INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 41: 800-808, 2018

Autophagy relieves the function inhibition and
apoptosis-promoting effects on osteoblast
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Abstract. Autophagy may be a major mechanism by which
osteoblasts (OBs) protect against the negative effects of chronic
glucocorticoid (GC) usage. OBs are closely associated with
the remodeling that occurs in GC-induced osteoporosis (GIO).
In osteocytes, in response to stress induced by GCs, several
pathways are activated, including cell necrosis, apoptosis and
autophagy. However, the role of autophagy in OBs following
treatment with excess GCs has not been addressed. In the
current study, confocal microscopy observation of green fluo-
rescent protein-microtubule-associated protein 1 light chain 33
(LC3) punctuate, and western blotting for LC3II and Beclin 1
were performed for detection of autophagy in the MC3T3-El
osteoblastic cell line. Flow cytometry and western blotting
were used for the examination of apoptosis and expression
of BAX apoptosis regulator (Bax)/apoptosis regulator Bcl-2
(Bcl-2). The expression of genes associated with osteoblastic
function, runt-related transcription factor 2, a-1 type 1 collagen
and osteocalcin, were measured by reverse transcription-quan-
titative polymerase chain reaction. The results indicated that
autophagy was induced in OBs during dexamethasone (Dex)
treatment in a dose-dependent manner. The level of autophagy
did not continue to increase over time, but peaked at 48 h and
then decreased gradually. Subsequently, flow cytometry was
used to demonstrate that inhibition of autophagy induced apop-
tosis in OBs under Dex treatment, and was associated with the
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upregulation of Bax and the downregulation of Bcl-2 protein
expression. Furthermore, the data suggested that the inhibition
of autophagy also suppressed the expression of osteoblastic
genes. By contrast, the stimulation of autophagy maintained the
gene expression level under Dex treatment. The data revealed
that autophagy is an important regulator of osteoblastic apop-
tosis through its interaction with Bax/Bcl-2, and maintains the
osteoblastic function of MC3T3-El cells following GC expo-
sure. In addition, these results indicated that the suppression of
autophagy in OBs under chronic GC therapy may increase the
prevalence of GIO and fragility fractures.

Introduction

Chronic glucocorticoid (GC) therapy is widely used in
clinical medicine as an effective way in treating skin disease,
inflammatory/autoimmune diseases, including rheumatoid
arthritis and chronic obstructive pulmonary disease, and
preventing organ transplantation rejection (1). However,
long-term use of GCs causes various side-effects, and the
most common one being GC-induced osteoporosis (GIO) (2).
Approximately half of patients with rheumatoid arthritis
receiving chronic GCs therapy experience an osteoporotic
fracture; base-line data from randomized clinical trials
reported the prevalence of vertebral fractures is ~30% (3). It
was also reported that long-term intake of GCs leads to bone
infarction and osteonecrosis of the femoral head, causing a
significant public healthissue (4). Bone loss in GIO is a biphasic
process, bone resorption significantly increases within the
first 3 months, peaks at 6 months, followed by a slower annual
loss of ~3% for the duration of GC administration (5). This is
caused by the accelerated lifespan of osteoclasts in the early
phase of bone resorption. However, in the long term, osteo-
clastic activity is usually inhibited by GCs (6). By contrast,
osteoblasts (OBs) are directly and consistently modulated
by GCs, whereby the production of new OBs precursors is
decreased and the mature, matrix-secreting OBs experience
premature apoptosis. Therefore, although both bone resorp-
tion and formation are suppressed by chronic GCs therapy,
bone formation is suppressed more than bone resorption (7-9).
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These histological characteristics are quite different from
those in other forms of osteoporosis in which osteoclasts have
an important role. Thus, more attention should be paid to OBs
when investigating GIO.

Autophagy is a lysosomal degradation pathway that is essen-
tial for cell growth, survival, differentiation, development and
homeostasis. It is a highly regulated process that mainly involves
the formation of autophagosomes, which will fuse with the
lysosomes and form autolysosomes. Subsequently, degradation
occurs and the amino acids or other small molecules are deliv-
ered to the cytoplasm for energy production or recycling (10).
GC therapy leads to accumulation of damaged proteins, oxygen
radicals and degraded nucleic acids (11). Autophagy is the only
intracellular degradative mechanism known to remove dysfunc-
tional organelles and/or oxidized proteins, and it is also activated
as an attempt to survive under stress (12,13). Despite the ability
in which autophagy acts as a survival strategy to preserve cell
viability, it may also lead to a programmed cell death process,
because of the excessive activation of this self-degrading
system (14). Therefore, autophagy has been reported as a
‘double-edged sword’” (15). It was previously reported that
autophagy was induced prior to apoptosis during lymphoid
cell death caused by dexamethasone (Dex) (16). Another study
reported that GC treatment could induce autophagy in mouse
osteocytes. Inhibition of autophagy led to augmentation of
the effects of GCs on osteocyte viability (11). The autophagic
process is also induced in OBs during mineralization, and
autophagy deficiency reduced mineralization capacity, which
was proved by knockdown of autophagy-essential genes and
OB-specific autophagy-deficient mice (17).

However, whether autophagy is involved in the effect of
GCs on OBs is unknown. We hypothesize that autophagy is
one of the mechanisms by which OBs respond to GC treatment.
In this study, it was investigated whether GC treatment of OBs
induced autophagy. In addition, as the association between
autophagy and apoptosis was unclear, as previously described,
whether suppression of autophagy altered the negative effects
of exogenous GCs on OBs was also examined. The present
observations may offer a novel finding that autophagy is a
major mechanism by which OBs protect themselves against
the detrimental effect of GCs.

Materials and methods

Reagents and antibodies. The enhanced green fluorescent
protein-microtubule-associated protein 1 light chain 3
(eGFP-LC3B) plasmid was provided by Dr Shaobo Xiao
(Huazhong Agricultural University, Wuhan, China) (18). The
antibodies used were: anti-microtubule-associated protein 1
lightchain 3 (anti-LC3B; cat.no.L7543; Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany); anti-Beclin 1 (cat. no. PDO017,
MBL International Co., Woburn, MA, USA); anti-BAX
apoptosis regulator (Bax; cat. no. 50599-2-1g; Proteintech,
Chicago, IL, USA); anti-apoptosis regulator Bcl-2 (Bcl-2;
cat. no. PRS3335; Sigma-Aldrich; Merck KGaA); anti-f-actin
(cat.no. AA128; Beyotime Institute of Biotechnology, Haimen,
China). Dex (cat. no. D4902), 3-methyladenine (3-MA;
cat. no. M9281) and rapamycin (cat. no. R8781) were
all obtained from Sigma-Aldrich (Merck KGaA). Dex,
rapamycin and 3-MA were all dissolved in dimethyl sulf-
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oxide (cat. no. D4540; Sigma-Aldrich; Merck KGaA). The
stock solution concentrations were 500 ymol/l for rapamycin,
100 mmol/I for 3-MA. The working solution concentrations
were 500 nmol/l for rapamycin and 400 pmol/l for 3-MA.

Cell culture. The MC3T3-El cell line was obtained from
the Cell Resource Center, Peking Union Medical College
(Beijing, China; the headquarters of National Infrastructure
of Cell Line Resource). The cell line was confirmed to have
no mycoplasma contamination by polymerase chain reac-
tion (PCR). Its species origin was confirmed by PCR. The
identity of the cell line was authenticated with Short Tandem
Repeat profiling (CODIS; FBI). All the results can be viewed
at www.cellresource.cn. Cells were cultured in a-minimum
essential medium (cat. no. 12571-063) with 10% (v/v) fetal
calf serum (cat. no. 16140-071; both from Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), and antibiotics
(100 TU/ml penicillin G and 100 Ag/ml streptomycin) in
a humidified incubator with 5% CO, at 37°C. A total of
5x10° cells/well were cultured in 6-well plates and then
exposed to Dex of various doses at 108, 10 and 10* mol/I
for 24,48, 72 and 96 h. Autophagy inhibitor 3-MA was added
to cells 1.5 h before incubated with Dex as negative control
group. Autophagy agonist rapamycin was added 6 h ahead of
each time-point as positive control group. Culture medium was
replaced with the same concentration GC at interval of 48 h.

Confocal microscopy. MC3T3-El cells were cultured on glass
coverslips in 35-mm plates. For the detection of autophago-
somes, eGFP-LC3B plasmid (2.5 ug/well) was transfected into
1x10° cells/well using Lipofectamine® LTX and Plus reagent
(cat. no. 15338-100; Invitrogen; Thermo Fisher Scientific,
Inc.) according to manufacturer's instructions. Cells were then
treated with 10%, 10° and 10* mol/l Dex in complete culture
medium for 24, 48, 72 and 96 h. Rapamycin (500 nmol/l)
was added 6 h before each time-point as positive control, and
250 umol/13-M A was added 1.5 hbefore Dex asnegative control.
Following fixation with phosphate-buffered saline (PBS)
containing 4% (w/v) paraformaldehyde at 37°C for 30 min and
staining with 0.1 zg/mlI DAPI at 37°C for 1 min, glass coverslips
were observed under a Zeiss LSM 510 confocal fluorescence
microscope (Carl Zeiss AG, Oberkochen, Germany). Cells
containing three or more GFP-LC3 puncta were defined as
autophagy-positive. The percentage of cells with characteristic
punctate GFP-LC3 staining relative to all GFP-positive cells
was calculated as previously described (19). Three random
fields were counted, and three independent experiments were
performed. Analysis of images was performed using ImageJ
(National Institutes of Health, Bethesda, MD, USA).

Western blot analysis. MC3T3-El cells were seeded into
6-well plates and incubated at 37°C for 18 h. Cells were
subsequently treated with Dex at different concentrations for
24-96 h as previously described. At each time-point, cells
were washed with PBS twice and incubated in a cold buffer
containing 0.5% Triton X-100, 150 mmol/l NaCl, 12.5 mmol/l
B-glycerolphosphate, 1.5 mmol/l MgCl,, 2 mmol/l EDTA,
10 mmol/l NaF, I mmol/l Na,VO,, 2 mmol/l dithiothreitol and
protease inhibitor cocktail (cat. no. P8340; Sigma-Aldrich).
Centrifugation was performed to obtain cell extracts at
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10,000 x g at 4°C for 10 min, and protein concentration was
determined using BCA Protein Assay kit (cat. no. pp0101;
Biomed, Beijing, China). Protein samples were mixed with
30 ul 2X SDS-PAGE sample buffer, boiled for 10 min,
separated on 12% SDS-PAGE gel (30 pug/well), and electro-
transferred onto a polyvinylidene difluoride membrane. Blots
were blocked for 1 h with Tris-buffered saline (50 mmol/l
Tris-HCI, pH 7.4, 150 mmol/l NaCl)-0.05% Tween-20 (TBST)
supplemented with 5% non-fat milk at room temperature
and incubated overnight at 4°C with primary antibody [Bax
(dilution, 1:1,000), Bcl-2 (dilution, 1:1,000), Beclin 1 (dilu-
tion, 1:1,000), LC3 (dilution, 1:1,500) and (-actin (dilution,
1:2,000)]. Membranes were than washed three times in
1X TBST buffer, and subsequently incubated with horseradish
peroxidase-conjugated secondary antibodies at room tempera-
ture (cat. nos. ZF0136 and ZF0312; OriGene Technologies,
Inc., Beijing, China) for 45 min and washed again prior to
detection of signal with Western Lighting Plus-ECL reagents
(cat. no. P1010; Applygen Technologies, Inc., Beijing, China).
Densitometry analysis was performed using Imagel] 2x
(National Institutes of Health, Bethesda, MD, USA).

Measurement of apoptosis by flow cytometry. MC3T3-El cells
(1x10° per well) were plated in a 6-well plate at 37°C. Following
treatment with Dex, 3-MA and rapamycin, apoptosis incidence
in OBs was detected by using the Annexin V-fluorescein isothio-
cyanate (FITC) staining kit (BD Pharmingen, Franklin Lakes,
NIJ, USA). Propidium iodide (PI) staining also was performed
at the same time using the same kit (20). Apoptotic cells,
including those staining positive for Annexin V-FITC and
negative for PI and those were double positive, were counted
and represented as a percentage of the total cell count. Flow
cytometry analysis was performed by BD FACSDiva software
(v 6.1.3; BD Biosciences, San Jose, CA, USA).

Gene expression analysis. Total RNA was isolated using
TRIzol reagent (Thermo Fisher Scientific, Inc.) according to
the manufacturer's instructions. Total RNAs (1 pxg) were then
reverse-transcribed using RayScript cDNA synthesis kit
(GK8030; Generay Biotech Co., Ltd., Shanghai, China),
cDNAs were subjected to reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis in an ABI
PRISM 7500 system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). Reactions were performed in a 20 ul final
volume using 8 pul diluted cDNAs and AceQ™ qPCR Probe
Master Mix (Q112-02; Vazyme Biotech Co., Ltd., Nanjing,
China). Amplification conditions were: 95°C for 5 min,
followed by 40 cycles of 95°C for 10 sec and 60°C for 34 sec.
Primer sequences were as follows: Runt-related transcription
factor 2 (Runx2), 5'-CAGCAGCAGCAACAACAG-3
(forward) and 5-TGGTCCGCGATGATCTC-3' (reverse),
ACAGCAGCAGCAGCAGCAGCA (probe); osteo-
calcin (Ocn), 5'-GAGCTTAACCCTGCTTGTG-3' (forward)
and 5'-CTGCTGTGACATCCATACTTG-3' (reverse), ATC
AGACCAGTATGGCTTGAAGACCGC (probe); a-1 type 1
collagen (Collal), 5'-CTGGCAAGAATGGAGATGATG-3'
(forward) and 5'-TCGGTGTCCCTTCATTCC-3' (reverse),
TGTTCCAGGCAATCCACGAGCACC (probe); GAPDH,
5-GCCTTCCGTGTTCCTACC-3' (forward) and 5-CCTCAG
TGTAGCCCAAGATG-3' (reverse), TGCCTGCTTGACCAC
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CTTCTTGATGT (probe). Each gene was normalized to
GAPDH by relative quantification and the cycle quantifica-
tion (244¢9) method was used to calculate relative gene
expression levels (21).

Statistical analysis. All data were expressed as the
mean =+ standard deviation of at least three independent experi-
ments. Differences among the three groups were analyzed by
one-way analysis of variance followed by the least significant
difference test or the Student-Newman-Keuls test using the
statistics package SPSS 19.0 (IBM Corp., Armonk, NY, USA).
Other comparisons were performed using the Student's t-test
except for percentage comparison for which the Kruskal-Wallis
test was used. P<0.05 was considered to indicate a statistically
significant difference.

Results

Dex induces autophagy in a dose-dependent manner in
MC3T3-EI cells. To determine whether GCs regulate
autophagy, the impact of Dex on formation of autophagosomes
in MC3T3-El cells was examined. MC3T3-E1 cells were
transfected with an eGFP-LC3B-expressing plasmid (22).
At 24 h post-transfection, cells were fixed, and examined for
evidence of autophagosome formation by confocal fluores-
cence microscopy. eGFP-LC3 fluorescence microscopy is a
well-accepted method for monitoring autophagosome forma-
tion (23). As presented in Fig. 1A and B, MC3T3 cells had
very low basal autophagic activity, with <2% of cells expressed
punctate eGFP-LC3. However, treatment with 108, 10° and
10* mol/l Dex stimulated autophagy, leading to eGFP-LC3
puncta formation in ~50% of cells. A clear redistribution of
eGFP-LC3B punctate was observed, indicating the forma-
tion of autophagosomes (Fig. 1A). Semi-quantitative analysis
as indicated that the increase in puncta-positive cells was
dose-dependent, and rapamycin could increase the number of
positive cells, while 3-MA effectively reduced it (Fig. 1B).

To validate this finding, western blotting was performed
to examine the endogenous expression of LC3, which is a
protein involved in the formation of autophagic phagophore
membranes. Activation of autophagy is associated with the
conversion of LC3 from the cytosolic, soluble form (LC3-I),
to the membrane-bound form (LC3-II). This ubiquitin-like
modification, termed lipidation, can be illustrated by a change
in migration on SDS-PAGE gel and is a sensitive marker
for monitoring autophagy (23,24). For further validation,
Beclin 1, another marker of autophagy was examined using
western blotting. Beclin 1 is involved in the initial step of
the autophagic process and regulates both the formation and
maturation of autophagosomes (25,26). Collectively, consistent
with the eGFP-LC3 fluorescence data, endogenous expres-
sion of LC3II and Beclin 1 suggested that Dex increased the
autophagic activity in MC3T3-El cells in a dose-dependent
manner following treatment with Dex for 24 h (Fig. 1C-F).

Dex-induced autophagic activity peaks at 48 h and decreases
over time. To understand the temporal characteristics
Dex-induced autophagy, eGFP-LC3B puncta formation in
MC3T3-El cells transfected with eGFP-LC3B was moni-
tored in the 10 and 10* mol/l Dex-treated groups over time.
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Figure 1. Autophagy is activated during glucocorticoid treatment. (A) Cells transiently transfected plasmid expressing eGFP-LC3B fusion protein, were
exposed to Dex or control (no Dex) for 24 h. Representative fluorescence microscopy images are presented (magnification, x100). (B) Control group had <2%
of cells expressing punctate eGFP-LC3. Whereas, 24 h treatment with 10, 10" and 10"* mol/l Dex led to eGFP-LC3 puncta formation in ~50% of cells. "P<0.05
vs. control, 10, and 10°+ 3-MA groups. Cells were exposed to culture medium containing 10, 10°° and 10"* mol/l Dex for 24 h with (C) 3-MA (400 ymol/I)
added 1.5 h before the experiment plus (D) RAPA (500 nmol/l) added during the last 6 h of the experiment. Autophagy markers were evaluated by western
blotting. Positive blots (right) and corresponding semiquantitative analysis (left) are presented. Values are presented as the mean + standard deviation (n=3).
“P<0.05 vs. control, 10, 10°+ RAPA, and 10 + 3-MA groups. Dex, dexamethasone; eGFP, enhanced green fluorescent protein; RAPA, rapamycin; 3-MA,

3-methyladenine; LC3, microtubule-associated protein 1 light chain 3f.

eGFP-LC3B puncta formation was observed in cytoplasm
as early as 24 h post-transfection (Fig. 2A). In addition,
eGFP-LC3B puncta increased at 48 h post-transfection (Fig.
2A and B), in accordance with an increase in LC3II protein
expression levels (Fig. 2C). In the 10 mol/l Dex group, ~15%
of cells exhibited cytoplasmic eGFP-LC3B puncta at 24 h
post-transfection, and the number increased to 40% at 48 h. The
positive rate was 20% at 24 h, and increased to >50% at 48 h in
the 10 mol/l Dex group. However, this trend was not persistent.
At 48 h post-transfection, in the 10 and 10-* mol/l groups, the
percentage of cells with eGFP-LC3B puncta decreased and the
eGFP-LC3B fluorescence was decreased (Fig. 2B). This was

also verified by the LC3II expression levels at 48 h post-trans-
fection. In accordance with these data, the endogenous Beclin 1
protein expression was upregulated in the first 48 h, then
reduced substantially afterwards (Fig. 2C and D). Rapamycin
was also added to the cells at 96 h. The results showed that the
level of Beclin 1 was not significantly elevated, which suggested
that autoghagy was a transient process in MC3T3-El cells
(Fig. 2D). This result provided additional support for the feature
of Dex-induced autophagic activity in MC3T3-EI cells.

Dex induced MC3T3-EI cell apoptosis. Following treat-
ment with various concentrations of Dex, cell apoptosis was
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Figure 2. Generation and characterization of autophagy over time. (A) Confocal microscopy images of MC3T3-E1 cells treated with 10 and 10 mol/l Dex
for 24, 48,72 and 96 h (magnification, x100). (B) Broken line graph showed that enhanced green fluorescent protein-LC3 puncta positive cells reached a peak
at 48 h and then decreased. Representative immunoblots and densitometry analysis of cells treated with (C) Dex at 10 or (D) Dex at 10 mol/l for 24 to 96 h
and RAPA (500 nmol/l) for 96 h. Corresponding densitometric quantification showed that autophagy markers reached a peak at 48 h and decrease gradually

after that. “P<0.05 vs. other time groups. Dex, dexamethasone; LC3, microtubule-associated protein 1 light chain 3f; RAPA, rapamycin.

detected by Annexin V/PI double staining. Flow cytometry
assays indicated a substantial increase in the FITC-positive
population among cells treated with 10® and 10* mol/l Dex,
compared to non-treated group (P<0.05). And the difference
between 10 mol/l and non-treated group has no statistical
significance (P>0.05). But in general, the apoptotic population
was increased in a dose-dependent manner (Fig. 3A and B).
Similarly, when time was taken into account, it was demon-
strated that the apoptotic population was also increased in all
Dex treated groups over time, which indicates Dex exerted
time-dependent effects on MC3T3-El1 cells.

Dex-induced autophagy protects MC3T3-El cells from
undergoing apoptosis. To investigate the effect of autophagy
on apoptosis, 3-MA, a potent pharmacological inhibitor of
autophagy, was used to suppress Dex-induced autophagy.

By contrast, rapamycin was used to increase Dex-induced
autophagy. The flow cytometry analysis demonstrated that
3-MA alone did not cause a marked increase in apoptosis and
cell death (Fig. 4B), thus that pretreatment with 3-MA was able
to block autophagy in MC3T3-El cells without significant cyto-
toxicity. However, 3-MA significantly induced apoptosis at 48 h
when combined with Dex exposure (P<0.05; Fig. 4A and B). This
result indicated that suppression of autophagy by 3-MA was
able to increase Dex-induced damage in MC3T3-El cells. To
further confirm that apoptosis could be modulated by the regu-
lation of autophagy, western blotting was performed to detect
the expression of Bax and Bcl-2. As displayed in Fig. 4C and D,
the expression of Bax was not decreased in the 10 mol/l Dex
groups compared with the control group (P>0.05). However,
when co-treated with 3-MA, Bax expression was significantly
upregulated compared with Dex treatment alone. By contrast,
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Figure 3. Apoptosis is induced during Dex treatment. (A) Annexin V-fluorescein isothiocyanate/PI staining was analyzed by flow cytometry. Representative
dot plots of MC3T3-El1 cells subjected to 104, 10 and 10" mol/l Dex or control are presented with the percentage of Annexin V-positive cells indicated.
(B) Population of apoptotic cells was increased in a dose-dependent manner. There was significant difference between 10°° mol/l and control group (P<0.05),
10"* mol/l and control group (P<0.05) at all time-points. Dex, dexamethasone; PI, propidium iodide.

Bax was significantly decreased compared with Dex only treat-
ment when co-treated with rapamycin (P<0.05; Fig. 4C). Unlike
Bax, which a pro-apoptosis protein, Bcl-2 is an anti-apoptosis
protein. As shown in Fig. 4D, compared with Dex-only treat-
ment, Bcl-2 expression was increased when cells were co-treated
with rapamycin, but was reduced by co-treatment with 3-MA
(P<0.05). These results indicated that the blockage of autophagy
enhanced the apoptotic effects of Dex in MC3T3-El cells.
Autophagy induced by Dex served a protective function, and it
can be enhanced by promotion of this process.

Autophagy deficiency interferes with osteoblastic function in
MC3T3-EI cells. To further investigate whether autophagic defi-
ciency may aggravate the inhibitory action of Dex by reducing
the osteoblastic function in MC3T3-El cells, the expression of
osteoblastic-associated genes was determined. As expected on
the basis of previous findings in these osteoblastic cells (27),

exposure to GCs was downregulated the expression of Runx2,
Collal and Ocn (Fig. 5A), which are markers of bone matrix
synthesis ability. Treatment of MC3T3-El cells with 3-MA
alone did not reduce the expression of these genes (P>0.05;
Fig. 5B), and treatment with rapamycin alone did not promote
their expression, thus making 3-MA and rapamycin practical
tools as autophagy-inhibitor and autophagy-inducer in this
study (Fig. 5B). The results demonstrated that pretreatment with
3-MA significantly reduced Runx2, Collal and Ocn gene expres-
sions in cells exposed to Dex. Additionally, rapamycin promoted
the expression of Ocn compared to Dex treatment (Fig. 5C).

Discussion
GCs are effective anti-inflammatory and autoimmune modu-

lating agents, but excessive use or chronic GC therapy alters
bone metabolism and produces GIO, leading to bone fragility
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a loading control. "P<0.05; “P<0.05. 3-MA, 3-methyladenine; PI, propidium iodide; Dex, dexamethasone; RAPA, rapamycin; Bax, BAX apoptosis regulator;

Bcl-2, Bel-2 apoptosis regulator.

and bone fractures (28). Unlike senile and postmenopausal
osteoporosis, in which osteolysis is activated by the increased
population and function of osteoclasts, GIO is predominantly
caused by the impaired function of osteogenesis (29). OBs
have a central role in bone formation, and GCs directly inhib-
ited cellular proliferation and differentiation of OB lineage
cells (30), and reduce OB maturation and activity (31). GCs also
induce OB and osteocyte apoptosis in vivo (32). In the current
study, flow cytometry was used to demonstrated that apoptosis
of MC3T3-El cells was induced by Dex in a dose-dependent
manner. However, the mechanism of apoptosis was not clear.
The expression of Bax is closely associated with mitochondrial
apoptosis, which is an important factor in the regulation of cell

apoptosis (33). The present study demonstrated that selective
gene deletion of Bak and Bax in OBs increased their lifespan
and thereby cancellous bone mass in the femur (34). Therefore,
we hypothesized that Bax may be involved in the osteoblastic
apoptosis caused by Dex. The current study demonstrated
that Dex induced apoptosis and also induced autophagy in
MC3T3-El cells. As shown in Fig. 1, LC3II, Beclin 1 and
GFP-LC3 puncta were upregulated by Dex in a dose-dependent
manner. The process of apoptosis is often accompanied by
the occurrence of autophagy (35), however, the association
between apoptosis and autophagy is complex (36).

Several studies have reported that inhibition of autophagy
results in dysfunction and death of cells, including hemato-
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Figure 5. Autophagy has a protective effect on osteoblastic gene expressions of MC3T3-El cells under Dex treatment. MC3T3-EI cells were treated with
various doses of Dex. (A) Osteogenesis-associated genes Runx2, Collal and Ocn were examined by reverse transcription-quantitative polymerase chain
reaction. "P<0.05 vs. control; “P<0.05 vs. control. (B) Cells treated with 3-MA (400 pmol/l) or RAPA (500 nmol/I) alone were also examined, no significant
difference was detected (P>0.05). (C) Cells were co-treated with Dex and 3-MA or RAPA. "P<0.05 vs. Dex group; “P<0.05 vs. Dex group. Dex, dexamethasone;
Runx2, runt-related transcription factor 2; Collal, a-1 type 1 collagen; Ocn, osteocalcin; 3-MA, 3-methyladenine; RAPA, rapamycin.

poietic stem cells, pancreatic B-cells, kidney epithelium,
myocardial cells and neurons (37-40). Previous studies
suggested autophagy provided a mechanism for osteocytes
to survive the stress after GCs exposure in vitro (12,41),
thus we hypothesized that suppression of autophagy in
MC3T3-El cells may also aggravate the impact of GCs
on osteoblastic function. The findings of the current study
demonstrated that the suppression of autophagy by 3-MA was
able to increase Dex-induced apoptosis in MC3T3-E1 cells.
Furthermore, the expression of pro-apoptotic protein Bax was
also upregulated following co-treatment with 3-MA and Dex,
whereas it was downregulated following co-treatment with the
autophagy-inducer rapamycin. To further validate the role of
autophagy in mitochondrial apoptosis, the expression of Bcl-2
was examined. Bcl-2 is located in mitochondria and can stop
cytochrome c release into the cytoplasm, and the subsequent
activation of caspase-3, by reducing mitochondrial membrane
permeability (42). The results of the current study indicated that
3-MA significantly reduced the expression of Bcl-2 compared
with the group treated with Dex only. By contrast, Bcl-2 expres-
sion was increased by co-treatment with rapamycin. These
data indicated that autophagy is a pro-survival mechanism
in Dex-treated MC3T3-El cells to reduce the incidence of
apoptosis and facilitate the survival of the cells. The potential
mechanism may be via regulation of Bax/Bcl-2 by autophagic
process through the mitochondrial pathway. A notable finding
produced by the flow cytometry analysis was that there was
a marked increase in the apoptotic cell population after 72 h
of treatment with Dex (Fig. 3), in comparison to the relative

slower increase prior to 72 h. This may be due to the decline
of the activity of autophagy following the peak at 48 h, as indi-
cated by the confocal fluorescence microscopy data, resulting
in a decreased ability to relieve the negative effect of Dex on
MC3T3-El cells. This result suggested that autophagy may not
be consistently protective if stress lasts for a prolonged time,
particularly under chronic GC therapy. Therefore, this indi-
cates that the suppression of autophagy may have an important
role in the dysfunction of osteogenesis during long-term intake
of GCs.

Furthermore, in accordance with the finding that autophagy
facilitated the survival of cells, osteogenic gene expression as
also examined by RT-qPCR in order to determine whether
autophagy altered the effect of Dex on osteoblastic function.
Dex reduced the gene expression of Runx2, Collal and Ocn,
particularly at relatively higher concentrations. The expres-
sion of these genes was also determined in cells following
co-treatment with 3-MA and rapamycin, with the results
suggesting that osteogenic gene expression was suppressed by
3-MA and induced by rapamycin. These results indicated that
autophagy not only altered the process of apoptosis, but also
the function of osteoblastic cells.

In conclusion, the findings of the current study demon-
strate that excess GC stimulates the process of autophagy in
MC3T3-El cells, and inhibition of this phenomenon mediates
the negative effects of Dex on cell proliferation and osteoblastic
function. These results indicate that activated autophagy is a
self-protective mechanism used by OBs to oppose the stress
induced by excess GC.
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