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Abstract: Objectives: The impacts of LMPs and autophagy on the development of chronic obstructive pulmonary 
disease and the corresponding mechanism were investigated with the constructed C57/BL6 mouse airway inflam-
mation model. Methods: LMPs were produced by human T lymphocyte leukemia cell line 6T-CEM stimulated by 
actinomycin D and identified by flow cytometry, and then used to induce C57/BL6 mice in various concentrations 
and induction times. The optimum induction conditions were determined via the detection of IL-1β and IL-18 in 
bronchoalveolar lavage fluid of the mice, and the inflammation response was confirmed via HE staining on the lung 
tissues, whereby the C57/BL6 mouse airway inflammation model was constructed. The impacts of LMPs and au-
tophagy on the development of COPD and the corresponding mechanism were investigated through the detection of 
the mRNA and protein expression of TLR4, PI3K, AKT, LC-3, NLRP3, caspase-1, etc. in the lung tissues of the mice. 
Results: The C57/BL6 mouse airway inflammation model was successfully constructed with the optimum induction 
concentration of LMPs of 50 μg/ml and the optimum induction time of 24 h. In the lung tissues of the mice, the 
mRNA and protein expressions of TLR4, PI3K, AKT, NLRP3 and caspase-1 were up-regulated to varying degrees 
except LC-3. Conclusions: NLRP3 is a key protein in LMPs-induced airway inflammation. Autophagy negatively regu-
lates the activation of NLRP3 inflammasomes.

Keywords: Chronic obstructive pulmonary disease, lymphocyte micro-particles, airway inflammation, autophagy

Introduction

Chronic obstructive pulmonary disease (COPD) 
is featured by airway limitation and a progres-
sive course, and the patients suffer the gra- 
dual loss of working and self-care ability and  
the eventual death [1, 2]. The exact pathogen-
esis of COPD is uncertain, and multiple mecha-
nisms are involved, such as oxidative stress, 
inflammatory response, apoptosis, etc. [3-5]. 
Recently, many studies have indicated involve-
ment of autophagy in the occurrence and devel-
opment of COPD. Evidence shows enhanced 
autophagy in COPD patients and mouse lung 
tissues exposed to tobacco or tobacco extracts 
[6, 7]. Autophagosomes are formed by to-be-
degraded products wrapped by monolayer or 
double-layer membrane, and then digested 
and degraded by multiple enzymes in the lyso-
some for cellular metabolism and organelle 
renewal, significant for the maintenance of cel-
lular homeostasis. This process is called 
autophagy. The normal growth mechanism of 
cells will be disrupted by autophagy disorders. 

Lymphocyte micro-particles (LMPs) are vesicle 
particles of 0.05-1.0 μm in diameter detached 
from the serosa of lymphocytes via activation 
or apoptosis [8], which can trigger the biological 
activities of the target cells via interaction. 
Recently, LMPs have been found to possess 
multiple biological activities, playing a signifi-
cant role in chronic inflammation, commanding 
extensive attention [9, 10]. LMPs were first 
found to be pathologically enhanced in bron-
choalveolar lavage fluid of COPD patients in the 
early stage of our research, and the enhance-
ment was positively correlated with disease 
severity. Moreover, LMPs could induce the 
release of IL-1β, IL-6, IL-18, etc. from human 
bronchial epithelial cells in vitro, and promote 
apoptosis of epithelial cells. 

LMPs were speculated to be closely correlated 
to airway inflammation based on our finding. 
Therefore, the impacts of LMPs and autophagy 
on the development of COPD and the corre-
sponding mechanism were investigated with 
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the C57/BL6 mouse airway inflammation model 
constructed by LMPs induction, in order to pro-
vide new perspectives into the relationship 
between LMPs and airway inflammation and to 
reveal new targets for clinical prevention and 
treatment. 

Materials and methods

LMPs preparation

Human T lymphocyte leukemia cell line (6T-
CEM, ATCC CCL-119) (cell bank of Chinese 
Academy of Sciences, Shanghai) was cultured 
in MEM (Gibco) complete medium containing 
1% antibiotic (Penicillin/Streptomycin, Gibco), 
10% FBS (Gibco) and incubated at 37°C in 5% 
CO2 and saturation humidity. Actinomycin D 
(Sigma Aldrich) with the final concentration of 
0.5 μg/ml was added to well-conditioned cells, 
and then incubation continued for 24 h. The 
cultural supernatant was collected and subject-
ed to low temperature centrifugation at 12000 
g for 50 min. The precipitate was then resus-
pended and washed with PBS for three times. 
LMPs were identified with flow cytometry, and 
the protein concentration was measured by 
BCA.

Determination of the optimum induction con-
centration of LMPs

Six-week female SPF C57/BL6 mice (Animal 
Center of Third Military Medical University) 
were randomly divided into four groups (six 

mice in each): normal control group as well as 
20 μg/ml LMPs, 50 μg/ml LMPs, and 150 μg/
ml LMPs group based on concentration. The 
mice were narcotized i.p. with 3.5% chloral 
hydrate (10 ml/kg body weight) and fixed in the 
supine position. Then 100 μl LMPSs were 
instilled through the trachea. After 24 h, the 
mice were sacrificed and the bronchoalveolar 
lavage fluid (BALF) was collected for cell count-
ing and the detection of IL-1β and IL-18 with 
Elisa to determine the optimum induction 
concentration. 

Determination of the optimum induction time 
of LMPs

Six-week female SPF C57/BL6 mice were ran-
domly divided into four groups (six mice in 
each): normal control group as well as 12 h, 24 
h and 48 h group. After each induction time, 
the mice were sacrificed and the BALF was col-
lected for cell counting and the detection of 
IL-1β and IL-18 with Elisa to determine the opti-
mum induction time. 

HE staining

The mouse lung tissues were collected and 
fixed with 4% paraformaldehyde. Then they 
were dehydrated in ascending series of etha-
nol, cleared in xylene, embedded in paraffin 
and sectioned. After HE staining, the sections 
were dehydrated in ascending series of etha-
nol, cleared in xylene and sealed with neutral 
balata. 

Fluorescent quantitative PCR

TRIzol reagent (1 ml, Qiagen) was added to 
every 50~100 mg lung tissues. After grinding, 
the homogenate was centrifuged at 12000 g at 
4°C for 10 min to remove undissolved matters. 
Then the total RNA was extracted for reverse 
transcription and SYBR green fluorescent quan-
titative PCR (Eppendorf) to detect the mRNA 
levels of TLR4, PI3K, AKT, LC-3, NLRP3 and 
caspase-1. Primers are shown in Table 1. PCR 
was performed under the following conditions: 
94°C for 4 min; 94°C for 20 s, 60°C for 30 s, 
72°C for 30 s, 35 circles. Three repetitions 
were set for each sample. 

Western blot

The mouse lung tissues were cut into 1 mm 2 
pieces and a proper volume of RIPA lysis buffer 

Table 1. Primers for fluorescent quantitative 
PCR
Primers Sequence (5’-3’)
TLR4 F: GCTTCAGGCAGGCAGTATCA
TLR4 R: TGCAGTTGTCTAATCGGAACG
PI3K F: GTAAGAGGACTGGCTGTGACCC
PI3K R: GTTGTGTCCTGGAACACGTTTC
AKT F: GCTGCTCAGGTCTTTCTTTTATG
AKT R: CAAGTGCTGTCTGATTCCAATG
LC-3 F: CATCAGTGTGTCAGTGGTCAGTG
LC-3 R: CTCTTTCTCACCCAGTCCTCA
NLRP3 F: CTACTCTATCAAGGACAGCAACGC
NLRP3 R: CAGCWAAGGGAAGTCATGGG
caspase-1 F: CACGCTCTTCTGCCTGCTG
caspase-1 R: GGCTTGTCACTCGGGGTTC
GAPDH F: GAGACCTTCAACACCCCAGC
GAPDH R: ATGTCACGCACGATTTCCC
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was added to grind. The lysate was then centri-
fuged at 12000 g at 4°C for 5 min and the 
supernatant was collected for SDS-PAGE and 
Western blot. After scanning, the gray values of 
the target bands were analyzed with the UVP 
gel image processing system Labworks 4.6. 

Statistics

Repetitions were set for each trial. The statisti-
cal analysis was performed with SPSS 10.0. 
The sample mean comparison was conducted 
with t test. P<0.05 was considered significant.

Results

LMPs identification

Actinomycin D was added to the 6T-CEM cells 
after three passages and LMPs were released. 
With the 1 μm beads as the standard, the FCM 
result (Figure 1) showed the prepared LMPs 
with a diameter less than 1 μm and showed a 

positive rate of 95.83%. The protein concentra-
tion of the acquired LMPs was 240.5±50.25 
mg/ml by BCA.

LMPs-induced mouse airway inflammation 
model screening

Treated by LMPs of different concentrations, 
the number of BALF cells was increased accord-
ingly compared with the controls as shown in 
Figure 2, and the number of the 20 μg/ml LMPs 
group was slightly higher, with the number of 
the 50 μg/ml and 150 μg/ml LMPs group high-
er and nearly stable. The change of IL-1β and 
IL-18 was consistent with the cell counting 
(Table 2). Therefore, 50 μg/ml LMPs was cho-
sen as the optimum induction concentration. 

Treated by 50 μg/ml LMPs, the number of BALF 
cells was increased according to the induction 
time compared with the controls (Table 3), and 
the number of the 12 h group was slightly high-

Figure 1. LMPs detected by FCM.

Figure 2. HE staining of the mouse lung tissues treated by LMPs.
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PI3K, AKT, LC-3, NLRP3, caspase-1 and GAPDH 
primers. And the standard curve showed that 
the amplification efficiency of each PCR system 
was higher than 95%. The relative quantifica-
tion result showed mRNA up-regulation of 
TLR4, PI3K, AKT, NLRP3 and caspase-1 to vary-
ing degrees except for LC3 in the lung tissues 
with statistical significance (Table 5), which 
was further corroborated by Western blot on 
the protein level (Figure 3).

Discussion

Micro-particles, as the vesicle particles 
detached from cells after activation, injury or 
apoptosis, display multiple biological activities 
such as signal transduction, angiogenesis, 
engaging in the immune response, tissue 
repair, etc., which are closely related to disease 
occurrence and development [11, 12]. 
Circulating micro-particles have been recently 
found to significantly increase in the alveolus 
edema tissues and BALF of patients with lung 
injury, acute respiratory distress syndrome and 
COPD [13, 14]. The relationship between LMPs 
and airway inflammation has been rarely 
reported both at home and abroad by far. 
Autophagy, featured by the formation of 
autophagosomes, autolysosomes, etc., is a 
physiological process widely possessed by 
eukaryocytes, in which to-be-degraded intra-
cellular proteins and organelles are transferred 
to the lysosome for metabolism, organelle 
renewal and cellular homeostasis mainte-
nance. Many researches have verified the sig-
nificant role of autophagy in COPD and acute 
lung injury [15, 16]. The regulation of multiple 
genes is involved in the occurrence and devel-
opment of autophagy. The Class III PI3K 
(Vps34)-Beclin-1 complex is closely related to 
trigger of autophagy, and the extension of 
autophagosomes relies on the combination of 
Atg5 and Atg12 as well as the formation of LC3-
II-PE [17-19].

To better understand how LMPs induced airway 
inflammation in vivo, the induction concentra-
tion and time of LMPs were optimized, and the 
C57/BL6 mouse airway inflammation model 
was constructed based on cell counting and 
IL-1β and IL-18 detection in BALF. After the 
administration of LMPs to mouse airway, the 
cells in BALF were remarkably increased with 
an enhanced phagocytic ability, indicating the 

er, with the numbers of the 24 h and 48 h group 
higher and nearly stable. The change of IL-1β 
and IL-18 was consistent with the cell counting 
(Table 3). Therefore, 24 h was chosen as the 
optimum induction concentration. 

Establishment of the LMPs-induced mouse 
airway inflammation model

The LMPs-induced mouse airway inflammation 
model was established with the optimum induc-
tion concentration and time: six-week female 
SPF C57/BL6 mice were randomly divided into 
two groups (10 for each): normal control group 
and LMPs induction group. The BALF of each 
group was collected after 24 hour-induction 
with 50 μg/ml LMPs for cell counting, detection 
of IL-1β and IL-18 by ELISA, detection of phago-
cytosis, etc. (Table 4). According to the HE 
staining result, the control group showed lung 
tissues of a reticulate structure, continuous 
and integral pulmonary epithelial cells, mesen-
chyme without swell or breakage, no hyperemia 
or inflammatory cell infiltration in pulmonary 
alveoli, and after 24 hour-induction with 50 μg/
ml LMPs, the pulmonary lymphocytes remark-
ably aggregated with partial fibrotic lumen, indi-
cating that LMPs could probably cause airway 
inflammation.

Changes of the expression levels of relevant 
factors

The solubility curve of the fluorescent quantita-
tive PCR indicated good specificity of TLR4, 

Table 2. BALF detection 24 h after treated by 
LMPs of different concentrations

Group Cell number in  
BALF (×106/L)

IL-1β  
(pg/ml) IL-18 (pg/ml)

Control 118.82±1.45 1.07±0.22 36.33±2.55
20 μg/ml 172.13±2.79 1.18±0.03 122.13±2.48
50 μg/ml 226.35±3.14 39.34±0.32 570.88±2.44
150 μg/ml 224.06±8.10 39.53±0.62 581.23±2.45

Table 3. BALF detection after treated by 50 μg/ml 
LMPs for varying periods

Group Cell number in  
BALF (×106/L) IL-1β (pg/ml) IL-18 (pg/ml)

Control 120.02±2.33 1.04±0.14 37.67±1.88
12 h 173.79±4.11 25.78±0.14 425.87±5.14
24 h 247.11±3.88 39.27±0.12 578.08±2.19
48 h 240.12±3.15 39.67±0.41 583.14±2.11
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autophagy on the development of COPD and 
the corresponding mechanism were investigat-
ed, partially laying the foundation and providing 
new perspectives for the relationship between 
LMPs and airway inflammation, revealing new 
targets for the clinical prevention and treat-
ment of airway inflammation, especially COPD 
and asthma. 
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