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Curcumol enhances the anti-tumor effects of metformin via
suppressing epithelial-mesenchymal transition in triple-negative
breast cancer
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Background: Triple-negative breast cancer (INBC) is a severe disease with a high mortality rate.
Metformin has been found to possess anti-tumor properties. Curcumol, an active ingredient extracted from
curcuma, exerts the protective effect in TNBC cells through inducing apoptosis. However, the effects of
curcumol combined with metformin on the treatment of TNBC have yet to be fully established.

Methods: TNBC cells MDA-MB-231 and MDA-MB-468 cells were used in the study. TNBC cells
were treated with curcumol and metformin alone or treated with curcumol combined with metformin.
Cell viability was determined using Cell Counting Kit-8 (CCK-8) assay. Cell apoptosis was detected using
terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay. The levels of proteins were
measured using Western blot. Wound healing assay and Transwell invasion assays were used to determine
cell migration and invasion ability, respectively. A xenograft model was established to investigate the tumor
growth ability. Immunohistochemistry was performed to determine the expression of Ki-67 and Vascular
endothelial growth factor (VEGF).

Results: In the study, the administration of curcumol alone had no significant effects on the TNBC cells.
However, the anti-proliferation, anti-metastasis, and anti-epithelial-mesenchymal transition (EMT) effects of
metformin were enhanced by the addition of curcumol. Further, curcumol reversed TNBC cell proliferation,
migration, invasion, and EMT induced by rucaparib, and enhanced the effect of metformin on rucaparib-
induced TNBC cells. The combination of curcumol and metformin also suppressed tumor growth, EMT
marker expression, and the activation of Wnt2/B-Catenin signaling during iz vivo experiments.
Conclusions: The combination of curcumol and metformin enhances the anti-tumor effects of metformin
on TNBC via inhibiting EMT. Curcumol combined with metformin may hold promise as a therapeutic
strategy for TNBC.
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Introduction

Triple-negative breast cancer (TNBC) is an aggressive
form of breast cancer with a high rate of metastasis and
poor prognosis (1). TNBC lacks the expression of estrogen
receptors, progesterone receptors, and human epidermal
growth factor receptor 2 (HER2) (2). TNBC comprises
10-20% of breast cancer cases and is responsible for 25% of
breast cancer-related deaths (3). Numerous studies exploring
potentially effective medicines and therapeutic strategies for
TNBC have been performed (2-4); however, conventional
chemotherapy is still the most common method for treating
TNBC patients (5). Besides, clinical trials for other novel
approaches, such as molecular alterations (6), immune
checkpoint inhibitors, and antiandrogen therapies, are
ongoing (7). However, these options are still far from
satisfactory, and an effective therapeutic strategy for TNBC
is urgently needed.

Curcuma, commonly known as turmeric, has long been
used in traditional Chinese herbal medicine. Curcumol,
an active ingredient extracted from curcuma (8), has been
investigated for its effects on various cancers, including
gastric adenocarcinoma (9), colorectal cancer (10), and
nasopharyngeal carcinoma (11). Importantly, the previous
study reported curcumol to exert a protective effect in
TNBC cells by triggering apoptosis via regulating the
activation of p73 and p53 upregulated modulator of
apoptosis (PUMA) (12). Besides, curcumol increased the
sensitivity of TNBC cells to doxorubicin via regulating
miR-181b-2-3p-ATP Binding Cassette Subfamily C
Member 3 (ABCC3) axis (13). The drug metformin is
approved for the treatment of diabetes. However, in recent
years, it has also attracted attention for its anti-cancer
properties (14). Metformin was reported to inhibit TNBC
cell proliferation, colony formation and induce apoptosis
through activating the intrinsic and extrinsic signaling
pathways (15). The effects of metformin combined
with curcumin, another active ingredient isolated from
curcuma, on the progression of some tumors, including
breast cancer, have been investigated (16-18). Structurally,
however, curcumol and curcumin differ, which suggests
that they might possess different bioactivity (19). For
example, the inhibitory effect of curcumol on the
production of inflammatory factors in RAW246.7 cells was
more significant than that of curcumin (20). Currently,
the effects of the combination of curcumol and metformin
on the progression of TNBC are unclear. Therefore, more
in-depth studies are needed to investigate the effects of
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curcumol and metformin in TNBC.

Previous studies have revealed that epithelial-
mesenchymal transition (EMT) performs a vital role
in cell remodeling for embryonic growth and cellular
differentiation (21). The EM'T process was accompanied by
the loss of epithelial markers (e.g., vimentin and E-cadherin)
and the gain of mesenchymal markers (e.g., N-cadherin
and Twist 1) (22). Therefore, epithelial cells present strong
metastatic potential due to the deficiency of epithelial
cell polarities (23). Furthermore, EMT was shown to be
related to cancer development and metastasis, with the
transformation between mesenchymal and epithelial often
leading to different results based on the different conversion
directions (24). Moreover, accumulating evidence has
demonstrated that the EMT process plays crucial roles
in TNBC (25,26). The previous study found that the
metastasis of TNBC was suppressed after inhibiting EMT
process by Luteolin (27). However, the effect of curcumol
administration on the EMT process in TNBC has yet to
be illuminated. Hence, our study investigated the effects of
curcumol combined with metformin in TNBC progression
in vitro and in vivo. We present the following article in
accordance with the ARRIVE reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-5438).

Methods
Cell culture

MDA-MB-231, HCC1806, and MDA-MB-468 cells
were purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM, HyClone;
GE Healthcare Life Sciences, Logan, UT, USA) with 10%
fetal bovine serum (FBS, Gibco; Thermo Fisher Scientific,
Inc., MA, USA), 100 pg/mL streptomycin, and 100 U/mL
penicillin (HyClone; GE Healthcare Life Sciences). All
cells were maintained at 37 °C in a cell incubator containing
5% CO,. Subconfluent cells were treated with different
concentrations of curcumol, 10 pM metformin, or 5 pM
rucaparib (Merck KGaA, Darmstadt, Germany).

Cell viability

Cell viability was detected using Cell Counting Kit-8
(CCK-8, MCE, Shanghai, China). After treatment with
different concentrations of curcumol, 10 pM metformin,
or 5 pM rucaparib, cells were collected and plated into 96-
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well plates at a density of 2x10 cells per well. The cells
were cultured in an incubator at 37 °C with 5% CO,. After
24 hours of culture, 10 pL. CCK-8 was added to each well,
and the cells were incubated with CCK-8. After 1 hour, the
absorption values were detected with a Microplate Reader
(Bio-Rad, Hercules, CA, USA) at 450 nm.

Cell apoptosis assay

Cell apoptosis was determined using the terminal
deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay. MDA-MB-231 and HCC 1,806 cells
were treated with 50 pM curcumol, 10 pM metformin, or
5 pM rucaparib, and then cell apoptosis was determined
using a commercial TUNEL assay kit (Thermo Fisher
Scientific, Waltham, MA, USA) following the instructions
of the manufacturer. The cell nuclei were stained with
4’,6-diamidino-2-phenylindole (DAPI). The rate of
apoptosis was defined as the number of cells with positive
TUNEL staining divided by the number of total cells.

Wound bealing assay

Cells were seeded into 6-well plates and cultured until they
reached confluency. Afterward, a pipette tip was used to
make a straight scratch to simulate a wound. The detached
cells and debris were removed by washing the cells twice.
The size of the wounds was measured at 0 and 24 hours.

Invasion assay

Transwell invasion assays were performed using 8.0-pm
pore inserts (BD Biosciences, San Jose, CA, USA). A 200 pL.
cell suspension made using serum-free medium (2.5x10*
cells) was loaded into the upper wells, and 600 pL. complete
medium with 10% FBS was added to the lower chambers
as a chemoattractant. After 48 hours of incubation at 37 °C,
the invasive cells were fixed with 4% paraformaldehyde and
stained with 0.1% crystal violet solution (Sigma-Aldrich,
St. Louis, MO, USA). The number of invasive cells was

calculated by counting five random areas.

Western blot

Cells were lysed for 30 min using radioimmunoprecipitation
(RIPA) buffer (Sigma-Aldrich, St. Louis, MO, USA). Then,
the cells were centrifuged at 10,000 xg for 10 min at 4 °C,
and the supernatants were collected. After that, cell lysates

© Annals of Translational Medicine. All rights reserved.

Page 3 of 13

(50 pg) were resolved in 8-10% SDS-PAGE gels and then
transferred to polyvinylidene difluoride (PVDF) membranes
(EMD Millipore, Billerica, MA, USA). The membranes
were blocked with 4% non-fat milk and then probed at
4 °C for 12 hours with the following primary antibodies:
anti-cleaved Caspase-3 (1:500), Ki-67 (1:500), PCNA
(1:500), MMP-9 (1:500), MMP-14 (1:500), E-cadherin
(1:500), N-cadherin (1:500), Twistl (1:500), B-Catenin
(1:500), Wnt2 (1:500), and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH, 1:1,000) (Abcam, Cambridge,
UK). The membranes were then incubated with the
corresponding secondary antibodies at room temperature
for 1 hour. GAPDH was used as the internal control.

In vivo experiments

A tumor model was established in specific-pathogen-free
(SPF) nude mice via subcutaneous implantation. Thirty-
two 4-week-old nude mice were obtained from Beijing
Laboratory Animal Research Center (Beijing, China).
All of the mice were raised in an SPF environment at an
animal facility at Capital Medical University. The mice
were randomly divided into four groups (each group, n=8)
including control group, curcumol group, metformin group
and curcumol + metformin group. Then, TNBC MDA-
MB-231 cells (1x10) were injected subcutaneously into the
right flank of the mice. After developing measurable tumors,
the mice in the control group were administered daily
injections of Phosphate-buffered saline (PBS). The mice
in the curcumol group were administered daily injections
of curcumol 60 mg/kg. The mice in the metformin group
were administered daily injections of metformin 100 mg/kg.
The mice in the curcumol + metformin group were
administered daily injections of Curcumol 60 mg/kg and
metformin 100 mg/kg. The tumor volumes were detected
every 7 days for 28 days. Four weeks later, the mice were
sacrificed by the method of cervical dislocation, and the
tumors were dissected and weighed. Experiments were
performed under a project license (NO: SYXK [BEI JING]
2018-0002) granted by the Medical Ethics Committee for
animal experimentation of Capital Medical University, in
compliance with Chinese guidelines for the care and use of
animals.

Immunobistochemistry

The tumor tissues were extracted from the mice, fixed

with formaldehyde, and embedded using paraffin. The
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tissues were then cut into 4-pm sections. Endogenous
peroxidase was blocked with 3% hydrogen peroxide and
antigen retrieval was performed using citrate buffer with
pH 6.0. Then, the sections were incubated with anti-
Ki-67 antibody (1:200) and anti-VEGF antibody (1:200)
(Abcam, Cambridge, UK) at 4 °C overnight. Following that,
the sections were incubated with horseradish peroxidase-
conjugated goat anti-mouse IgG (Abcam, Cambridge, UK)
at 37 °C for 1 hour. The stained tissues were detected under
light microscopy (Olympus, Japan).

Statistical analysis

Data were shown as mean + standard deviation (SD).
Statistical analyses were performed using Graphpad 6.0
statistical software (GraphPad Software, San Diego, CA,
USA). Differences between groups were compared using
one-way analysis of variance (ANOVA). A P value of <0.05
was considered to be statistically significant. All experiments
were repeated at least three times.

Results

Curcumol enbanced the anti-proliferative effect of
metformin in TNBC cells

To ascertain the optimal concentration of curcumol
for treating TNBC cells, 3 cell lines (MDA-MB-231,
HCC1806, and MDA-MB-468) were treated with different
concentrations of curcumol (1, 5, 25, 50, 100, 200, and
400 pM) and the effects on cell viability were detected. The
results of the CCK-8 assay showed that 50 pM curcumol
was the lowest concentration that significantly inhibited
cell viability; consequently, this concentration was chosen
for the following experiments (Figure 1A). Besides, MDA-
MB-231 and HCC 1806 cells were used in the subsequent
experiments. After treatment of MDA-MB-231 and HCC
1806 cells with 50 pM curcumol or 10 pM metformin, the
cell viability was determined. The results showed that the
cell viability of MDA-MB-231 and HCC 1,806 cells were
slightly decreased after treatment with 50 pM curcumol;
however, 10 pM metformin significantly reduced cell
viability (P<0.01, Figure 1B). Moreover, the combination of
50 pM curcumol and 10 pM metformin further inhibited
the viability of MDA-MB-231 and HCC 1806 cells (P<0.01,

Figure 1B). These results indicated that curcumol enhanced
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the anti-proliferative functions of metformin in TNBC
cells.

Curcumol promoted the apoptotic effect of metformin in
TNBC cells

To explore the effects of curcumol and metformin on
TNBC progression, we investigated TNBC cell apoptosis
after treatment with 50 pM curcumol or 10 pM metformin.
The TUNEL assay results showed that cell apoptosis was
promoted by treatment with 50 pM curcumol alone as
well as by treatment with 10 pM metformin alone (both
P<0.01). Furthermore, 50 pM curcumol combined with
10 pM metformin further increased the cell apoptosis of
MDA-MB-231 and HCC 1806 cells compared to 10 pM
metformin alone group (both P<0.01, Figure 2A4,B). These
results revealed that curcumol could promote metformin-
induced cell apoptosis.

Additionally, we detected several related proteins:
cleaved-Caspase-3, Ki67, and proliferating cell nuclear
antigen (PCNA). Cleaved caspase-3 is one of the
most crucial factors involved in the regulation of cell
apoptosis (28). Ki67 is the most commonly used marker
for evaluating the proliferative index in breast cancer, and
TNBC has previously been shown to have higher levels of
Ki67 expression (29). Meanwhile, PCNA is closely related
to cell proliferation (30). As shown in Figure 2C,D,E, the
levels of cleaved caspase-3 increased after treatment with
curcumol alone and metformin alone, while the level of
cleaved caspase-3 was further enhanced by the combination
of curcumol and metformin (all P<0.01). The expression
levels of Ki67 and PCNA were decreased by metformin,
and inhibited further by the combination of curcumol
and metformin (all P<0.01). Taken together, curcumol
alone did not affect cell proliferation, but the combination
of curcumol and metformin decreased cell proliferation
and induced cell apoptosis; this suggested that curcumol
enhanced the effect of metformin on the cell proliferation

and apoptosis of TNBC cells.

Curcumol enbanced the anti-metastatic and anti-EMT
effect of metformin in TNBC cells

"To further investigate the effects of curcumol and metformin
in TNBC, the migration and invasion abilities of TNBC
cells were studied after treatment with 50 pM curcumol
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Figure 1 Curcumol enhanced the ant-proliferative effect of metformin in TNBC cells. (A) Cell viability was detected by CCK-8 assay.
Three different types of cells MDA-MB-231, HCC1806, and MDA-MB-468 were treated with different concentrations of curcumol (0, 1,
5,25, 50, 100, 200, and 400 pM). (B) After MDA-MB-231 and HCC1806 cells were treated with curcumol 50 pM, metformin 10 pM, or a

combination of both, their viability was detected by CCK-8 assay. Each experiment was performed three times. **, P<0.01 versus the control

group; ™, P<0.01 versus the metformin group. TNBG, triple-negative breast cancer.

or 10 pM metformin. As shown in Figure 34,B,C,D, no
suppressive effects were observed in cell migration and
invasion after treatment with curcumol alone; however,
metformin inhibited cell migration and invasion ability (both
P<0.01). Furthermore, the combination of curcumol and
metformin significantly enhanced the inhibitory effect of
metformin on the migration and invasion abilities of TNBC
cells (both P<0.01).

Then, we detected the expression of the cell migration
and invasion-related proteins MMP-9, and MMP-14. The
results of western blot showed that the levels of MMP-9
and MMP-14 in TNBC cells were decreased by metformin,
and inhibited further by the combination of curcumol and
metformin (all P<0.01, Figure 3E,F,G,H). Furthermore,
the expression of the EMT-related proteins E-cadherin,
N-cadherin, and Twistl, were also detected. Interestingly,
the effects of metformin on the expression of E-cadherin,
N-cadherin, and Twistl levels in TNBC cells were also
enhanced by the combination of curcumol and metformin
(all P<0.01, Figure 3E,F,G,H). Therefore, curcumol could
enhance the inhibitive effects of metformin on metastasis
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and EMT in TNBC.

Curcumol reversed proliferation, migration, invasion, and
EMT induced by rucaparib, and enbanced the effect of
metformin in TNBC cells

To investigate the effect of curcumol on enhancing the
anti-metastasis and anti-EMT properties exhibited by
metformin in TNBC, the EMT inducer rucaparib was used
to treat TNBC cells. The results showed that rucaparib
significantly inhibited the effect of metformin. However,
after the administration of curcumol, cell viability was
decreased, which indicated that curcumol reversed the
inhibitive effect of rucaparib on metformin (P<0.05, Figure
4A). Similarly, the function of metformin in promoting cell
apoptosis was statistically decreased by rucaparib; however,
the administration of curcumol increased the cell apoptosis
rate and reduced the influence of rucaparib to a certain
degree (P<0.05, Figure 4B). Meanwhile, we also observed
the effects of curcumol on cell invasion and migration of
rucaparib-induced TNBC cells. Rucaparib increased cell

Ann Transl Med 2020;8(15):946 | http://dx.doi.org/10.21037/atm-20-5438



Page 6 of 13 Wang et al. Effects of curcumol and metformin in TNBC

A MDA-MB-231 HCC1806
TUNEL DAPI Merge TUNEL DAPI Merge
° °
= c
8 8
40 ym
3 3
3 3
2 2
b o}
2 s
40 ym
2 2
5 @
2 =
+ +
3 3
B a0 " D 15 MDA-MB-231
Il Control
— # o) mm Control
X Cur 50 ? Cur 50
P L . B Met10 2 #* Met10
5 - Cur 50+ Met10 5 TN e
= 204 £ T - Cur 50+ Met10
2 e - .
2 104 2057
g - - g
< ol T T 0‘1:9 00
MDA-MB-231 HCC1806 cleaved caspase-3 Ki67 PCNA
C MDA-MB-231 HCC1806 E
e — — - —— e— —— —
‘ HCC1806
Cleaved 31
o — — PR S Caspase-3 T L == Control
@ T Cur 50
. c == Met1 0
e e | — — Ki67 < 24
5 Cur 50+ Met10
o ke
(]
— — S — PCNA =
8
—— | | —— — - |cr0

cleaved caspase-3 Ki67 PCNA

- e} o o
o 3 2 0 st =
£ = kot € = o}
o) =2 s o) 3 s
o o ) ©

Cur 50+ Met10
Cur 50+ Met10

Figure 2 Curcumol enhanced the effect of metformin in promoting TNBC cell apoptosis. MDA-MB-231 and HCC1806 cells were treated
with curcumol 50 pM, metformin 10 pM, or a combination of both. (A,B) Cell apoptosis was determined by TUNEL assay. (C) The
expression levels of cleaved caspase-3, Ki67, and PCNA were detected by western blot. (D,E) Quantitative analysis of related proteins was
performed. Fach experiment was performed three times. **, P<0.01 versus the control group; *, P<0.01 versus the metformin group. Scale

bar: 40 pm. TNBC, triple-negative breast cancer.
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Figure 3 Curcumol enhanced the anti-metastatic and anti-EMT effects of metformin in TNBC cells. (A,B) Cell invasion of MDA-MB-231
cells and HCC1806 cells was detected by Transwell assay. (C,D) Cell migration was detected by wound healing assay in MDA-MB-231 cells
and HCC1806 cells. (E,F) The related proteins in MDA-MB-231 and HCC 18006 cells were detected by western blot. (G,H) Quantitative
analysis of related proteins in both MDA-MB-231 and HCC 18006 cells was carried out. Each experiment was performed three times. **,
P<0.01 versus the control group; ™, P<0.01 versus the metformin group. Scale bar: 40 pm. EMT, epithelial-mesenchymal transition; TNBC,
triple-negative breast cancer.
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Figure 4 Curcumol reversed proliferation, migration, invasion and EMT induced by rucaparib, and enhanced the effects of metformin
on TNBC cells. Cells were divided into 8 groups: the control, curcumol (50 pM), metformin (10 pM), curcumol (50 pM) + metformin
(10 pM), rucaparib (5 pM), curcumol (50 pM) + rucaparib (5 pM), metformin (10 pM) + rucaparib (5 pM), and curcumol (50 pM) +
metformin (10 pM) + rucaparib (5 pM) groups. (A) Cell viability was examined by CCK-8 assay. (B) Cell apoptosis was detected by TUNEL
assay, respectively. (C) Transwell assay was carried out to detect cell invasion. (D) Cell migration was detected by wound healing assay. (E)
The related proteins E-cadherin, N-cadherin, and Twistl, were detected by western blot. Each experiment was performed three times.
*, compared with the control group; ¥, compared with the Ruca 5 group. **, P<0.01; *, P<0.05; * P<0.01. Scale bar: 40 pm. EMT, epithelial-
mesenchymal transition; TNBC, triple-negative breast cancer.
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invasion (Figure 4C) and migration (Figure 4D), which
were decreased by metformin; however, the administration
of curcumol reversed this phenomenon (P<0.05, Figure
4C,D). Furthermore, the expression levels of EMT-related
proteins E-cadherin, N-cadherin, and Twistl followed the
same trend (Figure 4E). Hence, curcumol could reverse
rucaparib-induced proliferation, migration, invasion, and
EMT, and enhanced the effects of metformin.

Curcumol enbanced the anti-growth and anti-EMT effect
of metformin in vivo

"To confirm our hypothesis based on the iz vivo experiments,
a tumor model was established via subcutaneous
implantation, and tumor growth was measured. The
results showed that the nude mice treated with metformin
developed smaller tumors than the control mice, and
the combination of curcumol and metformin further
inhibited tumor growth when compared to metformin
(P<0.01, Figure 5A,B). Moreover, immunohistochemistry
was performed to determine the expression of Ki67
and VEGF in tumors (Figure 5C,D). The results of
immunohistochemistry demonstrated that the tumors of the
mice treated with curcumol combined with metformin had
the lowest expression of Ki67 (P<0.01) and VEGF (P<0.01,
Figure SE). Furthermore, the expression of EMT-related
proteins E-cadherin, N-cadherin, and Twistl indicated that
curcumol promoted the anti-EMT effect of metformin in
vivo (P<0.01, Figure SEG,H).

Finally, we detected Wnt/B-Catenin pathway-related
proteins, including B-catenin and Wnt2. Interestingly, we
found that the combination of curcumol and metformin
enhanced the inhibitory effects of metformin on the
expression levels of B-catenin and Wnt2 (both P<0.01,
Figure SEG,H).

Discussion

TNBC is a life-threatening disease with a high metastasis
rate and poor prognosis (5). Our study investigated the
effects of curcumol and metformin on TNBC in respect to
cell proliferation, migration, invasion, and EMT, and tumor
growth in vitro and in vivo.

Cell proliferation and apoptosis are two vital biological
processes in the development and growth of cells (31).
Therefore, to investigate the effects of curcumol and
metformin on TNBC cells, we first explored cell
proliferation and apoptosis. Interestingly, we found that
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the administration of curcumol could enhance the effects
of metformin in inhibiting cell proliferation and promoting
cell apoptosis. Numerous experiments have demonstrated
that metformin can suppress cancer cell proliferation and
induce cell apoptosis (32,33). A previous study pointed out
that co-treatment of hepatocellular carcinoma cells with
metformin and sorafenib suppressed cell proliferation (34).
Our study firstly revealed the anti-tumor effects of the
combination of curcumol and metformin in TNBC cells.
Besides, metformin also was found to regulate cell cycle
in breast cancer (35). However, the effect of curcumol and
metformin on TNBC cell cycle was not explored. We will
perform cell cycle detection in the future study.

Furthermore, the administration of curcumol and
metformin increased the expression of cleaved caspase-3 but
inhibited the expression of Ki67 as well as PCNA, which
further confirmed that curcumol improved the effects of
metformin on cell proliferation and apoptosis in the TNBC
cell lines MDA-MB-231 and HCC1806. Zhang er al.
reported that curcumol induced apoptosis in osteosarcoma
cells (36), which was consistent with the results in our
research that the administration of curcumol strengthened
the inhibitive effects of metformin.

Moreover, the migration and invasion of cancer cells to
the surrounding area is a crucial part of metastasis (37). In
this study, we determined the effects of metformin and the
administration of curcumol on cell migration and invasion.
Accordingly, our results demonstrated that metformin
inhibited the migration and invasion abilities of TNBC
cells, while the addition of curcumol enhanced these effects.
Trinh er 4l. and He et al. demonstrated that metformin was
found to exert a suppressive effect on cell migration and
invasion in various cancers, such as cholangiocarcinoma (38)
and esophageal squamous cell carcinoma (39), which was in
agreement with the findings of the present study.

MMP-9 and MMP-14 are two vital proteins associated
with cell migration and invasion. In our study, we found
that metformin decreased the expression of MMP-9 and
MMP-14, which was consistent with previous findings
that metformin could inhibit endothelial progenitor cell
migration by decreasing MMP-9 expression (40). Similarly,
another study also pointed out that curcumol could suppress
cell migration via inhibiting MMP-9 expression in breast
cancer cells (41). Interestingly, the results in our study also
pointed to a similar conclusion. Meanwhile, we discovered
that the combination of curcumol and metformin could
further decrease the expression of MMP-9 and MMP-14,
which indicated that the addition of curcumol enhanced the
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were sacrificed. (A) The representative xenografts tumor pictures of nude mice co-treated with 50 curcumol and metformin. (B) Tumor
volume was determined after nude mice were treated with the combination of curcumol and metformin. (C,D) The expression of Ki67 and
VEGEF in the mouse tumor tissues was determined by immunohistochemistry. (E) The immunohistochemistry results for Ki67 and VEGF
were analyzed. (F) The expression levels of related proteins in tumor tissues were detected by western blot. (G,H) The results of western
blot were quantitatively analyzed. Fach experiment was performed three times. **, P<0.01 versus the control group; ™, P<0.01 versus the
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anti-migration and anti-invasion effects of metformin in effect seen with metformin on the expression of EMT-
TNBC cells. related proteins N-cadherin and Twist 1. These results

We also explored whether the administration of indicate that curcumol enhances the anti-tumor function
curcumol could affect the EMT process, and found that of metformin, possibly via changing EMT. In subsequent
co-treatment with curcumol and metformin enhanced the experiments, the EMT inducer rucaparib was used to
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determine the effect of curcumol and metformin in EMT
regulation. Rucaparib is an inhibitor of poly (ADP-ribose)
polymerase (PARP). Han ez al. reported that rucaparib could
induce the EMT process in TNBC cells (16). Therefore,
rucaparib was used as an EM'T inducer in this study. Our
results indicated that curcumol reversed rucaparib-induced
proliferation, migration, invasion, and EMT, and enhanced
the protective effect of metformin in TNBC cells. Previous
studies have shown that curcumol could induce EMT arrest
in nasopharyngeal carcinoma (42) and breast cancer (43)
cells, which supports the results of the current study. Taken
together, we found that the combination of curcumol and
metformin could strongly inhibit cell migration, invasion,
and induce EMT arrest.

In vivo experiments were carried out to confirm the
results obtained in vitro. Curcumol was found to have an
anti-proliferative effect in colorectal cancer in vivo (10).
In our study, the combination of curcumol and metformin
enhanced the anti-tumor effect of metformin in inhibiting
tumor growth, which was consistent with the previous
findings.

The Wnt/B-Catenin pathway is closely related to TNBC.
Previous studies have demonstrated that the inactivation
of the Wnt/B-Catenin pathway is usually accompanied
by anti-tumor effects, while the activation of the Wnt/
B-Catenin pathway often leads to tumor growth and cancer
development (44,45). Our study revealed that metformin
decreased the expression of Wnt2 and B-Catenin, and the
combination of curcumol and metformin enhanced the
inhibitory effects compared with treatment with metformin
alone, which suggests that curcumol can play a possible
role in regulating Wnt/B-Catenin pathway in TNBC. A
previous study pointed out that metformin inactivated the
Wnt/p-Catenin pathway in colorectal cancer cells (46).
Furthermore, the inactivation of the Wnt/B-Catenin
pathway mediated the suppression of cell growth and
metastasis in various cancer types, including TNBC (47,48).
Therefore, curcumol might improve the antitumor effects
of metformin via suppressing the Wnt/B-Catenin pathway.

In conclusion, this study investigated the anti-tumor
effects of curcumol combined with metformin in TNBC
cells. Curcumol alone did not significantly affect TNBC
progression; however, curcumol improved the anti-tumor
effects of metformin in TNBC via regulating the EM'T and
Wnt/p-Catenin pathways. Therefore, the combination of
curcumol and metformin may be a promising therapeutic
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strategy for TNBC.
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