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Background: Tamoxifen is the cornerstone of adjuvant therapy for hormone receptor-
positive breast cancer. Despite its efficacy, limited drug sensitivity and endocrine resistance
remain the important clinical challenges. The main objective of this study was to investigate
fatostatin, which was found to sensitize breast cancer to the antitumour effect of tamoxifen
both in vitro and in vivo.

Methods: Fatostatin-induced ER degradation was detected by immunoprecipitation assay.
The antitumour effect of fatostatin and tamoxifen on MCF-7 and T47D cells was assessed by
MTT and colony forming assays. Cell cycle arrest was detected by flow cytometric analysis.
Apoptosis was detected by annexin V/propidium iodide double staining and TUNEL assay.
Autophagy was detected by MDC assay and acridine orange staining. Migration and invasion
assays were performed using a Transwell system, and the efficacy of the synergistic use of
fatostatin and tamoxifen in vivo was evaluated using an MCF-7 xenograft model in BALB/c
nu/nu female mice.

Results: The synergistic use of fatostatin and tamoxifen significantly suppressed cell
viability and invasion, induced cell cycle arrest, and regulated apoptosis and autophagy in
MCF-7 and T47D cell lines via PI3K-AKT-mTOR signalling. Additionally, the expression
levels of Atg7/12/13, beclin and LC3B increased while p-mTOR and P62 expression levels
decreased after treatment with fatostatin and tamoxifen. Tumor growth in the xenograft
model was suppressed significantly with the synergistic treatment of fatostatin and
tamoxifen.

Conclusion: Fatostatin could induce ER degradation by K48-linked polyubiquitination,
which was the key mechanism contributing to tamoxifen inhibition of PI3K-AKT-mTOR
signalling in breast cancer. Fatostatin may have a promising clinical use for ER-positive
breast cancer patients.
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Introduction

Breast cancer alone accounted for 30% of all new cancer diagnoses in women in the
US in 2019. An estimated 42,260 breast cancer deaths (41,760 women, 500 men)
occurred in the US in 2019." Among all breast cancer patients, approximately two-
thirds are ER (oestrogen receptor) positive. ER is believed to control the growth and
death of breast cancer cells through oestrogen-regulated signal transduction, thus
playing an important role in regulating the progression of ER-positive breast
cancers.” ™ Treatment of premenopausal and postmenopausal patients with ER-
positive breast cancer usually involves tamoxifen, which directly targets ER-
mediated signalling, and ER antagonists.” Endocrine therapy is the most important
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treatment modality in this subgroup of patients, and
tamoxifen remains the standard front-line endocrine ther-
apy complementary to surgery.® However, the develop-
ment of drug resistance is a major cause of treatment
failure for those patients who initially respond to tamox-
ifen. Approximately half of the patients who receive
tamoxifen as first-line therapy for recurrent disease do
not respond to the treatment due to low sensitivity.”

To overcome resistance to tamoxifen in clinical prac-
tice, new strategies are being developed to improve the
response and maintain its antitumour function. Drug com-
binations may be a practical strategy to prolong the sur-
vival rate and improve quality of life. Previous studies
have reported that combined therapy exhibited higher
efficiency than monotherapy in various tumours.®’
Some clinically used drugs that were not initially devel-
oped for the treatment of cancer may have antitumour
effects and can be applied to enhance the sensitivity of
classic antitumour drugs. For example, it was reported
that the antidiabetic drug metformin could enhance
tamoxifen-mediated tumour growth inhibition in ER-
positive breast cancer.'® It has also been reported that
rapamycin, an inhibitor of mammalian target of rapamy-
cin (mTOR) signalling, enhanced the sensitivity of ER-
positive breast cancer cells to tamoxifen both in vitro and
in vivo.'" Furthermore, carnosic acid and tamoxifen
synergistically induced apoptosis in a caspase-3-depen-
dent manner in breast cancer.'> According to a recent
study, palbociclib, a CDK4/6 inhibitor, showed an addi-
tive inhibitory effect on breast cancer cells when com-
bined with tamoxifen.'?

Fatostatin is a chemical inhibitor of the sterol regula-
tory element-binding protein (SREBP) pathway that
directly binds (SREBP
SCAP and blocks its
Previously, we found that SREBP1 played an important
'® which indicated that
fatostatin might be a promising drug in breast cancer

cleavage activating protein)

14,15

intracellular  transport.

role in breast cancer metastasis,

treatment. In the present study, we aimed to determine
whether fatostatin could exert an additive effect on tamox-
ifen sensitivity. We found that fatostatin could enhance the
sensitivity of ER-positive breast cancer cells to tamoxifen
both in vitro and in vivo. Furthermore, our study demon-
strated for the first time that fatostatin could degrade the
ER protein by polyubiquitination pathways. Overall, com-
bined therapy with fatostatin and tamoxifen may provide
new insight into the development of therapeutic strategies
for the treatment of ER-positive breast cancer.

Methods

Cell Lines and Materials

The breast cancer cell lines MCF-7, T47D, MDA-MB
-231, and MDA-MB-468 were obtained from American
Type Culture Collection (ATCC). All cells were cultured
at 37°C and 5% CO,. The cell lines were characterized by
Genetic Testing Biotechnology Corporation using short
tandem repeat (STR) markers. Tamoxifen (Sigma-
Aldrich, USA) was dissolved in ethanol and ethanol was
used as the vehicle control. Fatostatin (Selleck, USA) was
dissolved in DMSO and DMSO was used as the vehicle
control.

Plasmid Transfection

MCF-7 and T47D cells were transfected with plasmids
using Lipofectamine 2000 according to the manufacturer’s
instructions. All the plasmids including pCMV-Flag-ER,
pCMV-HA, pCMV-HA-UB, pCMV-HA-K48 and pCMV-
HA-K63 were constructed by researchers in our lab. The
cells were cultured in a 6-well plate for 24 to 48 h, and the
expression level was detected by Western blot analysis.

Western Blot and Immunoprecipitation
Assays

Proteins were collected from different cell groups lysed in
lysis buffer in the presence of protease inhibitors, and
Western blotting was performed using the standard
method. For the co-immunoprecipitation assay, cells were
harvested at 48 h posttransfection and lysed in NP40 lysis
buffer for 30 minutes on ice. The indicated primary anti-
body and control IgG were added to the lysate separately
and incubated on a rotator at 4°C for 1 h. Afterwards, 20
pL protein A/G agarose beads were added and incubated
at 4°C overnight on a rotator. The immunoprecipitation
assay was examined using the indicated primary antibo-
dies in the same way as the immunoblotting assay.

Cell Viability Assay and Colony

Formation Assay

MCF-7 and T47D cells were cultured in 96-well plates
with different concentrations of fatostatin and tamoxifen.
Afterwards, MTT was added to each well and incubated
for another 4 h at 37°C. The absorbance values were
obtained using a microplate reader (Perkin Elmer) at 570
nm after DMSO incubation. For the colony formation
assay, the cells mentioned above were seeded in six-well
plates. After 24 h, the cells were treated with fatostatin
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and/or tamoxifen for 48 h. Then, the medium was
replaced, and the cells were allowed to grow for 15 days.
Finally, cells were fixed and stained with 1% crystal violet
solution.

TUNEL Assay

TUNEL staining was performed according to the manu-
facturer’s instructions. After treatment, the cells were fixed
with 4% paraformaldehyde in phosphate-buffered saline,
rinsed with PBS, and then permeabilized with 0.1% Triton
X-100 for 2 minutes on ice followed by the application of
the TUNEL reagents for 1 h at 37°C. The TUNEL-positive
cells were imaged using fluorescence microscopy.

MDC and Acridine Orange Staining

MCF-7 and T47D cells were treated with fatostatin and
tamoxifen as described. First, the culture medium was
discarded, 1x PBS was added for washing twice, and
MDC or acridine orange staining solution was added to
each well. After 15 minutes of staining in warm and dark
conditions, the staining solution was discarded, and the

cells were washed with 1xPBS three times, after which the
cell slides were placed in glass slides. The slides were
observed under a fluorescence microscope.

Migration and Invasion Assays

The Transwell system (Corning Costar) was used in these
assays. In the migration assay, cells were starved in serum-
free medium for 12 h at 37°C. Then, medium with 20%
FBS was added to the lower well of each chamber, and
cells suspended in serum-free medium were added to the
upper Transwell inserts (BD Biosciences). After incuba-
tion for 48 h, the total number of cells adhering to the
lower surface of the membrane was quantified in six
representative fields. The invasion assay was performed
in the same way as the migration assay except that the
membrane was coated with Matrigel (BD Biosciences).

Xenograft Tumorigenicity Assay and

Immunohistochemical Analysis
Cells were injected subcutaneously into 4-week-old BALB/c
nu/nu female mice. For the xenograft tumorigenicity assay of
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Figure | The mechanism of degradation of ER induced by fatostatin. (A) T47D, MCF-7, MDA-MB-23| and MDA-MB-468 cells were treated with fatostatin at various
concentrations (0, 5, 10, 20, 40, 60, 80 uM). After 48 h and 72 h, cell viability was measured by MTT assays. (B) MCF-7 cells were treated with fatostatin in a time- and
concentration-dependent manner and then measured by Western blot. MCF-7 cells were treated with CHX (C), MG132 and chloroquine (D) for 0, 2, and 4 h and co-
treated with fatostatin at the same time point. Protein lysates were collected and subjected to Western blot assay for ER protein level. (E) Total protein was collected from
MCF-7 cells transfected with pCMV-Flag-ER, pCMV-HA, pCMV-HA-UB, pCMV-HA-K48 and pCMV-HA-K63 and then treated with fatostatin for 48h. The cells were
immunoprecipitated with Flag antibody and immunoblotted for HA. (F) Total protein was collected from MCF-7 cells and then treated with fatostatin for 48h. The cells were
immunoprecipitated with ER antibody and immunoblotted for Ub antibody, K48-specific antibody and Ké3-specific antibody. All of the experiments were performed in
triplicate, and the data are presented as the mean + SD of three separate experiments. The data are representative of independent experiments (means + SD) using one-way
analysis of variance (ANOVA) to analyze the differences among groups. *p < 0.05; **p < 0.01; ***p < 0.001 vs. the control group.

Abbreviations: Tam, tamoxifen; Fato, fatostatin.
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MCEF-7 cells, a 17B-oestradiol pellet was implanted into each
mouse 5 days before injection. After 2 days, the mice were
randomly assigned to four groups. The fatostatin group was
given 15mg/kg intraperitoneal (i.p.) injections for 30 days,
while the tamoxifen dosage was 5 mg/kg administered by
gavage once every three days. Tumour growth was measured
every 3 days, and tumour volume was calculated using the
following equation: volume=(width*x<length)/2. After 30
days, the mice were sacrificed, and the xenografts were
removed for immunohistochemical staining and Western
blotting, which were performed using standard methods.

Statistical Analysis

SPSS software (version 18.0) was used for statistical ana-
lysis. One-way ANOVA were performed to determine sig-
nificance. Statistical differences are indicated as *P < 0.05,
**P < 0.01 and ***P < 0.001. All quantitative data are
presented as the mean = SD from three independent

Results
The Degradation of ER Induced by

Fatostatin is Ubiquitination-Dependent

To demonstrate whether the sensitivity to fatostatin was
restricted to ER-positive breast cancer cells, we used ER-
positive (MCF-7 and T47D) and ER-negative (MDA-MB
-231 and MDA-MB-468) cell lines in MTT assays
(Figure 1A). Fatostatin inhibited the growth of ER-positive
breast cancer cells more effectively than that of ER-negative
breast cell lines. These results showed that the inhibitory effect
of fatostatin was more potent in ER-positive breast cancer cell
lines. To further explore whether fatostatin functioned by
affecting ER expression, we performed Western blotting and
found that fatostatin could reduce the expression of ER at the
protein level in a time-dependent and concentration-dependent
manner (Figure 1B). Then, we wondered whether deregulated
ER expression resulted from the deregulation of protein synth-
esis or degradation. Thus, we set different time periods of

experiments. treatments with protein synthesis inhibitors (actinomycin,
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Figure 2 The combination of fatostatin and tamoxifen reduced the viability and growth of ER-positive breast cancer cells. (A) T47D and MCF-7 cells were treated with
tamoxifen at various concentrations (0, 10, 15, 20, 25, 30 pyM), and fatostatin (0, 10, 20, 40, 60, 80 pM). After 48 h, 72 h and 96 h, cell viability was measured by the MTT
assay. (B) Colony formation assay showed growth inhibition of each treated group. Representative images of colonies stained with crystal violet solution. (C) T47D and
MCEF-7 cell colonies were counted after treatment with tamoxifen and/or fatostatin. All experiments were performed in triplicate, and the data are presented as the mean +
SD of three separate experiments. The data are representative of independent experiments (means * SD) using one-way analysis of variance (ANOVA) to analyze the

differences among groups. *p < 0.05; *p < 0.01; **p < 0.001 vs. the control group.
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CHX), protease inhibitors (MG132) and lysosome inhibitors
(chloroquine) in combination with fatostatin. The results
showed that fatostatin could accelerate the degradation of ER
through the proteasome-mediated pathway (Figure 1C and D).
To verify whether fatostatin could induce ER degradation via
the ubiquitination pathway, co-immunoprecipitation (co-IP)
and ubiquitination assays were performed. We chose K48
and K63 sites because these two sites occurred most frequently
in the polyubiquitination pathway. The results demonstrated
that fatostatin accelerated ER degradation through ubiquitina-
tion at the K48 site (Figure 1E and F), indicating that fatostatin
might be a new strategy for ER degradation.

The Combination of Fatostatin and
Tamoxifen Reduced the Viability and
Growth of ER-Positive Breast Cancer
Cells

To further investigate whether fatostatin can enhance the
tamoxifen sensitivity of ER-positive breast cancer cell
lines, we exposed the cells to fatostatin and tamoxifen in

a serial concentration and time gradient and examined the
effects of the combination of tamoxifen and fatostatin on the
viability of MCF-7 and T47D cells with the MTT assay. As
shown in Figure 2A, after 48 h, the inhibitory rate observed
with the combined treatment of fatostatin (60 puM) plus
tamoxifen (25 pM) reached 78% compared to that observed
with treatment with tamoxifen alone (24%) in T47D cells.
Likewise, treatment with fatostatin (20 M) in combination
with tamoxifen (15 pM) suppressed cell growth by approxi-
mately 55% compared to treatment with tamoxifen alone in
MCF-7 cells. In order to evaluate whether fatostatin and
tamoxifen worked in a synergistic manner, a combination
index (CI) was determined by using the computer software
CompuSyn. As shown in Figure S1, CI of fatostatin and
tamoxifen in 10 pM is less than 1 and could play an syner-
gistic role in combination treatment (CI<1) with the minimal
toxicity, which illustrated these two drugs have combination
effect and demonstrated that fatostatin could enhance the
sensitivity of ER-positive breast cancer cells to tamoxifen.
We further verified that the combined treatment significantly
inhibited T47D and MCF-7 cells, as demonstrated by the
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Figure 3 Fatostatin and tamoxifen suppressed cell cycle progression in T47D and MCF-7 cells. (A) Tamoxifen (0, 10 uM) and/or fatostatin (0, 10 pM) suppressed the cell cycle
progression in MCF-7 cells and T47D cells. Cell cycle distribution in T47D and MCF-7 cells was assessed by flow cytometry after staining with propidium iodide (PI). (B) Cell cycle
results were quantitatively analysed. (C) Western blot results of cyclin DI and cyclin Bl protein expression levels in cells treated with tamoxifen (0, 10 yM) and/or fatostatin (0, 10
uM). All of the experiments were performed in triplicate, and the data are presented as the mean + SD of three separate experiments. The data are representative of independent
experiments (means * SD) using one-way analysis of variance (ANOVA) to analyze the differences among groups. *p < 0.01; ***p < 0.001 vs. the control group.
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clone formation assay (Figure 2B and C). These results
demonstrated that fatostatin was capable of enhancing the
inhibitory effect of tamoxifen on the growth of T47D and
MCF-7 cells.

Fatostatin and Tamoxifen Induced Cell
Cycle Arrest in T47D and MCF-7 Cells

To further understand the mechanisms of cell growth inhi-
bition induced by fatostatin and tamoxifen, flow cytometry
was used to determine the cell cycle distribution. ER-
positive breast cancer cells were treated with tamoxifen
(10 uM) and fatostatin (10 uM) for 48 h and then har-
vested for cell cycle analysis. Remarkably, tamoxifen
arrested the cell cycle at GO/G1 phase, while fatostatin
arrested the cell cycle at G2/M phase (Figure 3A and B).
The combination of fatostatin and tamoxifen significantly
decreased the proportion of both T47D and MCF-7 cells in
S phase. Western blot analyses confirmed that fatostatin
and tamoxifen could downregulate the expression of
Cyclin D1 but increase the expression of Cyclin Bl
(Figure 3C). The above results indicated that fatostatin

and tamoxifen inhibited S phase entry in T47D and
MCEF-7 cells by downregulating Cyclin D1 and upregulat-
ing Cyclin B1 expression.

Fatostatin Enhanced Tamoxifen-Induced
Apoptosis and Autophagy in T47D and
MCEF-7 Cells

Flow cytometry was used to test the apoptosis rate after
different treatments in both cell lines. As a result, in T47D
cells, treatment with fatostatin plus tamoxifen led to an
12.2% of early apoptosis compared to treatment with
tamoxifen alone (5.67%) (Figure 4A and B). In MCF-7
cells, the apoptotic rate observed with combined treatment
with tamoxifen and fatostatin was 9.14% compared to treat-
ment with tamoxifen alone (8.0%) (Figure 4A and B). We
also used the TUNEL assay to detect cell apoptosis induced
by fatostatin and tamoxifen (Figure 4C). Western blot ana-
lyses confirmed that fatostatin and tamoxifen could down-
regulate the protein levels of p-AKT and Bcl-2 but
increased the expression of cleaved PARP, cleaved caspase
3/8/9 and Bax (Figure 4D). These results demonstrated that
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Figure 4 Fatostatin enhanced tamoxifen-induced apoptosis in T47D and MCF-7 cells. (A) Flow cytometric analysis of Pl-annexin-V to quantify apoptosis in T47D and MCF-7
cells after treatment with tamoxifen (0, 10 pM) and/or fatostatin (0, 10 pM). (B) The results were quantitatively analysed. (C) Representative TUNEL staining by
fluorescence microscopy of T47D and MCF-7 cells treated with tamoxifen (0, 10 uM) and/or fatostatin (0, 10 uM). Scale bars: 20 um. (D) Western blot indicating the protein
expression levels of AKT, p-AKT, cleaved PARP, cleaved caspase3/8/9, Bcl-2 and Bax. Columns are the average of three independent experiments. The data are representative
of independent experiments (means * SD) using one-way analysis of variance (ANOVA) to analyze the differences among groups. *p < 0.05; **p < 0.01 vs. the control group.
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fatostatin was capable of working synergistically with
tamoxifen to enhance tamoxifen-induced apoptosis in
T47D and MCF-7 cells.

Fatostatin Enhanced Tamoxifen-Induced
Autophagy in T47D and MCF-7 Cells

Fatostatin also synergized with tamoxifen to induce autop-
hagy in ER-positive breast cancer cells. MDC staining and
A/O staining assays were used to observe autophagy in
ER-positive breast cancer cells treated with fatostatin and
tamoxifen, and the results showed that the combination of
fatostatin and tamoxifen could promote autophagy in ER-
positive breast cancer cells (Figure SA and B). We also
used Western blotting to demonstrate that the combination
of the two drugs could induce autophagy by activating the
mTOR pathway. More specifically, the expression levels of
Atg7/12/13, Beclin and LC3B increased while p-mTOR
and P62 expression levels decreased after treatment with

fatostatin and tamoxifen (Figure 5C). These results indi-
cated that fatostatin was capable of functioning synergis-
tically with tamoxifen to enhance tamoxifen-induced
autophagy in T47D and MCF-7 cells.

The Combination of Tamoxifen and
Fatostatin Suppressed the Migration and
Invasion of ER-Positive Breast Cancer
Cells

The impact of fatostatin, tamoxifen and the combination
of the two drugs on the migration and invasion ability of
ER-positive breast cancer cells was investigated by the
wound healing assay (Figure 6A and C) and Transwell
assay (Figure 6 and D). These results showed that the
combination of the two drugs significantly reduced the
migration and invasion ability of both T47D and MCF-7
cells.
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Figure 5 Fatostatin enhanced tamoxifen-induced autophagy in T47D and MCF-7 cells. (A) T47D and MCF-7 cells stained with MDC after treatment with tamoxifen (0,
10 uM) and/or fatostatin (0, 10 uM) and then measured by fluorescence microscopy. Scale bars: 20 ym. (B) T47D and MCF-7 cells stained with O/A after treatment with
tamoxifen (0, 10uM) and/or fatostatin (0, 10uM) measured by fluorescence microscopy. Scale bars: 20 uym. (C) Western blot results of autophagy-associated protein

expression levels treated with tamoxifen (0, 10 pM) and/or fatostatin (0, 10 uM).
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Effects of Fatostatin and Tamoxifen on the
Growth of ER-Positive Breast Cancer
Cells in vivo

To determine whether combined therapy was superior to
monotherapy in vivo, MCF-7 breast cancer cells were
subcutaneously injected into the right sides of BALB/c
nu/nu mice. As shown in Figure 7A, the volume of trans-
planted tumours in the combined treatment group was
significantly smaller than that in the control group and
the single drug treatment group. The combination of fatos-
tatin and tamoxifen significantly inhibited the tumour
growth rate (Figure 7B). Moreover, to explore the mechan-
ism of the inhibitory effect of the drug combination, we
measured LC3B, Ki67 and ER protein levels by immuno-
histochemical staining and found that the expression levels
of Ki67 and ER were significantly decreased, while LC3B
levels were obviously increased, in the combined treat-
ment group (Figure 7D). In addition, according to the
Western blot assay (Figure 7C), we discovered that com-
pared with the single drug group, the combined treatment

increased the level of apoptosis-associated proteins, such
as cleaved PARP, and decreased the anti-apoptotic Bcl-2
protein level. It also regulated the levels of cell cycle-
related proteins, such as decreasing Cyclin D1 and increas-
ing Cyclin Bl levels. At the same time, we found that
combined treatment could impact autophagy because it
decreased p-AKT, p-mTOR and P62 protein levels and
increased Atg7 and LC3B expression levels. Notably, ER
decreased significantly at the protein level. These results
suggested that the combination of fatostatin and tamoxifen
may induce apoptosis, cell cycle arrest and autophagy in
MCF-7 cells.

Discussion

ER plays a pivotal role in breast cancer initiation and pro-
gression and is used not only as a prognostic marker but also
as a predictor of the response to endocrine therapies.'’
Recent studies have indicated that ER activation by oestro-
gen promotes the proliferation and occurrence of breast
cancer cells by triggering downstream signalling pathways
such as MAPK and PI3K,'”'® so endocrine therapy is the
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Figure 7 Effects of fatostatin and tamoxifen on the growth of ER-positive breast cancer in vivo. (A) Images of the xenograft tumours in nude mice implanted with MCF-7 cells (1% 107)
and treated with PBS, tamoxifen, fatostatin or a combination of tamoxifen and fatostatin (n=4 in each group). (B) Tumour growth curves of each treated group. The tumour volumes
were assessed on the indicated days. (C) Western blot assay showing the protein expression levels of cleaved PARP, P62, Atg7, Bcl-2, LC3B, p-AKT, p-mTOR, ER, Cyclin D1 and Cyclin
Bl among each group. (D) IHC analysis of Ki6é7, LC3B and ER expression in breast cancer at 20x magnification. Scale bars: 20 um. The data are representative of independent
experiments (means + SD) using one-way analysis of variance (ANOVA) to analyze the differences among groups. *p < 0.05; **p < 0.01; **p < 0.001 vs. the control group.

main treatment method for patients with ER-positive breast
cancer.'? In recent years, endocrine therapies for breast can-
cer have been designed to interrupt oestrogen signalling by
either decreasing the amount of oestrogen available for bind-
ing or by blocking ERs, which is still the most successful
systemic therapy in the management of ER-positive breast
cancer.”’ Tamoxifen, a selective ER modulator (SERM) that
antagonizes oestrogens for ER binding, is the first-line treat-
ment for both early and advanced breast cancer patients.”!
However, some patients gradually develop chemoresistance,
which limits the efficacy of the treatment, especially for
metastatic breast cancer patients who are treated with
tamoxifen.”” Therefore, drug synergistic therapies have
become an important strategy for tumour progression.”* >
Previously, our study discovered that depletion of
SREBP1 in breast cancer cells was sufficient to decrease
the metastatic ability of cancer cells by interfering with the
EMT programme.'® SREBPI, the main regulator in lipid
metabolism,”® also plays an important role in driving endo-
crine resistance in invasive lobular breast cancer.”” Recently,
fatostatin was discovered as a chemical inhibitor of the
SREBP pathway and was shown to inhibit the maturation

and nuclear translocation of SREBPs.?® One study revealed
that fatostatin could suppress prostate cancer development by
blocking SREBP-regulated metabolic pathways and andro-
gen receptor (AR) signalling in vitro and in vivo,”” and it was
also reported that fatostatin could decrease cell viability and
proliferation in pancreatic cancer.* Based on our previous
research, we decided to explore whether fatostatin in combi-
nation with tamoxifen could induce synergistic inhibition in
breast cancer cancers. Our study reports for the first time that
the combination of fatostatin and tamoxifen could down-
regulate the PI3K-AKT-mTOR pathway and significantly
influence the phosphorylation of AKT and mTOR at the
protein level. The PI3K/AKT/mTOR pathway is an impor-
tant signalling pathway that is involved in many cell
activities,®" such as survival, proliferation, growth, metasta-
sis, energy metabolism and autophagy.**>* We found that
synergetic drugs of fatostatin and tamoxifen could induce
autophagy by downregulating P62 while upregulating Atg7
and LC3B-II levels.*>7 Moreover, we also demonstrated
that the combined drugs induced apoptosis by increasing
cleaved PARP levels while decreasing the level of Bcl-2
and caused cell cycle arrest by deregulating the protein levels
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of Cyclin D1 and Cyclin B1. In conclusion, synergetic use of
fatostatin and tamoxifen could suppress cell growth, induce
cell cycle arrest, apoptosis and autophagy, and inhibit cell
mobility in breast cancer cells.

In this study, we found that fatostatin could exert
a more obvious inhibitory effect on ER-positive breast
cancer cells than ER-negative breast cancer cells, which
was consistent with the results by Brovkovych et al.*® In
addition, both Western blotting and immunohistochemistry
staining demonstrated that fatostatin could significantly
downregulate ER, which is worth exploring further. We
wondered whether the deregulated ER resulted from the
deregulation of protein synthesis or protein degradation.
Therefore, we set different time periods of treatments with
protein synthesis inhibitors (actinomycin, CHX), protease
inhibitors (MG132) and lysosome inhibitors (chloroquine)
in combination with fatostatin. The results showed that
fatostatin could accelerate the degradation of ER through
the proteasome-mediated pathway, suggesting that fatosta-
tin may induce ER degradation in a ubiquitin-mediated
manner.”® Accordingly, many studies have indicated that
proteasome-mediated ER degradation is an important step
in maintaining ER expression and transactivation
function.*® Tt has been reported that monoubiquitination
regulates receptor internalization, lysosomal degradation
and protein circulation.*’ In addition to monoubiquitina-
tion, other modification types have been identified, such as
K48-linked and K63-linked polyubiquitination.** By co-
immunoprecipitation assay, we verified that fatostatin
could degrade ER by K48-linked rather than K63-linked
polyubiquitination, which might be an important finding.
In our study, we also found that fatostatin could down-
regulate the protein level of ER comparable to fulvestrant
(a selective ER degrader used in the clinic), indicating that
fatostatin may have a promising application in ER-positive
breast cancer in the future.

In conclusion, our study found that fatostatin could
increase the sensitivity to tamoxifen in ER-positive breast
cancer cells in vivo and in vitro. The combination of
fatostatin and tamoxifen could inhibit proliferation and
invasiveness as well as induce apoptosis and autophagy
in ER-positive breast cancer cells. Fatostatin in combina-
tion with tamoxifen might be a new therapeutic treatment
for ER-positive breast cancer. Importantly, our study clar-
ified that fatostatin degraded ER protein by K48-linked
ubiquitination, which may shed light on the underlying
mechanism. Overall, fatostatin may have a promising clin-
ical use for ER-positive breast cancer patients.
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