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Abstract

Background: Tamoxifen is one of the medicines for adjuvant endocrine therapy of hormone-dependent breast cancer.
However, development of resistance to tamoxifen occurs inevitably during treatment. This study aimed to determine
whether sensitivity of tamoxifen-resistant breast cancer cells (TAM-R) could be reinstated by tetrandrine (Tet). Methods:
All experiments were conducted in TAM-R cells derived from the MCF-7 breast cancer cell line by long-term tamoxifen
exposure. Cell growth, apoptosis, and autophagy were end-points that evaluated the effect of Tet (0.9 pg/ml, 1.8 ug/ml, and
3.75 pg/ml) alone or in combination with TAM (I uM). Cell apoptosis was determined by an ELISA assay and autophagy was
determined by fluorescent staining using the Enzo autophagy detection kit. Immunoblotting was used to evaluate markers
for apoptosis, autophagy, and related signal pathway molecules. Results: Growth of TAM-R cells was significantly inhibited
by Tet. Combination of Tet with tamoxifen induced a greater inhibition on cell growth than tamoxifen alone, which was
predominantly due to enhancement of pro-apoptotic effect of TAM by Tet. Autophagy was significantly inhibited in TAM-R
cells treated with Tet plus TAM as shown by increased autophagosomes and the levels of LC3-Il and p62. At 0.9 ug/ml,
Tet increased the levels of both apoptosis and autophagy markers. Among them increase in p53 levels was more dramatic.
Conclusions: Tet as a monotherapy inhibits TAM-R cells. Tet potentiates the pro-apoptotic effect of TAM via inhibition
of autophagy.
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Introduction Stephania tetrandra, and the active constituent is bisben-
zylisoquinoline alkaloid. Tet has been widely used as an
effective agent to treat patients with hypertension, arthritis,
arrhythmia, inflammation, and silicosis in traditional
Chinese medicine.> Much research has shown that Tet has
great potential in cancer therapy.® Tet inhibits proliferation

Breast cancer is one of the most common malignancies in
women with high mortality. So far, medication and surgery
remain the primary choice for breast cancer.! Tamoxifen
(TAM) is an important drug used for endocrine therapy for
breast cancer. It can inhibit the growth of breast tumor by
altering the tumor hormone environment via an antiestro-
genic effect.” TAM-based endocrine therapy is the standard 'Beijing Yuyuan Dian of Xingzhitang TCM Clinic, Beijing, China
treatment for breast cancer and proves to be highly effective. University of Virginia Health System, Charlottesville, VA, USA
However, secondary resistance to TAM during treatment has 3Dongfang Hospital affiliated to Beijing University of Traditional Chinese
limited its benefits.> Understanding the mechanism of sec- E/Iedid”e” Beijing, China o .
. . . Dongzhimen Hospital affiliated to Beijing University of Traditional

ondary resistance and developing new strategies to delay or Chinese Medicine, Beijing, China
prevent TAM-resistance has been the focus of preclinical
research. One strategy is the combination therapy that could Haiyan Chen, Department of Hematology, Dongfang Hospital
enhance the efficacy of tamoxifen in TAM-R cells. affiliated to B"eijing University of Tradition;ll Chinese Medicine, No. 6
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Figure I. Response of MCF-7 cells to tamoxifen after long term
tamoxifen exposure. MCF-7 cells were continuously cultured in
phenol-red and FBS containing medium with 1077 M tamoxifen.
Characteristically, 5-day treatment of MCF-7 cells with tamoxifen
(1077M) in the medium containing phenol red and 5% FBS causes
30% to 35% reduction in cell number. The inhibitory effect of
TAM was gradually diminished in the cells continuously exposed
to TAM over a period of 12months (TAM-R).

and induces apoptosis in a number of cancer cells.”!® Tet
could also enhance sensitivity of drug-resistant cancer cells
to chemotherapy in combination treatment.'!-'#

Our previous studies have indicated that Tet could
reverse tamoxifen resistance of TAM-R cells.'”” But the
mechanism is still unclear. We also found that autophagy
might be a major cause of tamoxifen resistance in breast
cancer cells (MCF-7).!° This study discussed the effect of
Tet on the apoptosis and autophagy of TAM-R cells cul-
tured in vitro and assessed if Tet can be an agent to over-
come TAM resistance so as to provide reference for clinical
treatment.

Materials and Methods

Cell Lines

TAM-R cells were developed by culturing MCF-7 cells in
the medium containing 107 M tamoxifen for at least 1 year
(Figure 1).!7 The addition of TAM was discontinued 1 week
before the experiment. The cells were then cultured in
IMEM medium (Corning, USA) supplemented with 5%
fetal bovine serum (Invitrogen, USA) and 1% penicillin/
streptomycin (Invitrogen, USA).

Determination of Cell Growth

TAM-R cells were inoculated to a 6-well plate at a density of
6 X 10* cells per well in IMEM supplemented with 5% FBS.
The culture medium was discarded 2days later and Tet or
TAM at different concentrations or control was added. The
culture medium was replaced with fresh culture medium on
day 3. After culture, TAM-R cells were washed with PBS.
Sequentially, the nuclei were prepared by continuous addi-
tion of 2ml HEPES-MgCl2 solution (0.01 mol/l HEPES and

1.5mol/l MgCl,) and 0.2ml ZAP solution (0.13 mol/l eth-
ylhexadecyldimethylammonium bromide, 3% glacial acetic
acid [v/v]). Then, the nuclei were counted by using a Z1
Coulter Counter.

Determination of Apoptosis

Apoptosis activity was assayed using the Cell Death ELISA
kit (Roche Diagnostics, Indianapolis, IN, USA) according
to the manufacturer’s instruction. Briefly, cells were inocu-
lated to a 12-well plate at a density of 8 X 10* cells per well.
Two days later, the cells were treated with testing com-
pounds for 3days. After cultivation, the cells were incu-
bated with 0.5 ml lysis buffer at room temperature at 4°C for
the preparation of cell lysates. In the meantime, a parallel
plate with the same treatment was prepared for cell count-
ing. Apoptosis was expressed by absorbance at OD,,  per
10000 cells.

Immunoblotting

TAM-R cells were cultured in 60 mm culture dishes in 5%
FBS-IMEM. When the cells were approximately 80% con-
fluent, corresponding medium was added into the culture
dish for each treatment. After culture for 24 hours, the cells
were washed once with PBS and then treated with 0.5 ml of
lysis buffer containing protease inhibitor on ice for 5min-
utes. The cells were harvested with a scraper into a 1.5ml
centrifuge tube and centrifuged at 4°C and 14 000 r/min for
10minutes. Then, cell lysate was stored at —80°C until
quantitative analysis. A Standard Bradford assay was per-
formed to determine total protein content in the lysate using
Bio-Rad reagent (Hercules, CA, USA). On the 10% SDS-
PAGE, 50 ug of total proteins were isolated and transferred
to the nitrocellulose membrane. The membrane was incu-
bated with primary antibody in TBS supplemented with 5%
bovine fetal serum at room temperature for 2 hours followed
by 1hour incubation with Irdye-conjugated secondary
antibody (LiCor, Lincoln, NE, USA). The membranes were
scanned using the Odyssey imager (LiCor Inc., Lincoln,
NE, USA) and protein bands quantitated.

Cell Autophagy Detection

TAM-R cells were placed on cover slips in 6-well plates in
IMEM containing 5% FBS. When the cells became adher-
ent, fresh culture mediums containing treating agents were
added and incubated for 24hours. Cell autophagy was
detected using CYTO-ID Autophagy Detection kit (Enzo
Life Sciences Inc., Farmingdale, NY, USA) according to the
manufacturer’s instruction. Autophagosomes were stained
with green dye, and the nuclei were stained with Hoechst
33342 dye. Images were captured under the Olympus [X81
microscope.
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Figure 2. Effects of Tet and TAM on the growth of TAM-R cells. Cell growth assay of TAM-R cells treated with Tam = Tet (1.8 pg/ml)
for 5days. Seeding cells number was 6 X 10* cells/well in 6-well plate in IMEM containing 5% FBS.

*P<.05.

Statistical Analysis

Statistical analysis was performed using SPSS 19.0 soft-
ware. Measurements were expressed as mean = standard
deviation (x = s), and intergroup comparisons were per-
formed by #-test. Counts were represented as percentages
(%), and intergroup comparisons were performed by
using the chi-square test. P <<.05 indicated significant
difference.

Results

Effects of TAM Alone or in Combination with
Tet on the Growth of TAM-R Cells

Effects of TAM alone and in combination with Tet on cell
growth were examined in TAM-R cells. Treatment with
various concentrations of TAM alone for 5days caused
dose-dependent inhibition of cell growth but the extent of
inhibition was small (Figure 2). Cell number was reduced
by ~30% in the cells treated with the highest concentration
of TAM. Tet also induced dose-dependent inhibition of
growth of TAM-R cells (data not shown). We have chosen a
concentration of Tet (1.8 ug/ml) that slightly inhibited cell
growth. When combined with Tet, the inhibitory effect was
greater than TAM alone (P <<.05). These results indicate
that Tet has a potential to increase the sensitivity of TAM-R
cells to tamoxifen.

Effects of Tet and TAM on the Apoptosis of
TAM-R Cells

To further investigate mechanism of cell growth inhibition
by Tet and TAM, the effect of these agents on apoptosis was
examined by an ELISA assay. As shown in Figure 3, TAM
alone (10°M) induced a 2-fold increase in apoptosis of
TAM-R cells. While Tet alone at 1.8 pg/ml had no effect on
apoptosis, combination of Tet and TAM dramatically
increased apoptosis (P <.05) (Figure 3).

Effects of Tet on the Apoptotic Markers in
TAM-R Cells

We then determined the effect of different doses of Tet on
the expressions of apoptotic markers in the TAM-R cells.
Three doses of Tet, 0.9 ug/ml, 1.8 pug/ml, and 3.75 ug/ml
were used. Compared with the control group, the expres-
sions of apoptotic markers Bax and Bim exhibited bi-phasic
changes, for example. Both markers were higher in the cells
treated with 0.9 pg/ml Tet but lower than the control at
higher concentration (Figure 4A). These were consistent
with the apoptosis assay (Figure 3). Our previous studies
have demonstrated that Bax and Bim expressions are regu-
lated by AMPK/FoxO3 pathway.'® The levels of phosphor-
ylated AMPK also increased at low concentration of Tet
and reduced to the control level at 3.75 pg/ml (Figure 4B).
p53 is another factor that is involved in DNA repair and
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Figure 3. Effects of Tet and TAM on the number of apoptotic TAM-R cells. TAM-R cells were inoculated to a |12-well plate at a density
of 8 X 10*cells/well in IMEM containing 5% FBS. Two days later, the cells were treated with Tam (10®M) = Tet (1.8 pg/ml) for 3 days.
*P<.05, compared with control group.

#P <05, compared with Tam (107¢M) + Tet (1.8 pg/ml) group.
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Figure 4. Effects of Tet on the apoptotic markers in TAM-R cells. TAM-R cells were plated in 60 mm dishes in IMEM containing 5%
FBS. When cells were about 80% of confluence, the cells were treated with Tet (0.9 pg/ml, 1.8 ug/ml, 3.75 ug/ml) for 24 hours in the
same culture medium. (A) Effects of Tet on the apoptotic markers Bax and Bim in TAM-R cells. (B) Effects of Tet on the expressions
of pAMPK and p53 in TAM-R cells.

*P<.05, compared with corresponding control group.
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Figure 5. Effects of Tet on the expressions of autophagy markers LC3 and Beclin-1 in TAM-R cells. TAM-R cells were plated in
60 mm dishes in IMEM containing 5% FBS. When cells were about 80% of confluence, the cells were treated with Tet
(0.9 pg/ml, 1.8 pg/ml, 3.75 pg/ml) for 24 hours in the same culture medium.

*P<.05, compared with control group.

regulation of apoptosis and autophagy. Treatment with Tet
induced significant increases of p53 but the effect was
inversely correlated with Tet concentration (Figure 4B).

Effects of Tet Alone or in Combination with
TAM on the Autophagy Markers in TAM-R Cells

Autophagy is an important survival mechanism of mamma-
lian cells especially in the situation of nutrient shortage. It
has been reported that autophagy and apoptosis are mutu-
ally regulated in cancer cells. To explore whether the effect
of Tet on TAM-R cell growth and apoptosis had to do with
autophagy, we first examined the effect of Tet alone on
autophagy markers LC3 and Beclin-1. These 2 proteins are
incorporated into autophagosomes during autophagy. LC3-I
was reduced in a dose-dependent fashion in TAM-R cells
treated with Tet. In contrast, LC3-II was higher in all treated
cells (Figure 5). Increase in Beclin-1 was only seen in the
cells exposed to 0.9 pg/ml Tet.

Combination of TAM (10 °M) with different concentra-
tions of Tet dose-dependently increased LC3-I, more sig-
nificantly with LC3-II (Figure 6). While increases in LC3-11

levels usually indicate enhanced autophagy, it also happens
when the process of autophagy is blocked at later stage. For
this reason, we also looked at p62, an indicator of autopha-
gic flux (Figure 6). p62 levels are inversely correlated with
autophagy activity, for example, the lower the p62 levels
the higher the autophagy flux. Blockade of autophagy at the
step of lysosome degradation will increase the levels of p62
as well as LC3-IT which is the situation seen in the cells
treated with chloroquine, a lysosome protease inhibitor
(Figure 7). Consistently with LC3-II, p62 levels were also
increased in a dose-dependent fashion in the cells treated
with TAM + Tet (Figure 6). The level of Beclin-1 was lower
in TAM-treated cells than the control but addition of Tet
(2 lower concentrations) increased Beclin-1 (Figure 6).
These data suggested that Tet had a trend to inhibit autoph-
agy that was more significant when combined with TAM.
This impression was confirmed by fluorescent microscopy
of autophagy (Figure 7). In this experiment, 2 positive con-
trols were included: rapamycin, an autophagy inducer and
chloroquine, an autophagy inhibitor acting at the autopha-
golysosome. As shown in Figure 7, rapamycin increased the
number of green punctate autophagosomes. Green punctate
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Figure 6. Effects of Tet combined with TAM on the expressions of LC3, Bax, Beclin-1, and p62 in TAM-R cells. TAM-R cells were
plated in 60 mm dishes in IMEM containing 5% FBS. When cells were about 80% of confluence, the cells were treated with Tam
(107¢M) = Tet (0.9 pg/ml, 1.8 pg/ml, 3.75 pg/ml) for 24 hours in the same culture medium.

*P<.05, compared with control group.
#P <05, compared with Tam (107¢M) + Tet group.

autophagosomes were more numerous and coarser in
chloroquine-treated cells because autophagic flux was
blocked. There was a moderate increase in the number of
green punctate autophagosomes in the cells treated with
TAM or Tet alone. A further increase was seen when TAM
and Tet were combined. These results suggest that Tet might
inhibit autophagy via a mechanism similar to chloroquine;
however, further study is needed to confirm this. The Bax
expression increased in all TAM + Tet groups, and the dif-
ference was the largest in the TAM + 1.8 ng/ml Tet group
(P<.05).

Discussion

TAM has been a first-line medicine for endocrine therapy
of hormone-dependent breast cancer, which blocks the
binding of estrogen to its receptor, thus exerting an anties-
trogenic effect. TAM resistance of breast cancer cells has
severely impaired the efficacy of treatment. Therefore,
overcoming TAM resistance represents a major direction of
clinical study. It has been indicated that TAM has an anti-
cancer effect mainly by inhibiting the growth of breast can-
cer cells instead of directly killing the cancer cells.!>?
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Figure 7. Fluorescence microscopy of autophagy of TAM-R cells. TAM-R cells were grown on cover slip in 6-well plates in IMEM
containing 5% FBS. When the cells were attached, fresh medium with treatment agents were added and incubated for 24 hours.

Mechanisms for acquired resistance to tamoxifen appear
very complex and are dominated by crosstalk between ER
and growth factor signaling pathways, the presence of
ER-negative undifferentiated cells, cell fate regulation
through autophagy or apoptosis, antioxidant protein-
gene regulation, and genetic polymorphisms of a specific
tamoxifen-metabolizing enzyme.?!

Autophagy and apoptosis are 2 important pathways that
regulate cell fate in response to stresses. Autophagy plays
dual roles in regulating cell fates; it can act as a cell survival
mechanism when extracellular nutrients or growth factors
are limited, or as an alternative cell death pathway to apop-
tosis when stress level is over the threshold. When the stress
level is low, the autophagy pathway prevails to promote cell
survival. If the stress level remains high and cannot be cor-
rected, apoptosis pathway will be activated. Autophagy and
apoptosis are mutually regulated. In most circumstances,
the crosstalk of these 2 pathways is inhibitory and autoph-
agy usually precedes apoptosis.?> A number of studies have
shown that autophagy is a mechanism of TAM resistance,?
and inhibition of autophagy has a potential to restore TAM
sensitivity.?+?3

Induction of autophagy occurs in breast cancer cells
which might be 1 mechanism responsible for acquired

tamoxifen resistance. Suppressing autophagy could be a
novel strategy to overcome or delay development of tamox-
ifen resistance. Our TAM-R cells showed increased basal
levels of LC3 and Beclin-1 compared with wild type
MCF-7 cells. TAM treatment accelerate the progress of
autophagic flux that is manifested by reduction of LC3-II,
Beclin-1, and p62 because of lysozyme digestion of autoph-
agy cargos.'® Our result has shown that combination with
Tet significantly increased the apoptotic effect of TAM
(Figure 3).

Enhanced apoptosis in the cells treated with Tam plus
Tet is not an additive effect of these 2 drugs because
Tet alone at the concentration used did not induce apoptosis.
Compared to TAM-treated cells 1 significant change in
TAM + Tet (1.8 pg/ml) treated cells is the increase in LC3-II
and Beclin-1 (Figure 6). Increases in the levels of these 2
autophagy markers could represent 2 opposite situations:
increased autophagy activity or inhibition of autophagy. To
distinguish these 2 situations, a third marker indicating
autophagic flux is necessary. Sequestosome 1 (SQSTMI,
p62), is such a marker. p62 is an ubiquitin-binding protein
involved in protein degradation of the ubiquitin-proteasome
system (UPS) and endolysosome-autophagic system. The
levels of p62 reduce with increased autophagy activity and
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vise versa.?® In TAM + Tet (1.8 pg/ml) treated cells, p62 is
also increased which indicates autophagy was inhibited
rather than increased. Inhibition of autophagy by Tet appar-
ently occurred in late stage via interrupting the process of
enzymatic digestion of the autophagosomes. Qiu et al?’
reported that Tet is a potent lysosomal deacidification agent
and therefore blocks autophagic flux. This effect is similar
to that of chloroquine, a known inhibitor of lysozyme
(Figure 7).

Other mechanisms may also involve. p53 expression
which was dramatically increased by Tet (Figure 4). This
molecule participates in regulation of many cellular activi-
ties including apoptosis and autophagy. Cytosolic p53 can
repress autophagy by interacting with autophagy protein
FIP200 and reduction of autophagosome formation.”?> On
the other hand, the transcriptional function of p53 up-regu-
lates pro-apoptotic factors such as Bax, Bim, and PUMA.?
It also induces cell cycle arrest by induction of p21 expres-
sion and CDK2 inhibition.?® Therefore, enhanced expres-
sion of p53 by Tet might be an important mechanism
promoting apoptosis of TAM-R cells.

Bcl-2 family comprises a group of important regulatory
proteins of cell apoptosis, including survival-promoting
factor Bel-2 and pro-apoptotic factors Bax and Bim. In the
present study, Tet as monotherapy increased expression
of pro-apoptotic factors Bax and Bim in TAM-R cells.
Up-regulation of Bax and Bim by Tet is the result of activa-
tion of AMPK and p53. The pro-apoptotic effect of Tet plus
its inhibition of autophagy facilities the TAM-R cells in the
direction of apoptotic death when combined with TAM.
Increased Bim could also bind to Beclin-1 to inhibit autoph-
agy, a mechanism attributable to the effect of Tet in TAM-R
cells. Our results suggest that Tet has a potential to re-sensi-
tize TAM-R cells to tamoxifen. Tet was reported to inhibit
proliferation of chemo-resistant breast cancer cells when
combined with doxorubicin.?

Tet inhibits growth of many different kind of cancer cells
including breast cancer. The present study provides experi-
mental evidence that Tet has a potential to re-sensitize
tamoxifen resistant MCF-7 cells to the inhibitory effect of
tamoxifen. Our data indicate that targeting autophagy could
be new strategy to enhance efficacy and therapeutic dura-
tion of tamoxifen.
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