proteinase K was prepared (2 pL proteinase K into 98 pL PBS)
and applied to cover the tissue (100 pL) at 37°C for 30 min-
utes. Finally, TdT (2 pL) and fluorescent reagent (48 uL) was
mixed and applied to stain the tissue at 37°C for 60 minutes
(Beyotime, Ningbo, China). After rinsing, the slides were cov-
ered with anti-fading reagent and observed under fluorescence
microscope (BX51, Olympus, Japan).

Real-time PCR

Total RNA was extracted according to the instruction of TRIzol
kit (Dalian Baosheng, Dalian, China) after treatments. The puri-
ty of mRNA was confirmed by optical density (0D)280/0D260
by spectrophotometer and amplified by one-step RT-PCR kit
(Dalian Baosheng, Dalian, China). c-Jun N-terminal kinase 1
(JINK1) and mucin 5AC (MUC5AC) were measured. The primers
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Figure 1. 1,25(0H),D, attenuates COPD-induced apoptosis in lung tissue. (A) Representative images from each group;
(B) Quantification data of the apoptotic rate. * p<0.05 compared to corresponding control; # p<0.05 compared to
corresponding subgroups in the normal group; & p<0.05 compared to corresponding subgroups in COPD group.

were added into a 25-pL PCR reaction system following a pro-
tocol of 94°C denaturation 45 seconds, 59°C annealing 45 sec-
onds, 72°C extension 60 seconds for 32 cycles. The primers
were listed as follows:

JNK1-F: GACCTAAGTACGCTGGCTAT;

JNK1-R: TTGGACGCATCTATCACC.

MUCS5AC-F: CAACTATGAGGTGCGACTG;

MUCS5AC-R: AACGGGTGGTAGAGTGAA.

GAPDH-F: GCAAGTTCAACGGCACAG;

GAPDH-R: CGCCAGTAGACTCCACGAC.

Western blotting

Protein was extracted by RIPA cell lysate (containing PMSF)
as previously described [11]. Protein samples were heated at
100°C for 10 minutes, and the protein concentration was quan-
tified using bicinchoninic acid (BCA) protein assay kit (Beyotime
Institute of Biotechnology, Shanghai, China). Sodium dodec-
yl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was
processed and 25 pg of protein was loaded onto nitrocellulose
membrane. The membrane was blocked with 5% defat milk in
PBST at room temperature for two hours. The primary antibod-
ies against MUC5AC (1: 1,000, ab24071, Abcam, USA), JNK1
(1: 1,000, ab199380, Abcam, USA), and actin (1: 500, TA346894,
Zsbio, Beijing, China) were incubated with the membrane over-
night at 4°C. After rinsing (three times, 10 minutes each time),
the secondary antibody (1: 10,000, ab131368, Abcam, USA)
was incubated with the membrane for two hours at room tem-
perature. Chemiluminescent substrate detection reagent was
applied to assist the staining. Target band was analyzed by
Image) software for grayscale analysis.

Statistical analysis

The data were expressed as mean and standard deviation (SD)
and analyzed using SPSS 19.0. Statistical significance was as-
sessed by student t test. A value of p<0.05 was considered
statistical significant.

Results

1,25 (OH),D, attenuated COPD-induced apoptosis in lung
tissue

Compared with corresponding subgroups in the normal group,
the apoptotic rates in COPD group were significantly increased
(Figure 1). By contrast, 1,25(0H),D;, significantly reduced the
COPD-induced apoptosis, compared with corresponding sub-
groups in the COPD group. Upon the increase of the PM2.5 dose,
the apoptotic rate was promoted in a dose-dependent manner in
each group. These results suggest that 1,25(0H),D, can reduce
COPD-induced apoptosis in rats, with or without PM2.5 exposure.

1,25 (OH),D, reduced COPD-induced MUC5AC and JNK1
expression

Compared with corresponding subgroups in the normal group,
the expression of MUC5AC and JNK1 mRNA in the COPD group
were significantly increased. Compared with corresponding
subgroups in the COPD group, the expression of MUC5AC and
JNK1 mRNA in COPD was significantly reduced by administra-
tion of 1,25(0H),D, (Figure 2). It was also found that the ex-
pression of MUC5AC and JNK1 mRNA was facilitated with the
increase of PM2.5 dose (0-40 mg/kg).
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Figure 2. 1,25(0H),D, attenuates COPD-induced MUC5AC and JNK1 mRNA expression. (A) MUC5AC expression; (B) JNK1 expression.
* p<0.05 compared to corresponding control; # p<0.05 compared to corresponding subgroups in the normal group; & p<0.05

compared to corresponding subgroups in COPD group.
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Figure 3. 1,25(0H),D, attenuates COPD-induced MUC5AC and JNK1 protein expression. (A) Representative blots for MUC5AC and JNK1;
(B) Quantification data of MUC5AC; (€) Quantification data of JNK1 expression. *p<0.05 compared to corresponding control;
#p<0.05 compared to corresponding subgroups in the normal group; & p<0.05 compared to corresponding subgroups in COPD

group.

We also tested MUC5AC and JNK1 protein expression in dif-
ferent groups by Western blotting (Figure 3). Consistent with
mRNA expression, COPD also promoted MUC5AC and JNK1 pro-
tein expression, which were reduced by 1,25(0H),D, treatment.
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NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Moreover, the expression of MUC5AC and JNK1 protein was
upregulated by PM2.5 exposure in a dose-dependent manner
in each group. The protein expression of MUC5AC and JNK1
were further confirmed by immunohistochemistry (Figures 4, 5).
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Figure 4. 1,25(0H),D, attenuates COPD-induced MUC5AC expression detected by immunohistochemistry (200x).
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Figure 5. 1,25(0H),D, attenuates COPD-induced JNK1 expression detected by immunohistochemistry (200x).
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Discussion

Chronic inflammatory reaction and oxidative injury caused by
PM2.5 deposition impair lung function and increase the inci-
dence of asthma and chronic obstructive pulmonary disease [6].
In this study, we provided experimental evidences showing
that COPD-induced lung injury was aggravated by PM2.5 ex-
posure. Moreover, 1,25(0H),D, prevented lung injury in COPD
rats with or without PM2.5 exposure.

A COPD model could be produced by several methods [12].
Intratracheal injection of endotoxin, inhalation of tobacco smog
combined with lipopolysaccharide (LPS) injection, single tobac-
co smog instillation or LPS injection are typical procedures to
produce a COPD model, which is physiologically similar to hu-
man COPD [13]. LPS could trigger tumor necrosis factor (TNF)-a,
interleukin (IL)-8, and IL-10 expression [10,14]. In this study,
COPD was successfully produced by intratracheal injection of
endotoxin in combination with smoke exposure in rats. Our
data showed that apoptosis in lung tissue was remarkable in
our COPD model, which was consistent with previous publi-
cations which showed that COPD reduced the expression of
anti-apoptotic factor Bcl-2 and promoted the expression of
Bax4 [15]. PM2.5 can directly deposit into lung tissue and im-
pair lung function. In this study, the apoptotic rate in lung
tissue was significantly elevated with the increase of PM2.5
dose. In the normal group, PM2.5 caused remarkable apopto-
sis of lung cells. Interestingly, PM2.5 also aggravated COPD-
induced apoptosis. These results point out the potential det-
rimental roles of PM2.5 in COPD.

1,25(0H),D, has immunomodulatory effects. Studies have
shown that when 1,25(0H),D, level in COPD patients is lack,
there is a resulting in loss of lung function [16]. Our results
demonstrated that 1,25(0H),D, could decrease the apopto-
sis of lung tissue in COPD rats. On the one hand, we found
that 1,25(0H),D, could ameliorate COPD-induced apoptosis.
On the other hand, the increased apoptosis after PM2.5 expo-
sure in our COPD model was also attenuated by 1,25(0H),D,,
although not to the normal level. Based on our results, PM2.5
and COPD likely caused apoptosis through different signaling
pathways. Otherwise, COPD should shield the toxic effect of
PM2.5, or 1,25(0H),D, should reverse the additive effect of
COPD and PM2.5.

Upon stimulation by PM2.5, inflammatory factors and neural
activation factors, mucus cells will proliferate and differenti-
ate to keep the number of epithelial cells through promoting
expression of MUC5AC [17]. High expression of MUC5AC has
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a close relationship with mucus disease and is considered as
a marker of airway epithelial mucus secretion [18]. MUC5AC
plays a key role in maintaining airway mucus adhesion and
elasticity, and is also an important component to resist the
external intrusion. However, excessive secretion of MUC5AC
can also lead to chronic inflammation of airway, and ultimate-
ly impair lung function. Consistent with a previous publica-
tion [19], MUC5AC was highly expressed in COPD patients. On
the one hand, the excessive expression of MUC5AC could cov-
er the airway surface, resulting in peripheral airway instabil-
ity; on the other hand, MUC5AC may block peripheral airway
and influence lung function [19-21]. The results of our study
showed that the expression of MUC5AC in COPD rats was sig-
nificantly upregulated. Moreover, the expression of MUC5AC
was further increased after exposure to different doses of
PM2.5. Interestingly, 1,25(0H),D, decreased the expression
of MUC5AC. These results suggest that COPD is related to the
expression of MUC5AC, and 1,25(0H),D, can protect lung in-
jury by downregulating MUC5AC expression.

JNK is an important messenger protein which can transfer cell
membrane signals to the nucleus and regulate the expression
of target genes [22]. As previously reported, INK performs var-
ious functions in regulating cell proliferation, differentiation,
and apoptosis [23]. INK1 can be activated by a variety of stim-
ulating factors, and PM2.5 can also stimulate JNK1 [24]. In our
study, we showed that JNK1 expression in COPD model was
obviously upregulated, and the increase of PM2.5 dose further
increased the expression of JNK1, while JNK1 was reduced after
the administration of 1,25 (OH),D,. These results suggest that
COPD is related to JNK1 expression, and that 1,25 (OH),D, can
protect lung injury via downregulating the expression of JNK1.

Conclusions

In this study, one single dose was selected to investigate the
preventive effects of 1,25 (OH),D,. That might be the reason
why 1,25 (OH),D, did not reverse the impairment of COPD com-
pletely. Therefore, more dose gradients of 1,25(0H),D, should
be employed in future studies. Additionally, the evidence for
JNK1-mediated apoptosis involved in the preventive effects
deserved further investigation.

In summary, PM2.5 exposure could aggravate COPD-induced
lung injury, which could be ameliorated by 1,25(0H),D,. Our
results suggest that 1,25(0H),D, is useful to reduce lung inju-
ry caused by COPD in different conditions.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




ANIMAL STUDY

References:

—

N

w

N

(%}

[=))

~

o

Nel

10.

11.

12.

. Rabe KF, Watz H: Chronic obstructive pulmonary disease. Lancet, 2017;

389: 1931-40

. Lange P, Celli B, Agusti A et al: Lung-function trajectories leading to chron-

ic obstructive pulmonary disease. New Engl ) Med, 2015; 373: 111-22

. Woodruff PG, Agusti A, Roche N et al: Current concepts in targeting chron-

ic obstructive pulmonary disease pharmacotherapy: Making progress to-
wards personalised management. Lancet, 2015; 385: 1789-98

. Kankaanranta H, Harju T, Kilpelainen M et al: Diagnosis and pharmacother-

apy of stable chronic obstructive pulmonary disease: The finnish guidelines.
Basic Clin Pharmacol Toxicol, 2015; 116: 291-307

. Zhao QJ, Liu XJ, Zeng XL, Bao HR: [Effect of PM2.5 on the level of nuclear

factor erythroid-2 related factor 2 in chronic obstructive pulmonary dis-
ease mice and its relationship with oxidative stress]. Zhonghua Yi Xue Za
Zhi, 2016; 96: 2241-45 [in Chinese]

. Gu XY, Chu X, Zeng XL et al: Effects of PM2.5 exposure on the Notch sig-

naling pathway and immune imbalance in chronic obstructive pulmonary
disease. Environ Pllut, 2017; 226: 163-73

. Pike JW, Meyer MB: The vitamin D receptor: New paradigms for the regula-

tion of gene expression by 1,25-dihydroxyvitamin D(3). Endocrinol Metab
Clin North Am, 2010; 39(2): 255-69, table of contents

. Veldurthy V, Wei R, Campbell M et al: 25-Hydroxyvitamin D(3) 24-Hydroxylase:

A key regulator of 1,25(0H)(2)D(3) catabolism and calcium homeostasis.
Vitam Horm, 2016; 100: 137-50

. Murali SK, Roschger P, Zeitz U et al: FGF23 regulates bone mineralization in

a 1,25(0H)2 D3 and klotho-independent manner. ) Bone Miner Res, 2016;
31: 12942

Kim KY, Lee HS, Seol GH: Anti-inflammatory effects of trans-anethole
in a mouse model of chronic obstructive pulmonary disease. Biomed
Pharmacother, 2017; 91: 925-30

Li J, Chen H, Wu S et al: MPP+ inhibits mGluR1/5-mediated long-term de-
pression in mouse hippocampus by calpain activation. Eur J Pharmacol,
2017; 795: 22-27

Ghorani V, Boskabady MH, Khazdair MR, Kianmeher M: Experimental ani-
mal models for COPD: a methodological review. Tob Induc Dis, 2017; 15: 25

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Chen L etal.:
Effects of 1,25(0H),D, on COPD rats exposed to PM2.5
© Med Sci Monit, 2018; 24: 356-362

Yang R, Yang J, Zeng Y: [Clinical study on gingning oral liquid in treating se-
nile chronic obstructive pulmonary disease with pulmonary hypertension].
Zhongguo Zhong Xi Yi Jie He Za Zhi, 1998; 18(2): 85-87 [inChinese]

Zheng J, Shi Y, Xiong L et al: The expression of IL-6, TNF-alpha, and MCP-1
in respiratory viral infection in acute exacerbations of chronic obstructive
pulmonary disease. ) Immunol Res, 2017; 2017: 8539294

Wu X, Gu W, Lu H et al: Soluble receptor for advanced glycation end product
ameliorates chronic intermittent hypoxia induced renal injury, inflamma-
tion, and apoptosis via P38/JNK signaling pathways. Oxid Med Cell Longev,
2016; 2016: 1015390

Afzal S, Lange P, Bojesen SE et al: Plasma 25-hydroxyvitamin D, lung func-
tion and risk of chronic obstructive pulmonary disease. Thorax, 2014; 69:
24-31

Ma R, Wang Y, Cheng G et al: MUC5AC expression up-regulation
goblet cell hyperplasia in the airway of patients with chronic obstructive
pulmonary disease. Chin Med Sci J, 2005; 20: 181-84

Renaud F, Vincent A, Mariette C et al: MUC5AC hypomethylation is a pre-
dictor of microsatellite instability independently of clinical factors associ-
ated with colorectal cancer. Int ) Cancer, 2015; 136: 2811-21

Yang M, Wang Y, Zhang Y et al: S-allylmercapto-|-cysteine modulates MUC5AC
and AQP5 secretions in a COPD model via NF-small ka, CyrillicB signaling
pathway. Int Inmunopharmacol, 2016; 39: 307-13

Kang JH, Hwang SM, Chung IY: S100A8, S100A9 and S100A12 activate air-
way epithelial cells to produce MUC5AC via extracellular signal-regulated
kinase and nuclear factor-kappaB pathways. Immunology, 2015; 144: 79-90

Zhou JS, Zhao Y, Zhou HB et al: Autophagy plays an essential role in cig-
arette smoke-induced expression of MUC5AC in airway epithelium. Am J
Physiol, 2016; 310: L1042-52

Zhou Y, Song Y, Shaikh Z et al: MicroRNA-155 attenuates late sepsis-in-
duced cardiac dysfunction through JNK and beta-arrestin 2. Oncotarget,
2017 [Epub ahead of print]

Liu J, Zhang Y, Chen L et al: Polyphyllin I induces G2/M phase arrest and
apoptosis in U251 human glioma cells via mitochondrial dysfunction and
the JNK signaling pathway. Acta Biochim Biophys Sin (Shanghai), 2017;
49(6): 479-86

Huang Y, Li W, Su ZY, Kong AN: The complexity of the Nrf2 pathway: be-
yond the antioxidant response. J Nutr Biochem, 2015; 26: 1401-13

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



