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ABSTRACT

Triple negative breast cancer (INBC), an aggressive subgroup of breast cancer that exhibits a highly complex and heterogeneous
character has led researchers to seek for new and effective therapeutic agents due to the inadequacy of current treatment options. In
the literature, there are benzimidazole derivatives whose antiproliferative effects have been investigated in many 7 vivo and in vitro
studies. In the present study, a benzimidazolium salt (BS), namely 1-(anthracen-10-ylmethyl)-3-(2-cyanobenzyl)-1H-benzo|d|imidazol-
3-ium chloride was prepared from 2-((1H-benzo|d)imidazol-1-yl) methyl) benzonitrile (1 mmol) and 10-(chloromethyl) anthracene (1
mmol). In our study, it was aimed to investigate the anticarcinogenic effects of above-mentioned BS, which was previously shown to
be more effective than cisplatin (the chemotherapy agent being used in the treatment of TNBC) on 4T1 cells. Cell viability 2-
dimensional (2D) and 3-dimensional (3D), colony forming, 3D spheroid formation, wound healing scratch assay and Annexin
V/Propidium Iodide (PI) staining analyzes were used to determine cell growth/proliferation, migration and apoptosis, respectively.
According to the results, BS significantly reduced viability/proliferation, colony formation and migration in 4T1 cells, even at low
doses. It also induced apoptosis. It was concluded that, BS is a potential antiproliferative agent that reduces the carcinogenic
properties of 4T1 cells through inhibiting cell proliferation, migration as well as inducing apoptosis. Its mechanism of action should

be elucidated with further studies.
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Introduction

Breast cancers, which constitute 25% of cancer cases
worldwide, have a very high molecular, clinical and
histopathological heterogeneity (1). With microarray
studies, breast cancers classified in 5 molecular
subgroups (2). Among these subgroups, triple
negative breast cancer (TNBC) has a lower 5-year
survival rate. Its potential for distant tissue metastasis
and its possibility of recurrence is higher than the
foregoing subgroups (3). Due to its hormone receptor
negative feature, there is not any specific treatment
target for TNBC. Although some chemotherapy
drugs are being used in the treatment, they have many
side effects and resistance development may occur
(4). Therefore, new effective agents are needed for the
treatment of TNBC.

Compounds including benzimidazole nucleus have
very different biological activity properties such as
antioxidant (5), antitubercular (6), antimicrobial (7, 8),

and anti-cancer (9). Akkoc e a/. (10) conducted 7 vitro
cytotoxic activity studies of a benzimidazolium salt
(BS) against human breast cancer (MDA-MB-231),
human colon cancer (DLD-1) and human non-
cancerous (normal) embryonic kidney (HEK-293T)
cell lines using the MTT assay method. This
compound was reported to possess high cytotoxic
activity against MDA-MB-231 and DLD-1 cell lines
with ICsp values of 1.26 + 0.85 uM, 10.98 + 2.33 uM,
respectively. Furthermore, BS was demonstrated to
has better anti-proliferative results than cisplatin and
busulfan against breast cancer cell line for 72 h. The
theoretical calculation studies of BS was performed
towards a breast cancer protein, which is a crystal
structure of a dimeric caspase-9, ID 2AR9, and colon
cancer antigen proteins, ID 2HQG6 by the same
research group (8).

There are many benzimidazole derivatives that have
been reported to have antiproliferative effects
through different cancer signaling pathways in various
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cancers such as colorectal, ovarian, glioma, and breast
cancers (11-16). 4T1 metastatic cells, a preclinical
mouse model of TNBC, are an important model for
testing new agent candidates in the treatment of
TNBCs (4).

In this study, we aimed to determine the possible
comprehensive therapeutic effects of BS on TBNC by
using 4T1 cells though monitoring cell viability,
proliferation, migration, colony formation (2D and
3D analysis) and apoptosis for the first time in the
literature.

Material and Method

Cell Culture and Drug Treatment: 4T1 cell line
was obtained from American Type Culture Collection
(Manassas, VA, USA). The cells were cultured with
Dulbecco Modified Eagle Medium (DMEM; Sigma
Aldrich, St. Louis, MO) supplemented with 10% heat-
inactivated Fetal Bovine Serum (FBS; Capricorn
Scientific), 10,000 units/ml Penicillin and 10,000
units/ml  Streptomycin  (Sigma, P4333) final
concentration 1%, at 37 °C in a 5 % CO; humidified
atmosphere. All studies were done with this complete
medium.

BS, 1-(anthracen-10-ylmethyl)-3-(2-cyanobenzyl)-1H-
benzo|d|imidazol-3-ium chloride was prepared from
2-((1H-benzo[d)imidazol-1-yl) methyl) benzonitrile (1
mmol) and 10-(chloromethyl) anthracen (1 mmol). BS
(Molecular weight = 459.97 g/mol) was dissolved in
dimethyl sulfoxide (DMSO) with a stock
concentration of 100 mM.

Cell Viability Assay: 4T1 cells were seeded in 96-
well plates (5000 cells/well). After 24 hours (h), 0.5
uM, 1 uM, 2 uM and 4 pM doses of BS active
ingredient were treated. After 48 h, cells were
removed with trypsin and centrifuged. 5mg/ml 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) solution was added to each well and
the cells were incubated at 37 C° with 5% CO for 4h.
Then, the measurements were analyzed in a plate
reader at 570 nm wavelength (17).

3D Cell Viability Assay: After 3D cell culture,
colonies were dispersed with a pipette. 100 L of cell
mixture was treated into 96 well plates and incubated
for 6 h at 5% CO,, 37 °C. Then, 0.5mg/mL MTT
solution was added to the cells. It was incubated for 4
h at 5% CO», 37 °C. Then, without discarding the
supernatant, 100 pl. of DMSO was combined and
incubated at 37 °C for 30 minutes. All of the
formazan crystals produced by the cells were

observed to be dissolved and were read in a plate
reader at a 570 nm (18, 19).

3D Hanging Drop Assay: 4T1 cells were added to
petri dishes with 30 pL of 1000 cells in droplets with
at least 150 drops in each group. The petri dish was
then inverted. After 48 h, the cells were taken into
medium and cultured for 7 days by treating 0.5 uM, 1
uM, 2 uM and 4 pM doses of BS. Colonies over
50uM in diameter were then counted and analyzed
(18, 19).

Colony Formation Assay: 4T1 breast cancer cells
were seeded at 1000 cells per well of a 6-well plate.
After 48 h, 0.5 uM, 1 uM, 2 uM and 4 uM doses of
BS were treated when the cells began to adhere and
grow. After 8 days, the medium in the 6-well dish was
removed. Then, 2% crystal violet + methanol mixture
was added and fixed and stained. After 5 minutes, the
dye was removed and washed with PBS. Colonies
formed were counted and evaluated (20).

Annexin V/Propidium Iodide (PI) Staining: FITC
Annexin 'V Apoptosis Detection Kit with PI
(Biolegend, 640914) was used. 4T1 cells were seeded
in each well of 96-well plates (5000 cells/well). After
24 h, 0.5 uM, 1 uM, 2 uM and 4 uM doses of BS were
treated. After 48 h, cells were removed with trypsin
and centrifuged. Cells were dissolved in 100 pL
Annexin binding solution and 5 pL. FITC-Annexin V
dye and 5 pL propidium iodide were added. It was
incubated in the dark for 20 min. Then, 0.4 mL of
Annexin V binding buffer was added and read and
analyzed in flow cytometry (17).

Wound Healing Scratch Assay: 4T1 cells were
seeded in G-well plates (10x10° cells/well). After 48 h,
approximately the cell density was 70%, plus-shaped
wounds were created with a 100 pLL pipette tip. Then
washing was done with PBS. BS was added in 1 pM
and 2 uM doses. Wound widths were measured at 24
h intervals. The study was terminated when the
control group was completely closed at 48 h (21, 22).

Statistics: The data were found to be statistically
normally distributed according to the Shapiro-Wilk
test. All studies were repeated at least 3 times.
Standard deviation is given in each study. One way
ANOVA test was used for compare more than two
groups in statistical analyses. Dunnett was used for
posthoc analysis. Those with p= 0.05 were considered
significant. All graphics and statistical analyzes were
done with GraphPad Prism 8. Wound healing assay
analyzes were performed with Image-j and flow
cytometry analyzes were performed with Flowjo10.

Results

Effect of BS on cell proliferation: The effects of BS
on proliferation of 4T1 mouse cancer cell were
evaluated by MTT analysis in 2D and 3D models. 2D
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Fig 1. BS inhibits proliferation of 4T1 cells

4tl cells were treated with BS at different concentrations and times manner. Cell viability/proliferation determined by MTT
analysis. a) Csp value at 48 h. b) 2D cell viability with MTT analysis. ¢) 3D cell viability with MTT analysis. Data were

presented as mean®S.D, **p<0.001 and ****p<0.0001

cell viability in 4T1 breast cancer cell proliferation of
different doses of BS at 48 h was tested and
statistically significant reduction was observed at all
doses (0.5 uM, 1 uM, 2 uM and 4 puM) when
compared with the control group. Cell viability rates
61.25%1.8 %, 5591%£1.4%, 55.51£1.1% and
48.09+1% in 0.5 pM, 1 pM, 2 uM and 4 uM doses
groups, respectively (Fig 1a). It was determined that
the ICsp value was 3.472 £0.24uM in the 2D MTT
analysis of 4T1 cells (Fig 1b). As a result of cell
viability test and time curve analysis, it was found
appropriate to use the 48th hour. In 3D cell viability
rates 67.60+1.9%, 67.60£1.8%, 68.15£1.8% and
63.50£1.5% in 0.5 uM, 1 uM, 2 uM and 4 uM doses
groups, respectively (Fig 1c). In the 3D MTT analysis,
it was observed that the minimal doses used in the 2D
analysis significantly reduced cell proliferation in 48 h
(Fig 1c). It was determined that the 1Cs0 value was
122.7 £5.72uM in the 3D MTT analysis of 4T1 cells
(Fig 1d).

Effect of BS on 3D Spheroid Formation and 2D
Colony Formation: To determine how BS inhibits

the proliferation of 4T1 cells and affects the colony
forming potential of the cells, colony formation
analysis was performed and colonies formed with
crystal violet dye were stained and counted. When the
colonies formed were compared to the control, it was
observed that a certain decrease occurred and this
decrease was determined to be statistically significant.
Colony formation rates among the groups were
97.75x1.2%,  82.35%0.6%,  80.85£0.9%  and
80.50£1.5% in the in 0.5 uM, 1 pM, 2 uM and 4 uM
groups, respectively (Fig 2a). With the performed 3D
spheroid analysis, how the decrease in 4T1 cells
affected the spheroid form was examined. It was
determined that BS significantly reduced the number
and size of spheroids, and this decrease was
statistically significant (Fig 2b-2c). These results
showed that BS inhibited 2D colony formation and
3D spheroid formation of these cells.

Effect of BS on Apoptosis: To test the inhibitory
activity of BS in cell viability and colony formation by
apoptosis of programmed cell death, Annexin V and
PI staining was used in flow cytometry. The eatly
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Fig 2. BS inhibits spheroid form by reducing colony formation of 4T1 cells

2)4T1 cells were treated with the indicated doses of BS and evaluated for colony formation by crystal violet staining and the
colony was measured densitometrically and image | at the end of the 14 days. b-c) 3D spheroid formation analysis. Data
were presented as meantS.D, ¥¥p<0.001 and ****p<0.0001

apoptosis rate was 0,32 £0.09% in the control group,
0,4910.13% in the 0.5 pM group, 0,51+0.15% in the
1 uM group, 0,93 £0.12% in the 2 uM group and the
late apoptosis rate was 5.08+0.27% in the control
group, 9.38%0.38% in the 0.5 uM group, 9.59£0.25%
in the 1 uM group, 15,2£0.46% in the 2 uM group.
The total apoptosis rate was 5.34F0.6% in the control
group, 9.77£1.2% in the 0.5 uM group, 10.00£0.03%
in the 1 pM group, 12.04£0.52% in the 2 uM group
and 15.66+0.74% in the 4 pM group (Fig 3a-b). When
the control group and other groups were compared,
the increase in apoptosis was statistically significant
(Fig 3b).

BS Suppresses Migration of 4T1 Cells: Wound
healing scratch assay was performed to determine
whether BS had any effect on migration and motility
of 4T1 cells. In this assay, a wound was created at the
bottom of the plate covered with monolayer cells and
the potential of the cells to which the agent was
treated to seal this wound was measured. The wound

areas in the cells treated with BS did not close
compared to the control group (Fig 4a). At 24 h, the
wound width was 26.90£4.2% in the control group,
49.2+11.7% at 1 uM and 78.20+15.3% at 2 uM (Fig
4b). Wound width closed in the control group at 48 h,
but was 12.70£3.1% and 12.10£3.9% in the 1 yM
and 2 uM groups, respectively (Fig 4b). This showed
that BS reduced cell migration and motility to a
certain extent in 4T1 cells.

Discussion

Female breast cancer has approximately 2.3 million
new cases and 11.7% incidence worldwide. It is quite
high in female breast cancers with a mortality rate of
6.9% (23). There 1s a need for new drug candidates
and targets for cancer treatment. TNBC is estrogen
and progesterone receptor negative, also don’t make
any or too much of the protein called human
epidermal growth factor receptor 2 (HER2).
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Fig 3. BS induces apoptosis in 4T1 cells

a)Classification of early and late apoptosis in flow cytometry, b)The results showed the percentages of apoptotic cells. The
results of apoptotic cell percentages were presented as the mean £ SD from three separate experiments in 4T1 cells,

*p<0.05, **p<0.01, #*p<0.001 and **++p<0.0001

Chemotherapy is used as the standard treatment
method due to the aggressive nature of TNBCs and
the lack of targeted treatment options. Anthracyclines,
taxanes and cyclophosphamide are frequently used in
the systemic treatment of TNBC (24). In addition to
these chemotherapeutics, alkylating agents that induce
deoxyribonucleic acid (DNA) damage, such as
cisplatin and carboplatin, are added to treatment
regimens (25-27). BS has been demonstrated to have
in vifro cytotoxic activity against human breast cancer
(10). BS has high cytotoxic activity against
TNBCMDA-MB-231) cell lines with ICsy values of
1.26 uM for 72 h (8). In this study, proliferation,
clonogenicity, migration and apoptosis death pathway
from the carcinogenic properties of BS on mouse
model cell 4T1 of TNBC were investigated. The
effects of BS on the growth/proliferation of 4T1 cells
were evaluated by 2D and 3D cell culture. It has been
observed that even at low doses ate effective in breast
cancer. As a result of the comparison of 2D and 3D
ICsp values, it was seen that BS was more effective in
2D culture. As can be seen in the result of cell
viability in 3D culture, the activity progresses linearly

above a certain dose. The most important reason for
this is that 2D cultures are more affected by drugs
from many things, such as the damage of interactions
between cells and extracellular environments (30).

It has been reported that sulfonamide derivatives
containing benzimidazole in gastric cancers have
good selectivity between normal and cancerous cells,
inhibit colony formation, and induce apoptosis by
stopping the cell cycle (28). Ren et al (29) reported
that this compound induces apoptosis and atrests the
cell cycle in colorectal carcinoma cells (HCT-16) in
their study with a pyrazol-containing benzimidazole
derivative. Colony formation is an 7 vitro quantitative
technique to study the ability of a single cell to
develop into a large colony through clonal expansion.
One of the most important issues in cancer is that the
cancer metastasizes and forms a colony (31, 32). BS
inhibited colony formation 2D cultures are subject to
many limiting factors such as disruption of
interactions between cellular and extracellular
environments, changes in cell morphology. The
information obtained in 3D cell culture studies, which
can provide a more similar environment iz vivo
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Fig 4. BS suppresses migration and invasion of 4T1 cells to a certain degree

a)A single scratch was made in the center of the confluent cell monolayer and cells were treated with indicated BS doses.
The cell migration was monitored for 48 h and visualized by light microscopy. b)The bar graph showed the percentages of
the migrating cells to the scratched/wounded area, and the data were expressed as a mean of the percentages of migration T

SD of three independent experiments (a-b), ****p<0.0001

conditions, is more effective (33). We found BS to be
quite effective when we tested its effectiveness on 3D
spheroids. In our study, when we tested the BS in 3D
cell culture, we saw that it was similar to the activity in
2D culture.

Caspase-9 is one of the caspases that initiate
apoptosis (34). The theoretical calculation studies of
BS were done towards a breast cancer protein, which
is a crystal structure of a dimeric caspase-9 (8). The
presence of this structural similarity made us think
that it may activate caspase 9 and affect apoptosis. We
found that apoptosis was triggered at a significant
level in breast cancer cells that we analyzed with
Annexin-V and Pl staining in flowcytometry. It is
found that eatly apoptosis is induced, and the change
here is considerable. The difference in late apoptosis
rates, however, was not substantial. It is projected that
BS will emerge when breast cancer cells are treated
for more than 48 hours, causing late apoptosis. More
detailed studies are needed to show that its similarity
to caspase-9 is effective in initiating apoptosis.

Huang et al (14) reported that the benzimidazole
derivative mebendazole inhibited many cancer
signaling pathways in ovarian cancer cell lines
(OVCARS8 and SKOV3), significantly suppressed
proliferation and migration, and induced apoptosis in
a study they conducted with cisplatin-resistant cancer
cells. Ren et al (16) reported in their study with three
benzimidazole derivatives that its derivatives suppress
DNA synthesis, migration and invasion in cells and
regulate the expression of key epithelial mesenchymal
transformation markers. Metastasis is the hallmark of
cancer, which is responsible for the most of cancer-
related deaths (31). Regarding the findings of our

wound healing test, we determined that the effect of
BS on metastatic activity was significantly reduced.
The decrease in migration indicates that it can be an
effective BS against cancer. In the light of the
information obtained from the studies we have
carried out, more detailed studies should be carried
out with BS.

Choi et al. (15) reported that MDA-MB-231 and
radiotherapy-resistant MDA-MB-231 (RT-R MDA-
MB-231) cells and allograft mice reduced the
anticarcinogenic properties of various benzimidazole
derivatives and the stem cell markers of these
derivatives. Phase II clinical studies of DHW-221
benzimidazole derivative as a dual inhibitor of
PI3K/mTOR are ongoing (35). As mentioned above,
the anti-cancer properties of benzimidazole derivates
have been studied in many studies. Some have also
taken part in clinical trials. Consequently, we showed
that the BS has cytotoxic effects even at low
micromolarity, significantly inhibits proliferation,
colony formation and migration, and induces
apoptosis in 4T1 cells. More detailed studies on the
anticancer properties of BS are needed.
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