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The Inhibitory Effect of 13-Butoxyberberine Bromide on
Migration in Breast Cancer MDA-MB-231 Cells
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Background: 13-butoxyberberine bromide is a berberine derivative that has not been reported on the anti-migration mechanism
of breast cancer. Cancer metastasis is the major cause of cancer mortality, about 90% of cancer patients death are caused by cancer
metastasis not the primary tumor. Therefore, the compound that could inhibit cancer migration is necessary for development as
anti-cancer drug.

Objective: To investigate the effects of 13-butoxyberberine bromide on the anti-migration of breast cancer MDA-MB-231 cells.

Materials and Methods: Cell viability was determined by MTT assay. Wound-healing assay and transwell chamber assay were used
to determine cell migration. Protein expression levels were examined by western blot analysis.

Results: 13-Butoxyberberine bromide at sub-toxic concentration (10 png/mL) inhibited cell migration in MDA-MB-231 treated
cells via down-regulation of MMP-2 and MMP-9 expression which play important role in cancer cell metastasis.

Conclusion: 13-Butoxyberberine bromide at 10 ug/mL showed anti-migration effect against MDA-MB-231 cells through inhibition
of mediator proteins. These findings could be useful in the development of 13-butoxyberberine bromide to be a novel anti-migration

agent for clinical use in the future.
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Breast cancer (BC) is the most common cancer in
women worldwide and the second leading cause of
cancer-related death in developed countries. Although, BC
usually occurs in developed countries®, however, about
half of the BC cases and 60% of the BC deaths occur in
developing countries®. Similarly, Thailand is a developing
country, BC is also the most frequently diagnosed cancer in
women. Most cancer-related deaths are not due to primary
tumor growth but cause by the metastasis of cancer to distant
organs),

Cancer metastasis is the major cause of cancer death,
about 90% associate with cancer metastasis not the primary
tumor®. Generally, metastatic processes initiation with
basement membrane degradation via secretion of proteolytic
enzymes matrix metalloproteinases (MMPs) by cancer cells.
Especially, MMP-2 and MMP-9 which play an important
role in degradation of extracellular matrix (ECM) proteins in
the basement membrane®®, finally, induce cancer cell
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metastasis. The remodeling ECMs by these MMPs support
the migration of cancer cells, which facilitates the
dissemination of cancer cells to distant organs via blood and
lymph circulatory systems. Metastatic cells were established
and proliferated to be new secondary tumor®. Therefore, the
compound that could inhibit cancer metastasis is necessary
for development as anti-cancer drug.

Berberine is a plant isoquinoline alkaloid with a
history of medicinal use in Ayurvedic and Chinese medicine.
Berberine can be isolated from many plants including
Hydrastis canadensis (goldenseal), Coptis chinensis (Coptis
or goldenthread), Berberis aquifolium (Oregon grape), B.
vulgaris (barberry), and B. aristata (tree turmeric)?. Berberine
has shown many pharmacological activities including anti-
oxidant, anti-inflammation, anti-bacterial, anti-cholinergic,
anti-hypertensive and anti-cancer activities®. A previous
study suggested that berberine has anti-metastatic effect on
cancer cells via down regulation of MMP-2 and MMP-9
expression®. 13-Butoxyberberine bromide, a derivative of
bereberine, has been found to have promising anti-breast
cancer activity against MCF7 cell line'” but has not been yet
studied on the mechanism of its action. Therefore, this study
aims to investigate the effects of 13-butoxyberberine bromide
on the metastasis in breast cancer MDA-MB-231 cells. This
compound is a new derivative that has not been reported to
confirm the anti-metastatic effect on cancer cells.

How to cite this article: Laomethakorn P, Jaitrong M, Samosorn S, Watanapokasin R.The Inhibitory Effect of 13-Butoxyberberine Bromide on Migration in

Breast Cancer MDA-MB-231 Cells. ] Med Assoc Thai 2019;102(Suppl6): 12-6.

12 © JOURNAL OF THE MEDICAL ASSOCIATION OF THAILAND| 2019



Materials and Methods
Cell culture

MDA-MB-231 cells were obtained from the
American Type Culture Collection (ATCC; Manassas, VA,
USA). Cells were maintained in RPMI1640 medium
(Invitrogen Life Science, USA) supplemented with 10% fetal
bovine serum (GE Healthcare, UK), 100 U/mL penicillin and
100 pg/mL streptomycin (PAA Laboratories, Pasching,
Austria). Cells were cultured at 37°C in a humidified
atmosphere of 5% CO,, then, cells were subcultured and the
medium was replaced 2 to 3 times/week.

Chemical reagent

13-Butoxyberberine bromide (Berberine deri-
vative) was prepared by Associate Professor Siritron
Samosorn (Department of Chemistry and Center of
Excellence for Innovation in Chemistry, Faculty of Science,
Srinakharinwirot University, Bangkok, Thailand) and
dissolved in DMSO before use. 3-(4,5-dimethylthaiazol-2-
yD)-2,5-diphenyltetrazolium bromide (MTT), dimethyl
sulfoxide (DMSO) and immobilon western chemiluminescent
HRP substrate were purchased from Merck Calbiochem (San
Diego, CA, USA). Crystal violet was purchased from Sigma-
Aldrich (St. Louis, MO, USA).

Cell viability assays

Cell viability was determined by MTT assay. Cells
were seeded in 96-well plate for 24 h, then treated with
13-butoxyberberine bromide at various concentrations for
24 h. After treatment, the medium was removed and 0.5
mg/mL MTT solution was added to each well and incubated
for 2 to 4 h at 37°C. Then, MTT solution was removed
and DMSO was added to dissolve the crystals formazan.
The absorbance was measured by a microplate reader at
570 nm (Epoch Microplate Spectrophotometer, BioTek
Instruments, Inc., USA). The sub-toxic concentration of 13-
butoxyberberine bromide that resulted in >80% cell survival
was chosen for further experiments.

Wound-healing migration assay

The cells were seeded in 6-well plates and allowed
to grow until 90% confluence. The wound on the monolayer
was created by scratching with plastic tip and washed with
PBS to remove cell debris. Then, cells were incubated
in fresh medium with or without 10 pg/mL of 13-
butoxyberberine bromide. The wounds were photographed
at 0, 24 and 48 h, wound distances were measured and
calculated by using Image J software (NIH, USA). The
percentage of migration was calculated from the area difference
in unclosed wound region measured between 0 and 48 h as
compared to the untreated control.

Transwell migration assay

The ability of cell migration was measured by
transwell chambers assay. The transwell chambers (Merck
Millipore Corp.) were inserted into 24-well plate. MDA-
MB-231 cells were suspended with serum-free medium with

] Med Assoc Thai|Vol.102|Suppl.6|July 2019

or without 10 pg/mL of 13-butoxyberberine bromide. Then,
these cells were seeded in the transwell chambers. The
medium contained 10% FBS was added into 24-well plate
as a chemoattractant for cell migration induction. After
incubation for 24 h, non-migrating cells were removed by
using cotton swab and the migrating cells at the lower surface
of the membrane were fixed with methanol and stained with
0.5% crystal violet. The migrating cells were photographed
under an inverted microscope.

Western blot analysis

Cells were seeded in 6-well plate and then
treated with 10 pg/mL of 13-butoxyberberine bromide. Then,
cells were lysed with RIPA buffer (50 mM Tris-HCI, pH
7.5, 5 mM EDTA, 250 mM NacCl, 0.5% Triton X-100)
containing complete mini protease inhibitor cocktail (Roche
Diagnostics GmbH, Mannheim, Germany). Protein samples
were separated by SDS-PAGE and transferred onto PVDF
membrane (Merck Millipore Corp., Merck KGaA). After
that the membranes were blocked with 5% non-fat milk for 1
h at room temperature. After blocking, the membranes were
incubated overnight at 4°C with primary antibody against
MMP-2, MMP-9, and B-Actin. After incubation, the blots
were incubated with secondary antibody conjugated with
horseradish peroxidase (Cell Signaling Technology, Beverly,
MA) for 1 h at room temperature. The protein bands were
detected using enhance chemiluminescence (ECL) (Merck
Millipore Corp., Merck KGaA) and exposed to CCD camera.

Statistical analysis

All data were obtained from three independent
experiments and expressed as mean + standard deviation
(SD). Statistical analysis was performed using SPSS statistical
software (version 17.0). Statistical significance was analyzed
by one-way ANOVA.

Results
Effect of 13-butoxyberberine bromide on cell viability
in MDA-MB-231 cells

The effect of 13-butoxyberberine bromide on cell
viability in MDA-MB-231 cells was determined by MTT
assay. The results showed that 13-butoxyberberine
bromide decreased cell viability in MDA-MB-231 treated
cells at 24 h. This data suggested that 13-butoxyberberine
bromide inhibited cell growth in a dose-dependent manner
(Figure 1). The sub-toxic concentration of 10 pg/mL of 13-
butoxyberberine bromide that resulted in >80% cell survival
was selected for further experiments.

Effect of 13-butoxyberberine bromide on cell migration
inhibition in MDA-MB-231 cells by wound-healing
assay

The effect of 13-butoxyberberine bromide on
cell migration in MDA-MB-231 cells was examined by wound
healing migration assay. The result showed that at 10 pg/mL
of 13-butoxyberberine bromide suppressed cell migration
in MDA-MB-231 cells compared with non-treated cells
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(Figure 2). In addition, 10 pg/mL of 13-butoxyberberine
bromide inhibited wound closure by 81.6% compared with
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Figure 1. Effect of 13-butoxyberberine bromide on
cell viability in MDA-MB-231 cells. Cells were
treated with 13-butoxyberberine bromide
at different concentrations (0 to 35 pg/mL)
for 24 h. The histogram showed percentage
of cell viability after treatment with 13-
butoxyberberine bromide compared with
the control group (0 = 0.5% DMSO). The
results represented mean + SD (n = 3).
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Figure 2. Inhibitory effect of 13-butoxyberberine
bromide on wound healing in MDA-MB-231
cells. Cells were scratched and treated with
10 pg/mL 13-butoxyberberine bromide.
Then, cells were incubated for 0, 24, and 48
h before observed under inverted
microscope and investigated the wound
areas. (A) Cell morphology and wound
distance were observed under inverted
microscope (10X magnification). (B) The
histogram demonstrated percentage of
wound closure after incubation with 13-
butoxyberberine bromide for 48 h. The
results represented mean + SD (n = 3).
*assess as significant difference (p<0.05)
compared with the control group (0.5%
DMSO).
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control group (0.5% DMSO). These results suggested that
13-butoxyberberine bromide significantly inhibited cell
migration of MDA-MB-231 cells.

Effect of 13-butoxyberberine bromide on MDA-MB-231
cell migration by transwell chamber assay

The effect of 13-butoxyberberine bromide on cell
migration in MDA-MB-231 cells was determined by
transwell chamber assay. The results suggested that 10 pg/
mL of 13-butoxyberberine bromide significantly reduced
cell migration in MDA-MB-231 cells compared with control
group (0.5% DMSO) (Figure 3A). Cell migration in MDA-
MB-231 cells was suppressed approximately 75.7% after
treatment with 10 pug/mL of 13-butoxyberberine bromide
(Figure 3B). These results suggested that 13-butoxyberberine
bromide significantly inhibited cell migration in MDA-MB-
231 cells.

Effect of 13-butoxyberberine bromide on MMP-2 and
MMP-9 expression in MDA-MB-231 cells

The effects of 13-butoxyberberine bromide on
protein expression levels in MDA-MB-231 cells were
determined by western blot analysis. The results showed
that 13-butoxyberberine bromide at sub-toxic concentration
suppressed MMP-2 and MMP-9 expression compared
with control group (0.5% DMSO) (Figure 4). Thus, our
study suggested that 13-butoxyberberine bromide showed
inhibition of metastasis in MDA-MB-231 cells through
MMPs suppression.

Discussion

Metastasis is a complicated mechanism involved
in the spread of primary tumor and migration to the target
site, which generate secondary tumor at the target organs.
The multistep of metastasis cascades begin from the primary
tumor develops new blood or lymphatic vessels, these steps
are called angiogenesis and lymphangiogenesis. Then the
primary tumor escapes from primary site to the target organs.
In this step, the cancer cells can invade into blood vessels
and migrate to the target organs, which are called cancer cell
invasion and migration'". Wound healing assay is a simple
method which inexpensive to study directional cell migration
in vitro. This method starts from wound creation in a cell
monolayer to mimic cell migration in vivo. After incubation
time, the distance of wound closure is captured and compared
with control group. It is suitable for studies on the effects of
cell-matrix and cell-cell interactions on cell migration, as well
as for whole cell mass migration!?. In the present study
demonstrated that the 13-butoxyberberine bromide showed
potential to decrease cancer cells migration in breast cancer
MDA-MB-231 cells compared with non-treated cells as
showed in Figure 2.

The transwell migration assay is commonly used
to study the cell migration ability. During this assay, cells
were seeded on the upper layer of a transwell with permeable
membrane. And a chemo-attractant solution was placed below
the cell permeable membrane to induce cell migration. After
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Figure 3. Inhibitory effect of 13-butoxyberberine
bromide on cell migration in MDA-MB-231
cells. (A) Morphology of migrated cells after
staining with crystal violet under inverted
microscope (10X magnification). (B) The
histogram showed percentage of migrated
cells after incubation with 13-butoxy-
berberine bromide for 24 h. The results
represented mean + SD (n = 3). *assess as
significantly difference (p<0.05) compared
with the control group (0.5% DMSO0).
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Figure 4. Effect of 13-butoxyberberine bromide on
protein expressions in MDA-MB-231 cells.
Cells were treated with 10 ug/mL 13-
butoxyberberine bromide at 24 h. Protein
expression of MMP2, and MMP9 were
determined by western blot analysis. The
relative band intensities were quantified by
Image ] analysis densitometer compared
with the control group (0.5% DMSO). The
results represented mean + SD (n = 3).
*assess as significantly difference (p<0.05)
compared with the control group. Actin was
used as an internal control
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incubation, cells that have migrated through the membrane
were stained and counted®. This method is popular to study
the ability of cells to sense a particular chemoattractant and
migrate through a physical barrier toward it In the present
study, we confirmed the inhibitory effect of 13-butoxy-
berberine bromide on cancer cell migration by using transwell
migration assay. The result indicated that 13-butoxyberberine
bromide suppressed MDA-MB-231 cancer cell migration
(Figure 3). Moreover, cancer cells invasion and migration
are regulated by many molecules of proteins, especially the
MMPs proteins. MMPs are group of proteolytic enzyme
that play important roles in tumor invasion, metastasis and
angiogenesis. Active MMPs are play a critical role in cancer
progression to trigger the degradation of ECM and induce
tumor invasion and migration’>. Thus, the increasing of
protein expression of MMPs is directly involved in cancer
cells invasion, metastasis, and angiogenesis''®’. Many previous
studies suggested that berberine compound showed ability
to suppress expression of MMPs in mammalian cells such
as inflamed skin cells"” and breast cancer cells"®. In the
present study we investigated protein expression of cell
invasion marker proteins in cancer cells by western blot
analysis. The authors found that 13-butoxyberberine bromide
decreased MMPs expression when compared with the control
group (Figure 4). Thus, our study suggested that 13-
butoxyberberine bromide inhibited cancer cell metastasis in
MDA-MB-231 through decreased the ability of cell migration
in wound healing assay and transwell migration assay.
Moreover, 13-butoxyberberine bromide induced down
regulation of MMP-2 and MMP-9 expression in MDA-
MB-231 treated cells.

A previous study suggested that berberine could
inhibit cell migration and invasion of highly metastatic
prostate cancer cell lines PC-3 and DU145 through
suppression of mesenchymal genes expression including
PDGFRB, COL1A2, BMP7, NODAL and WNT11 which
regulate the development of epithelial-mesenchymal transition
(EMT){. In addition, it has been reported that berberine
decreased cell migration of breast cancer cell line MCF-7 via
down-regulation of CCR6, CCR9, CXCR1 and CXCR4 which
are key chemokine receptors". These reports support our
findings that 13-butoxyberberine bromide could be a candidate
as anti-metastatic agent for breast cancer treatment.

Conclusion

13-butoxyberberine bromide showed the anti-
migratory effect in MDA-MB-231 cells. The results
indicated that 13-butoxyberberine bromide at 10 pg/mL
inhibited cell migration via suppression of MMP-2 and
MMP-9 expression. These findings could be useful in the
development of 13-butoxyberberine bromide as potent anti-
metastatic agent for clinical use in the future.

Whatis already known on this topic?

Berberine is an effective bioactive compound
which has a long history of medicinal use in both Ayurvedic
and Chinese medicine. Berberine has shown many
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pharmacological activities including anti-oxidant, anti-
inflammation, anti-bacterial, anti-cholinergic, anti-diabetic,
anti-hypertensive and anti-cancer activities.

What this study adds?

13-butoxyberberine bromide is a new berberine
derivative that modified from berberine compound. Berberine
derivative, 13-butoxyberberine bromide showed the inhibitory
effect on metastasis of breast cancer MDA-MB-231 cells.
This compound decreased cell migration in wound healing
and transwell assay. Furthermore, 13-butoxyberberine
bromide showed cell metastasis inhibition through the
downregulation of MMP-2 and MMP-9.
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