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Abstract: Clear evidence has linked obesity to a high risk of incidence as well as poor clinical outcome of breast
cancer. It has been proven that changes in the levels of adipokines caused by obesity are associated with the initia-
tion and progression of breast cancer. Resistin is a novel adipokine that is upregulated in breast cancer patients
and promotes breast cancer cell growth, invasion, and migration. The aim of the study was to investigate whether
resistin affected the efficacy of doxorubicin (Dox), one of the most effective anthracycline chemotherapeutic agents
in the treatment of breast cancer. Treatment with resistin significantly attenuated Dox-induced apoptosis in a dose-
and time-dependent manner, resulting in an increase in breast cancer cells survival. Moreover, resistin significantly
induced autophagy flux and inhibition of autophagy abrogated the pro-survival effect of resistin in doxorubicin-
treated cells. Furthermore, the AMPK/mTOR/ULK1 and JNK signaling pathways were activated by resistin treat-
ment. Inhibition of these two pathways markedly reduced the ratio of LC3B-II/LC3B-I and increased cell apoptosis
induced by Dox. For the first time, our findings indicate that resistin confers resistance to doxorubicin-induced
apoptosis through autophagy induction and that this process involves the activation of AMPK/mTOR/ULK1 and JNK
signaling pathways. Our findings suggest that resistin antagonism may be a novel strategy to overcome resistance

to doxorubicin-based chemotherapy in breast cancer patients.
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Introduction

Breast cancer is the most frequently diagnosed
cancer in women worldwide [1]. With the im-
provement in the combination of surgery, che-
motherapy, radiotherapy, and hormonal thera-
py, the mortality rate of breast cancer has de-
creased by 34% since 1990 [2]. Doxorubicin
(Dox) is a US Food and Drug Administration
(FDA)-approved chemotherapeutic drug that
has been routinely used to treat hematological
cancers and several types of solid tumors. In
breast cancer, Dox-containing adjuvant chemo-
therapy has been recommended as the first-
line treatment in the 2016 NCCN'’s breast can-
cer guidelines [3]. Dox induces DNA damage
and results in an increase in the mitochond-
rial membrane permeability, which causes the
release of cytochrome ¢ from mitochondria to
the cytosol, where it activates the caspase fam-
ily of proteases, leading to cancer cell apopto-

sis [4]. However, resistance to Dox remains a
major obstacle to a better treatment outcome
for many patients. Identification of factors that
contribute to resistance to Dox may open a new
pathway to improving the treatment efficacy of
Dox-containing adjuvant chemotherapy.

Obesity not only increases the risk for metabol-
ic, cardiovascular and chronic inflammatory dis-
eases, but also is associated with increased
risk of most cancers and with poor outcome of
breast cancer [5, 6]. Increasing studies have
indicated that adipokines secreted by adipose
tissue may be responsible for this association
[7-12]. Resistin, a novel adipokine secreted by
adipocytes, macrophages, and bone marrow
cells, has been originally implicated in the pa-
thogenesis of obesity-mediated insulin resis-
tance. Recent studies have found that resistin
may be a potential mediator in many cancers
including breast, colorectal, lung, and prostate


http://www.ajcr.us

Resistin confers drug resistance in breast cancer

cancers [13-17]. A higher level of serum resistin
was observed in patients with breast cancer
than in normal controls [13, 18]. In addition,
high level of resistin in breast cancer was found
to be associated with increased tumor stage,
size, lymph node metastasis and poor progno-
sis [19]. Furthermore, serum resistin level sig-
nificantly increased following systemic treat-
ment in breast cancer patients [20], suggesting
that resistin may affect the efficacy of chemo-
therapy. Several studies have reported that
resistin plays a crucial role in the growth, inva-
sion and migration of breast cancer cell [19,
21, 22]. However, there is no previous study
investigating a causal relationship between
resistin and chemoresistance.

Autophagy is an evolutionarily conserved self-
degradation process by which cells degrade
and renew cellular molecules and organelles.
During autophagy, parts of the cytoplasm and
cellular organelles are engulfed within a dou-
ble-membrane vesicle known as autophago-
some. The autophagosomes then fuse with
lysosomes and their contents are degraded by
lysosomal proteases [23]. Autophagy is consid-
ered as a protective mechanism by which cells
eliminate unwanted or damaged materials to
prevent carcinogenesis. However, tumor cells
can utilize autophagy to survive cellular stress,
such as hypoxia, nutrition deficiency, and che-
motherapy [24, 25]. Recent studies have shown
that induction of autophagy facilitates cancer
cells resistance to drug-induced apoptosis [26,
27]. In the present study, we aim to understand
the role of resistin in the resistance to Dox in
breast cancer cells. We show that treatment
with resistin protects breast cancer cells from
Dox-induced apoptosis through autophagy in-
duction. Furthermore, we demonstrate that ac-
tivation of AMPK/mTOR and JNK signaling pa-
thways are involved in autophagy induction.
Our findings provide novel insights into how re-
sistin contributes to Dox resistance and also
suggest that resistin antagonism could be a
strategy to overcome Dox resistance in breast
cancer patients.

Materials and methods
Cell lines and cell culture

Human breast cancer cell lines MCF-7 and
MDA-MB-231 were obtained from the American
Type Culture Collection (ATCC). Cells were cul-
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tured in Dulbecco’s modified Eagle’s medium
(DMEM) with 10% fetal bovine serum and main-
tained at 37°C in a humidified atmosphere of
5% CO,,.

Antibodies and reagents

Recombinant human resistin was purchased
from the PeproTech (Rocky Hill, NJ, USA). The
antibodies against cytochrome c, caspase-9,
poly (ADP-ribose) polymerase (PARP), BECN1,
SQSTM1, LC3B Il/Il, LAMP1, Atgh, phosphory-
lated (p)-ULK1 (Ser’®7), p-AMPK, p-mTOR, p-JNK
(Thri&3/Tyr'8%), and p-Bcl-2 were purchased
from the Cell Signaling Technology (Danvers,
MA, USA); the antibody against B-actin, Dox,
Compound C and SP600125 from Sigma-
Aldrich Corp (St. Louis, MO, USA); and the Ale-
xa Fluor-488-conjugated anti-rabbit IgG anti-
body from the Molecular Probes.

Lentiviral infection of breast cancer cells with
short-hairpin RNA (shRNA)

MCF-7 and MDA-MB-231 cells were infected
with recombinant lentivirus containing non-
target shRNA or human Atgh (Sigma-Aldrich)
according to the manufacturer’s protocol. Pu-
romycin was used to select stably expressed
cells.

Flow cytometry analysis of cell apoptosis

MCF-7 and MDA-MB-231 cells were treated
with Dox (1, 2.5, 5 uM), with or without resistin
(10-50 ng/mL), for indicated time. Apoptosis of
treated cells was detected by annexin V-FITC/
propidium iodide (PI) staining according to the
manufacturer’s instructions. After 20 minutes
of incubation at room temperature, cells were
analyzed using a BD flow cytometer. The per-
centage of apoptotic cells was the sum of the
percentage of annexin V-positive/Pl-negative
and both annexin V and PI-positive cells.

Western blot analyses

The treated cells were washed with PBS, lysed
with the RIPA buffer (Sigma-Aldrich Corp) and
protease inhibitor cocktail at 4°C for 20 min.
After centrifuging at 13,000 rpm for 15 min at
4°C, the supernatant was collected as cell
lysates. Protein concentrations were measured
using a Pierce BCA Protein Assay kit (Thermo-
Fisher Scientific Inc.). After mixed with 4 x load-
ing buffer, cell lysates were subjected to sodi-
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Figure 1. Resistin protects breast cancer cells from doxorubicin-induced apoptosis in a dose- and time-dependent
manner. Human breast cancer cell lines MCF-7 (A) and MDA-MB-231 (B) cells were treated with 1, 2.5, 5 uM
doxorubicin (Dox) plus resistin (0, 10, 25 or 50 ng/mL) for 24 h. Apoptosis in the treated cells was determined by
using an annexin V-binding assay. Shown are the percentages of apoptotic cells in both cell lines. (C) MCF-7 and
MDA-MB-231 cells were cultured in media containing Dox (5 uM) with or without resistin (25 ng/mL) for 24 or 48 h.
Cells cultured without Dox or resistin were used as controls. Percentages of apoptotic cells were shown. (D) MCF-7
and MDA-MB-231 cells were treated with Dox (5 uM) and/or resistin (25 ng/mL) for 24 h. Western blot analyses
showed the expression levels of cytochrome ¢ (Cyto c), cleaved caspase 9 (c-Cas-9) and PARP (c-PARP) in the cells.
Cells cultured without treatments were used as controls. B-actin was used as a protein loading control. The sizes of
protein bands are indicated on the left. Data are presented as mean + SD from three independent experiments. *P

< 0.05; **P < 0.01.

um dodecyl sulfate-polyacrylamide gel electro-
phoresis, transferred to a nitrocellulose mem-
brane, and blocked with 5% milk for 1 h at room
temperature. The membranes were then incu-
bated overnight at 4°C with specific primary
antibodies. After washing with TBS-T, the mem-
branes were incubated with HRP-conjugated
appropriate secondary antibodies at room tem-
perature for 1 h. The membranes were devel-
oped using the ECL Western blotting system
(Thermo Fisher Scientific Inc.) according to the
manufacturer’s instruction.

Immunofluorescence

MCF-7 and MDA-MB-231 cells were seeded
on glass coverslips and cultured in the pres-
ence of resistin for indicated time. The cells
were fixed with 4% paraformaldehyde for 15
minutes at room temperature. Cells were rins-
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ed with PBS twice and then permeabilized with
0.1% Triton X-100 in PBS for 20 minutes and
blocked with 1% BSA in PBS for 1 h. Cells were
incubated with the primary antibody (anti-LC3)
diluted in 1% BSA overnight at 4°C. After rinsing
in PBS three times, cells were incubated with
Alexa Fluor-488-conjugated secondary anti-
rabbit 1gG antibody for 1 h at room tem-
perature, then incubated with DAPI for 5 min.
Slides were rinsed and mounted. Images were
acquired using a fluorescence microscope.

Statistical analyses

All data are shown as means + standard de-
viation for at least three independent ex-
periments performed in triplicate. The Stu-
dent t-test was used to compare experimen-
tal groups. A P value < 0.05 was considered
statistically significant.
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Figure 2. Resistin activates autophagy in breast cancer cells. (A) MCF-7 and MDA-MB-231 cells were treated without
or with resistin (25 ng/mL) for 24 h, then fixed, permeabilized and stained for LC3 expression using a LC3-specific
antibody. The LC3 dots were visualized using a fluorescence microscope. Representative images were shown. (B)
Quantification of average LC3 dots per cell in (A) from three independent experiments. (C) MCF-7 and MDA-MB-231
cells were cultured in media containing various concentrations of resistin (0, 25 or 50 ng/mL) for 24 h. The expres-
sion levels of autophagy-related proteins (BECN1, SQSTM1, LC3B-I/Il, LAMP1) were detected by western blot analy-
ses. (D) Quantitative analysis of LC3B-II/LC3B-I ratio in (C). B-actin was used as a protein loading control. The sizes
of protein bands are indicated on the left. Data are presented as mean + SD from three independent experiments.
*P < 0.05; **P < 0.01. Data are presented as mean + SD. *P < 0.05; **P < 0.01.

Results breast cancer cells in a dose-dependent man-
ner (Figure 1A and 1B). Furthermore, we treat-
ed MCF-7 and MDA-MB-231 cells with 5 uM
Dox, with or without 25 ng/mL resistin, for 24
and 48 h. Our results showed that resistin dra-
matically decreased apoptosis induced by Dox
in a time-dependent manner (Figure 1C). It is
well known that caspase cascades are the
functional regulators and executioners of apop-
tosis [30]. Therefore, the treated cells were
then harvested and subjected to western blot
analyses of key modulators of apoptosis. As

Resistin protects human breast cancer cells
against Dox-induced apoptosis

Dox has been known to exert its anticancer
effects by inducing apoptosis. In order to study
the effects of resistin on cells’ response to che-
motherapy, human breast cancer MCF-7 and
MDA-MB-231 cell lines were incubated in me-
dia containing different concentrations of Dox
in the presence or absence of recombinant re-

sistin for 24 h. As shown in Figure 1A and 1B,
Dox effectively induced the apoptosis of both
MCF-7 and MDA-MB-231 cells, which is consis-
tent with previous reports [28, 29]. Moreover,
we found that the addition of resistin signifi-
cantly decreased Dox-induced apoptosis of
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expected, MCF-7 and MDA-MB-231 cells treat-
ed with Dox alone had significantly higher le-
vels of cytochrome c, cleaved caspase-9, and
cleaved PARP than untreated cells, while addi-
tion of resistin significantly decreased the lev-
els of these proteins in the presence of Dox

Am J Cancer Res 2017;7(3):574-583
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Figure 3. Autophagy induced by resistin confers doxorubicin resistance in breast cancer cells. MCF-7 and MDA-
MB-231 cells were pretreated with autophagy inhibitor 3-methyladenine (3-MA; 2 mM) for 1 h and then cultured in
media containing Dox (5 uM) with or without resistin (25 ng/mL) for 24 h. A. The percentages of apoptotic cells were
determined by annexin V-binding assays. B. The expression levels of cleaved caspase-9 (c-Cas-9) and PARP (c-PARP)
were detected by western blot analyses. MCF-7 and MDA-MB-231 cells were infected by lentivirus containing Atgb
shRNA or nontargeting control shRNA. Subsequently, cells were treated with Dox (5 uM) and/or resistin (25 ng/mL)
for 24 h. C. The efficiency of Atgb knockdown was analyzed by western blot analyses. D. Cell apoptosis was analyzed
by annexin V-binding assays. B-actin was used as a protein loading control. The sizes of protein bands are indicated
on the left Data are presented as mean + SD. Results shown are representative of three independent experiments.
*P < 0.05; **P < 0.01.

(Figure 1D). These data demonstrate that 1). The induction of autophagy is associated
resistin protects human breast cancer cells with up-regulation of LC3B-ll, increased the
against Dox-induced apoptosis. ratio of LC3B-Il to LC3B-I, and down-regula-
tion of SQSTM1 [31-33]. These ATGs are com-
Resistin activates autophagy in human breast monly used to evaluate autophagy activity [23].
cancer cells Thus, the effects of resistin on the express-
ion levels of these ATGs were detected by west-
Previous findings indicate that autophagy acti- ern blot analyses. As shown in Figure 2C and
vation inhibits caspase cleavage to induce che- 2D, addition of resistin dramatically increased
motherapy resistance in cancer cells. To deter- the expression of LC3B-Il, BECN1, LAMP1, and
mine whether resistin affects autophagy in the ratio of LC3B-Il to LC3B-I, and decreased
human breast cancer cells, we first detected the expression of SQSTM1 in a dose-depen-
the accumulation of LC3, a hallmark of mam- dent manner in MCF-7 and MDA-MB-231 cells.
malian autophagy, by immunofluorescence. These results suggest that resistin activates
Addition of resistin resulted in a remarkable autophagy in breast cancer cells.
increase in LC3 dots in MCF-7 and MDA-MB-
231 cells (Figure 2A and 2B). Autophagy is or- Autophagy induced by resistin confers Dox re-
chestrated by a series of autophagy-related sistance in breast cancer cells
genes (ATGs) such as BECN1 (a critical autoph-
agy-regulating protein), SQSTM1 (also known To further confirm that resistin-induced resis-
as p62, LC3-binding adaptor protein), and LA- tance to Dox was mediated through activated
MP1 (lysosomal-associated membrane protein autophagy, we added 3-methyladenine (3-MA),
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Figure 4. Resistin activates AMPK/mTOR and JNK signaling pathways. (A) MCF-7 and MDA-MB-231 cells were treat-
ed with various concentrations of resistin (0, 25 or 50 ng/mL) for 12 h. The expression levels of phosphorylated
(p)-AMPK, p-mTOR, p-ULK1 Ser’™’, p-JNK (Thr®3/Tyr'8%) and p-Bcl-2 were detected by western blot analyses, using
specific antibodies. (B) MCF-7 and MDA-MB-231 cells were pretreated with Compound C (5 uM) and SP600125
(10 puM) for 1 h and then cultured with or without resistin (25 ng/mL) for 12 h. The expression levels of p-m AMPK,
p-mTOR, p-JNK (Thr'&3/Tyr8%), and LC3B-I/Il were determined by western blot analysis. (C) Quantitative analysis of
LC3B-l/LC3B-I ratio in (B) was shown. (D) MCF-7 and MDA-MB-231 cells were pretreated with Compound C (5 uM)
and SP600125 (10 uM) for 1 h and then cultured in media containing Dox (5 uM) with or without resistin (25 ng/mL)
for 24 h. Cell apoptosis was evaluated by an annexin V-binding assay. B-actin was used as a protein loading control.
The sizes of protein bands are indicated on the left. Data are presented as mean + SD. *P < 0.05; **P < 0.01.

a specific autophagy inhibitor, to the cell cul- and/or resistin. As shown in Figure 3D, knock-
ture containing Dox and/or resistin. As shown down of Atgb abrogated the protective effect
in Figure 3A, 3-MA at 2 mM had no cytotoxic of resistin in Dox-treated cells. These results
effects on MCF-7 and MDA-MB-231 cells ac- strongly suggest that resistin induces pro-sur-
cording to the flow cytometry results. As ex- vival autophagy to inhibit caspase activation
pected, cells treated with 3-MA significantly and attenuate Dox-induced cell apoptosis.
increased the percentages of apoptotic cells

compared with those treated with Dox and Resistin induces autophagy via AMPK/mTOR
resistin (Figure 3A). Consistent with the flow and JNK signaling

cytometry results, western blot analyses also

showed that addition of 3-MA increased the To elucidate mechanisms involved in the in-
expression levels of cleaved caspase-9 and duction of autophagy, we focused on AMP-ac-
cleaved PARP proteins in Dox-treated MCF-7 tivated protein kinase (AMPK)/mammalian tar-
and MDA-MB-231 cells, even in the presence of get of rapamycin (mTOR) and c-Jun N-terminal
resistin (Figure 3B). We further knocked down kinase (JNK) signaling pathways, both of which
the expression of Atgh using a lentiviral vector are of great importance in regulating autopha-
containing shRNA of Atgb in MCF-7 and MDA- gy [31, 32]. AMPK is a negative regulator of
MB-231 cells, as monitored by western blot mTOR which has been well documented as a
analysis (Figure 3C). Then, wild type or Atghb major suppressor of autophagy. mTOR kinase
knocked down cells were treated with Dox prevents the autophagy-initiating kinase ULK1
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activation by phosphorylating ULK1 at Ser® to
inhibit autophagy activation [31]. Western blot
analyses showed that addition of resistin sig-
nificantly upregulated the expression of p-AMPK
and downregulated the expression of p-mTOR
and p-ULK1 Ser®” in a dose-dependent man-
ner (Figure 4A). It is well known that activated
JNK can phosphorylate Bcl-2 to promote Bcl2-
BECN1 complex dissociation, thereby releas-
ing BECN1 and subsequently inducing auto-
phagy [34]. Resistin was found to upregulate
the expression of p-JNK and p-Bcl-2 in a dose
dependent manner (Figure 4A). We further
investigated whether the AMPK/mTOR/ULK1
and JNK activation accounted for the induc-
tion of autophagy. Compound C and SP600-
125 were used to inhibit AMPK and JNK ac-
tivation, respectively. As shown in Figure 4B,
these two inhibitors decreased resistin-indu-
ced AMPK and JNK activation and increased
mTOR activation. Meanwhile, autophagy indu-
ced by resistin was abrogated by inhibitors, in-
dicated by the expression levels of LC3B, as
well as the ratio of LC3B-II/LC3B-I (Figure 4C).
Furthermore, addition of inhibitors led to in-
creased Dox-induced apoptosis in MCF-7 and
MDA-MB-231 cells co-treated with resistin (Fig-
ure 4D). These data indicate that activation
of AMPK/mTOR/ULK1 and JNK signalings are
responsible for pro-survival autophagy induced
by resistin.

Discussion

Association of resistin with breast cancer has
been reported previously. Resistin is shown to
promote cell growth and invasiveness through
increased STAT3 expression and phosphoryla-
tion [21]. It is also found to induce invasion and
migration through p-c-Src [22]. Moreover, an
inverse correlation of resistin expression with
disease-free and survival rates has been dem-
onstrated in breast cancer patients [19]. How-
ever, the effect of resistin on cell's response
to chemotherapy-induced apoptosis remains
unknown. For the first time, our study has un-
covered a new role of resistin in promoting the
chemoresistance in breast cancer cells.

One largely studied factor promoting cancer
cell resistance against chemotherapy is the
development of aberrant apoptosis [35]. Dox, a
widely used drug to treat breast cancer, func-
tions as an apoptosis inducer [36]. We experi-
mentally showed that resistin inhibited Dox-in-
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duced apoptosis of MCF-7 and MDA-MB-231
cells in a dose- and time-dependent manner
through flow cytometry and western blot analy-
ses (Figure 1).

Autophagy has been implied as a mechanism
that reduces the sensitivity of cancer cells to-
wards chemotherapy by reducing drug’s apop-
tosis potential [26, 37, 38]. Recent studies
showed that induction of autophagy contrib-
utes to chemoresistance against cisplatin, Dox,
and many other drugs [26, 27]. Moreover, re-
cent study showed that adipocytes-secreted
adipokines such as leptin and adipsin suppre-
ssed chemotherapy-induced apoptosis in my-
eloma cells through autophagy activation [39].
In our study, we clearly observed that resistin
induced autophagy activation evidenced by an
increase dots of LC3 fluorescence in breast
cancer cells (Figure 2A and 2B). We further
confirmed the induction of autophagy by resis-
tin using western blot analysis. Western blot
result demonstrated the conversion of the
molecular form of LC3B-I to LC3B-Il, the upreg-
ulation of BECN1 and LAMP1 expression, and
the downregulation of SQSTM1 expression,
which are commonly used markers for detect-
ing autophagy (Figure 2C and 2D). To further
investigate what role autophagy plays in Dox-
induced apoptosis, we used 3-MA to inhibit
autophagy. Flow cytometry and western blot
analyses revealed that cell apoptosis was in-
creased in Dox+resistin+3-MA group compared
with that in the Dox+resistin group, revealing
that induction of autophagy by resistin prote-
cted breast cancer cells from Dox-induced
apoptosis (Figure 3A and 3B). Moreover, the
shRNA approach was used to further confirm
the effect of autophagy. Atg 5 (a key autophagy
regulator) was knocked down (Figure 3C). We
observed that knockdown of Atgb abolished
the protective effect of resistin against Dox-
induced apoptosis compared with the shRNA
control group (Figure 3D). Taken together, th-
ese data indicate that autophagy induced by
resistin contributes to Dox resistance in breast
cancer cells.

We further studied the molecular mechanism
underlying the induction of autophagy by re-
sistin in breast cancer. AMPK/mTOR signal-
ing pathway plays a crucial role in activating
autophagy. mTOR is one of the most impor-
tant regulator which prevents autophagy-initiat-
ing kinase ULK1 activation by phosphorylating

Am J Cancer Res 2017;7(3):574-583
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ULK1 at Ser’®” to inhibit autophagy activation
[31]. AMPK, a major metabolic energy sensor,
is a negative regulator of mTOR. Activated AM-
PK inhibits mTOR to relieve Ser’®” phosphoryla-
tion, leading to ULK1-AMPK interaction to stim-
ulate autophagy [31, 33]. Our results showed
that resistin activated AMPK/mTOR/ULK1 sig-
naling pathway in breast cancer cells, as evi-
denced by the downregulation of p-mTOR and
p-ULK1 expression, and upregulation of p-AM-
PK expression (Figure 4A). Another important
signaling molecule involved in the regulation
of autophagy is JNK kinase. Previous findings
suggest that JNK kinase can regulate the anti-
autophagy activity of Bcl-2 via phosphorylation,
leading to Bcl-2 dissociation from BECN1 [34,
40]. BECN1-associated class Il PI3K activity
then stimulates autophagy. Similarly, we found
that resistin activated JNK and JNK-mediated
phosphorylation of Bcl-2 (Figure 4A). In addi-
tion, the AMPK inhibitor compound C and JNK
inhibitor SP600125 abolished resistin-induced
autophagy, as shown by the decreased ratio of
LC3B-1I/LC3B-I (Figure 4B and 4C). Moreover,
these two inhibitors attenuated the protect-
ion of resistin against Dox-induced apoptosis
(Figure 4D). These findings suggested that au-
tophagy induction by resistin was due to activa-
tion of AMPK/mTOR/ULK1 and JNK signaling
pathway.

Although we have demonstrated the functional
role of resistin in Dox resistance through the
aforementioned experiments, there is still work
that needs to be done in future studies. We
have shown the protective role of resistin in
breast cancer cell lines, but we did not deter-
mine which resistin receptor is involved. Our
experiments were all performed in an in vitro
setting and we will need to investigate the
effect of resistin in in vivo animal models.

In conclusion, we have shown that adipokine
resistin is able to attenuate Dox-induced apop-
tosis through autophagy induction. This finding
suggests that upregulated levels of resistin in
breast cancer patients could facilitate the che-
moresistance of cancer cells. Thus, our study
reveals a new role of resistin in breast cancer,
and also provides a potential molecular target
to overcome chemoresistance in the treatment
of breast cancer.
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