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ABASTACT

The small complex PHCUTR (a derivative of heteroaromatic amino acid complexes), displays activity against cancer
cell lines. In this study (in vitro assay), we investigated the anticancer mechanism underlying these drug activities in
breast cancer cell lines. PHCUTR caused a dose-dependent decrease of both anchorage dependent and independent
growth of breast cancer cells (MCF-7).In this study, we investigated the anti-proliferativepotential of PHCUTR in
breast cancer cell lines and alsoclarified the mechanism of action of PHCUTR in preclinical modelsof breast cancer.
PHCUTR showed a significant efficacy in killingtumor cells without causing any noticeable effect on normal breast
cells. From the above results, we can conclusively state that PHCUTR has anti-breast cancer potentiality. PHCUTR
induces DNAdamage and blocks the cells in S phase.Based on our previous work regarding to intramolecular
interactions so called “stacking” there are significant interactions respective binding between purine moiety of nucleic
base and heteroaromatic part of PHCUTR. The last plays a role of the lock between DNA strands.

Stabilization due to the intermolecular noncovalent bonding between the side chains of DNA nucleobases with 1,10-
phenanthrolin- copper (11)- tryptophan complex (PHCUTR) has been evaluated from the following equilibrium:

DNA + PHCUTR =—DNA- PHCUTR, which lies predominantly on the right site.
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1. INTRODUCTION

Breast cancer is the major contributors to cancer-
related deaths in women and despite the advances
in early detection and the understanding of the
molecular basis of breast cancer biology, about
30% of patients with early-stage breast cancer
have recurrent disease. To offer more effective
and less toxic treatments, selecting therapies
including natural agents have drawn great
attention of the scientific community and the
general public for their ability to suppress cancers
[1-3]. Some compounds such as CA

(cyclophosphamide, doxorubicin) are commonly
used combination regimen for advanced breast
cancer [4]. Thus, topoisomerase Il-inhibiting
antineoplastic ~ agents, which induce the
topoisomerase II-DNA cleavable complex, are
among the most effective antitumor drugs
currently available for the treatment of human
cancers and are key drugs in combination
chemotherapy.

Noncovalent interactions are vital in the processes
of biological recognition of molecules and
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subsequent specific reactions [5a]. The nucleic
base-base, hormone-receptor, enzyme-substrate,
and antigen-antibody interactions are among the
most important in biological systems, and many of
them are achieved by the specific sid-chain groups
of proteins involved[5b]. The receptor site has
been reported to contain an imidazole group [5c]
which prompted us to investigate the interaction
between the tyrosine phenol and the histidine
imidazole moiety in ternary copper (1) complexes
with the expection that optioid peptides may be
bound to the receptor through the interation with
its histidine and other amino acid residues [5d].

2.MATERIAL AND METHODS

2.1.Maintenance and treatment of cell lines: the
human breast cancer cell lines MCF-7 were
cultured in monolayers and maintained in DMEM
(Dulbecco’s modified eagle medium)
supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin-streptomycin and 1.5 mM L-
glutamine. A control cell line (MCF-10A), which
spontaneously arose from culturing MCF-10M
cells, was derived from a 35-year-old parous
premenopausal woman with extensive fibrocystic
disease, with no family history or histological
evidence of breast malignancy. MCF-10A cells
are estrogen receptor-negative and have
characteristics of normal cells including growth
factor dependency, anchorage-dependent growth
and lack of tumorigenecity in nudemice.
Therefore, these cells are considered as a model
fornormal breast epithelial cells [6]. MCF-10A
cells were grown InDMEM/F-12, medium
supplemented with 5% (v/v) horse serum,100
U/ml of penicillin, 100 mg/ml of streptomycin,0.5
mg/ml of hydrocortisone, 100 ng/ml of cholera
toxin, 10mg/ml of insulin, 10 ng/ml of epidermal
growth factor and1% (w/v) of L-glutamine (Sigma
Co.). Allthe other cell-culture requirements were
procured from HIMEDIA, India. All cells were
grown in a humidifiedatmosphere of 5% CO, at
37°C. After 70-80% confluence,cells were treated
with indicated concentrations of PHCUTR
(prepared in this laboratory) and dissolved in
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sterile DMSO. Treatments were done for various
time intervals with the addition offresh PHCUTR
as shown in respective places.

2.2.Clonogenic assay

Clonogenic assay was performed to screen the
survival andproliferation of cells after treatment
with PHCUTR . For this, ~500cells of MCF-7 and
MCF-10A (control)were seeded in 12-well plates
and grown for 24 hr and thentreated with different
concentrations of PHCUTR (0.5-10 pM) fornext
24 hr. Thereafter, medium was replaced with fresh
medium, and plate was returned to the incubator
for five to sixdoublings. After colony formation,
medium was removed andplate was air dried and
stained with 0.2% crystal violet. Then,the wells
were washed twice with distilled water, and
colonieswere counted using gel documentation
system (UVP,Germany).

2.3.MTT assay

To check the anchorage-dependent cell growth, a
colorimetricassay  [3-(4,5-dimethylthiazol-2yl-)-
2,5-diphenyl tetrazoliumbromide] (MTT) was
carried out. MTT assay is based on theprinciple
that the viable cell number is directly
proportionalto the purple formazan color of the
reduced MTT dye, whichcan be quantitatively
measured by spectrophotometer. In 96-well flat-
bottomed tissue-culture plates, ~8,000-10,000
cellsof MCF-7 and MCF-10A (control)
wereseeded in triplicates and incubated for 24 hr
and then treatedwith PHCUTR at a wide
concentration range from 2 to 200 uM.

After 24 hr of treatment, cells were washed with
PBS, andMTT (Sigma) solution was added at a
concentration 0f0.05 pg/ul diluted in PBS. Cells
were incubated at 37°C for4 hr to allow the
formation of purple formazan crystals dueto
mitochondrial dehydrogenase activity. About 100
ul of detergentsolution (10% NP-40 with 4 mM
HCI in isopropanol)was added to each well and
incubated for 30 min at 37°C.The color intensity
was then measured spectrophotometricallyat 570
nm using a microplate reader (Multimode
ELISAreader). All theexperiments were done in
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triplicates in at least three culturesfrom each cell
line, and the data were represented.

3. RESULTS

PHCUTR reduces the cell migration of MCF-7
cells.Figure 1 demonstrates the migration and
proliferation ratesof MCF-7 cells (wound-healing
assay) after exposure withPHCUTR. After making
a wound, cells were treated with varied
concentrations of PHCUTR , and then the wound
was inspected microscopically over time as the
cells migrated to fill the damaged area. For the
untreated cells, migration occurred, and the wound
was healed in 24 hr. However, cell migration was
inhibited in treated cells in a dose-dependent
manner. Ata concentration of 5 uM PHCUTR,
wound healing was slowed, while at 10uM,
PHCUTR migration was inhibited. Higher doses
of PHCUTR caused widespread apparent cell
death, which suggested that apoptosis was
occurring (Fig. 1).

4.DISCUSSION

Breast cancer is the most common invasive cancer
in females worldwide. It accounts for 16% of all
female cancers and 22.9% of invasive cancers in
women. Breast cancer rates are much higher in
developed nations compared to developing ones.
There are several reasons for this, with possibly
life-expectancy being one of the key factors -
breast cancer is more common in elderly women;
women in the richest countries live much longer
than those in the poorest nations [7].To offer more
effective and lesstoxic treatments, selecting
therapies including natural agentshave drawn
great attention of the scientific community andthe
general public for their ability to suppress cancers.
Similarly, the known bioactivecompoundswere
recently shown to possess anticancer activityin
pancreatic cancer and colorectal cancer [8,9].In
this  study, we investigated the anti-
proliferativepotential of PHCUTR  in breast
cancer cell lines and alsoclarified the mechanism
of action of PHCUTR in preclinical modelsof
breast cancer. PHCUTR [10] showed a significant
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efficacy in Killingtumor cells without causing any
noticeable effect onnormal breast cells (MCF-
10A) (Fig. 1). PHCUTR also causedbreast cancer
cell death in an anchorage-independent
mannerwhen plated on soft agar (Fig. 2). Taken
together,we can conclude that PHCUTR has
anticancer activity inbreast cancer cell lines.
Further detailed biochemical investigations of
PHCUTR against breast cancer are required that
will help to improve its chemotherapeutic
potential against breast cancer. The optimal dozes
for PHCUTRwas found1-10 uM.

In view of the importance of the hydrophobic
interaction involving a heteroaromatic moiety,
guanitative evaluation of the extent of such
interactions would offer a key to the mechanism
of the activity and similar biological
phenomena.An efficient approach to this goal is
the thermodynamic stabilization and spectral
behavior due to noncovalent bonds within ternary
metal complexes, where the central metal ion may
serve as a positive center, and a template
mimicking the three dimensional environment at
the receptor site.

Ligand-ligand interactions in ternary complexes as
biological models have been studied for amino
acids and nucleotides by varous methods. It is
revealed the evidence of electrostatic interactions
between the charged side chains of a protonated
basic amino acid and an acidic amino acid both
coordinated to Cu(ll). We suggest a mechanism
such as intercalation for inhibition of DNA
replication of cancer cells presented in Fig. 1. In
figures 3 and 4 are shown the schematic structure
of DNA- PHCUTR complex. The complex of
PHCUTR act as an intercalator.

In biochemistry, intercalation is the insertion of
molecules between the planar bases of DNA. This
process is used as a method for analyzing DNA
and it is also the basis of certain kinds of
poisoning.There are several ways molecules (in
this case, also known as ligands) can interact with
DNA. Ligands may interact with DNA by
covalently binding, electrostatically binding, or
intercalating [11]. Intercalation occurs when

514



Anticancer Activity in Breast Cancer CellsThrough Inhibition of DNA Cleavage, Using PHCUTR

ligands of an appropriate size and chemical nature
fit themselves in between base pairs of DNA.
These ligands are mostly polycyclic, aromatic, and
planar, and therefore often make good nucleic acid
stains.These structural modifications can lead to
functional changes, often to the inhibition of
transcription and replication and DNA repair
processes, which makes intercalators potent
mutagens. Intercalation as a mechanism of
interaction between cationic, planar, polycyclic
aromatic systems of the correct size (on the order
of a base pair) was first proposed by Leonard
Lerman in 1961 [11]. One proposed mechanism of
intercalation is as follows: In aqueous isotonic
solution, the -cationic intercalator is attracted
electrostatically to the surface of the polyanionic
DNA.

From this position, the ligand diffuses along the
surface of the DNA and may slide into the
hydrophobic environment found between two base
pairs that may transiently "open" to form an
intercalation site, allowing the ethidium to move
away from the hydrophilic (aqueous) environment
surrounding the DNA and into the intercalation
site. The base pairs transiently form such openings
due to energy absorbed during collisions with
solvent molecules.

As shown in Figures 3 and 4 the complex of
PHCUTR lies between the nucleobases. The
points between them present the hydrophobic
interaction between the heteroaromatic rings,
which increases the stability of DNA-PHCUTR
complex.This leads to the agglomeration of cancer
cells (see Fig.1).
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Figure 1. Effect of PHCUTR on cell proliferation of breast cancer cell line (MCF-7). Cells were seeded in six well
plates for 24 h. After the cells were reached to 90 % confluence, a wound was made by scratching with 100 ul micro
tip at an angle of 30°, and then cells were treated with different concentrations of PHCUTR. Photographs were taken
at intervals of 0, 6, 12 and 24 hr after treatment to check the healing of wound at 40x magnification (scale bar is 50
um). Photographs presented here are representative of four independent experiments.
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Figure 2. Anchorage-dependent cell viability of breast cancer (MCF-7) cell lines and MCF-10A (control) after
treatment with PHCUTR. Cells were plated in each well (~5,000-6,000 cells/well) of the 96-well tissue-culture plates,
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after 70% confluency were treated with PHCUTR for 24 hr. The plates were harvested by adding MTT reagent and
the developed purple color crystals were solubilized using detergent and finally color intensity was measured by
spectrophotometer at 570 nm in microplate reader. Data were plotted as percent viability (% control).

Figure 3: shematic structure of DNA-PHCUTR complex

Protein

Figure 4: shematic structure of DNA-PHCUTR complex
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