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ABSTRACT

Breast cancer is the most common type of cancer among women and ranks second
among the causes of female death in the world. In order to find a solution to breast
cancer, different studies are being conducted for the treatment and the effects of
different drugs and substances on this disease are intensively investigated. Boric acid
has been shown to control the proliferation of certain types of cancer cells. In the
study, different concentrations of boric acid were applied on MCF-7 cell line to
determine IC50 values of boric acid and its antiproliferative effect was determined
using Cell Counting Kit-8 (CCK8) ELISA kit at 24, 48 and 72 hours. According to the
results, other analyzes were performed over the 48 hour incubation period. After the
IC50 values of boric acid at 48 hours were determined, Poly ADP-ribose polymerase
(PARP) kit was used to determine apoptotic effects for boric acid. Cell lysates were
obtained after the application of defined 1C50 doses to the cells for determination of
biochemical parameters. The vascular endothelial growth factor (VEGF) kit was used
to determine the angiogenic effects with the obtained samples. As a result, in this
study, it was observed that concentration and time-dependent boric acid decreased
proliferation in MCF-7 breast cancer cell line. At the same time, according to the
PARP results, it was found that the concentrations of boric acid significant differences
compared to the control group. There was no significant difference between boric acid
concentrations and Cis Platin groups. It is thought that both groups showed an increase
compared to the control group, and boric acid leads the cell to necrosis like Cis
Platinum. When VEGF results were examined to explain the relationship between
boric acid and angiogenesis, significant differences were observed with both control
group and Cis Platinum. Boric acid groups have been shown to be more effective than
Cis Platin in the MCF-7 breast cancer cell line and to be an antiangiogenic agent. In
this respect, further studies are needed to investigate how the effects of molecular
anticancerogenic mechanisms of MCF-7 cells and boric acid on cell polarization are
realized.
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INTRODUCTION MCF-7, a commonly studied epithelial cancer cell line

Breast cancer is the most common disease that causes derived from breast adenocarcinoma, ~has  the
. . . - characteristics of differentiated breast epithelium.

major health problems in women. It is in the first place : N X . A
Synthesize insulin-like proliferation factor binding

among all cancer cases seen in women with a rate of . . . .
g proteins. Mutations in cyclin D, one of the cell cycle

24,1% in our country.™ Although the incidence and
prognosis vary according to geographical regions, it is
reported that the incidence of breast cancer increases by
1,5% every year.”) It is reported in the literature that the
most common type of breast cancer has the best survival
because it has a 5-year survival rate of 75%.5!

MCEF-7 cells, a breast cancer cell line, were first isolated
in 1970 from the pleural effusion of a 69-year-old
woman of invasive ductal carcinoma.” This cell line was
established by Soule et al. The hame MCF-7 is used as
the abbreviation of Michigian Cancer Foundation -7.

control points in the formation of breast cancer and many
other cancers, are also present in MCF-7 cells.
Expression of caspase 6, 7 and 9 and BCL-2 in the MCF-
7 cell line is highly effective. In addition, expression and
regulation of p53 and p21 genes are normal.[”!

Boron (B) is the fifth element of the periodic table and is
the only non-metallic element in group 3A. Boron, which
has a characteristic between metal and nonmetal, is not
present as a free element in nature. It is present in
combination with oxygen such as boric acid or borate
salts. The atomic number is 5 and the atomic weight is
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10.81. Boron is present in nature as a mixture of 10B
(19.78%) and 11B (80.22%) isotopes. It is used in more
than 250 varieties in industrial scale. These are mainly;
glass, ceramics, cleaning and bleaching, flame retardants,
agriculture, metallurgy, nuclear applications and
health.[”? Boron (B); It is an important trace element that
plays a role in cell membrane function, mineral and
hormonal metabolism and enzyme reactions. Therefore
Bor; It is also associated with osteoporosis, heart disease,
stroke, diabetes, aging, and especially changes in the
reproductive system. !

Boric acid, a boron derivative, is one of the most studied
boron-containing chemicals. Boric acid has been shown
to control the proliferation of certain types of cancer. A
high dose of boric acid (12,5-50 mM) has been shown to
slow cell replication and induce apoptosis in both
melanoma cells and MDA231 breast cancer cells.%
Thus, inhibition of cancer cells by boric acid includes a
variety of cellular targets such as direct enzymatic
inhibition, apoptosis, receptor binding and MRNA
insertion. Barranco and Eckhert examined the anti-
proliferative effects of boric acid in cell lines that cause
prostate cancer, and consequently observed that high
doses of boric acid have apoptotic effects.*"! Recently, 1
mM boric acid has been experimentally shown to inhibit
the ZR-75-1 breast cancer cell line.*l In this study, we
aimed to investigate apoptotic, angiogenic and

Table 1: Groups formed by addition of boric acid.
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anticarcinogenic  effects by studying different
concentrations of boric acid on MCF-7 human breast
cancer cell line based on this information.

MATERIALS AND METHODS

1.1. Cell Material

The human breast cancer MCF-7 cell line used in our
research is from Celal Bayar University Faculty of
Medicine, Histology and Embryology laboratory, it was
obtained from Prof.Dr Mehmet ibrahim Tuglu.

1.2. Cell Culture

Cells were seeded into sterile T25 and T75 flasks and
cultured in a medium of 10% FCS, 10% RPMI 1640, 1%
penicillin / streptomycin solution in a 5% CO 2 incubator
at 37°C. A sufficient number of cells were seeded in 96-
well plates with 5,000 cells per well and prepared for the
experiments.

1.3. CCK-8 Prolification Analysis in MCF-7 Cells

We removed MCF-7 cells from the incubator that we
passaged for cell proliferation analysis. RPMI containing
10% FBS and 1% penicillin / streptomycin was then
added to the 96-well plate at 90 ul with an average of
5x10° cells / ml. 5% CO 2 and 37°C were incubated in
the incubator. After 24 hours of incubation, the wells
were grouped and 10 pl of boric acid was added.

GROUPS | APPLICATIONS

GROUP-1 | %10 FBS ve %1 penisilin/streptomisin RPMI (medium)
GROUP-2 | Cis Platin

GROUP-3 | 100 mM Boric Acid

GROUP-4 | 75 mM Boric Acid

GROUP-5 | 40 mM Boric Acid

GROUP-6 | 20 mM Boric Acid

GROUP-7 | 10 mM Boric Acid

GROUP-8 | 5 mM Boric Acid

For the proliferation assay, the wells were grouped as
shown and the formed groups were incubated for 48
hours with three replicates. After completion of 48 hours,
10 ul of commercially available CCK-8 solution was
added. Incubated for 2 hours. At the end of the
incubation period, the plate was placed into the plate
reader by gently shaking and measured at 450 nm.

1.4. PARP Analysis

After the cells covered 85-90% of the flask base, for the
experiment was seeded in a 24-well plate with 1x10°
cells per well. After 24 hours, 10, 20, 40 mM boric acid
doses were treated on the seeded to cells and allowed to
incubate for 48 hours. After the incubation, the medium
was removed and the cells were washed with cold PBS.
After washing, PBS was removed. Trypsin was added to
the cells to lift the cells. In order to eliminate the effect
of trypsin, the cells transferred to the medium containing
eppendorf were centrifuged at 15°C, 1600 rpm for 15

minutes. The supernatant was discarded after
centrifugation. It was gently shaken by adding medium
into eppendorf and made ready for PARP analysis. The
single-use antibody loaded plate in the commercially
available PARP kit was seeded and the kit procedure was
performed. commercially obtained "Human PARP
ELISA Kit" was used in the experiment. (Kit Lot No:
201904).

1.5. VEGF Analysis

After the cells covered 85-90% of the flask base, for the
experiment was seeded in a 24-well plate with 1x10°
cells per well. After 24 hours, 10, 20, 40 mM boric acid
doses were treated on the seeded to cells and allowed to
incubate for 48 hours. After the incubation, the medium
was removed and the cells were washed with cold PBS.
After washing, PBS was removed. Trypsin was added to
the cells to lift the cells. In order to eliminate the effect
of trypsin, the cells transferred to the medium containing
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eppendorf were centrifuged at 15°C, 1600 rpm for 15
minutes. The supernatant was discarded after
centrifugation. It was gently shaken by adding medium
into eppendorf and made ready for VEGF analysis. The
single-use antibody loaded plate in the commercially
available VEGF kit was seeded and the kit procedure
was performed. commercially obtained "Human VEGF
ELISA Kit" was used in the experiment. (Kit Lot No:
201812).

2. Statistical Analysis

In our study, ELISA device test results were analyzed
using SPSS-18 statistical program. Results were given as
mean (SE) standard error.(SE=SD/n).

After the homogeneity of the groups was tested, Tukey
HSD and Duncan were used in one-way ANOVA test to
find differences between groups. Differences were
considered statistically significant at P<0.05.

RESULTS

2.1. CCK-8 Prolification Findings in MCF-7 Cells

As a result of literature review, the dose range of boric
acid for MCF-7 human breast cancer cell line was
determined as 5, 10, 20, 40, 75, 100. For the viability
ratio the cells, the best results were obtained at the end of
24, 48 and 72 hours and the median lethal dose (LD50)
was determined as 20 mM. Other experiments were
based on this time and dose.
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Figure 1: Viability - Concentration Graphic.

2.2. PARP and VEGF Analysis Findings

Boric acid concentrations of 10, 20, 40 mM were applied
in the MCF-7 human breast cancer cell line and PARP
and VEGF were analyzed by ELISA. The results are
shown in the table.

Table 2: PARP and VEGF analysis results.

PARP (ng\L) | VGEF (ng\L)
Control 0,348+ 0,03* | 0,96 +0,03"
Bor 10 mM | 0,779+ 0,07° | 0,095 + 0,01°
Bor 20 mM | 0,768+ 0,01° | 0,098+ 0,01°
Bor 40 mM | 0,757+0,05° | 0,091 +0,05°
CisPlatin | 0,736+0,02° | 0,82 +0,04°
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**a,b,c: Means in the same column by the same letter are
not significantly different according to the one way
ANOVA-Duncan test (P<0.05).

DiSCUSSION

Breast cancer is the most common type of cancer among
women and ranks second among the causes of female
death in the world. In order to find a solution to breast
cancer, different studies are being conducted the
treatment and the effects of different drugs and
substances on this disease are intensively investigated.
The aim of this study was to investigate the apoptotic,
angiogenic and antioxidant effects of boric acid use in
breast cancer cell line (MCF-7).

Chemotherapeutic agents damage neoplastic cells, while
some normal cells are affected, causing various side
effects. Boric acid has been shown to control the
proliferation of certain types of cancer cells. Boric acid is
an inhibitor of peptides, proteases, proteasomes,
arginase, nitric oxide synthase and transpeptidases. Boric
acid has a strong antioxidant effect, especially in
reducing the side effects of drugs used in cancer
treatment and reactive oxygen species (ROS) is
important to reduce the level ¥

Barranco and Echert determined proliferative inhibition
by boric acid at 60 mM in the DU-145 prostate cancer
cell line and observed that boric acid suppressed growth.
Although  this  concentration is  higher than
pharmacological anti-cancer drugs, boron blood levels in
this range have been reported in the human diet and
pharmacological studies. Human blood levels have been
reported to reflect dietary intake and range from 13 to 70
mM B.1Y

Scorei R. et al. Investigated the effects of boric acid and
calcium fructobate on breast cancer cell line MDA-MB-
231. The effects of different doses of boric acid and
fructoborate (0.45-22.5 mM) on cell viability were
investigated by 3- (4,5-dimethylthiazolyl-2) -2,5-
diphenyltetrazolium bromide (MMT) method. CF and
BA have been shown to induce a concentration-
dependent cytotoxicity in MDA-MB-231 cells.!”

Ceyhan et al DU-145 Human Prostate Cancer Cell Line
high concentrations of boric acid oxidative stress,
apoptotic pathways and morphological changes were
investigated. The effects of boric acid (0-16,15 mM)
applied at varying doses on cell viability after 24 hours
were examined by MTT. It was found that boric acid-
containing cells caused a statistically significant decrease
in cell viability compared to control.™ In our study, 5
mM, 10 mM, 20 mM, 40 mM and 100 mM boric acid
were applied and a direct proportional decrease in cell
proliferation was observed at 24, 48 and 72 hours in the
MCEF-7 breast cancer cell line. However, very high anti-
proliferative effect was obtained from the 72th hour data.
The best results were obtained at 48 hours, so other
experiments were performed based on this time. The
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effect of boric acid at different doses (0-100, 20 mM)
applied to the cells was examined after 48 hours and we
found that it caused a statistically significant decrease in
cell viability compared to the control group.

PARPs are a family of 17 nucleoproteins characterized
by a common catalytic site that transfers an ADP-ribose
group on a specific acceptor protein using NAD+ as
cofactor. Most PARP members are able to transfer only
a mono-ADP ribose group to their target proteins,
whereas PARP1, PARP2, PARP3, PARP5a, PARP5b
characteristically add repeated ADP-ribose units, thus
generating long poly (ADP-ribose) (PAR) chains.*™ This
post-translational  protein modification is named
PARylation and allows PARPs involvement in different
cellular activities. In this regard, PARP1 is the best
characterized PARP."® PARP plays a role in DNA
repair and transcriptional regulation and is currently
considered to play a key role in cell survival and cell
death. Furthermore, it is accepted as a master component
of many transcription factors which are involved in
tumor development.!*”)

PARP, one of the first identified substrates of caspasehas
vital role especially in apoptosis and necrosis. In the
apoptosis process, caspase 7 and caspase 3 cleave PARP
between Asp214 and Gly215 and break down p85 and
p25. The PARP cleavage separates DBD from the
catalytic domain and inactivates the enzymes. This
eliminates PARP activation in response to DNA
fragmentation during apoptosis and hinders the necessary
ATP consumption in necrotic cell death and the futile
efforts required for DNA repair. Thus, PARP cleavage
helps the cell enter the apoptotic pathway and is
recognized as the distinctive feature of apoptosis.®*!

In a study, the dose-dependent decrease of PARP protein
in BPH-1 (Benign Prostate Hyperplasia Cell Line) cell
lines treated with DPB (Disodium
Pentaboratdecahydrate) for 48 hours showed that DNA
did not enter the repair mechanism pathway. The
opposite increase in PARP level indicates that the cells
enter the apoptosis pathway. PARP works according
to the amount of damage in DNA. If DNA damage is
very high, PARP leads the cell to necrosis with ATP /
NAD consumption. If DNA damage is minimal, PARP,
along with other DNA repair enzymes, can help the cell
survive. If the caspase is activated, caspase, which plays
a critical role in apoptosis from the caspase family and is
the main responsible for the cleavage of PARP, goes into
cell apoptosis by performing PARP cleavage.™! In this
study, PARP level was higher in MCF-7 breast cancer
cell line compared to control group and there was a
significant difference between them. No significant
difference was observed between the cisplatin group. As
a result of the experiment PARP values were higher in
cisplatin group and boric acid concentration groups. This
is due to the overactivation of PARP in cisplatin as a
result of increasing NAD and ATP consumption, the cell
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is thought to lead to necrosis. We think likewise, boric
acid also raises the parp level leads to cell necrosis.

Vascular endothelial growth factor (VEGF), known as
vascular permeability factor (VPF), is defined as
endothelial cell-specific mitogen. VEGF is produced by
many cell types, including tumor cells, platelets,
macrophages, keratinocytes and kidney mesangial cells.
The activities of VEGF are not limited to the vascular
system; VEGF plays a role in physiological functions
such as hematopoiesis, bone formation, wound healing
and development.”? According to the article published
in 2009, high serum VEGF levels increased in
endometrial and breast cancers. However, it can be
elevated due to benign causes such as fibroadenoma or
endometrial hyperplasia. Furthermore, these elevated
serum VEGF levels were increased in tumor cells. It was
found that VEGFR-2 / KDR activity was closely related
and involved in tumor progression.*!

Pedro et al. in a study published in 2012, preoperative
and postoperative serum VEGF and VEGF-C levels were
compared in gastric cancer patients and a significant
decrease was observed postoperatively. Based on this
finding, it is thought that the follow-up of serum VEGF
level may be useful in showing progression, high
preoperative serum VEGF levels may be associated with
poor prognosis and neoadjuvant therapy may be
beneficial in these patients.”* In a study performed in
patients with colon cancer, serum VEGF-C and tissue
VEGF-C expression was shown to be associated with
increased lymph node metastasis and poor prognosis.*!

In 2011, Ito et al. Published two separate breast cancer
tissue cultures with high and low metastasis potential in
the breast tissue of two mice of the same species and
examined LVD and VEGF-C levels. The mouse with
high malignancy potential showed more LVD and
increased VEGF-C levels. Concomitant increased
axillary lymph node metastasis.”® In this study, VEGF
values in MCF-7 cancer cell line showed significant
differences as high concentrations reached. We think
boric acid has dose-dependent antiproliferative effects
and prevents angiogenesis.

We think that chemotreapic studies against cancer are
carried out on many active substances, boron's is used in
many different fields in cancer treatment and molecular
effects of boron supplementation should be elucidated
with further studies.
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