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1 | INTRODUCTION

Abstract

Objectives: Methamphetamine (MA) abuse evokes pulmonary toxicity. The aim of
our study is to investigate if autophagy is induced by MA and if autophagy-initiated
apoptosis in alveolar epithelial cells is involved in MA-induced chronic pulmonary
toxicity.

Materials and Methods: The rats in Control group and MA group were tested by
Doppler and HE staining. The alveolar epithelial cells were treated with MA, follow-
ing by western blot, RT-PCR and immunofluorescence assay.

Results: Chronic exposure to MA resulted in lower growth ratio of weight and in
higher heart rate and peak blood flow velocity of the main pulmonary artery of rats.
MA induced infiltration of inflammatory cells in lungs, more compact lung paren-
chyma, thickened alveolar septum and reduction in the number of alveolar sacs. In
alveolar epithelial cells, the autophagy marker LC3 and per cent of cells containing
LC3-positive autophagosome were significantly increased. MA dose dependently
suppressed the phosphorylation of mTOR to inactivate mTOR, elicited autophagy
regulatory proteins LC3 and Beclin-1, accelerated the transformation from LC3 | to
LC3 Il and initiated apoptosis by decreasing Bcl-2 and increasing Bax, Bax/Bcl-2 and
cleaved Caspase 3. The above results suggest that sustained autophagy was induced
by long-term exposure to MA and that the increased Beclin-1 autophagy initiated
apoptosis in alveolar epithelial cells.

Conclusions: Concurrence of autophagy with apoptosis in alveolar epithelial cells

contributes to chronic pulmonary toxicity induced by MA.

disruption of alveolar epithelium may be the key contribution to
chronic pulmonary toxicity induced by MA.

Methamphetamine (MA) is a kind of highly addictive drug.! Long-
term abuse of MA can cause pulmonary toxicity with clinical man-
ifestations: pulmonary oedema, inflammation and pulmonary
hypertension.>® A growing body of evidence indicates that alveolar
epithelial cells play an important role in the protecting against the

toxic stimulants to maintain pulmonary homeostasis.* Therefore,

Autophagy is a process that degrades proteins and organelles
in lysosomes to maintain the cellular homeostasis.” Autophagy
dysfunction is involved in the progression of a number of diseases
including diabetes, cardiovascular disease and pulmonary disease.®
Mechanistic target of rapamycin (mTOR) is a prosurvival factor

and is involved in the regulation of autophagy.7’8 It is reported that
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Proliferation:
autophagy can be induced by rapamycin through inhibiting mTOR

and then activating autophagy regulatory proteins (ie, LC3, Beclin 1)
in the downstream of mTOR.>*°

There are some proteins encoded by ATG genes which can tightly
regulate autophagy.11 LC3 is called the microtubule-associated pro-
tein 1 light-chain 3, which is the ortholog of yeast ATG8.112 | C3
has two forms: LC3- I and LC3- 1112 LC3 (cytosolic) is cleaved at its
C-terminus by ATG4 to form LC3- | which is covalently conjugated to
phosphatidylethanolamine (PE) to form LC3- 1.2 LC3 Il is localized
to autophagosomes, so LC3-Il levels are correlated with the amount
of autophagosome.’ ™3 LC3 is the only known protein specifically
associated with autophagosomes but not with other vesicular struc-
tures, so that LC3 becomes the marker of autophagy.}?**

Beclin-1 is the mammalian ortholog of yeast ATGé and is in-
volved in autophagosome formation by interacting with PIBKC3/
VPS34.1%1 The autophagy protein, Beclin-1 can interact with anti-
apoptotic protein Bcl-2 or Bel-X| to represent a potentially important
point of convergence of the autophagic and apoptotic machinery.}”*¢
When the autophagy occurs, Beclin-1 is dissociated with Bcl-2 and
Bcl-X|, and constituted Beclin-1-VPS34 complex.15 ATG14 also inter-
act with Beclin-1-VPS34 complex to enhance its activity and induce
the formation of autophagosome structure.”>" Thus, autophagy
and apoptosis may be co-regulated at the same direction.*

However, it is always controversial between autophagy and

20 and

apoptosis. On one hand, autophagy can counteract apoptosis,
on the other hand increased autophagy can be found in dying cells,
although the relationship between autophagy and programmed cell
death remains unclear.® Therefore, some experts postulated that se-
vere and persistent autophagy may initiate apoptosis or cell death.®
A growing body of evidence indicates that the psychostimulant
MA can induce the cellular autophagy in nerve system, for exam-
ple, dopaminergic neuronal cells, cortical cells and astrocytes.?"2¢
However, it has been not detected if autophagy in alveolar epithelial
cells can be induced by MA. In our previous studies, it was proved
that endoplasmic reticulum stress (ERS) is induced in chronic expo-
sure to MA in rats.2?” ERS and unfolded protein response can ac-
tivate the autophagy signalling pathways.?®=3! Taken together, it is
hypothesized that MA may induce autophagy in alveolar epithelial
cells.

On basis of our hypothesis, this study is designed to investigate
if autophagy can be induced by MA in lungs, and if concurrence of
autophagy with apoptosis in alveolar epithelial cells contributes to

chronic pulmonary toxicity induced by MA.

2 | MATERIALS AND METHODS

2.1 | Animal models

A total of 20 male Wistar rats (200 + 10 g) were obtained from
Animal Resource Center, China Medical University (Certificate
number: Liaoning SCSK 2012-0005) and were randomly divided
into control group and MA group. Establishment of the rat models
is referred to our previous study.? In briefly, at the 1st week, rats in

MA group were intraperitoneally injected with MA (China Criminal
Police University, China) at 10 mg/kg for 1 week, and then additional
1 mg/kg was added into daily dosage per week. At the 6th week, a
daily dosage was increased to 15 mg/kg (twice per day for 6 weeks).
Meanwhile, the rats in control group were intraperitoneally injected
with an equal volume of 0.9% normal saline. All animals were main-
tained in animal facility with controlled temperature (18-22°C) and
humidity (50%-70%) and were fed with solid food and water in an
alternating 12 hours light and 12 hours dark cycle. All procedures
were complied with the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health (NIH), and all protocols
were approved by the Institutional Animal Care and Use Committee
of China Medical University.

2.2 | Cells culture and drug treatment

Alveolar epithelial cell lines A549 were obtained from the
Experimental Center of China Medical University (Shenyang, China).
Cells were cultured in RPMI-1640 medium containing 10% foetal bo-
vine serum and 1% penicillin/streptomycin at 37°C in 5% CO,,. Cells
were treated by MA (China Criminal Police University, Shenyang,
China) with the dosage of 0.1, 0.5, 1 and 5 mmol L™ for 6, 12 and
24 hours.? Cells in positive control were treated with 1 mg/L rapa-
mycin (Dalian Meilun Biotech Co., Ltd, China) in 6, 12 and 24 hours.

2.3 | Doppler ultrasonic measurement

After 6 weeks, five rats from each group selected randomly were in-
traperitoneally anaesthetized with 3% pentobarbital sodium (45 mg/
kg; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Thoroughly
shaving the hair in rat abdomen to expose the skin to completely
contact with the probe, Acoustic gel (Skintact; Leonard Lang GmbH,
Innsbruck, Austria) was applied to hold the animal dander and im-
prove the resolution of the ultrasound. The rats were examined in
the supine position using the Philips IE33 cardiovascular ultrasound
(Philips Healthcare, Andover, MA, USA) with a linear transducer
probe S12-4. The frequency of 4.5 MHz and one focal zone set at a

depth of 0.5-2 cm were used to achieve detailed imaging of the rats.

2.4 | Haematoxylin and eosin (H&E) staining

The right lower lobes were separated, fixed with paraformaldehyde
and embedded in paraffin for H&E staining. Sections (5 um) were
performed for observation and analysis under light microscopy
(Olympus BX 51, Japan). Lung injury was calculated by the thick-
ness of alveolar septum and the number of alveolar sacs (three visual
fields selected randomly were analysed in each section; magnifica-
tion, x200).

2.5 | Western blot

After the drugs treatment, A549 cells were lysed in RIPA buffer with
PMSF on ice. Total protein was extracted and the concentration was
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TABLE 1 Primary antibodies for
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western blot in this study Primary antibody Dilution Company Catalogue
mTOR 1:1000 Proteintech, USA 20657-1-AP
p-mTOR 1:500 Bioworld Technology, USA BS4706
LC3 1:1000 Cell Signaling Technology, #3868
USA
Beclin-1 1:1000 Proteintech, USA 11306-1-AP
Bax 1:1000 Proteintech, USA 50599-2-Ig
Bcl-2 1:1000 Proteintech, USA 12789-1-AP
Cleaved Caspase 3 1:1000 Proteintech, USA 25546-1-AP
B-actin 1:2000 Proteintech, USA 60008-1-Ig
TABLE 2 Primers of LC3 and Beclin-1 for Real-time PCR
Forward Reversed
LC3 5-GGCGCTTACAGCTCAATGCT-3' 5-GATTGGTGTGGAGACGCTGA-3'
Beclin-1 5'-GGCTGAGAGACTGGATCAGG-3' 5'-CTGCGTCTGGGCATAACG-3'
B-actin 5-GGAGATTACTGCCCTGGCTCCTA-3’ 5-GACTCATCGTACTCCTGCTTGCTG-3'

determined by BCA kit (Beyotime Biotechnology). After electro-
phoresis, protein was transferred to a PVDF membrane. The PVDF
membrane was blocking for 2 hours and then incubated with cor-
responding primary antibodies overnight at 4°C and was incubated
with secondary antibodies for 2 hours in room temperature, followed
by detecting using enhanced chemiluminescence (Proteintech, USA).
The primary antibodies of correlative proteins were listed in Table 1.
The relevant protein was represented by the relative yield to the

B-actin.

2.6 | Real-time polymerase chain reaction

Total RNA was extracted from cells using the TRIzol® reagent
(Invitrogen Life Technologies, Paisley, Scotland) after drug treat-
ment. The concentration of total RNA was detected by Ultra mi-
croultraviolet spectrophotometer (Thermo NanoDrop 2000, USA).
Total RNA was reverse transcribed to cDNA by PrimeScriptTM RT
Reagent Kit (Perfect Real Time) (TAKARA, Japan). For the semi-
quantitative analysis, cDNA was incubated with SYBR® Premix Ex
TagTM Il (Tli RNase Plus) (TAKARA, Japan) and primers for LC3 and
Beclin-1(Proteintech, USA) (Table 2). We performed 40 cycles (95°C
for 5seconds and 55°C for 30 seconds) on CFX96 Touch™ Real-
Time PCR Detection System (Bio-Rad, USA). The levels of LC3 and
Beclin-1 mRNA were normalized to p-actin and were then expressed
as values relative to the control using the comparative threshold
cycle (Ct) method.

2.7 | Immunofluorescence assay

The cells were cultured on the cover slips and treated with drugs
for 6,12 and 24 hours. And then cover the cells with ice-cold 100%

methanol for 15 minutes at -=20°C. Remove the fixative and block

the specimens in Blocking Buffer for 1 hour at room temperature.
The cells were incubated with primary antibody LC3 (Cell Signaling
Technology, USA) overnight at 4°C. The FITC-conjugated second-
ary antibody (Proteintech, USA) was incubated for 1.5 hours at
room temperature in dark. The nuclear was counterstained with
DAPI (blue) (Beyotime Biotechnology, China) for 5 minutes in dark.
All the specimen were observed in 100x oil immersion lens of
Nikon Eclipse Ni epifluorescence microscope (Nikon Instruments
Inc., Tokyo, Japan) equipped with a DS-Qi2 camera immediately.
The quantification of immunofluorescence was analysed using
Image J to calculate as the average intensity of the fluorescent
signal at three visual fields randomly selected in each section

respectively.

2.8 | Statistical analysis

All the data are expressed as mean + standard deviation (SD).
Statistical analysis was performed by GraphPad Prism 5.0
(GraphPad Software, Inc., San Diego, CA, USA). Statistical com-
parisons were performed using t-test, and two-way ANOVA fol-
lowed by Bonferroni post-test. Value of P < .05 is considered to be

statistically significant.

3 | RESULTS

3.1 | Changes in weight and Doppler ultrasonic
indexes from different groups

Changes in weight of rats were calculated as the growth ratio of
weight by the following equation:

postweight — preweight

Th th ratio of weight =
e growth ratio of weig breweight.
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Although the rat weights were substantially increased in both control
group and MA group, but the growth ratios of weight were different
between them after 6 weeks, and even two rats in MA group were
dead at the 4th and 5th week respectively. Compared with control
group, the growth ratio of weight was significantly lower in MA
group (*** P <.001, vs control; Figure 1A).

Doppler ultrasonic imaging showed that compared with con-
trol group, heart rate (bpm) and peak blood flow velocity of the
main pulmonary artery (cm/s) in MA group were significantly in-
creased (Figure 1B). Heart rate was remarkably increased from
290+ 12.75 bpm in the control group to 465 + 12.75 bpm in MA
group (***P <.001, vs control; Figure 1C). Peak blood flow velocity
of the main pulmonary artery was significantly accelerated from
96 £ 5.1 cm/s in the control group to 136 £ 5.1 cm/s in MA group
(***P < .001, vs control; Figure 1D).

3.2 | Pulmonary injury induced by chronic exposure
to MA

The results from H&E staining suggested that the pulmonary
injury was significantly induced by chronic exposure to MA
(Figure 2A). We observed that the lungs of rats were infiltrated
by inflammatory cells in the MA group (black arrows), the lung
parenchyma became more compact and the alveolar septum was

thickened (***P < .001, vs control; Figure 2B), alveoli was fused

Nt Control; Control, Control group; MA,
methamphetamine group

and the number of alveolar sacs was significantly reduced in
the MA group, compared with the control group (***P <.001, vs
control; Figure 2C).

3.3 | MA induced autophagy in alveolar
epithelial cells

LC3 is the only known protein specifically associated with au-
tophagosomes and becomes the marker of autophagy.u'14 LC3 pro-
tein was detected with Immunofluorescence assay. It was found that
compared with control group, LC3 fluorescent expression (green)
was partly increased at 0.5 and 1 m mol L't MA, and was most
densely expressed in cytoplasm at 5 m mol L' MA for 24 hours incu-
bation with statistical significance (Figure 3A). Immunofluorescence
results indicate that autophagy in alveolar epithelial cells was in-
duced by MA with dose-dependent and time-dependent enhance-
ment (Figure 3B).

Quantitative analysis of the number of cells with LC3-positive
autophagosome structures relative to the total number of cells is
expressed as the percentage of cells containing LC3-positive auto-
phagosome. Three areas of microscopic images were captured and
analysed by counting the stained cells. Figure 3C showed that the
percentage of cells containing LC3-positive autophagosome is sig-
nificantly increased at 1 and 5 m mol L' MA, and gradually increased

from 6 to 24 hours in comparison with control group.
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3.4 | The effect of MA on mTOR phosphorylation

The protein expression of mTOR is noticeably decreased at 1 and
5 m mol L' MA for 6, 12 and 24 hours, compared with control group
as shown in Figure 4A,B. However, it was found that the expression
of p-mTOR was gradually augmented in correlation with time and
was significantly inhibited with the increasing concentration of MA
in comparison with control group (Figure 4C). Therefore, the phos-
phorylation of mTOR was dose dependently suppressed by MA to

inactivate mTOR in alveolar epithelial cells.

3.5 | Activation of autophagy regulatory proteins
by MA

LC3 and Beclin-1 in the downstream of mTOR are the autophagy
regulatory proteins.”® The protein and mRNA levels of LC3 and
Beclin-1 in alveolar epithelial cells were detected by western blot
and Real-time PCR respectively.

Western blot analysis showed that MA improved the trans-
formation from LC3 | to LC3 II, and that LC3 Il levels were signifi-
cantly higher in 5 m mol L' MA group than those in other groups
(Figure 5A). Compared with Control group, the ratio of LC3 Il and
LC3 | (LC3 II/LC3 1) was evidently increased at 5m mol L' MA
for 6, 12 and 24 hours (Figure 5B). LC3 II/LC3 | was also dose de-
pendently increased by MA for 24 hours with statistical significance
(Figure 5B). The LC3 mRNA was obviously increased at 5 m mol L
MA for 12 and 24 hours. Particularly, for 24 hours, LC3 mRNA lev-
els were upregulated in dose-dependent manner. (Figure 5D), which
was in consistency with the protein level of LC3.

Beclin-1 is another crucial regulator of the autophagy. It was
found that compared with control group, Beclin-1 protein was slightly
decreased at 0.1 and 0.5 m mol L'! without statistical significance,

=

& & &

but was significantly increased at 1 and 5 m mol L'? (Figure 5A). MA
of 1 and 5 m mol L™ remarkably induced overexpression of Beclin-1
for 12 and 24 hours, which indicated that Beclin-1 protein was dose-
dependently and time-dependently increased by MA (Figure 5C).
Figure 5E showed that the mRNA levels of Beclin-1 were lower
in 0.1, 0.5 and 1 m mol L' MA groups than those in control group
for 6 and 12 hours. However, 5 m mol L' MA significantly induced
Beclin-1 mRNA for 12 and 24 hours. Meanwhile, for 24 hours, the
mRNA levels of Beclin-1 were increased dose dependently by MA.

3.6 | Increasing Beclin-1 suppressed Bcl-2-mediated
anti-apoptosis

As shown in Figure 5, the overexpression of Beclin-1 stimulated by
MA induced the autophagy in alveolar epithelial cells, but in order
to investigate if the autophagy-stimulatory effect can cause the ap-
optosis in alveolar epithelial cells, anti-apoptotic factor Bcl-2, apop-
totic factor BAX and apoptotic executive protein Caspase 3 were
detected by western blot (Figure 6A).

Bcl-2, an anti-apoptotic protein, can interact with Beclin-1 to
form complex to represent a crosstalk between the autophagic and
apoptotic mechanism.?”*® It was found in our current study that
Beclinl overexpression in protein and mRNA levels when MA stim-
ulated the autophagy in alveolar epithelial cells, which is probably
associated with that MA disrupted the interaction between Beclin-1
and Bcl-2 and then released Beclin-1. Western blot analysis sug-
gested that Bcl-2 protein level was time dependently downregulated
at 5 mmol L' MA for 6, 12 and 24 hours, and that it was significantly
suppressed at 1 m mol L' MA for 12 and 24 hours (Figure 6B). The
reduced Bcl-2 may be associated with depletion of Bcl-2 caused
by Beclin-1 overexpression-related autophagy.17 Our results also

showed that apoptotic protein Bax level was not obviously changed
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group; 0.1 MA, 0.1 m mol L'? MA group; 0.5 MA, 0.5 m mol L'* MA group; 1 MA, 1 m mol L2 MA group; 5 MA: 5 m mol L'* MA group; R,

1 mg/L rapamycin group; MA, methamphetamine

after MA stimulation for 6 hours, but that, for 12 and 24 hours, Bax
protein expression was heightened dose dependently by MA, par-
ticularly, in 1 and 5 m mol L' groups, compared with control group
(Figure 6C). As shown in Figure 6D that the ratio between Bax and
Bcl-2 was partly increased at 1 and 5 m mol L' MA for 12 hours,
especially, for 24 hours, Bax/Bcl-2 level was significantly elevated
dose dependently, compared with control group. Apoptotic execu-
tor Caspase 3 is also obviously elevated at 1 and 5 m mol L'* MA for

12 and 24 hours in comparison with control group (Figure 6E).

4 | DISCUSSION

Chronic exposure of MA resulted in the slower growth of weight and

in the higher heart rate and peak blood flow velocity of rats. The

toxicity of lung tissue in rats was included by infiltration of inflam-
matory cells, more compact lung parenchyma, thickened alveolar
septum, alveoli fusion and reduction in the number of alveolar sac.
In alveolar epithelial cells, the autophagy marker LC3 was overex-
pressed and per cent of cells containing LC3-positive autophago-
some was significantly increased, which suggested autophagy was
induced by MA. The phosphorylation of mMTOR was dose dependently
depressed by MA at 24 hours to inactivate mTOR, and then elicited
its downstream autophagic regulator proteins LC3 and Beclin-1. MA
accelerated the transformation from LC3 | to LC3 Il, and upregulated
the protein levels and mRNA level of LC3 and Beclin-1. Increasing
Beclin-1-autophagy suppressed Bcl-2-mediated anti-apoptosis by
decreasing Bcl-2 and increasing Bax, Bax/Bcl-2 and cleaved Caspase
3, especially stimulated by 12 or 24 hours exposure to MA. The
above results suggested that sustained autophagy was induced
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by long-term exposure to MA and that the increased Beclin-1 au-
tophagy initiated apoptosis in alveolar epithelial cells. Therefore,
concurrence of autophagy with apoptosis in alveolar epithelial cells
contributes to chronic pulmonary toxicity induced by MA.

Methamphetamine is an addictive stimulant, which caused the
disorder of nervous system, cardiovascular system and endocrine
system, and even individual death.®2-%* There is a growing evi-
dence shown that pulmonary toxicity is one of the main causes of
death by MA addiction. In our rat models, pulmonary toxicity was
prominent after 6-week exposure to MA. In MA group, rats had a
slower growth in weight, and even individual death. MA caused the
acceleration of heart rate and peak blood flow velocity of the main
pulmonary artery. The velocity of blood flow can change with res-
piration.35 Alteration of respiratory blood flow velocity is beneficial
to assess the pulmonary injury.®>3¢ In addition, our morphological
analysis showed that the lungs of rats were infiltrated by inflamma-
tory cells, the lung parenchyma became more compact, the alveolar
septum was thickened, alveoli was fused and the number of alveolar
sacs was significantly reduced in the MA group, compared with the
control group, which hinted that long-term exposed to MA induces
chronic pulmonary toxicity.

Pulmonary epithelium acts as a barrier to limit the access of var-
ious toxic to the respiratory system to maintain lung homeostasis,
so that alveolar epithelial cells are also considered to take effects on
the defence and infection.* Hence, it is the key to study the mech-
anism of MA-induced pulmonary toxicity using alveolar epithelial
cells. In this study, it was found that in alveolar epithelial cells, au-
tophagy marker LC3 was overexpressed and per cent of cells con-
taining LC3-positive autophagosome was significantly increased,

which suggested autophagy in alveolar epithelial cells was involved
in MA-induced pulmonary toxicity. Autophagy is a vacuolar process
of cytoplasmic degradation by lysosome to maintain cell homeosta-
sis and organelle self-renew. Some studies were proved that auto-
phagy can be induced through activating some protein kinases and
mTOR-Beclin-1 pathway.®”® Autophagy is suppressed by the factor
mTOR, thus, the mTOR inhibitor rapamycin-induced autophagy.®’ It
was reported that the substrates of mTOR are involved in the reg-
ulation of autophagy and formation of autophagosome.‘“”42 In this
study, it was found that mTOR expression was noticeably decreased
in 1 and 5m mol L' MA groups at 6, 12 and 24 hours, and that p-
mTOR expression was significantly inhibited with the increasing con-
centration of MA in comparison with control group. Therefore, the
phosphorylation of mMTOR was dose dependently depressed by MA
and inactivate mTOR to induce autophagy in alveolar epithelial cells.

LC3 and Beclin-1 in the downstream of mTOR are the autoph-
agy regulatory proteins.”*® LC3 is the marker of autophagy and the
modification of LC3 is necessary for autophagosome formation.!>13
By multiple modification, LC3 | is activated to be transformed into
LC3 1.*3 LC3 Il is located on the membrane of autophagosome, and
is degraded after the fusion of autophagosomes with Iysosomes.13
Thus, LC3 Il become the marker of autophagosome in mammals.*?
Beclin-1 also plays a crucial role in autophagic process, such as au-
tophagosome formation and autophagy protein localization.*¢44
When the autophagy is evoked, Beclinl is overexpressed and in-
teracted with PI3K to extend lipid membrane and to facilitate the
maturation of autophagosome.** Results from this study showed
that MA increased the transformation from LC3 | to LC3 Il, and that

LC3 Il levels were significantly higher in 5 m mol L'™> MA group than
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epithelial cells. D, Relative mRNA expression of LC3 by real-time PCR. E, Relative mRNA expression of Beclin-1 by real-time PCR. Data
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those in other groups. Compared with Control group, the ratio of
LC3 11 /LC3 I is also dose dependently increased by MA in 24 hours
with statistical significance. The LC3 mRNA was obviously in-
creased in dose-dependent manner, which was in consistency with
the protein level of LC3 protein. In addition, Beclin-1 protein and
mRNA were both increased by long-term stimulation of MA. Taken
together with suppressed phosphorylation of mTOR, MA-induced
autophagy in alveolar epithelial cells is probably through mTOR/
LC3/Beclin-1 signalling.

The relation between autophagy and apoptosis remains de-
batable, but the interaction between them is closely associ-

ated with many diseases.*> The autophagy protein, Beclin-1,

can interact with anti-apoptotic protein Bcl-2 or Bcl-X| to form
complex to inhibit autophagy.46 When the autophagy appears,
Beclin-1 is dissociated with Bcl-2 to take a part in the formation of
autophagasomes.15 Our results in this study showed that Beclin-1
was overexpressed but that anti-apoptotic Bcl-2 expression is
decreased by MA, which is probably associated with that MA
disrupted the interaction between Beclin-1 and Bcl-2, released
Beclin-1 and then depleted Bcl-2.% Meanwhile, our results also
showed that compared with control group, apoptotic protein Bax
level was enhanced dose dependently by MA, and that the ratio
of Bax/Bcl-2 level was significantly elevated dose dependently

in 1 and 5m mol L™ groups. Active Caspase 3, cleaved Caspase
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3, is also markedly elevated at 1 and 5 m mol L'X MA for 12 and
24 hours in comparison with control group. Taken together, it was
indicated that increasing Beclin-1 autophagy suppressed Bcl-2-
mediated anti-apoptosis.

In summary, sustained autophagy was induced by long-term ex-
posure to MA. And the increased Beclin-1 autophagy initiated apop-
tosis in alveolar epithelial cells, which indicated the concurrence of
autophagy with apoptosis in alveolar epithelial cells contributes to

chronic pulmonary toxicity induced by MA.
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