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Our previous study has shown that ampelopsin (AMP), a flavonol mainly found

in Ampelopsis grossedentata, could induce cell death in human breast cancer cells

via reactive oxygen species generation and endoplasmic reticulum (ER) stress

pathway. Here, we examined whether autophagy is activated in AMP-treated

breast cancer cells and, if so, sought to find the exact role and underlying molec-

ular profile of autophagy in AMP-induced cell death. Our results showed that

AMP treatment activated autophagy in MDA-MB-231 and MCF-7 breast cancer

cells, as evidenced by the accumulation of autophagosomes, an increase of micro-

tubule-associated protein 1 light chain 3 beta-2 (LC3B-II) and the conversion of

LC3B-I to LC3B-II, the degradation of the selective autophagic target p62

⁄ SQSTM1, and the formation of green fluorescent protein (GFP)-LC3 puncta.

Blockage of autophagy augmented AMP-induced cell death, suggesting that

autophagy has cytoprotective effects. Meanwhile, AMP treatment suppressed

Akt-mammalian target of rapamycin (mTOR) pathway as evidenced by dose- and

time-dependent decrease of the phosphorylation of Akt, mTOR and ribosomal

protein S6 kinase (p70S6K), whereas Akt activator insulin-like growth factor-1

(IGF-1) pretreatment partially restored Akt-mTOR pathway inhibited by AMP and

decreased AMP-inuduced autophagy, signifying that AMP activated autophagy

via inhibition of the Akt-mTOR pathway. Additionally, blocking ER stress not only

reduced autophagy induction, but also alleviated inhibition of the Akt-mTOR

pathway induced by AMP, suggesting that activation of ER stress was involved in

induction of autophagy and inhibition of the Akt-mTOR pathway. Taken

together, these findings indicate that AMP induces protective autophagy in

human breast cancer cells through Akt-mTOR pathway via ER stress.

A number of studies have suggested that chemotherapeutic
drugs can induce both apoptosis and autophagy, and

autophagy is a prospective target for cancer therapy.(1,2) How-
ever, these studies report conflicting roles of autophagy in
drug-induced cancer cell death, with some studies concluding
that it protects cells from apoptosis, and others reporting that it
promotes cell death.(3–5) Therefore, it is necessary to clarify
the exact role of autophagy induced by anti-cancer agents.(6,7)

Breast cancer has become the second leading cause of cancer-
related death among women worldwide. Although concerted
efforts have been made in breast cancer therapy, for the year
2013, it is estimated that there were over 230 000 new cases and
over 39 000 deaths from breast cancer in the USA.(8) New thera-
peutic drugs and strategies need to be explored urgently. Natural
compounds have been considered as major resources of attrac-
tive chemotherapeutic candidates for cancer.(9–11) Ampelopsin
(AMP) belongs to flavonids and is the major bioactive compo-
nent extracted from the Chinese medicinal herb Ampelopsis
grossedentata, which is widely grown in South China and its

tender leaves and stems are used as a healthy tea product.(12–14)

Our previous study found that AMP treatment inhibits cell
growth and induces cell apoptosis in MCF-7 and MDA-MB-231
human breast cancer cells, but not in human non-malignant
breast epithelial cells MCF-10A.(15) It is not known whether
AMP can induce autophagy. If it could induce autophagy, we
seek to understand autophagy’s role in AMP-induced breast can-
cer cell apoptosis and the underlying molecular mechanism of
AMP-induced autophagy.
Accumulating studies indicated that autophagy is negatively

controlled by the mammalian target of rapamycin (mTOR)
kinase,(16,17) and inhibition of the Akt-mTOR pathway has been
recently confirmed to lead cell growth inhibition along with acti-
vation of autophagy in cancer cells.(18–20) Endoplasmic reticu-
lum (ER) stress is considered to be an important regulator of
several cellular pathological processes, including cancer cell
death pathways in response to anticancer drugs.(21) Autophagy
has been shown to be an adaptive response during ER stress,
consequently helping cells to restore ER homeostasis, or contrib-
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uting to ER stress-induced cell death.(22,23) Numerous experi-
ments have reported that the Akt-mTOR pathway is associated
with ER stress-induced apoptosis and also implicated in the
induction of autophagy, and the Akt-mTOR pathway can be neg-
atively regulated in cancer cells in response to anticancer
drugs.(24,25) Our pervious study has shown that anti-tumor
effects of AMP on breast cancer are partially mediated by the
ER stress pathway,(15) but whether ER stress induced by AMP
could lead to the activation of autophagy remains unclear.
In this study, we found that AMP treatment induced auto-

phagy along with induction of cell apoptosis, and blockage of
autophagy significantly augmented AMP-induced cell death.
Inhibition of the Akt-mTOR signaling pathway has also been
found in both breast cancer cell lines after treatment with
AMP. Moreover, ER stress was involved in activation of auto-
phagy and inhibition of the Akt-mTOR signaling pathway
induced by AMP. Our results indicate that AMP induces pro-
tective autophagy in human breast cancer cells through the
Akt-mTOR pathway via ER stress, and that the combination of
AMP with autophagy inhibitor may be a useful strategy in
enhancing the anti-tumor efficacy of AMP in breast cancer.

Materials and Methods

Antibodies and reagents. The GFP-MAP1 LC3B plasmid was
kindly provided by Dr Tamotsu Yoshimori (Department of Cell
Biology, National Institute for Basic Biology, Presto, Japan).
Ampelopsin (AMP) was bought form Chengdu Must Bio-tech-
nology (Sichuan, China) (HPLC ≥ 98%). Rapamycin (Rapa),
bafilomycin A1 (Baf A1), 4-phenylbutyric acid (4-PBA), thapsi-
gargin (Thap), 3-methyladenine (3-MA) and antibody against
MAP1LC3B were purchased from Sigma-Aldrich (St Louis,
MO, USA). Insulin-like growth factor (IGF)-1 was purchased
from Peprotech (Peprotech, USA). The LysoTracker Green
(LTG) was purchased from Invitrogen (Carlsbad, CA). Antibody
against PERK was obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Antibodies against p62 ⁄SQSTM1, Be-
clin-1, phospho-p70S6K (Thr389), p70S6K, phospho-mTOR
(ser2448), mTOR were obtained from Cell Signaling Techno-
logy (Danvers, Massachusetts, USA).

Cell culture and treatment. Human breast cancer cell lines
MCF-7 and MDA-MB-231 were cultured as described by us pre-
viously.(15) Stock solution of AMP was prepared in DMSO and
an equal volume of DMSO (final concentration 0.1%) was added
to the control. When indicated, 4-PBA (2 mM), 3-MA (5 mM),
Baf A1 (5 nM), Rapa (100 nM) and Thap (150 nM) were added
2-h before AMP administration, and IGF-1 (100 ng ⁄mL) was
given to cells for 1 h before AMP administration.

Cell viability and cell apoptosis measurement. The Cell Count-
ing Kit-8 (CCK-8) (BestBio, Shanghai, China) was used for
measure cell viability, and Annexin V-FITC Apoptosis Detec-
tion kit (Dojindo Laboratories, Kumamoto, Japan) was used for
measure cell apoptosis as described by us previously.(15)

Transmission electron microscopy. Cells were harvested and
fixed in a solution containing 2% paraformaldehyde and 0.1%
glutaraldehyde in 0.1 M sodium cacodylate for 2 h, postfixed
with 1% OsO4 for 1.5 h, washed and stained in 3% aqueous
uranyl acetate for 1 h. The samples were then washed again,
dehydrated with a graded alcohol series, and embedded in
Epon-Araldite resin. Ultra-thin sections were cut on a Reichert
ultramicrotome, counter-stained with 0.3% lead citrate and
examined on a Philips EM420 electron microscope.

siRNA assay. siRNAs for Beclin-1, ATG5 and PERK were
purchased from Santa Cruz Biotechnology. According to the

manufacturer’s protocol, cells were treated as described by us
previously.(15)

Western blot. Cell lysates were prepared for western blot
analysis as described previously.(15) About 30–50 lg of protein
were separated using SDS-PAGE and transferred to PVDF
membranes. The membranes were blocked in 5% skim dry
milk (2 h), rinsed, incubated with primary antibodies overnight
at 4°C, followed by secondary antibodies for 1.5 h at room
temperature. The proteins were visualized by ECL exposure to
X-ray film.

Confocal microscopy. Laser scanning confocal microscopy of
breast cancer cells transfected with GFP-MAP1LC3B-express-
ing plasmid. Cells were transfected with the GFP-
MAP1LC3B-expressing plasmid and cultured for 24 h. After
being treated with various drugs as indicated for 24 h, cells
were washed with PBS, fixed by incubation for 20 min at
37°C in 4% paraformaldehyde, permeabilized with 0.1% (vol
⁄vol) Triton X-100 and washed with PBS containing 2% fetal
bovine serum albumin. A Radiance 2000 laser scanning confo-
cal microscope was used for confocal microscopy.
Laser scanning confocal microscopy of cells loaded with

LTG. Cells were cultured overnight in cell culture dish, and
were then exposed to various treatments as specifically indi-
cated. After washing with fresh medium three times, cells were
loaded with green-fluorescing LTG (0.5 lM) for 15 min in
humidified air at 37°C. Afterwards, cells were washed with
PBS three times and measured by a Radiance 2000 laser scan-
ning confocal microscope.

Statistical analyses. All of the experimental data are
expressed as the mean � SEM, and each experiment was per-
formed at least three times. The statistical analysis was per-
formed by t-text and one-way analysis of variance, using SPSS
13.0 (SPSS, Chicago, IL, USA). P < 0.05 was considered sta-
tistically significant, and Turkey–Kramer was applied as post-
hoc test if P < 0.05.

Results

AMP induces autophagy in human breast cancer cells. To
investigate whether AMP could induce autophagy in MCF-7 and
MDA-MB-231 cells, the autophagic activity was measured by
the formation of autophagosomes under transmission electron
microscopy (TEM), which is one of the most widely accepted
methods for monitoring autophagy.(26) The formation of double-
membraned autophagic vacuoles, which is indicative of auto-
phagy induction, was frequently observed in cells treated with
60 lM AMP, but not in control cells (Fig. 1a). To confirm these
observations, we further tested the expressions of MAP1LC3B-
II (LC3B-II), which is a marker of autophagy,(27) and p62
⁄SQSTM1, which acts as a cargo receptor for autophagic degra-
dation of ubiquitinated targets, by western blotting. AMP treat-
ment induced LC3B activation and time-dependently increased
the expression of LC3B, enhanced the conversion of LC3B-I to
autophagosome-associated LC3B-II in both breast cancer cell
lines, along with downregulation of p62 ⁄SQSTM1 (Fig. 1b,d).
The formation of punctate spots (puncta) with green fluorescent
protein (GFP)-MAPLC3B reporter is a well-characterized mar-
ker for visualizing autophagosomes formation and represents the
accumulation of LC3B-II on autophagic vesicles.(27) Moreover,
we assessed the formation of GFP-MAPLC3B puncta as an auto-
phagic marker under fluorescence microscopy. MCF-7 and
MDA-MB-231 cells after treatment with 60 lM AMP for 24 h
showed a significant increase in the percentage of cells contain-
ing GFP-MAP1LC3B puncta, and autophagy inhibitor 3-methy-
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Fig. 1. Ampelopsin activates autophagic flux in human breast cancer cells. (a) Representative transmission electron micrographs demonstrating
the ultrastructure of breast cancer cells. Arrow indicates the autophagosomes. (b) Time-dependent effects of Ampelopsin (AMP) on LC3B-II and
p62 ⁄ SQSTM1 expressions of breast cancer cells. (c) Representative images of breast cancer cells by confocal microscopy and the number of GFP-
MAP1LC3B puncta were counted. (d) Bar charts show the conversion of LC3B-I to LC3B-II in both breast cancer cells. (e) Representative image of
confocal microscopy and the average green LTG fluorescence detected by MFI using the IPP 6.0 software. (f) Efficiency of Beclin-1 and ATG5
knockdown. (g) Effects of silencing of Beclin-1 or ATG5 on AMP-induced autophagy. The results of c, d and e represent the mean � SEM of
three independent experiments. *P < 0.05. The results of b, f and g are representative Western blot of three independent experiments.
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ladenine (3-MA, 5 mM) partially blocked the increase of GFP-
MAP1LC3B puncta induced by AMP (P < 0.05) (Fig. 1c).
Since changes in LC3B-II levels could be caused by either

autophagosome formation or degradation in lysosomes, it is
necessary to clarify whether the increase in LC3B-II levels
induced by AMP was due to the increased autophagosome
formation or the decreased autophagosome degradation. The
levels of LC3B-II and p62 ⁄SQSTM1 in both breast cancer cell
lines were measured in the presence or absence of the late-
stage autophagy inhibitor bafilomycin A1 (Baf A, 5 nM). The
data revealed that Baf A1 challenge further increased the
expressions of LC3B-II and p62 ⁄SQSTM1 in both cell lines
(Fig. 1b,d), suggesting that the AMP-induced increase in
LC3B-II levels was mainly attributed to the increased auto-
phagosome formation. To further confirm these observations,
we inhibited the initiation of autophagasome formation with
Beclin-1 or ATG5 siRNA. As expected, AMP failed to induce
the accumulation of LC3B-II in cells transfected with siRNA
targeting Beclin-1 or ATG5 (Fig. 1f,g). In addition, LysoTrac-
ker Green (LTG) was used to assess autophagosome degrada-
tion in response to AMP treatment. Interestingly, we found
that treatment with AMP led to significantly increased green
fluorescence signal compared with control cells, and these

changes induced by AMP were partially alleviated by pretreat-
ment with 3-MA (P < 0.05) (Fig. 1e). Collectively, these
observations provide strong evidence that autophagic activity
(autophagic flux) is upregulated in MCF-7 and MDA-MB- 231
cells treated with AMP.

Autophagy protects breast cancer cells from AMP-induced

apoptotic cell death. In our previous study, we have reported
that AMP dose-dependently induced cell death in MCF-7 and
MDA-MB-231 cells without in MCF-10A.(15) Many studies
revealed that autophagy is involved in the promotion or inhibi-
tion of cancer cell survival in response to chemotherapeutic
drugs.(28,29) We therefore clarified the exact role of autophagy
in the anticancer action of AMP in breast cancer cells. After
MCF-7 and MDA-MB-231 cells were pre-treated with the
autophagy inhibitor Baf A1 (5 nM) or 3-MA (5 mM), or the
autophagy activator rapamycin (Rapa, 100 nM) for 2 h, fol-
lowing treated with 60 lM AMP for 24 h, then cell viability
and apoptosis were examined. A significant increase of cell
growth inhibition induced by AMP was observed in both
breast cancer cell lines after autophagy was inhibited by Baf
A1 or 3-MA treatments, in contrast to Rapa treatment
(Fig. 2a). In agreement with cell viability data, similar results
were found in cell apoptosis. Autophagy inhibitor Baf A1 or

(a) (b)

(c) (d)

Fig. 2. Autophagy protects against Ampelopsin-induced cell death. (a and b) Effects of autophagy inhibitors or activators on Ampelopsin
(AMP)-induced cell growth inhibition and cell apoptosis. (c and d) Effects of silencing of Beclin-1 or ATG5 on AMP-induced cell growth inhibition
and cell apoptosis. All results represent the mean � SEM of three independent experiments *P < 0.05.
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3-MA treatment significantly enhanced AMP-induced cell
apoptosis, in contrast to Rapa treatment (Fig. 2b). To further
confirm these data, we next abrogated autophagy by genetic
approach using Beclin-1 or ATG5 siRNA. The siRNA-medi-
ated knockdown of Beclin-1 or ATG5 led to increased AMP-
induced apoptotic cell death, consistent with the results
obtained from studies with the pharmacological inhibitors of
autophagy (Fig. 2c,d). These results suggest that autophagy
protects against AMP- induced breast cancer cell death.

AMP induces autophagy through inhibition of the AKT-mTOR

pathway. Recent reports have suggested that the Akt-mTOR
signaling pathway is a major negative regulator of auto-
phagy.(20,30) The suppression of mTOR activity by rapamycin
can induce autophagy and also reduce cell growth in different
cancer cells.(19,31) Now, we further determined whether the
Akt-mTOR pathway is involved in AMP-induced autophagy.

Western blot analysis showed that, along with upregulation of
LC3B-II, Beclin-1 and ATG5, AMP dose-dependently and
time-dependently decreased the phosphorylation of Akt
(Ser473), mTOR (Ser2448) and p70S6K (Thr389) in MCF-7
and MDA-MB-231 cells (Fig. 3a,b). Conversely, pretreatment
with Akt activator insulin-like growth factor 1 (IGF-1) mark-
edly attenuated AMP-induced inhibition of phosphorylation of
Akt, mTOR and p70S6K in both breast cancer cells (Fig. 3c).
Moreover, IGF-1 pretreatment obviously decreased AMP-
induced expressions of LC3B-II, Beclin-1 and ATG5 in both
breast cancer cells, suggesting that activation of Akt-mTOR
pathway could reduce autophagy induced by AMP (Fig. 3d).
Additionally, in our study, although IGF-1 treatment alone
could promote cell viability, there were no significant changes
of cell viability during AMP-induced cell death in both breast
cancer cells (data not shown). Together, these results indicate

(a) (b)

(c) (d)

Fig. 3. The suppression of Akt-mTOR pathway is involved in Ampelopsin– induced autophagy. AMP time-dependently (a) and dose-dependently
(b) inhibited Akt-mTOR pathway in breast cancer cells, along with autophagy induction. (c) Effects of IGF-1 on AMP-induced suppression of Akt-
mTOR pathway. (d) Effects of IGF-1 on AMP-induced autophagy. All blots representative of three independent experiments with similar results
are shown.
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that AMP-induced autophagy is attributed to the inhibition of
Akt-mTOR pathway in human breast cancer cells.

AMP-induced ER stress results in autophagy induction. Auto-
phagy and ER stress have been considered two essential mech-
anisms to promote cell survival, and activation of ER stress
along with induction of autophagy have been observed in can-
cer cells in response to chemotherapeutic drugs.(30,32,33) Sev-
eral reports have demonstrated that there is a bidirectional
regulation pattern between ER stress and autophagy.(34,35) Our
previous study has shown that AMP can trigger ER stress
through two UPR branches (PERK and ATF6), and PERK-
CHOP pathway may be mainly involved in AMP-induced
apoptosis in MCF-7 and MDA-MB-231 cells.(15) Thus, we next
explored whether ER stress was involved in AMP-induced
autophagy. It was found that blockage of ER stress by chemi-
cal inhibitor 4-phenylbutyric acid (4-PBA) decreased the con-
version of LC3B, and inhibited the expressions of Beclin-1
and ATG5 induced by AMP, whereas ER stress inducer thapsi-
gargin (Thap) played opposing effects (Fig. 4a,b). To further
confirm that AMP-induced ER stress would result in auto-
phagy, seeing as PERK-CHOP pathway plays a major role in
AMP-induced apoptosis in our previous study,(15) we next
abrogated ER stress by silencing of PERK. As anticipated,
similar to chemical ER stress inhibitor 4-PBA, blockage of ER
stress by PERK siRNA strongly abolished the expressions of
LC3B-II, Beclin-1 and ATG5 in both breast cancer cells in
response to AMP (Fig. 4c). The observations above suggest
that AMP-induced autophagy in MCF-7 and MDA-MB-231
cells can, at least in part, be attributed to the activation of ER
stress.

AMP-induced inhibition of Akt-mTOR pathway is attributed to

ER stress. It was shown that ER stress negatively regulates the
Akt-mTOR signaling pathway, resulting in the induction of
autophagy.(36,37) We next investigated if AMP-induced inhibi-

tion of Akt-mTOR pathway was mediated by ER stress. As
shown in Figure 5(a,b), accompanied with downregulating
AMP-induced expressions of ER stress-associated proteins
including PERK, p-elF2a and cleaved ATF6a, ER stress inhib-
itor 4-PBA partially restored AMP- induced phosphorylation
of Akt, mTOR and p70S6K in MCF-7 and MDA-MB-231
cells. Similar results were also found in both cell lines in
response to blockage of ER stress by silencing of PERK
(Fig. 5c). On the contrary, the activation of ER stress by
thapsigargin (Thap) exacerbated the inhibition of Akt-mTOR
signaling pathway by AMP (Fig. 5a,b). These results demon-
strate that AMP-induced ER stress is involved in the inhibition
of Akt-mTOR pathway, resulting in autophagy induction.

Discussion

Here, for the first time we reveal that AMP can induce protec-
tive autophagy through Akt-mTOR signaling pathway via ER
stress in human breast cancer MCF-7 and MDA-MB-231 cells.
This novel finding is approved by the following evidence: (i)
AMP simultaneously induced autophagy along with inhibition
of cell viability and induction of apoptosis; (ii) blockage of
autophagy using pharmacological or genetic methods further
increased AMP-induced apoptotic cell death; (iii) AMP time-
and dose-dependently suppressed Akt-mTOR signaling path-
way as evidenced by the decreased phosphorylation levels of
Akt, mTOR and p70S6K; and (iv) blocking ER stress allevi-
ated AMP-induced inhibition of Akt-mTOR pathway and
decreased AMP-induced autophagy.
Recently, many chemotherapeutic candidates have been

reported to induce autophagy, but the roles of altered auto-
phagy are inconsistent, because it can either protect cells from
apoptosis, or promote cell death.(2,38) As one of the flavonoids,
AMP was isolated from Ampelopsis grossedentata, which has

(a)

(b)

(c)

Fig. 4. Activation of endoplasmic reticulum (ER) stress is involved in Ampelopsin (AMP)-induced autophagy. Effects of ER stress inhibitor 4-PBA
or ER stress activator thapsigargin on AMP-induced autophagy in MDA-MB-231 (a) and MCF-7 (b). (c) Effects of silencing of PERK on AMP-
induced autophagy. All blots representative of three independent experiments with similar results are shown.
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been widely used as a tea product in South China.(39,40) AMP
has been confirmed to exert a number of biological and phar-
macological actions including anticancer property.(12,14) In our
previous study, we found that AMP could dose-dependently
induce cell death in human breast cancer cells.(15) Here, we
found that AMP could promote autophagy, demonstrated by
the formation of autophagosomes and autophagic vacuoles
stained with LTG, upregulation of the autophagy marker pro-
tein LC3B-II, promotion of the conversion of LC3B-I to auto-
phagosome-associated LC3B-II, and downregulation of p62
⁄SQSTM1. In addition, blocking autophagy by Beclin-1 or
ATG5 siRNA decreased AMP-induced LC3B-II expression,
while Baf A1 significantly increased LC3B-II and p62
⁄SQSTM1 levels. These results demonstrate that AMP
increases autophagic flux in breast cancer cells. To determine
the precise role of altered autophagy in AMP-induced cell
death, we assessed the effect of the chemical autophagy inhibi-
tors (Baf A1 and 3-MA), or RNA interference against Beclin-1
and ATG5, respectively, on AMP-induced cell death. Interest-

ingly, inhibiting autophagy not only decreased cell viability,
but also increased the ratio of apoptotic cells. Taken together,
these findings provided strong evidence suggest that the activa-
tion of autophagy may be an adaptive response to AMP in
breast cancer cells.
Accumulating data confirmed that Akt-mTOR pathway

directly controls stimulation of autophagy and anticancer
agents can suppress tumor growth and survival via inhibition
of Akt-mTOR pathway in accompany with induction of auto-
phagy.(41,42) In our study, AMP time- and dose-dependently
downregulate the levels of the phosphorylation of p70S6K,
mTOR and Akt, while upregulating the expressions of auto-
phagy marker proteins in MDA-MB-231 and MCF-7 cells.
Conversely, Akt activator IGF-1 pretreatment not only partially
restored Akt-mTOR pathway inhibited by AMP, but also obvi-
ously suppressed autophagy induction by AMP as evidenced
by increase of the levels of the phosphorylation of p70S6K,
mTOR and Akt, and decrease of the accumulation of LC3B-II
and expression levels of Beclin-1 and ATG5 induced by AMP

(a)

(c)

(b)

Fig. 5. Ampelopsin (AMP)-induced inhibition of Akt-mTOR pathway is attributed to endoplasmic reticulum (ER) stress. Effects of ER stress inhib-
itor 4-PBA or ER stress activator thapsigargin on Akt-mTOR pathway in MDA-MB-231 (a) and MCF-7 (b). (c) Effects of silencing of PERK on Akt-
mTOR pathway. All blots representative of three independent experiments with similar results are shown.
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in both breast cancer cells. These results imply that inhibition
of Akt-mTOR pathway is involved in induction of autophagy
by AMP. This finding is in agreement with the strong inhibi-
tion of mTOR in cells leading to induction of autophagy.
Unfolded protein response (UPR), the major ER stress path-

way, is identified essentially to restore ER homeostasis to pro-
mote cell survival. But, if ER damage is uncontrollable and
excessive, UPR can also induce cell to death.(23,24) Autophagy
has often been observed as a consequence of ER stress and
regarded as an alternate pathway to relieve ER stress or take
part in cell death induced by ER stress.(24,43) Activation of ER
stress has recently been found in a variety of chemotherapeutic
candidates’ treatment in cancer cells along with induction of
autophagy, although the mechanistic link between autophagy
and ER stress remains not exactly clarified.(19,23,44) Our previ-
ous study has shown that AMP could activate ER stress in
both MCF-7 and MDA-MB-231 cells, and PERK-CHOP path-
way plays a vital role in AMP-induced cell apoptosis.(15) Here,
we found blockage of ER stress pathway by 4-BPA and silenc-
ing of PERK, respectively, could sharply decrease expressions
of LC3B-II, Beclin-1 and ATG5 induced by AMP in both
breast cancer cells. These results indicate that induction of
autophagy is mediated by activation of ER stress induced by
AMP in both breast cancer cells. Recent study has shown that
Akt-mTOR pathway is involved not only in ER stress-induced

apoptosis, but also in the induction of autophagy.(19,45) In addi-
tion, ER stress has been reported to negatively regulate mTOR
and thereby promote autophagy in cancer cells in response to
chemotherapeutic agents.(23,46,47) In the present study, declines
of the levels of the phosphorylation of p70S6K and mTOR
induced by AMP were also partially restored in response to
blockage of ER stress pathway by 4-BPA and silencing of
PERK, suggesting that activation of ER stress induced by
AMP was closely linked to inhibition of Akt-mTOR pathway.
In summary, we demonstrated that protective autophagy

could occur simultaneously in breast cancer cells exposed to
AMP, and that these changes were partially mediated by ER
stress and Akt-mTOR pathway. These findings may be helpful
in the development of AMP as a chemotherapeutic drug for
breast cancer, and to the rationale for enhancing its anti-breast
cancer efficacy by inhibiting protective autophagy.
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