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Introduction: Targeted multimodal approaches need to be strategically developed to control
tumour growth and prevent metastatic burden successfully. Breast cancer presents a unique
clinical problem because of the variety of cellular subtypes that arise. The tumour stage and
cellular subtypes often dictate the appropriate clinical treatment regimen. Also, the develop-
ment of chemoresistance is a common clinical challenge with breast cancer. Higher doses
and additional drug agents can produce additional adverse effects leading to a more aggres-
sive malignancy. Acetylsalicylic acid (ASA), metformin (Met), and oseltamivir phosphate
(OP) were investigated for their efficacy to sensitize MDA-MB-231 triple-negative breast
cancer and its tamoxifen (Tmx) resistant variant (MDA-MB-231-TmxR) together in combi-
nation with Tmx treatment.

Methods: Microscopic imaging, the formation of 3D multicellular tumour spheroids,
immunocytochemistry, flow cytometry, Annexin V Assay, Caspase 3/7 Apoptosis Assay,
tube formation assay and analysis, and WST-1 cell viability assay evaluated the formation
of MCTS, morphologic changes, cell viability, apoptosis activity and the expression levels of
ALDHI1AT1, CD44 and CD24 on the cell surface, MDA-MB231 triple-negative breast cancer,
tamoxifen (Tmx) resistant variant (MDA-MB-231-TmxR).

Results: The results using a triple combination of ASA, Met and OP on MDA-MB-231 and
MDA-MB-231-TmxR cells and their matrix-free 3D multicellular tumour spheroids (MCTS)
formed by using the cyclic Arg-Gly-Asp-D-Phe-Lys peptide modified with 4-carboxybutyl-
(cyclo-RGDfK(TPP)) peptide
a consistent and significant decrease in cell and tumour spheroid viability and volume with

triphenylphosphonium  bromide method demonstrate
increased apoptotic activity, and increased sensitivity to Tmx therapy. Tmx treatment of
MDA-MB-231 cells in combination with ASA, Met and OP markedly reduced the CD44/
CD24 ratio by 6.5-fold compared to the untreated control group. Tmx treatment of MDA-
MB-231-TmxR cells in combination with ASA, Met and OP markedly reduced the
ALDHI1A1 by 134-fold compared to the same treatment for the parental cell line. Also,
the triple combination treatment of ASA, Met, and OP inhibited vasculogenic endothelial cell
tube formation and induced endothelial cell apoptosis.

Conclusion: For the first time, the findings demonstrate that repurposing ASA, Met, and OP
provides a novel and promising targeted multimodal approach in the treatment of triple-

negative breast cancer and its chemoresistant variant.

Keywords: MDA-MB-231, MDA-MB-231-TmxR, human umbilical vein endothelial cell
lines, multicellular tumour spheroids, MCTS, endothelial cell tube formation, apoptosis
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Introduction

Triple-negative breast cancer (TNBC) is classified as one
of the more aggressive subtypes of breast cancer,'”
accounting for 11% to 17% of all breast cancers.” TNBC
is commonly diagnosed at a premenopausal age, with
a 20% greater chance of metastasizing to visceral
organs.* Additionally, TNBC is characterized by its poor
prognosis, early relapse, and a shorter progression-free
survival period following recurrence when compared
with other forms of breast cancer.” This can be attributed
to its lack of targetable receptors as TNBC does not
express the estrogen receptor (ER), progesterone receptor
(PR), or the human epidermal growth factor receptor 2
(HER-2)."® The lack of expression of receptors that con-
trol proliferation contributes to the higher proliferation rate
of TNBC when compared with other breast cancers.
While other breast cancer treatment options include
a combination of chemotherapy in addition to targeted
therapy (targets including ER, PR, or HER-2),® there is
yet to be agold standard treatment for TNBC.”* Current
treatment options for TNBC include surgery with neoad-
juvant or adjuvant chemotherapy or very selective targeted
therapies. Due to the highly aggressive state of TNBC,
treatment options available to patients are limited to those
that offer a balance between efficacy and toxicity, and
these decisions are made with the patient’s consent.’

The therapeutic regimen for TNBC is aggressive and
has a rapid progression time between relapse and subse-
quent death compared to other types of breast cancer.’
Furthermore, the heterogeneous nature of TNBC has
resulted in the maintenance of a relatively stagnant survi-
val outcome over the last 20 years, primarily due to
metastases to the central nervous system and visceral
organs, all of which limit treatment options.' Due to this
pathophysiology and the lack of therapeutic targets, the
standard of care options is limited to surgery in combina-
tion with chemotherapy.”'® There are consistently poor
treatment outcomes because many proposed and conven-
tional treatment options are unable to target tumour het-
erogeneity or overcome chemoresistance. Given these
clinical challenges, investigations into repurposing medi-
cations such as metformin (Met) and acetylsalicylic acid
(ASA) for the treatment of patients with various types of
cancer are being considered.

The rationale for this repurposing drug approach began
following the observation that diabetic patients on Met
treatment appeared to have a lower incidence of cancer

over their lifetime.'" Several reports have provided evi-
dence that the anti-tumour effect of Met may be attributed
to regulating aberrant metabolic activity typically observed
in many cancers via increased uptake of glucose.'' This
characteristic property of Met may be an essential target.
The aberrant metabolic activity is one of the emerging
hallmarks of cancer, contributing to replicative cancer
immortality and sustained proliferative activity.12 From
a molecular standpoint, Met inhibits 5’ adenosine mono-
phosphate-activated protein kinase (AMPK)-mediated
inflammation and mammalian target of rapamycin com-
plex-1 (mTORCI1)-mediated cancer cell proliferation.'?
There has also been an anti-tumour effect of Met observed
in TNBC.'"* Mice with MDA-MB-231 TNBC tumour
xenografts displayed significant reductions in tumour
growth and cell proliferation following Met treatment.'
Recently, Ryabaya et al'> have demonstrated that Met can
increase the antitumor activity of mitogen-activated pro-
tein kinase kinase (MAP2K) inhibitor binimetinib in 2D
cell cultures and 3D spheroid models of human metastatic
melanoma cells. The combination of Met and binimetinib
reduced the number of melanoma-formed colonies, and
inhibited cell invasion and migration, leading to G0/G1
cell cycle arrest through the cyclin D/CDK4/CDK6 path-
way. The mechanism of Met and binimetinib synergy in
melanoma cells was associated with increased activation
of p-AMPKa, and decreased phosphorylated extracellular
signal-regulated kinase (p-ERK), with no effects on
p-mTOR.

Acetylsalicylic acid (ASA), an anti-inflammatory drug,
was initially used for its anti-inflammation, anti-platelet,
and analgesic properties.'®'” ASA’s mechanism of action
was limited to the inhibition of prostaglandin production
but was later used to prevent cardiovascular and cerebro-
vascular diseases.'® Recently, its chemopreventative
mechanism(s) of action has been the subject of intense
research investigation. ASA’s potential as an anti-cancer
agent was revealed from the evidence that ASA irreversi-
bly inhibits cyclooxygenase (COX) enzyme.'”'® Indeed,
pancreatic ductal adenocarcinoma (PDAC) expresses aber-
rations in COX genes that have been reported to be
upregulated.'® Although the COX enzymes come in two
different isoforms, COX-2 is the inducible isoform and is
upregulated in 47% to 66% of pancreatic cancers.”’ The
COX enzyme is known as prostaglandin-endoperoxide
synthase (PGHS), which exists in two isoforms, COX-1
and —2, and is an integral protein with fatty acid oxyge-
nase 718 The irreversible

and peroxidase activity.
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mechanism of action of ASA results from the acetylation
of the hydroxyl group of serine residues in COX-1 and
COX-2, which limit accessibility to the catalytic site of the
enzyme that is necessary for arachidonic acid to bind.
Arachidonic acid is metabolized to produce prostaglan-
dins. Additional research has indicated that the mutation
of Ras contributes to the increased stability of COX-2
mRNA and thus participates in crosstalk amongst them-
selves and other signaling pathways to collectively con-
tribute to the unique pathologic characteristic of pancreatic
cancer.”!

ASA, an anti-inflammatory cyclooxygenase (COX)-1
and COX-2 inhibitor,”* has been repurposed as an anti-
cancer agent given its broad efficacy in regulating the hall-
marks of cancer.” Investigations on the anti-cancer efficacy
of ASA have revealed that it inhibits not only inflammatory
COX-1/2 pathways, but also inhibits AMPK-mediated
inflammatory pathways, and mTORCI1-mediated cancer
cell growth and proliferation.* Several preclinical studies
have demonstrated improved efficacy of ASA given in
combination with Met, rather than alone, with or without
conventional chemotherapeutics improved treatment out-

2426 049

comes in patients with colorectal,” pancreatic,
breast cancer.?’ In vitro studies following treatment with
ASA and Met, the MDA-MB-231 TNBC cells not only
demonstrated a decrease in cell viability but a decrease in
colony formation and migration through a synergistic
mechanism(s) of action of ASA and Met. It is noteworthy
that ASA and Met can affect not only aberrant metabolic
pathways but also specific cells and features of the breast
cancer tumour microenvironment.?’*

Recently, oseltamivir phosphate (OP) has been shown
to inhibit mammalian neuraminidase-1 (Neu-1) because it
has the structural analog of o-2,3-sialic acid residues
located on the receptor tyrosine kinases (RTKs), many
of which are overexpressed on cancer cells.>**° OP down-
regulates several EGFR-mediated pathways such as JAK/
STAT, PI3K/Akt, and MAPK involved in cancer cell pro-
liferation,

metastasis, and tumour vascularization.?!

Previously, our group reported on the efficacy of OP

monotherapy in mouse models of human ovarian,*

3134 and the mechanism

breast,®® and pancreatic cancers
of action of OP in regulating multistage tumorigenesis.”
Using a mouse model of human MDA-MB-231 TNBC
tumours, Haxho et al®>> have demonstrated that OP treat-
ment at 30 mg/kg daily intraperitoneally reduced tumour
vascularization and growth rate as well as significantly

reduced tumour weight and spread to the lungs compared

with the untreated cohorts. OP treatment at 50 mg/kg

completely ablated tumour vascularization, tumour
growth and spread to the lungs, with significant long-
term survival at day 180 post-implantation, tumour
shrinking, and no relapses after 56 days off-drug. Also,
OP 30 mg/kg treated cohort tumours expressed signifi-
cantly reduced levels of human N-cadherins and host
CD31+ endothelial cells with significant concomitant
expression of E-cadherins compared to the untreated
cohorts. We have shown that a combination of OP and
gemcitabine reduced tumour volume, and decreased
tumour vascularization. Most importantly, the combina-
tion prevented chemoresistance in mouse models of
human pancreatic cancer.>® Here, OP targets pathways
and components of multistage tumorigenesis that ASA
and Met have not been shown to affect.

In this present study, the triple combination of ASA,
Met, and OP administered in combination with tamoxifen
(Tmx) reduced cell proliferation, upended Tmx chemore-
sistance, and increased apoptotic activity in monolayer and
spheroid cultures of MDA-MB-231 triple-negative cancer
cells and their Tmx resistant variant. Also, ASA, Met, and
OP downregulated the acquisition of stem-like cell proper-
ties of MDA-MB-231 cells. For the first time, these find-
ings demonstrate that ASA, Met, and OP provide
a significant therapeutic approach in targeting multistage

tumorigenesis in triple-negative breast cancer.

Materials and Methods

Cell Lines and Culture Procedures
MDA-MB-231 (ATCC® HTB-26™, American Type
Culture Collection, Manassas, VA 20110, USA), a human
triple-negative breast cancer cell line, was obtained from
the metastatic pleural effusion site of a 51-year-old woman
with metastatic breast cancer. MDA-MB-231 is an inva-
sive ductal adenocarcinoma.

MDA-MB-231 cell lines resistant against 10 puM
tamoxifen (Tmx) (MDA-MB-231-TmxR) were established
in culture to gradual increases in Tmx concentration in
1xDulbecco’s Modified Eagle’s Medium (DMEM; Gibco,
Rockville, MD, USA) conditioned medium. After remov-
ing dead cells, the viable cells were maintained in culture
containing 10 uM Tmx. At ~80% confluence, cells were
continuously passaged in the conditioned medium contain-
ing 10 pM Tmx for over one year.

The cell lines were grown in 1XDMEM conditioned
media with 10% fetal bovine sera (FBS; HyClone, Logan,
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UT, USA) and 5 pg/mL plasmocin™ (InvivoGen, San
Diego, CA, USA). All cells were stored in T25 cell culture
flasks in a 5% CO, incubator at 37°C. Cells were passaged
as needed (approximately every 4-5 days) using TrypLE
Express (Gibco, Rockville, MD, USA).

Human umbilical vein endothelial cells (HuVECs)
Chandrakant Tayade’s lab,
Queen’s University, Kingston, Ontario. The cells were

were obtained from Dr.

acquired initially from American Type Culture Collection
(ATCC® catalogue number CRL-1730, Manassas, VA
20110 USA) and were passaged three times to confluency
before use. HUVECs were grown in complete human
endothelial cell media (ATCC Cat #211-500). HuVECs
were subcultured until they were needed for experiments.
Cells were fed with human endothelial media every
other day. Cells washed with 1xphosphate-buffered saline
(PBS) were followed by 4 mL of warmed Trypsin-EDTA
and incubated for 5 to 10 minutes. Cells were observed
under the microscope to determine if they had detached.
Trypsin-EDTA was neutralized by complete human
endothelial media, counted, and plated as needed.

Reagents
The cyclic Arg-Gly-Asp-D-Phe-Lys (cyclo-RGDfK) peptide
was synthesized and modified with 4-carboxy-butyl-
triphenylphosphonium bromide to produce the cyclo-
RGDfK(TPP) peptide. Standard methods of solid-phase
peptide synthesis®” were conducted in the laboratory of
Prof. Dr. S. Burov, Saint-Petersburg, Russia.
Acetylsalicylic acid (ASA, >99%
Aldrich, Steinheim, Germany) dissolved in dimethyl sulf-
oxide (DMSO) was prepared to make a 550 mM stock
solution, and stored in aliquots at —20°C. Tamiflu® (osel-

pure, Sigma-

tamivir phosphate-free base (OP), Hoffman-La-Roche
Ltd, Mississauga, ON, Canada) was obtained from
75 mg capsules that were dissolved in sterile phosphate-
buffered saline (1xPBS), vortexed for 3 minutes, and
centrifuged at 900 x g for 7 minutes to remove insoluble
materials. The supernatant was transferred to a 50 mL
vial, frozen at —80°C, lyophilized for 24—48 hours, and
stored at —80°C. The stock-extracted OP solution had
a concentration of 20 mg/mL. Metformin hydrochloride
(Met, Sigma-Aldrich Canada Co., Oakville, ON, Canada)
was dissolved in ddH,O to prepare a 387 mM or 116.84
mM stock solution, which was then aliquoted and stored
at —20°C. Tamoxifen citrate salt (Tmx, >99% pure,
Sigma-Aldrich, Steinheim, Germany) was dissolved in
methanol (99.8%

pure, Sigma-Aldrich, Steinheim,

Germany) at 50 mg/mL to make 1 mM stock solution,
aliquoted, wrapped in aluminum foil (light-sensitive), and
stored at 4°C. Cocktail therapy refers to ASA, Met, and
OP. The combination therapy refers to ASA, Met,
OP, and Tmx.

Formation of 3D Multicellular Tumour

Spheroids (MCTS)

MDA-MB-231 and MDA-MB-231-TmxR cells were
grown in T25 flasks to ~90% confluence, plated in
96-well plates with 20,000 cells/well (100 pL/well), and
incubated for 3 hours at 37°C to allow for cell adhesion.
After 3 hours, the media were replaced with 33.3 pL of
cyclo-RGDfK(TPP) peptide (50 uM), and 66.6 pL of 1x
DMEM supplemented with 10% FBS. Cells were incu-
bated for four days at 37°C to allow for MCTS formation.
After MCTS formation, ASA, OP, Met, and/or Tmx were
added, while some MCTS did not receive drugs and served
as untreated controls. After treatment, all cells remained in
culture for 72 hours (Day 7).

Phase-Contrast Microscopy and

Measurement of MCTS Volume
The morphology of MDA-MB-231 and MDA-MB-231-
TmxR cells was studied before and after the addition of the
cyclo-RGDfK(TPP) peptide. The cellular morphology,
aggregation, and MCTS formation were observed using
phase-contrast microscopy. Images were acquired using
a scope-mounted camera (Fisher Scientific) at 4x and 10%
magnification throughout each experiment (7 days). An
MCTS was defined as a compact rounded sphere of diameter
>20 um with a distinct border containing cells indistinguish-
able from one another. Some experiments yielded a mixture
of defined MCTS and cell aggregates. Both MCTS and cell
aggregate measurements were included in the results. ImageJ
software (ImagelJ, Bethesda, Maryland, USA) was used to
measure two diameters from each MCTS or cell aggregate,
with 4-10 MCTS/cell aggregates measured per image. All
diameters were measured to the scale bar in the phase-
contrast images. The two measured diameters were then
averaged and divided to calculate the average radius. The
following formulae were used to determine MCTS/cell
aggregate volume, as previously described in detail:*’ 4

10x objective images: Volume = (4/3) mr’ where r
= average radius (um);

4x objective images: Volume = (2.5)(4/3) ar’ where r
= average radius (um)
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The formula for the 4% objective images includes 2.5
factor to normalize values to the 10% objective images.

WST-1 Cell Proliferation Assay

The water-soluble tetrazolium salt-1 (WST-1) assay mea-
sures cell viability based on the reduction of a tetrazolium
compound to a soluble derivative.*! The absorbance at 420
nm of the reaction correlates directly to the number of
living cells in culture. For monolayer breast cancer cells,
cells were plated at a density of 10,000 cells/well in a 96-
well plate. The cells were incubated overnight, and they
were then exposed to increasing concentrations of drug
cocktail or left untreated as controls for 24, 48, and 72
hours. The treatment conditions were performed in tripli-
cates, and the entire experiment was repeated. Absorbance
readings at 0, 24, 48, and 72 hours were taken by adding
10% WST-1 reagent (Roche Diagnostics, Division de
Hoffman La Roche Limitée, Laval-des-Rapides, QC,
Canada) in Dulbecco’s Modified Eagle’s Medium to each
well followed by incubation at 37°C for 2 hours before
reading at the indicated time points. Cell viability is pre-
sented as a mean percent of control and illustrated as a bar
graph using GraphPad Prism software (GraphPad
Software, La Jolla, CA, USA). The following formula
was used to determine cell viability as a percent of control

for each time point and drug concentration:

[(Absorbance of cells in a drug concentration) — (Media
absorbance)]/[(Absorbance of cells alone) — (Media
absorbance)] x 100.

Concerning MCTS, the WST-1 assay has explicitly been
recognized as a valid measure of cell viability in small
(200 pm diameter) MCTS, as the WST-1 reagent can
successfully permeate through thin 3D layers of cells.*
Cells were grown to 80—90% confluence in T25 flasks and
seeded in a 96-well tissue culture plate at a density of
10,000 cells/well for 3 hours, followed by the addition of
50 uM cyclo-RGDfK(TPP) peptide directly to the cells.
As described above, on Day 4, MCTS were treated with
ASA, OP, Met, or Tmx at indicated concentrations or were
left untreated as controls. On Day 7, 18 pL of 10% WST-1
reagent (Roche Diagnostics, Laval-des-Rapides, QC,
Canada) in 1x PBS was added to each well. The 96-well
plate at 37°C was then incubated for 2 hrs before an
absorbance reading using the SpectraMax250 machine
and SoftMax software. Cell viability as a percentage of

control was illustrated as a bar graph using GraphPad
Prism software (GraphPad Software, La Jolla, CA, USA).

The following formula was used to determine MCTS
cell viability as a percentage of control (Day 4) after 72
hours of drug treatment (Day 7):

MCTS absorbance
in given drug
concentration on day 7

<untreated MCTS

) — (media absorbance)] x100

absorbance on day 4) — (media absorbance)

The fully-formed MCTS in 50 uM cyclo-RGDfK(TPP)
peptide on Day 4 represents the untreated control group.

Immunocytochemistry

MDA-MB-231 cells and MDA-MB-231-TmxR variant
cells were plated at a density of 100,000 to 200,000
cells/mL on glass coverslips in 24-well plates. Cells were
treated with single and combination agents for 24, 48, and
72 hours. At the end of each time-point, cells were
washed, fixed with 4% PFA for 30 minutes and blocked
for 1 hour in 10% FBS + 0.1% Triton X-100 + 1xPBS
(0.1% Triton X-100 was omitted from blocking buffer for
membrane-only stains to block intracellular non-specific
binding). Following blocking, cells were washed with
I1xPBS, and the primary antibody diluted to 1:250 using
a 1% FBS + IxPBS + 0.1% Triton X-100 overnight at
4°C. Primary antibodies were obtained from Santa Cruz
BioTechnology ALDHIA1l (sc-374149), CD44 (sc-
DF1485), CD24 (sc-19585). Cells were then washed 3%
for 10 minutes with 1xXPBS and incubated for 1 hour with
AlexaFluor 594 (for CD24, MDR1, and ALDH1A1) and
488 (for CD44)
Secondary antibody controls were included for unspecific

AlexaFluor secondary antibodies.
staining. Cells were then washed 5x for 15 mins with
IXPBS (note: one wash included 0.1% Triton X-100 to
permeabilize cells for DAPI). DAPI containing mounting
media (Vector Laboratories H-1200-10) was added to
slides, and coverslips were inverted on to mounting
media droplet and sealed.

Relative fluorescence density readings were quantified
using images captured at 20x to ensure a wide field of
view was obtained. Two representative images were taken
at 20x. Background means, image mean, and pixel mea-
surements were obtained from Corel Photo-Paint X8. Red
(Alexafluor 594) or green (Alexafluor 488) colour channel
images quantified. The background density means repre-
sent an unstained section of the image, and the image

Drug Design, Development and Therapy 2020:14
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means represented the total fluorescence of the image.
These measurements were used to quantify the relative
fluorescence density using the equation below:

Density = (background mean — image mean)
X pixels

Flow Cytometry

MDA-MB-231 cells and MDA-MB-231-TmxR variant
cells were exposed to combination therapy, Tmx only, or
left untreated for 72 hours. They were harvested and
counted for a final concentration of 1.0 x10° cells/mL. All
subsequent steps were done on ice. Cells were washed
twice in 2% FBS + 1xPBS before adding the primary anti-
body. Cells were treated with 100 uL of CD44, CD24, or
ALDHI1ALI (note: Cells stained with ALDH1A1 were per-
meablized with blocking and antibody buffer containing
0.1% Triton X-100) primary monoclonal mouse antibodies
at 10 pg/mL, and incubated for 60 minutes. Secondary
control cells were treated with 100 pL of 2% FBS +
1xPBS and incubated for 60 minutes. The cells were then
washed twice with 2% FBS+ 1xPBS followed by incuba-
tion for 60 minutes with 100 puL of secondary anti-mouse
antibody AlexaFluor 488 at a final concentration of 10 pg/
mL. The cells were washed twice with 2% FBS + 1xPBS
and fixed in 1 mL of 4% paraformaldehyde solution before
flow cytometry analysis.

Annexin V-FITC Apoptosis Assay and

Propidium lodide

MDA-MB-231 cells and MDA-MB-231-TmxR variant cells
were plated at a density of 2x10° cells in a T25 tissue culture
flask. Cells were treated with individual or a combination of
acetylsalicylic acid, metformin, oseltamivir phosphate, and
tamoxifen for 48 hours or left untreated. The cells were then
trypsinized with TrypLE express, and 100,000 cells were
analyzed for apoptotic, necrotic, and viable cell populations
using the Annexin V-FITC Apoptosis Kit (BioVision K101-
25). Briefly, the collected cells were resuspended in 500 uL
of 1xBinding Buffer followed by 5 puL of each Annexin
V-FITC and propidium iodide. The cells were incubated
for 5 minutes at room temperature in the dark, followed by
quantification by flow cytometry analysis.

Tube Formation Assay and Analysis
Human umbilical vein endothelial cells (HuVECs) were
grown to confluency and were washed with 1xPBS and

trypsinized with 4mL of Trypsin-EDTA at room

temperature. Cells were incubated for 5-10 minutes and
observed under an inverted phase-contrast microscope to
assess whether cells were detached. Trypsin-EDTA was
neutralized with complete human endothelial cell media
and cells were counted. The tube formation assay proto-
col was conducted using the Angiogenesis (Tube
Formation) Assay Kit (BioVision K905) following the
manufacturer’s manual. In brief, chilled 96-well plates
were coated in 50 pL of Matrigel thaw to 4°C and
incubated for 1 hour. HuVECs were plated at a density
of 10,000 cells/well. Treatment conditions with Tmx
alone, cocktail therapy, combination therapy were imme-
diately added to the wells or left untreated as controls.
Images were acquired using the Incucyte Zoom Imager
every 2 hours with a 10x objective. Images were ana-
lyzed using Imagel] software with the Angiogenesis
Analyzer Plugin.

Caspase 3/7 Apoptosis Assay

HuVECs were plated at a density of 10,000 cells/well
and treated with cocktail therapy (ASA at 8 mM, Met 4
mM and OP 300 pg/mL), Tmx (20 pM) or combination
therapy (ASA at 8 mM, Met 4 mM and OP 300 pg/mL,
Tmx 20 puM) or left untreated for 3 days. Caspase 3/7
enzyme analysis was completed using the CellEvent™
Caspase 3/7 Green Detection Reagent ThermoFisher
Scientific. The reagent was diluted to the manufacturer-
recommended concentration of 5 uM in human endothe-
lial cell media from the stock solution of 2 mM. Phase
contrast and green fluorescent images were acquired
using the Incucyte Zoom Imager every 2 hours at a 10x
objective for 3 days. Images were analyzed using
Incucyte analysis software for counting the number of
cells

expressing green representing Caspase 3/7

expression.

Statistical Analysis

Data as means * standard error of the mean (SEM) are
from two repeats of each experiment (WST-1 data repre-
sents two independent experiments done in triplicates).
Statistical analyses were performed with GraphPad Prism
software. Half-maximal inhibitory concentrations (ICsg)
were calculated wusing logarithmic regression on
GraphPad Prism. Results were compared with one-way
analysis of variance (ANOVA) and Fisher’s LSD Test,

with p < 0.05 defined as statistically significant.
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Results (p < 0.01), and after 72 hours, 800 pg/mL OP (p < 0.001)

Acetylsali C)’li ¢ acid ( AS A), metformin (Met), (Figure 1B). Lastly, significant decreases in cell viability were

.. . observed at 48 hours when MDA-MB-231 cells were treated
and oseltamivir phosphate (OP) and in
P P ( ) with 8 mM Met (p < 0.05) and following 72 hours, 16 mM

combination dose-dependently reduce cell ;. (, < 0.001) (Figure 10).
Vlablllt)’ in MDA-MB-23 | m0n0|a)’er cell To assess the effects of the individual drugs on 3D

culture and 3D tumour spheroid volume multicellular tumour spheroids (MCTS), the percent
MDA-MB-231 cells were exposed to doses of ASA and Met ~ decrease in spheroid volume was calculated, and the
ranging from 0.5 mM to 16 mM, while OP was administered =~ WST-1 cell proliferation assay was performed for cell
ranging from 25 to 800 pg/mL. The selected dose ranges  viability following treatment with ASA, Met, and OP
correspond with past in vitro cancer studies using ASA, OP,  dose-dependently, and in their combination. In Figure 2,
and Met™*** and are representative of safe in vivo drug  after MCTS were fully formed on Day 4, ASA, OP, and
equivalents.* 7 As shown in Figure 1, significant decreases ~Met were independently added to MDA-MB-231 MCTS
in cell viability by the individual drugs were observed at  for 72 hours (Day 7). ASA and Met were administered in
higher concentrations compared to the untreated controls.  doses ranging from 0.5-16 mM, while OP was adminis-
Following treatment with ASA (Figure 1A), significant tered in doses ranging from 50-800 pg/mL. After 72 hours
decreases in cell viability were observed in doses ranging of drug treatment (Day 7), MCTS volume was measured
from 2 mM to 16 mM at the 48- and 72-hour treatments.  using Image] software, and WST-1 assays were conducted
Similarly, a significant decrease in cell viability was observed  to assess cell viability. It is noteworthy that with increasing
after 48 hours following treatment with 100 pg/mL. OP  concentrations of drugs, proper MCTS shape was not
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Figure | Cell viability of MDA-MB-23 1| cells following treatment with (A) acetylsalicylic acid (ASA), (B) oseltamivir phosphate (OP), and (C) metformin (Met) using the
WST-I cell proliferation assay. MDA-MB-231 cells were plated at 10,000 cells/mL per well in triplicates. The indicated drug concentrations were serially diluted, and the cells
were exposed to the treatments for 24, 48, and 72 hours. At the end of each time point, the WST-1 reagent was added to each well. The cells were incubated for 1.5 hours,
after which the plates were read on a colorimetric plate reader. The data are cell viability as a mean percent of control * S.E.M. of three independent experiments performed
in triplicates. The cell viabilities were compared to the untreated control for each time point by ANOVA using the uncorrected Fisher’s LSD multiple comparisons test with
95% confidence with indicated asterisks for statistical significance. *p < 0.05, **p < 0.01, ***p < 0.001, ***¥p < 0.0001, n = 3.
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Figure 2 Effect of acetylsalicylic acid (ASA), oseltamivir phosphate (OP), and metformin (Met) on MDA-MB-231 multicellular tumour spheroid (MCTS) volume and viability
for 72 hours. Cells were grown in culture media containing 50 uM cyclo-RGDfK(TPP) peptide for 4 days in forming MCTS at which time they were treated with (A) ASA,
(B) OP, (C) Met, and (D) ASA plus 300 pg/mL OP and 4 mM Met, at their indicated concentrations. On Day 7, MCTS volumes were measured using V = (4/3) Tir>, where 11 =
3.1415, r = average radius (um). The images were taken with a 4% objective, and the radius was measured using the scale bar in the phase-contrast image. Percent decrease
in MCTS volumes was calculated compared to the untreated control. MCTS viability was assessed after 72 hrs of drug treatment using the WST-1 cell viability assay on day 7.
At the end of 72 hrs, the WST-I reagent was added to each well. The MCTS were incubated for | to 3 hours, after which the plates were read on a colorimetric plate
reader. The data are MCTS viability as a percent of control + S.E.M. of two independent experiments performed in triplicates, n = 6. Each bar for the MCTS volume
represents n=30-60 spheroids from two replicates of each experiment. The spheroid volumes and viabilities were compared by ANOVA using the Tukey’s multiple

comparisons test with 95% confidence with indicated asterisks for statistical significance. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.

Abbreviation: MCTS, multicellular tumour spheroids.

maintained as the spheroids would disassemble and/or
shrink due to the effects of the drugs. However, we mea-
sured the volume of these cell aggregates to quantify how
aggregate volume changed with drug treatment. ASA sig-
nificantly decreased MCTS volume, starting at a low dose
of ASA (4 mM) and displayed a dose-dependent decrease
in MCTS volume (Figure 2A). Out of all three drugs, ASA
displayed the earliest significant decreases in MCTS cell
viability (Figure 2A). These MCTS findings are consistent
with those observed in the monolayer cell culture experi-
ments depicted in Figure 1. OP also produced a significant
decrease in MCTS cell viability only at concentrations of
400 and 800 pg/mL (Figure 2B), a similar trend observed
in Figure 1B. OP displayed significant decreases in MCTS
volume at doses of 400 ug/mL and 800 pg/mL
(Figure 2B). Met showed a significant decrease in MCTS
volume at doses of 4, 8 and 16 mM (Figure 2C). Met also
produced significant decreases in MCTS cell viability at
doses of 4 mM and 16 mM (Figure 2C).

To test the additive effects of all three drugs in combi-
nation, we performed a dose-response of ASA (0.5-16 mM)
in combination with OP (300 pg/mL) and Met (4 mM)
constant concentration (Figure 2D). The cocktail combina-
tion also produced significant (p < 0.01) decreases in MCTS
volume and cell viability at doses of 8 mM to 16 mM ASA
(p < 0.0001) (Figure 2D). Compared to the individual
administration of ASA, OP, and Met, the cocktail combina-
tion (Figure 2D) displayed an additive anti-cancer effect by
producing the earliest and most significant decreases in
MCTS volume and cell viability. Hereafter, the cocktail
refers to the combination of ASA, Met, and OP.

ASA, Met, and OP Sensitize MDA-MB-

231 Cancer Cells to Tamoxifen (Tmx)

Although Tmx acts primarily by antagonizing the estrogen
receptor (ER) and thus would be an ineffective treatment
option for TNBC,*® Tmx might have a modest anti-tumour
effect through ER-independent mechanism(s) in TNBC.*’
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Figure 3 Cell viability of MDA-MB-231 cells treated with tamoxifen (Tmx) in combination with the drug cocktail of ASA, Met, and OP using the WST-| cell proliferation
assay. MDA-MB-231 cells were plated at 10,000 cells/mL in triplicates. The Tmx alone (A) or (B) in combination with drug cocktail containing ASA (8 mM), Met (4 mM), and
OP (300 pg/mL) was serially diluted at the indicated concentrations, and the cells were exposed to the treatments for 24, 48, and 72 hours. At the end of each time point,
the WST-1 reagent was added to each well. The cells were incubated for 1.5 hours, after which the plates were read on a colorimetric plate reader. The data are cell viability
as a mean percent of control + S.E.M. of three independent experiments performed in triplicates. The cell viabilities were compared to the untreated control for each time
point by ANOVA using the uncorrected Fisher’s LSD multiple comparisons test with 95% confidence with indicated asterisks for statistical significance. *p < 0.05, **p < 0.01,

ik < 0,001, #FFEp < 0.0001, n = 3.

Abbreviations: Tmx, tamoxifen; ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate.

ASA, Met, and OP may prove to be an effective treatment of
TNBC, especially with the chemoresistant TNBC tumours.>
The data in Figure 3A indicate a marked and significant
(p < 0.0001) reduction in viability of MDA-MB-231 cells at
40 and 80 uM Tmx. As shown in Figure 3B, the cocktail of
ASA (8 mM), Met (4 mM), and OP (300 pg/mL) produced
and maintained a significant (p < 0.0001) decrease in viability
of MDA-MB-231 cells together with Tmx dose-dependently.
These data provide strong supporting evidence for the efficacy
of the drug cocktail, not only to increase the MDA-MB-231
cancer cell sensitivity to Tmx but also provide an immediate
and significant inhibition on cell proliferation.

ASA, Met, and OP Sensitize MDA-MB-
231-TmxR Variant Cell Culture and

Spheroids to Tmx Treatment

To test whether the drug cocktail would sensitize Tmx resistant
breast cancer cells, the MDA-MB-231-TmxR cell line was
grown in conditioned medium containing 10 pM Tmx for over
one year. In Figure 4A—C, MDA-MB-231-TmxR cells were
treated with ASA and Met ranging from 0.5 mM to 16 mM,
and OP ranged from 25 to 800 pug/mL. Consistent with the
results observed in the parental MDA-MB-231 cell line,
higher concentrations of Met and OP significantly reduced

the viability of MDA-MB-231-TmxR cells (Figure 4B
and C). ASA had a significant effect on cell viability at low
concentrations ranging from 2 to 8 mM (Figure 4A).

Furthermore, we treated MDA-MB-231-TmxR cells
with Tmx concentrations ranging from 2.5 pM to 80 uM
to establish the sensitivity of the Tmx resistant cells to
Tmx alone. In Figure 5A, the MDA-MB-231-TmxR cells
continued to be resistant using Tmx ranging from 2.5 uM
to 20 uM. To test whether the drug cocktail would sensi-
tize the MDA-MB-231-TmxR cells to Tmx treatment,
Figure 5B showed a significant (p < 0.0001) decrease in
cell viability observed at all concentrations of Tmx. These
data are consistent with those observed with the parental
MDA-MB-231 cell line in Figure 3B. Collectively, these
results strongly support the efficacy of our drug cocktail of
ASA, Met, and OP to sensitize both MDA-MB-231 and
MDA-MB-231-TmxR cancer cells to Tmx.

We also tested whether ASA, OP, and Met would sensitize
MDA-MB-231-TmxR 3D tumour spheroids (MCTS) to Tmx
treatment (Figure 6). The cell viability of MDA-MB-231-
TmxR tumour spheroids with increasing Tmx concentrations
(5-25 uM) was measured in the presence or absence of ASA,
OP, or Met. The ICs values to inhibit 50% of the cell viability
were calculated after 72 hours with the drug concentrations.
ASA was able to decrease the ICs of 22.92 pM Tmx alone to

Drug Design, Development and Therapy 2020:14
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Figure 4 Cell viability of tamoxifen (Tmx) resistant MDA-MB-231-TmxR cells following treatment with (A) acetylsalicylic acid (ASA), (B) oseltamivir phosphate (OP), and (C)
metformin (Met) using the WST-1 cell proliferation assay. MDA-MB-231-TmxR cells were plated at a density of 10,000 cells/mL in triplicates. The indicated drug concentrations
were serially diluted, and the cells were exposed to the treatments for 24, 48, and 72 hours. At the end of each time point, the WST-1 reagent was added to each well. The cells
were incubated for 1.5 hours, after which the plates were read on a colorimetric plate reader. The data are cell viability as a mean percent of control + S.E.M. of three
independent experiments performed in triplicates. The cell viabilities were compared to the untreated control for each time point by ANOVA using the uncorrected Fisher’s
LSD multiple comparisons test with 95% confidence with indicated asterisks for statistical significance. *p < 0.05, **p < 0.01, **p < 0.001, **p < 0.0001, n = 3.

20.83 uM Tmx with 8mM ASA in MDA-MB-231-TmxR
MCTS (Figure 6A). At 5 uM Tmx, 8 mM ASA was able to
produce a significant (p < 0.01) decrease in cell viability when
compared to Tmx treatment alone (Figure 6A). OP was able to
decrease the ICsq of 22.92 uM Tmx alone to 21.80 pM Tmx
with 300 pg/mL OP in MDA-MB-231-TmxR MCTS
(Figure 6B). At 5 uM Tmx, 300 pg/mL OP was also able to
produce a significant (p < 0.05) decrease in cell viability when
compared to Tmx alone (Figure 6B). Met was able to decrease
the IC5p 0f 22.92 uM Tmx alone to 21.58 uM Tmx with 4 mM
Met in MDA-MB-231-TmxR MCTS (Figure 6C). Unlike
ASA and OP, 10 mM Met produce a significant difference in
cell viability when compared to Tmx treatment alone at 5 uM
(Figure 6C).

The combination of ASA (8 mM), Met (4 mM), and OP
(300 pg/mL) was able to decrease the ICsy 0f 22.92 uM Tmx
alone to 17.55 uM Tmx with 8mM ASA in MDA-MB-231-
TmxR MCTS (Figure 6D). These latter data demonstrate
a more marked decrease in ICsy of Tmx compared to the
independent effects of ASA (Figure 6A), OP (Figure 6B),
and Met (Figure 6C). At 5 pM and 10 pM of Tmx, the drug

cocktail produced a significant (p < 0.05) decrease in MDA-
MB-231-TmxR MCTS cell viability when compared to Tmx
alone (Figure 6D).

Cocktail of ASA, Met, and OP Activates
Early and Late Apoptosis in Both
MDA-MB-231 and MDA-MB-231-TmxR

Breast Cancer Cells

To assess the effects of the ASA, Met, and OP inducing
apoptotic activity in MDA-MB-231 breast cancer cells,
cells were treated with individual drugs, and in combina-
tion or left untreated for 48 hours (Figure 7). The apop-
totic activity of the cell treatments was assessed using
Annexin-V and flow cytometry. Here, an early time point
was taken after treatment to ensure that a viable number
of cells could be analyzed. As shown in Figure 7A-C,
the cocktail of ASA, Met, and OP did not significantly
increase early apoptotic and late apoptotic events when
compared to the untreated cells; however, when MDA-
MB-231 cells were treated with a combination of ASA,
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Figure 5 Cell viability of MDA-MB-231-TmxR cells treated with tamoxifen (Tmx) in combination with the drug cocktail of ASA, Met, and OP using the WST-I cell
proliferation assay. MDA-MB-231-TmxR cells were plated at a cell density of 10,000 cells/mL per well in triplicates. The Tmx alone (A) or (B) Tmx in combination with
a drug cocktail containing ASA (8 mM), Met (4 mM), and OP (300 pg/mL) was serially diluted at the indicated concentrations. The cells were exposed to the treatments for
24, 48, and 72 hours. At the end of each time point, the WST-1 reagent was added to each well. The cells were incubated for 1.5 hours, after which the plates were read on
a colorimetric plate reader. The presented data are cell viability as a percent of control + S.E.M. of three independent experiments performed in triplicates. The cell viabilities
were compared to the untreated control for each time point by ANOVA using the uncorrected Fisher’s LSD multiple comparisons test with 95% confidence with indicated
asterisks for statistical significance. *p < 0.05, **p < 0.0l, n = 3.

Abbreviations: Tmx, tamoxifen; TmxR, tamoxifen resistance; ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate.
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Figure 6 Cell viability of tamoxifen (Tmx) resistant MDA-MB-23|-TmxR tumour MCTS following treatment with Tmx in a dose-response or in combination with (A)
acetylsalicylic acid (ASA), (B) oseltamivir phosphate (OP), (C) metformin (Met) and (D) cocktail of ASA, OP, and Met using the WST-1 cell proliferation assay. The cell viability of
MDA-MB-231-TmxR MCTS with increasing Tmx concentrations in the presence or absence of 8 mM ASA (A), 300 pyg/mL OP (B), 4mM Met (C), and a cocktail of 8 mM ASA,
300 pg/mL OP, and 4 mM Met (D). The ICs, values represent the individual drug concentration to inhibit 50% of the cell viability. The half-maximal inhibitory concentration
(ICs) was calculated using logarithmic regression with GraphPad Prism. The data are representative of two replicates of two independent experiments performed in triplicate
with n=30-60 MCTS analyzed at each Tmx concentrations. Unpaired t-test was used to determine significant differences in cell viability between MDA-MB-231-TmxR MCTS
with Tmx alone or in combination with ASA, OP, and Met at each Tmx concentration with asterisks for statistical significance *p < 0.05, **p < 0.001.

Abbreviations: Tmx, tamoxifen; TmxR, tamoxifen resistance; MCTS, multicellular tumour spheroids; ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate.

Met, OP, and Tmx, a significant percentage (36.9%) of  Furthermore, the percentage of viable cells when com-
viable cells compared to early apoptotic (55.5%) ones pared to the untreated cells was significantly decreased
entering the early phase was observed (Figure 7B). following Tmx and cocktail treatment, with a more
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Figure 7 Viability, early apoptosis and necrosis of MDA-MB-231 cells 48 hours after treatment with Tmx (20uM), cocktail (ASA 8mM, Met 4mM, OP 300ug/mL) and
combination (Tmx plus cocktail) using the Annexin V-FITC apoptosis and propidium iodide assay. (A) 100,000 cells were collected and stained with Annexin V-FITC/
Propidium lodide to assess early apoptosis and necrosis. (B) Comparisons were made within treatment groups to assess the shift of percent of cells that are viable, early
apoptotic and necrotic stages of cell death following 48 hours of indicated treatments. (C) Comparisons were made between untreated cohorts and treatment groups
for percent viable, early apoptotic, and necrotic cells. The data are cell viability as a percent of control + S.E.M. of two independent experiments performed. The cell
viabilities were compared to the untreated control for each treatment by ANOVA using the uncorrected Fisher’s LSD multiple comparisons test with 95% confidence with

indicated asterisks for statistical significance. *p < 0.05, ***p < 0.001, n = 2.

Abbreviations: Tmx, tamoxifen; ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate; Annexin V-FITC, Annexin V conjugated with fluorescein

isothiocyanate; FITC-A; fluorescein isothiocyanate axis; PI-A, propidium iodide axis.

significant reduction of viable cells being observed fol-
lowing combination treatment. When compared to the
percentage of cells in the early apoptotic phase, there
was a significantly increased number of cells in this
phase following treatment with Tmx and the drug cock-
tail, with a more increased percentage of early apoptotic
cells observed post-combination treatment.

To assess the effects of the combination treatment on
MDA-MB-231-TmxR cells, a consistent early apoptotic
trend was observed compared to that of the parental
cells (Figure 8A-C). Interestingly, although there is
a definite increase in early apoptotic activity post-Tmx
and combination cocktail treatment, these increases in
apoptotic activity were not statistically significant when
compared to the untreated cohort. Surprisingly, the per-
centage of cells entering the necrotic cell phase was
statistically significant compared with the untreated con-
trol cells and was only observed with the combination

drug treatment.

Cocktail of ASA, Met, and OP with Tmx
Combination Disrupts Vasculogenic
Endothelial Cell Tube Formation of Human
Umbilical Vein Endothelial Cells (HuVECs:)

About 23% of patients with triple-negative breast cancer
(TNBC) present with lymphovascular invasion, where
both the lymphatic and blood vessel invasion are lying
within an endothelial lined space in the area surrounding
the invasive tumour.”’’ Additionally, the lymphovascular
invasion has been correlated with an increased metastatic
burden, typical of patients with this subtype of breast
cancer.””> Currently, the anti-angiogenic therapy using
VEGF inhibitor bevacizumab was approved for use in
combination with paclitaxel as a treatment option for this
metastatic TNBC disease.”® However, the patient response
rates to this anti-angiogenic therapy have been minimal.
To this end, we investigated if the drug cocktail had
vein

anti-angiogenic properties. Human umbilical
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Figure 8 Viability, early apoptosis and necrosis of tamoxifen (Tmx) resistant MDA-MB-231-TmxR cells 48 hours after treatment with Tmx (23puM), cocktail (ASA 8mM, Met
4mM, OP 300ug/mL) and combination (Tmx plus cocktail) using the Annexin V-FITC apoptosis and propidium iodide assay. (A) 100,000 cells were collected and stained with
Annexin V-FITC/Propidium lodide to assess early apoptosis and necrosis. (B) Comparisons were made within treatment groups to assess the shift of percent of cells that are
viable, early apoptotic and necrotic stages of cell death following 48 hours of indicated treatments. (C) Comparisons were made between untreated cohorts and treatment
groups for percent viable, early apoptotic, and necrotic cells. The presented data are cell viability as a percent of control + S.E.M. of two independent experiments. The cell
viabilities were compared to the untreated control for treatments by ANOVA using the uncorrected Fisher’s LSD multiple comparisons test with 95% confidence with

indicated asterisks for statistical significance. *p < 0.05, n = 2.

Abbreviations: Tmx, tamoxifen; TmxR, tamoxifen resistance; ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate; Annexin V-FITC, Annexin V conjugated
with fluorescein isothiocyanate; FITC-A; fluorescein isothiocyanate axis; PI-A, propidium iodide axis.

endothelial cells (HuVECs) were used to assess vascu-
logenic endothelial cell tube formation following ASA
(8 mM), Met (4 mM), OP (300 pg/mL) and Tmx (20
pM) alone and in a combination of drug cocktail and
Tmx. As shown in Figure 9A, after 10 hours of
endothelial cell tube formation in the conditioned cul-
ture medium, HuVEC cells formed vasculogenic
endothelial networks with a distinct network of vessels.
In contrast, the drug cocktail and its combination with
Tmx disrupted the morphology and architecture of
these networks into abnormal and segmented networks.
Further data analysis on the number of nodes, mean
mesh size, and the number of isolated segments
demonstrated no significant differences between the
treatment groups (Figure 9B). However, the cocktail
treatment alone showed more significant numbers of
isolated segments as well as reduced mesh sizes. It is
noteworthy that the integrity of the vascular endothelial
cell network was disrupted by the cocktail of ASA,
Met, and OP.

Cocktail of ASA, Met, and OP Alone and
in Combination with Tmx Induces

Apoptosis in Human Umbilical Vein
Endothelial Cells (HuVECs)

To further assess whether the drug cocktail would induce
anti-angiogenic effects, HuVECs were treated with ASA at
8 mM, Met at 4 mM and OP at 300 ug/mL, Tmx at 20 pM
and in combination (cocktail + Tmx) supplemented with
the CellEvent™ Caspase 3/7 Green Detection Reagent for
72 hours. As shown in Figure 10A, the number of cells
expressing the caspase 3/7 enzyme increased gradually for
all treatment conditions as well as with the untreated
cohort. However, as shown in Figure 10B, the most sig-
nificant increase in caspase 3/7 activity was observed after
24 hours in the Tmx treatment group and in the combina-
tion (cocktail and Tmx) compared to the untreated
HuVECs. These results suggest that the combination of
drug cocktail and Tmx induces apoptosis in human umbi-

lical vein endothelial cells. Further investigations are
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Figure 9 Tube formation assay of HUVEC cells 10 hours after treatment with tamoxifen (Tmx 20 pM), cocktail (ASA 8 mM, Met 4 mM OP 300 pg/mL) and Tmx plus
cocktail. (A) HuVECs were plated at 10,000 cells/well on 50 pL of Matrigel followed by treatment with Tmx (20 uM), cocktail, Tmx plus the cocktail or left untreated. Phase-
contrast images were acquired by the Incucyte Zoom Imager every 2 hours at 10x magnification. Scale bar represents 300 um. (B) Analyses of tube formation were done
with Image] Software using the Angiogenesis Analyzer Plugin. The number of nodes, mean mesh size and the number of isolated segments were analyzed for each treatment

condition. The data are mean + SEM of two independent experiments.

Abbreviations: ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate; Tmx, tamoxifen; A/M/OP, acetylsalicylic acid/metformin/oseltamivir phosphate.

required to determine which components of the cocktail

components possess anti-angiogenic properties.

Tamoxifen (Tmx) in Combination with
the Cocktail of ASA, Met, and OP
Prevents the Acquisition of Stem-Like and
Invasive Phenotype Markers and Inhibits
MDA-MB-231 Cell Growth

The accumulation of somatic mutation and factors of tumour
microenvironment such as fibroblasts, extracellular matrix
(ECM), inflammatory cells, and blood vasculature are
known to be responsible for invasion and metastasis of
cancer cells. Breast cancer stem cells can also induce the
formation of new blood vessels at the site of metastasis and
enhance a stromal cell response similar to that of their pri-
mary breast cancer.”' Also, the acquisition of stem-like char-
acteristics of cancer cells is typically an advent of the survival
response following chemotherapeutic treatments.>* Here, we
investigated whether the drug cocktail, in combination with

Tmx, would affect the acquisition of cancer stem-like bio-
markers in MDA-MB-231 cells.

Markers of chemoresistance and cancer stem-like
(CSC) properties included alcohol dehydrogenase-1 family
member Al (ALDH1A1), CD24, and CD44. The standard
way to identify CSCs is the expression of these character-
istic markers on the cell surface. High CD44 expression
and low expression of CD24 (CD44"/CD24 %) is one of
such marker characteristics. Breast tumours with an
expression of CD447/CD24"°" have been shown to exhi-
bit enhanced invasion and metastasis.’>>® Aldehyde dehy-
drogenase-1 (ALDH]1) is also used to characterize cancer
cell stemness. ALDHI is an enzyme responsible for the
oxidation of retinol to retinoic acid, which is essential for
the early differentiation of stem cells.’’ As shown in
Figure 11A, cells treated alone with Tmx (20 uM), ASA
(8 mM), Met (4 mM), or OP (300 pg/mL) revealed
a significant increase in the expression of CD44 when
compared to the untreated group. Surprisingly, the cells
treated with Tmx in combination with the drug cocktail
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Figure 10 CellEvent Caspase 3/7 Green Assay of HUVEC cells at 0, 24, 48, and 72 hours after treatment with a cocktail (ASA 8 mM, Met 4 mM, OP 300 pg/mL), tamoxifen
(Tmx 20 pM), Tmx 20 pM + Cocktail, or left untreated. (A) HuVECs were plated at 10,000 cells/well. Cells adhered to the well were treated with Tmx (20 pM), cocktail
(OP 300 pg/mL, Met 4 mM, ASA 8 mM), and Tmx 20 M plus the cocktail or left untreated. CellEvent™ Caspase 3/7 Green Detection Reagent was added at a concentration
of 5 uM in human endothelial cell media. Green fluorescent images were acquired by the Incucyte Zoom Imager every 2 hours at 10x magnification. Scale bar represents 300
um. (B) Analyses were done using the Incucyte Zoom Imager Software Analyzer to count the number of expressing Caspase 3/7 (green) cells. The images are representative
of two independent experiments showing similar results. The graph represents the mean + SEM combined results from two independent experiments compared to the
untreated control for each treatment by ANOVA using the uncorrected Fisher’s LSD multiple comparisons test with 95% confidence with indicated asterisks for statistical
significance. ns, not significant, *p < 0.01, **p < 0.001, n = 2.

Abbreviations: ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate; Tmx, tamoxifen; A/M/OP, acetylsalicylic acid/metformin/oseltamivir phosphate; T,

tamoxifen; A/M/OP, acetylsalicylic acid/metformin/oseltamivir phosphate.

showed a significant decrease in CD44 compared to the
untreated control.

Interestingly, the MDA-MB-231 cells treated with Tmx
(20 uM), ASA (8 mM), or OP (300 pg/mL) alone or Tmx
in the combination of ASA, Met and OP showed no
differences in their expression levels of CD24 compared
to the untreated control group, except for a significant
CD24 increase with Met (4 mM) treatment. The ratio of
CD44/CD24 expressed on MDA-MB-231 cells was 55 for
the Tmx treatment compared with 13 for the untreated
control group (Table 1). These data strongly support the
evidence for Tmx treatment of MDA-MB-231 cells for 72
hrs induces an invasive and metastatic cancer stem cell
characteristic property, which is dramatically reversed
with Tmx in a combination of ASA, Met and OP (CD44/
CD24 ratio of 2). Surprisingly, the ALDH1A1 expression
was significantly increased following Tmx treatment alone
or Tmx in combination with the drug cocktail. Consistent
with our earlier results, a minimal number of cells may
remain following the combination of drug cocktail and
Tmx treatment, as indicated by the reduced number of

nuclei observed in the DAPI panel (supplementary
Figure S1 and S2).

We further confirmed these staining patterns with flow
cytometry to quantify the number of cells expressing the
stem-like markers in MDA-MB-231 cells treated with
Tmx (20uM) for 72 hrs compared with the untreated
control group (Figure 11B). It is noteworthy that the
majority of cells treated with the triple combination
were ablated following 72 hours of treatment (data not
shown), leaving only the untreated and Tmx treated cells
available for flow cytometry analysis. The flow cytometry
data are consistent with the immunofluorescence data for
the Tmx and untreated cells where the percentage of cells
expressing CD44, CD24, and ALDHIAI1 are relatively
comparable between the Tmx treated group and the
untreated group. These data are consistent with reported
findings with MDA-MB-231 cells, where the CD44/CD24
ratio was the highest in the basal mesenchymal cell line
MDA-MB-231, compared to the basal epithelial cell lines
MDA-MB-468, HER2-OE and SK-BR-3, and the luminal
A cell line MCF-7.°® ALDHI is highly expressed in the
most malignant cell line, MDA-MB-231. Surprisingly, the
Tmx treatment of MDA-MB-231 cells in combination
with the drug cocktail markedly reduced the CD44/
CD24 ratio by 6.5-fold compared to the untreated control
group (Table 1). Tmx treatment of MDA-MB-231-TmxR
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Figure |1 Analyses of MDA-MB-231 cells for CD44, CD24 and ALDHIAI stem-like markers following 72-hour exposure to Tmx, ASA, Met, OP and Tmx in a combination
of ASA, Met and OP cocktail using immunocytochemistry and flow cytometry. (A) MDA-MB-231 cells were plated at 150,000 cells/mL and left untreated, treated with Tmx
(20 uM), ASA (8 mM), Met (4 mM), OP (300 pg/mL) and Tmx (20 uM) in combination with ASA, Met and OP for 72 hours. Cells were immunostained for markers of CD44,
CD24 and ALDHIAI. The results are depicted as a scatter plot of data visualization using dots to represent the indicated marker values obtained from 2 independent
experiments of multiple images (n = 4—12). The mean density staining corrected for background (Bkg) + S.E.M. for indicated marker values is indicated for each group. The
density staining values of each group were compared to the untreated control as well as Tmx in combination with drug cocktail with Tmx alone by ANOVA using the
uncorrected Fisher’s LSD multiple comparisons test with 95% confidence with indicated asterisks for statistical significance. (B) Flow cytometry of untreated and Tmx
(20pM) treated MDA-MB-231 cells for 72 hrs. One million cells were immunostained for CD44, CD24, and ALDHIAI. Data are presented as the percentage of cells
expressing the markers corrected for background autofluorescence. ns, not significant, *p < 0.01, **p < 0.001, ***p < 0.0001. Pl, all viable cells; P2, antibody of interest.
Abbreviations: Tmx, tamoxifen; ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate; DAPI, 4',6-diamidino-2-phenylindole, IgG, immunoglobulin G; Bkg,
background;ALDHIAI, aldehyde dehydrogenase | family, member Al; CD44, cancer stem cell marker participates in cell-cell interaction, cell adhesion and migration; CD24,
a cell adhesion molecule and a glycophosphatidylinositol-linked sialoprotein that serves as a ligand for P-selectin.

cells in combination with the drug cocktail markedly cell invasion. Li et al have demonstrated that suppression
reduced the ALDHIA1 by 134-fold compared to the of CD44 and ALDHI1 by siRNA knockdown led to
same treatment for the parental cell line. The Tmx treat-  decreased tumorigenicity and cell migration capacity.>®
ment of MDA-MB-231-TmxR variants in combination Moreover, they also demonstrated that both high CD44/
with ASA, Met and OP markedly suppressed the CD44  CD24 ratio and ALDH1+ markers in TNBC cells were
and ALDHI1AL, leading to a decreased tumorigenicity and  conserved during metastasis, from the primary tumours to
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Table | The Ratio of CD44/CD24 Expression on MDA-MB-23 |
and MDA-MB-2321-TmxR Cells After Treatment with Tmx, ASA,
Met, OP Alone and Tmx in Combination with ASA, Met and OP

Treatment MDA-MB | MDA-MB ALDHIAI

(72 Hours) -231 -231-TmxR
CD44/ CD44/ MB-231/MB-
CD24 CD24 231-TmxR Ratio
Ratio Ratio

Untreated 13 19 2

ASA 8mM 26 9 |

Met 4mM 12 20 -

OP 300pg/mL 31 47 |

Tmx (20uM) 55 18 5

Tmx (20uM) + 2 0.2 134

combination

Abbreviations: Tmx, tamoxifen; TmxR, tamoxifen resistance; ASA, acetylsalicylic
acid; Met, metformin; OP, oseltamivir phosphate; ALDHIAI, aldehyde dehydrogen-
ase | family, member Al; CD44, cancer stem cell marker participates in cell-cell
interaction, cell adhesion and migration; CD24, a cell adhesion molecule and
a glycophosphatidylinositol-linked sialoprotein that serves as a ligand for P-selectin.

the circulating tumour cells (CTCs) and the distant
metastases.

To further examine the changes in CD44, CD24 and
ALDHI1AL1 expression levels in Tmx-resistant MDA-MB
-231-TmxR cells, the cells were treated with Tmx (23
uM), ASA (8 mM), Met (4 mM), or OP (300 pg/mL)
alone, and Tmx in combination with ASA, Met, OP or
left untreated for 72 hours as shown in Figure 12A
and B. These findings further confirm the ability of the
Tmx in combination with ASA, Met and OP to potentially
target cells expressing markers typically associated with
a malignant and cancer stem-like phenotype. MDA-MB
-231-TmxR cells treated with this combination of drug
therapy were too few to be analyzed by the flow cytometry
(no data). The ratio of CD44/CD24 expressed on MDA-
MB-231-TmxR cells was 18 for the Tmx treatment com-
pared to 0.2 for the Tmx in the combination group
(Table 1). These data strongly support the evidence for
Tmx treatment of MDA-MB-231-TmxR cells for 72 hrs
induces an invasive and metastatic potential characteristic
property, which can be significantly reduced with Tmx in
combination with ASA, Met and OP.

Discussion

Conventional 2D cell culture systems have served as the
predominant in vitro screening platform for anti-cancer
drug development, but 3D MCTS has recently emerged
as an improved tumour model by more accurately

representing the in vivo tumour microenvironment.’® As
a result of their oncogene expression profiles,® 3D MCTS
models are particularly useful in the study of aggressive or
chemoresistant cancer cell subtypes, including triple-
negative breast cancer (TNBC). Here, the effects of
a novel treatment regimen on 2D monolayer TNBC cul-
tures and 3D TNBC MCTS models were investigated to
mimic in vivo tumours. ASA, Met and OP independently
decreased in a dose-dependent manner 2D cell culture and
tumour MCTS viability as well as MCTS volume in both
MDA-MB-231 and MDA-MB-231-TmxR variant cells.
Interestingly, ASA produced the most profound anti-
cancer effects in both models at the earliest with signifi-
cant decreases in both cell viability and MCTS volume.
With increasing doses of ASA (0.5-16 mM), and constant
OP (300 pg/mL) and Met (4 mM), an additive decrease in
both viability of 2D cell culture and tumour MCTS as well
as in MCTS volume were observed.

The rationale for the use of tamoxifen in our in vitro
studies is based on reports that tamoxifen-resistance of
breast cancer cell models may originate from cell popula-
tions to ER-related effects to exert stem-like properties®
or to induce a phenotype during Tmx treatment with the
emergence of Tmx-resistant clones. However, the mechan-
ism for tamoxifen to achieve this cell transformation
remains unclear. Also, the induction of pluripotency by
tamoxifen may be mediated through ER-unrelated
mechanisms. Notas et al®' have reported that early/direct
tamoxifen transcriptional actions related to the induction
of pluripotency were mediated through specific ERa-
dependent or ER-unrelated transcription. They performed
a whole transcriptome analysis of an ERa-positive T47D
cell line and TNBC MDA-MB-231 cells exposed to
tamoxifen for 3-hours. They found that a subset of ERo-
dependent genes associated with developmental processes
and pluripotency are induced and this is accompanied by
specific phenotypic changes (expression of pluripotency-
related proteins). They also reported an association
between the increased expression of pluripotency-related
genes in ERa-positive breast cancer tissues samples and
disease relapse after tamoxifen therapy. Collectively, we
were interested to determine whether CD44, CD24 and
ALDHI1AL1 stem-like pluripotency-related proteins follow-
ing 72-hour exposure to Tmx and Tmx in a combination of
ASA, Met and OP cocktail had an effect on MDA-MB
-231-TmxR cells survival. Tamoxifen, in combination with
the cocktail of ASA, Met, and OP, prevented the acquisi-
tion of stem-like and invasive phenotype markers and
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Figure 12 Analyses of MDA-MB-23|-TmxR cells for CD44, CD24 and ALDH | A| stem-like markers following 72-hour exposure to Tmx, ASA, Met, OP and Tmx in a combination
of ASA, Met and OP cocktail using immunocytochemistry and flow cytometry. (A) MDA-MB-23|-TmxR cells were plated at 150,000 cells/mL and left untreated, treated with Tmx
(20 uM), ASA (8 mM), Met (4 mM), OP (300 pig/mL) and Tmx (20 uM) in combination with ASA, Met and OP for 72 hours. Cells were immunostained for markers of CD44, CD24
and ALDHIALI. The results are depicted as a scatter plot of data visualization using dots to represent the indicated marker values obtained from 2 independent experiments of
multiple images (n = 4—12). The mean density staining corrected for background (Bkg) + S.E.M. for indicated marker values is indicated for each group. The density staining values of
each group were compared to the untreated control as well as Tmx in combination with drug cocktail with Tmx alone by ANOVA using the uncorrected Fisher’s LSD multiple
comparisons test with 95% confidence with indicated asterisks for statistical significance. (B) Flow cytometry of untreated and Tmx (20 pM) treated MDA-MB-23 |-TmxR cells for
72 hrs. One million cells were immunostained for CD44, CD24, and ALDHIAI. Data are presented as the percentage of cells expressing the markers corrected for background
autofluorescence. ns, not significant, *p < 0.0001, Pl, all viable cells; P2, antibody of interest.

Abbreviations: Tmx, tamoxifen; ASA, acetylsalicylic acid; Met, metformin; OP, oseltamivir phosphate; DAPI, 4',6-diamidino-2-phenylindole, IgG, immunoglobulin G; Bkg,
background; ALDHIAI, aldehyde dehydrogenase | family, member Al; CD44, cancer stem cell marker participates in cell-cell interaction, cell adhesion and migration;
CD24, a cell adhesion molecule and a glycophosphatidylinositol-linked sialoprotein that serves as a ligand for P-selectin.

inhibited MDA-MB-231 and MDA-MB-231-TmxR cell  pM of tamoxifen for over 1 year.>® At least for the MCE-7
growth. In our previously reported studies, the data indi- cells, it has been reported that crosstalk between ER,
cated that both TNBC MDA-MB-231 and non-TNBC HER-2, p38, and ERK may contribute to tamoxifen
MCEF-7 cells developed resistance against 5 uM and 10  resistance.®
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In the present studies, ASA, Met and OP may act through
complementary mechanisms to produce anti-cancer effects in
TNBC. Both ASA and Met have been proposed to act
through anti-inflammatory (ie, anti-NF-xB) and anti-
proliferative (ie, anti-mTORC1) pathways.>* OP has been
shown to act through both anti-proliferative and anti-
metastatic pathways (ie, anti-PI3K/Akt).** Furthermore, the
Warburg effect defines the process by which tumours pro-
duce the necessary energy required to drive their aberrant
metabolic activities.> Although this theory has been the
source of controversy, maintained metabolic activity from
aerobic glycolysis, even in the presence of fluctuating oxy-
gen availability, allows rapidly proliferating cancer cells to
maintain their growth.'" Given this conserved hallmark
observed in all cancers, Hanahan and Weinberg proposed
its inclusion as an emerging hallmark of cancer.'* In this
novel combination treatment regimen, metformin is capable
of targeting this aberrant aerobic activity in TNBC.

Additionally, owing to its rapidly proliferating and
highly mutagenic profile, TNBC can effectively overcome
the effects of current therapeutic options and present an
additional challenge. One therapeutic mode is to target the
epigenetic machinery to compensate for the cytotoxic
effects of therapy. Therapeutically, targeting several con-
served pathways were a critical aspect of this treatment
regimen, designed with the highly adaptive nature of can-
cer in mind.

Here, the combination drug cocktail of ASA, Met and OP
sensitized parental and MDA-MB-231-TmxR cells as well as
MCTS to Tmx chemotherapy. The cell culture studies
revealed a consistent and reproducible trend where the cock-
tail drug therapy was able to reduce cell viability of
MDA-MB-231 significantly and its Tmx resistant MDA-
MB-231-TmxR variant at the low dose of 2.5 uM of Tmx.

Additionally, ASA, OP, and Met independently
decreased Tmx ICso in MDA-MB-231-TmxR MCTS, sug-
gesting that each of the drugs can sensitize MDA-MB
-231-TmxR cells to Tmx treatment. In particular, ASA
and OP produced significant decreases in MCTS cell via-
bility at a low dose of 5 pM of Tmx. Met was able to
produce significant decreases in MCTS cell viability at
10uM Met, but still at a low dose of Tmx treatment. In
general, 3D tumour models are less sensitive to drug
treatment than 2D cell cultures. For metformin, the sig-
nificant dose of Met to reduce the cell viability of MDA-
MB-231 2D culture was 16 mM (Figure 1C) after 72 hrs
treatment compared to the low dose of 4 mM for MDA-
MB-231 3D MCTS (Figure 2C). The question is what is

the possible mechanism(s) of Met on our MDA-MB-231
MCTS 3D model system. Bizjak et al®* reported on the
effects of nutrients on metformin-stimulated AMP-
activated protein kinase activation using 3D tumour spher-
oids. The non-essential amino acids suppressed the effects
of metformin on MDA-MB-231 cells in a 2D culture and
in 3D tumour spheroids. Glutamine and pyruvate slightly
diminished the effects of metformin in 2D culture.
Furthermore, glucose protected tumour spheroids against
metformin-induced disintegration.

The formation of 3D MDA-MB-231 MCTS in our stu-
dies uses a one-step, highly reproducible technique of matrix-
free 3D multicellular tumour spheroid (MCTS) formation by
using a synthetic cyclo-RGDfK modified with 4-carboxybu-
tyl-triphenylphosphonium bromide (cyclo-RGDfK(TPP))
peptide under normal high glucose media conditions.>* The
cyclo-RGDfK(TPP) peptide promotes the self-assembly of
cancer cells by avoiding cell plate surface adhesion.®” The
interactions of the cyclo-RGDfK(TPP) peptide with a5p1
integrin induce cadherin expressions on the cell membrane.
Cadherin—cadherin interactions among cancer cells result in
cell compaction and spheroid formation.®® The self-assembly
formation of 2D monolayer cells into MCTS by the applica-
tion of the cyclo-RGDfK(TPP) peptide involves cell aggre-
gation and tight compaction of the cells. The fibronectin (FN)
receptor a5P1 integrin plays an essential role in tumour
growth, invasion, and malignant behaviour.®® Although
a5p1 integrin-mediated adhesion is dependent on the binding
of its subunits to a defined tripeptide RGD sequence of FN,
the strength of this binding is modulated by various factors,
including the glycosylation status of the integrin. The cyclo-
RGDfK(TPP) peptide used in the formation of the MCTS in
our study closely mimics the natural ECM FN protein bind-
ing to a5B1 integrins on the cell membrane. It is noteworthy,
and interestingly that fibronectin is one of two major consti-
tuents of the extracellular matrix in the kidney. Yi et al®’
showed that fibronectin deposition and staining in the glo-
meruli and the tubulointerstitial compartment in kidneys
from sham-operated mice was significantly increased in
obstructed kidneys. Treatment with metformin reduced the
accumulation of fibronectin deposition in the obstructed kid-
neys. Collectively, metformin treatment of MDA-MB-231
MCTS by using cyclo-RGDfK(TPP) peptide may directly
target the tripeptide RGD sequence of the peptide that
mimics the same RGD sequence of fibronectin. Although
a5B1 integrin-mediated adhesion is dependent on the binding
of its subunits to a defined tripeptide RGD sequence of FN,
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the strength of this binding is also modulated by various
factors including the glycosylation status of the integrin.

Although the individual Tmx-sensitizing effects of each
drug were promising on their own, a combination of drug
therapy of 8 mM ASA, 300 pg/mL OP, and 4 mM Met was
designed to determine if these drugs could additively sensi-
tize MDA-MB-231-TmxR MCTS to Tmx treatment. The
triple combination treatment of MDA-MB-231-TmxR
MCTS produced the most significant decrease in Tmx of
ICs9 (22.92 UM to 17.55 puM) and produced significant
decreases in cell viability at both 5 uM and 10 pM doses
of Tmx. The anti-cancer effects of all three drugs with low
doses of Tmx suggest that an ASA/OP/Met combination
treatment could serve as a potential adjuvant to Tmx che-
motherapy in TNBC patients. With an ASA/OP/Met adju-
vant therapy, TNBC patients would be able to receive lower
doses of Tmx. They would thus experience fewer toxicities
associated with moderate-to-high doses of Tmx
chemotherapy.®® With the lower doses of Tmx, TNBC
patients would also have a reduced likelihood of developing
Tmx resistance and cancer relapse over time.*

Meta-analyses of randomized clinical trials have pro-
vided evidence for the efficacy of aspirin in cancer treat-
ment. Daily aspirin doses of 75 mg and more reduced
cancer incidence and mortality where colorectal cancer
patients revealed a 30—40% reduction in incidence and
mortality.”” Here, in the trials of aspirin versus control
for a mean duration of scheduled treatment of 6 years,
391 (2-8%) of 14 033 patients had colorectal cancer
(CRC) during a median follow-up of 18-3 years. Aspirin
reduced the risk of colon cancer but not rectal cancer. The
clinical trial concluded no benefits at doses of aspirin
higher than 75 mg daily, with an absolute reduction of
1-76% after 5-years scheduled treatment with 75-300 mg
daily.”® In another clinical trial, the risk of developing
distant metastasis in patients with CRC was reduced
using aspirin (HR 0.45; 95% CI 0.28-0.72), with
a further lowering risk for these patients (HR 0.26, 95%
CI, 0.1170.57).71 Here, aspirin reduced the risk of adeno-
carcinoma with metastasis at initial diagnosis and on sub-
sequent follow-up in patients without metastasis initially,
particularly in patients with colorectal cancer and those
who remained on the trial treatment up to or after
diagnosis.

In a clinical trial of individuals not taking non-steroidal
anti-inflammatory drugs (NSAIDs), a 250 mg/day dose of
metformin was sufficient to decrease aberrant crypt foci,
suggesting that a lower dose of metformin could play a role

in colon cancer prevention in this population.”” In another
randomized, placebo-controlled, multicenter trial, patients
who underwent resection of single or multiple colorectal
adenoma polyps, received metformin (250 mg/day) for
1 year revealed a significant reduction in the risk of total
polyps (RR = 0.67; 95% CI: 0.47-0.97) and adenomas (RR
= 0.60, 0.39-0.92) compared with placebo.” In the study,
a low-dose of 250 mg/day of metformin for one year to
these patients without diabetes was found to be safe.”” In
another randomized, Phase II, double-blind, placebo-
controlled, multicenter, ASAMET trial, the combination of
aspirin and metformin was assessed for their potential
synergistic interaction on a set of biomarkers associated
with colon carcinogenesis.”* Here, the patient trial adminis-
tered metformin at 850 mg BID (twice a day) and aspirin at
100mg QD (once a day) for one year.

We found that metformin at a dose of 16 mM (3.2
mmoles per day) was a sufficient dose to reduce cell
proliferation of TNBC cells compared to 1700 mg Met
(13.16 mmoles per day) or 250 mg Met (1.9 mmoles
per day) in clinical trials. For aspirin, we found that
ASA at a dose of 8 mM (1.6 umoles per day) was
a sufficient dose to reduce cell proliferation of TNBC
cells compared to 100 mg ASA (560 umoles per day) in
clinical trials. Chen and Holmes recently reported a review
of the current epidemiologic and clinical trial evidence for
aspirin and breast cancer survival.”” The report concluded
that the results of the three meta-analyses are remarkably
similar, reporting an approximate 30% reduced risk of
breast cancer death associated with aspirin use. Detailed
information on the dosage of aspirin was not available for
most of the clinical studies analyzed.”

We also asked the question if the combined effects of
Tmx, ASA, OP, and Met would lead to an irreversible activa-
tion of apoptotic activity in MDA-MB-231 and MDA-MB
-231-TmxR cells. Here, AnnexinV is a member of the
annexin family of intracellular proteins that binds to phos-
phatidylserine (PS) in a calcium-dependent manner.”” PS is
commonly only found on the intracellular leaflet of the
plasma membrane in healthy cells. However, during early
apoptosis, membrane asymmetry is lost, and PS translocates
to the external leaflet. Fluorochrome-labeled Annexin V was
used to specifically target and identify apoptotic cells expres-
sing PS residues on the outer membrane, indicating early cell
death. Propidium iodide, on the other hand, is impermeable
for viable cells but enters necrotic cells to bind DNA. Both of
these events are irreversible and thus are indicative of apop-
totic and necrotic activity in cells following drug treatments.
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Significant decreases in viable cells were observed with Tmx
and Tmx in combination with ASA, Met and OP with the
highest significant percentage of early apoptotic and necrotic
cells observed following the Tmx in combination with ASA,
Met and OP. These observations support the efficacy poten-
tial that the combination of ASA, Met, and OP sensitizes
TNBC and Tmx resistant TNBC cells to Tmx in an additive
therapeutic effect in reducing cell viability and cell prolifera-
tion, and inducing early apoptosis and necrosis.

CD44, CD24, and ALDHI1A1 markers have routinely
been used to characterize the presence of cancer stem cells
in tumorigenesis and metastasis.’® In breast cancer,
a cancer stem-like population is typically characterized
as being CD44/CD24 % and ALDHIAL positive.
Collectively, the expression of these markers is associated
with greater tumorigenicity. CD44 is generally overex-
and binds

a component of the extracellular matrix.”® This interaction

pressed in cancers to hyaluronic acid,
leads to the activation of several signaling pathways
involved in multistage tumorigenesis, including cell pro-
liferation, invasion, migration, and epithelial to mesench-
ymal transition (EMT). CD24 expression, however, is
a source of controversy given the phenotypic variations
that result in its varied expression levels.”” In triple-
negative breast cancer, increased CD24 expression is asso-
ciated with poor prognosis and a significant increase in
metastatic burden.”® ALDHIALI is another marker used to
identify cancer stem cells in breast cancer.”” Aldehyde
dehydrogenases are enzymes that detoxify aldehydes that
are required for cellular processes, with the ALDHIAI
isoform being an essential regulator of cancer stem cell
activity.®* Specifically, an increase in this marker has been
associated with chemoresistance in several cancers.®'
Although the expression and activity of these markers
can be studied individually or relative to other markers
associated with stemness, here, we investigated the
changes in these markers individually post-treatment with
Tmx treatment. Following treatment with Tmx,
a significant increase in CD44 and ALDH1A1 expression
is observed in MDA-MB-231 cells with a concomitant
decrease in CD24 compared to the untreated group. This
observation is consistent with studies demonstrating an
increase in stemness and chemoresistance following con-
ventional treatments.* Using Tmx in combination with
ASA, Met and OP, CD44 is significantly reduced com-
pared to Tmx treatment alone and untreated control group.
Using Tmx in combination with ASA, Met and OP,

ALDHI1AL1 expression was similar to the Tmx treatment,

both of which treatments showed significant increases in
ALDH1A1 compared to the untreated control. It is note-
worthy that the ratio of CD44/CD24 for MDA-MB-231
cells was 13 for the untreated group, 55 for Tmx alone and
2 for Tmx in combination with ASA, Met and OP. These
data support the evidence that the triple combination of
ASA, Met and OP treatment protocol can significantly
reduce the acquisition of a cancer stem-like phenotype
following Tmx therapy for TNBC by 36.6-fold.

For the Tmx resistant MDA-MB-231-TmxR cell variant,
ALDHIALI expression for Tmx treatment was not signifi-
cantly different from the untreated control group. However,
the triple combination with Tmx demonstrated a significant
reduction in ALDH1A1 expression. The ratio of CD44/
CD24 for MDA-MB-231-TmxR cells was 19 for the
untreated group, 18 for Tmx alone and 0.2 for Tmx in
combination with ASA, Met and OP. These data also support
the evidence that the triple combination of ASA, Met and OP
treatment protocol can significantly reduce the acquisition of
a cancer stem-like phenotype following Tmx therapy for the
Tmx resistant TNBC variant by 79.1-fold. These results
suggest that the MDA-MB-231-TmxR breast cancer cells
have a more cancer stem-like phenotype before treatment
compared to the parental cells, but the MDA-MB-231-cells
are highly induced post-treatment with Tmx. The triple com-
bination of ASA, Met, and OP with Tmx can reduce the
expression markers associated with cancer cell stemness. The
exact mechanism of action of this reduction is unknown;
however, studies on the effects of Met and ASA have con-
sistently shown that the cancer stem cell/chemoresistant phe-

2
82,83 or

notype can be ablated by these agents individually
when administered as a dual therapy.?” Our group has also
demonstrated the ablation of EMT and chemoresistance
through the application of OP>' Collectively, this triple-
drug combination appears to regulate the acquisition of
a stem-like phenotype in both parental and Tmx-resistant
cell lines.

To determine whether the triple combination of ASA,
Met and OP treatment had secondary anti-angiogenic effects,
we tested the effectiveness of 8 mM ASA, 4 mM Met and
300 pg/mL OP on human umbilical vein endothelial cells
(HuVEC:S). This cell line has routinely been used to study the
physiological process of vasculogenic endothelial networks
with a distinct network of vessels and vessel tube formation.
Here, an anti-angiogenic effect of this triple-drug combina-
tion on healthy, normal HuVEC cells was investigated. Tmx,
in combination with ASA, Met and OP, disrupted the mor-
phology and architecture of these networks into abnormal
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and segmented networks. Further data analyses on the num-
ber of nodes, mean mesh size, and the number of isolated
segments demonstrated no significant differences between
the treatment groups. However, the cocktail treatment alone
showed significant numbers of isolated segments as well as
reduced mesh sizes. These findings suggest that the integrity
of the vascular endothelial cell network was disrupted by the
cocktail of ASA, Met, and OP. Surprisingly, the anti-
angiogenic effect of the triple combination cocktail was
dampened when administered with Tmx. Also, we assessed
the caspase 3/7 apoptotic activity on HuVECs treated with
the triple combination cocktail, Tmx, and in combination
with Tmx treatments. Caspases are enzymes that are typi-
cally inactive zymogens, which are then activated to undergo
catalysis when cells initiate apoptosis.®* Here, the caspases 3/
7 were measured to assess the effects of the triple-drug
combination treatments on HuVEC cell death. A steady
increase in caspase 3/7 activity was observed within the
first 24 hours in all treatment conditions followed by
a decline in caspase 3/7 activity compared to an increase in
caspase 3/7 activity in the untreated cells. The explanation of
these observations may be that HuVEC cells are a primary
large cell line requiring constant replenishment of nutrients
and a larger surface area for long-term growth. Therefore, the
first 24 hours post-treatment offer more reliable insight into
the effects of the treatments investigated here rather than the
later time points.

Due to the potential therapeutic implications of this
study, it is worth acknowledging the clinical relevance of
the doses that were used in the in vitro experiments and
the specificity of the drugs as anti-cancer treatments.
Firstly, the in vitro dose of ASA, OP, and Met are con-
sistent with in vitro doses used by other groups studying
the anti-cancer effects of these drugs.®***** Collectively,
the significance of the results of this study suggests that
this novel combination of ASA, OP, and Met may be able
to target several aspects of multistage tumorigenesis,
including replicative immortality, cell proliferation, devel-
opment of blood vessels as well as activating apoptotic
pathways.

Conclusion

Although treatment options for triple-negative breast
cancer are currently limited, additional biomarker dis-
covery, as well as patient stratification based on cellular
and molecular subtypes, may enhance the effectiveness
of current treatment options. Several clinical trials are
investigating the importance of patient stratification

before treating patients and those that are taking
a more personalized approach. Given the heterogeneity
of TNBC, as well as the compensatory and highly muta-
genic nature of this malignancy, a combination of ther-
apeutic agents is necessary for consideration. Here,
a combinatorial approach is used not only to sensitize
TNBC cells to Tmx therapy but also to overcome resis-
tance in the Tmx-resistant cell line. This triple combina-
tion of drug therapy not only can reduce the tumour
spheroid volume and spheroid viability, but also induce
apoptotic activity and dampen the cancer stem-like phe-
notype induced by chemotherapeutic Tmx. Collectively,
these results show the efficacy of this triple combination
of ASA, Met and OP therapy, which merits further
investigation in preclinical animal studies and clinical
trials.
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