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Abstract
Background: Activation of autophagy �ux contributed to resistance of breast cancer (BC) cells to current
chemotherapeutic drugs, which seriously limited their therapeutic e�cacy and facilitated BC recurrence in
clinic. However, the detailed mechanisms are still not fully understood. In the present study, we identi�ed
that inactivation of AMPK-ULK1 signaling cascade mediated protective autophagy sensitized BC cells to
doxorubicin in vitro.

Methods: Cell counting kit-8 (CCK-8) assay and colony formation assay were performed to evaluate cell
proliferation abilities. Trypan blue staining assay was used to examine cell viability, and Annexin V-
FITC/PI double staining method was conducted to determine cell apoptosis. The autophagosomes in BC
cells were observed and photographed by electronic microscope (EM). Western Blot analysis was
employed to examine genes expressions at protein levels.

Results: The parental doxorubicin-sensitive BC (DS-BC) cells were exposed to increasing concentrations
of doxorubicin to establish doxorubicin-resistant BC (DR-BC) cells, and the DR-BC cells were much more
resistant to high-dose doxorubicin stimulation compared to the DS-BC cells (P < 0.05). Interestingly, high-
dose doxorubicin speci�cally increased LC3B-II/I ratio, promoted autophagosomes formation and
decreased p62 expression levels to facilitate autophagy in DR-BC cells, instead of DS-BC cells (P < 0.05),
and the autophagy inhibitor 3-methyladenine (3-MA) enhanced the cytotoxic effects of high-dose
doxorubicin on DR-BC cells (P < 0.05). In addition, we proved that high-dose doxorubicin triggered
protective autophagy in DR-BC cells by activating AMPK-ULK1 pathway. Functionally, high-dose
doxorubicin increased the expression levels of phosphorylated AMPK (p-AMPK) and ULK1 (p-ULK1) to
activate AMPK-ULK1 pathway in DR-BC cells (P < 0.05), and the inhibitors for AMPK (compound C) and
ULK1 (SBI-0206965) blocked autophagy to promote cell death and slow down cell growth in DR-BC cells
treated with high-dose doxorubicin (P < 0.05).

Conclusions: Collectively, our in vitro data indicated that blockage of AMPK-ULK1 signaling cascade
mediated protective autophagy might be a promising strategy to increase doxorubicin sensitivity for BC
treatment. 

Background
Although great advances had been reached for breast cancer (BC) treatment, BC still brought huge health
burden to women worldwide as the results of high frequency of metastasis and chemo-resistance, and
searching for strategies to improve the therapeutic e�cacy for current chemical drugs might help to cure
BC in clinic [1, 2]. Among all the chemotherapeutic drugs, doxorubicin (Dox) was commonly used for
cancer treatment, including non-small cell lung cancer (NSCLC) [3], ovarian cancer [4], hepatocellular
carcinoma (HCC) [5], BC [6-8], etc.. However, Dox-resistance had became an insurmountable obstacle for
cancer treatment [9, 10], which made this drug “ineffectiveness” for BC treatment, resulting in worse
prognosis and recurrence in BC patients [11]. To solve this problem, the combination treatment had been
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developed by researchers to increase Dox-sensitivity [7, 12]. For example, Ji Wu et al. reported that
inhibition of N-acetyltransferase 10 reversed Dox-resistance in BC [12], and Yingze Wei et al. veri�ed that
Nicotinamide overcame Dox-resistance in BC [7]. Therefore, this study aimed to develop a novel strategy
to improve Dox-sensitivity in BC.

Autophagy is a evolutionarily conserved process for cells in defense of environmental stress, which
degraded and reused the destructed cellular constitutes and cytoplasmic organelles to protect cells from
death [13, 14]. Recent data agreed that LC3 (microtubule-associated protein light chain 3) and p62 could
be used to test autophagy activities, and increase of LC3-II (membrane bound)/LC3-I (cytosolic section),
and degradation of p62 indicated activation of autophagy �ux [15, 16]. Interestingly, autophagy was
closely associated with chemo-resistance in cancer treatment, and inhibition of autophagy had been
proved to be effective strategy to increase drug-sensitivity for multiple drugs, including cisplatin [17], 5-FU
[18], Dox [19, 20], etc., and Zhenyu Liu et al. [21] and Lu Liang et al. [22] agreed that targeting autophagy
was novel to enhance Dox-sensitivity for BC treatment. Nevertheless, the detailed mechanisms are still
not fully understood. To solve this issue, the inhibitor for autophagy, 3-methyladenine (3-MA) [23], was
used in this study, and we validated that 3-MA aggravated the inhibiting effects of Dox on cell
proliferation in Dox-resistant BC (DR-BC) cells, which rendered the possibility that autophagy might play a
protective role to enhance Dox-resistance under high-dose Dox stimulation in BC cells.

AMP-activated protein kinase (AMPK)-Unc-51-like kinase 1 (ULK1) signaling cascade was crucial for
autophagy initiation [24-26], and activation of AMPK-ULK1 pathway triggered protective autophagy to
promote cell survival under environmental stress, such as oxidative stress [27] and cigarette smoke
exposure [28]. Aside from that, recent data indicated that AMPK-ULK1 pathway mediated autophagy
involved in regulating drug resistance during cancer treatment, including cisplatin [29, 30] and Dox [21].
Speci�cally, Guihua Duan et al. [30], Lixiao Che et al. [29] and Zhenyu Liu et al. [21] reported that
induction of AMPK-ULK1 pathway mediated autophagy contributed to cisplatin- and Dox- resistance in
ovarian cancer and BC, respectively. The above information enlightened us to speculate that AMPK-ULK1
pathway mediated protective autophagy might be the reason of Dox-resistance in BC. To verify this
hypothesis, the inhibitors for AMPK (compound C) and ULK1 (SBI-0206965) [31] were used to treat BC
cells, and we noticed that both compound C and SBI-0206965 increased Dox-sensitivity in BC cells.

Based on the existed information, by conducting in vitro experiments, we managed to investigate whether
autophagy blockage was effective to increase Dox-sensitivity in BC cells. Also, further experiments were
performed to uncover the underlying mechanisms, and explored the role of AMPK-ULK1 pathway
mediated protective autophagy in regulating Dox-resistance in BC cells. The present study will provide
evidences to support that inhibition of AMPK-ULK1 pathway mediated protective autophagy is a novel
strategy to improve Dox-sensitivity in BC.

Methods
Cell culture, treatment and vectors transfection
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The human breast cancer (BC) cell lines (MDA-MB-231 and MCF-7) were purchased from American Type
Culture Collection (ATCC, USA), and cultured in Dulbecco’s modi�ed Eagle’s medium (Invitrogen, USA)
containing 10 % fetal bovine serum (FBS, Hyclone, USA), 100 U/ml penicillin and 100 μg/ml streptomycin
in an incubator with 5 % CO2 humidi�ed atmosphere at 37 ℃. The cells were harvested for further
experiments until the cell con�uency reached about 70-80 %, and were subjected to increasing
concentrations (0.01-1 μg/ml) of doxorubicin (Sigma, USA) in a step-wise manner over a period of 6
months to generate doxorubicin-resistant BC (DR-BC) cells based on the experimental protocol provided
by the previous publication [32, 33]. To sustain the doxorubicin-resistant phenotypes, the DR-BC cells were
cultured in the DMEM medium supplemented with 0.01 μg/ml doxorubicin. After that, the DR-BC cells
were pre-treated with 10 μmol/L of AMPK inhibitor compound C, 6 μmol/L ULK1 inhibitor SBI-0206965
and 12mmol/L of autophagy inhibitor 3-methyladenine (3-MA) for 24 h, and subsequently stimulated
with high-dose doxorubicin (20 μg/ml) for 0 h, 24 h, 48 h and 72 h. In addition, according to the previous
publications [34, 35], the caspase-3 encoding pBabepuro plasmid were transfected into caspase-3-
de�cient MCF-7 cells by using the commercial LipofectAMINE (Life Technologies, MD) to overexpress
caspase-3, based on the experimental procedures provided by the manufacturers.

Western Blot analysis

The total protein was extracted from the BC cells by using a commercial RIPA lysis buffer, and the
following Western Blot analysis was conducted to examine the protein levels of the involved genes, and
all the detailed experimental procedures had been well documented in the previous work [32, 33]. The
primary antibodies were listed as follows: Cyclin D1 (1:1500, Abcam, UK), CDK2 (1:2000, Abcam, UK),
cleaved caspase-3 (1:2000, Abcam, UK), Bax (1:2000, Abcam, UK), β-actin (1:3000, Abcam, UK), LC3B
(1:1000, Abcam, UK) and p62 (1:1000, Abcam, UK).

Cell counting kit-8 (CCK-8) assay

The BC cells were subjected to different treatments, and cell proliferation was evaluated by using the
commercial CCK-8 assay kit purchased from Abmole (USA) according to the manufacturer’s protocol.
Brie�y, the cells were seeded into the 96-well plates, and cultured in the incubator for 0 h, 24 h, 48 h and
72 h, respectively. Next, the cells were incubated with 20 μl CCK-8 reaction solution, and the optical
density values were examined to re�ect relative cell proliferation abilities.

Colony formation assay

The BC cells were harvested and administered with different stimulation, after that, the cells were cultured
in the 6-well plates at the concentration of 500 cells per well. After 14 days culture in the incubator, the
cells were stained with 0.4 % crystal violet for visualization. Next, the cells were observed and
photographed under light microscope, and the cell colonies containing at least 10 cells were counted.

Trypan blue staining assay
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The BC cells were collected, and cell viability was determined by using the trypan blue staining method.
The cells were stained with the trypan blue staining solution for 20 min at 37 ℃, and the dead blue cells
were observed, photographed and counted under light microscope. The formula for calculating cell
viability was shown as follows: cell viability (%) = (total cell numbers – dead blue cell numbers)/total cell
numbers * 100%.

Measurement of cell apoptosis

The commercial apoptosis detection kit (BD Bioscience, USA) was purchased to measure cell apoptosis
ratio in BC cells with differential stimulation, and the detailed experimental procedures were recorded in
the manufacturer’s instruction. In brief, the cells were double stained with Annexin V-FITC and PI for 30
min at room temperature without light exposure, and a �ow cytometer (ThermoFisher Scienti�c, USA) was
used to examine and count the numbers for apoptotic cells.

Observation of autophagosomes by electronic microscope (EM)

The BC cells, including DS-BC and DR-BC cells, were �xed with 0.1 M sodium cacodylate-buffered 2 %
(wt/vol) glutaraldehyde at 4 ℃ overnight, and pelleted in agarose, rinsed in distalled water and stored in
70 % ethanol. After that, the cells were dehydrated and stained with 2 % aqueous uranyl acetate for 5 min,
and Reynolds lead citrate for 3 min at room temperature. Finally, the cells were observed and
photographed by an electronic microscope (EM) at 80 kV.

Statistical analysis

All the data were presented as Means ± Standard Deviation (SD), and the data were analyzed and
visualized by suing the SPSS 18.0 software and GraphPad Prism 7.0 software. Speci�cally, the
comparisons of means from two groups were conducted by using the unpaired Student’s t-test, and the
means from multiple groups were compared by using the one-way ANOVA analysis. P < 0.05 was
regarded as statistical signi�cance, and marked by “*” in the Figures. Each experiment repeated at least 3
times.

Results
Induction of doxorubicin-resistant BC (DR-BC) cells from their corresponding parental doxorubicin-
sensitive BC (DS-BC) cells

According to the previous work [32], the parental DS-BC cells (MDA-MB-231 and MCF-7) were subjected to
continuous low-dose doxorubicin stimulation, starting from 0.01 μg/ml and terminating at 1 μg/ml, to
induct DR-BC cells (DR-MDA-MB-231 and DR-MCF-7). After that, based on our preliminary experiments
(data not shown), the above cells were exposed to high-dose doxorubicin (20 μg/ml) stimulation for 0 h,
24 h, 48 h and 72 h, respectively, and the results in Figure 1 showed that we had successfully established
DR-BC cells in vitro. Mechanistically, the CCK-8 assay (Figure 1A-D) and colony formation assay (Figure
1E, F) results showed that high-dose doxorubicin signi�cantly inhibited cell proliferation and colony
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formation abilities in DS-BC cells, instead of their corresponding DR-BC cells. In addition, high-dose
doxorubicin stimulation decreased cyclin D1 and CDK2 expression levels to induce cell-cycle arrest in DS-
BC cells, but had little effects on the above proteins in DR-BC cells (Figure 1I-N). Consistently, the trypan
blue staining (Figure 1G, H) and Annexin V-FITC/PI double staining assay (Figure 1O-Q) results provided
evidences to support that high-dose doxorubicin speci�cally inhibited cell viability and promoted cell
apoptosis in DS-BC cells compared to the DR-BC cells, which were also validated by the following
Western Blot analysis for the pro-apoptosis associated proteins (Figure 1R-W). Speci�cally, the results
showed that high-dose doxorubicin increased the expression levels of cleaved caspase-3 and Bax in DS-
BC cells, but did not in�uence their expression status in DR-BC cells (Figure 1R-W). The above results
indicated that DR-BC cells were much more resistant to high-dose doxorubicin stimulation in contrast
with their corresponding parental DS-BC cells.

High-dose doxorubicin stimulation speci�cally triggered autophagy in DR-BC cells

Previous work suggested that induction of autophagy was crucial for doxorubicin resistance in BC [36-
38], however, the detailed mechanisms are still controversial. To investigate this issue, the DS-BC and DR-
BC cells were exposed to high-dose doxorubicin (20 μg/ml) stimulation for 48 h. As shown in Figure 2, we
proved that autophagy �ux was speci�cally activated by high-dose doxorubicin in DR-BC cells, instead of
DS-BC cells. Functionally, the Western Blot analysis results showed that high-dose doxorubicin
signi�cantly increased LC3B-II/I ratio and decreased p62 expression levels in DR-BC cells, but did not
altered their expression patterns in DS-BC cells (Figure 2A-F). In addition, the transmission electron
microscopy images indicated that high-dose doxorubicin speci�cally induced autophagosomes
formation in DR-BC, instead of their parental DS-BC cells (Figure 2G, H). Furthermore, the DR-BC cells were
pretreated with 12 mmol/L of autophagy inhibitor 3-methyladenine (3-MA) for 24 h, and we found that
the effects of high-dose doxorubicin stimulation on LC3B-II/I ratio and p62 expressions in DR-BC cells
were abolished by co-treating cells with 3-MA (Figure 2I-L), indicating that 3-MA abrogated high-dose
doxorubicin-induced autophagy in DR-BC cells.

Inhibition of autophagy aggravated high-dose doxorubicin induced cell death in DR-BC cells

We next investigated whether blocking autophagy increased doxorubicin sensitivity in DR-BC cells. To
achieve this, the DR-BC cells were pretreated with 3-MA (12 mmol/L, 24 h) and subsequently stimulated
with high-dose doxorubicin (20 μg/ml, 48 h). The CCK-8 assay (Figure 3A, B) and colony formation assay
(Figure 3C, D) results showed that 3-MA aggravated the inhibiting effects of high-dose doxorubicin on cell
proliferation and colony formation abilities in DR-BC cells, however, 3-MA alone had little effects on the
above cell functions (Figure 3A-D). In addition, the trypan blue staining assay results showed that 3-MA
inhibited cell viability in DR-BC cells treated with high-dose doxorubicin (Figure 3E), which were supported
by the following Annexin V-FITC/PI double staining assay results and showed that 3-MA increased
apoptosis ratio in high-dose doxorubicin stimulated DR-BC cells (Figure 3F, G). Similarly, 3-MA alone had
little effects of cell death in DR-BC cells (Figure 3F, G). Furthermore, the proliferation and apoptosis
associated proteins were also determined by using the Western Blot analysis, and the results showed that
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high-dose doxorubicin combined with 3-MA signi�cantly inhibited cyclin D1 and CDK2, and upregulated
cleaved caspase-3 and Bax in DR-BC cells (Figure 3H-K). The above results suggested that inactivation of
autophagy by 3-MA enhanced the cytotoxic effects of high-dose doxorubicin on DR-BC cells.

Activation of AMPK-ULK1 signal pathway contributed to high-dose doxorubicin induced autophagy in DR-
BC cells

Further experiments were conducted to explore the underlying mechanisms of high-dose doxorubicin
induced autophagy in DR-BC cells. Based on the previous studies [26, 39], the AMPK-ULK1 signaling
cascade was selected for further analysis. As expected, the Western Blot analysis results showed that
high-dose doxorubicin speci�cally increased the expression levels of phosphorylated AMPK (p-AMPK), p-
ULK1 (555) and p-ULK1 (757) to activate AMPK-ULK1 signal pathway in DR-BC cells, however, high-dose
doxorubicin did not in�uenced AMPK-ULK1 activation in DS-BC cells (Figure 4A, B), which enlightened us
that AMPK-ULK1 signal pathway might be crucial for high-dose doxorubicin induced autophagy in DR-BC
cells. To investigate the above speculation, the DR-BC cells were pretreated with 10 μmol/L of AMPK
inhibitor compound C and 6 μmol/L ULK1 inhibitor SBI-0206965 for 24 h to inactivate AMPK-ULK1
signaling cascade, and the results showed that compound C decreased p-AMPK expression levels (Figure
4C, D) and SBI-0206965 inhibited p-ULK1 (555) and p-ULK1 (757) expressions (Figure 4E, F) in high-dose
doxorubicin treated DR-BC cells. Furthermore, we found that the regulating effects of high-dose
doxorubicin on LC3B-II/I ratio and p62 expressions in DR-BC cells were all abrogated by co-treating cells
with compound C and SBI-0206965 (Figure 4G, H), indicating that high-dose doxorubicin activated
autophagy �ux in DR-BC cells by activating AMPK-ULK1 signal pathway.

Abrogation of AMPK-ULK1 signal pathway mediated protective autophagy increased doxorubicin
sensitivity in DR-BC cells

Given the fact that high-dose doxorubicin activated AMPK-ULK1 signaling cascade to promote autophagy
in DR-BC cells, and blockage of autophagy enhanced cytotoxic effects of high-dose doxorubicin on DR-
BC cells. As indicated in Figure 5, we validated that inactivation of AMPK-ULK1 pathway increased
doxorubicin sensitivity in DR-BC cells. Speci�cally, as mentioned before, the DR-BC cells were pre-
administered with compound C (10 μmol/L) and SBI-0206965 (6 μmol/L) for 24 h to inactivate AMPK-
ULK1 pathway, and subsequently stimulated with high-dose doxorubicin (20 μg/ml) for 48 h. As expected,
the CCK-8 (Figure 5A, B) results showed that both compound C and SBI-0206965 signi�cantly inhibited
cell growth in high-dose doxorubicin treated DR-BC cells. Consistently, by conducting the trypan blue
staining assay, we found that the inhibitors for AMPK-ULK1 pathway also aggravated the inhibiting
effects of doxorubicin on cell viability in DR-BC cells (Figure 5C). Also, blockage of AMPK-ULK1 pathway
also triggered apoptotic cell death in DR-BC cells, and both compound C and SBI-0206965 induced cell
apoptosis in doxorubicin treated DR-BC cells (Figure 5D, E).

Discussion
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Doxorubicin (Dox) was commonly used for breast cancer (BC) treatment in clinic [6-8], however, the
therapeutic e�cacy of this chemical drug was seriously limited as the results of drug resistance [9, 10],
resulting in worse prognosis and recurrence in BC patients [11]. Recent data indicated that combination
treatment strategies might be novel to increase Dox-sensitivity for BC treatment [7, 12], hence, the present
study managed to investigate this issue in vitro. To achieve this, based on the information from the
previous publications [32, 33] and our preliminary experiments (data not shown), the Dox-resistant BC
(DR-BC) cells were inducted from their parental Dox-sensitive BC (DS-BC) cells through long-term
continuous Dox exposure method in a step-wise manner. After that, both the DR-BC and DS-BC cells were
stimulated by high-dose Dox, and the results showed that Dox downregulated cyclin D1 and CDK2 to
inhibit cell proliferation and viability, and upregulated cleaved caspase-3 and Bax to induce apoptotic cell
death in DS-BC cells, instead of DR-BC cells, indicating that the DR-BC cells were successfully established,
which were resistant to Dox stimulation. The above results were supported by the previous studies [32,
33].

Recent data suggested that the protective autophagy could be initiated by continuously exposing to
chemotherapeutic drugs in multiple cancers [17-20], and researchers noticed that activation of autophagy
�ux contributed to Dox-resistance in BC [21, 22], which were validated by our experiments. Speci�cally, the
DS-BC and CR-BC cells were subjected to high-dose Dox stimulation, and we found that Dox stimulation
speci�cally increased LC3B-II/I ratio, decreased p62 expression levels and facilitated autophagosomes
formation in DR-BC cells, instead of DS-BC cells, suggesting that autophagy was activated in DR-BC cells
under Dox pressure. Given the fact that autophagy protected cells from death [13, 14], we next explored
whether autophagy was pivotal for regulating Dox-resistance in BC cells by utilizing its inhibitor 3-
methyladenine (3-MA) [23]. As expected, the results showed that 3-MA inhibited autophagy in DR-BC cells
treated with Dox. Next, by performing further experiments, we evidenced that inhibition of autophagy by
3-MA inhibited cell proliferation, while promoted cell death in Dox-treated DR-BC cells, indicating that
autophagy blockage increased Dox-sensitivity in DR-BC cells, which were partly supported by the previous
data [21, 22].

AMP-activated protein kinase (AMPK)-Unc-51-like kinase 1 (ULK1) pathway involved in regulating Dox-
resistance in BC, and activation of AMPK-ULK1 pathway contributed autophagy [21]. Based on the above
information, we validated that inhibition of AMPK-ULK1 pathway mediated protective autophagy
increased Dox-sensitivity in DR-BC cells. Mechanistically, we noticed that high-dose Dox speci�cally
increased the expression levels of phosphorylated AMPK (p-AMPK), p-ULK1 (555) and p-ULK1 (757) to
activate AMPK-ULK1 signal pathway in DR-BC cells, instead of DS-BC cells, suggesting that AMPK-ULK1
pathway was susceptible to be activated by Dox in DR-BC cells. Next, we used the inhibitors for AMPK
(compound C) and ULK1 (SBI-0206965) to block AMPK-ULK1 pathway, and the results showed that both
compound C and SBI-0206965 reversed Dox-induced autophagy in DR-BC cells, suggesting that Dox
activated autophagy in a AMPK-ULK1 pathway dependent manner, which were supported by the previous
work [21]. Finally, we evidenced that inhibition of AMPK-ULK1 pathway triggered apoptotic cell death to
enhance the cytotoxic effects of high-dose Dox on DR-BC cells, indicating that targeting AMPK-ULK1
pathway was effective to reduce Dox-resistance in DR-BC cells.
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Conclusions
Taken together, the present study validated that inhibition of AMPK-ULK1 mediated protective autophagy
was effective to increase Dox-sensitivity in BC cells in vitro, which provided alternative treatment
strategies for BC treatment in clinic. However, the xenograft mice models and patients clinical specimens
are still needed in our future work to verify the cellular results in vivo.
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BC: Breast cancer

CCK-8: Cell counting kit-8

EM: Electronic microscope

DS-BC: Doxorubicin-sensitive BC

DR-BC: Doxorubicin-resistant BC

3-MA: 3-methyladenine

Dox: Doxorubicin

NSCLC: Non-small cell lung cancer

HCC: Hepatocellular carcinoma

LC3: Microtubule-associated protein light chain 3

AMPK-ULK1: AMP-activated protein kinase-Unc-51-like kinase 1
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Figure 1

Induction of DR-BC cells from their corresponding parental DS-BC cells through continuous low-dose
doxorubicin pressure in a step-wise manner. (A-D) CCK-8 assay was used to determine cell proliferation
abilities. (E, F) Colony formation assay was conducted to examine the colony formation abilities in BC
cells. (G, H) Trypan blue staining assay was employed to determine cell viability. (I-N) The expression
levels of proliferation associated biomarkers (Cyclin D1 and CDK2) were examined by using Western Blot
analysis. (O-Q) Cell apoptosis was examined by using the Annexin V-FITC/PI double staining method. (R-
W) Western Blot was conducted to examine the expression levels of apoptosis associated markers
(cleaved caspase-3 and Bax) in BC cells. Each experiment repeated at least 3 times, and *P < 0.05 was
regarded as statistical signi�cance.



Page 14/17

Figure 2

Induction of DR-BC cells from their corresponding parental DS-BC cells through continuous low-dose
doxorubicin pressure in a step-wise manner. (A-D) CCK-8 assay was used to determine cell proliferation
abilities. (E, F) Colony formation assay was conducted to examine the colony formation abilities in BC
cells. (G, H) Trypan blue staining assay was employed to determine cell viability. (I-N) The expression
levels of proliferation associated biomarkers (Cyclin D1 and CDK2) were examined by using Western Blot
analysis. (O-Q) Cell apoptosis was examined by using the Annexin V-FITC/PI double staining method. (R-
W) Western Blot was conducted to examine the expression levels of apoptosis associated markers
(cleaved caspase-3 and Bax) in BC cells. Each experiment repeated at least 3 times, and *P < 0.05 was
regarded as statistical signi�cance.
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Figure 3

Inhibition of autophagy by 3-MA aggravated the promoting effects of high-dose doxorubicin-induced cell
death in DR-BC cells. (A, B) Cell proliferation was evaluated by CCK-8 assay. (C, D) Colonies formation
abilities were examined by colony formation assay. (E) Trypan blue staining assay was performed to
determine cell viability. (F, G) Cell apoptosis was determined by using the Annexin V-FITC/PI double
staining method. (H-K) The expression levels of Cyclin D1, CDK2, cleaved caspase-3 and Bax were
examined by using the Western Blot analysis. Each experiment repeated at least 3 times, and *P < 0.05
was regarded as statistical signi�cance.
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Figure 4

High-dose doxorubicin activated autophagy �ux in DR-BC cells through regulating AMPK-ULK1 pathway,
examined by Western Blot analysis. (A, B) High-dose doxorubicin speci�cally increased the expression
levels of p-AMPLK and p-ULK1 to activate AMPK-ULK1 pathway in DR-BC cells, instead of DS-BC cells.
The AMPK-ULK1 pathway was successfully blocked by its inhibitor, (C, D) compound C and (E, F) SBI-
0206965. (G, H) Blockage of AMPK-ULK1 pathway decreased LC3B-II/I ratio, and increased p62
expression levels to reverse doxorubicin induced autophagy in DR-BC cells. Each experiment repeated at
least 3 times, and *P < 0.05 was regarded as statistical signi�cance.



Page 17/17

Figure 5

Inhibition of AMPK-ULK1 pathway aggravated the promoting effects of high-dose doxorubicin-induced
cell death in DR-BC cells. (A, B) CCK-8 assay results indicated that blockage of AMPK-ULK1 pathway by
compound C and SBI-0206965 inhibited cell proliferation in DR-BC cells treated with high-dose
doxorubicin. (C) Trypan blue staining assay was used to detect cell viability. (D, E) Cell apoptosis ratio
was measured by using the Annexin V-FITC/PI double staining assay. Each experiment repeated at least
3 times, and *P < 0.05 was regarded as statistical signi�cance.
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