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Pseudolaric acid B induced autophagy, but not
apoptosis, in MRCS human fibroblast cells
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Abstract. Autophagy and apoptosis are closely associated. In
previous studies, pseudolaric acid B (PAB), a diterpene acid
isolated from the root and trunk bark of Pseudolarix kaempferi
Gordon (Pinaceae), was demonstrated to induce apoptosis
in various cell lines. However, in 1.929 murine fibrosarcoma
and SW579 human thyroid squamous cell carcinoma cells,
only autophagy was induced. In the present study, another
cell line, MRC5 human lung fibroblast cells, was identified in
which PAB only induced autophagy. The relationship between
apoptosis and autophagy subsequent to PAB treatment in
MRCS5 cells was explored. When autophagy was inhibited
by 3-methyladenine (3MA), apoptosis was induced in the
PAB-treated MRCS5 cells. To study the mechanism for the
promotion of apoptosis by 3MA in the PAB-treated cells, the
expression of members from the apoptotic signal pathways
was assessed. As Bcl-2, Bcl-2 associated X and pro-caspase-9
expression following PAB treatment was not affected by
3MA treatment, it was determined that apoptosis was induced
independent of the mitochondrial pathway of apoptosis. As
Fas and pro-caspase-8 expression following PAB treatment
were not altered by 3MA, it was further determined that the
death receptor pathway was not induced. However, the phos-
phorylation of c-Jun-N-terminal kinase and the expression
of pro-caspase-3 were upregulated, and the phosphorylation
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of extracellular signal-regulated kinase downregulated, by
the combination of PAB and 3MA treatment compared with
PAB alone. It was also observed that 3MA did not affect the
microtubule aggregation ability of PAB. Therefore, inhibiting
autophagy in MRCS5 cells did not affect the role of PAB in
microtubule aggregation, while apoptosis was induced. This
may present a strategy to enhance the anti-tumor effects of
PAB.

Introduction

Pseudolaric acid B (PAB) is a diterpene acid isolated from
the root and trunk bark of Pseudolarix kaempferi Gordon
(Pinaceae), known as ‘Tu-jin-pi’ in Chinese, which is used
to treat dermatological fungi infections. PAB has been
demonstrated to exert potent cell growth inhibition in vitro in
various tumor cell lines through cell cycle arrest, apoptosis or
autophagy (1-6), although the mechanisms for this effect have
yet to be completely characterized.

Apoptosis has been the focus of a large volume of
research regarding anti-tumor drug development (7,8). The
major mechanisms of apoptosis include the extrinsic or Fas
death receptor pathway, which activates caspase-8 and -10 in
response to external stimuli (9) and the intrinsic or mitochon-
drial pathway, which induces the cleavage of pro-caspase-9
in response to internal stimuli (10). In mammalian cells,
mitogen-activated protein kinases, including stress-activated
protein kinase, c-Jun-N-terminal kinase (Jnk), p38 and extra-
cellular signal-regulated kinase (Erk), are associated with cell
death or proliferation (11). Generally, the expression of Erk
promotes inflammation, apoptosis, cell growth, differentia-
tion and oncogenic transformation, whereas Jnk and p38 are
implicated in cell growth and differentiation, and develop-
ment (12,13).

In addition to apoptosis, autophagy has also been studied
as an anti-cancer drug mechanism. Autophagy is the process
by which cellular components are delivered to lysosomes for
bulk degradation (14). In some cases, autophagy may promote
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cell death, but autophagy typically promotes cell survival by
enabling cells to adapt to stress conditions (15). The inhibi-
tion of apoptosis by autophagy has also been demonstrated to
decrease the effect of antitumor drugs (16).

In the present study, it was demonstrated that the PAB
treatment of MRCS5 cells induced autophagy, and not apop-
tosis. Inhibiting autophagy promoted apoptosis through the
upregulation of phosphorylated (p)-Jnk expression and the
downregulation of p-Erk, whereas inhibiting autophagy had
no effect on cell cycle arrest or microtubule aggregation as
induced by PAB. Therefore, inhibiting autophagy did not affect
the role of PAB in microtubule aggregation and promoted cell
apoptosis; this may present a strategy for the application of
PAB against tumors.

Materials and methods

Materials. PAB (National Institute for the Control of
Pharmaceutical and Biological Products, Beijing, China) was
dissolved in dimethyl sulfoxide (DMSO) to produce a stock
solution. DMSO concentration was maintained below 0.01% in
all cell culture to prevent any detectable effect on cell growth
or death. Propidium iodide (PI), phalloidin-tetramethylrho-
damine B isothiocyanate, monodansylcadaverine (MDC),
3-methyladenine (3MA), Hoechst 33258 and RNase A were
purchased from Sigma-Alrich (Merck KGaA, Darmstadt,
Germany). TRIzol® reagent was purchased from Invitrogen
and the SuperScript™ III RT-PCR kit was from Thermo
Fisher Scientific, Inc. (Waltham, MA, USA). The Power
SYBR Green PCR Master mix was acquired from Applied
Biosystems (Thermo Fisher Scientific, Inc). The mouse light
chain (LC) 3A/B monoclonal (cat. no., 66139-1-AP), and rabbit
Beclin-1 (cat. no., 11306-1-AP), Bcl-2 (cat. no., 12789-1-AP),
ERK1/2 (cat. no., 16443-1-AP) and Bax (cat. no., 50599-2-1g)
were purchased from ProteinTech Group, Inc. (Chicago, IL,
USA). The rabbit histone H3 antibody was from GenScript
(cat. no., A01502-40, Piscataway, NJ, USA). INK1/2 (cat.
no., BA1648, MAPKS8/9) antibody and MAPKI14 (cat.
no., BM4142, p38) antibody were from Boster Biological
Technology (Pleasanton, CA, USA). Antibodies against
caspase-3 (cat. no., SC-373730), caspase-8 (cat. no., SC-6136)
and caspase-9 (cat. no., SC-8355), p-p38 (cat. no., SC-7973,
D-8), p-Jnk (SC-6254, G-7) and p-Erk (cat. no., SC-9477, T-19),
and alkaline phosphatase (AP) labeled-secondary antibodies
(cat. nos., SC-358915 and SC-2057) were obtained from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA).

Cell culture. MRCS5 human lung fibroblast cells (cat.
no., CCL-171) were obtained from American Type Culture
Collection (Manassas, VA, USA) and were cultured in DMEM
medium (Hyclone; GE Healthcare Life Sciences, Logan, UT,
USA) supplemented with 10% fetal calf serum, 2 mM gluta-
mine (both Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 100 pgg/ml streptomycin. The cells were main-
tained at 37°C with 5% CO, in a humidified atmosphere.

Observation of morphological changes by light microscopy.
MRCS5 cells (5x10° cells/well) were cultured in 6 well plates for
24 h. Then 4 uM PAB and/or 2 mM 3MA were added, and the
cells were incubated for a further 36 h. Cell morphology was
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observed with phase contrast microscopy (Leica Microsystems
GmbH, Wetzlar, Germany).

Determination of DNA fragmentation by agarose gel electro-
phoresis. Cells were trypsinized; adherent and floating cells
were collected by centrifugation at 1,000 x g at 4°C for 5 min.
Further procedures were performed as described in a previous
study (5).

Fluorescence staining of microtubule aggregation. MRCS5 cells
(5x10%) were placed on cover slips in a 6-well plate. Following
a 24-h incubation, they were treated with 4 yM PAB and/or
2 mM 3MA for 36 h, washed with PBS, fixed in 3.7% form-
aldehyde, then rinsed three times in PBS. TritonX-100 (0.8%)
was added for 15 min, then cells were stained with 5 mg/ml
phalloidin-tetramethylrhodamine B isothiocyanate for 40 min,
rinsed once in PBS and stained with 5 mg/l Hoechst 33258 for
30 min. The intensity of red staining was measured by fluo-
rescence microscopy with an excitation wavelength of 584 nm
and an emission filter of 607 nm (Leica Microsystems GmbH).
Changes in nuclear morphology were observed by fluorescence
microscopy at the excitation wavelength of 350 nm and an
emission filter of 460 nm (Leica Microsystems GmbH).

Observation of MDC staining by fluorescence microscopy.
MDOC is a fluorescent compound that stains autophagic vacu-
oles. MRCS5 cells were treated with 4 yM PAB and/or 2 mM
3MA for 36 h, then were incubated with 0.05 mM MDC at 37°C
for 1 h. Following the incubation, cells were washed in PBS.
Intracellular MDC was measured by fluorescence microscopy
at an excitation wavelength of 380 nm and an emission filter of
525 nm (Leica Microsystems GmbH).

Cell counting. Trypan Blue (Sigma-Aldrich; Merck KGaA)
was used as a vital stain. Live cells appeared colorless and
bright (refractile) under phase contrast and dead cells were
stained blue and were non-refractile. Following staining with
a final concentration of 0.2% trypan blue for 3 min at room
temperature, live cells were visualized in four quadrants and
counted using a hemocytometer with phase contrast micros-
copy (Leica Microsystems GmbH, Wetzlar, Germany).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). RNA was extracted from control and drug-treated
cells using TRIzol as specified by the manufacturer's protocol.
The RNA was treated with DNase (DNase I-RNase-Free;
Ambion; Thermo Fisher Scientific, Inc.) to remove any
contaminating DNA; 200 ng of total RNA was reverse-tran-
scribed with oligo dT primers using the SuperScript™ III
RT-PCR kit (Applied Biosystems; Thermo Fisher Scientific,
Inc.) in a 20 ul reaction, as specified by the manufacturer's
protocol. For quantitative PCR, the template cDNA was added
to a 20 ul reaction with Power SYBR-Green PCR Master mix
and 0.2 uM of primers for the target genes and GAPDH.

The primer sequences were as follows: LC3A forwards,
GCCTTTCAAGCAGCGGCGGAGC, and reverse, TTG
GTCTTGTCCAGGACGGGCA; LC3B forwards, CAGCGT
CTCCACACCAATCTCA, and reverse, AATTTCATCCCG
AACGTCTCCT; Beclin-1 forwards, CTCCATTACTTACCA
CAGCCCA, and reverse, GGATGAATCTGCGAGAGA
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Figure 1. Apoptosis was not induced in MRCS5 cells following treatment with PAB. (A) Morphological changes were observed in PAB-treated and control cells
using phase contrast microscopy. Scale bar, 30 gm. (B) Cells were stained with phalloidin-tetramethylrhodamine B isothiocyanate and Hoechst 33258, and
imaged with fluorescence microscopy, to determine morphological changes in the PAB-treated and control cells at 36 h. Arrows indicate multinuclear cells.
Scale bar, 60 ym. (C) No fragmentation of chromosomal DNA was observed in PAB-treated cells at 36 h. All images are representative of three independent

experiments. PAB, pseudolaric acid B; Con, control; M, marker.

CACC; GAPDH forwards, GCAAATTCCATGGCACCGT,
and reverse, TCGCCCCACTTGATTTTGG.

Amplification was performed with a Prism 7000 machine
(Applied Biosystems; Thermo Fisher Scientific, Inc.), with the
following conditions: Initial denaturation at 95°C for 10 min,
then 40 cycles of 95°C for 15 sec followed by 60°C for 1 min.
The fold changes relative to GAPDH were calculated using the
2-A4Cd method (17).

Cell cycle analysis by flow cytometry. Nuclear DNA content
was measured using PI staining and fluorescence-activated
cell sorting (FACS). Adherent cells were collected by treat-
ment with trypsin and washed with PBS. Cells were fixed
in 1 ml of 70% ethanol overnight at 4°C and resuspended in
staining buffer (50 pg/ml PI and 20 ug/ml RNase, in PBS)
for 2 h at 4°C. The Pl-stained cells were then analyzed using
FACS (FACScan; BD Biosciences, Franklin Lakes, NJ, USA);

<10* cells were counted for each sample. Data analysis was
performed using ModFit LT version 2.0 (Verity Software
House, Inc., Topsham, ME, USA) (18,19).

Western blot analysis of protein expression. MRC5 cells (10°)
were cultured in in a 25-ml culture flask for 24 h, then treated
with 4 uM PAB and/or 2 mM 3MA for 36 h. Adherent and
floating cells were collected and frozen at -80°C. Western
blot analysis was performed as described in previous
reports (5,20-23). Protein expression was detected using the
aforementioned primary antibodies (dilution, 1:1,000) followed
by a corresponding AP-conjugated secondary antibody
(dilution, 1:1,000). Proteins were visualized using nitro-blue
tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate.

Statistical analysis. All data represent =3 independent experi-
ments, and are expressed as the mean + standard deviation.
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Figure 2. PAB induced autophagy in MRCS5 cells. (A) Treatment with PAB increased the number of monodansylcadaverine-stained dots detected in fluores-
cence microscopy. Scale bar, 90 ym. (B) Expression of LC 3 and Beclin-1. A western blot was performed at 36 h after PAB treatment. Histone H3 is included
as a loading control. (C) At 36 h after PAB treatment, intracellular LC 3A, LC 3B and Beclin-1 mRNA levels were detected. The results, as mean + standard
deviation, were standardized to the expression of GAPDH mRNA and normalized to the control group. The results are representative of three independent
experiments. PAB, pseudolaric acid B; LC 3, light chain 3; Con, control.
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Figure 3. Inhibiting autophagy promoted apoptosis in MRCS5 cells subsequent to PAB treatment. (A) At 36 h after PAB and/or 3MA treatment, the number of
monodansylcadaverine-stained dots was observed with fluorescence microscopy. Scale bar, 45 ym. (B) At 36 h after PAB and/or 3MA treatment, the morpho-
logical changes of MRCS5 cells were observed with phase contrast microscopy. Arrows indicate the cells undergoing cell death. Scale bar, 30 ym. (C) At 36 h
after PAB and/or 3MA treatment the cell number was counted with trypan blue staining and imaged via light microscopy. The data are the means + standard
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Statistical comparisons were made using Student's t-test in
Microsoft Excel for the data in Fig. 2, and using a one-way
analysis of variance with Dunnett's post-hoc test for Figs. 3
and 5 with SPSS 10.0 (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

PAB does not induce apoptosis in MRCS cells. In order to
identify whether apoptosis was induced in MRCS5 cells by
treatment with PAB, the cellular and nuclear morphology
was observed. At 36 h, no characteristics of apoptosis,
including the appearance of apoptotic bodies or cell
condensation, were observed in PAB-treated cells (Fig. 1A).
Following 36 h of PAB treatment, cell nuclei did not appear
brighter, indicating that there was no induction of apoptosis,
although multinuclear cells were observed (arrow, Fig. 1B).
In the DNA ladder test, no DNA ladder was visible following
36 h of PAB treatment (Fig. 1C). Therefore, it was concluded
that PAB treatment did not induce the apoptosis of MRC5
cells.

PAB treatment induces autophagy in MRCS5 cells. It was
identified in our previous study that autophagy was induced
by PAB treatment in the cells where apoptosis did not
occur (4), so the rate of autophagy was assessed. It was
observed that treatment with 4 uM PAB increased the number
of MDC positive points, indicative of autophagy (Fig. 2A). It
was also identified that at 36 h, LC3I and Beclin-1 protein
expression were increased, and LC3I was converted into
LC3II, which were also indications of autophagy (Fig. 2B).
The mRNA levels of LC3A, LC3B and Beclin-1 were also
quantified to ascertain whether they corresponded with the
increase in protein expression; it was demonstrated that
treatment with PAB did not significantly increase the mRNA
levels for these genes relative to the control treatment group.
The relative mRNA level of the PAB treatment group was
0.80+0.05 for LC3A, 0.62+0.21 for LC3B and 0.84+0.09
for Beclin-1 compared with the control group (Fig. 2C).
Therefore, PAB induced autophagy through upregulating
autophagy-associated protein expression, whereas it did not
affect the transcription of autophagy-associated genes.

Inhibiting autophagy promotes apoptosis in MRCS cells
treated with PAB. It was identified in our previous study that
inhibiting autophagy subsequent to PAB treatment promoted
apoptosis (4); it was assessed in the present study whether this
also occurred in MRCS cells. It was identified that PAB treat-
ment increased the intensity of MDC staining; when combined
with 3MA, an autophagy inhibitor, the intensity of MDC
staining was decreased compared with PAB treatment alone
(Fig. 3A). It was therefore demonstrated that 3MA inhibited
the induction of autophagy by PAB treatment.

It was determined by morphological analysis that there was
no induction of apoptosis subsequent to PAB treatment alone,
whereas following treatment with a combination of 3MA and
PAB, cells detaching from the base could be observed (black
arrow, Fig. 3B). At 36 h, the total number of viable cells was
54.75+1.71 in the PAB-treated group and 102.50+2.08 for
the control group (Fig. 3C; P<0.001). In the PAB and 3MA
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Figure 4. Expression of apoptosis-associated proteins following treatment
with PAB and/or 3MA. (A) Beclin-1 and LC 3 expression. (B) Bcl-2, Bax and
pro-caspase-9 expression. (C) Fas and pro-caspase-8 expression. (D) p38,
p-p38, Jnk, p-Jnk, Erk and p-Erk expression. (E) Pro-caspase-3 expression,
and histone H3 as a loading control. PAB, pseudolaric acid B; 3MA, 3-meth-
yladenine; LC 3, light chain 3; Bax, Bcl-2 associated X; p, phosphorylated;
Jnk, Jun N-terminal kinase; Erk, extracellular signal-related kinase; Con,
control.

combination group, the number of viable cells was 36.00+2.58,
which was significantly lower than in the PAB treatment group
(Fig. 3C; P<0.001). Therefore, it was concluded that inhibiting
autophagy may have promoted cell death. It was finally
determined whether inhibiting autophagy promoted apoptosis
with a DNA ladder test; it was confirmed that following PAB
treatment, there was no DNA ladder, indicating no apoptosis,
whereas when combined with 3MA, PAB treatment induced
the appearance of a DNA ladder (Fig. 3D). Therefore, inhib-
iting autophagy promoted apoptosis in the MRCS5 cells treated
with PAB.
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Figure 5. Inhibiting autophagy had no effect on the aggregation of microtubules and reduced the extent of cell cycle arrest induced by PAB. (A) Tubulin distri-
bution and nuclear alterations analysis of PAB-treated MRCS5 cells, as detected with fluorescence microscopy following phalloidin-tetramethylrhodamine B
isothiocyanate and Hoechst 33258 staining. Scale bar, 60 ym. (B) Cell cycle profiles as determined by flow cytometry at 36 h. (C) Histograms of the percentage
of cells in each phase of the cell cycle. The data are means * standard deviation. “P<0.01; “"P<0.001. The results are representative of three independent

experiments. PAB, pseudolaric acid B; Con, control; 3MA, 3-methyladenine.

Apoptosis is induced in MRCS5 cells treated with PAB and
3MA via the upregulation of p-Jnk and the downregulation
of p-Erk. As it had been demonstrated that 3MA inhibited
autophagy and promoted apoptosis in MRCS5 cells co-treated
with PAB, the mechanism by which 3MA prevented autophagy
and induced apoptosis was investigated. PAB treatment upreg-
ulated the expression of the autophagy-associated proteins
Beclin-1 and LC 3A/B. Following treatment with 3MA, the
upregulation of Beclin-1 and LC 3A/B expression by PAB
treatment was inhibited (Fig. 4A).

The role of the mitochondrial pathway in PAB and/or 3SMA
treated cells was assessed; compared with PAB treatment, PAB
and 3MA co-treatment did not affect the expression of Bcl-2,
Bax or pro-caspase-9 (Fig. 4B); it was therefore concluded that
3MA promoted the apoptosis of PAB-treated cells dependent
of the mitochondrial pathway.

The expression of proteins from the death receptor-depen-
dent pathway in PAB and/or 3MA treated cells was also
considered, and it was confirmed that compared with the PAB
treatment group, the PAB and 3MA combination group exhib-
ited similar expression of Fas and pro-caspase-8 (Fig. 4C); it
was therefore concluded that 3MA promoted the apoptosis of
PAB-treated cells dependent of the death receptor pathway.

Finally, the effects on the MAPK pathway of PAB
and/or 3MA treatment were investigated; it was observed
that compared with PAB treatment alone, PAB combined
with 3MA did not alter the expression of p38, p-p38, Jnk or
Erk, whereas the expression of p-Jnk and p-Erk was altered

(Fig. 4D); therefore, it was concluded that 3MA treatment
upregulated the phosphorylation of Jnk and downregulated the
phosphorylation of Erk to promote apoptosis in PAB-treated
cells. It was noted that the expression of pro-caspase-3 was
reduced in the combination treatment group compared with
PAB alone (Fig. 4E); therefore, 3MA promoted caspase-3
activation independent of caspase-8 and -9.

Inhibiting autophagy does not affect the aggregation of
microtubule fibers induced by PAB. In a previous study, it
was identified that the function of PAB was mediated through
affecting the aggregation of microtubule fibers (24). In the
present study, it was observed that PAB treatment promoted
the aggregation of microtubule fibers; combination treatment
with 3MA did not prevent this effect (Fig. 5A). PAB treatment
induced G,/M cell cycle arrest in MRCS cells (G,/M propor-
tion, 88.78+1.34%), whereas 3MA decreased the proportion of
G,/M phase cells following treatment with PAB (86.44+0.66%;
P<0.01; Fig. 5B and C). Therefore, the inhibition of autophagy
had no effect on the aggregation of microtubule fibers, whereas
the extent of cell cycle arrest induced by PAB was reduced.

Discussion

Autophagy is an intracellular pathway for the bulk degradation
of damaged proteins and organelles in the lysosome/vacuole
that recycles material for biosynthesis and cellular energy
production in stress conditions (25). Its role in cancer is



complex and controversial; it may act as a tumor-promoting
or a tumor-suppressive mechanism depending on the cellular
context and genetic background (26). Autophagy and apoptosis
may interact with each other, and a number of the molecular
constituents in this interplay have been identified (27,28).

In previous studies, it was demonstrated that PAB induced
the apoptosis of A375-S2 human melanoma (2), MCF-7 human
breast cancer (5) and HeLLa human cervical carcinoma (1) cells.
However, in L929 murine fibrosarcoma (4) and SW579 human
thyroid squamous cell carcinoma (22) cells, PAB induced
autophagy without apoptosis. The cells in which autophagy
was induced without apoptosis were considered as potential
models for the study of the association of apoptosis and
autophagy. As L1929 cells are murine (4), they were considered
imperfect for the study of the mechanisms in human cells; as
SW579 cells are cultured without CO, (22), they were consid-
ered relatively inconvenient. Therefore, MRCS5 cells were
selected for use as a model in the present study to study the
association between autophagy and apoptosis following PAB
treatment, as the MRCS5 cell line is human and it has a prolif-
erative ability, which mimics human cancer cell behavior.

In the present study, it was confirmed through cell and
nuclear morphology analysis, and a DNA ladder test, that
PAB did not induce apoptosis in MRC5 cells. It was also
confirmed, through MDC staining, and the determination
of autophagy-associated protein and mRNA expression, that
PAB induced autophagy. It was therefore concluded that in
MRCS cells, PAB only induced autophagy, and not apoptosis.
To the best of our knowledge, the mechanism by which PAB
did not induce apoptosis in SW579,.929 and MRCS5 cells was
never previously identified. We hypothesized that the cell lines
lacked the expression of a key factor in the initiation of apop-
tosis; therefore, when PAB treatment activated an upstream
signal, autophagy occurred without apoptosis.

Autophagy typically delays or prevents apoptosis, although
it may also promote apoptosis (29). In addition to apoptosis,
autophagy may affect tumor immunity; it has been identi-
fied that cancer cell autophagy serves a critical function in
subverting anti-tumor immunity (30). To further establish a
relationship between apoptosis and autophagy, 3SMA was used
to inhibit the autophagy induced by PAB in the present study.
It was revealed that inhibiting autophagy promoted apoptotic
cell death. Therefore, it was demonstrated that in MRC5 cells
treated with PAB, autophagy inhibited apoptosis. It has thus
been identified that L929, SW579 and MRCS5 cells undergo
autophagy without apoptosis as a response to PAB treatment;
however, the common characteristics of these cells that may
underlie this effect have yet to be identified and require further
study. As autophagy inhibits anti-tumor immunity (30) in
addition to apoptosis, in the development of anti-tumor drugs,
including PAB, inhibiting autophagy may be important.

The mechanisms for the inhibition of autophagy and the
promotion of apoptosis were investigated in the present study
by examining the expression of proteins from the major path-
ways of apoptosis. Subsequent to the inhibition of autophagy
with 3MA in PAB-treated cells, the expression of proteins
from the mitochondrial and death receptor pathways was not
altered compared with treatment with PAB alone, whereas
the expression of caspase-3 was activated. It was therefore
concluded that caspase-3 activation was not dependent on the
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mitochondrial or death receptor pathways of apoptosis. It was
identified that the expression of p38 was unaffected, whereas
Jnk was activated and Erk was inactivated, following 3MA
treatment in PAB treated cells compared with PAB alone,
therefore 3MA may have inhibited autophagy and promoted
apoptosis through the upregulation of p-Jnk expression and the
downregulation of p-Erk expression, and caspase-3 activation
might be the downstream of Jnk and Erk protein.

The effect of PAB on microtubules and the induction of cell
cycle arrest was previously identified in other cell lines (24,31).
In the present study, the aggregation of microtubules and cell
cycle arrest were also identified as a response to PAB treat-
ment, but following the inhibition of autophagy by 3MA, the
aggregation of microtubules was unaffected, and the propor-
tion of cells in G,/M was only decreased from 88.78 to 86.44%.
Therefore, autophagy may be downstream of the aggregation
of microtubules and cell cycle arrest. In conclusion, inhibiting
autophagy did not affect the microtubule aggregation role of
PAB and promoted cell apoptosis. Inhibiting autophagy should
be considered as a means to enhance the anticancer effect of
PAB treatment.
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